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Overview of Commeroial:Batallite::eommvnt·ca1i.toDs 
;:or: Guy w:•Beakley 

The period from Arthur Clarke's 1945 prediction of ·geostationary . satellite 
communications covering the entire planet till satellites were stationed over 
the Atlantic, Pacific and Indian Oceans . was less than twenty.;.five year-s. In 
the following fifteen-year .period, satellite .· conmuni cat tons '·has •affected , al 1 
of us. Most international calls are carried py satellite. ;- Much of ,thetele
-vision that we watch has been relayed, processed, or .distributed by satel-
1 ite. In fact, many of us who live in cabled cities can .choose among -fifty 
channels or more for view.ing on a particular night, largely . brought ,to us by 
satellite. Some morning papers, radio programs, and basic .weather data 
appear coast-to-coast rapidly because of the . satel 1 ite. .Even ·,·while .;we sleep, 
computers in an increasing m.1nber of business offices ·.are talking to ··each 
other by satellite. Virtually the whole world-•from ·the bus lest . urban ·center 
to the most remote island--can be interconnected by satellite :coJ11Runicati:ons 
networks capable of providing economical and reHable transmission .:of conmun
ications signals, including voice, data, electrorii.c mail, and ·vi·deo. ·rne 
satellite's advantages of distance-insensitivity, point-to-multi,point capa
bi 1 ity and improved quality over long distance .are unique. These facts have 
led Dr. Clarke to speculate on the future impact of satellite conmunications 
in The View From Serendip, 1977: 

11 I submit ... that the eventual impact of the comnunications satel-
1 i te upon the whole human race wil 1 be at least as great :as that 
of the telephone upon the so-called developed ·societies. In 
fact, as far as real conmunications are concerned, ; there "are as 
yet no developed societies; we are a 11 in the semaphore .and smoke 
signal stage ... I believe that the conmunications satellite ·can 
unite mankind. 11 

Brief History of Communications Satellites 

In the late 1950 1 s, both the United .States and the Soviet .·Union ·began :devel
oping satellites and the necessary launch vehicles to ·place them into orbit. 
The Soviet Union's successful launching of SPUTNIK 1 came :in .Octobet of 1957, 
and was closely followed by the United States' EXPLORER 1 in January ·of 1958. 
Shortly thereafter, in December 1958, the world's first ,active conmunicati-on 
satellite, the U.S. Army.;,,built SCORE, was launched. The .ECHO .. satellites 
that fol lowed in the early sixties were passive. They merely reflected sig
nals back to the earth. Active satellites TELSTAR ,and RELAY, ,which ·amplified 
signals from the earth and retransmitted them, were launched in 1962. 

The rockets available in 1960 could boost satellites into orbits no higher 
than 10,000 km above the earth. The challenge was to increase .the orbit to 
approximately 36,000 km, where the satellite's perfod is one .day. When 
located over the equator, the satellite at that height becomes • geosynch
ronous; i.e., it appears fixed in space relative to earth stations on the 
ground. This has the obvious advantage of eliminating tracking electronics 
and position drives for antennas, thereby greatly simplifying the earth sta
t ions. The first successful geosynchronous satellite was SYNCOM II, launched 
in 1963. 



The c~~~1:a.J-:er~,,ppe:ne(t,wjtft '.t;be- Co111mmi~~tions Satellite Act of 1962 which 
set ;. i~Pr:·::th,i!1: c~,111tml~.a,t i0R:St." Sate 11..1.t~ , Corpor-at !-Qn, ( COMSAT) as the United 
St.at~s• ·"GM,;rier~~,-.:fQr :~.~lli.t.e t.e,;l~c.~unJcations. This was followed by the 
f Qf?.lllaMpo~,•, P,f ~h~ ·. lntarn-~tjooaJ;, Je:leco~n.jcat ions Sate 11 ite Organization 
ONTEL.SAT) :-ijnd th~ .. ,l~nching1;'.of "Ear}.y, 1,8}11dll or INTELSAT I in 1964. . . ' ' ' . , , ' 

Si,oc~ ;JYNt1»4);:-'.t1Je;,!' ):_qcf,ge~.~jhchro~ous. satel 1 i tes. have been 1 aunched, of which 
.ab()ut' 90 •~~sen,t',~a~j!:: .. ~-~~f ~,oninun1cat1ons satel l 1tes. 

. ; { . . . ' . 

. '! .; ··. _ _._, _., ~-

The if1¢_y;easi :in·•; capa~i't:y '-and capabilities of the INTELSAT satellites i 11 us
ttates ·the grp_wth ~hat is ~ possible in satellite conmunications. INTELSAT I 
(E.arly,·BirdJ~ • wh·fch'· was f'irs:t operational in 1965, had an equivalent voice 
Cfrcuit capacity of 240 channels or one TV channel. It provided service 
-between Europe and North America only. INTELSAT II had the same capacity. 
The capA(;ity ,_for Jff,T~LSJ\T .Ill jumped to 1,500 channels and INTELSAT IV to 
4,000' Gh-!lrtri.~J~t, Rlus· two, Tl .signals. INTELSAT IV-A, which was first opera
tionaJ:',," i_rr _l.9,7$,:· has. a c_ap_a_city of 6,000 channels plus two TV signals 
(Fig~re.·l); ·n • • .: 

IN'l1;t,SATrl • IN'D!llSAT D ; . INTELSAT ID INTELSAT IV INTELSAT IV-A 

INTELSATV 

Figure 1. Growth of INTELSAT Satellites 
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INTELSAT V has a capacity of 12~500' •voice· charrnel'!fJ.~tus' it~cf TV/'.fsfg,nff1si1/ ' '=t't i 
has global , zone and spot !:learns to supp-ly_ di f,f_etent_'· .~".lff!u.ff1~·~t,,o~s.: :'<ratr~b i.:1~: 
ities to different regions, and also uses :the Il/14 · GHz bands ·as· .well as ,the· 
4/6 GHz bands. Two hemispheric beams· allow the ifsirof<: th_e ·same ·fr~queric'1e·~ •• 
in different areas and effectively. double the tr'afftc:,;·•capac·ffy for 'th:e· fre-
quency band. The use of orthogonal polarizations effectively -doubles . the : .. 
avai 1 able frequency spectrum. The comb1'natron t~erefo'r°e ·a~·-10Yis•\~~a·~''.fourftfld·,· 
use of the 500 MHz available at 4/6 'GHz. - Atwofold1' t.1se·to:f!t1tne)• t.l)l_l!l:4'J.Gtif '··ba'ntft' ' 
is real iz~d through_ the use_ of ·regi_ona'l heams•~·':: .i~TE½~()l~~S~f~[/)~jd ;:~ ... 
launched 1n. 1984, will have a capacity of 15,,000.)'_0i.~~.~ch_,4!1f.l~l~_-·~~ •-!l"Q.,Jijtf;I,.~-,JT .:
VI (1986) will have a capacity of more than 30,Qot)· \lot~~e ·ttaanhels ··•ancLfotj.t ':fV':· channels. ..• .. ., · •~, :1-~<_1:1:1-· ·. •· • ' ;::,;,i-•.-r,, __ ;_" .... ".:· . 

. "' ,,,: ~; :' ~' ·.. . '. , 

The size of earth stations for use in the · INTELSAf {~item lfasr>b~·~~~~~ramai-:. 
i cally reduced. The system originally used 30-meter-diameter teflector,s· 
( standard 11 A11 stations). With improvements in syst~, t~-bno;l.9-9N,"';1fi~suse. of, 
smaller earth stations became pos~_ible. Antennas wftlC~l~~t~si ot,;:P \,met~tf ' 
( standard 11 B11 stations) are now in· frequent use throughtfuf ·lhe>system: _ .. _. • •••• • _.. 

Th~ improvem~nts in satellite and ear:th statio~ techno~ogy ha~.1t;.alJ~;t ;,., 
price reduction of a factor of four ,n leased international cir--eo'ft~-s1nc"e' 
1965. Discounting inflation, the real circuit cost bas. d~crea${!d_ .bY:,more · 
than a factor of ten. In the years from 1~65 to' 1975; ;~the ~IN.tE~SA't n·etw,or.~3. 
grew from 60 telephone circuits to about 1~,ooo· c;Jrctiit~,~--~~~.,,th,a~.>dqµb'=l'ih~.:., 
every two years. The number of each stations emp,loyed, , rn. t~i .s •.. ~networJ<t:iQ.ij: .. 
numbers about 300 in almost 150 countries. • ... . -· ·· •· .',- ' •. • ·-·1-~'-· · • • • •• ,., • • 

.. ~- i;-· .·: ~· 1 i1~ .. -:f-{\ ,:1,._~•:_~1",;; :li1~~fiJ• .. ·t\£~_f,:.-

A nui:,iber of countries ~ow ~ease whole _or partia\ 'tr~ri:~i~Waerf iii:::lffitt·~~;{f;.~ 
for rntracountry communications. It. should b~ not_e~ th.at 2~0f-1n~p,~ ~.ltiJcPJ.~,J.:Yt 
use the INTELSAT system for domestic communications prior to iaum:hio,g of-:: 
thei r own domestic satellite. The principal advantage of a satellite· sy's1tem ' 
to a deve 1 oping nation 1 i es in the start l i ng i,mpro~ment .. J.n.,.):.he_ re 1.i abi 1 i ty __ 
and quality of international communications. The relative immunit.):'. to. sJgnal • 
degradation with poor weather conditions, multi-path ·"~a· ·JS:o~~'j;yity 
permits ~he establishment o_f c00111uni_cation li~ks _t,11'-,~:-~f~J; . ;~fnffFt_l\ely _ 
more reliable than convent ionaJ rad 10 coomunicat lci,;;,;~9!! · • __ :,i.Jt:i~ltton, ; 
good quality television and other services can be provided that were not· 
previously possible. 

q . . ... \ 
The potential for competition in internati al satel~olllllunica\~s is on•· 
the horizon. Two companies, Orion Sa _ ·te Corpo{,tf~ and Inifflational f'. 
Satellite, Inc., have each filed for Ti s-Atlanti<(''sate·llite systems. It· 
appears that the international satell itln Qusitte;Ji:_\,t•·,nne:J~; to 
become as competitive as the domestic U.S. satellite business . ... __ 
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: ~:- < .,. ;: i..i:i~•.:-··::!•·i·I.· ~-- .• •.. 1 • • r· ;.-, ;·:J:_. •• ... :-.;- , 

! _UntJl ;ttJe ~ARISAT s.xst~m-.·,as .· i01t.Jated in 1976, radio communications with 
•:Ships wa_$ .- in - 'a primi.ttV~ s~ate,, basically suffering from low capacity and 

:.AROOt·. reli aM Nty :, c,f :• c:onventional radio at the VLF, LF and HF bands. The 
-,:.-MA/HSJ\T -::SYS\·em -opened·j,: a• n.ew : ~ra . in c011111unicat ions by providing high-quality, 
:,-r,iigh.Jy; reli~ple -.-v.otce.:· data~.-· facsimile and teleprinter service to ships at 
;; sea-.. ;: To,;.ser-£jc.e -'iS; :-~ : iimpl:e to .operate as ordinary telephone and telex and 

.-' avoi(ls;j~• ' mult-1,ple· --houJJs,.--th-at ,,.h.tghly: trained operators have to spend on the 
. ship,. and:,iOQ,\' shore :-,_for -·a: no,:mal telegraph message. The system, now called 
. I~AR·S~t,; ,:· .tlas revohttioncized_ mariJ ime communications and has enhanced the 
saf etY:.9f.:"oceaq t-r-avel. ,_; • .. .-_, -' :. : ·: 

; :r"e :.;,INMARSAT :cOlilmei"tla<:P. sj'stem ·consists of sate11 ites over the Atlantic, 
f>at'tf i c· 'an:d) lndfan Oceans ·and earth stations 1 ocated on the coasts. Commun i -

. ;_;~cat-ion:•between the -~hore -stations and the satellite is in the 4/6-GHz band. 
: Ytoimiunication ·between -the ships and the satellite is in the 1.4/1.6-GHz 

)r :egibri[i' >.?•The ·shipboard·- units _ are stabilized to keep the antennas pointed 
toward :the-1 :_satel lite;; hr th-e presence of roll, pitch and yaw mot ions of the 
ships. 

- : To,da.f " thefe-''. are over ' 1;906- -INMARSAT terminals in operation on ships and 
. _ offshore drilling rig-s~ The number of users is expected to exceed 10,000 by 

·,the mid-1990's: - - ·· 
. ' ,"X: ·:,- I '/._·: ; ·, 

Figure 2. Twin MARISAT Antennas for Ship-to-Shore 

Communications via Satellite 
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United States Domestic Satellite. Systems , 
>iq; A ,:, :tf:}:;., :;.;f ~.; 

The development of domestic satellite corrrnunications 
began with the establishment by the common car1¢iiers of -eartt;i $tatiori and 
satellite networks for transmission -of v.oi'ce,. televtsi-an ano data :tp the 
large cities. The first U.S. domestic sateHite·· corrrnunicatiQl'tl-. s-ystem • \'las 
placed in operation in 1973 by RCA American ·Cplllftlimi£atjons (:Aater1icom),. os;'.ng 
the Canadian ANIK A2 Satellite. RCA used WESTAR .in HJ:Z'4-'M!d:·has' .t.e;ed.dt,s,~n 
satellite system since 1975. Most of•<'RCA's·',tr'.anspottdtlrl•s-',ar.e-•'.be-irkr uses-for 
cable television distribution to a very 'large:·netwtfr.k>:of ear:th·stt1t.~ofis·>·;:RCA 
also provides leased private line service to'·a number 'bf:_1et>mpa~·fesJ_'t~forms 
specialized voice, television and data services fofif ttte·-u•;.S·~ gover~meht ,using 
dedicated earth stations, and leases transponders to.cenmon c:arr.Jer.s."· ' 

Western Uni on, who 1 aunched the first commerc i a 1 s~eH,-»-e. Jar :Jt-iS .. J. 1<i~Jt i c 
communications, has installed medium/heavy route ~rj;h ,s.tatj,0'-1$; t9. ,p,:µvJq~ 
metered private 1 ine, data and dedicated voice s~ryice?to,,a ~~--ot:~6=-i-~-i~s. 
The earth stat i ans are integrated into Western Un~:on '1'-' ~~~~n5'lye -~~,r;,~r t,a.1 
microwave system to carry telex, mail gram, voiae ~- d-pta .:forjilest~r,n •;lffiion 
itself. In addition, Western Union distr.ibutes t,elev,is:ion:J·:~d:.if . .adri.q.,.-Jor a 
number of users. 

American Satellite Company, jointly owned by F.'air.Ghi-ld;' In$,1$;trie~--._anctCgrtth 
nental Telephone, shares the WESTAR system. :Amerip-~n. -Sq:tellri,te, ~P~F·.:ial izes 
in providing voice and data communications to 5- to 11-niet~t:~;t.h-.-~tap.ons 
located on end-users' premises through their Satel 1 ite Data Exchange (SOX) 
service. 

AT&T and GTE currently use the COMSTAR satellites owned by Comsat General, a 
subsidiary of COMSAT. AT&T launched its own satellite called Telstar in 
August of 1983. In 1984, GTE will launch its own satellite called GSTAR, 
which will operate at 12/14 GHz. 

In 1980 Satellite Business Systems (SBS), a par~nership among wholly:--owned 
subsidiaries of Comsat General Corporation, IBM, and Aetna Life and Casualty 
Company, started implementing a satellite system in the 12/14 GHz frequency 
band. The first SBS sate 11 ite was launched in November of 1980, the second 
in September of 1981, and the third in NoverqbW --~,'(,',!<·,(1':•" 

It is estimated that above mentioned common carrieJ~;:; installed about 350 
transmit/receive earth stations. Another 650transm.it/receive earth.stations 
have been installed by others for such pur,pos~~ ~. television uplink -for 
cable television distribution, local televilion or,ginatien,<lli,and .voice and 
data uses. ~ •t' •11•,,, • 

'( 
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Alaskan Satellite Communications 

·,Alaska,:is::,ta~ 1:(leal 1r;egiop 0 fqr satellite communications. With the snow, ice, 
mou;nt a.ins ""8:fld ·,d :arg,e,,;1terri t.a~y1,,<j t is much easier to inst a 11 sate 11 ite earth 
-,st·ati;ons ·:than to 1['iStgll_•Y:#P"eater stations. Before satellites were avail-
able, · HF radjo,:;pr;>;v~ded: tJie. :9nly cormJunication, which was often unreliable 
due to frequent auroral disturbances. One use for satellite conmunications 
.~as :.,plan.m~o,:.·4:n., 1~72.1,tg,ip-17O~.jde;voice and data conmunications for the Alaskan 
.. p,ip~l,j_ne .- J ~:e ,-:,~.o~ut1,\caUpn, .. system. was designed to be the world's most 
:reH ~b-};ei, ,.,wJJ _hr··{ "kac;~:•~;o.ne,., sy~tem of . line-of-sight microwave and a satellite 
1;1>ack,lt1t ·•SJ-stein :. ,.:ren~met.-~r / ear.t.h stat_.ions were installed in Valdez, Prudhoe 
:S•ay,,,-: and, ,f;,ai :~~~s~;t;bi~--RCA. Ahska Conmunications to complement a 30-meter 
ear-th .. st~tto!') -~ ;ar: ,f-Anc,b,orage · -which had been taken over from Intelsat. The 
·1:ornm!M:li~at,i~=• '~yst@:::~~s inde.ed become as reliable as planned. 

··A;'"''.;'~~~:i ~~t} 1,1.~~1t i ~!.i f~ci
1

~9 Alaska is the health and education of the people 
.J.iving .,-i_n ·.-remqt~ area§~ ' Experiments were conducted in the early 1970 1 s using 
ATS-1 and ATS-6 satellites for reaching the remote areas. In 1975, the State 
of A 1 ask a appropriated funds for the purchase of 100 sma 11 4. 5-meter earth 
,-stat ion,s~ ... tp,-,serye 109 remote vi 11 ages, using one of the new domestic sate 1-
l_j t-e systems . . '\~~ska no~.re,ceives telephone and television service using the 
.s_mall ,~ar:th :- Stp.tj oos . in . the remote vi 11 ages and a number of 10-meter earth 
stations in the ,-large.r .commuJ1ities. Live television from the contiguous U.S. 
(C0NUS) is transmitted to the large communities, using two television signals 
on one satellite transponder. Other services are offered, including instruc
tional television, teleconferencing, facsimile and computer data trans
mts,,sion . . __Ala~ka has one of the largest SCPC voice networks in the world. 
Al ,askJ1 ~9w'i.n~"'iff$Sd{.;o'·,1 sa"t'ellite, , AURORA (SATC0M V), located at 143°W. 

- '::t;'(;f' ~'.i'- · 'l't~/+ · --~ ,~ .. 

Figure 3. Alaskan Earth Station 
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C&ble ~ion 

Satellite broadcast to cable television systems is a, class·ie exarnpl~ of a 
private enterprise system at its best~ Equipment M'anufactu~er·s,;, pr.f)gt"'am 
suppliers, satellite operators and CATV operato\"S' ' combined to bY.-llig Signifi-
cant strength to an industry that was otherwi s·e rather· stagnant. - • 

• ;·~ ,, '(.i • ::, '" ._, 

The story goes as follows: In· late 1972, Teleprompter Co~p'Oratfcn\i bee~ 
interested in using satellites to distrfbute· te'levisfon· progr'aWts_. TW¢y' ;Ceiil
tracted with Scientific-Atlanta. for a transportable' ·earth s-tatibft','-'to,.tef inoved 
around the United States to demonstrate the excel 1 ettce of rv dfW:t•1itsut:.iion by 
satellite. This was successfully done. In 1975 a: pro-granr -supprtet,/ Home. 'Box 
Office {HBO), announced its intent to distrfbute pro9ramnillg by S!t'elli'te. 
HBO signed an agreement with RCA, which in turn leasid -i'nter'im:' sp~~··on 
WESTAR I until its satellite was launched. Earth stations were purchased 
from Scientific-Atlanta by LIA-Columbia and by ATC. • Progr'aimrfrif began •dfl 
September 30, 1975, with the famous Ali-Frater fight; the :~ti~ilTa _ Jh 
Manila. 11 • • • • -

In 1976, HBO had about one-half million subscribers~ with a8out one-efghttt, of 
_ these receiving the programs on 45 earth staticrns. HBO no~r nas , about 
13 million subscribers on over 3,000 cable television systems~ :mosf · of whi ·dh 
use satellite earth stations for reception of the· programmfng. : · :· • 1• 
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Home ,·~o'X,~O;f.~'li ce ·,:was not : the oo1y ··success. · In 1976 the FCC allowed Southern 
Sa.tellHe •oSystems,.: ·Enc:~ to pirovide>'satellite conman carrier service for WTBS 
(fot'me-fi,ly WTC-G,Y ,j ·n -Atlanta . . ,wrns is now received by over 20 million sub
scribers ·,00 1 ov,er . ].,500 ··cabie television systems. More than 4,500 cable 
systems· are now -equipped .: with ~arth ·stations. Several systems have two earth 
statian-s .and.;,:.;sorne, --have .. f0ttr earth stations, making a total of about 10,000 
oable-; t .. eh!vii:ion •0iearth stations. \ A number of factors have led to this 
growth i •. ·One wa~,,ob-v-i-0usly good TV.: programming. Another was the FCC' s reduc
tjon of );minimum :- size ·receiv.e-only·· (TVRO) antenna diameter from 9 meters to 
4.5 meters in 1976 and deregulation iri 1979. Another was investment in tech
nology and manufacturing facilities for earth stations. The first TVRO earth 
station sold for around $75,000. TVRO earth stations can now be bought for 
less than $10,000. 

The cable television programming is varied and extensive. There are a number 
of independent TV stations offering advertising-supported programs trans
mitted by satell'ite. Movie and sports channels exist in abundance. In addi
tion, there are children's channels, religious channels, ethnic channels, 

• news channels, political channels, educational channels, music channels, 
business channels, women's channels, cultural channels and adult channels. 
By 1986 it is expected that cable programming will be carried by a number of 
satellites including RCA, SATCOM, Hughes Galaxy I, Western Union WESTAR, and 
Southern Pacific Spacenet. 

Cable television has the potential to expand in Europe ,nuch as it has in the 
United States ~ The European Conmunications Satellite, ECS-1, began service 
in , mid Octob~r of 1983, using the 12/14 GHz frequency band. The seven 
Eutelsat sign~tories using the satellite are Germany, Belgium, France, Italy, 
the Netherl an~s, the United Kingdom, and Switzerland. 

~ ff Stations 

:fh·e first customer to transmit television for broadcast was the Robert Wold 
Company, whith transmi tteci ·;the . Texas Rangers baseba 11 game from Milwaukee to 
O'itlas·::·, f~~ffi'.AR"': l~-,, 19.lS;~- '-."J<:The Robert Wold Company and others have trans
mitted '. inany 'pr6gr;atn) ftoi.{fst·,of, ;tel evi si on si nee then. 
~' • t,'· -,;:,. •. ·:4\•. > ·. . ·. ,(t ?<~ .-).~·,.:. ' 'i}':;,:~·'':.;~>i'. ' ' ' ~' ·-~. 

T.h .• '! .. r •~.: .. , . .p.,.t~.,,:,A ... ".·•.,:n .. w1n· ... ~r •. , .. PJ .. •·.· .. J .. >t9,.~Qi~a! .. ions, including Independent Television News 
A.s,~:t>F,~iat;~-~~t,~o _:5l tlfl?t·: We.§; i~~house's Vi_ds_tar, Spanish _International Ne~
wol"'k·~~ Chf i"s'tf\h ··oaacffl.;tNe'twork, PTL, Trinity Broadcasting and the Public 
Broadcasting System (PBS), which distribute programs to broadcast stations. 
The Public Broadcasting•·System (PBS) has now installed earth stations for the 
distribution of television to most of its affiliates. 

ABC, CBS and NBC regularly use sate 11 i tes to re 1 ay news, sports and special 
programs on a point-to-point basis. These networ~s have plans to distribute 
television by satellite to the local stations. 

CBS will implement a C-band distribution to its affiliates using ?-meter and 
4 .6-meter antennas. Up to nine 10-meter antennas and a number of transport
ables will be used to uplink remote programming. The total system is to be 
in place by 1987. NBC, on the other hand, will implement a Ku-band distribu
tion system. The system will begin using SBS satellites and then migrate to 
RCA I s Ku-band sate 11 ites when launched. 
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Radio broadcast programming is being distr,ibuted by satellite. 'Mutual Broad
casting System and National Public Radio hav.e satellite distribution systems. 
The ABC, CBS, NBC and RKO radio networks have selected · Scientific-Atlanta 
digital audio earth stations for distribution of programs to their affi li
ates. The digital service offers superior ·audio signal .. to-notse, dynamic ... 
range, distortion and crosstalk quality. Up to twenty 15-kJ-lz audio channels 
·can be transmitted through one transponder and • received ·,by inexpensi11e 
2.8-meter earth stations. Over 1,500 ,eartl1 st.ations hav-e been installed by 
the end of 1983 in this program. The nllllber of earth stati:ons •in ·~ use by 
radio broadcasters will probably exceed 5,000 by 1985. ~ • • ••• ':: . ,., ,: 

.• 

... f '! ~~; i :.: 
:· -~ •• ? ! '. 'h ! ' 1 :~i; •1 
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~~-•:• ':,··~:',·~ .:· :,·I~ ''. '1i.·;_. :~; · , 

,~ew~paR'~f~1 

•. Prlnt~Jf:.'1i 'rf yariotf~ _corhers of the world are fed by signals that 
are . 'tr9r\_srn1tt~d 'fiY saf¢11 •iie. ·:·_-The Dow Jones Company was one of the first to 
use· thls . t.ra~_smisstqn';·_mediu,m . .- Its initial domestic transmission began in 
1976. _·nnr .yse· _--of tbe .. satell'ite has now been expanded to include overseas 
pri~ht i.flR~ ,°'f · :t,:h,:, Wal} r;s-freet?k:urnal • 

The· New '. Y6rk · t imes· transmits its •'pages. electronically from New York. It 
is now printed simultaneously in Chicago and Florida, as well as in New York. 
This is made possible through a satellite communications system using 
American Satellite digital earth terminals. 

H~~· ... ; f<: .,- . • • ,. 

A ::,r~i9f!;,¥dta~k~~ ''"f~t-: s_at e,llite communications terminals is the hotel/motel 
in~h,a>s;:~r"iY, .\·;2:~~34r : ho~¢1/mo1;,el chains are providing improved television enter
tai n~~l:l~•-/t Jf gues,t, ;room~'-- and ,.are offering additional meeting services through 
telecon-fe.r~pc·i ng . .; JloHday 1rins were the first large hotel/motel chain to 
utni 'ze < tn~ ,:sat.e.l ) i't-e ~ • In July 1979, Holiday Inns signed contracts for 
approxirtta.tel;y;: 2;9Q<ea'rth_ stations to be used by the corporate-owned hote 1 s. 
Many ht1ndr~ds. ·of .,earth stations have been installed at hotels and motels 
since ,ttten ~\ ',' A very:•·c0Jm100 sight as one travels the highways is that of the 
sate 11 lte .lldi ~.nt at, the hptels. 

~?~~~.\. -~·· . . ''"'t t·,: -' ·:,> •.• 
.. ~ .~. ~- . ::,:(>/1.f.i._;f. t- /t··\t:;: :~~- .•' ~ 1~- \ 

~n#:..cable/SII.M,W, Home Market 
; :! 

In 1979 theFCC deregulated receive-only earth stations, freeing the small 
TV receive.;;only (TVRO) from restrictions and frequency coordination. This 
event signaled the opening of a mini-cable and satellite master antenna 
TV (SMATV) market for TVROs for condominium and apartment complexes and 
st1.bdhJsl o.n.s. The earth stations, usually smaller than those at cable head
ends, ca.{i .-:s:e,r..ye remote locations less expensively than service can be 
proti;'.ijed by. ,~te~~fhlg th~t,cable distribution system. A representative of the 
So~'f ety fof ·=·P'rlV'~e-.:'. and -- Gonmerci a1 earth stations has estimated that there 
are about 400;000 JVROs :in~a 11 ~d and 20,000 a month being shipped. 

, ,··:· ,.i. ' • ~ . ·! .' l\ .•'·-"· ' " •• ._ , , ., .... .. ,~ . .,,.., •' . 

Most of the .,pay:.tV '~;compatiies feel that scrambled TV by satellite is a 
necessity. The transmission of television in a scrambled format is, by 
definition, "non-standard". The use of a non-standard signal has led to the 
exploration of a formJt, that would be ideal for transmission by satellite. 
One such transmission· ··system, called MAC (multiplexed analog components) 
allows the .deltvery of . superior quality video, two or more channels of high
fi de 1 i ty sound, addressal:>il ity and encryption. 

An .addres~able satellite system allows the further expansion of pay-TV into 
markets that could not previously be explored. Combined wi_th low-cost earth 

, ~tations, .. pay-TV operators can address mini-cable systems for hospitals, 
aparbnent / complexes, condominiums and suburban communities. 
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The investment in technology and manufacturin_g facilities ,a,:t.Q ,_ }h.e .... Jil~ge 
market volume have caused a dramatic decrease ,n the cost of·'-eatth station 
TVRO receivers. Scientific-Atlanta's first TVRO receiver, the Model 411, 
sold for about $16,000 in 1974. Approximately one-hundred of these video 
receivers were sold. The next generation receiver, the 414, sold for about 
$8,000 in 1977, and the total quantity sold was slightly over 2_,000. The 
third generation receiver, the 6600, sold for about, :$3~500 .in 1980; and about 
30,000 receivers have been sold at this point. · · ·rhe ' ·fourth generation 
receiver, the 6650, sells for about $1,800 and a fifth ge.n~r.atio.n receiver, 
the 9500, has just been introduced. • • • • 

.:. ,, 

Bus1nessTelecommun1cationsBarth~-; 1 -~ , :, · :;':", , 
, ' ~· . ? ," ·'" . · ,,'; ,:_;- ; ~~'i;'f~{ ,.., . :~· ·; •• L . . ·.~ 

The business telecommunications market is very·lah;t,e~· i itl'e' 'us'·e -:'•of d1·gital 
processing for vo_ice, image, and data is increasinig"-;dFanfati-clHY'. \ ·Digital 
earth terminals are expected to be on the rooftops ,,or, i,f'!. Jhe p,ar_king ,lots 9f 
vi rt~a ~ l y every _major ~hopping ~enter and office,: CO!flP._1~~ ;,, iF ·:th~~;co:U'ntri y, 
prov, ding facs 1m1 le, vo, ce and video messages. E~e~uhves .. ' ,n ·widely~• iep'a
rated cities will be able to see and hear each ot_her-·.:.and traH~mit '. tl·atd-'copy 
messages--in teleconferences with satellite hookups. Digit')li·termir{a1!f"allaw 
computer-to-computer dialogue, entry to, computation, and retrieval from a 
central computer, and transmission of printed information, digitized voice 
and facsimile. A large, geographically-dispersed company in the U.S. can 
have instant full-time interconnectivity for all its locations. 
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In 1980 SBS, started implementing an extensive digital time-division
multi.ple.":access (TOMA) sy~t~ . for transmitting voice, data, and image. The 
s.even-billton~d·ollar tnt~a.:conip.any business communications market is SBS 1 s 
prin~ip.~l tir~ef. . SBS ·offers complete voice, data, electronic mail, and 
t ,eleconf~renting .~ervices· to large corporations. The earth stations operate 
in _the t2/14-GJ-{z frequency band so that they can be located in cities without 
·trequen~_y' i!.'l~rferen~e · problems. The terminals are small (5.5-meter and 
7~7 .. met,er a'n.tenn,asr .and can be located on customer premises. 

• • '., •; < ·, ·.,- . ' ' ', 

The need of insurance companies to share data has stimulated the formation of 
_.a re.s~l~ co1T1t1on carrier .of SBS service. ISACOMM, which is majority owned by 
:U-ni.t~d .. te1ec9mn\.in\~.at..tons, i's selling conmunications services to smaller 
qsers, ~n1t~ia1Jy } .n the insurance in<iustry. ISACOMM stated service through 
eart,h ~t.~t.ip~,s ._in . Wausa.u, Wisconsin, and St. Louis, Missouri, in early 1981. 
Jh<;?, :conjp~n.x anJ_i.c.ipates: a total network of 40 earth stations by 1984. 
. • , . . ... ,.. . ., 
• , , .: ( -: " ·'!'• , ,, 

Telecomnonicatjons • from shared earth stations can be distributed locally 
fhrough caple,, 'thaf fs being laid by the CATV system operators in the United 
Stat'es~ New CATV operators are installing two-way business cables in addi
tion . to .hooie. entertainment cables. The new cables offer over 400 MHz of 
·avail able communi catfons capacity. 

lrlq.i~ 7. New Wells Fargo Bank in San _Francisco Using SBS Earth Terminal · 
y ' • ;;. ' . 

·. ·. ·. I _, 
·,, -t~. ' . • .•. -. 
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The lack of available orbital positions for new satellites serving the United 
States and the demand for new voice, data, and video services have caused the 
FCC to adopt closer satellite spacing. The FCC will inmedfately . implement 
uniform 2° orbital spacings for newly launched 12/14 GHi satellites. The 
current U.S. satellites in orbit using 12/14 GHz (K~;;,;l?~nd) ~re 'SBSl.l° SB$2, 
and SBS3 located at 100°w, 97°W, and 94•w, respectively. The~e s·at~llites 
will be moved to 99°W, 97°W, and 95°W to acconmodate· new Ku-band sate'11ites 
as shown in Table 1. 

The costs and difficulties of inmediately implement,ng 2• sp~Ci~gs at ·4/6 GHz 
(C-band) have caused the FCC to adopt an interim spacing plan pr:oviding a 
combination of 3•, 2.5°, and 2• orbital spacing. Never-the-,]ess, 2• was 
adopted as the long-term orbital spacing for C-band. • The assign.ed orb.it 
positions and the satellites expected to occupy these positions are shown in 
Table 1 for both C- and Ku-bands. It is noted that for: ,C-band, 2~ sp~cing is 
used in the eastern and far western part of the arc, 2.5° in ·the ·middl~ . . of 
the arc, and 3• in the western part of the arc. Note _ that Sat90'~ 3.:.R Which 
has more earth stations pointing toward it than any other satellite, does not 
have to relocate to accorrmodate the new satellites in the interim spacirig 
plan. • • 

From Table 1 it is seen that only nine C-band slots are ·unassigned and only 
16 Ku-band slots are unassigned from 55°W to 143°W. The .number of ne~ satel
lite applicants is expected to greatly exceed the available orbital slots. 
Already in line for the remaining slots are CableSat General (3 Siltellites), 
Ford Aerospace (3), GTE (2), and Hughes (4), National Exchange (5), SBS (1), 
and Western Union (5). The FCC is expected to have to decide froin among the 
many applicants who wi 11 receive the new orbital slots, something that it has 
sought to avoid. 

A Scientific-Atlanta earth station In ·use. 
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. •.. Ta~le 1. U.S. Orbital Positions 

:. 55 -·. ;'\ -
57 
59 
61 ·~ / i'.) '$\ . , •· • 

63 
. 65- . . -

67· Satcom 6 
··· 69 ·- ·~· Spacen-et 2* • • 

72 
74 
76 :, · 
78. 5 : 
at .>- ' 
83.5 

86 
88.5 
91 
93. 5: 

96 
98.5 
101 

Satcom 2R 
Galaxy 2 
Tel star 3 
Westar 2,3 
AmSat 2* 
Satcom 4 

Westar 6 
Telstar 2 
Spacenet 3* 
Galaxy 3 

Telstar 1 
Westar 4 
-* 

104. 5 Canada 
108 Canada 

111.5 Canada 
113.5·: Mexico* 
116.5 Mexico* · 

119. 5 Westar 5 
122 Space,n~t l* 

.;_. .~ '.lt ··· 

125 Comstat -4 
128 AmSat l* 

131 Satcom 3-R 
134 Galaxy 1 

137 
139 Satcom 1-R 
141 
143 Satcom 5 

*Dual C/Ku 
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Ku-Band 

55 
57 
59 
61 
63 
65 
67 
69 
71 
73 
75 
77 
79 
81 
83 
85 
87 
89 
91 
93 
95 
97 
99 
101 
103 
105 
107.5 
110 
112.5 
113. 5 
116.5 
117. 5 
120 
122 
124 
126 
128 
130 
132 
134 
136 
138 
140 

Spacenet 2* 

RCA K2 
Rainbow 2 
AmSat 2* 
ABCI 1 
USSSI 1 
RCA Kl 
S8S4 
Spacenet 3* 

S8S3 
S8S2 
S8S1 
-* 
GSTAR 1 
GSTAR 2 
Canada 
Canada 
Canada 
Mexico* 
Mexico* 
Canada 
USSSI 2 
Spacenet l* 
S8S5 
RCA K3 
AmSat l* 
ABCI 2 
Rainbow 1 



The satellites to be launched in the next few years /ire listed in Table 2 
along with their expected launch dates. Hybrid satellites contain both 
C-band and Ku-band transponders. It is seen t~at a ] arge __ number of Ku-band 
satellites are to be launched in the next three years. The number of Ku-band 
satellite transponders available for U.S. domestic coom.unications_js shown in 
Figure 8 versus calendar year. It is noted that the number of Ku-band trans
ponders will quadruple during 1984. 

Table 2. Near-Term Satellite Launch Schedule 

C-Band Date Ku-Band Date 

RCA SATCOM 6 5/86 SBS4 9/84 
SBS5 2/86 

AT&T TELSTAR 2 8/84 GTE GSTAR 1 5/84 
AT&T TELST AR 3 5/85 GTE GSTAR 2 8/84 

GTE GSTAR 3 1985 

WU WESTAR 6 3/84 RCA Kl 5/85 
· WU WESTAR 7 1984 RCA K2 1/86 

WU WESTAR 8 1985 RCA K3 8/87 

WU WEST AR 9 1985 
HUGHES GALAXY· 3 6/84 WU WESTER 10 1985 

WU WESTAR 11 1986 

USSSI/USAT 1 2/84 
USSSI/USAT 2 8/84 

ABC! 1 12/86 
ABC! 2 2/87 

RAINBOW RSI 1 8/86 
RAINBOW RSI 2 11/86 

Hybrid Hybrid 

SPC SPACENET 1 5/84 AMERICAN SATELLITE . l 9/85 
SPC SPACENET 2 10/84 AMERICAN SATELLITE. ,2 '~ 3/86 
SPC SPACENET 3 3/85 
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Figure 8. Ku .. eand Transponder Avallablllty 
(Based on FCC 2° Assignments) 
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''The number ·of C- and Ku-band transponders covering the domestic U.S. is shown 
·ver:sus· calendar year in Figure 9. Beyond 1985 tliere is an optimistic as well 
as a pessimistic projection depending on whether one believes that trans
ponders are being launched faster than they can be used and will be slowed 
down or that the companies will continue launching satellites, obtaining 
rights to valuable real estate and loading the transponders as much as possi
ble. In 1986 there will be over 500 C-band transponders and over 200 Ku-band 
transponders aimed toward the United States 
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Figure 9. Number of Satellite Trans~~.~ ~·ic U.S. 

The orbital arc is ftnite and the arc above iHe1:<o.s. is likely to be 
saturated by the end of this d·ecade even with .2°. spacing. This means that 
efficient use of spectrum is a must. Hybrid C- and Ku-band satellites must 
use the spectrum as efficiently as C- or Ku-band satellites or the hybrid 
satellites should not be used. In the long run, however, techniques such as 
bandwidth compression, switching spot beams, Ka-band (20/30 GHz), cand sp-ace 
pl at forms should provide a steady increase in satellite . c~mmun~ cations 
capacity well into the next century. 
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Video-Plus 
' An example of mo·re efficient use of available transponders is embodied in the 

concept of video-plus. A transponder, which carries a video signal, can be 
shared with other carriers, such as 56 kb/s digital SCPC, without interfer
ence to the video signal or the digital carriers. Furthermore, this can be 
accomplished without modification of the modulation format of the video 
signal. Thus, transponders, which previously carried only one video signal, 
may be used to carry many additional voice and data si9nals. 

Video-Plus, which is described in a later chapter, is not a subcarrier tech
nique. SCPC carriers • can be transmitted from uplinks completely separate 
from the video uplink. Hence, the signals do not have to be combined at one 
origination site. For example, a hotel using a 4.6-meter dish to receive 
entertainment programming from a satellite could add transmit capability to 
its earth statton and share one of the video transponders. A typical appli
cation might be hotel reservations or intercity telephone service for guests. 

Other-applications of Video-Plus include: 

• Nationwide Contra 1 of Address ab 1 e CATV Set-Top converters 

• One-way Video Teleconferencing/Two-Way Voice and Data for Business 
Education 

• Smal 1. Private Telecommunication Networks 

• Interactive CATV Systems with One-Way Video and Two-Way Data and 
Voice 

Direct Broadcast Satellites (DBS) 

The capability of broadcasting a TV signal through a satellite directly to 
the home has been under development for some time. In fact, a number of U.S. 
households now receive satellite broadcasts from current C-band satellites 
with 3-meter antennas 1 ocated at their homes. However, here we wish to 
examine DBS terminals with antennas whose diameters are less than 1-meter and 
therefore have lower cost and can be located on the roof of the home, if 
desired. It is not possible to use antennas with diameters smaller than 
1 meter in the 4/6-GHz band because of the interference from adjacent satel
lites and because of the relatively low allowable EIRPs of satellites in this 
band. The DBS systems will make use of Ku-band and high-power amplifiers 
on board the satellites. 

The satellites with very high power amplifiers will not be launched until 
late 1985 or early 1986. In the meantime, a number of entrepreneurs plan 
to offer interim DBS services. For the most part, these interim services 
require antennas larger than one meter in diameter because of the relatively 
low power of the satellites. However, Satellite Television Corporation (STC) 
plans to offer an interim DBS system _using the high-power transponders of 
SBS4. These transponders will allow the use of antennas as small as 
0.75 meter (2-1/2 foot) which can be located on home rooftops. The system 
wi 11 then mi grate to higher power DBS when the sate 11 i tes are launched in 
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r 1985 to 1986. Technically, this system makes a lot of sense. It allows 
smal 1 roof-mountable antennas. When the higher power DBS satell ftes are 
launched in 1986, extended definition televison can be received by the 
homeowner. When high-definition TV sets are available, HDTV can also be 
broadcast to more expensive receivers offering theater quality into the 
home. 

COMSAT, RCA, Western Union, CBS, USSB (Hubbard Broadcasting), and . DBSC 
(Pritchard) are among those applying for hiqher power DBS systems. Some of 
the applicants propose to pro vi de pay programming, and ·other advertiser
supported programming. Some plan to originate programs and others to_ offer 
leased channels. H.igh definition television {HDTV) and channels of stereo 
audio are among the options offered by some of the DBS applicants. 

The technology is available to Quild a DBS system. There are, however, 
financial, programming and regulatory problems to be faced. The launching of 
a three~ or four-satellite system and the production of programming will cost 
the DBS applicant upwards of three~quarters of a billion dollars. I~ addi~ 
tion, homeowners may not buy or lease a DBS terminal unless there are many 
channels of good programming unavailable elsewhere at lower cost. With only 
three to five channels per time zone and satellite, this means that the DBS 
home terminals must be able to receive programs from a number of satellites. 
In order to receive programs from more than one sate 11 ite, the techni ca 1 
parameters must be compatible from satellite to satellite. 

There is competition for orbit space for DBS, as there is for C-band and Ku
b and DOM SAT. A number of North American countries have been a 11 oted DBS 
orbital slots during RARC-83. These include Canada, United States, Mexico, 
Cuba and the Bahamas. The U.S. obtained eight DBS orbital positions above 
the U.S. Approximately five to eight satellites can be placed 11 close 
together 11 in each orbit position so that they appear as the same satellite to 
the small DBS antennas. Efficient utilization of the spectrum dictates that 
each satellite has about four to five high-power transponders {plus backup). 
There could likely be 20 or more DBS satellites operating ·- aoove the UtS. -b-y 
1988, allowing reception by the homeowner using a smaller than 1-meter 
diameter antenna. 

\ .:' 
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Figure 10. DBS Terminal (Photo courtesy Satellite Television Corporation) 

Conclusion 

The satellites to be launched in the next few years are reasonably well 
defi.ned now .. The principal improvements will be higher power TWTs, new 
antenna designs~ switching flexibility and higher frequencies. 

The push to higher frequencies will avoid the current terrestrial interfer
ence problem, making earth stations in the cities more practical. High fre
quency satenites also favor high power satellites because of a lack of 
interference with terrestrial microwave. The main disadvantage of the higher 
frequencies is susceptibility to rain outage. Techniques such as "diver
sity," the use of alternate transmission paths, or reduction of the data rate 
may be used to circumvent this problem. 

In the mo.re distant future, a number of technological advances will permit 
growth and performance improvement in satellite communications. 

• Hi~h-gain, multiple-beam antennas for the satellite 

• Very effi<;:ient, lightweight solar arrays 

• High-power, Solid-state transponders 

• Improved satellite battery life 

• Satellite beam switching 
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• Inter-satellite links that will allow placement of satellites at the 
extremes of the service arc 

• Development of Ka-band (20/30/40 GHz) for higher communications 
capacity 

• Satellite signal regeneration 

• Large space platforms supporting several smaller satellites 

• Advanced digital signal processingt improved data compressiont and 
modulation techniques 

• Improved time- and frequency-division multiple-access techniques 

There also will be a trend toward integrating satellitest cablet fiber 
opticst and microwave into coherent networks with distributed control. 

The shortage of energy is already changing our way of life. Rates for satel
lite communications will drop compared to the prices of papert gasoline and 
transportation. The rising costs and inconvenience of business travel will 
be a strong incentive to substitute telecommunications for some travel. In 
additiont telephony wi 11 increase at a rapid rate. The percentage of tele
phony carried over the satellite will increase with the interconnection of 
business networks. Alsot data communicationst which is still in its infancyt 
will expand very rapidly as new devices are developed that use existing and 
projected transponder capacity. This has led one expert to forecast a world
wide need for 120 transponders for datat ltO00 transponders for voicet and 
8,000 transponders for video conferencing by 1995. By year 2000, perhaps we 
will be beyond the semaphore and smoke signal stage in communications. 
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General 

.... _ducticm to 8atellite Communications 
J. Searcy Hollis 

This symposium is directed largely toward the technical aspects of satellite 
conmunications and is attended by many who are experts in the field. This 
paper is to introduce the basics of satellite conmunications to readers who 
are not experts without going too deeply into technical details. The reader 
may be helped by reference to the Glossary in the Appendix for definitions of 
terms which are not defined. Detailed treatments of most of the topics dis
cussed will be found in the other papers. 

Almost al 1 satel 1 ite conmunications in the free world are by satellites 
located in the "geosynchronous orbit". This is the circular orbit which lies 
at a height of about 22,300 miles above the earth in the plane of the equa
tor, illustrated in Figure 1. 

Figure 1. Satellite in Geosynchronous Orbtt 

Satellites in the geosynchronous orbit rotate from west to east. They appear 
fixed in space to earth stations on the ground because they orbit in synchro
nism with the earth's rotation. A satellite which is lower orbits faster; 
one that is higher orbits slower. Compare the 90-minute orbit of the Space 
Shuttle, which operates roughly 150 miles above the earth, with the 28-day 
orbit of the moon. 

Because of the 22,300-mile height of the geosynchronous orbit, satellites in 
it have direct lines of sight to almost half the earth, as shown in Figure 1. 



Except for small regions near the North Pole and the South Pole, widely 
separated earth stations can be seen from a single satellite. For example, 
Prudhoe Bay at the northern end of the Alaskan pipeline and villages farther 
north in Canada have television reception and voice communications with the 
world by satellite. 

The INTELSAT international satellite communications network is shown in 
Figure 2, and the high population of satellites located on or authorized for 
the geosynchronous arc available to the United States, Canada and other 
countries of the Americas is illustrated in Figure 3. 

Geosynchronous satellites are in effect unmanned relay stations. Communica
tion by satellites was made possible by parallel advances in space technology 
and electronics. Arthur C. Clarke, the noted British scientist and science 
fiction writer, proposed relay stations in geosynchronous orbit for satellite 
corrmunications in 1945. He proposed manned relay stations because the short 
life expectancies of vacuum tubes ruled out unmanned satellites. 

Synchronous orbits had not been achieved in 1945. Indeed, a satellite was 
not put even into a nonsynchronous orbit until 1957 with Sputnik. and 
launching a satellite into synchronous orbit did not come until 1963. Never
theless, advances in rocketry during World War II indicated to a man of 
Clarke's imagination that heavy payloads could be launched into synchronous 
orbit with sufficient research effort. 

llwNIB.SATGlabals,..n 

I• 
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--
-.. ._.. ..... _ .. --

Figure 2. INTELSAT International Satellite Communications Network 
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Satellite Orbital Positions for North America 
Operating and (Authorized for Launch) 

• 

Figure 3. Satellite Population of Geosynchronous Arc 
Available to the United States 

On the other hand, in spite of Clarke's v1s1on, satellite conmunications as 
we know it today would not be possible without transistors, which are small, 
use little power, and have extremely long life expectancies. The invention 
of the transistor by scientists of Bell Telephone Laboratories in 1947 was 
one of the key factors that let the United States land men on the moon. It 
and other advances made relatively lightweight, unmanned satellites possible 
and economically feasible. 

Convnunication by satellite is completely different from that by long-distance 
radio. Long-distance communication at radio frequencies is possible ·because 
the "ionosphere", produced by bombardment of the upper atmosphere by .the sun, 
usually acts as a mirror to reflect certain radio waves back to earth. · 

·-
As the frequency increases, a critical point is reached wher·e .the_ .ionosphere 
ceases to act as a reflector, letting the waves pass .. ihrougti;-foto.',space. We 
know, of course, that long-distance transmission of television signals, which 
are in the radio frequency ran9e above 54 MHz. is not usually possible. 

,_ 

Commu.nications satellites operate at much higher frequencies, in the micro
wave range, as shown i n Figure 4. - Here the ionosphere is ~lways virtually 
transparent regardless of sunspot activity or time of d·ay, permitting contin
uous, almost loss-free transmission to and from satellites in _orbit ~ 

Most current communications sate 11 i tes operate in the split frequen~y band 
which is designated 11 C-Band 11 in Figure 4. The uplink band from the earth 
station to the satellite is at 6 GHz: the downlink band is at 4 GHZ. Taken 
together they are called variously 11 the 6/4 GHz 11 band, the 11 4/6 GHz 11 band or 
C-band. 
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Figure 4. Frequencies in the Microwave Range of 
Communications Satellites 

Our discussions here will be directed initially to the 6/4 band, although 
higher frequencies, especially the 14/12 GHz band (also called Ku-band) are 
coming into use as more spectrum is needed to handle the ever-increasin9 
flood of information. 

Stationkeeping 

It was stated that the synchronous satellite appears "stationary" in space. 
Actually, a synchronous satellite is never perfectly stationary, because a 
number of forces including the pull of the sun and moon perturb its orbit. 
If left alone, it would eventually drift out of position. To overcome this, 
the position of the satellite is continuously monitored by an earth station, 
called a TT&C (telemetry, tracking and command) station, and small jets of a 
propellant such as hydrazine are used to keep it in position within a 
"station-keeping" box. 

The station-keeping box is typically a square which is ±0.1 degree on each 
side and is oriented with the sides parallel with and perpendicular to the 
orbital plane. 

Sufficient hydrazine must be carried on board the satellite to last for its 
predicted life, which is usually from 7 to 10 years. The TT&C stations must 
be highly accurate to make optimum use of the on-board propellant . 

. l'oot;prim 

The transmitting and receiving antennas on the satellite are designed to 
cover only desired regions of the earth's surface. This has several pur
poses. It concentrates the power radiated from the satellite into desired 
directions, increases the sensitivity of its receiving antennas, and helps 
prevent interference with signals from other satellites. ·\ 
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The part of the earth's surface covered by a satellite is called the satel
lite's 11 footprint 11

• The footprint may cover one or more relatively localized 
regions or a complete hemisphere. A typical footprint is shown in Figure 5. • 
The footprint is, or course, not sharply defined. The 3 dB contour repre
sents the half power level. Signal strengths tend to peak near the center of 
the footprint and roll off fairly steeply past the 3 dB contour. 

Figure 5. Satellite "Footprint" 

The power levels radiated by typical satellites which operate in the 6/4 GHz 
band are of the order of a few watts. Those operating in the 14/12 GHz band 
usually radiate somewhat more power for reasons that will be explained later. 

The effective power radiated toward the footprint (called the effective iso
tropic radiated power or EIRP) is typically increased to between 2,000 and 
4,000 watts .(33 to 36 dBW) by the beaminq action (qain) of the antenna. 

All the power radiated by the satellite is supplied by solar panels, which 
convert sunlight directly to electricity. • 

The solar panels have to face the sun to be effective, while the antennas · 
have to be directed to keep the footprint in place. There are two basic 
types of satellites, based on the method of stabilization and control of th~ 
direction of the solar panels. These are the 11 body stabilized" type and the 
11 spin stabilized" type, shown in Figure 6. 
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BODY STABILIZED 

SPIN STABILIZED 

Figure 6. "Body Stabilized" and "Spin Stabilized" Satellites 

The body-stabilized satellite is designed to keep the antennas pointing cor
rectly while pointing all of the solar panels toward the sun. The spin
stabilized satellite is cylindrical and has its solar cells mounted around 
its periphery. The body spins about its axis for stabilization while the 
antennas are 11 despun 11 to point independently toward the earth. In this case 
about one-third of the cells effectively face the sun at one time. 

Batteries are used in almost all satellites to take care of solar panel out-
• ages during times when the satellite is eclipsed by the earth. Monitoring 

and control of the attitude of the satellite is the responsibility of the 
TT&C station. 
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,/ Polarization 

Electromagnetic waves and antennas are always "polarized" in some manner. 
The polarization may be linear, circular or elliptical. For our purposes in 
this paper we will dismiss elliptical polarizations as being nonideal cases 
which are intended to be either linear or circular. 

Linear polarizations and circular polarizations are illustrated in Figure 7. 
A linearly polarized antenna receives maximum power from an incident linearly 
polarized.wave if the "tilt angles" of the wave and antenna polarizations are 
aligned in space as in Figure 7(a). The wave is then said to be 11 co
pol arized 11 or "polarization matched". 

HORIZONTALLY ft 
POLARIZED / 

WAVE 

HORIZONTALLY 
POLARIZED 
ANTENNA 

la) co-POLARIZED WAVE AND ANTENNA 

RHC POLARIZED 
WAVE 

RHC POLARIZED 
ANTENNA 

le) CO-POLARIZED WAVE AND ANTENNA 

VERTICALLY ft 
POLARIZED / 

WAVE 

HORIZONTALLY 
POLARIZED 
ANTENNA 

lb) CROSS-POLARIZED WAVE AND ANTENNA 

LHC POLARIZED 
WAVE 

RHC POLARIZED 
ANTENNA 

Id) CROSS-POLARIZED WAVE AND ANTENNA 

Figure 7. Linear and Circular Polarizations 
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As the tilt angle of the wave or antenna rotates from co-polarization, the 
received power decreases. When the tilt angles are 90 degrees apart as in 
Figure 7 ( b), the antenna is "cross po 1 ar i zed" to the wave and receives no 
power from it. The antenna and wave then have "orthogonal" polarizations. A 
given wave can have two orthogonal polarizations which exist simultaneously 
and carry different information without interference. It wil 1 be seen that 
this principle is used to increase the "information capacity" of satellites 
and of the geosynchronous orbit. 

Circular polarizations have either right-hand (RHC) or left-hand (LHC) 
"senses". RHC and LHC polarizations are orthogonal. A circularly polarized 
satellite and a circularly polarized earth station are co-polarized if they 
have the same senses and are cross-polarized if they have opposite senses. 
The relative tilt angles of circularly polarized antennas and waves are of no 
consequence and are not even defined. This represents an advantage of circu
lar polarization over linear polarization, since the tilt angle of the earth 
station does not have to be adjusted for a particular satellite. On the 
other hand, there are a number of trade-offs, expecially because circularly 
polarized antennas tend to cost more than linearly polarized ones. Most 
domestic satellites are linearly polarized while INTELSAT satellites are 
circularly polarized. 

Satellite Information Capacity 

One of the major reasons for the impact of satellites is· their tremendous 
information carrying capacity. This is because of the large bandwidth avail
able at microwave frequencies. 

The information carried by any type of modulated RF or microwave "carrier" is 
contained in "sidebands" which spread out on each side of the carrier. 
Transmission of information at a high rate requires a large bandwidth to 
accorrmodate these sidebands. 

A typical satellite has 24 transponders. Each transponder has a bandwidth of 
approximately 35 MHz and is capable of accommodating one high-quality tele
vision channel or about 2,000 voice-grade telephone channels. In contrast, 
the complete radio broadcast band has a bandwidth of only about 1 MHz. 

As an example of a typical satellite, the transmit and receive frequency 
plans of an RCA Satcom satellite are shown in Figure 8. The numbered 
brackets represent each channel. The bandwidth of the channel is represented 
by the width of the bracket. The carrier frequency, which is shown above the 
channel number, is centered on each channel. 

Note that the tot a 1 bandwidth • covered by the 24 transponders is 500 MHz. 
Squeezing 24 transponders into this amount of spectrum is accomplished by a 
process called "frequency reuse by polarization diversity", which we will 
call simply "frequency reuse". 

Frequency reuse is implemented by staggering the microwave carriers of alter
nate transponders so that only sideband energy overlaps and by use of orthog
onal polarizations. 
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Figure 8. RCA Satcom Satellite Frequency Plans 

The signals of alternate transponders in the frequency plan of Figure 8 are 
nominally orthogonal. If they were exactly orthogonal and the associated 
earth stations were ideal, there would be no interference caused by the over
lapping sjdeband energy of adjacent transponders. 

In practice, the polarizations of the antennas of the satellite and earth 
stations are not ideal. Some small amount of interference occurs, but the 
combination of nearly orthogonal polarizations and use of a staggered fre
quency plan provides for high quality transmission under almost all weather 
conditions. This permits 24 transponders in the same band that was used for 
12 transponders in older satellites which do not employ frequency reuse, 
essentially doubling the information capacity of the satellite. 

INTELSAT accomplishes frequency reuse by using right-hand (RHC) and left-hand 
(LHC) orthogonal polarizations on the alternate transponders. 

Although the term frequency reuse by itself is used to mean frequency reuse 
by polarization diversity where the meaning is clear, it can also be applied 
to the reuse of available spectrum by other means, such as by using several 
spot beams on a satellite. INTELSAT V and certain of the other later
generation satellites make use of this technique. It will become more 
prevalent as satellites become larger and more·complex. 
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Barth Station Antennas 

One of the major advantages of using geostationary satellites is the simplic
ity of the earth stations which are used with them. An earth station has to 
have a relatively narrow beam to let it pick out a particular satellite and 
to increase its effectiveness in transmission and/or reception of signals. 
Since the satellite appears stationary, the complex electronics and drive 
mechanisms are eliminated which would be required to keep the beam on a 
moving satellite. 

A number of different types and sizes of earth-station antennas are used in 
satellite colTITiunications depending on the application. High information 
capacity and high-quality link performance tend to demand larger antennas. 
The largest antennas routinely used in satellite communications are 30 meters 
in diameter. These are used in INTELSAT A stations and in certain extremely 
high performance domestic systems. The antenna shown in Figure 9 is 
10 meters in diameter. 

Figure 9. 10-Meter Antenna 
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At the low end of the scale, the smallest diameter antenna that can be used 
is determined by the spacing between sate 11 i tes because the beamwi dth of an 
antenna at a given frequency is essentially inversely proportional to its 
diameter. 

At first glance it may seem that the geosynchronous orbit could yield an 
almost infinite information capacity by adding more satellites. This is not 
true, however, because the closer the spacing between satellites the narrower 
are the required beamwidths of the earth-station antennas. 

The minimum orbital spacing between United States domestic satellites has 
been 4 degrees until recently. This spacing permits high-quality transmis
sion of television signals, data and voice in the 6/4 GHZ band with antennas 
that are as small as 4.5 meters in diameter and usable signals with antennas 
as small as about 1.5 meters for certain applications. 

Because of the pressure for more orbital capacity, the Federal Communications 
Commission has recently decided to ultimately reduce the minimum spacing 
between U.S. domestic satellites from 4 degrees to 2 degrees in the orbital 
arc between 55 degrees and 143 degrees west longitude. The closest spacing 
that exists at this writing is 3 degrees between the Galaxy I satellite and 
the SATCOM III-R satellite. 

It will take some time for all the orbital slots to become filled, but 
decreasing the orb i ta 1 spacing to 2 degrees wi 11 u 1t imate 1 y increase the 
inter-system interference to some extent for all types of service. Predic
tions of the resulting interference have been made, but the ultimate effect 
will not be known for a number of years. 

Side Lobe Control 

A communication antenna has a main beam as shown in Figure 10, but all 
antennas radiate some energy into unwanted directions or receive unwanted 
signals through 11 side lobes". Side-lobe energy of a transmitting earth 
station can interfere with other satellites which have orbital slots near the 
desired satellite and with terrestrial systems. Side lobes of a receiving 
earth station can receive interfering signals from other satellites and from 
terrestrial systems. 

Well designed communication antennas have low side lobes. The FCC has 
lowered maximum allowable side-lobe levels of regulated earth station 
antennas as part of its program of decreasing the orbital spacing between 
sat~l 1 ites. 

Boise and Sensitivity 
disturbances that tends to obscure the informa
The sensitivity of a satellite communications 

Noise can enter a system from a number of 

11 Noise 11 is the combination of 
tion content of a signal. 
system is 1 imited by noise. 
sources, as shown in Figure 11. 
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/ The sensitivity of a receiving system is limited by its ability to discrimi
nate against noise in favor of the desired signal. This is determined by the 
electrical size of the antenna and its ability to reject noise and the noise 
rejection of the earth-station receiver itself. 

High power is radiated by an earth station to overcome the spreadinq loss of 
the signal in traveling the large distance to the satellite and to override 
the noise at the satellite receiver input. 

Because the signal at the earth station from the satellite is very low and 
because large antennas are expensive, it is important for the earth-station 
receiver sensitivity to be as high as practical. 

The most sensitive receivers use cryogenically cooled microwave amplifiers, 
but these amplifiers are expensive and are used only in the highest perform
ance earth stations. 

Relatively inexpensive uncooled field effect transistor amplifiers based on a 
semiconductor called gallium arsendide (GaAs FETs) have been developed which 
give adequate sensitivity for many systems. The low cost of GaAs FETs has 
been one of the major factors in the growth of satellite communications. 

Modulation Formats and Access Techniques 

The modulation formats employed for various satellite communication applica
tions are determined by the requirements of the application. Video and voice 
signals are commonly transmitted in an "analog" format while computer data, 
for example, are transmitted in a "digital" format. Analog signals are elec
trical replicas of the information being transmitted. Digital signals are 
numerical codes which represent sampled analog signal levels or numerical 
values such as co~puter data. 

Analog-to-digital converters are often used to transmit analog signals digi
tally. The digital signals are then reconverted to analog form at the 
receiving end of the system by digital-to-analog converters. Systems of this 
type are coming into increasing use as the costs of digital circuits 
decrease. 

Video signals are likely to occupy a complete transponder, using frequency 
modulation (FM). Where many narrowband channels such as voice-grade circuits 
are required, the channels are combined by a technique cal led frequency 
division multiplexing (FDM) and used to frequency modulate a carrier 
(FDM/FM). 

For full-transponder video or multiple-channel signals multiplexed on a 
single carrier, each transponder is accessed by a single earth station at a 
given time. For lower-capacity applications, a transponder will be shared 
by a number of earth stations, each of which may use a number of carrier 
frequencies. This technique is called frequency division multiple access 
(FDMA). 
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In one of the important applications of FDMA, a single voice-grade signal is 
transmitted on each carrier. This approach is designated sin9le-channel-per
carrier (SCPC). It permits installation of stations which need only a 
limited capacity and permits easy addition of channels as required. 

SCPC, using a technique called demand assignment multiple access (DAMA), 
permits an earth station to use a channel only as required, making the 
channel available to other earth stations when it is not needed. This 
greatly increases the use factor of a given transponder which is assigned to 
this service. 

Digital modulation formats are becoming increasingly important as advances in 
digital technology continue. The cost of digital transmission is rapidly 
decreasing, and it is likely that in the future both analog and digital 
signals will be sent largely by digital systems. 

There are a number of digital modulation formats. We will indicate a few. 
Popular formats vary the phase of a carrier or subcarrier in steps of 
180 degrees (BPSK) or 90 degrees (QPSK). Time division multiplexing (TOM) is 
a technique in which a number of signals modulate a subcarrier sequentially 
in closely spaced time slots without interference. It is the digital equiva
lent of frequency division multiplex (FDM) in analog systems. A number of 
earth stations can access the same transponder by means of a controlled tech
nique called time division multiple access (TOMA) to accomplish a function 
somewhat like that which FDMA accomplishes in analog systems. 

The quality of any communications system is determined by the difference 
between the output signal and the input signal. In an analog system, the 
difference is measured by distortion and noise. In a digital system, it is 
measured by bit error rate (BER). Bit error rates of one error in 20,000 
provide high--quality audio. Data transmission usually requires much lower 
error rates. Techniques such as forward error correction (FEC) can be used 
to decrease bit error rates by factors of 100,000 to a rate of one error in 
10,000,000 bits. 

Bffect of J'requency on Satellite Communications Systems 

Because of the virtually unlimited applications for satellite communications 
and the limited information capacity of the 6/4 GHz band, the higher fre
quency satellite bands, especially the 14/12 GHz band, will come into greater 
use in the future. It is therefore interesting to consider the effect of 
increasing frequency on the design and performance of satellite communica
tions systems. 

As the frequency increases, the major effects are (1) narrowing of the beam 
of an antenna of a given size, (2) increase in losses, and (3) increase in 
the required surface accuracy of the reflector. For a given satellite EIRP, 
the increase in frequency increases the earth station receiving antenna cost 
in at least three ways: 

• by the tighter surf ace tolerance, which re_qu ires a more accurate 
and stiffer reflector, 
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• by the increased difficulty of pointing the antenna toward the 
satellite, which requires a costlier antenna mounting structure, 
and 

• by the fact that the increase in atmospheric attenuation and the 
inherent increase in LNA noise force a larger antenna diameter, 
which acts to reinforce the difficulties associated with the first 
two factors. 

The net result is that if earth station costs are to be kept low, the EIRP of 
the sate 11 i te must be greater at the higher frequency band so that sma 11 er 
earth station-antennas can be used. • This increases the cost of the satellite 
because the increase in EIRP must come from either higher-power transponders 
or from footprints covering smaller areas. 

The smaller footprints do not represent a disadvantage where a small area is 
to be covered, such as Japan, or a country in Europe. On the other hand, 
where a large area is to be covered such as the United States, the smaller 
footprints require multiple beams, each with some number of transponders 
determined by the level of service to be provided. The net effect is an 
increase in satellite solar-panel power requirements and in overall weight 
and complexity of the satellite. Typical system designs for low-cost receiv
ing systems are based on four or five bea~~_covering CONUS (continental USA). 

In spite of the prob 1 ems indicated above, a move to higher frequencies for 
new satellites is inevitable for the United States because of orbital crowd
; ng and use of the 6/ 4 GHz band by terr est r i a 1 and sate 11 i te systems. Sys -
terns are already being implemented for the 14/12 GHZ band. In fact, once 
sufficient cost is transferred to the satellite so that small antennas can be 
used and sufficient system information capacity is provided, many new appli
cations such as direct broadcast satellite (DBS) open up. It is evident, 
however, that satellite systems at 6/4 GHz are here to stay because of their 
inherently low cost and because the 6/4 GHz frequency band exists. 

8um.mary 

A brief, semi-technical description has been presented of some of the 
elements of communication by geosynchronous satellites. Detailed presenta
tions will be found in the succeeding papers of this notebook and in refer
ences listed in the biblioqraphies of the various papers. 
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Introduction 

The Broad.band cable/Satellite Comiection. 
for llus1ness Communications 

Dr. Guy W. Beakley and Alex B. Best 

The primary factor in the growth of cable television in the 1970 1 s was the 
economical delivery of unique television programming by satellite-to-cable 
distribution systems. The success of this venture established a connection 
between cable and satellites for entertainment. In this chapter the connec
tion between cable and satellites is explored for business communications. 
The cable/satellite connection for business offers growth potential for the 
1980 1s expected to exceed that of the entertainment connection of the 
1970 1s. 

Information 

Much has been said about the evolution of the United States from an indus
trial society to an information society. Just as the number of people 
working in industry started to outnumber the people working in agriculture in 
the early 1900 1s, the people working in information occupations now outnumber 
those workin~ in industrial occupations. We have indeed encountered 11 The 
Third Wave. 11 

Information and the way it is used will be the key strategic variable in many 
businesses. For this to happen, effective information transfer can no longer 
be constrained by a communication system designed for voice transmission. 

With the advent of the communications satellite, large amounts of information 
can be easily sent from one city to another. The satellite carriers have 
made a significant investment in earth stations for intercity distribution of 
information. The problem lies in distribution of this information to the 
local user. The cable that is now being laid for distribution of television 
can be used for a_ substantial part of this local distribution. The linking 
of satellite earth stations with cable television distribution systems offers 
many new opportunities as the information society develops. 

Business Communications Needs 

A number of large businesses are essentially information-based; included are 
banks, insurance companies, investment companies, and stock exchanges. Their 
business depends on gathering and assimilating large amounts of data. Office 
automation will allow the information to be processed and stored electroni
cally with only summary information being recorded on paper. Communication 
and transfer of this information can be accomplished by the interconnected 
cable and satellite systems described in this paper. 

1 . Alvin Toffler, The Third Wave, William Morrow, New York, 1980. 



Although productivity improvements have occurred in the agriculture, manufac
turing and service industries, productivity improvement in the office has 
been slow. However, improvements are now being made to change this situa
tion. Communicating word processors, facsimile devices, computer-to-computer 
links, voice messages stored in digital format, integrated voice and data 
PBX, and intrafacility conmunication networks are now available to upgrade 
office systems. A sophisticated business communication system allows charts, 
budgets, last minute schedule changes, press releases, contracts, and photo
graphs to be transmitted quickly and reliably. Many people will be able to 
work at home connected by cable to their office. Executives attending out
of-town meetings and sa 1 espeop 1 e on the road wi 11 be ab 1 e to have i nmed i ate 
and accurate access to information back at the home office. In the future, a 
person will be able to substitute teleconferencing for some business travel. 
The possibilities seem unlimited. 

\~ith office automation moving ahead, satellite corrrnon carriers have recog
nized business corrrnun i cations as a vi ab 1 e market. These sate 11 i te carriers 
are shaping intercity business communications with their concept of shared 
earth stations. Digital satellite carriers offer business customers a capa
bility to transmit vast amounts of data, voice, electronic mail and other 
business signals from the earth station up to the satellite and back down to 
another earth station. Cable is a logical choice of a medium to distribute 
this data from the earth station to the business in each city. 

Business Commun:ications Services 

Satellite and cable systems offer increased communications capabilities for 
text, facsimile, data transmission, voice, visual aids, and video confer
encing. In the past, text transmission has been handled principally by 
telex, which is slow and has a rudimentary character set. Telex is being 
replaced with communicating word processors that allow typewritten material 
to be transmitted from one machine to another at high speed. Much of the 
transmission and storage is accomplished electronically, thus creating 
tremendous communications needs. With a cable/satellite communications 
system, a secretary can type a letter, attach the appropriate electronic 
"address" and send a copy directly to another terminal at a distant facility. 

Graphs, pictures and photographs do not lend themselves to character . trans
mission and are better sent by facsimile. In order to obtain high resolution 
and transmit at a rate of one page per second, the bit rate needs to be of 
the order of 256 kb/s. This high data rate, which is available on the satel
lite, creates the need for a high capacity local distribution system such as 
cable can provide. 

The next step beyond communicating by voice and still pictures is confer
encing using full-motion video. Point-to-point vid~o conferencing now makes 
economic sense. Many national sales meetings have been set up with regional 
salespeople coming to local auditoriums where earth stations are installed or 
have been temporarily set up. The salespeople view the program material on 
large television screens and respond to the presenter by phone. 
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Point-to-point teleconferencing is very costly when using ful 1-motion video 
because of the large bandwidth required. Analog video requires one-quarter 
to one full transponder of satel 1 ite. The use of this much capacity for a 
normal business meeting would be excessively expensive, hence there is a need 
to digitize the information and reduce the data. 

NTSC color video can be digitized at the rate of about 90 Mb/s with no 
visible degradation. Removing redundancy allows a video signal to be sent at 
20 Mb/s with insignificant loss in video quality. When the motion is limited 
and the camera is fixed, it is possible to reduce the bit rate to 6 Mb/s with 
limited loss in quality. Current digital technology has reduced the bit rate 
to 1.5 Mb/s while maintaining reasonable cost. As new devices for video 
codi-ng are developed and as the cost of travel increases, business 
teleconferencing will become conmonplace. 

Consider next data transmission. Large computers can manipulate data at 
rates of one Mb/s or faster. Efficient resource sharing, computer backup, 
file protection, core diagnosis and other factors make it necessary for 
distant computers to communicate with each other. Transmission at Mb/s rates 
is required for computer communications in the future. 

Since the office of the future will be integrated electronically, a number of 
scenarios for linking the equipment and people become evident. One scenario 
sees the hub of the automated office being an integrated voice and data PBX. 
The PBX permits users to transmit, switch, and store voice and data. Another 
possibility has local networks connecting office machines, digital tele
phones, and intelligent terminals or work centers. These terminals process 
and display data, text, pictures, and graphs. Regardless of the method, 
there will be a need for rapid communication of information within the office 
and from office to office. 

Satellite Business Comm.um.cations 

As we discussed in the paper "Overview of Commercial Satellite Co11111unica
tions, 11 satellite business carriers have made great strides in the intercity 
portion of satellite business communications. Carriers such as SBS, American 
Satellite, RCA, and Western Union have provided increasingly sophisticated 
business co11111unications facilities for their customers. American Satellite 
through its satellite data exchange (SOX) service has specialized in provid
ing voice and data communications to small earth stations located on end
user's premises. Americ~n Satellite now has about one hundred earth stations 

. operating. RCA Communications is providing data, voice, facsimile, slow scan 
TV and teleprint service called "56 Plus." Western Union also offers a 
similar data service to its customers. Voice channels can be provided over 
these digital links by using phase code modulation (PCM) or continuous 
variable slope delta modulation (CVSD) encoding. 

Co11111unicat ion of business data by satel 1 ite offers a number of advantages. 
The telephone system normally restricts data transmission to maximum speeds 
of 9.6 kb/s. However, data rates of 50 Mb/scan be transmitted by satellite. 
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The telephone network can be expected to produce on the average, one error 
per 100,000 (105 ) bits transmitted. Elaborate error checking and correcting 
schemes, which reduce efficiency, have been developed to allow the use of the 
telephone channel. Error rates of fewer than one error per 10,000,000 (107 ) 
bits are easily accomplished using satellite communications with error rates 
typically lower than 10-8 with simple error correction devices. 

Broadband. Bus1ness Comm ions 
Having achieved a long distance network, the carriers are then faced with the 
need for local distribution to their customers. The options available are 
the telephone plant, broadband cable, and microwave links. Prior to the 
development of pro-competitive policies by the FCC, local distribution was 
dominated by the local telephone companies. With the settlement of the AT&T 
antitrust suit and the development of alternative local distribution techno
logies, a new business opportunity "telephone bypass" has emerged. This 
bypass industry has been dominated by Digital Terminations Services (DTS), 
which use private microwave, cable systems, and radio corrrnon carriers, which 
use cellular radio. The local telco's offer data distribution primarily by 
twisted pair, although some progressive companies are working with fiber 
optics, broadband cable, and cellular radio. 

Independent of whether the local distribution supplier is a bypass company or 
the Telco, broadband cable has some advantages over the other technologies 
for completing the satellite communications link. Like the twisted pair 
telephone plant, broadband cable is a proven existing technology. However, 
broadband cable, like satellite offers excellent bit error rate performance 
in addition to being very cost effective for high data rates. When compared 
to microwave and radio, the inherent closed system (shielded cable) nature 
makes broadband cable less susceptible to external problems such as line of 
sight and RF interference. Also, broadband cable systems do not require the 
sophisticated control schemes used in cellular radio and private microwave 
DTS. 

Overall, broadband cable is flexible, available, and cost effective as a 
local data distribution medium. Broadband cable meets the service needs for 
intracity data communications for both the telco and the private network 
industry. 

Conclusion 

Cable television systems can play an important part in the intracity distri
bution of voice, data, electronic mail, teleconferencing and other business 
communications. In only a few years, cable has gone from an auxiliary system 
for delivering television to areas with poor television reception to the most 
versatile and economical means for mass distribution of many channels of 
video entertainment. The next equally dramatic step will involve cable oper
ators finding new customers for using the cable to distribute business com
municat i ans within the city. These customers will include satellite com
munications carriers, large corporations, financial institutions, municipal 
agencies, hospitals, and university complexes. 
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Two-Way Broa4ban4 Communications 
J. Mauney/D.H. Slim 

The Community Antenna Television (CATV) system had its inception in the early 
fifties. As originally conceived, the CATV system simply provided basic 
limited channel TV service to restricted off-the-air reception areas. The 
complete CATV system (Figure 1) commonly included three basic parts: (1) a 
master antenna system (tower, preamps and appropriate antennas); (2) a head
end system {single-channel processors and modulators); and (3) a broadband 
distribution system (trunk and feeder). Initially, the headend and broadband 
distribution systems provided for one-way only transmission; however, as 
operating techniques developed and equipment technology advanced, operators 
promoted and found interest in two-way transmission. The intent of this 
paper is to familiarize the reader with the types of two-way systems in use 
and the system components used to operationally construct a two-way broadband 
RF distribution system. 

RECEIVING ANTENNAS 

AMPLIFIERS 
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SYSTEM 
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SYSTEM 
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SYSTEM 

Figure 1. CATV System 
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Presently, there are three specific types of two-way broadband RF distri
bution systems in use. The generic name for a two-way RF distribution system 
is split-band system; however, specific names are more commonly used for the 
three system types noted above. These systems are cal led sub-split, mid
spl it and high-split systems where the specific name refers to the frequency 
band division for forward and reverse transmission. Although there are 
differences between the various equipment manufacturers as to forward and 
reverse frequency band edges, in general, the bands occupy approximately the 



same relative frequency blocks in the spectrum and loosely fall under the 
sub-split, mid-split and high-split classifications. 1 Table 1 shows 
Scientific-Atlanta's sub-split, mid-split and high-split forward and reverse 
frequency band allocation. 

System Forward Reverse 
Type Frequency (MHz) Frequency (MHz) 

Sub-split 54 - X 5-30 
Mid-split 174 - X 5-108 
Hi gh-sp 1 it 234 - X 5-174 

Table 1. Two-Way Split Band Frequency Allocation 

Of the three two-way systems noted above, the sub- sp 1 it type is by far the 
most common in operation. The sub-split system was cable TV's first attempt 
at two-way operation and was developed initially because it easily fit into 
the frequency plan of the CATV system as it was originally conceived. 

The original CATV subscriber system forward frequency band was selected based 
on a need to accorrmodate standard off-the-air channel frequencies and the 
existing channel select capability of the television receiver. The original 
forward subscriber system, therefore, began at channel 2 (54 MHz} and 
extended through channel 13 (216 MHz} excluding the presently defined mid
band frequencies from 88 to 174 MHz. 2 As knowledge of system operation 
developed and equipment technology advanced, operators began considering 
additional channel capacity above the 12 channels initially offered. Equip
ment manufacturers responded to the demand for additional subscriber system 
forward transmission bandwidth and extended the original upper 216 MHz limit 
to the present practical limit of 440 MHz. 

Enterprising system operators looking for methods of increasing revenue began 
to consider the prospects of not only a link to the subscriber, but a link 
from the subscriber back to a central facility. Since the frequency spectrum 
below channel 2 was vacant, it seemed an ideal slot to provide the return 
link from the subscriber. With the standard forward system already con
structed and the cable itself bidirectional and able to support information 
flow in either direction, it seemed logical that by adding a reverse signal 

1To alleviate confusion as to exact frequency bands, one manufacturer has 
suggested that the more well-established sub-split term be retained, but 
mid-split and high-split be dropped in favor of the · generic split-band 
classification. 

20riginally, CATV repeater amplifiers used single-ended circuitry which -, 
resulted in a second-order distortion build-up in the mid-band frequency 
spectrum. Push-pull circuitry solved this problem and opened up the mid-
band spectrum for added channel capacity. 
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path around each forward repeater amplifier, the existing system without 
major modification would support two-way transmission. CATV equipment manu
facturers responded to this idea and engineered the proposed sub-band equip
ment and system; these became known as sub-split equipment and system, 
respectively. Immediately, sub-split reverse upgradeable equipment became a 
necessity, and few systems built since the early seventies are without sub
split reverse capability. 

As applications for two-way transmission evolved, the need for a second type 
of two-way broadband RF distribution system developed. This system was to 
provide equal bandwidth in both forward and reverse directions and be used 
for interconnection between multiple common institutions. Because of the 
institutional application and the equal bandwidth requirement, the system was 
called interchangeably an institutional or mid-split system. Equipment 
developed for institutional system application was and is most commonly 
called mid-split equipment. 

As originally conceived, the institutional system was to have its own sepa
rate cable and was to shadow the main subscriber cable. In this dual cable 
configuration, the standard subscriber cable became known as the "A" cable 
system, and the institutional cable as the "B" cable system. 3 Also, it was 
originally proposed that the sub-split reverse from the "A" cable system be 
added into the "B" cable system so that only a single common reverse path 
back to the headend would be required. 4 This was accomplished through a 
"seventh" port connection on the "A" and "B" cable repeater amplifier station 
housings. However, in recent years this common A/B cable interconnection has 
been questioned due to the potential of 11 B11 cable reverse contamination from 
stray signal ingress into the "A" cable sub-split subscriber system. Sub
split reverse ingress will be discussed in more detail later. Block diagrams 
showing a basic two-way amplifier station, the standard sub-split subscriber 
system and the dual cable system are shown in Figures 2, 3 and 4, respec
tively. 

When mid-split equipment was originally developed, the upper frequency limit 
for forward amplifiers was approximately 270 MHz, and the lower frequency 
limit for reverse amplifiers was 5 MHz. Al lowing for a guard band (diplex 
filter high-pass/low-pass crossover region) between forward and reverse, the 
total 5 to 270 MHz band was approximately equally divided for two-way opera
tion. However, since the initial development of mid-split, the forward 
amplifier upper frequency limit has stepped upwards from 270 to 300, 330, 
360, 400, and finally, to the present limit of 450 MHz. As a result, the 

3The 11 B11 cable designation no longer strictly implies institutional system 
operation. There are dual cable systems presently in operation where both 
cables are subscriber systems~ In these dual cable subscriber systems, the 
cables are also identified as "A" and 11 B11 cable. 

4The concept of adding the "A" cable sub-split reverse into the "B" cable 
mid-split reverse at each main repeater station was orignally proposed to 
minimize the additive effects of "A" cable split-band filter group delay. 
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term mid-split no longer strictly implies equally divided frequency bands for 
forward and reverse. Although two-way mid-split and dual cable systems were 
much talked about during the early and mid-70 1 s, not much demand was created 
and not many systems of this type were constructed. 

Interest in the third type of two-way system grew from the 1980 development 
of the 400 MHz expanded bandwidth subscriber system. As 400 MHz technology 
advanced, system operators began looking for services that would interest 
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franchising authorities and at the same time provide additional sources of 
revenue. As a result renewed interest in the institutional system began, and 
at the request of system operators, equipment manufacturers began to dust off 
mid-split and at the same time examine a new equal bandwidth split-band sys
tem for 400 MHz. Since mid-split was still convnonly used to describe split
band systems above 30 MHz but below 300 MHz, the name given the 400 MHz equal 
bandwidth split-band system was high-split. However, as upper frequency 
expansion continued, the high-split term soon lost its original equal band
width connotation and, consequently, today no longer strictly implies equally 
divided frequency bands for forward and reverse. However, when read i 1 y 
available, it is expected that high-split will become the new standard for 
two-way institutional split-band RF distribution networks and will predom
inate in that role at least until further forward bandwidth extension occurs. 
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The Broadband C&ble Distribution System 

CATV RF broadband distribution systems typically fall under one of two clas
sifications. One is called a subscriber system and is used to provide 
services to the general public. The subscriber system may or may not include 
sub-split reverse. The other is called an institutional system and includes 
reverse and connects banks, schools, government facilities and the like. The 
~pplication of the institutional system is now expanding in the area of 
supplying the data communications links discussed in paper 1-2, Broadband/ 
Satellite Connection for Business. The true institutional system always 
includes a reverse system with a frequency bandwidth greater than that of 
sub-split reverse. Occasionally, the individual functions are inter-mixed 
with the subscriber system providing a two-way link between institutions and 
the institutjonal system providing services to the general public. However, 
by historical definition, each still retains its identity in that the sub
scriber system forward frequency band always begins at 54 MHz and may or may 
not include sub-split reverse, while the institutional system forward fre
quency begins above 100 MHz and always includes a broadband reverse system. 
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Figure 5. Trunk and Feeder Branching 
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Both the subscriber system and the institutional system are constructed in a 
similar fashion and typically include a trunk system and feeder system. The 
trunk system is the primary transportation system and, as such, branches in 
tree fashion throughout the area to be cab 1 ed. The feeder system branches 
from each trunk station in a similar tree-like manner and serves as the 
connecting link between the trunk system and the end user (subscriber or 
institutional). In some instances, the institutional trunk is routed 
directly to the end user and the feeder system is not inc 1 uded. The trunk 
and feeder system is shown in Figure 3 and trunk and feeder branching in 
Figure 5. 

Large-diameter coaxial cable, repeater amplifiers, three-port power dividers 
(splitters and directional couplers), ac power supplies and ac power 
inserters are the main component parts used to construct the trunk system. A 
single series trunk path called a cascade can be miles in length and can 
contain many trunk-class repeater amplifiers. Consequently, individual trunk 
amplifiers must be high-quality, high-reliability amplifiers that exhibit low 
levels of noise and non-linear distortion. Power dividers having equal and 
unequal loss characteristics are used to branch the trunk system. The 
splitter or equal loss power divider is used at branch junctions where equal 
length trunk branches are required; the directional coupler or unequal loss 
power divider is used at branch junctions where unequal-length trunk branches 
are required. Careful system design and efficient use of the family of power 
dividers has a direct effect on the total number of cascaded trunk amplifiers 
and, consequently, on overall system performance. The trunk amplifier sta
t ions (also feeder amplifier stations) are ac powered through the same coax
ial cable that carries the RF signal. Pole-mounted 60V ac power supplies are 
located at intervals throughout the system and are connected to the coaxial 
cable through power inserters. A block diagram showing typical trunk system 
operational construction is shown in Figure 6. 
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Small-diameter coaxial cable, repeater amplifiers, three-port power dividers 
(splitters and directional couplers), directional taps, and in-line equal

' i zers are the main component parts used· to construct the feeder system. 
Unlike the trunk, a single series feeder path or cascade is relatively short 
and typically contains not more than three line extender class repeater 
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amplifiers. Consequently, individual feeder amplifiers do not require the 
same degree of sophisticated level control and frequency response circuitry 
characteristic of the individual trunk amplifier. Feeder amplifiers do, 
however, require the same high quality, high reliability and low levels of 
noise and non-linear distortion characteristic of the trunk amplifier. The 
first feeder amplifier is actually located within the trunk amplifier station 
housing and is called a bridginq amplifier. The bridging amplifier receives 
signal from the trunk, raises the level and provides the source signal for up 
to four individual trunk station feeder cables. In addition, the bridging 
amplifier provides feeder to trunk isolation to minimize possible spurious 
signal leakage into the high-quality trunk transportation system. Feeder 
cables leaving the trunk are tapped with directional taps at regular inter
vals to provide connections for subscriber access to the system. Splitters 
and directional couplers are used to branch the feeder system just as des
cribed for the trunk. In-line equalizers are spliced into feeder cable spans 
to adjust for accumulated differences in signal level that occur due to the 
frequency-dependent loss variation of coaxial cable. Since each trunk 
station supports its own independent feeder system, there are generally as 
many independent feeder systems within a cable distribution system as there 
are trunk stations. Feeder system operational construction is shown in 
Figure 7. 
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Subscriber and institutional_ trunk systems are constructed in exactly the 
same fashion -and, except for trunk amplifier station diplex filters and 
reverse amplifiers, use exactly the same component parts. Subscriber and 
institutional feeder systems are, however, not always exactly similar in that 
the institutional feeder system does not typically provide connections for 
the general public. Consequently, the institutional feeder system may not 
include large quantities of directional taps and does not include sub-split 
only, in-line equalizers. In fact, in many cases, the institutional feeder 
system simply consists of the bridging amplifier and direct cable connection 
to the user. 
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In recent years, all components used to construct both the subscriber and 
institutional trunk and feeder system have been broadband bidirectional. 5 

Consequently, for these systems to support reverse, it is only necessary to 
provide proper split-band diplex filters and reverse amplifier modules for 
each of the trunk and line extender stations. As it relates to components 
this is true; however, a proper working reverse system is guaranteed only if 
a separate reverse system design analysis is performed simultaneously with 
forward system design. Some sub-split systems that were designed for 
forward-only operation have encountered problems when activating the sub
spl it reverse upgradeable option. 

Equipment for two-way broadband RF distribution systems has been available to 
the cable TV industry for almost a decade. Moreover, many of the proposed 
products that would utilize two-way transmission are available and have been 
successfully operating in two-way cable system for years. As a result, many 
of the initial problems have been eliminated, and much has been learned about 
the operational requirements and limitations associated with these types of 
systems. One problem long fought and still present, is spurious signal 
ingress into the sub-split.subscriber reverse system. Two factors have made 
this problem an especially difficult one to solve. One factor is the sub
split reverse frequency band itself and the infinitely large numbers and high 
levels of non-cable related 5 to 30 MHz signals always present in the envi
ronment. The other factor is related to subscriber system architecture and 
the potentional problems due to loss of shielding integrity at the many 
subscriber connection points within the system. 
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Figure 8. Two-Way Trunk Amplifier Station with Bridger Amplifier and 
Reverse Switch 

5 This may not be true for older systems and excludes the sub-split only, in
line equalizer. 
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A close look at the subscriber reverse system shows many reverse signal
source origination points all funneling back to the headend. A little 
ingress at all of the origination points or a large ingress at only a few can 
equally cause serious operational problems. Given that sub-split reverse 
ingress problems exist, the question arises as to how to locate the source or 
sources. One method would be to disconnect all reverse feeder connections to 
the system and independently turn each back on while monitoring for ingress. 
In fact, this approach, has proved to be the only effective method to date; 
computerized equipment to accomplish this has been developed and is presently 
available. A block diagram showing the location of the trunk station reverse 
system switch is presented in Figure 8. 

The Digital Head.end 

Several articles that have been published recently refer to the "digital 
headend. 11 The digital headend will process signals that are somewhat differ
ent from video signals and will use modulation methods that may be unfamil
iar. Nevertheless, the analogy to the classical cable television headend is 
apparent. 

On the customers' premises, racks of equipment consisting of digital multi
plexers and standard bandwidth modems are installed. The output of the 
modems are frequency multiplexed on a two-way system with the output from 
other modems. At the earth station, there will be much larger "digital head
ends 11 receiving the modem RF signals and processing them to a format campat
ible with the satellite equipment. For installations where the digital earth 
station is not colocated with the cable headend, data translators may be 
required to al low full access to any location in the system. In many 
respects this "digital headend 11 is less complex than some of the very sophis
ticated cable headend systems which are being installed today. 

The information that is to be sent by cable can be multiplexed using time
division multiplexing (TDM) or frequency-division multiplexing (FDM). Some 
combination of time and frequency division access will probably be used for 
most applications. Consider the data rates which are commonly used in satel-
1 ite circuits (Table 2). If many low data rate ports are available at one 
location, the most cost-effective method of transmitting the signals is to 
time-division multiplex before modulation. On the other hand, the higher 
data rate services are usually sent single-channel-per-carrier (SCPC) using 
frequency-division multiplex on the coax or satellite. 
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Table 2. Commonly Used Data Rates for Satellite 
and Terrestrial Services 

Characteristic Specification 

Multiples of 1.2 kb/s 

Multiples of 56 kb/s 

Tl 

1. 2, 2. 4, 4. 8, 9. 6, 19. 2 kb/s 

2Tl 

nc 
T2 

56, 112, 224, 448 kb/s 

1544 kb/s 

3088 kb/s 

3152 kb/s 

6312 kb/s 

Another item that needs to be mentioned is changing access according to the 
changing needs of different users (multiple access). Pure time-division 
systems may be made multiple access by allowing different users to occupy 
different time slots on demand (TOMA). Likewise, frequency-division multi
plex systems may be extended to demand access (FDMA or DAMA). Another method 
that is commonly used is called carrier sense multiple access/collision 
detection (CSMA/CD). Basically, a station wishing to transmit using CSMA/DC 
listens to the circuit. If the link is idle, ·it transmits. If two stations ·, 
should transmit simultaneously (collide), each attempts to transmit again 
after a random delay. Two other widely accepted schemes for multiaccess that 
are closely related are polling and token passing. In polling, a master 
control-ler polls each station on the network. If a station has a message to 
send, the controller gives the station the right to transmit. In token 
passing, the control is not centralized; the stations are given a sequence. 
After transmitting a message or no message, each station passes access rights 
(i.e., token) to the next station. This passing of the token continues in a 
cyclical fashion. 

In addition to the multiplexing and accessing method, one also has to con
sider the modulation that is to be used. The basic possibilities are ampli
tude shift keying (ASK), phase shift keying (PSK), and frequency shift keying 
(FSK). An attractive method for transmitting on nonlinear systems (satel-
1 i tes) is PSK. PSK transmission can take p 1 ace using any number of phases, 
e.g., two phases (biphase, BPSK), four phases (quadra-phase, QPSK), etc. 
BPSK and QPSK are widely used in satellite circuits. When transmitting at 
high data rates on cables, the frequency spectrum must be conserved. Since 
the cable is relatively linear and the signal-to-noise ratios are high, an 
attractive modulation method i-s a combination of amplitude and phase shift 
keying. The measure of transmission efficiency normally used is called 
bits/Hz. This is the number of bits per second that can be transmitted in 
one Hz bandwidth. The theoretical number of bits/Hz for BPSK is one, for 
QPSK it is two, and for a combination of amplitude and phase shift keying, it 
can be three or more. For data rates of Tl or 1 arger, a combination of 
amplitude and phase shift keying can conserve spectrum on the cable. ·, 
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,,,- On the other hand, consider the case of a large number of users at different 
locations, each user having a relatively low data rate, and each user trans
mitting occasionally. Here a modulation method can be employed that uses 
spectrum less efficiently, but yields less costly hardware, e.g., FSK. In 
addition, the system could employ CSMA/CD or token passing, giving all users 
access to the same channel. In most cases, it is evident which type of modu-
1 at ion method should be emp 1 eyed. 

Application for C&ble 

The potentially large market for cable servicing as the local distribution 
facility connecting businesses with satellite conman carriers has been dis
cussed. In addition, some of the technical methods that are available for 
implementing this cable distribution system have been investigated. Now, 
let us consider an example of two current business conmunication needs. 
Business A wanted to establish a dedicated conmunication link to another city 
with eight voice channels, one 9.6 kb/s circuit, one 56 kb/s circuit, and one 
224 kb/s circuit. 

Business B wished to cormnunicate with 40 voice channels through the same 
satelite conmunications earth station. Twenty-four voice channels can be 
digitized on a conmercially available channel bank and sent on a Tl 
(1.544 Mb/s) circuit. Data multiplexers can be added to one channel bank in 
order to provide the eight voice channels and the various data circuits. The 
Tl output from the channel bank is then fed into a Tl modem and converted to 
the appropriate frequencies for transmission on the cable (Figure 9). The 
40-voice-channel requirement for Business B can be satisfied using two 
channel banks and two Tl modems. Both customer requirements are satisfied 
economically using the configuration shown in Figure 9. 

System capacity 

Before exploring the question of capacity of a broadband cable system, it 
would be beneficial to look at a couple of examples of data circuits on 
cable. Figure 10 is a schematic representation of a mid-split broadband 
distribution system. 

Signal flow in the conventional (downstream) direction takes place in the 
band 174 to 440 MHz, while .reverse (upstream) signals are carried in the band 
5 to 108 MHz. This two-way capability is achieved by the use of diplexing 
filters and dual amplifiers at each signal amplification station. 

TA: Trunk Amplifier. (Long-distance, high-quality transportation.) 

LE: Line Extender Amplifier. (Short-distance, high-gain, for subscriber 
circuits.) 

13 
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'FORWARD' SIGNAL FLOW: 174· 440 MHz 

'REVERSE' SIGNAL FLOW: 6 • 108 MHz 

HEADEND 

TA: TRUNK AMPLIFIER 
WITH REVERSE CAPABILITY 

LE: LINE EXTENDER 
AMPLIFIER WITH REVERSE 
CAPABILITY 

TRUNK TRANSPORTATION SYSTEM 

'FEEDER' LINE 

155-A-2880-1 

Figure 10. Signal Flow 

Suppose that at point •A" there is a bank branch office equipped with a data 
terminal which must communicate with the master computer located in the head 
office at point 11 B11

• The data terminal at "A" is connected to a modem which 
can transmit onto and receive from the distribution system, and the master 
computer at 11 B" is similarly connected. It is clear that there is no way in 
which a signal can travel directly from "A 11 to "B" using the route LE-2, 
TA-2, TA-3, LE-1, or vice versa. Any signal in the range 5 to 108 MHz will 
travel only toward the headend, and any signal in the range 174 to 440 MHz 
will travel only away from the headend. However, the addition of one simple 
device at the headend will solve this problem, and allow great flexibility in 
connecting additional customers to the system. The device is a frequency 
translator, which receives signals at the headend in the "reverse" frequency 
range and "transl ates" them to the •forward" frequency range. It can be 
designed to translate a single 6 MHz channel or several channels, depending 
on the amount of traffic and the availability of unoccupied channels. 

Therefore, when "A" wishes to send a message to 11 B, 11 "A's" modem transmits at 
a frequency in the range 5 to 108 MHz. The signal returns to the headend, 
where the translator shifts it to an available channel in the "forward" spec
trum. 11 B11 can then receive the transmission. 
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Figure 11 is a schematic representation of one version of a mid-split private 
broadband network. The difference between this distribution network and the 
network of Figure 10 is that all corrmunication is between the headend and the 
remote sites; i.e., no direct corrmunication is allowed between remote sites. 
This agreement could arise with a company that would have a headquarters with 
multiple remote buildings or if a network was built solely to distribute 
communications to and from a satellite site. In this case, the modems at the 
remote sites, A and B, would transmit in the 5 to 108 MHz band and receive in 
the 174 to 440 MHz band. The modems located at the headend, C, can use an 
inverted frequency p 1 an; that is, transmit in the 17 4 to 440 MHz band and 
receive in the 5 to 108 MHz band. This inverted frequency arrangement saves 
hardware by not requiring the frequency translator. 

55-A-4507 

Figure 11. Schematic Representation of One Version of a 
Mid-Split Private Broadband Network 
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The data transmission capacity of a broadband system depends on the following 
factors: 

a. Available bandwidth (expressed as the number of unoccupied 6 MHz 
channels). (Note that in an Institutional system, the whole cable 
spectrum may be given over to data transmission.) 

b. Number of data circuits. 

c. Modem spectral occupancy, which is a function of both the data rate 
and the bandwidth efficiency of the modem. 

To help visualize the potential capacity, we will examine first the case of 
the intracity, point-to-point connection. Modems for broadband systems are 
available from a number of sources (including Scientific-Atlanta); therefore, 
for the purpose of this discussion, we will assume a hypothetical, medium
speed. modem which can handle data at rates up to 19. 2 kb/s. The figures 
which we shall use are reasonable and quite representative of state-of-the
art devices which meet the requirements of high reliability and low cost. 

Using Bi-Phase Shift Keying (BPSK) as our mod_ulation scheme, we may expect to 
transmit a 19.2 kb/s data stream in a bandwidth considerable less than 
100 kHz. We wish to allow a certain safety margin, however, so we will sup
pose that 100 kHz represents the "channel" separation required by the modems. 
A quick calculation shows that a single 6 MHz TV channel could support trans
missions from 60 such modems. 

To determine the actual capacity of a typical system, refer to Figure 12. 
This diagram is an extension of Figure 10, since it illustrates the two-way 
communication between points "A" and "B. 11 The cab 1 e system has a reverse 
channel, designated T7, available and a forward channel, designated H, cur
rently unused. Each 6 MHz channel has been divided into 60 "sub-channels," 
numbered 1 through 60, so that we can readily describe the "slots" which the 
modems require for transmission and reception. 

When modem 11A11 transmits a signal, it uses subchannel 1 of channel T7. This 
can be written as T7(1). The signal travels in the reverse direction to the 
headend, where it is intercepted by the frequency translator and converted to 
channel H, subchannel 1, or H(l). The transmission can now travel in the 
forward direction throughout the distribution system, and be received by 
modem 11 B, 11 which is tuned to H(l). 

Transmission in the opposite direction, from 11 B11 to "A," must make use of a 
different subchannel. This is because both modems may be required to trans
mit and receive simultaneously (i.e., full duplex operation). Therefore, 
modem 11 B11 transmits in T7(2), and modem "A" is tuned to receive H(2). 

To summarize, a pair of modems operating in full duplex mode requires the 
allocation of two subchannels in the reverse frequency range, and two corres
ponding subchannels in the forward frequency range. In our hypothetical 
example, this is equivalent to 200 kHz in channel T7, and 200 kHz in 
Channel H. It follows that, if all the subchannels in T7 and H were 
allocated, the system could support full duplex communication between 30 
pairs of modems. 
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~---------------~~~~, 
I TRANSMIT RECEIVE 

i tk ___ _h 
2-WAY I 5-75 11-75 162. 168 MHz 

SYSTEM B DISTRIBUTION I 
_____ T_-1_-1 

I HEADEND 
FREQUENCY 

TRANSLATOR L ________________ -1 MO~EM 

1 
TRANSMIT RECEIVE 

T7(1) H(2) 

Lkh 

MODEM 'B' TRANSMIT SLOT 

..___ ~DEM 'A' TRANSMIT SLOT 
! EACH SLOT 100-KHz WIDE 

65·A·2181 

Figure 12. Frequency Assignments for a Typical CATV Modem Pair 

A more efficient use of bandwidth can be obtained when a Multipoint service 
is required. In this configuration, a master computer communicates with 
several slave terminals by sequential polling. Since only one modem is 
transmitting at any instant, the same frequencies can be allocated to all 
modems, with a consequent drastic reduction in bandwidth. Typical of the 
terminals requiring this kind of service are bank teller machines; a ma~ter 
computer at the bank's main office interrogates teller terminals at each 
branch office in sequence. When this type of connection is established using 
telephone lines, law data rates are frequently employed in order to minimize 
the degree of line-conditioning required, and hence the cost. By switching 
to broadband cable, a higher data rate can be realized, and the polling time 
reduced. 
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High-Bpeed Services 

The use of CATV systems for the transmission of high-speed (1.544 Mb/s) data, 
while employing the same priciples of forward and reverse signal flow as 
described above, necessitates a different approach to the subject of hard
ware. At these data rates, care must be taken to restrict the amount of 
bandwidth required by each data channel, lest the most valuable technical 
resource of coaxial cable, namely its prodigious bandwidth, be rapidly con
sumed. 

A simple FSK or BPSK modulation scheme, which may be economically desirable 
and technically acceptable in a low-speed modem, could be disastrous when 
applied to Tl transmission equipment. The Scientific-Atlanta Model 6402 
Modem achieves a bandwidth efficiency of better than 2 bits/Hz (i.e., a 1.544 
Mb/s data stream is transported in a bandwidth less than 750 kHz) by using 
the QASK-16 modulation process. QASK-16 is a special case of the M-ary 
Amplitude Phase Shift Keyed (MAPSK) family of signal sets which provide 
enhanced bandwidth efficiency through efficient signal packing at the expense 
of bit-error probability in a noisy environment. However, since coaxial 
cable systems can provide high signal-to-noise ratios, these complex modu-
1 ation schemes are applicable. 

The Model 6402 is primarily intended for use with readily available PCM trunk 
terminal equipment ( 11 chann~l banks"), using a Bell standard DSl interface. 
In this configuration, telephone voice signals between office PBX (Private 
Branch exchange) equipments are converted to digital form in groups of up to 
24 circuits, multiplexed into a single l.544 Mb/s data stream, and trans
ported over coaxial cable via the 6402 modem .. This approach eliminates the 
need for multiple leased telephone lines between office buildings. Up to 
four such Tl links can be accommodated in a single 6 MHz TV channel. Most 
PCM trunk terminal manufacturers can supply data channel units to take the 
place of standard voice channels, thus offering the possibility of mixed 
voice/data over a single Tl link. Figure 13 is a schematic diagram of such 
an interconnection. 

Other applications of the 6402 modem include high-speed computer graphics and 
compressed digital video (teleconferencing) interconnections, which make use 
of the Tl data rate. The hardware which has been briefly described in this 
article is, in principle, extremely simple: the method of connected trans-
1 ators and modems into an existing CATV system is straight-forward, and 
alignment procedures can be conducted using conventional test equipment. For 
a relatively small initial investment, the cable system owner can begin to 
serve the needs of data subscribers throughout his franchise area, thus open
ing up a new source of rev-enue. 

Broadband technology offers the immediate incentive of reduced cost and 
improved quality of transmission, a~d the confidence that increasingly 
sophisticated networking capability and faster data transportation, neces
sitated by the growing demand for information transfer and the concomitant 
growth of data technology, are tasks that fall naturally with the scope of 
coaxial cable systems. 
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Figure 13. Voice/Data Interconnection Using T1 

Ccmclusicms 

55-A-2879 

This paper has reviewed the basics of broadband communications networks. It 
has been shown how broadband cable can be configured to handle the distribu
tion of voice, data, electronic mai 1, teleconferencing and other business 
communications. The inherent flexibility of bandwidth allocation, low cost 
of high data rate equipment, quality of service ( low error rate), and high 
reliability/availability (proven technology) makes broadband cable an ideal 
medium for serving the local distribution needs of satellite communications 
carriers, large corporations, financial institutions, municipal agencies, 
hospitals, and university comple~es. 
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Introduction 

Principles of Satellite Comrnunications 
• J . Searcy Hollis 

The purpose of this paper is to present some of the elements of satellite 
communications. We will assume that the reader has a technical background in 
electronics and a general understanding of satellite communications. 

There are many applications of satellite communications and many facets of 
the theory which we cannot cover in a single paper. The approach taken here 
is to describe a simple FM/video link as one example, using it as a vehicle 
to describe the background for the various link equations and giving refer
ences as we proceed. We will then discuss briefly certain of the more impor
tant topics. A Glossary of Terms is included in Section 5 to define terms 
which occur frequently. An appendix is included at the end of the paper, 
which discusses decibels and especially the units of certain quantities which 
are expressed in _decibels. 

Desription of a Simplified Satellite L1nk 

A satellite is as'.~umed to be at a longitude of 90 degrees W in the geosyn
chronous orbit at a height of 35,800 km above the equator (see Figure 1). 
The transmitting earth station is near New York City at 74 degrees W, 41 
degrees N; the receiving earth station is near Los Angeles at 118 degrees W, 
34 degrees N. 

Satellite 

.' t/ 
1!}:,,,.-:., i J 

' fNYC 

~~. ·-~ 

Figure 1. Satellite Link Geometry 



It can be shown* that the sate 11 ite is about 40 degrees above the horizon 
(satellite elevation angle) as viewed from the transmitting earth station and 
lies generally to the south-southwest at an azimuth of about 204 degrees. 
From the receiving earth station, the satellite elevation angle is 40.5 
degrees, and the azimuth is about 136.5 degrees. 

Figure 2 is a block diagram of the assumed FM/video communications link. It 
consists of a transmit earth station, the satellite, a receiving earth sta
tion, and the propagation paths traversed by the signals. For simplicity, 
the satellite is assumed to have only one transponder, and the uplink and 
downlink frequencies are assumed to be 6 GHz and 4 GHz, respectively. In 
practice there are no FM/video carriers at exactly 6 GHz, and in the 6/4-GHz 
band** downlink carriers are offset 2.225 GHz instead of 2 GHz below the 
corresponding uplink carriers. We will assume that only one earth station 
accesses the transponder at a given time. 

Transmitting 
Earth 
Station 

Racieving 
Antenna 

~ 
'"+ 

T 

Tramponder 

Transmitting 
Antenna 

Receiving 
Earth 
Station 

Figure 2. Simplified block diagram of a 6/4 GHz satellite communications 
link. Only oneioMhe 12 or 24 transponders that mil<eupalypicil 
satellite is shown - -- --- - - - --- -· - ·-

*Seethe paper, 11 Earth Station Geometry. 11 

**The designation 6/4-GHz is used to indicate that the uplink is in the 
5.925- to 6.425-GHz band, and the downlink is in the 3.7- to 4.2-GHz band. 
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The uplink consists of the earth station transmitter and its antenna, the 
uplink propagation path, the satellite receiving antenna, and the transponder 
receiver. The satellite transponder receives the incident signal, converts 
it from the 6-GHz band to the 4-GHz band, and transmits it back to earth. 

The downlink consists of the transponder transmitter, the satellite transmit
ting antenna, the downlink propagation path, and the earth station receiving 
antenna and its associated receiving equipment. 

The quality of any communications link is determined by the difference 
between the output signal and the input signal. In an analog system such as 
FM/video, the difference is represented by distortion and by added noise. In 
a digital system, it is represented by the bit error rate (BER). The satel
lite link under consideration must adhere to distortion and video signal-to-
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noise criteria which are appropriate to the application. These criteria are 
given in detail in the several standards which are listed in the bibli
ography. 

In our hypothetical system we will postulate a 54-dB,* clear-weather video 
signal-to-noise ratio (S/N) at the receiving end as defined in Reference 1, 
and will assume distortion limits which will be discussed in the paragraph 
11 Link Performance. 11 

Very large changes in signal levels take place as the signal passes through 
the complete communications link . . Figure 3 follows these changes. 

Uplink 

Transmitter and Transmitting Antenna. Figure 4 is a simplified block dia
gram of the transmitting earth station. It consists of an FM modulator, an 
upc~nverter, a high-power 6-GHz transmitter; and a transmitting antenna. 

To Satellite 

/.GH, 

----tFM 
Baseband Modulator 70 MHz 

Upconverter High Power 

6 GHz Amplifier 
Video and 
Associated 
Signals 

Figure 4. Slmplifled Block Diagram of Transmitting Earth Station 

Before modulation the video signal is processed to preemphasize the higher 
frequency components, and an energy dispersal waveform is added. Preemphasis 
acts to improve the output video signal-to-noise ratio {S/N) by compensating 
for the increase in noise density with frequency (triangular noise) which is 
characteristic of the receiver demodulator. (The preemphasis is removed by a 
deemphasis network after the receiver discriminator.) The energy-dispersal 
signal frequency-modulates the carrier with a triangular waveform at the 
video frame rate to disperse the RF spectrum. This reduces interference with 
terrestrial microwave and other satellite links and reduces intermodulation 
among the multiple carriers which exist in a real satellite. 

*A received video signal with an S/N of 54 dB is of "broadcast quality." 
Lower values of S/N are adequate for many applications. 
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The baseband video and the associated audio and energy-dispersal waveforms 
are frequency-modulated onto a 70-MHz carrier. The modulated signal, whose 
modulation bandwidth is approximately 36 MHz, is upconverted to 6 GHz, ampli
fied and used to drive a klystron high-power amplifier (HPA) which feeds the 
transmitting antenna. 

The transmitter and transmitting antenna are characterized by an effective 
isotropic radiated power (EIRP), given by 

(watts) (1) 

where P0 is the transmitter output power in watts and gT is the transmit
ting antenna power gain. 

The gain of an antenna acts to concentrate the transmitter output power into 
a narrow beam. In general, the narrower the pattern the higher the gain. 
The effective isotropic radiated power is the power that would have to be 
transmitted if the radiated power were to spread out uniformly in all di~ec
tions from the source, implying an antenna gain of unity. 

The transmitting antenna has to be relatively large in diameter to generate a 
narrow beam. The narrow beam pattern protects other satellites from inter
ference from the transmitted wave, and at the same time produces high gain 
which is required to overcome propagation losses. 

Equation (1) can be expressed in decibels* by 

EIRP = Po + Gr (dBW) (2) 

where EIRP and P0 are expressed in dBW and G,- is in dBi. 

Our link will use the 10-meter-diameter antenna of Figure 5, which has a gain 
of 53. 5 dB and a half-power beamwi dth of about 0. 32 degrees at 6 GHz. We 
will assume an EIRP of 80 dBW (10 8 watts), which is obtained from the 53.5 dB 
of antenna gain (about 224,000) and 26.5 dBW of transmitter power (about 450 
watts). After discussing the uplink path and the satellite sensitivity, we 
will check to see if this assumed EIRP is adequate. 

Uplink Propa~ation Path. On passage through the atmosphere, the EIRP is 
decreased slightly by atmospheric attenuation, which is very small at 6 GHz 
even in heavy rains (see Figure 6). On the other hand, a very large attenua
tion occurs because of the spreading of the spherical wavefront as the wave 
radiates outward toward the satellite. 

It is evident from the definition of EIRP and the large distances involved 
that a very small fraction of the total EIRP of 100,000,000 watts intercepts 
the sate 11 i te. 

The signal level of the wave incident on the satellite is measured by the 
power density S of the approaching wavefront expressed in watts per square 
meter. 

*See Appendix A for discussion of decibels. 
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Figure 5. Scientific-Atlanta Earth Station Using 10-Meter-Diameter Antenna 
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Figure 6. Attenuation vs. Rain Rate. The total atmospheric attenuation is 
obtained from the Integrated effect of the attenuation over the 
total path. The total path length which contributes to rain 
attenuation Is relatively short because the path to the satellite Is • 
slanted rather than horizontal. Typical values of attenuation due 
to rain, even in heavy rains, are likely to be less than 1 decibel 
at 6 GHz (1 dB of attenuation correstponds to kA = 0.794 In (3)) 

It can be shown that the distance Rs from New York City to the satellite is 
approximately 37,750 kilometers.* The surface area of a sphere of this 
radius is given by 

(meter 2) (3) 

The flux (power) density at the satellite is calculated as if the EIRP uni
formly covered the total surface area As. The resulting flux density is 
given by 

s = EIRP k = ElRSP kA 
4,rR 2 A 

(watts/meter2) (4) 

where kA is the atmospheric attenuation factor, which is less than unity. 

It is convenient to convert (4) to decibel form to obtain the flux density in 
decibels relative to one square meter: 

S(dBW/m 2) = EIRP(dBW) - 10 log As - LA(dB) (5) 

where LA (= -10 log kA) is the atmospheric attenuation in decibels. We 
can assume kA to be unity in (4) with small error, making LA(dB) in (5) 
zero. 

*See the paper, "Satellite Link Analysis." 
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We will want S to saturate the satellite; that is, to cause it to transmit 
maximum power. We can arrange (5) to give 

EIRP = 10 log As+ S (dBW) ( 6) 

where Sis the saturation flux density of the satellite. To confirm whether 
our assumed uplink EIRP is adequate, we must know the saturation flux den
sity. This requires discussion of the characteristics of the satellite. 

Satellite. Current 6/4-GHz satellites have either 12 or 24 transponders, 
which have bandwidths of about 36 MHz each. Figure 7 is a simplified block 
diagram of our assumed single-transponder satellite. A more detailed dis
cussion of practical satellites is given later. 

6 4 
GHz GH 

----. r-~---.i::i z ----
~ 

~1----.. -,._ 

500-MHz 
Bandwidth 
Filter 

-....- Receiving 
Antenna 

6 GHz 

Receiver Frequency 
Converter 

~ 
-1,J 1------.. 
~ 

36-MHz 
Bandwidth 
Filter 

Power 
Amplifier 

5 Watts 
Typical 

4GHz 

Figure 7. Block Diagram of Simplified Single-Transponder Satellite 

Satellite Receiving Antenna and Receiver. To accommodate signals received 
from wide geographical areas, the satellite receiving antenna has a broad 
beam pattern. Figure 8 is a footprint showing contours of flux density which 
are required to saturate our assumed satellite transponder as a function of 
latitude and longitude of a transmitting earth station. The curves are also 
labeled in terms of a value G/T, which we will discuss later. 

From (3) we obtain for the first term of the right side of (6) a value of 
162.5 dBW/m 2. Reference to Figure 8 indicates that a flux density of 
-82.5 dBW/m 2 is required to saturate the satellite receiver from an earth 
station near New York City. Thus, we have from (6): 

EIRP = 162.5 - 82.5 = 80.0 (dBW) (7) 

confirming that our assumed value of 80 dBW is nominally correct for the EIRP 
of the earth station. 

In practice several dB of additional power would be made available by use of 
a larger HPA to overcome waveguide and switching losses, antenna pointing 
error, atmospheric attenuation and other losses. 
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... 

So far we have been concerned with the required flux density incident at the 
satellite. The power received by the satellite antenna is given by the inci
dent flux density times the effective area Ae(e 1 ,<t,1 ) of the receiving 
antenna times the polarization efficiency p: 

(8) 

where the letter C implies "carrier" and where in our case the direc
tion (e ,<t, 1 ) is the direction to New York from the satellite.* The 
polarization efficiency pis virtually unity in a properly designed and 
adjusted system. 

Lon9itucle -----------

70 

60 

... 
50 ~. 

[ . 

40 

30 

Figure 8. Typical Variation of Saturation Flux Density and G/T for a 
Domestic U.S. Satellite 

*The gain g( a, q,) and the effective area Ae( a, <t,) of an antenna are quant i ta
ti ve descriptions of its beam pattern. The coordinates (0,q,) are angular 
spherical coordinates. 2 We will drop the coordinates e and q, when the direc
tion is obvious. 
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It can b~ shown that the effective area and the gain of any reciprocal 
antenna are related by the equation: 

(9) 

where 11. is the wavelength. This relationship will be needed a little later 
in the discussion, but for the moment we are interested in the directions 
a ano ~ which translate into the latitude and longitude of the footprint of 
Figure 8. 

The effective area of a satellite antenna which provides coverage of CONUS 
(the 48 contiguous states) · at 6 GHz as in Figure 8 is quite smal 1, about 
0.1 meter 2 • If we knew the effective area or the gain of the satellite 
antenna, we could calculate C, but neither the effective area nor the gain of 
the receiving antenna is called out in Figure 8. 

Out of interest a value of C is calculated using an estimated value of 
O.lm 2 for Ae in (8) and indicated in dBW at point C on Figure 3, but this 
value is only approximate and is not used in the link analysis. 

It was indicated that the contours of Figure 8 are labeled both in terms of 
the saturation flux density in dBW and the figure of merit G/T of the satel-
1 ite receiving system as a function of direction. This is done for good 
reason. It turns out that, instead of C, we need a quantity, C/N0 , the 
carrier-to-noise power-density ratio when the satellite is saturated. This 
ratio can be obtained from the G/T and saturation flux density curves of 
Figure 8. 

Before calculating C/N0 we must define G/T. To ·do this we will need to 
discuss noise power, noise temperature, and related subjects. 

Noise Power and Noise Temperature. At the satellite a certain amount of 
electrical noise power NA enters the satellite receiver via the antenna 
along with the· carrier power C. An additional amount of noise power NE is 
generated in the low-level stages of the receiver. 3 

The noise power is uniformly distributed in frequency. The noise power 
density N0 , is defined as the noise power per unit of bandwidth, usual iy 
megahertz or hertz. The latter is used especially where the application is 
for satellite conmunications systems that have bandwidths which are narrow 
compared with 1 MHz (see the paper "Satellite Link Analysis"). We will 
discuss later why the noise power density is used rather than the total noise 
power. 

Because the noise is random, it adds on a power basis rather than on a volt
age basis. The noise power density at a reference point in the receiver, 
shown in Figure 9, is given by: 

Nos= NOA+ NOE (watts/MHz), (10) 
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where the subscript S indicates 11 system 11
; in this case referring to the 

uplink receiving system, A indicates 11 antenna 11
, and E indicates 11 receiver. 11 * 

Additional noise is added on the downlink. In our case, most of the noise is 
added on the downlink, but it will be seen later that the video signal-to
noise ratio for the overall link is affected by both the uplink and downlink 
noise. 

The noise entering or generated within a satellite receiver is from a number 
of sources, but it can be treated as if it were thermal noise, which is 
caused by the random motion of electrons in a conductor caused by their 
thermal energy. 

ANTENNA 

REFERENCE 
POINT A 

SATELLITE 
RECEIVER 

G 

REFERENCE 
POINTS 

t--~t-TO CONVERTER AND HPA 

Figure 9. Simple Diagram Showing Noise Power Density and Noise 
Temperature at Reference Points in a Satellite Receiving System. 

It is convenient to measure the noise power or noise power density in terms 
of an effective noise temperature. It is well known that the thermal noise 
power Nx at a given reference point of a receiving system** is given by: 

(11) 

where 

Tx is the effective noise temperature at the reference point in 
Kelvins (K), 

k is Boltzmann's constant (1.38 x 10- 23 Joule/K), and 

BN is the noise bandwidth in Hertz, and where 

x identifies the noise power Ns, NA, NE. 

*The subscript E is used instead of R to adhere to convention; the letter E 
wi 11 stand for "effective" when we convert to noise temperature. 
**See the paper "Noise Temperature and G/T. 11 
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If we let BN = 1 Hz, we have from (11) 

Nox 
T =-
x k 

By division of (10) by k and use of (12) we have 

Ts= TA+ TE (Kelvins) 

(12) 

(13) 

Ts is called the operating temperature or the system temperature, TA is 
the antenna temperature, and TE is the effective input noise temperature of 
the receiver measured at the antenna terminals as shown in Figure 9. The 
designation "system" again refers here to the uplink receiving system. 

From (13) and Figure 9, it can be seen that the effective input noise 
temperature of the receiver defined at a given reference point is the system 
temperature which would exist if the antenna temperature at the given 
reference point were zero. 

Carrier to Noise-Power Density Ratio. It is customary to express (8) in the 
form: 

C = EIRP gR [~]2 p (watts) (14} 

by using (9), where the direction associated with gR has been dropped. 

The carrier-to-noise power ratio is obtained by dividing (14) by (11), 
giving: 

(Hz) (15) 

Note that C/N0 in (15) is proportional to gR/Ts, This ratio, usually 
converted to decibels and designated simply G/T, is at least to some extent 
under the control of the satellite designer as opposed to the factors within 
the brackets. As has been indicated, the ratio GIT, expressed in dB/K, is 
called the figure of merit of the_satellite receiving system. 
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Conversion of (15) to decibels gives 

(/No(dB-Hz) = G/T(dB/k) + EIRP ~ 228.6 - Ls - LP 

where 

EIRP is expres~ed in dBW, 

= - 10 log p 

= 20 log ( 4'1TR/ >.) 

(dB) 

(dB)* 

228.6 = -10 log (1.38 x 10- 23 ) (dBW/Hz-K) 

(16) 

( 17) 

(18) 

• ( 19) 

In (16) C/N0 (dB-Hz) and G/T (dB/K) are symbolic notations, respectively. 

C/N0 (dB-Hz)= C (dBW) - N
0 

(dBW/Hz) 

G/T (dB/K) = 6R (dBi) - Ts (dB-k) • 

(20) 

(21) 

They also represent the numerical ratios C/N0 and gR/Ts expressed in 
decibels. 

Equation (16) can be written** 

C/No = EIRP + G/T + 228.6 - Ls - Lp (dB-Hz) (22) 

or 

C/No = EIRP + G/T + 168.6 - Ls - Lp {dB-MHz) (23) 

where in (23) a constant term 10 log 10 6 (= 60 dB) has been subtracted 
because C/N0 is defined in dB-MHz. 

It is often convenient to eliminate EIRP and the di stance from the earth 
station to the satellite from (15) and express it in terms of the flux 
density incident on the satellite and gR/T5. Using (4) with kA = 1 in 
(15) gives 

C/N
0 

gR A 2 p 
= s- 4n f TS 

(15A) 

or 

C/N
0 

= S 
gR 0.32 1 p 

~ ""'"ifir f2 K (15B) 

*The quantity Ls is usually c.alled 11 space loss 11 or, more appropriately, 
"spreading loss. 11 

**For simplicity we set the atmospheric loss LA(dB) zero in (5). Inclusion 
of atmospheric attenuation results in a term -LA on the right side of (16). 
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co 
where A = -, 

f 

c0 is the velocity of light (3 x 10a meter/sec), and 

f is expressed in GHz in (15B). 

Conversion of (15B) to decibels gives 

C/N0 = S + G/T - 21.45 - 20 log f(GHz) = 228.6 (dB-Hz) (22A) 

or 

C/N0 = S + G/T - 21.45 - 20 log f(GHz) + 168.8 (dB-MHz) (23A) 

It is important to note that both C/N0 and G/T are independent of the 
reference point in the. receiving system amplifier chain at which they are 
measured. This is because C, N0 , G and T are all changed by the same 
factor as the reference point is changed.* 

In Figure 8 the contours of saturation flux density already discussed coin
cide with contours of G/T. For our case, G/T equals -4 dB/K for the signal 
path to the satellite from New York City. We will assume Lp to be zero and 
we will calculate Ls to be 199.6 dB for the distance from New York City to 
the satellite of 37,750 km by using (18). 

From (23) we have: 

C/N0 = 80 + 168.6 - 4 - 199.6 = 45 

As a check we have from (23A) 

(dB-MHz) 

C/N0 = -82.5 - 4 - 21.5 - 15.6 + 168.6 = 45 (dB-MHz) 

(24) 

(24A) 

As has been indicated, we are not given the gain or the effective .area of the 
satellite antenna in Figure 8. We are given the value of flux density which 
is required to saturate the satellite receiver and the G/T of the satellite 
receiving system. In our calculations we did not find either C or N0 , only 
the quantity C/N0 , but this was the value needed. 

It will be shown later that for this value of C/N0 , the uplink contributes 
only a small fraction of the total noise of the overall link, and that the 
downlink, as in typical cases, contributes most of the noise. This is as it 
should be in a well designed uplink because if t~e uplink is noisy, it is not 
possible to realize a high-quality overall link, regardless of the quality of 
the downlink. 

*See the paper II Noise Temperature and G/T. 11 
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DOWDlink 

Satellite TWT. As shown in Figure 7, the receiver feeds a downconverter, 
which offsets the frequency and drives the downlink TWT output power ampli
fier. In keeping with our simplifying assumptions on page 1, the frequency 
offset is shown as 2 GHz instead of a.225 GHz. 

The transponder TWT maximum output is relatively low, typically between 5 and 
10 watts. In Figure 3 we use 5 watts (7 dBW). Figure 10 shows a typical TWT 
power input-output curve. 
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Figure 10. TWT Power-Transfer Characteristic, Showing Linear and 
Saturation Regions . 

When only one carrier exists, as in our case, the TWT is usually operated 
under saturated conditions. When more than one carrier is present, as is 
often the case in many applications, the TWT has to be operated in its linear 
region to control intermodulation distortion. This requires a backoff in 
input power, and this produces a decrease in both uplink and downlink C/N0 . 

Satel 1 ite EIRP. The satellite output is measured by the EIRP, defined by 
(1) or (2). The satellite EIRP is lower than that of the uplink earth sta
tion because of two factors. First, the power obtained from the solar panels 
which power the satellite is limited by satellite size and launch costs. 
Second, downlink coverage is provided over a wide area (usually somewhat the 
same as the uplink G/T footprint), and this limits the gain of the satellite 
transmitting antenna. A typical downlink footprint, described by contours of 
constant EIRP, is shown in Figure 11. 
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Figure 11. Footprint Showing Assumed Satellite EIRP in dBW at 4 GHz. 
(Figure actually shows average EIRP of RCA SATCOM F-1 at 
135 °W for transponders 3, 7, 11, 15, 19, and 23) 

The operation of the downlink is basically similar to that of the uplink 
except for the lower EIRP produced by the satellite. 

Receiving Earth Station. A simplified block diagram of the receiving earth 
station is shown in Figure 12. It consists of the earth-station antenna, a 
low-noise amplifier (LNA), a receiver, and ancillary equipment. 

As in the case of the satellite, the receiving earth station is characterized 
by a figure-of-merit GIT, whose required value is determined by the origi
nally postulated video signal-to-noise ratio of 54 dB. We will arrive at 
this required value in the following paragraphs. 

The downlink carrier-to-noise ratio is again given by (23), where the various 
terms represent downlink parameters. 

It may be interesting to discuss why C/N0 is used instead of C/N in analyz
ing the link performance. The relationship between C/N0 and C/N is given 
by: 

C/N0 (dB-MHz) = C/N (dB) + 10 log BN (MHz) (25) 

where BN is the IF bandwidth of the earth station receiver. 

C/N0 -is used because the video signal-to-noise r.atio for a given video
signal deviation is determined by C/N0 and the noise bandwidth of the 
baseband filter function 4 of the receiver, and not by the predetection 
carrier-to-noise power ratio C/N. For a U. S. television signal with CCIR 
weighting and with peak deviation of 10.75 MHz, the video signal-to-noise 
ratio as defined in reference 4 is given by: 
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SIN= CIN0 (dB-MHz) + 22.6 (dB) (26) 

For the postulated video signal-to-noise ratio of 54 dB, the required value 
of CIN0 is thus 31.4 dB-MHz. This is actually the required overall-link 
CIN0 . We will show that the required downlink CIN0 is slightly higher, 
31.6 dB-MHz when the uplink noise is taken into account. We will use this 
latter value in our downlink calculations. 

Rearranging (23) gives: 

GIT= CINo - EIRP + Ls - 168.6 (dBIK) (27) 

where LP is assumed to be zero for the downlink, as it was for the uplink. 

For our example we will read a satellite EIRP of 33.5 dBW in the direction to 
Los Angeles from Figure 11. For the distance from Los Angeles to the satel
lite, Ls at 4 GHz is found to be 196 dB. 

Substitution of the appropriate parameters in (23) gives: 

GIT= 31.6 - 33.5 + 196 - 168.6 = 25.5 (dBIK) ( 28) 

This is the figure of merit of the earth station receiving system which is 
required to provide a downlink CIN0 of 31.6 dB-MHz under the assumed condi
tions. 
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Figure 12. Simplified Block Diagram of Assumed Satellite Receiving 
Earth Station. The LNA is bolted directly to the output wave
guide of the receiving antenna to eliminate losses which would 
otherwise Increase the system noise temperature 
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Receiving-System Noise Temperature. As in the case of the uplink, Ts is 
given by (13). The antenna temperature TA of earth stations can be made 
very low because the earth station beam looks at the cold sky. 5* TA for 
the chosen antenna varies from 46K at an elevation angle of 5 degrees to 18K 
at zenith. At an elevation angle of 34 degrees, it is approximately 20K. 

From tl1e definition of GIT given in (21), the required G/T given by (28) is 
obtained by subtracting the receiving system noise temperature from the 
receiving antenna gain. Thus, we can trade off one against the other. This 
is illustrated by the graph of Figure 13. 

52 
SYSTEM NOISE TEMP. 300 K 250 K 200 K 150 K 120 K 100 K 80 K 

50 

al 
~ 
z 
cs: 
C, 

48 cs: 
z 
z 
w 
I-
z 
cs: 

46 

44--------------------------
24 26 28 30 32 34 

SYSTEM GIT (dB/Kl 

Figure 13. System G/T vs. Antenna Gain 

In the figure the horizontal row of dots at an antenna gain of 50 dBi repre
sents an increase in system G/T of 5.74 dB, from 25.23 dB/K, to 30.97 dB, as 
the system noise temperature decreases from 300K (24.77 dB/K) to 80K (19.03 
dB/K) if the antenna gain is maintained constant at 50 dBi. 

The vertical row of dots at a G/T of 26 dB/K represents a permissible 
decrease in antenna gain from 50.77 dBi at 300K to 45.03 dBi at 80K to main
tain the indicated G/T. 

*See the paper "Noise Temperature and G/T. 
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Figure 14. Scientific-Atlanta Model 8010 7-Meter Satellite 
Communications Antenna 

The Scientific-Atlanta Model 8010 7-Meter Antenna shown in Figure 14 has a 
gain of 47.5 dB at 4 GHZ. We will choose this antenna, which results in a 
maximum allowable system noise temperature Ts of 22.0 dB/K for the G/T of 
25.5 dB/K. This Ts translates to 158 Kelvins [= 10 exp(22.0/10)]. We will 
find that this maximum temperature is easily realizable at moderate cost. 
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If we were to choose a 5-meter antenna with a gain of 44.5 dB, the resulting 
required system noise temperature would be 19.0 dB/K or 79 Kelvins. From 
(13) the antenna temperature is subtracted from the maximum allowable system 
noise temperature to determine the maximum allowable receiving system noise 
temperature.* 

It will be found that TE in (13) for a well-designed earth station is 
almost identically equal to TLNA, the temperature of the low-noise 
amplifier. In our case the error is less than 1 Kelvin in the allowable 
noise temperature. If we assume an antenna temperature of 20 degrees, the 
required LNA temperature is 59 Kelvins. This noise temperature is not cur
rently realizable with an uncooled GaAs FET LNA. 

A 5-meter-diameter antenna would give an S/N of 51 decibels with a Ts of 
158 Kelvins. This S/N is adequate for many applications. 

As indicated, we will choose a 7-meter antenna and a moderate-cost lOOK LNA. 
For an antenna noise temperature of 20K, the downlink system noise tempera
ture is 120K, or 20.8 dB/K. From (21) the resulting G/T is given by: 

i/T = 47.5 - 20.8 = 26.7 dB/K (29) 

This choice represents a margin of 1.2 dB over the value of 25.5 dB/K given 
by (28). This would permit the system noise temperature to rise as high as 
158 Kelvins without compromising the system S/N specifications. 

LNA 

Low-noise amplifiers (LNAs) used in rece1v1ng earth stations (Figure 12) are 
GaAs FET (Gallium-Arsenide-Field-Effect-Transistor) amplifiers. Research in 
recent years has reduced the noise figures** of GaAs FETs to the point that 
uncooled amplifiers as low as 80K are available. The LNA is bolted directly 
to the output waveguide flange of the receiving antenna, where TA is 
defined, to eliminate noise contributions which would be introduced by wave
guide losses if the LNA were separated from the antenna. 

In our example, the LNA has a gain of 50 dB. The receiver is located in a 
convenient position, some distance from the antenna, and is connected to the 
LNA output by a coaxial cable whose loss is assumed to be 10 dB. The high 
gain of the LNA almost completely overrides losses and noise contributions 
arising in the cable and later circuits. 

*Seethe paper "Noise Temperature and G/T. 11 

**Noise figure is given by NF(dB) = 10 log (TE + ~. Thus, a 290K effective 
. . 290 / 

noise temperature TE is equivalent to a 3-dB. noise figure. 
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B.eceiver 

The receiver (Figure 12) converts the frequency of the incoming signal to an 
intermediate frequency (IF). It rejects unwanted signals in the process, 
demodulates the IF signals by means of the main IF discriminator and pro
cesses the composite baseband video to restore it to is pre-transmission 
format. The audio subcarrier is separated from the main IF and is demodu-
1 ated by the subcarrier discriminator. Baseband video and audio are avail
able at separate output coaxial connectors. 

Overall-Link C/'B0 and C/N 

From {26) it was determined that the required value of overall-link C/N0 
was 31.4 dB-MHz. Because of the contribution of the uplink noise to the 
overall-link noise, the required downlink ratio must be slightly greater than 
31.4 dB-MHz to give an overall-link C/N0 of 31.4 dB-MHz. This is shown 
below. 

The overall-link C/N0 results from adding the noise-power densities of the 
uplink and downlink referred to the same carrier levels: 

{30) 

where the subscripts 0, U and D represent "overall-link", "uplink" and "down
link", respectively, and where the terms in parentheses are numerical ratios 
(not decibels). 

Thus, for given overall and uplink carrier-to-noise power densities, 

(No/C)o = (No/C)o - (No/C)u (31) 

In our example, 

(N/C) 0 
1 1 = 

1031.4/lO = usu (32) 

and 

(No/C)u 
1 1 = 

1045/10 
= 31623 {33) 

From (31), 

1 1 1 
(N/C) 0 = TI80 -~ = I'44J" (34) 
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The required downlink carrier-to-noise-power density C/N0 is thus given by: 

(C/No)o = 10 log 1443 = 31.6 (dB-MHz) (35) 

The final system C/N is determined from (25), where BN is the earth-station 
receiver JF bandwidth (except in the unlikely event that the satellite trans
ponder bandwidth is narrower than the receiver bandwidth and determines the 
system bandwidth). 

Link Performance 

Distortion. At the beginning of our example, we set a specification of 
54 dB for the video signal-to-noise ratio (S/N) and indicated that distortion 
limits would be discussed. 

The video S/N criterion is satisfied by the carrier-to-noise power-density 
ratio of the overall-link for the FM deviation used as indicated by (26). 
Li near and non 1 i near distortions of • the output waveform are introduced by 
v ari at ions in the amp 1 itude and group-de 1 ay responses of the transmitter, 
satellite and receiver. To maintain distortions within acceptable limits, 
specifications have been established which set limits on the group delay and 
amplitude responses of the receiver and the transmitter. These specifica
tions are defined by a mask within which the responses must fall. An example 
of such a mask is shown in Figure 15. 

With reference to the distortion limits for our example, after the complete 
link has been installed, the uplink amplitude and group-delay responses are 
adjusted to fall within limits set by masks such as those of Figure 13. If 
the receiver has been compensated separately such that its response fal 1 s 
within the same mask, the total variation in group-delay response will be 
approximately twice that defined by the mask. 

------A-----.i 
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Figure 15. INTELSAT 36-MHz Group-Delay and Amplitude-Response Masks 
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In addition to the RF tests described above, real-time baseband measurements 
are made as in testing any standard video link to determine total input-to
output link distortion. 

Threshold 

In satellite FM/video systems, as indicated in our example, a high deviation 
(10.75 MHz) and, hence, a wide occupied bandwidth (approximately 36 MHz) are 
usually used to gain an increase in video signal-to-noise ratio (S/N) over 
the IF carrier-to-noise power-density ratio C/N0 • 

= ~ 

2 
~ 

Unmodulatad Carrier 
Reference Deviation DF Peak 10.75 MHz 
S/N Per CCIR 421-3 
525 Line Emphasis 
IF Noise BW 32.5 MHz 

t 40 1----+--i 

> 
'? -N 
,,t 

IZ: 

u 
(.) 

~ ~ 
(.) <J ., 

~---E+-------------
! ., 
C 
Ill 
"O -

Main IF C/N 1N dB 
20 C 5 I 7 I I 10 11 12 13 14 15 11 11 11 

19 21 23 25 27 29 31 33 
Main IF C/KT (dB-MHzl 

Figure 16. Illustration of FMNideo Receiver Threshold 

In the example, we discussed noise in relation to the value of C/N0 which 
was required to produce a desired value of S/N. This enhancement in S/N 
occurs only if C/N is above a certain threshold level. The effect of thresh
old is shown by Figure 16, which is a graph of S/N as a function of C/N of a 
typical video receiver. 
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When the C/N ratio at the discriminator is above the threshold level, there 
is a one-to-one ratio between video signal-to-noise power and IF carrier-to
noi se power. As the IF C/N ratio passes through threshold, random noise 
peaks begin to cause the instantaneous envelope of the carrier-plus-noise 
voltage to pass through zero. When this occurs sudden phase excursions of 
the IF signal occur, which the di scrirni nator interprets as being caused by 
large instantaneous frequency changes. This results in impulse noise spikes 
in the baseband signal, causing white-to-black and black-to-white streaks on 
the video display. The rate of occurrence increases as C/N decreases. As 
C/N decreases still further, loss of sync occurs, and the picture is lost. 
Satellite communications systems of other types, such as digital links, may 
or may not exhibit pronounced thresholds, depending on the demodulation 
process. 

Figure 17. RCA Satcom Satellite 

Satellites 

The hypothetical satellite in our example was assumed to contain a single 
transponder for simplicity. As al ready stated, operational 6/4-GHz satel-
1 ites in use over the U.S. have either 12 or 24 transponders. 6 They of 
course contain block converters, diplexers, and other circuits not shown in 
the simple satellite of Figure 8. 

Figure 17 is a picture of an RCA SATCOM satellite, as an example, and 
Figure 18 is a transmit and receive frequency plan of its 24 transponders. 
The COMSTAR satellite also has 24 transponders, while the older generation 
WESTAR and ANIK satellites have 12 transponders. The 24 transponders in the 
newer satellites are made possible by the technique of frequency reuse, which 
is discussed in the next section. 
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Figure 18. Transmit-Receive Frequency Plan of RCA Satcom Satellite 

If left alone, a synchronous satellite would finally drift out of position. 
To overcome this, it is continuously monitored by a telemetry tracking and 
control (TT&C) station. Small jets of a propel 1 ant such as hydrazine are 
used to keep it within a "station-keeping box," and sufficient propellant is 

,, carried on board the satellite for its predicted life, usually 7 to 10 years. 
Station-keeping boxes for 6/4-GHZ satellites serving the USA are ±0.1 degree 
on each side. This amount of drift is small enough that antennas which are 
less than about 10- or 11-meters in diameter can usually be left stationary. 
Larger antennas may contain a sensing mechanism to keep the antenna beam 
peaked on the satellite. 

The solar panels, which power the satellites by converting sunlight directly 
to electricity, have to face the sun to be effective. The attitude of the 
satellite also has to be stabilized to keep its antennas pointing in the 
desired direction or directions. 

Some satellites are designed so that the solar panels are continuously 
pointed toward the sun with their antennas independently pointing toward the 
earth, as in the case of SATC0M and INTELSAT V. Many satellites, including 
INTELSAT'S I through IVA, WESTAR, ANIK, and C0MSTAR are cylindrical in shape, 
and the solar cells are mounted around the periphery. The bodies of these 
satellites spin about their axes for stabilization, with the antennas always 
pointing to the earth. In this way, about one-third of the cells effectively 
face the sun at a given time. Batteries are used in almost all satellites to 
take care of solar panel outages during eclipses of the satellite by the 
earth. 

Frequency Reuse 

Consideration of the SATC0M frequency plan of Figure 18 shows that the odd
channel sidebands overlap those of the even channels. This overlap occurs 
because the newer satellites are designed to transmit and receive signals 
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simultaneously on two orthogonal polarizations, increasing from 12 to 24 the 
number of transponders in the available 500-MHz band. 

The polarizations of all of the U.S. and Canadian domestic satellites are 
linear. Linear polarizations which are at right angles to each other are 
electrically orthogonal. If the polarization of the receiving antenna is 
orthogonal to that of the incident wave, the polarization efficiency pin (6) 
is zero, and no power is received from the wave. The orthogonal polarization 
can then be used to receive independent information. 

Frequency reuse is made practical by staggering the carriers of the odd and 
even channels so that only sideband energy overlaps. The carriers are stag
gered because it would be difficult to design systems which reject the 
unwanted signal by polarization discrimination alone. Staggering the car
riers reduces the required system polarization discrimination to about 25 dB, 
a value which is easily achievable except when exceptionally hard rains cause 
additional depolarization. Even under conditions of severe depolarization, 
which occur only occasionally, the interference to the orthogonal channel is 
usually not extremely severe because of the protection afforded by the 
staggered-carrier frequency plan. 

Carson's Rule 

Virtually all satellite communications systems use some form of angle modu
lation (such as, for example, frequency modulation). To generate angle 
modulation, the phase or the frequency, which is proportional to the time 
derivative of the phase, is varied linearly with the modulating signal. 

The occupied bandwidth for frequency modulation is determined by both the 
frequency deviation of the carrier and by the frequencies contained in the 
modulating signal. Specifically, the FM bandwidth (that occupied by side
bands of significant level) is given by Carson 1 s rule: 7 

where: 

Be is the Carson•s-rule bandwidth, 

fm is the highest modulation frequency of interest, and 

Af is the peak deviation of the carrier. 

(36) 

As already indicated, in domestic-satellite FM/video systems a high devia
tion, hence, a wide occupied bandwidth is used to gain a significant increase 
in video signal-to-noise ratio over the IF carrier-to-noise density ratio 
C/N0 . 
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lVIodulation Formats and Access Tecbn:iques 

The modulation techniques employed for various satellite communications 
applications depend on the particular requirements of the application. Video 
and voice signals are commonly transmitted by analog systems such as we have 
described, while computer data, for example, are transmitted by di git al 
systems. 

Analog-to-digital converters are often used to transmit analog signals by 
digital systems. The digital signals are then reconverted to analog form at 
the receiving end of the system by digital-to-analog converters. Such 
systems are coming into increasing use as the costs of digital circuits 
decrease. In digital systems, modulation formats are usually used which give 
a low-bit error rate for a given ratio Eb/N0 , where Eb is the energy 
per bit. 

Existing satellites and associated earth terminal equipment are designed with 
modulation formats for a wide range of data rates from television signals or 
high-data-rate streams of digital data to low data rates such as are repre
sented by individual audio channels. 

Where many narrowband channels such as voice-grade circuits are required, the 
narrowband channels are frequency-division-multiplexed (FDM), and these sig
nals are used to frequency-modulate a carrier. This modulation method is 
called FDM/FM. 

For ful 1-transponder video or multiple-channel voice-grade circuits, each 
transponder is accessed by a single earth station at a given time. For 
lower-capacity voice, data and half-transponder video applications, a trans
ponder will be shared by a number of earth stations, each of which may use 
a number of carrier frequencies. This technique is called frequency-division 
multiple access (FDMA). 

In one of the important applications of FDMA, a single voice-grade channel is 
transmitted on each carrier. This approach, designated single-channel-per
carrier (SCPC), uses carriers spaced at 60 kHz or less. 

Although SCPC requires a high degree of frequency stability of the individual 
carriers, it permits installation of stations which need only a limited num
ber of voice-grade channels and permits the easy addition of more channels as 
required. 

SCPC with Demand Assignment Multiple Access (DAMA) is a technique in which 
each earth station uses a channel only as required. When the earth station 
is not using a channel, it is available for use by other earth stations. 
DAMA greatly increases the average number of voice channels that can be car
ried by one transponder. It is already in operation in the INTELSAT SPADE 
system and on the INMARSAT/MARISAT system, and it is beginning to find 
increasing application in domestic and foreign thin-route systems. 

Biphase and quadriphase digital modulation (PSK and QPSK) formats are becom
ing increasingly important as advances in digital technology continue, and as 
the costs of digital circuitry decrease. 
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Systems with time-division-multiplex multiple access (TOMA) and SSTDMA (TOMA 
with satellite switching) are also in use or under development. Satellite 
Business Systems (SBS), a partnership among wholly-owned subsidiaries of 
COMSAT General Corporation, IBM, and Aetna Life & Casualty Company, has 
implemented an extensive TOMA multipoint communications system using a 
single, time-shared carrier per transponder with transmission using QPSK in a 
burst mode. The system operates at 12 and 14 GHz, and the earth stations can 
be located directly on customers' premises. 

SSTDMA uses high-gain spot beams in a switching matrix to provide intercon
nectivity of multiple antenna beams. The high gain provided by the spot 
beams helps to reduce the required satellite EIRP or to overcome problems 
caused by rain attenuation where the systems are designed for 12 and 14 GHz. 

These and various other techniques are used to take advantage of avail able 
spectrum and to provide system flexibility to accommodate the various 
categories of users and applications. 

Effect of Frequency on Satellite Communications Systems 

Because of the virtually unlimited applications for satellite communications 
and the limited information capacity of the 6/4-GHz band, the hi9her fre
quency satellite bands, especially the 14/12-GHz band, will come into greater 
use in the future. It is therefore interesting and important to consider the 
effect of increasing frequency on the design and performance of satellite 
communications systems. 

The major plus-factors resulting from going to higher frequencies are (1) the 
availability of more spectrum, (2) the fact that less interference exists 
from terrestrial microwave systems, and (3) the production of higher gain by 
antennas of a given aperture size. 

Negative factors are (1) the increase in atmospheric attenuation with fre
quency (especially that due to rain), (2) the decrease in sensitivity 
(increase in noise temperature) of receivers, (3) the narrower beamwidths 
produced by antennas of given aperture size, and {4} the smaller surface 
tolerances required to prevent degradation of antenna performance at the 
shorter wavelengths. 

Consider the effect of frequency on a rece1v1ng earth station antenna. It is 
well known that the gain of an antenna of a given diameter increases as the 
square of the frequency. This increase in gain can lead one to think that an 
antenna of a given size receives more power for a given satellite EIRP as the 
frequency increases. This is, of course, not true because the received power 
is given by (8), which is independent of frequency if the effective area of 
the antenna is constant. The realizable effective area is, in fact, essen
tially independent of frequency for reflector-type antennas of a fixed size. 
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The result is that, as the frequency increases, the major effects are 
(1) narrowing of the beam, (2) increase in losses and (3) increase in the 
required surface accuracy of the reflector. For a given satellite EIRP, the 
increase in frequency increases the earth station receiving antenna cost in 
at least three ways: 

• by the tighter surface tolerance, which requires a more accurate and 
stiffer reflector, 

• by the increased difficulty of pointing the antenna toward the 
satellite, which requires a costlier antenna mounting structure, and 

• by the fact that the increase in atmospheric attenuation and the 
inherent increase in LNA noise temperature force a 1 arger antenna 
diameter, which acts to reinforce the difficulties associated with 
the first two factors. 

The net result is that if earth station costs are to be kept low, the EIRP of 
the satellite must be greater at the higher frequency band so that smaller 
earth station antennas can be used. This increases the cost of the satellite 
because the increase in EIRP must come from either higher-power transponders 
or from footprints covering smaller areas. 

The smaller footprints do not represent a disadvantage where a small area is 
to be covered, such as Japan, or a country in Europe. On the other hand, 
where a 1 arge area is to be covered such as the United States, the sma 11 er 
footprints require multiple beams, each with some number of transponders 
determined by the level of service to be provided. The net effect is an 
increase in satellite solar-panel power requirements. Typical system designs 
for low-cost receiving systems are based on four or five beams covering CONUS 
(continental USA). 

In spite of the problems indicated above, a move to higher frequencies for 
new satellites is inevitable for the United States because of orbital crowd
ing and use of the 6/4 GHz band by terrestrial and satellite systems. Sys
tems are already being implemented for the 14/12-GHz band. In fact, once 
sufficient cost is transferred to the satellite so that small antennas can be 
used and sufficient system information capacity is provided, many new appli
cations such as direct broadcast satellite (DBS) open up, for example. It is 
evident, however, that satellite systems at 6/4 GHz are here to stay because 
of their inherently low cost and because of the existing frequency spectrum. 

SUmmary and Conclusions 

This paper has introduced satellite communications by describing a hypotheti
cal FM/video link and discussing certain of the more important topics. As 
indicated, the field of satellite communications is complex and multifaceted, 
and the surface has only been skimmed. Details of various theoretical and 
practical aspects, such as antenna and equipment design and fabrication, 
installation of earth stations, provision for redundancy and verification of 
performance are contained in other papers. 
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AppendixA 

Decibels and Decibel Designations 

The decibel, abbreviated dB, is a logarithmic unit used to measure the ratio 
between power levels. By definition, 

N(dB) = 10 log P/P 2, ( 1-A) 

where N is the number of decibels and P
1

/P
2 

is a power ratio. 

When P/P 2 is greater than unity, N is positive; when P /P 2 is less than 
unity, N is negative. The fraction is often inverted when the power ratio is 
less than unity, and the ratio is expressed as a decibel loss. 

Decibels are advantageous primarily because they transform multiplication and 
division into addition and subtraction. If n1 and n2 are power ratios whose 
values in dB are N1 and N

2

, the product n
1

n
2 

is represented by (N
1 

+ N
2

) dB. 

To permit use of decibels in specifying power levels, P2 of equation (1-A) is 
set equal to a specific value of power. The resulting power levels are 
usually expressed in dBW or dBm, where P2 is set equal to one watt or milli
watt, respectively. 

In satellite communications and in other applications, it is often convenient 
to convert numbers which are not dimensionless power ratios to decibel form. 
The resulting numbers are not true decibels, and it is customary to indicate 
this by their decibel designations. 

The process of determining the designation is to include the residual dimen
sion which is not a power ratio in the designation suffix. Some examples 
used in satellite communications are: 

T (Kelvins) + dB-K 

Frequency {Hz) + dB-Hz 

C/N0 [carrier power (watts)/noise power (watts/Hz)] + dB-Hz 

Noise power density (watts/Hertz). + dBW/Hz 

Flux density (watts/meter 2) + dBW/m 2 

Watts + dBW, Mi 11 iwatt-s + dBm 

Gain+ dBi (decibels relative to the gain of an isotropic radiator) 

A dash and a slash are commonly used to indicate whether the dimension 
represented by a designation is in the numerator or the demoninator. 
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It is a common practice to not use a da.sh in dBW, dBm and dBi. The suffix i 
on dBi is often omitted because the isotropic reference is accepted as 
standard in satellite communications. It must be retained, however, if its 
omission introduces an ambiguity. For example, it is essential to know 
whether the isotropic gain of a sidelobe or the sidelobe suppression below 
the peak of the antenna beam is meant. 

Where factors are employed which are raised to powers, the 
be multiplied by the power and the power reduced to unity. 
tion of space loss Ls given with (13) and compare with (8). 
decibels in the Glossary, Section 5C-1. 

Example of Decibel Designations 

decibel value can 
Note the defini
See also 

Equation (12) is rewritten below as (2-A) with the residual dimensions of 
each factor indicated by (3-A) and the corresponding decibel designations by 
( 4-A): 

= EIRP 

[Hz] ++ [none] [1/K] [W] 

1 
l< 

[H\ K] 

p (2-A) 

[none] [none] (3-A) 

(dB-Hz) ++ (dBi) (dB/K) (dBW) (dB - H\K) (dB) (dB) (4-A) 

The dimensions on both sides of {3-A) are the same, since dimensions in terms 
2 and 3 of the right side cancel with the Kand Win term 4. The correspond
ing designations of the decibel equations also cancel in the same manner. 
The terms whose designations are dB or dBi represent dimensionless factors. 

The reader is warned that the procedures involving decibel designations out
lined herein are not universally adhered to. Some writers of articles on 
sate 11 i te communications choose to ignore dee i be l des i gnat i ans completely. 
We believe, however, that the procedures indicated are in keeping with 
general practice in the field. 
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Introduction 

Noise Temper~ and G/T 
of Satellite Beceiving Systems 

J. Searcy Hollis 

Noise is the combination of unwanted disturbances that tend to obscure the 
information content of a signal. 

The limiting sensitivity of a receiving system is determined by the ratio of 
received signal power to noise power which just satisfies an established 
criterion. The criterion may be that the signal is barely detectable or that 
it exceeds some specified signal-to-noise ratio. The latter is the cas.e in 
most practical convnunications systems. 

Although certain types of noise, for example ignition noise and radar sig
nals, are periodic in nature, noise which is of routine importance to satel-
1 ite communications systems can usually be assumed random with continuous 
spectra. It will be seen that noise temperature is a convenient measure of 
noise power with continuous spectra. 

Sources of Boise 

The major sources of noise in the indicated context can be separated into 
external noise and internal, or circuit, noise. These sources of noise are 
illustrated in Figure 1. 

Atmospheric Loss 
and Radiation 

~ 
~ 

TA Radiation 

and ~ Other 

Extra 

Terrestrial 

_______.A" Radiation 

~ 
Ground Radiation 

Figure 1. Sketch Showing Elements Which Contribute to the Noise 
Temperature of a Communications Receiving System 



Internal noise can be broken into thermal noise and other forms of circuit 
noise, such as shot noise in vacuum tubes, current noise in semiconductors 
and movements of domain boundaries in ferromagnetic devices. Thermal noise 
is random electrical noise caused by the motion of free electrons in conduc
tors. Thermal noise power is proportional to absolute temperature, which is 
a measure of the thermodynamic energy of the conductor. 

External noise is largely due to extra-terrestrial sources and thermal radia
tion from the atmosphere and the earth. Cosmic noise is a low level of 
extra-terrestrial radiation that appears to come from all directions. It is 
considered to be residual radiation due to the events that occurred during 
the origin of the universe. 

The sun is an extremely strong source of noise, which can interrupt satellite 
communications when it passes behind the satellite being used and thus lies 
in the main lobe of an earth station's receiving antenna pattern. The moon 
is a much weaker source, which is relatively innocuous to satellite communi
cations. Its radiation is due to its own temperature and to reflected radia
tion from the sun. 

The atmosphere affects external noise in two ways. It attenuates noise pass
ing through it, and it generates thermal noise because of the energy of its 
constituents. Ground radiation, which includes radiation from objects of all 
kinds, is also thermal in nature. 

Radio Stars. Mapping the sky with radio telescopes has disclosed 11 radio 
stars" in addition to the background cosmic noise. These are discrete 
sources of noise which emit energy in the radio and microwave regions of the 
spectrum. Figure 2 is a graph which shows the flux density of several radio 
stars, and Table 1 gives technical information about each. 

Table 1. Radio Source Data 

Position Size Visibility 
Radio Star Type* RAh Oec 0 RA' x DEC' NL 0 to SL" 

Cas A SR 23.4 58.6 4 X 4 90 11 

Tau A SR 5.5 22.0 3.3 X 4 90 48 

Orion A EN 5.5 -5.4 3.5 X 3.5 65 75 

Cyg A RG 20.0 40.6 1.6 X 1 90 29 

Virgo A RG 12.5 12.7 1 X 1.8 73 57 

OR 21 EN 20.6 42.2 < 0.3 90 28 

*SR= Supernova Remnant 
EN= Emission Nebula 
RG = Radio Galaxy 

NBSIR 74-382 
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The flux density incident from these stars is not high enough to represent a 
problem in satellite communications, but certain stars, especially Cas A, 
which is in the constellation Cassiopeia, are strong enough for use as mea
surement sources for the larger satellite communications antennas. 

Cas A has been extensively mapped, and a contour map, showing its brightness, 
is shown in Figure 3. Figure 3, Figure 1 and Table 1 are from National 
Bureau of Standards Report NBSIR 74-382 A Study of the Measurement of GIT 
Using Cassopeia A by D. F. Wait, et.al. 

32' · 

31' 

301 is• 121 

ci 

Figure 3. Brightness Temperature Contour Map of Cas A 
(Coordinates for Epoch AD 1950.0 9 5.0 GHz) 

From NBSIR 74-382 
(Courtesy of Monthly Notices of the Royal Astronomical Society, 

Vo 1 . 151, No . . 1, p. 112, 19 7 O) 
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Noise Power and Noise Power Spectral Density . . Boltzmann's constant k relates 
temperature to the thermal energy of motion of matter. Its value is approxi
mately 1.3805 x 10-23 Joules/K. The random acceleration of electrons in any 
type of matter produces electrical noise power, which is proportional to 
temperature in Kelvins.* 

This power is uniformly distributed in frequency from zero through the micro
wave region of the spectrum. It has a noise power spectral density** defined 
by 

• (Watts/Hertz) ( 1) 

The Fourier components which describe the motion of electrons in matter begin 
to roll off in amplitude toward the millimeter-wave region of the spectrum. 
Quantum noise, caused by random changes of energy states of electrons, 
increases with frequency and begins to dominate above this frequency region. 

The available noise power density N0 is that noise-power density delivered 
from a noise source to a conjugate load. It is given by 

N = kT 0 (Watts/Hertz) (2) 

We wil 1 tend to omit the modifier 11 available 11 in this paper and define· noise 
power density to be synonymous with available noise power density on the 
assumption that we are considering only conjugately-matched devices. 

Noise Temperature. The noise temperature T x is a measure of the noise 
power produced by a communications system, subsystem, component, or noise 
source which is designated by the subscript x; it is always an 11 effective 11 

temperature rather than a physical temperature, since it is a measure of all 
of the noise, both thermal and non-thermal. 

Tx is the ratio of the available noise-power density to Boltzmann's 
constant: 

= No 
TX 

k 
(K) (3) 

It is a convenient measure because it falls in the range of a few degrees to 
a few thousand degrees in satellite communications circuits. 

* See Glossary. 11Kelvins 11 is abbreviated to 11 K. 11 

**The designation "spectral density" is in contrast to "flux density." The 
1 atter refers to noise power per square meter, which may be incident on an 
antenna, for example. Noise flux density has the units of watts/meter2 or 
watts/Hz/meter 2 • In the discussions that follow, we will omit the modifiers 
11 flux 11 and/or "spectral" except where the omission leads to ambiguity. 
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Noise Sources. A noise source is a device which generates a continuous 
spectrum of electromagnetic energy. A standard noise source is a noise 
source whose output noise-power density or noise temperature has been cali
brated to a specified accuracy. 

Most standard noise sources used in noise measurements of satellite earth 
station receiving systems fall into one of the following categories: 

a. Passive loads in waveguide or coaxial cable cooled to the boiling 
point of a specific liquified gas, such as Helium, Nitrogen or 
Freon. 

b. Passive loads heated to an accurately controlled temperature above 
the ambient. 

c. Noise sources obtained by electrical discharge in rarefied gases, 
such as argon, neon or xenon. 

d. Solid-state noise sources. 

e. Receiving antennas. An antenna is a noise source which derives its 
noise power largely from the noise flux which is incident upon it. 

Antenna Noise Temperature. An antenna was defined in (e} above as a noise 
source. A typical antenna used in satellite communications can be considered 
a noise source combined with a nearly lossless, linear two-port* as shown in 
Figure 4, where the two-port represents the ohmic losses of the antenna. In 
the following development, we will consider these losses to be zero. The 
effects of losses will be taken into account by the techniques described 
under the section entitled System Noise Temperature. 

INCIDENT 
NOISE 
FLUX 

ANTENNA 

TWO.PORT 
REPRESENTING 

ANTENNA LOSSES 

Figure 4. Antenna, Showing Incident Noise Flux 

*See Glossary (Section .SC-1} and paragraph on power gain in this paper. 
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It can be shown 1 that if a lossless antenna is enclosed in a perfectly 
absorbing box whose temperature is T, the antenna appears at its terminals to 
be a noise source of temperature TA = T. It 11 sees II a temperature of T from 
all directions. 

If the box is removed, the antenna will see different values of incident 
noise flux, represented by different noise temperatures, as a function of 
direction about the antenna. The value of TA is the antenna noise temper
ature of the antenna in a particular environment. 

The contribution of the incident noise flux to TA is weighted by the radia
tion pattern of the antenna. The tot a 1 antenna noise temperature can be 
approximated by the eouation: 

1, dn 1 J dn2 
T = G1 [TCG + (1-G )T ] - + n G2 f pTC + (1-p)TG] - + Ts 

a 1 't 't 't 4,r u2 4,r 
(4) 

where 

= antenna temperature, 

= the gain of the antenna as a function of the directions from 
which the antenna is receiving direct radiation from the sky. 

= the gain of the antenna as a function of the directions from 
which the antenna is receiving direct radiation from the earth, 

= the region of solid angle of the antenna pattern that is above 
ground level (steradians), 

= the region of solid angle of the antenna pattern that is toward 
the earth (steradians), 

= the background noise temperature of the sky, 

= the equivalent atmospheric noise temperature, 

= noise temperature of the ground (approximately 290K), 
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p 

= noise temperature of the sun* 

= the atmospheric transmission factor (<1) through the 
troposphere and lower atmosphere including the effects of 
moisture, and 

= the power reflection coefficient of the earth (<1). 

Figure 5 is a simple illustration showing a power pattern superimrosed on an 
antenna, which i 11 ustrates the concept of antenna temperature. n Figure 5 
the antenna beamwidth is shown much wider than that of a typical satellite 
antenna. In practice the beamwidth will almost always be less than about two 
degrees and will often be less than 0.5 degree. 

ANTENNA POWER 
PATTERN 

ATMOSPHERE 

--d .Q 1 

COLD SKY 

Figure 5. Simple Illustration Showing Basis for Equation Approximating 
Antenna Noise Temperature 

*Ts is the value of an integral n3 over the sun's disk. It is approxi
mately given by 

where 

=KG Tqs Gt 4.75 x l0-6 (for a quiet sun) 

the factor 4.75 x 10- 6 is the fraction of the celestial sphere sub
tended by the sun's disk, 

G 

Tqs 

= the average antenna gain over the sun's disk, 

= equivalent noise temperature of the quiet sun 
(!OSK< Tqs > 10 6K) 

C is a correction factor which applies when the beam pattern of the 
antenna weights the flux from the sun. Its maximum value is 
unity. When the main beam is directed toward the sun, its value 
is less than unity if the beamwidth approaches or becomes smaller 
than the angle subt'ended by the sun. 
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The antenna temperature is usually minimum at zenith, typically 15 to 20 
degrees for a low-loss antenna with low wide-angle sidelobes. As the eleva
tion angle decreases, the antenna temperature increases because more of the 
high-level sidelobes look at the earth, which has a temperature of about 
290K. For smooth earth or water p tends to be small, especially at small 
grazing angles, decreasing the contribution of the second term of the i nte
gra l over n2_. A t1pi cal curve of the variation of noise temperature with 
elevation angle is illustrated in Figure 6. 
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Figure 6. Typical Variation of the Noise Temperature of a Satellite 
Antenna as a Function of Elevation Angle 

Available Gain. The available (power) gain G (available transmission factor) 
between an input port and output port of a linear transducer (two-port) is 
the ratio of the available signal power at the output port to the available 
signal power at the input port, as snown in Figure 7. It implies conjugate 
matches at the input and output of the two-port. For signal-to-noise ratios 
greater than unity, the gain for the noise wi 11 be equal to that for the 
signal. 

MATCHED I TWO I MATCHED 
SOURCE I PORT I LOAD 

p. 
I 

Figure 7. Illustration of Available Gain, G 
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The two-port can be an active device, such as an amplifier, or a passive 
device, such as an attenuator or waveguide. The gain of a passive device is 
always less than unity. Often gains less than unity are inverted and desig
nated "losses." In the following sections we will not invert gains which are 
less than unity. This simplifies equations involving gains of cascades of 
transducers. 

Gain can be expressed in dB or as a gain factor. For example, a matched 
amplifier with a gain of 20 dB has a gain G = 100; a section of cable with a 
3-dB insertion loss has a gain G = 0.5. It is customary to omit the word 
11 factor" when it is understood whether the gain is a factor or a number i 11 

decibels. 

Gain is a point function of frequency. It involves power ratios in the case 
of a single-frequency signal; it involves power density ratios in the case of 
a continuous spectrum, such as noise. 

Effective Input Noise Temperature of a Two-Port. The effective input noise 
temperature of a two-port is a fictitious temperature which, when added to 
the noise temperature of a matched source connected to a matched noise-free 
two-port with the same gain as the actual two-port, will produce the same 
output noise-power density as the actual two-port, as illustrated in 
Figure 8. 

The effective output temperature of a two-port is the effective input temper
ature multiplied by its gain G . 

..__T_i__,---:__G___.~N, 

NOISY 
TWO-PORT 

( -) 

NOISELESS 
TWO-PORT 

Figure 8. Illustration of Effective Input Noise Temperature 

The Effective Input Noise Temperature of a Passive Two-Port. It can be shown 
that the effective input noise temperature of a passive two-port at a uniform 
physical temperature Tp is given by 

• (K) ( 5) 

where G is less than unity for practical devices. For the theoretical case 
of a passive, lossless two-port, G = 1 and TE= 0. 

When G is zero, (5) becomes indeterminate. This is logical because the 
effective input noise temperature of a device with zero gain (infinite loss) 
is meaningless. In this case (5) is multiplied by G, and the effective out
put noise temperature is seen to the physical temperature T. The two-port is 
then simply a noise source of temperature T. 
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Noise Figure. The noise figure of a two-port can be defined as the ratio of 
the output noise power of the two-port with a 290K noise source connected to 
its input to the output noise power of a noiseless two-port with the same 
input noise source. From Figure 8 the noise figure is seen to be given by 

G(290 + TE) TE 
NF = ----- = 1 + - (6) 

G(290) 290 

The two-port can be active or passive, with a gain greater than or less than 
unity. Note that if the two-port adds no noise, the noise figure is unity. 
A two-port with a TE of 290K has a noise figure of 2 (3 dB). 

Noise figure is sometimes called noise factor. Some people prefer to use 
noise factor for the numerical ratio of (6} and noise figure for the then 
defined noise factor converted to decibels. The IEEE2 has decided that the 
two terms are synonymous and can imply either the numerical ratio or the 
ratio in decibels. 

Solution of (6) for TE gives 

TE= (NF-1) 290 (K) ( 7) 

The numerical noise figure ranges from unity to infinity as the effective 
temperature ranges from zero to infinity. The noise figure in decibels 
ranges from zero to infinity. 

The effective temperature expressed in decibels is not a true ratio; it has 
the dimensions of dB/K. See Appendix A of paper 1-2. It ranges from-= to 
=, although an effective temperature of less than lK (negative dB/K) is 
rare. 

Noise Bandwidth. The noise bandwidth B of a receiving system is defined to 
be the bandwidth B of a rectangularly-shaped, noise-free filter with an 
available power gain G0 whose noise-power output is the same as that of the 
actual filter (see Figure 9). This is on the assumption that the noise-power 
density is constant with frequency. Thus 

B = ½ .£= G(f)df 
0 

(Hertz) (8) 
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THERMAL FILTER NOISE IN 
NOISE BANDWIDTH B 

G(f) 

f 

Figure 9. Illustration of Noise Bandwidth for Flat Noise 

The noise power output of the filter is given by 

(watts) (9) 

where Ti is the available noise temperature at the input of the filter. 

The noise bandwidth Bis not a constant parameter of a receiving system. Its 
value depends on the choice of f 0 , which in turn defines G0 in Figure 9. 
The defi ni ti on of noise bandwidth assumes that the filter contributes no 
noise of its own. In practice every circuit contributes some noise. The 
definition of noise bandwidth assumes that sufficient preamplification exists 
to cause the filter noise contribution to be negligible. (See the next sec
tion, which discusses the noise of amplifier cascades.) 

System Noise Temperature 

A satellite-communications receiving system consists of active and passive 
devices which, for the purpose of system noise temperature calculations, can 
be considered a cascade of linear two-ports. All these devices generate 
noise which combine to form the effective noise temperature of the cascade. 

Consider Figure 10. It shows a cascade of two-ports fed by a source, 
Tio, which is the antenna in operational situations. Every two-port in 
the cascade is characterized by a gain and an effective input noise 
temoerature. 

-
Figure 10. jSystem Block Diagram Showing Cascade of Two-Ports fed by a 

Noise Source of Temperature Tio 
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For the cascade of two ports of Figure 10, the total noise power at the out
put is qiven by: 

where 

k and B have been defined and 

Tio is the source temperature. 

The total noise power referred to the input of the cascade (reference 
plane 1) can be obtained by dividing eouation (10) by the total system gain, 
; . e.: 

Pr= kB(T;o +Tl+ T2/Gl + T3/G1G2 + ••• + TN/GlG2 ••• GN-1] (11) 

The factor within the brackets of (11) is the operating noise temperature or 
system noise temperature Ts 1 of the cascade* referred to plane 1: 

Ts1 =Tio+ Tl+ T2/Gl + T3/G1G2 + ••• + TN/GlG2 ••• GN-1 (12) 

The effective input noise temperature TE 1 of the cascade of Figure 10 is 
defined by the system temperature at reference plane 1 with the source 
temperature equal to zero: 

(13) 

It is often convenient to define a source temperature, an effective input 
noise temperature and a system temperature with reference to the kth 
reference plane, as shown in Figure 11, instead of the first. For example, 
the kth device may be the low-noise amplifier (LNA). With respect to 
this port, the cascade of devices to the left is the source defined at the 
kth plane. The cascade to the right can be thought of as a sink. 

Tio 

k 
Source 

T 
Sink 

H G1 H G2 ~---1 Gk-1 

~ 
Gk H T1 T2 Tk-1 Tk 

Sink 

A •--O]j -•-ITJ" Tj Tn 

Figure 11. System Block Diagram Showing Definition of Noise 
Temperature at Reference Plane k 

Gk+1 ~-~ Tk+1 

*We prefer writing Top instead of Ts, but will stick to convention and 
use T5. The subscript 11 op 11 prevents confusion with "source", which can 
occur when Ts is used. The subscript 11 i 11 is used in this paper for 
"source" for the same reason. 
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The source reference plane is transferred from a given plane toward the out
put of the cascade by (1) multiplying the source temperature defined at the 
first plane by the gains of the intervening stages and (2) adding the temp
eratures of each new source multiplied by the gain of the stages intervening 
between it and the new reference plane. 

The source temperature defined at the kth plane is then given by: 

Tik =(Tio+ Tl) 6162 ••• Gk-1 + T2G2 ••• 6k-1 + Tk-16k-1 (l3A) 

The effective input noise temperature TEk of the cascade representing the 
sink is given by: 

(13B) 

As shown in Figure 12, the total system noise temperature Tsk with refer
ence to the kth plane is given by: 

(14) 

Tsk=Tik+TEk 

l Tik TEk r-1 --+--

I Source Sink 

Figure 12. Cascade of Two-Ports Fed by Noise Source 

Application '1'o Satellite B.eceivfng Systems 

System Temperature. In a satellite receiving system, the antenna can be 
regarded as a source. 

The system temperature is given by: 

(15) 

If there are waveguide and/or other devices between the antenna and the LNA, 
as shown in Figure 13, they constitute part of the source with respect to the 
reference plane k. 
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Source 

T Waveguide 

Gw Tw 

Reference Plane k 

Sink 

Coaxial 
Cable 

Gcx Tex 

Receiver 

Figure 13. Block Diagram Representing Source and Sink Regions of an 
Antenna System. 
Source and Sink are with Respect to Reference Plane k. 

At reference plane k, the sink region consists of the LNA and all the devices 
which follow the LNA. With the exception of the antenna, all the devices are 
represented by their effective input noise temperatures. The antenna 
temoerature can be defined at any reference plane. For example, it can be 
defined as a source temperature T,{ at the antenna side of the waveguide run 
of Fiqure 13 or as a source of temperature TA~at the LNA input. 

If it is defined at the antenna terminals by TA~ the antenna temperature TA 
defined at the LNA input is given by 

(16) 

where Tw and Gw are TE and G of (5). The effective noise temperature 
of the sink referred to reference plane k is given by: 

( 17) 

The system noise temperature at the input to the LNA is given by the sum of 
(16) and (17). In the above, both Gw and Gcx are less than unity and 
GLNA is greater than unity. 

The Figure of Merit, G/T. The symbol G/T (dB/K) is called the figure of 
merit of a satellite communications system. It is defined by 

GIT (dB/K) = G (dBi) - Ts (dB-K) (18) 

where G (dBi) is the gain of the receiving antenna defined at a given 
reference plane and Ts (dB-K) is the system temperature at the same 
reference plane. The reason for its definition as the figure of merit is 
given in the discussion which acfompanies equation (15) in the paper 
"Principles of Satellite Communication." 
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An example of a complete rece1v1ng system is shown in Figure 14 in which both 
noise temperature and G/T calculations are illustrated. The following 
observations can be outlined: 

a. The value of Ts is different at every junction. 

b. The value of G/T (where T = Ts) is the same at every junction. 

c. The system noise temperature at the input to the LNA is influenced 
largely by the noise temperature of the components which precede the 
LNA and the LNA itself. The components which follow the LNA have a 
negligible contribution on the system noise temperature at the LNA 
input junction if the LNA gain is high. 

G • 50 dB 
NF=1.2dB 

TA=25K L = 0.1 dB La 0.2 dB 
(3) 

Te• 92.294 K 
(1) (2) 

b 
GA• 50 dB 
Tj =TA= 25 .K 
Te =120.62 K 
Ts=- 145.62 K 

I 

Ts dB a 21.632 dB 

G/T"' 28.368 (dB/K) 

(4) 

A 
I 

GA• 99.7 
Ti• 13.498 x 106 
Te• 91416.34 
Ts• 13.589 x 106 
Ts (dB)• 71.331 

GIT• 28.368 

*G/T • GA/Ts 

L., 10 dB 

Coax 

**Dimensions are same as at position (1) 

I 
I w .. ~,;a, I LNA 

GA =49.9** 
Ti= 31.03 
Te,. 111.27 
Ts= 142.30 
T5 • (dB) = 21.532 

G/T =- 28.368 

(5) 

I 

GA •89.7 
Ti• 1.3601 x 106 
Te• 8881 
Ts• 1.369 x 106 
Ts (dB)• 61.332 

GIT• 28.368 

G =40dB 
NF= 15 dB 

Receiver 

GA •49.7 
Tj = 42.69 
Te• 93.21 
Ts= 135.09 
Ts (dB) •21.332 

GIT .. 28.368 

(6) 

I 

GA =-129.7 
Ti • 13.59 x 109 

High Level 
Output 
Circuits 

Te• 290 (assumed)*** 
Ts• 13.59 x 109 
Ts (dB)• 101.332 

GIT .. 28.368 

***Te for the output circuits is likely to be inconsequential in comparison with 
Ti at (6) and can usually be neglected. 

Figure 14. Example of Noise-Temperature and G/T Calculations for 
Cascade of Two-Ports. 
Note that G/T is independent of position in cascade. 
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The parameters which have a significant influence on G/T are the followinq: 

a. Antenna Gain and- Antenna Noise Temperature--See the discussion in 
papers 1-2 and 2A-1. 

b. Antenna Elevation Angle--The lower the elevation angle, the higher 
the antenna noise temperature, and hence the lower the GIT for a 
given antenna gain. 

c. Feed and Waveguide Insertion Loss--The lower the loss of these 
devices, the higher the G/T. 

d. LNA--The lower the noise temperature of the LNA, the higher the G/T. 
The LNA must have a sufficiently high gain to suppress the noise 
contribution due to the components which follow the LNA. For 
example, in Figure 14, if the LNA has a gain of only 40 dB, then, at 
the input to the LNA, the value of Ts will increase to 144.lK. 
This means that system G/T will be reduced by about 0.26 dB. 
For a 30 dB LNA gain, the system GIT will drop an additional 1.96 
dB. 

Measurement of 1'Toise Temperature 

Measurement of TE. The effective input noise temperature of any sink can 
be made by use of calibrated hot and cold noise sources as in Figure 15. In 
practice the sink is likely to consist of an LNA followed by a receiving 
system. The measurements are usually made with a radiometer or a commercial 
noise test set. If the device under test operates at mi crow ave frequencies 
( such as a 4-GHz antenna or LNA), the noise is converted to 70 MHz and is 
bandlimited by a bandpass filter with a width of about 5 MHz. 

SINK 

NOISE 
POWER 
METER 

Figure 15. Setup for Measurement of the Effective Noise Temperature of 
a Sink 
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When a sink is connected to two different noise sources, the ratio of the 
noise power outputs is called the Y factor. 

If the effective source temperatures of two calibrated noise sources are TH 
and Tc, and TE is the effective input noise temperature of the sink, the 
resulting Y factor can be written 

TH+ TE 
y =---

1 
TC+ TE 

From (19) TE is seen to be given by 

TH - Y1Tc 
TE=----

Y1-1 

(21) 

(K) (20) 

Measurement of TA. Measurement of the antenna temperature TA can be made 
by the Y factor method, where the antenna replaces the cold load (see 
Figure 16). 

ANTENNA 

SINK 

NOISE 
POWER 
METER 

Figure 16. Setup for Measurement of Antenna Temperature 

The Y factor, which we will call Y2, is given by 

TH+ TE 
y 2 = ....;..;. _ __. 

TA+ TE 
• 

TA is then given by 

where TE is known from (20). 
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Measurement of System Noise Temperature. The s stem 
called the operatin~ noise temterature, is given 
the sum of TE from ro) and TA rom (22): 

it is 

(23) 

If a hot and cold load are both switched with the antenna as in Figure 17, 

and 

• 

Simultaneous solution of (24) and (25) gives 

• 

In this method it is not necessary to determine TE directly. 

ANTENNA 

SINK 

NOISE 
POWER 
METER 

Figure 17. Setup for Measurement of System Temperature 

Measurement of G/T 

(24) 

(25) 

(26) 

For some applications, the G/T of an antenna system is required to be veri
fied experimentally. There are several methods which are available for 
experimental verification. Some of the commonly known methods are as 
follows: 
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a. Both the antenna gain and the system noise temperature are measured 
separately and then algebraically combined to determine the system 
G/T. The gain is determined using a known gain standard on a suit
able antenna range, and the system noise temperature is measured 
using known calibrated noise sources. 

b. Using a radio star with a known flux density, the antenna G/T can be 
measured directly, 3 or the gain and noise temperature can be 
measured separately. 

c. The sun, the moon and some of the planets within our solar system 
can be used for direct G/T measurement. 

d. A geosynchronous satellite whose EIRP is known can be used to measure 
G/T directly. 

The indirect method requires that the gain of the antenna be measured at the 
same reference plane where Ts is measured. In this measurement, the 
uncertainty in the value of gain of the standard gain horn can prove to be a 
major limitation in the accuracy. 

For sate 11 ite antennas used in the 4/6 GHz band which have diameters no 
greater than 11 meters, method (a.) is likely to be the most practical of the 
methods listed. Method (b.) can be used for antennas as small as 11 meters, 
but it requires extreme care and is expensive to implement. Methods (c.) 
have been described in the literature, but have a number of problems which 
tend to make them impracticable. For example, the extended size of the sun 
and moon and the variability of their radiated flux densities are specific 
problems. Method (d.) can be used as a rough performance check in comparing 
one receiving system against another, but it generally suffers in accuracy 
because of lack of precise calibration of the EIRP of most satellites. 

Pertinent details regarding the G/T measurement usinq radio stars are 
explained in reference 10. For small antennas the use of a radio star for a 
direct G/T measurement can lead to a considerable error. Kreutel, et. al.,a 
have indicated that with r,as A the antenna system should have a G/T in excess 
of 35.4 dB/K in order to have a probable error of ±0.2 dB. Recently, NBS 9 

has measured an antenna system (Scientific-Atlanta 10-meter antenna) with a 
20.24 dB/K GIT at 2.26 GHz. Using Cas A, it was shown that the estimated 
error is ±0.3 dB. This type precision is in conflict with Kreutel 1 s8 pre
dictions. However, NBS personnel are able to achieve a high measurement 
accuracy by utilizing an automated measurement system developed around a 
highly accurate power measurement bridge known as the NBS type II self
balancing bridge. 

The accuracy of the determination of Ts and G/T depends on several factors. 
In measurements using noise sources, uncertainties in the values of T:, and 
Tc, uncertainties in the Y-factor due to source level errors, amplifier 
nonlinearity, instability and jitter, and cascade mismatch errors are some of 
the prime factors which affect the overal 1 accuracy. The various error 
sources are discussed in detail in several of the references, especially in 
1, 3, 10, 11 and 12. 
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Introduction 

This paper is intended as a general review of the principles which control 
radio communications links, with specific applications to geostationary 
satellite links as currently achieved in domestic U.S. systems. The inter
pretation of the results of the link analysis in terms of end-to-end perform
ance is discussed for television, message circuits, and digital applications. 
With the concepts presented herein, the effects of various earth station 
parameters can be examined for a variety of fixed satellite applications 
spanning the requirements of the corrmunications industry. 

Because of the extended scope of this presentation, some portions of the 
discussion are necessarily abbreviated. In these cases, references are pro
vided to more extensive treatments of the individual topics. An attempt has 
been made, as much as possible, to present a discussion which may be of 
interest to an audience of diverse backgrounds and varied technical 
expertise. 

The discussion is naturally divided into two parts: 

1. The analysis of the radio link, resulting in a determination of the 
net carrier-to-noise ratio (C/N), and, 

2. The interpretation of the link C/N for each of several services 
(video, message·, digital, etc.) in terms of end-to-end performance 
characteristics. 

This separation of the problem into two parts emphasizes the fact that, 
regardless of the details of the application, the C/N analysis follows the 
same basic pattern. Conversely, the interpretation of the impact of a par
ticular C/N obtained for the link is highly dependent on the application and 
must therefore be discussed separately for each case. 

The fundamental relationships used for a radio link calculation will be 
reviewed to establish a starting point fo the discussion of satellite system 
links. The parameters for a typical domestic satellite link will then be 
introduced, and the effects of earth-station parameters on the radio link 
will be discussed. These results will be extended to video, video subcar
rier, message, and digital applications to provide examples of the analysis 
techniques required for these services. 

:Radio Link A'Dalysis Fundamentals 

The purpose of a radio link analysis is to determine the transmission quality 
that can be expected for signal carriers relayed from one point to another. 
This is expressed as the ratio of the received radio carrier power to the 
noise power density (C/N 0 ). 



Consider a transmitting station illustrated in Figure 1 with transmit power 
Pr and transmit gain gr, The effective isotropic radiated power (EIRP) 
for the station (along the main beam of the antenna) is the product grPr. 
At a distance r from the transmitter, the radiated flux density, S, along the 
beam axis is: 

g p 
S = .:!..1. KP= EIRP KP in power/m2 

4nr 2 A 4nr 2 A 

where: 

KA= the atmospheric attenuation factor 

P = the polarization efficiency 

( 1) 

If an antenna with an effective area in square meters, Ae, is receiving 
this flux density, the received carrier level at the antenna output is: 

p g A 
C = SA = T-T e KP 

e 4nr2 A ( 2) 

For the remainder of this analysis, we will assume KA and Pare unity. 

The effective noise power density at this point is given by: 

N = KTs 

where: 

K = Boltzmann's constant= 1.38 x 10- 23 Joules/Kor 
228.6 dB in logarithmic form 

Ts= System noise temperature (a measure of the noise 
contributed by the receiving system per unit bandwidth) 

(3) 

The details of the determination of the system noise temperature from the 
equipment characteristics are explained in a separate paper. At this point, 
we will assume this parameter is a basic characteristic of the receiving 
system. 

Using these results, the carrier-to-noise density ratio C/N0 is: 

PTgTAe (EIRP) (A) 
C/N = = 

0 4irr 2KT s (4irr2)(KTs) 
(4) 
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PT 
eirp z Tx .., Rcvr. C/N 

IF 

Figure 1. RF Link Diagram 

The effective aperture of the receiving system fl.e can be calculated from 
antenna fundamentals and the gain at their frequency: 

gR).2 
Ae =~ 

where: 

(5) 

9R = power gain of the receiving antenna on its boresight axis. 

Substituting this relation into the expression for C/N0 , we get: 

C/N = 
0 

PTgTgR ).2 

(4-rrr) 2 KTS 
( 6) 

If the various factors in the C/N expression are grouped as follows~ then we 
get the following for C/N0 ~ 

C/N0 =( L)2 

(EIRP( ~:) (7) 

The factor (-zr½r-) 2 
is often inverted and defined as the spreading loss or 

space loss factor. 

The spreading loss can also be expressed as: 

L, =( 4~:f )2 
where: 

c0 = the speed of light= 3 X 108 meter/second 

f = the frequency in Hz 

3 

(8) 



Link calculations are usually carried out in dB rather than directly from the 
above relations because of ease of working in common logarithms. The C/N 0 expression thus becomes: 

(C/N0 ) dB= 10 log (C/N0 ) 

(C/N0 ) dB= EIRP - Ls+ (G/T) + 228.6 

where: 

EIRP = 10 log (EIRP) in dBW 

Ls = 20 1 og ( 4~~f) 

= 92.45 + 20 log r (Km)+ 20 log f (GHz) 

(G/T) = 10 log (gR/Ts) 
. 

Alternately, C/N0 can be expressed in terms of the flux density, S, 

then: 

C/N 0 = S + G/T - 20 log fGHz - 21.45 + 228.6 

G/T 

(9) 

(10) 

(11) 

(13) 

The importance of the term G/T in equation (9) cannot be overstated. Exami
nation of the C/N expression shows that for a given available transmitting 
system power and information format (and thus bandwidth), the only available 
method of controlling the received signal quality that can be used by the 
downlink operator is through the system G/T. Note that the G/T provides a dB 
direct relationship with C/N0 • Thus, a receiver system with a 30-dB/K G/T 
will have a 10-dB better C/N0 than a receive system with a 20-dB/K GIT. It 
will be shown later in the analysis of various modes of transmission that 
this can be an extremely important consideration. 

G/T is the figure-of-merit for a receive system. It is a function of the 
gain of the antenna and first amplifier along with the antenna noise tempera
ture, first amplifier noise temperature, and losses located ahead of the 
first amplifier. Since the antenna gain is a function of aperture size which 
is related to total cost of the installed antenna including manufacturing 
cost of the parts, foundation, transportation, and erection, raising the G/T 
by increasing the antenna gain will raise the total system cost. Higher G/Ts 
achieved by lowering the system noise temperature are accomplished by using 
lower noise LNAs or achieving a low antenna noise temperature. For a 
detailed discussion of G/T and noise temperature, see the paper "Noise 
Temperature and G/T of Satellite Receiving Systems" in this publication. 

Figure 2 shows a block diagram of a typical receive system. Each device in 
the RF path has an associated gain (or loss) and a noise temperature. The 
G/T is the ratio of this system gain to system noise temperature in dB/K. 
The G/T will be the same regardless of the reference point in the system used 
for the calculation. 
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Antenna Ts 

i\ 1 

I Feed --- LNA - Cable - RCVR 
I 

J 9F gl 9c TR 
TA TF TL Tc 

Figure 2. Basic System Diagram for G/T Calculation 

These contributions are combined to reflect the noise power weighted by the 
gain distribution through the chain. The noise temperature of the system is 
determined primarily by the antenna, the low-noise amplifier, and the cou
pling waveguide or cable run between the LNA and the antenna. Loss between 
the antenna and the LNA can result in significant degradation of G/T and, 
consequently, in signal quality for a very low-noise system. 

On the other hand, the noise temperature (or noise figure) of the video 
receiver is of little consequence, since this factor is masked by the LNA 
gain, which is usually greater than 45 dB. 

The IF noise bandwidth is normally chosen to be the smallest passband compat
ible with the FM deviation used for the transmission. For domestic full
transponder video, this is about 34 MHz. Half-transponder video normally 
requires a bandwidth of 17.5 MHz. International full-transponder video 
through INTELSAT requires 30 MHz. 

For an earth station with transmit and receive capability, the receive per
formance is characterized in the same way as for the receive-only station. 
The figure-of-merit must be adjusted as required to account for the addition 
of the transmit/receive diplexing filter and the transmit reject filter which 
are inserted between the antenna terminals and the LNA input. 

Cascaded BF Links 

Since a satellite link consists of two cascaded RF links--uplinks and down-
1 i nks--the C/N0 ratios must be combined to determine the net effect of 
transmission through the total path. If each has a carrier-to-noise ratio 
(C/N0) 1 and (C/N0) 2, respectively, then the resulting ratio (C/N0) 
total 1s: 

(14) 
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This combining operation cannot be accomplished directly with ratios 
expressed in dB. The ratios must be expressed in non-logarithmic form and 
then summed according to the previous format, then re-expressed in dB. This 
summing rule may be extended to any number of contributions such as multiple 
satellite hops or the addition of C/I (carrier-to-interference ratios) 
effects on the path performance. 

For example, consider a satellite link with an uplink C/N0 of 105 dB-Hz and 
a downlink C/N0 of 95 dB-Hz. The total in C/N0 is expressed as: 

1 C/N
0 

= -------.---
---- + 
1Ql05/10 1Q95/10 

C/N0 = 94.6 dB-Hz 

The resulting C/N0 is always lower than the lower of the two ratios. If 
(C/N0 ) 1 = (C/N0 ) 2 , the resulting (C/N0 ) total will be 3 dB lower than 
either C/N0 . 

Satellite Tr&DSponder 

For commercial satellite communications, the orbiting spacecraft provides a 
one-hop carrier relay over a wide geographi~ area. For the domestic systems 
presently in use, the uplink signal is transmitted in a 36-MHz bandwidth near 
6 GHz. This signal is received by the satellite, amplified, translated in 
frequency, filtered, and re-transmitt.ed in a 36-MHz band near 4 GHz. In a 
typical satellite of this class, there are 12 to 24 transponders assigned 
within each frequency band. 

Since the satellite serves as a transmit/receive station, it must be charac
terized by a G/T for the uplink side, and by an EIRP for the downlink side . 

. 
The G/T is typically +l dB/K to -6 dB/K for domestic satellites. Fiqure 3 
is a typical G/T curve for an existing satellite. The EIRP is normally spec
ified at the saturation point for the transponder power amolifier. The EIRP 
for a typical domestic communications satellite is 32 to 36 dBW in the prime
coverage areas. The EIRP varies sliqhtly with qeographic location; contour 
maps (called "footprints") for relative EIRP are usually avai 1 able for 
assessing these variations. An example of a footorint is shown in Fiqure 4. 

To couole the uplink and downlink siqnal strengths, the uplink RF flux den
sity required at the satellite to saturate the transponder is also specified. 
As shown in Figure 5, typical domestic satellites have a required saturation 
flux density less than -82 dBW/m2 over most of the country. 
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The intermodulation performance of the transponder amplifier greatly affects 
multi-carrier operation of a single satellite transponder. Figure 6 shows 
typical intermodulation curves for a transponder. Curve (A) is the intermod
ulation performance for a large number of equally spaced carriers within a 
transponder. Curve (B) shows the intermodulation characteristics for two 
carriers. 

In order to bring the intermodulation products to an acceptable level and 
thus not degrade the link C/N0 with poor C/Im performance, the total power 
level in the uplink is reduced until the C/Im ratio is 20 dB or better. This 
means, or course, that the total downlink EIRP from the satellite has been 
reduced. The transponder output power reduction is shown in Figure 7. To 
increase the C/Im ratio to 24 dB for the two-carrier case, we see from Figure 
6, that the input power must be 11 backed off 11 7 dB. This results in a total 
downlink power reduction of 3 dB. In addition, the resulting downlink power 
must be shared between the carriers actually transmitted. For example, if 
two half-transponder carriers are transmitted, each wi 11 have a transmitted 
power 3 dB lower than the total backed-off output power noted above. 
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Satellite Link Analysis 
General 

With the preliminary procedures and specifications described above, we can 
proceed to the actual link calculations. First we must determine the dis
tance, or slant range, from the satellite to the earth station, to find the 
corresponding space loss factor. In Appendix A, the orbit geometry is des
cribed and the "space loss" is found to be: 

Ls= 185.05 + 10 log (1 -0.295 cos H cos AL)+ 20 log f (15) 

where: 

Ls= Space loss factor in dB 

H = Latitude of earth station 

AL= Difference in longitude for earth station and satellite 

f = frequency in GHz 

Using this factor, we will now develop the link analysis for the up and down
link, including some refinements from the basic process described earlier. 

Uplink 

For the uplink, we assume a flux density Sat the satellite. In the case of 
full-transponder video, this is the saturation flux density specified for the 
satellite. Then, the uplink C/N0 is given by: 

C/N0 = S + ((G/T)sat -20 log f -21.45) + 228.6 {16) 

where: 

s = Flux density in dBW/m2 

f = Uplink frequency in GHz 

( G/T) sat = Satellite receiver G/T in dB/°K 

228.6 = 10 log 1.38 X 10- 23 (Boltzmann's Constant) 

Example: 

Using the typical data given for domestic satellites, we have for the uplink: 

C/N0 = -82 + [-6 -20 log 6 -21.45] + 228.6 = 103.6 dB-Hz 

The required EIRP for the transmitting station is directly obtained from the 
flux$ and the spatial loss factor L = 10 log (4~r 2 ): 

EIRP = S + L + L1 (17) 
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The loss factor L1 (~1 dB) is included to account for aging, pointing error 
accumulation in the transmitting station, ·and a small amount of clear weather 
atmospheric absorption. Then, using the transmit antenna gain Gr, the HPA 
power required for the station is found from the EIRP. 

Example: 

For a typical slant range of 39,500 km we have L = 163, so: 

EIRP = (-82 + 163 + 1) dBW= +82 dBW 

For a 10-meter transmitting antenna, the gain at 6 GHz is about 53.4 dBi, so 
the HPA required (accounting for approximately. 1-dB loss estimated for the 
waveguide from the HPA to the antenna) is: 

Pr= (82 - 53.4 + 1) dBW= 29.6 dBW 

or 

Pr = 1 kW 

Small Aperture Antenna Trausm1ss-1.ons 

Transportable earth stations are generally configured with five-meter (or 
Sinaller) antennas even when their primary purpose is to uplink full trans
ponder video signals. Since the gain of a five-meter antenna is about 6 dB 
less than that of a ten-meter antenna, calculations show that we are 6 dB -
(34.5 - 29.6) dB = 1.1 dB below saturation for having assumed a 2.8-kW HPA 
and a required saturation flux density of -82 dBW/m2 as used in the previous 
example. If we refer to Figure 7, which shows typical TWT power amplifier 
transfer characteristics, it can be shown that the actual output power loss 
of a typical transponder may not be operating at saturation, only a small 
loss in received signal strength will be observed. This loss of signal will 
be unimportant at all receive earth stations except those that are extremely 
marginal (operating at or near FM threshold). Since the general application 
for transportable earth stations is to transmit programming back to a major 
city, (thus a large earth station with a high G/T), where it is integrated 
into programming and retransmitted, the slight loss of signal due to the 
small-aperture uplink will be negligible at the final receiving earth sta
tion. 

It should also be noted that the saturation flux density required for most 
transponders is less than -82 dB/m 2 over much of the country (see Figure 5). 
For applications in these locations, complete saturation of the transponder 
will be achieved using the small transportable earth station. 

Downlmk 

The downlink C/N is given by: 

C/N0 = (EIRP)sat +Ls+ (G/T)Es + 228.6 + Lm (18) 

where: 
Lm = Link marqin 

Ls = "Space Loss" factor qiven in the above section. 
(G/T)Es = Earth station, G/T 

13 



Example: 

For a typical video receive-only station, the G/T is about 26.8 dB/°K. Then, 
for 34-dBW satellite EIRP, we get, using r = 39,580 mi and a 1 dB link mar
gin: 

(C/N0 )down = (34 - 196.4 + 26.8 + 228.6 - 1) dB= 92 dB-Hz 

The loss factor (L 1 )is again used to account for pointing error, aging, and 
clear air absorption. 

Interference 

The uplink and downlink contributions are the principal factors of concern in 
the link ca 1 cul at ion. However, there are often sources of i nterf eri ng s i g
na 1 s which must be considered in the analysis. For signals which are small 
relative to the carrier level (which is the usual case), the interference 
energy is usually added to the thermal noise in the usual way, as a power 
ratio C/l. This is the normal technique for handling interferipg signals 
from an adjacent transponder for frequency-reuse satellites. (See detailed 
discussion of Interference Analysis by Cook in this digest.) 

Total Link C/N and C/I 

The uplink, downlink, and interference contributions must be combined by 
power addition to obtain the final C/N0 ratio. 

Example: 

Using the results obtained for the uplink and downlink examples above, the 
receive carrier-to-noise density is: 

C/N0 - 103.6 0 92 = 91.7 dB-Hz 

where 0 refers to power addition. 

The carrier-to-thermal noise in a 36-MHz bandwidth is 

C/Nth = C/N0 - 10 log B = 16.1 dB 

Assuming a level of 20 dB, the net C/N is 

C/N = _C_0f 
Nth I 

= 16.1 0 20 

= 14.6 dB 

Since C/N + 10 log BrF = C/N 0 , this is equivalent to a carrier-to-noise power 
density: 

C/N0 = 90.2 dB-Hz (19) 
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The video performance must be examined for two district degradations: 

a. Thermal noise in the baseband, which is similar to the noise encoun
tered in broadcast TV, and, 

b. Impulse noise, which is a phenomenon associated with FM threshold 
effects. 

Above the FM threshold region, only the first factor is of significance. In 
this case, the video signal-to-noise is given by: 

12 (~F
5

) 2 
(S/N)t = (C/N

0
) __ ...___ (20) 

bn3 

where: 

C 

k 

H(f) 

F 

= Carrier power (watts) 

= Noise power density at that point in the receiver where C is 
measured= kTs (watts/MHz) 

= Boltzmann's constant 
= 1.3806 x 10-17 W/MHz/°K 

= System operating noise temperature ref erred to that point in 
the system where C is measured. 

= Ha 1f of the peak-to-peak deviation produced by that part of 
the video waveform which is defined to be the "signal" (MHz) 

= Noise bandwidth of the baseband filter function (representing 
the combination of the deemphasis network, measurement 
bandlimiting filter, and weighting network (when used)) with 
respect to "triangular" noise (MHz). • 

= [ 3 I~ f 2 I H ( f) 12 df J 1/3 

= Product of deemphasis, bandlimiting filter, and weighting (if 
used) transfer functions. 

= An integration limit frequency high enough so that H(f) may be 
considered zero above F. 

The definition of (S/N)t and a derivation are given in Reference 1. 

In decibels, (S/N)t is 10 times the logarithm of the numeric ratio expres
sion. 
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Note that (S/N)t is not a function of IF bandwidth or modulating frequency. 
The relation (or any of its variants) is applicable, however, only when the 
IF bandwidth is at least adequate to support the signal. 

Since the video signal is a complex waveform and a variety of emphasis and 
noise weighting functions can be used in principle, specific standards have 
been established to provide guidance in evaluating this S/N ratio. The S/N 
equation presented is sufficiently general to accommodate any standard by 
specifications of the appropriate ~Fs and bn, The standard presently 
used for most domestic satellite video transmissions is set by CCIR Rec. 421-
3, Transmission Advisory Committee, a joint committee of television network 
broadcasters and the Bell System. For this standard, the "signal" is taken 
to be the luminance part of the video waveform, such that: 

F s = 0. 714 Fv 

where: 

Fv = Half the peak-peak deviation produced by the video waveform 
including sync tips 

For this standard, the unweighted bandwidth is: 

bn = 3.357 MHz 

and the bandwidth with noise weighting is: 

bn~ = 1.574 MHz 

The subjective weighting advantage for FM transmission is thus: 

b 
30 log n = 9.9 dB °n~ 

For a more complete discussion of the standards and recommendation, see 
Reference 1. 

Another method of expressing the video S/N ratio in terms of the system: 

(S/N)v • C/N + 10 log 3 (!~~l) 2 
+ 10 log (:~~1 + W + CF (21) 

where: 

(S/N)v = peak-to-peak luminance signal-to-noise ratio 

~F = peak composite video deviation 

fm = highest baseband frequency 

Bv = video noise bandwidth 

BrF = IF noise bandwidth 
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W = emphasis plus weighting improvement factor (12.8 dB) 

CF = rms to peak-to-peak luminance signal conversion factor 
(6.0 dB} 

Example: 

For ful 1-transponder video with Fv = 11 MHz transmitted through the satel-
1 ite link analyzed in the previous section, we will compute the S/N projected 
for the received signal. 

S/N = 14.6 + 10 log 3 (E2)2 + 10 log (~~4) + 18.9 

S/N = 52.9 dB 

As the C/N ratio is reduced, the performance of an FM discriminator begins to 
deviate from the predictions obtained from the video S/N equation. This is 
shown in the measured performance data shown in Figure 8, the region where 
the departure from theoretical occurs is called "the threshold region." 
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Near threshold, the preceding analysis is not sufficient in itself to 
describe the quality of the received signal. In this region, the thermal 
noise peaks in the IF band have a finite probability of exceeding the carrier 
level, resulting in an apparent phase inversion in the composite signal. The 
FM discriminator then reacts to this with a rapid transition, which results 
in a baseband transient or impulse disturbance. The threshold for the onset 
of this phenomenon depends on the nature and design of the video demodulator 
(The term "threshold" is used in a variety of meanings for video demodula
tors, and this must be examined carefully for the particular problem under 
consideration). For standard equipment presently in use in commercial satel
lite communications, the impulse noise becomes noticeable first at about 11 
dB C/N. Threshold extension equipment is available which suppresses the 
impulse noise down to a C/N ratio of 7 to 9 dB. This topic will be discussed 
further in one of the following papers. 

Half Transponder Video 

The demand for transponder space has increased dramatically during the last 
few years, thus greatly exceeding the capacity of existing satellites. One 
natural solution to this problem is to operate two simultaneous video signals 
in one transponder. This system is generally known as half-transponder 
video. Half-transponder video has been used very successfully by INTELSAT 
for several years. Usually, the video carrier shares a transponder with a 
carrier of some other service such as an FDM message, or SCPC carriers. 

The problems associated with half-transponder video signals can be identified 
quickly by examining a link analysis for this format. 

Generally the signal-to-noise performance of half-transponder video will be 
about 10 dB lower than that for ful 1-transponder video assuming that the 
receive earth station has the same G/T in both cases. There are two reasons 
for this reduction in received signal quality. First, the allowed transmis
sion bandwidth is less than that allowed for full-transponder video; thus, 
the deviation of the FM carrier due to the video signal is lower and, corre
spondingly, the FM improvement is lower. Second, since there are two car
riers using the same transponder, the total available EIRP for each signal is 
lower than for one carrier per transponder, and the transponder power must be 
reduced to avoid intermodulation problems. 

As an example, assume a saturated transponder output of 34 dBW at the receive 
earth station location. In order to avoid intermodulation problems, the 
total power output of the transponder must be backed off about 5 dB depending 
on the specific transponder characteristics. Since the total output power 
must be shared between two equal video carriers, each will have a total power 
3 dB lower than the total output power of the transponder or 8 dB lower than 
the saturated output power of the transponder. 

The down 1 i.nk C/N can be stated as: 

C/N = (EIRP)sat - Ls+ G/T - 10 log B - Lm (22) 

If we assume the same earth station G/T of 26.8 dB/°K, a 1-dB margin and a 
saturated transponder EIRP of 34 dB, then for our example, we find a received 
C/N of: 

C/N = (34 - 8) - 196.4 + 26.8 - 72.4 + 228.6 - 1 

C/N = 11.6 dB 
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The actual C/N will be somewhat less than this since the effects of interfer
ence and uplink C/N have been ignored. 

The peak deviation of the video signal for half transponder carriers is usu
ally 6.7 MHz and the IF filters are 17.5 MHz. These parameters can be used 
to convert to received video signal-to-noise as follows: 

S/N = 11.6 + 10 log 3 (t~)2 + 10 log (1~:V + 18.9 

S/N=42.5dB 

Notice that this is about 10 dB lower video signal-to-noise than was calcu
lated previously in the full-transponder carrier example with the same earth 
station G/T. 

Several conclusions about half-transponder operation can be reached from the 
example. First, the demodulated received signal performance is much poorer 
than with ful 1-t ransponder video. Second, sma 11 aperture antennas wi 11 not 
provide enough C/N to operate the FM demodulator above threshold. Third, 
since the effects of subcarriers were not considered in the example, their 
addition to the main carrier will result in further degradation to the final 
video signal-to-noise performance. 

Audio Subcarrier 

The audio subcarrier (S/N)sc ahead of the subcarrier discriminator can be 
shown to be: 

where: 

C/N + 
0 

Fe = peak deviation of the main carrier by the subcarrier 

fsc = subcarrier frequency 

Bsc = subcarrier filter noise bandwidth 

The last term in the expression for (S/N)sc accounts for the slope of the 
baseband noise power density across the subcarri er filter bandwidth. It is 
usually less than 0.01 dB and may be neqlected. 

This expression may be rewritten after the correct substitution as: 

(24) 
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where: 

81F = IF noise bandwidth 

Once the (C/N)sG. ratio has been determined, the actual audio signal-to
noise ratio (S/NJa may be determined by looking at the FM improvement, the 
bandwidth improvement and the pre/deemphasis curve improvement. This reduces 
to: 

(S/N) a = (C/N) sc (3) c;~c J e~:) + E 

or written in terms of logs: 

(
/),,. )2 

(S/N)a = (C/N)sc + 10 log 3 ;:c + 

where: 

fm = maximum audio frequency 

Ba = audio noise bandwidth 

l).Fsc = peak subcarrier deviation 

E = audio pre/deemphasis advanta9e = about 12 dB 

Example: 

(25) 

(26) 

With an audio subcarrier frequency of 6.8 MHz, a subcarrier deviation of 
2-MHz peak, and an audio frequency bandwidth of 15 kHz, we will calculate the 
(S/N): 

Assume C/N0 = 90 dB 

thus: 

C/N = 14.4 dB 

(C/N)sc = 14.4 dB + 10 logt 36 x l0
6 

( 2) ( 600 X 10 3) 

(C/N)sc = 14.4 dB+ 14.8 dB - 10.63 dB 

(C/N)sc = 18.6 dB 

2 

+10 log~
2 

x 
106

~ 
6.8 X 1Q6 

Notice that the (C/N)sc is greater than the C/N for the main carrier. 
This reflects the bandwidth advantage of the narrow subcarrier bandwidth. 

Now the (S/N)a can be calculated from equation (26) as follows: 
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(S/N) = 18.6 dB+ 10 log ~/.?S x l0
3
\~ + 10 log r(600 x lD') 7 + 12 

a L\15 x 103/ J IJ2) (15 x 10 3Ll 
(S/N)a = 18.6 dB+ 18.75 dB+ 13 dB+ 12 dB 

(C/N)a = 63 dB 

CUe Multiplex 

Additional voice grade audio channels may be multiplexed above the program 
audio in the audio baseband. The performance of the "cue" channels may be 
analyzed in much the same manner as the program subcarrier. Final audio 
signal-to-noise ratio, (S/N)cue is related to the subcarrier 
(C/N)sc, and thus C/N0 , since these channels are carried as FM on the 
subcarrier. 

The expression for (S/N)cue is: 

(S/N)cue (weighted)= C/N
0 

+ 10 log 

where: 

~FM= peak deviation of subcarrier by multiplex signal 

fmc = arithmetic mean center of multiplex slot 

(27) 

Bnm = noise bandwidth of cue baseband filter function (including 
weighting) with respect to flat noise 

~Fe= peak deviation of the main carrier by the subcarrier 

Example: 

If we assume a multiplex slot extending from 20.3 kHz to 23.4 kHz then fmc -
21.85 kHz. Without weighting, for an ideal filter extending from 300 to 3400 
Hz, Bnm = 3.1 kHz. This approximation can be used with good results. Sub
stituting the previous data we get: 

(C/N) = 90 + 10 log cue 
~ ( 2 X 106 )

2 
( 50 X 10 3) 2 J 

L 6.8 x 106 (21.85 x 103)
2
(3.1 x l03)J 

(S/N)cue = 45.6 dB 
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FDM./FM 

FDM/F~ is a method of mlultiplexing many voice grade (3.1 kHz) audio channels 
on to one FM carrier. This is accomplished by converting each channel to an 
assigned frequency as a SSBSC s i gna 1 in the baseband frequency range. The 
total baseband then modulates an FM carrier. Demodulation and de-multiplex
ing are accomplished in the reverse order at the receive station. Details of 
this system wll be presented in a later paper. 

FDM/FM performance is measured in terms of picowatts of noise per FDM chan
nel. The noise-per-channel is related to the total S/N ratio in the total 
baseband with a test tone signal. This, in turn, may be related back to C/N 
ratio in the receive system IF. Table 1 shows typical operating parameters 
for the INTELSAT IV system. 

The relationship between C/N in the IF and S/N in the baseband is: 

S/N = C/N +• 20 loq t;:1 + 10 log ~~~ + P + W (28) 

where: 

t\FTT = rms test tone deviation 

fch = highest voice channel frequency 

8ch = voice channel bandwidth 

P = top channel emphasis improvement factor 

W = psophometric weighting improvement factor= 2.5 dB 

Once the test tone S/N ratio has been determined, the noise per channel in 
picowatts may be determined from: 

(29) 

Example: 

Consider a 1200-channel system with a top baseband frequency of 5260 kHz and 
an rms test tone deviation of 650 kHz. The top slot emphasis advantage is 
4 dB. C/N will be assembled to be calculated level of 20 dB. 

S/N = 20 dB+ 20 log ~ 5o x 1031+ 10 log G5 x 106
] + 2.5 dB+ 4 dB 

~260 X 10~ i].1 X 10~ 

S/N = 20 dB - 18.2 dB+ 40.7 dB+ 2.5 dB+ 4 dB 

S/N = 49.0 dB 
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Table 1. Global Beam INTELSAT IVA and V Transmission Parameters 
(Regular FDM/FM Carriers) 

Oavla'tlon 
Carrier Al located (r11s) for 
Capacity Top Basa- Sate I I I 'ta Oc:c:uplad 0 dB110 
(No. of band Freq. BW Unl't Bandwidth Test Tona 

(Channels) (kHz) (MHz) (MHz) (kHz) 

n f m ba bo fr 

12+ 60.0 1 .25 1. 125 109 

24 108.0 2.5 2.00 164 
36 156.0 2.5 2.25 168 
48 204.0 2.5 2.25 151 
60 252.0 2.5 2.25 136 

60 252.0 5.0 4.00 270 
72 300.0 5.0 4.50 294 
96 408,0 5.0 4.50 263 

132 552.0 5.0 4.40 223 

96 408 .0 7.5 5.90 360 
132 552.0 7.5 6.75 376 
192 804 .o 7.5 6.40 297 

132 552.0 10.0 7.50 430 
192 804 .o 10.0 9.00 457 
252 1052.0 10.0 8.50 358 

252 1052,0 15.0 12.40 577 
312 1300.0 15.0 13.50 546 
452 1796.0 15.0 13.0 401 

432•• 1796.0 17.5 15. 7 5 517 

432 1796.0 20.0 18,0 616 
612 2540,0 20.0 17 ,8 454 

432 1796.0 25.0 20.7 729 
792 3284.0 25.0 22.4 499 

972 4028.0 36.0 36.0 802 
1092••· 4892.0 36.0 36.0 701 

•• Contingency Carrier, used only wl'th INTELSAT IVA, 
•••Not used with INTELSAT V, 
+ Approved for use wl'th INTELSAT V only, 
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Carrier-to- Ratio of Un-
To'ta I Nols• 11odula'tad 
Tamp. Ra'tlo Carrier Power 
at Opara-ting to Maxl11um 
Point (8000 Carrier- Carrier Power 

Mul'tl- + 200 pWOp 'to-Noise Density Under 
channel from RF Ratio In Fu I I Load 
rms Dev. Sourc:as) Occupied Condl'tlon 

( kHz) (dBW/Jc:) BW (dBl (dB/4 kHz) 

f•c: C/T C/N 

159 154. 7 13.4 20.0 

275 153.0 12.7 22.3 
307 150.0 15.1 22.8 
292 146.7 18.4 22.6 
276 144.0 21.1 22.4 

546 149.9 12.7 25.3 
616 149.1 13.0 25,8 
!184 145.5 16.6 25.6 
!129 141.4 20.7 24.2°(X 1) 

799 148.2 12.7 27.0 
891 145.9 14 .4 27.5 
758 140.6 19.9 25.8°(X 1) 

1020 147. I 12.7 28.0 
1167 144 •. 4 14.7 28.6 
1009 139.9 19.4 27.0"(X 1) 

1627 144 • 1 13.·6 30.0 
1716 141. 7 15.6 30.2 
1479 136.2 21.2 • 27,6°(X 2) 

1919 138,5 18.2 30.8 

2276 139.9 16, 1 31. 5 
1996 134.2 21 .9 78,9'(X 2) 

2688 141 .4 14. 1 32.2 
2494 132.8 22.3 30.0"(X 2) 

4417 135.2 17.8 34,5 
4118 132.4 20.7 32.2"(X 2) 



SCPC 

Noise 

Noise 

= l og-1 [90 - 49.0] 
Io 

= 12,589 pWp0 

SCPC ( s i ngl e-channe 1-per-carri er) is another method of multiplexing many 
channels on a single transponder. In this case, however, the channels are 
not multiplexed on to a signal FM carrier, rather each one has its own 
carrier and separate frequency assignment within the transponder. SCPC sys
tems may have many operating parameters and modes. Frequency bandwidths can 
vary from strictly voice grade 3.4 kHz to program channel 15 kHz. Actual 
transmission may be FM analog or digital. Currently, the largest production 
systems are FM analog; therefore, only this analysis will appear. Psopho
met ri c weighting and emphasis are a 1 so used in SCPC. Another performance 
advantage used in SCPC is called companding. This includes compressing the 
amplitude range of signal at the transmit system and expanding it at the 
receive system. The analysis of SCPC performance proceeds along the same 
lines as any other FM system. The test tone-to-noise ratio depends on the IF 
C/N ratio along with FM improvement factors, bandwidth improvement, and 
weighting/emphasis improvement, if any. 

The relationship for S/N versus C/N is: 

S/N = C/N + 10 log3 tJ + 10 log [:~:} W + C (30) 

where: 

~F = peak deviation 

fm = highest baseband frequency 

Ba = audio noise bandwidth 

BrF = IF noise bandwidth 

W = emphasis plus weighting improvement factor 

c = companding advantage 

Example: 

Consider voice grade SCPC channel with a peak deviation of 7.3 kHz, an IF 
bandwidth of 25 kHz and a weighting/emphasis advantage of 7 dB, and a com
panding advantage of 17 dB. 

Assume the C/N to be 10 dB in the IF. 

S/N = 10 + 10 log r3 ( 7 •3 x 
103

) 
21 + 10 log L - 3.4 x 103 J 
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+ 7 dB+ 17 dB 

SIN= 10 dB+ 11.4 dB+ 5.6 dB+ 7 dB+ 17 dB 

S/N = 51 dB 

This is a test tone-to-noise ratio which can be converted to picowatts 
(weighted): 

Noise = log-l [ 90 - 51] 
10 

Noise= 7943 pWp0 

D~italAppli.cations 

Digital systems may be incorporated in the satellite link in much the same 
way as SCPC carriers. A modem takes the raw digital data and modulates it on 
to an IF carrier in the 70-MHz IF band. This signal can then be upconverted 
to the 6-GHz satellite uplink band. This system will be more fully explained 
in a later paper in the digest. 

The usual method of performance comparison between di gi ta l systems is to 
compare their bit error rates (BER), which are the rates at which errors in 
bits are made during transmission. For example, a BER of 10-5 would mean 
that for every 105 bits sent, there would be one error. If the transmission 
rate were 105 /second, then one error would be made every second. 

The digital data may be modulated on to the RF carrier in one of several 
different ways. Some of these are FSK ( frequency shift keying), PSK ( phase 
shift keying), BPSK (biphase PSK) and 00K (on-off keying). Each type of 
transmission has advantages and disadvantages. 

The BER analysis of a particular mode of transmission must proceed from a 
noise model since incoming data bits will have a signal-to-noise ratio which 
depends on the link parameters. Since electrical noise is often the summa
tion of the effects of a large number of randomly moving electrons, it can be 
considered to have a Gaussian distribution. A probable distribution function 
(PDF) for a Gaussian-distributed variate is shown in Figure 9. 

p(X) 

m-a r:n. m+a 

Figure 9. Gaussian PDF 
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This function is described by: 

p(x) 1 exp [-(x-m) 2/2o2] 
0 175 

(31) 

where: 

m = mean value of x 

o = standard deviation of x 

Notice in the figure that x will be most likely found, at m. To find the 
probability that x is within a particular range of values, we integrate p(x) 
over that area. 

Now if the demodulated digital data is considered to be O and 1 at levels -A 
and +A, we will get two levels with Gaussian noise impressed on them as shown 
in Figure 10. If the threshold level (or decision level) is set at Oas shown 
in the figure, then the probability of mistaking a O for a 1 is shown as area 
Pel in the figure. Likewise, the probability of mistaking a 1 for a O is 
shown as area Pea· The total probable area is then Pea+ Pel· 

0 A 

Figure 10. ' Signal-plus-noise PDF's for Polar Binary Signalling 

If the correct integrals are taken: 

00 

(32) 

Yo + A1 
If we let ·A = , then, 

0 

1 00 

Pea = Pel =~ f exp (-A2/2)dA 
A1/a 

(33) 
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Now if we take the signal power to be A2 and the noise power a2 = nB where n 
is the noise density and Bis the bandwidth, then: 

A 2 . - ,s the S/N ratio a 

Then the probability of error can be taken to be: 

Pe= [ 
2 

e -(S/N)l /2 
✓21r( S/N) j 

(34) 

Of course, this is a very simplified analysis for a polar binary baseband 
signal. However, the same techniques may be used to generate BER curves for 
any mode of transmission to be used. Sample curves are shown in Figure 11. 
Here the BER is shown as a function of received signal-to-noise ratio in dB. 

m a. 
.: 
0 .. .. 
w .... 
0 

t 
:c 
.! 
0 .. 
a. 

,.------------------

10·2 

10·3 

10-4 

10·5 

½e-'Y 

Noncoherent FSK 

½e -'Y/2 

Signal-to-Noise Power Ratio, T (dB) 

Figure 11. Error-Rates for Several Binary Systems 
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Other factors can be used to influence the BER for a particular signal level. 
For example, coding may cause the BER to be several orders of magnitude lower 
that the theoretical curves shown in the last figure. 

Example: 

Consider the BER curves shown in Figure 12. This curve shows the BER versus 
energy per bit of a 56 Kb/s system which uses 84 kHz of bandwidth. The 
energy per bit is related to C/N by the following relationship: 

where: 

Eb/N0 = energy/bit per Hz 

BR = bit rate 

BIF = IF transmission bandwidth 

If we have a C/N = 9.3 dB, then: 

Eb/No= 9.3 dB 10 log (56 x 103) + 10 log (84 x 10 3) 

Eb/N
0 

= 9.3 dB - 47.5 dB+ 49.2 dB 
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From Figure 12, this corresponds to a BER of 3 x 10-6 • 
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Figure 12. Plot of Theoretical Eb/No vs. BER 

55-A-2929 

In this paper we have looked at satellite link performance and the effect of 
earth station characteristics on that performance. In addition, various 
modes of transmission have been examined briefly to see how link performance 
affects their respective performance criteria. Finally, examples have been 
examined to illustrate typical numbers which occur in satellite link analy
sis. A more complete link budget is shown in Appendix B to this paper. 
Appendix A contains several relationships which may be of interest in satel
lite link analysis. 
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AppencUxA 

Geostationary Satellite Orbit Geometry 

For a geostationary satellite, the orbit is a circle lying in the equatorial 
plane which, from simple mechanics has a radius: 

R - 6.611 Ro 

Where R0 is the radius of the earth (3963 statute miles). The location of 
the satellite is specified by the corresponding longitude coordinate, 
Lsat· For a station at latitude H and longitude L, the slant range r 
from the satellite to the station is found to be: 

r = 26485 [1 - 0.295 cos (H) cos{L-Lsat)J 112 (statute mi.) 

The corresponding spatial loss factor is: 

L = 10 log (4~r2 ) = 163.6 + 10 log [1 - 0.295 cos (H)cos (L-Lsat)] dBm 2 

The path time delay is: 

r = 142 log (1 - 0.295 cos B) dB 
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Append1xB 

Sample Link Budgets 

Link Parameters Units FDM-FM Video 

UPLINK 
Saturation Flux Density dBW/m 2 -82.0 -82.0 
Input Backoff dB 4.0 0 
Power Sharing dB 0 0 
Operating Flux Density dBW/m 2 -86.0 -82.0 
Isotropic Antenna Area dB/m 2 -37 -37 
Satellite Received Power dBW -123.0 -119.0 
Path Loss (Clear Weather) dB 200.1 200.1 
Operating EIRP dBW +77.1 +81.1 
Satellite G/T dB/°K -7.4 -7.4 
10 Log K dBl~ -228.6 -228.6 
10 Log B (36 MHz) dB 75.6 75.6 
C/N (Uplink) dB 22.6 26.6 

DOWNLINK 
Satellite Saturated EIRP dBW +34.0 +34.0 
Output Backoff dB 1.0 0 
Power Sharing dB 0 0 
Operating E !RP dBW 33.0 +34.0 
Path Loss (Clear Weather) dB 196.4 196.4 
Earth Station G/T dB/°K 26.8 26.8 
10 Log K dB -228.6 -228.6 
10 Log B (36 MHz) dB 75.6 75.6 
C/N (downlink) dB 16.4 17.4 

LINK PERFOR~ANCE 
C/N (uplink) dB 22.6 26.6 
C/N (downlink) dB 16.4 17.4 
C/Int dB 20.0 
C/IM dB 
C/N (system) dB 15.4 14.6 
Threshold C/N dB 10.0 10.0 
Fade Margin dB 5.4 4.6 
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System Performance 

System Parameters Units FDM-FM Video 

TV VIDEO 
C/N dB 14.6 
Max. Video Frequency MHz 4.2 
Overdevi ati on dB 
Peak Operating Deviation MHz 10.7 
FM Improvement dB 13.2 
BW Improvement dB 6.3 
Weighting/Emphasis 

Improvement dB 12.8 
P-rms Conversion Factor dB 6.0 
Total Improvement dB 38.3 
S/N (peak-to-peak/rms-luminance signal) dB 52.9 

TV PROGRAM CHANNEL (SUBCARRIER) 
Peak Carrier Deviation MHz 2.0 
Subcarrier Frequency MHz 7.5 
FM Improvement dB -11. 5 
BW Improvement dB 14.0 
Total Improvement dB 2.5 
C/Nsc (subcarrier) dB 16.9 
Peak Subcarrier Deviation kHz 75 
Max Audio Frequency kHz 15 
FM Improvement dB 18.8 
BW Improvement dB 13.8 
Emphasis Improvement dB 12.0 
Total Improvement dB 44.6 
S/N (audio) dB 59.2 

FDM/FM 
Number Channels 1200 
Test Tone Deviation (rms) kHz 650 
Top Baseband Frequency kHz 5260 
FM Improvement dB 18.2 
BW Improvement dB 40.7 
Weighting Improvement dB 2.5 
Emphasis (top slot) Improvement dB 4.0 
Total Improvement dB 29.0 
TT/N dB 49.0 
Noise pWp0 12589 
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.An Introduction to FDM/FM ;Communications 
Via Satellite 

Introduction 

Early in the days of telephone, each voice channel was carried by a pair of 
wires running between exchange offices. As the number of telephones grew (20 
million in 1920), the need for combining channels together for more efficient 
transmission became apparent. 

The first multiplexing schemes used what is callerl frequency_division ~ulti
plexing; each voice channel is assigned a particular slot in a composite 
baseband signal. FDM systems are now in wide use in practically all trans
mission media; ·coaxial cable, microwave radio, and satellite communications. 
These systems have a capacity of twelve- to thirty-six-hundred channels. 

How FDM Works 

An FDM composite baseband is formed hy qenerating a single sideband AM signal 
with each voice channel. Every channel has its own carrier frequency, and 
carrier frequencies are spaced 4 kHz apart. In other words, the voice chan
nels are stacked end-on-end in freauency. Figure 1 shows a typical arrange
ment of 12 voice channels, multiplexed together to form what is called a 
group (type A). Note that the actual voice band is 300 to 3400 Hz, but Oto 
4 kHz is reserved per channel. The extra bandwidth is used for filter guard 
bands. 

300 3400 4K 
f Hz 

TELEPHONE CHANNEL FREQUENCY BAND 

f KHz 12 16 20 24 28 32 36 40 44 48 52 56 60 

CH: 1 2 3 4 5 6 7 8 9 1 O 11 12 

Figure 1. Type A Group 



Once the voice channels are multiplexed into twelve channel groups, they are 
further combined to form higher capacity systems. Five groups are multi
plexed together to form a supergroup. Again, single sideband modulation is 
used to combine the groups together, much as the voice channels are multi
plexed together to form a group. 

Various multiplex hierarchies are used by different organizations. Any 
number of 12 channel groups can be multiplexed together to generate a wide 
range of channel capacities. 

Characteristic of the FDM SignaJ 

Design of equipment for FM/FDM signals requires a good knowledae of the char
acteristics of an FDM signal. Since the FDM signal is composed of a number 
(12 to 3600) of telephone voice channels multiplexed together, it is instruc
tive to first examine the characteristics of a single telephone voice 
circuit. 

A telephone circuit designed to carry only one voice channel must be able to 
pass the peak signal level of speech without significant distortion. The 
peak to rms ratio of the speech signal varies with each talker, and the 
mean power level of speech varies with each talker as well; therefore, the 
single channel amplifier must be able to handle the peak signa.l level of the 
loudest expected talker. 
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Figure 2. Variation of Peak Factor with Number of Active Channels 

2 



When many voice channels are added together, as in . an FDM system, the 
composite signal has characteristics which depend not only on the talker 
characteristics but also on the number of channels in the system. Many 
studies have been done to examine the amplitude distributions of FDM baseband 
signals, the earliest of which were done by Holbrook and Dixon of Bell 
Laboratories in 1939. Results of these studies show the relationship between 
the number of active voice channels and the probability that a certain peak 
to rms ratio will be exceeded for some small (e.g., 0.1%) percentage of time. 
For a large number of channels (>240), this amplitude distribution is seen to 
be essentially Gaussian; that is, the composite baseband signal loads similar 
to white noise that has been passed through appropriate bandlimiting filters. 
Figure 2 shows the variation of peak factor with number of active channels. 
In designing FDM equipment, the peak factors and the percentage of active 
channels (activity factor) must be taken into account. The activity factor 
is defined as the fraction of total system capacity which accommodates all 
the system traffic for all but 1% of the busiest hour. The activity factor 
tends toward 0.27 for higher channel capacities, and 0.58 for low 
capacities. 

This knowledge allows us to predict the peak power level of a multichannel 
baseband. Such information is essential when designing FDM equipment, since 
it is the inability to handle peak signal levels that causes distortion of 
the FDM signal. 

As was noted above, the amplitude distribution of an FDM signal with more 
than 240 channels looks Gaussian. This makes it possible to simulate, for 
testing purposes, the FDM signal with noise whose power spectral density is 
constant with frequency; i.e., 11 white 11 noise. Common practice is to simulate 
an FDM signal with bandlimited white noise with a mean power of 

-15 + 10 log N dBm0 (1) 

for channel capacities N > 240. This takes into account the average talker 
power, activity coefficient, and contribution of signaling to the total 
baseband power. 

It is also common practice to simulate basehands of less than 240 channels 
with bandlimited white noise with a mean power of 

-1 + 4 log N dBrrO 

for 12 < N < 240. 

( 2) 

The amplitude distribution of a 12- to 240-channel baseband is not Gaussian; 
in fact, the mean power of the noise test signal departs (above) the actual 
mean power of the basehand signal b_y about 5 dB for a 12-channe l system. A 
happy coincidence, however, is that the peak signal levels of the Gaussian 
test signal and the actual FDM baseband coincide within about 0.5 dB. White 
noise simulation of the baseband is then a valid method for testinq low
caracity FDM systems. 

Equations (1) and (2) are used to calculate the noise load ratio, or 
multichannel load factor. Figure 3 shows the relationship between actual 
mean and peak levels for the baseband signal and the white noise signal used 
for testing. 
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Figure 3. Baseband Power Levels as in Function of Channel Capacity 

Testing the FDlVI Channel: NPll and S/B 

The use of white noise testing in developmental work and proof of performance 
testing is universal in FDM communication systems. The objective is to 
ensure good quality telephone circuits through the system. A typical 
requirement for a satellite link is 51 dB weighted* signal-to-noise. 

To test the FDM channel, bandl imited white noise with mean power given by 
equations (1) or (2) is ar,plied to the system. Also, bandstop, or notch, 
filters are inserted in 1 i ne. When such a signal is passed through an FDM 
system, the depth of the notch in the noise spectrum wi 11 decrease due to 

*Most satellite systems are calculated and measured using CCITT psophometric 
weighting. The Bell system uses C-weighting. The psophometric weighting 
advantage is 2.5 dB; it is 1.5 dB for C-weighting. 
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thermal and intermodulation noise. The ratio of the power spectral density 
of noise in the flat area of the spectrum to that in the notch is called the 
noise power ratio (NPR), and is a direct measure of the quality of the FDM 
system. For CCITT loading, the signal-to-noise ratio of the channel where 
the notch is placed is given by 

SIN= NPR + 2 + 6 log N + W N < 240 

S/N = NPR + 16 + W N > 240 

(3) 

( 4) 

where N is the system channel capacity, and Wis the weighting advantage. 

Transm1s,;ion of the FD:M fH.gnal; The F1II Satellite Link 

In satellite systems, the FDM baseband frequency modulates an RF carrier, 
usually at 70 MHz, which is then translated to the appropriate frequency for 
transmission. This resulting carrier is called an FDM/FM carrier. Several 
such carriers may use portions of a satellite transponder simultaneously, 
depending on their size. This is known as frequency-division-multiple
access, or FDMA. Such systems are extensively used by INTELSAT and the 
domestic common carriers. 

J;ignaJ-to-1\Joise Batio in an FDM/FJ/1. System 

It is important in the design of an FDM/FM satellite system to be able to 
predict the signal-to-noise ratio of the worst-case channel in the FDM 
baseband. This is easily done by examinin~ the basic FM equations. 

For an FM system operating in the linear region above threshold, the power 
spectral density of the demodulator output noise can be shown to be 

( 5) 

where f is the baseband freauencv. 

C/NQ is the input carrier-to-noise power density and B is the predetection 
( IF J bandwidth. 

The signal power at the demodulator output is 

t.f2 
= ( 6) 

2 
where ~f is the peak-per-channel deviation. 

To find the signal-to-noise ratio in a particular baseband channel, we find 
the total noise power in that channel by integrating (5), then forming the 
ratio of P5 to the noise power. 

b 
fm +~ 

Pn = 2/ S(f/df (7) 
bch 

fm - -
2 
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where fm is the center of the desired channel, bch is the telephone 
channel bandwidth (3100 Hz) 

Th i s integral can be approximated by assuming that S(f) is constant over the 
band of interest. Then 

bch • fm 2 
p = 
n ( C/No) 

(8) 

So, the output S/N ratio is 

S/N C/N 1 
• ( f:f)' = • 

0 2 bch 
(9) 

or, in logarithmic form, 

S/N dB= C/N0 - 10 log (2 • bch) + 20 log ( ~: ~ (10) 

where C/N0 is now a dB ratio, rather than a power ratio. This equation 
does not include the effects of weightinq or preemphasis, discussed below. 

Preemphasis 

A quick look at equation (5) shows that the output noise power spectral 
density is parabolic with baseband frequency. If we did nothing to change 
this situation, the channels at the high baseband frequencies would pay a 
large signal/noise penalty. Preemphasis is used in FM transmitters to cor
rect this problem. The preemphasis network has increasing gain with 
increasing frequency; it is inserted in the baseband chain before the FM 
modulator. The effect is to increase , the deviation of the higher frequency 
channels with respect to the lower channels, thus improving the output 
signal-to-noise ratio for those channels. A corresponding deemphasis network 
in the receiver restores all channels to their. proper amplitude. Now, a more 
complete version of equation (10) is 

S/N (dB) = C/N0 - 10 log (bch) + 20 log (
6;:tJ + P + W (11) 

where P is the preemphasis gain (or loss)in dB relative to the gain at the 
test tone frequency, and W is the weighting advantage (2.5 dB for psopho
metric weighting). In this equation, ,Mtt is the rms test-tone deviation 
at the test-tone frequency, which is the 0-dB gain frequency of the 
preemphasis/deemphasis networks. The pre/deemphasis networks in general use 
today are specified by CCIR Recommendation No. 464. 
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Degradation of the Output S/If: Im.perfect Electronics 

Although the signal-to-noise ratio of a voice channel in an FDM/FM satellite 
system is largely a function of the received carrier-to-noise power-density 
ratio, the earth station and satellite electronics can contribute to channel 
noise. In fact, at high C/N0 levels, this noise will dominate. Prudent 
design requires a thorough understanding of the distortion mechanisms 
involved. A block diagram discussion of the major parts of a message exciter 
and receiver will show potential problem areas, and what effect they have on 
system performance. Figure 4 is a block diagram of the Scientific-Atlanta 
Model 7560 Message Exciter; Figure 5 is the complementary Model 7510 Message 
Receiver. 

BASEBAND 
INPUT 

RF IN 

BASEBAND 
PROCESSOR 

FM 
MODULATOR 

IF 
AMPIFILTER UPCONVERTER 

Figure 4. Message Exciter Block Diagram 

DOWN
CONVERTER 

IF FILTER 
AMPIALC 

DEMODULATOR BASEBAND 
PROCESSOR 

Figure 5. Message Receiver Block Diagram 

RF OUT 

BASEBAND 
OUT 

a. Baseband Processor. In the message exciter, the baseband processor 
amp 1 if i es the baseband to th.e proper level, preemphas i zes the s i g
n al, and prevents over-deviation of the carrier under heavy loading 
conditions. Two sources of noise arise in the baseband circuits-
thermal and intermodulation noise. Thermal noise becomes 
significant at low baseband signal levels. Intermodulation noise 
is caused by nonlinear distortion in amplifiers, and becomes impor
tant at high baseband levels; i.e., when the baseband is heavily 
loaded. The baseband circuits must be characterized carefully for 
both thermal and intermodulation noise performance to ensure mini
mal contribution to channel noise. The baseband circuits in the 
receiver perform complementary functions to those in the exciter. 

b. Wideband Modulator and Demodulator. In the exciter, the wideband 
modulator frequency modulates an RF carrier with the FDM baseband. 
If the modulator voltage to frequency transfer characteristic is 
nonlinear, distortion will result. This distortion is equivalent 
to nonlinear distortion in baseband amplifiers, and results in 
intermodulation noise. In addition, residual phase noise of the 
modulator can degrade the system noise floor. Similar comments 
apply to the receiver demodulator. 
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c. IF Filters. Bandlimiting filters are used in both the receiver and 
exciter. Linear distortion in these filters can cause intermodula
tion noise in the system. Linear distortion is any amplitude or 
group delay variation (phase nonlinearity) across the RF bandwidth 
of the carrier. Linear delay distortion results in second-order 
intermodulation products in the multiplex signal whose total power 
is proportional to the square of the linear delay component. Para
bolic delay distortion results in third-order intermodulation pro
ducts, with power again proportional to the square of the parabolic 
delay. Delay distortion can result not only from IF filters, but 
al so from any other bandpass element in the system. Sate 11 ite 
transponders exhibit delay distortion, and are typically equalized 
at the transmit site. 

d. Noise Due to Up/Downconverters. Up/downconverters contribute to 
system noise 1n two ways--res1dual phase noise of local oscillators 
and group delay distortion. Residual phase noise of local oscil
lators directly adds to the thermal noise floor of the system. 
Typically, this is only significant in the lowest channels of an 
FDM baseband. 

There are other sources of distortion and noise in a typical earth station. 
Multiple carriers in a high-power amplifier give rise to intermodulation 
products. Group delay distortion can be caused by RF reflections in cables 
or interfaces with poor impedance match. 

Good design practice generally allocates about 10% of the total noise power 
in a voice channel to earth station equipment noise. Equipment designers 
must be familiar with all these distortion mechanisms in order to design cost 
effective, high-performance communications equipment. 
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Introduction 

FM SCPC Systems 

Tommy Brigman and Richard Harris 

FM SCPC is a communication system which provides efficient and flexible use 
of available satellite transponder space. It is particularly suited to 
international and domestic markets using a large nllllber of remote locations 
with relatively low traffic requirements. An SCPC system can be initially 
configured with small nlJllber of manually controlled channels and later 
expanded to hundreds of channels utilizing Demand Assignment Multiple Access 
(DAMA). This flexibility provides a means of implementing a comnunication 
system cost effectively upfront and expanding economically as the require
ments increase. A typical FM SCPC system is shown in Fiqure 1. 

REMOTE 
A 

TELEPHONE 
SYSTEM 

Figure 1. Typical FM SCPC System 

MASTER 
STATION 



One such system is the Australian Outback System described in the 1980 
Scientific-Atlanta Satellite Symposium. This is a particularly good example 
of how an SCPC system architecture can be structured to a 11 ow growth from a 
simple beginning to a complex system with 3,000 channels. A system design 
such as this provides a very cost-effective domestic communication system 
which can be expanded to provide extensive national as well as international 
telephone service. 

The initial conception of an SCPC system may involve limited economic 
resources and limited access satellite transponder space. In many situations 
much of the system is predefined and maximun use of the available resources 
is the major consideration. A typical SCPC earth station is shown in 
Figure 2. Again, using the Australian Outback System as a reference, a cost 
tradeoff analysis was presented and is included in Appendix A. 

lll.f'UEM:1 
FREQ.GIN. 

ADDITIONAL CHANNELS 

.,,~.----,_---=:.:___r--,.__....r-7 

*"LOT GEN.Ullo 1NMAITIR ITATION AND IICONTAINIO IN 1'Kf. RFG 

NOTI : AI.L CCNM>N IGUIPMINT AYAILMI.E IN l'IEDUNDINTCOWIQUJIATtON 

Figure 2. Typical SCPC Earth Station 

FlVI SCPC System Design 

•w1111 
VfCIRCUIT 

To illustrate techniques and principles of a typical SCPC system, an example 
system will be analyzed. This example system has a frequency plan illus
trated in Figure 3 with ha.lf-transponder video and 140 channels of SCPC. The 
video will be uplinked from a different station than the SCPC. 
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VIDEO 

~·r SCPC 
140 CHANNELS 45 kHz SPACING 

60.75 79.2 85.5 

Figure 3. FM SCPC System Design 

The satellite to be used has the following transponder characteristics for 
beam center operation: 
Table 1. Transponder Characteristics 

Specification 

Satellite Antenna Gain 
Receive 
Transmit 

Uplink Saturation Flux Density 

Downlink EIRP (Saturated Carrier) 

Satellite GIT 

Characteristic 

18.2 dBi 
18. 2 dBi 

-77 .8 dBWlm2 

26.1 dBW 

-11.8 dBIK 

The earth stations in this system consist of a MAIN STATION with an 11-meter 
antenna which is geographically located -2.1 dB from the satellite beam peak, 
and a REMOTE STATION with a 7-meter antenna which is geographically located 
-1.3 dB from the satellite beam peak. Table 2 lists the station parameters. 

Table 2. Section Parameters 

MAIN STATION 

REMOTE STATION 

ANTENNA 

11-Meter 

7-Meter 

TX ANT GAIN 

54.1 dBi 

49.3 dBi 

RX ANT GAIN GIT 

51.7 dBi 31.7 dBIK 

47.5 dBi 26.5 dBIK 

Since the transponder contains both SCPC and video signals, the available 
transponder power must be shared between the two signals. The design con
sideration used to divide the power is the receive SIN ratio requirements of 
the two signals. Working backwards from desired SIN, the power required for 
each signal can be determined. If this power is more than the available 
power from the satellite, tradeoffs must be made on the desired video SIN 
versus the desired SCPC SIN. In this example, the video signal will demand 
nearly equal to 95 percent of the satellite power leaving 5 percent for the 
SCPC. This is primarily due to the large pre-detection bandwidth necessary 
to demodulate the wideband FM video signal. 
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Another consideration in this design is the satelite backoff determination. 
The satellite backoff is the reduction of uplink transmit power necessary to 
place the satellite TWT in an acceptably linear operating region. When the 
transponder is saturated, the TWT is obviously in an extr~mely non-1 inear 
region. Multicarrier operation at saturation will produce severe inter
modulation products that can degrade the link performance drastically. In 
this example, an input backoff of -8.4 dB and an output backoff of -3.4 dB is 
used. 

Tables 3 and 4 list the transmission and satellite parameters, respectively. 

Table 3. Transmission Parameters 

Description of Carriers 

Characteristic 

Number of carriers 

Modulation 

Rx EIRP (Main Station) 

Rx EIRP (Remote Station) 

Pre-detection Noise Bandwidth 

Baseband Noise Bandwidth 

Peak Deviation ( t.F} 

Carson's Rule Bandwidth 
(2 /lF + FM) 

Highest Baseband Frequency (Fm) 

Preemphasis Advantage 

Weighting Advantage 

Companding Advantage 

TV Video 

1 

FM 

20.45 dBW 

21.27 dBW 

15. 75 MHz 

5.6 MHz 

7 .5 MHz 

25 MHz 

5 MHz 

Parameters 

Telephone 

56 {40% activitr 
on 140 channels) 

SCPC 

-3.33 dBW per channel 

-2.22 dBW per channel 

36 kHz per channel 

3.4 kHz per channel 

9.2 kHz per channel 

24.6 kHz 

16.3 dB (combined) 

3.1 kHz 

6.3 dB 

2.5 dB 

17 .0 dB 
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Table 4. Satellite Parameters 

Description 

EI RPSATELLITE = 26.1 dBW 

E IRPSATELLITE = 24.0 dBW 

E IRPsATELLITE = 24.8 dBW 

Input Backoff = -8.4 dB 

Output Backoff = -3.4 dB 

Total Available Downlink EIRP = 

Tota 1 Av ailab 1 e Down 1 ink E IRP = 

Total Available Downlink EIRP = 
Saturation Flux Density = 
Saturation Flux Density = 

Saturation Flux Density = 

Parameters 

Beam Center Saturated 

Main Station Saturated 

Remote Station Saturated 

22.7 dBW Beam Center 

20.6 dBW Main Station 

21.4 dBW Remote Station 

-77 .8 dBW/m 2 Beam Center 

-75.7 dBW/m 2 Main Station 

-76.5 dBW/m 2 Main Station 

Link Calculations {SCPC per channel) 

Main Station 

1) Uplink C/N0 u 

C/Nou = S + G/TsATELLITE -20 log FGHz - 21.45 + 228.6 

where: 

S = transmit flux density dBW/m 2 

G/TsAT = -11.8 dB/K 

FGHz = 6 
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S is the transmit per carrier flux density. It can be calculated from the 
receive EIRP and going backwards to the transmitter. 

2) 

S = S1 
- input backoff - (EIRP' - EIRP) 

S1 = flux density required to saturate transponder from uplink site 

EIRP' = downlink EIRP for saturated carrier 

EIRP = downlink EIRP per SCPC carrier 

S = -75.7 - 8.4 - (20.6 - (-3.33)) 

S = -108 d8W/m2 

C/N0 u = -108 - 11.8 - 15.56 - 21.45 + 228.6 

C/N0 u = 71.79 dB-Hz 

Downlink C/N0 d 

C/Nod = 

Ls = 

EIRP = 

G/T = 

EIRP - Ls+ G/T + 228.6 

free space loss from satellite to earth station - 196.66 

satellite EIRP for SCPC channel 

earth station figure of merit 

C/N0 d = -3.33 - 196.66 + 31.7 + 228.6 

C/N0 d = 60.31 dB-Hz 

3) Total Link C/N0 (Assume C/I, carrier-to-interface ratio, is negligible 
for this case. In many cases C/I is an important 
consideration.) 

1 =--"""""'----.--
1 0 1 

C/Nou C/Nod 

0 denotes power addition 

1 C/N
0 

= 10 log--------------.---
+-----

10 71. 79110 

C/N
0 

= 60.01 dB-Hz 

10 60.31110 
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4} Channel S/N Ratio 

SIN= C/N0 + 10 log 3 (::) 
2 

- 10 log 28a + P + C 

where: 

~F = peak deviation= 9.2 kHz 

fM = highest baseband frequency= 3.1 kHz 

Ba = baseband noise bandwidth= 3.4 kHz 

P = preemphasis advantage= 6.3 dB 

C = companding advantage= 17.0 dB 

S/N • 60.01 + 10 log 3 (§:i ~~) 2 
- 10 log 2(3.4E3) + 6.3 + 17.0 

S/N = 60.01 + 14.22 - 38.33 + 6.3 + 17.0 

S/N = 59.2 dB 

Bemote Station 

1) Uplink C/N0 u 

C/Nou = S + G/TsATELLITE - 20 log FGHz - 21.45 + 228.6 

S = -76.5 - 8.4 - (20.6 - (-2.22)) 

S = -107. 72 

C/N0 u = -107.72 - 11.8 - 1s:56 - 21.45 + 228.6 

C/N0 u = 72.0/ dB-Hz 

2) Downlink C/N0 d 

C/N0 d = EIRP - Ls+ G/T + 228.6 

C/N0 d = -2.22 - 196.66 + 26.5 + 228.6 

C/N0 d = 56.22 dB-Hz 
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3) Total C/N0 

C/N = 
0 

1 
1 0 1 

C/Nu + C/N
0
d 

C/N0 = 56.10 dB-Hz 

4) Channel S/N Ratio 

S/N = C/N0 + 10 log 3 (ff) 2 
- 10 log 2 Ba+ P + C 

S/N = 56.1 + 14.22 - 38.33 + 6.3 + 17.0 

SIN = 55.29 dB 
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AppendfxA 

A'QStralian Outback System Tradeoff .Analysis 

The main system parameters for four channel spacings have been calculated and 
are shown in Table 1. The systems all meet the specifications for the model. 
A 11 systems are calculated for the transponder-bandwi dth-1 imited case and 
three different earth-station system temperatures. The traffic capacity has 
been calculated using a 2-percent reduction to allow for DAMA control traffic 
on satellite. 

Table 1. Main System Parameters 

Parameter 

Channel Spacing (kHz) 

Number of Channels (Duplex) 

Channel Peak Deviation 

Required C/N0 dB/Hz 

One Hop S/N Ratio (dB) 

Call Blocking Ratio 

Downlink EIRP/ch dBW 

Uplink EIRP/ch dBw 

G/T min. dB/K 

Antenna Diameter l* 
(Meters) 2* 

3* 

HPA Power/ ch l* 
(Watts) 2* 

3* 

C/N dB 

Traffic Capacity (Erlangs) 

Traffic/Station (Erlangs) 

System 1 

60 

300 

21.7 

56.2 

55.2 

1 in 100 

7.2 

46.7 

16.9 

2.8 
3.2 
3.6 

3.46 
2.65 
2.09 

10 

268 

0.089 

System 2 

45 

400 

12.2 

56.0 

50 

1 in 100 

6.0 

45.5 

17.9 

3.11 
3.55 
4.0 

2.13 
1.63 
1.29 

10 

371 

0.124 

System 3 

30 

600 

8.6 

59 

50 

1 in 100 

4.2 

43.7 

22.7 

5.38 
6.21 
7.0 

0.5 
0.35 
0.27 

15.84 

567 

0.189 

System 4 

22.5 

800 

5.4 

63 

50 

1 in 100 

3.0 

42.5 

27.9 

9.79 
11. 3 
12.7 

0.11 
0.08 
0.06 

21.4 

765 

0.25 

*These items show the parameter values versus the station system temperature. 
1, 2, 3 ref er to system noise temperatures of 150, 200, and 250K, respec
tively. 
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For each system, the channel deviation was chosen for the optimum system. 
Inspection of the table shows that system 2 meets the S/N and C/N criteria, 
simultaneously. System 1 betters the S/N specification by 5.2 dB while just 
meeting the C/N specification. System 3 and 4 better the C/N specification 
by 5.84 and 11.4 dB, respectively, while just meeting the S/N specification. 
This is just as predicted in Appendix B. Let us compare System 1 and 2. 
System 2 carries 38 percent more traffic than System 1. The antennas are 
close in size, using the rule of thumb cost approximation that the ratio of 
cost is proportional to the square of the diameter ratio, the System 2 
antennas would be about 25 percent more than those in System 1. On the other 
hand, System 1 requires higher HPA power. There is a ~ood possibility that 
the station costs would come out equal or very close. In that case, System 1 
has little to recommend it, and would not be used. System 2 would be 
preferred and used up to its maximum traffic load. Assume the traffic load 
is between 0.124 and 0.189 erlangs per station. This level can be carried by 
System 3 on one transponder or System 2 using two transponders. 

The antennas in System 3 would cost about three times as much as those in 
System 2. The power amplifier cost would be significantly less in System 3 
than in System 2. However, System 2 using two transponders would need 
frequency-agile up/downconverters under DAMA system control which would add 
cost. Some simple arithmetic would show which alternative is best. If the 
costs of both aJternatives are close, then the second transponder might be 
chosen since System 2 with two transponders can carry 35 percent more traffic 
than System 3 and one transponder. Assume now the traffic load is between 
0.189 and 0.25 erlangs power station. The choice is between System 2 and two 
transponders and System 4 and one transponder. The antenna costs in System 4 
would be many times greater than those in System 2. The diameter square rule 
does not apply here since at 3 meters labor saving manufacturing techniques 
exist which are not usable at 10 meters. The multiplier may well be 25 or 
better. For illustration, let us assume: the cost differential between an 
installed 10-meter antenna and an installed 3-meter antenna is $50,000. This 
cost difference multiplied by 3,000 is 150 million dollars. System 4 is 
therefore unlikely to be used. 

System C8lculations - Downlink 

Assume that the SCPC channel has the following parameters: audio range 300 
to 3400 Hz, pre/deemphasis break-points 600 and 5000 Hz, 2-for-l companding, 
signal-to-noise 50 dB unweighted. The signal-to-noise performance is given 
by Equation A-1: • 

S/N = C/N0 + 10 log 3 (t:k )
2 

- 10 log 2 Ba+ P + C (A-1) 

where: 

Fpk is the peak deviation in Hertz 

Ba is the baseband noise bandwidth 

Pis the improvement due to pre/deemphasis 
C is the improvement due to companding 
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The emphasis improvement with the characteristics defined in above is 5.2 dB. 
The subjective companding improvement varies with individual listener and 
speaker. Experimental results give a number of 12.3 dB observed by 90 
percent of listeners. We shall use this number for this system model. The 
C/N0 needed to meet the 50 dB specified signal-to-noise is obtained by 
substituting the specified parameters in Equation A-1. This is the 
theoretical link performance. To allow for degradation due to uplink 
performance, intermodulation noise, pointing errors, etc., the C/N0 is 
increased by 1 dB. Knowing C/N0 , Equations A-2 and A-3 may be used to 
calculate various trade-offs between number of channels, satellite EIRP, and 
earth station G/T. 

EIRPch = C/N0 + S.L. - G/T - 228.6 

EIRPsAT = B.0. - EIRPch = 10 log N 

where: 

EIRPch is the power radiated per channel in dBW 

S.L. is a "space loss" factor given by: 

(A-2) 

(A-3) 

S.L. = 185.04 + 10 log (1 - 0.3 cos H cos 0L) + 20 loq F (A-4) 

where: 

H = Latitude of earth station 

0L = Difference in longitude between earth station and satellite 

F = Frequency in GHz of downlink 

G/T = Figure-of-merit of earth station antenna/LNA system 

N = MaximlJTl number of simplex SCPC channels in the transponder 

B.0. = Backoff from transponder saturation in dB 

EIRPsAT = Transponder saturated radiated power in dBW 

The maximum number of simplex SCPC channels in the transponder (N) is related 
to the number of usable duplex trunks (NT) by the relationship shown in 
Equation A-5. 

N 
N =--
T 2 x .4 

where .4 is the activity factor for V0X operated SCPC . 
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For a given system, the number of required trunks is determined by the number 
of stations in the system and the traffic originated at those stations. Once 
the total Traffic in Erlangs is known, the number of trunks used to carry 
this traffic at a defined grade of service can be found either from lookup 
tables or by solving the Erlang B or Poisson traffic equations depending on 
usage in the particular country. This trunk number is Nr; using Equation 
A-5 N can be derived. Substituting N in Equation Al-3, E·IRPch can be 
found. Substituting this value in Equation A-2 gives the necessary GIT. 

Uplink calculation 

The uplink EIRPu can be found from Equation A-6. 

EIRPu = a 228.6 - 10 log N - B.O.L + L 

where 

(A-6) 

a= Flux density needed at satellite to produce saturation output EIRP. 

( -82 dBW/m 2 for RCA type) 

L = spatial loss factor (L = 10 log 4 ~ f 2 ) 

r = slant range station to satellite 

B.O,L = Extra backoff needed to allow for non linear input/output 
curve of the TWT. B.O.L = 5 dB 

The amplifier power-out needed is given by: 

Pour= EIRPu - G1 + 1 dB 

where G1 is the antenna gain at the uplink frequency and 1 dB is the assumed 
loss between amplifier and antenna. 
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Append:tx 13 

Derivation of Optimum SCPC Channel Deviation 

1. Voice Channel 

Assume that the channel must meet a 50 dB signal-to-noise and a C/N of 10 dR, 
simultaneously. Assume further that the channel IF bandwidth is equal to the 
Carson's Rule bandwidth B. 

then B = 2(f + 3400)(f in Hertz) 
pk pk 

and C/N = 10 log 2(f + 3400) + lO(dB-Hz) 
o • pk . 

Substituting this equation in Eouation A-1 from Appendix A gives: 

3f pk2 
50 = 10 log 2 (fpk +.3400) + 10 + 10 log 2 x 34003 +Ip+ IC 

Substituting for Ip and le the values used in Appendix A and reorganizing 
the equation gives: 

90 + 10 log (fpk + 3400) + 20 log fpk = 123.7 

Solving for fpk gives the optimum value for this case fpk = 12.2 kHz, 
giving an IF bandwidth of 31.2 kHz which fits well with 45 kHz spacing. The 
C/N0 required is 55 dB. If the peak deviation is increased, the r,/N0 
must be increased to meet the C/N specification and the S/N performance 
exceeds the specification. This appears when using larger channel spacing 
such as 60 kHz. 
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Introduction 

Satellite Link ADaly&is 
Summary 

R.B. Harris 

This paper is intended to provide a reference document for individuals to use 
in the calculation of satellite link performance. Because of this intent, 
the discussions of the equations are abbreviated. Hopefully this will be a 
useful document that can be easily accessed and accurately implemented. 

The paper will be divided into two general areas. First is an analysis of 
the radio link performance resulting in the net carrier-to-noise ratio 
( C/N0 ). Second is an interpretation of the effect of this C/N0 on the 
end-to-end performance of several services (video, message, SCPC, digital, 
etc.). This separation emphasizes the fact that the C/N0 analysis follows 
the same pattern, regardless of the particular service being transmitted. 

Link Analysis 

The purpose of radio link analysis is to determine the transmission quality 
that can be expected for signal carriers relayed from one point to another. 
In satellite communications, two relays are actually performed. One from the 
transmit earth station to the satellite and the other from the satellite to 
the receive earth station. For this reason, separate carrier-to-noise calcu
lations will be made on the uplink and downlink. 

Uplink (C/llo)u 

The uplink carrier-to-noise ratio can be determined using the following 
formula: 

~/N~u = S + (G/T)s - 20 log F(GHz) - 21.45 + 228.6 (dB-Hz) 

where: 

S = radiated flux density 

(G/T)s = satellite uplink receive system (from contour map) 

F(GHz) = uplink frequency in GHz 

21.45 dB = 20 log (4:R) 
228.6 dB = 10 log (1.38 x 10-23 ) Boltzmans constant 



The radiated flux density can be determined from, 

s = P0 + Gr - 162.5 

where: 

P0 = HPA output power in dBW 

Gr = transmit antenna gain in dBi 

162.5 dB = spreading loss= 10 log 4~R2 

R = distance from earth station to satellite in meters 

Downlink (C/l'fo)D 

The downlink ~!NJ 
O 

can be calculated using the following equation: 

(C/N0) O = (G/T)e + (EIRP)s - 228.6 - Ls - LP (dB-Hz) 

where: 

(G/T)e = earth station figure of merit 

(EIRP)5 = satellite downlink EIRP (from contour map) 

Ls • = 20 ·1og (- 4~R) 

LP = -10 log P 

A = downlink signal wavelength 

P = polarization efficiency 

Overall (C/1'10 )0 

The overall (c/N0) can be calculated from the (c/N0) and (c/N0) • Notice 
this equation contaiis a 0 symbol. This means power0addition anM requires 
the objects of the addition to be in watts and not dBW~ 

(dB-Hz) 
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Sometimes it is useful to express the carrier-to-noise in a bandwidth wider 
than 1 Hz. This is usually expressed as C/N and can be calculated from 
C/N0 in the following way: 

C/N = C/N0 - 10 log Bn 

where: 

Bn = noise bandwidth of system where C/N is desired 

C/110 Summary 

The previous equations provide a means to cal cul ate the performance of a 
satellite link. This performance is expressed as a carrier-to-noise ratio in 
a 1 Hz bandwidth, providing a number useful in S/N analysis. 

S / II Analysis 

There are many different communication schemes used in satellite communica
tions. FM techniques have been heavily utilized in such systems as message, 
video and SCPC. Digital transmissions have recently gained popularity 
utilizing PM techniques. This section will provide equations to predict S/N 
or BER performance of these systems, based upon the C/N0 performance of the 
satellite 1 ink. 

NOTE 

The followin~ equation~ provide accurate results for systems 
operating 2 dB above the demodulation threshold. 

Message S / IT 

Message transmission uses FDM-FM techniques to multiplex many voice channels 
into one baseband signal. Due to the triagular noise spectrum inherent with 
FM demodulation, the S/N is dependent on the channel frequency. The 
following equation can be used to calculate the S/N performance: 

S/N = C/N
0 

- 10 log (2Bch) + 20 log r;:t) + P + W 
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where: 

C/N0 = link carrier-to-noise ratio in dB-Hz 

Bch = channel noise bandwidth 

aFtt = peak deviation of IF signal produced by test tone signal 

Fe = channel frequency 

P = preemphasis advantage 

W = weighting advantage 

The preemphasis advantage is also dependent on the channel frequency and can 
be calculated using the following formula: 

P = 5 - 10 log 1 + 6•90 

1 + (::F(:;y 
where: 

Fe = channel frequency 

Fr = 1.25 x maximum baseband frequency 

The weighting advantage can be calculated using, 

W = 2. 5 + 10 1 og ( Bch J 
3,106/ 

SCPC S/?l 

SCPC stands for "single channel per carrier, 11 implying each channel has its 
own FM carrier. The following equation can be used to analyze SCPC S/N: 

5/N = C/N0 + 10 log 3 (::)
2 

- 10 log 2B0 + P + C 

where: 

C/N0 = link carrier-to-noise ratio in dB-Hz 

aF = peak deviation of IF s i gna 1 produced by test tone signal 

Fm = highest baseband frequency 
Ba = audio filter noise bandwidth 

P = preemphasis advantage 

C = companding advantage 
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Video S/IT 

Baseband video signals are modulated on a single IF carrier, generating a 
wideband FM signal. This baseband signal includes video information and sync 
tips for horizontal line synchronization. Since the sync tips do not contain 
video information, they are excluded from the following S/N calculation: 

S/N = C/N0 + 10 log 12 + 20 log AFs - 30 log Bv + P + W 

where: 

C/N0 = link carrier-to-noise ratio in dB-Hz 

= peak deviation of IF signal produced by the "video" portion 
of the baseband signal 

= noise bandwidth of the baseband video filter 

= preemphasis advantage 

= weighting advantage 

Audio Subcarrier S / IT 

The audio portion of a television signal is usually transmitted as an FM 
subcarrier added to the video baseband, forming a composite baseband. On the 
receive side, the S/N from the video demodulator is the C/N input to the sub
carrier demodulator. The following equations present techniques to calculate 
(C/N)sc and S/Nprgm= 

(C/N)sc = C/N0 + 20 log L AFsc)- 10 log 2Bsc 
\ Fsc 

where: 

(C/N)sc = carrier-to-noise of the audio subcarrier input to the 
subcarrier demodulator 

= link carrier-to-noise in dB-Hz 

= peak deviation of IF carrier produced by subcarrier signal 

= frequency of subcarrier 

= noise bandwidth of predetection subcarrier filter 
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S/Nprgm = C/N0 + 20 log(•:::)+ 20 log (•::) - 10 log Ba - 1.25 + p 

where: 

C/N0 = link carrier-to-noise ratio 

~sc = peak deviation of IF carrier produced by the subcarrier 
signal 

Fsc = frequency of subcarrier signal 

~Fa = peak deviation of subcarrier produced by audio signal 

Ba = noise bandwidth of audio baseband filter 

P = preemphasis advantage 

Digital BEB 

Digital systems use slightly different parameters to define the performance 
of link. A term Eb/N0 or energy per bit is used instead of C/N0 . They 
are related by the following formula: 

Eb/N0 = C/N0 ~ 10 log BR 

where: 

. C/N0 = link carrier-to-noise ratio in dB-Hz 

BR = bit rate being transmitted 

The equations that quantify the performance of a digital link are complex. 
Instead of providing these equations, sample performance charts will be shown 
to indicate performance (Figures 1 and 2). 

Notice, instead of S/N the digital systems use Bit Error Rate (BER) to define 
the performance of the system. 
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Figure 1. Theoretical BER Performance for BPSK/QPSK 
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B R 7/8 1 BIT HARD DECISION THRESHOLD DECODER 
C R 7/81 BIT HARD DECISION REED-SOLOMON DECODER 
D R 7/8 3 BIT SOFT DECISION SEQUENTIAL DECODER 100 kb/s 
E R 1/2 3 BIT SOFT DECISION VITERSI DECODER 
F R 7/8 BIT SOFT DECISION SEQUENTIAL DECODER 1.544 kb/s 
G R 1/2 3 BIT SOFT DECISION SEQUENTIAL DECODER 100 kb/s 
H R 1/2 3 BIT SOFT DECISION SEQUENTIAL DECODER 1.544 Mb/s 

10-9 __ ....._ _ _.__ ....... _......,___......_....._...__ __ .....__&.l-_ ....... _ __,_ ____ 1---......, 
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Figure 2. Coding Performance 
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Summary 

Uplink 

EIRPe = P0 + Gt 
S = EIRPe - 162.5 

N0 = k T0 Bn 

(c/N0) u = S + G/T - 20 log F(GHz} - 21.45 + 228.6 (dB-Hz} 

Downlink 

~/No)o = G/T + EIRPs - 228.6 - Ls - LP 

L5 = 20 log ( 4•~) 

C/N = C/N0 - 10 log Bn 

Overall 

(c!Na)o = ----=1 __ _ 
1 -,-.:1 __ 

(Cf No u)® (Cf No) D 

or 

where: 

0 = denotes power addition 

SCPC 

S/N = C/N0 + 10 log 3c~:)2 
- 10 log 2Ba + P + C 

Video 

SIN = C/N0 + 10 log 12 + 20 log 6F 5 - 30 log Bv + P + W 

Message 

S/N = C/N0 - 10 log fsch) + 20 log e~:t) + P + W 

Digital 

Eb/N0 = C/N0 - 10 log BR 
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Glossary of Symbols 

EIRP - Effective Isotropic Radiated Power 

- HPA output power in dBW 

Transmit antenna gain in dBi 

- Flux density in dBW 

- Noise power density per unit bandwidth 

- Boltzmans constant= 228.6 dB-Hz or 1.38 * 10-23 Joule/K 

- Equivalent noise temperature in K 

- Filter noise bandwidth 

- Carrier power in watts 

- Earth Station Figure of Merit dB/K 

- Spreading loss 

- Polarization efficiency loss 

- Distance from earth station to satellite in meters 

A - Wavelength of signal 

- Peak deviation (If video signal, this includes sync tips) 

- Highest baseband frequency 

- Audio filter noise bandwidth 

- Preemphasis advantage in dB 

- Companding advantage in dB 

- Peak deviation produced by that part of the video signal 
defined to be the "signal" 

- Video filter noise bandwidth 

- Weighting advantage 

- Message baseband channel bandwidth 

- Peak deviation due to test tone 
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Introduction 

Interference Analysis 
James H. Cook. Jr. 

The consideration of interference in a satellite communications system is 
important, not only for being interfered with, but generating interference 
into existing systems. It is mandatory for a proposed transmit system in the 
United States to submit to the Federal Communications Commission (FCC) a 
coordination filing which includes an interference analysis. This analysis 
must show the impact of the ,proposed system on existing operational systems 
and must meet the allowable interference requirements of the FCC. Coordina
tion for receive-only systems is not mandatory and is only necessary when the 
system desires interference protection from future transmitting systems. 

To demonstrate the analysis procedure, a typical 7-meter broadcast FM/TV 
system is considered. The model is described below with the supporting 
calculations for the interference study. 

Modelforinterference.A.nalysu 

The interference analyses presented in the following sections are based on 
models for the antenna characteristics, the geostationary satellite systems, 
and :the spectral characteristics for the desired and interfering carriers. 
In this section the key assumptions upon which these models are based are 
described and examined. The single-entry model for adjacent satellite inter
ference is also discussed. 

AnteDDa Characteristics 

The primary characteristics of the antenna which affects the interference 
analysis is the angular discrimination, the gain differential between the on
axis peak to an off-axis angle for an interference source. For this analysis 
the radiation patterns of all earth station antennas are characterized by the 
standard envelope (32-25 log e) dBi out to 48 degrees and -10 dBi from 48 
degrees to 180 degrees. (See Introduction to Earth Station Antennas in 
this digest.) In actuality, the antenna radiation patterns fall below this 
envelope for most of the region between 1 and 180 degrees, so this is a 
limiting case assumption. Table 2-1 shows the angular discrimination calcu
lations for various earth station antenna sizes. No angular discrimination 
is assumed for the satellite antennas in the adjacent satellite interference 
analysis. 



Table 2-1. Angular Discrimination of Earth Station Antennas 

Transmit Receive 
Antenna 
Diameter Gain Discrimination Gain Discrimination 
(meters) (dBi) 4.2° 5.25" (dBi) 4.2° 5.25° 

3.06 39.5 23.1 25.5 
4.6 46.3 29.9 32.3 43.5 27.1 29.5 
5.0 47.4 31.0 33.4 44.5 28.1 30.5 
7.0 49.4 33.0 35.4 47.5 31.1 33.5 

10.0 53.5 37.1 39.5 50.9 34.5 36.9 
13.0 56.0 39.6 42.0 52.0 35.6 38.0 
30.0 63.3 46.9 49.3 60.3 44.5 46.9 

Satellite Characteristics 

The characteristics of the present geostationary communications satellites 
illuminating the U.S. are shown in Table 2-2. These :re used as guidelines 
for analyses of the adjacent satellite interference effects. 

Based on a stationkeeping accuracy of ±0.lt the worst-case orbital separation 
is 3.8 degrees. The resulting effective angular separation of the earth 
station for worst-case viewing angle for the 48 contiguous states is computed 
to be 4.2 degrees. (See Appendix A). In all calculations presented, an 
angular offset of ±4.2 degrees is used with the exception of the case of the 
Anik satellites, which have a 5-degree orbital separation and an effective 
5.25-degree angular separation. 

The analyses in the following sections assume the nominal values for EIRP 
shown in Table 2-2. For those cases which do not refer to specific satel
lite, an EIRP of 34 dBW is used. 

Table 2-2. Interfering Satellite Parameters 

Parameter WESTAR COMSTAR SATCOM ANIK 

EIRP Range (dBW) 33-36 33-37 33-37 33-36 
EIRP Nominal (dBW) 34 35 34 34 
Transponder Saturation 

Flux Density (dBW/m1 ) 
-82 -74 -83 -82 

Longitude (degrees) I 99° A. 128° I 135° AI 104° 
II 123.5° B. 95° I I 119° AI I 109° 
III 91.0° C. 87° III*(l32°) AIII 114° 

*Not presently in orbit. 
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Polarization Bffects for Adjacent Sa1ie111te 

The RCA satellite system utilizes a 20-degree polarization twist for a 
24-transponder dual-polarized frequency plan. This results in a polarization 
discrimination effect for interference into and from other domestic satellite 
systems. The polarization discrimination angles between the RCA system and 
all other domestic systems are listed in Table 2-3. 

The polarization twist produces an added isolation for interference signals 
from other satellites, in addition to that given by the angular discrimina
tion in Table 2-1, to the extent that the transmit or receive polarization is 
maintained in the sidelobes for the antennas in the satellite system. 

Table 2-3. Polarization Discrimination Angles· 

WESTAR & ANIK C0MSTAR 

RCA up down up even up odd down even down odd 

Up even 20° 70° 70° 20° 20° 70° 
Up odd 70° 20° 20° 70° 70° 20° 
Down even 70° 20° 70° 20° 20° 70° 
Down odd 20° 70° 20° 70° 70° 20° 

For an ideal antenna which maintains the desired polarization through the 
sidelobe region, this provides an isolation of 9.3 dB (20 log cos 70°) for 
transponders with a 70-degree relative polarization, or 0.54 dB (20 log cos 
20°) for those with a 20-degree relative polarization. 

In reality, the cross-polarization isolation is probably less than 10 dB in 
the close-in sidelobe region for adjacent satellite signals. The isolation 
factors computed above for the 20 twist angle are thus modified by the imper
fect polarization of the sidelobes. Since for the 20-degree factor, the 
effect of the twist angle is relatively insignificant even in the ideal case, 
this effect is not included in the analyses which follow. However, it may be 
possible to reduce a potentially disruptive interference carrier from an 
adjacent satellite by selecting a 70-degree twist transponder•for the ser
vice. This may yield 4- to 6-dB additional isolation depending on the 
antenna performance. 

Spacecraft Polarization. The spacecraft antenna has a minimum cross
pol ari zat ion isolation of 36 dB. For these calculations, it is assumed that 
the satellite transponder of interest transmits and receives only signal 
components of the desired polarization. 
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Cross-Polarization Interference. The interference signals from the cross
polarized transponders must also be considered in this analysis. Table 2-4 
presents a summary of the polarization isolation factors for uplink and 
downlink. Since the characteristics of the cross-polarized transponders 
(uplink saturation flux density and downlink EIRP) are considered identical 
for this analysis, the uplink and downlink factors can be combined into a net 
isolation factors, as shown. 

Cross-polarized transponders are centered on 20-MHz offset frequencies, so 
that the center frequency for one polarization falls between those of the 
adjacent cross-polarized transponders. The isolation provided by the carrier 
offset combined with the spectral characteristics (produced by modulation) 
must be used to determine the interference signal level for this source. 

Table 2-4. Internal Satellite Cross-Polarization Isolation Summary 

Factor 

UPLINK 

E.S. Antenna, 7 meter; 0.13° rms pointing for 45 mph winds 
gusting to 60 mph plus 0.1° satellite station keeping error 
= 0.23° pointing error 

Rain* 

Faraday Rotation* 

Satellite Antenna 

Net Uplink Isolation** 

DOWNLINK 

E.S. Antenna (0.23° rms pointing) 

Rain* 

Faraday Rotation* 

Satellite Antenna 

Net Downlink Isolation** 

Net Link Isolation** 

* Degradation not exceeded 99.9% of the time. 
** Based on power summation. 
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Isolation (dB) 

30.0 

31.0 

35.0 

36.0 

26.3 

30.0 

34.0 

27.0 

36.0 

24.4 

22.2 



Single-Emry .U.,acent Satellite •odel 

The computation of interference from other satellites is accomplished in this 
analysis by the single-entry method, to account for the effects associated 
with signals from the two adjacent satellites and the two semi-adjacent sat
ellites. For this method, the single-entry interference is computed for an 
adjacent satellite at 3.8° (orbital arc) from the desired satellite. Then it 
is assumed, as a limiting or worst-case situation, that the same interference 
is produced from each of the other interfering satellites. These are com
bined using power summation and the angular discrimination (32-25 log e); 
the net result is an interference level which is 4 dB higher than the sinqle
entry level. 

The equations to calculate the adjacent satellite interference are given 
below: 

(CII)u = (EIRP)Es - J~(EIRP)i - (Gi-G(ei)) + Fi+ Pil dB (1) 
1=ll T 

where: 

r © = power summation 

(EIRP)Es = Earth station radiated power in dBW 

(EIRP)i 

G-1 

G(0); 

F-1 

p. 
1 

( C/I) D 

where: 

= Effective radiated power of interfering earth station (dBW) 

= Peak gain of i nterf eri nq earth station (dBi) 

= Gain of interfering earth station in direction ( 0); (dBi) 

= Frequency discrimination factor for ; th earth station 

= Polarization discrimination factor for ; th earth station 

= (EIRP)sAT + G ES - ~(±)~EIRP); + G ES (e;) + F; + P~ (2) 
1 =1 L iJ 

(EIRP)sAT = Effective radiated power of satellite in the direction of 
receive earth station in dBW 
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GES = Gain of the receive earth station, dBi 

GEs(ei) = Gain of the receive earth station in the direction ei 

Fi = Frequency discrimination factor 

Pi = Polarization discrimination factor 

(C/I) ADJ.SAT= (C/I)u 0 (C/I) D ( 3) 

If the single-entry calculation is done for the worst-case interfering sig
nal, the results yield a limiting value for the adjacent satellite interfer
ence. 

Interference .AnaJysis for FM/TV Service 

System Parameters 

The interference analysis for the FM/TV service is based on the following 
parameters: 

Parameter 

Transponder EIRP 

Antenna Size 
Transmit 
Receive 

Uplink EIRP 

Transmit Power 

Specification 

34 dBW (saturated) 

7-meter 
3-meter, 4.6-meter, 5-meter, or 10-meter 

80 dBW 

4.5 kW 

Interference into the Proposed System 

Interference into the proposed system can originate from the following 
sources: 

• Adjacent satellite signals 

• Internal cross-polarized signals 

• Terrestrial microwave signals 

These are analyzed separately in the following paragraphs and then combined 
to determine the total interference into the system. The results can then be 
incorporated in the link analysis. 
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Ad.Jacent Channel Interference 

The worst-case interference from an adjacent satellite occurs when all the 
transponder energy is concentrated within the desired signal bandwidth. The 
isolation is then produced solely by the angular discimination of the trans
mit (for uplink} or receive (for downlink} antenna. Thus for a 3.8-degree 
orbital separation and a 10-meter antenna, the single entry carrier-to
interference (C/I) is computed as follows: 

Uplink: Ww, flux density wanted signal -83 dBW/m2 

Wi, flux density interfering signal -82 dBW/m2 

~G, 10-meter 37.1 dB 

C/I up 36.l dB 

Downlink: Ew, EIRP wanted signa.l 32 dBW 
Ei ' EIRP Interfering signal 34 dBW 
~G, 7-meter 31.1 dB 

C/I down 29 .1 dB 

Total C/lup@ C/ldown 28.3 dB 
(±) Denotes power summation. 

This analysis ignores polarization effects, which would improve the downlink 
contribution somewhat depending on the relative polarization. The net adja
cent satellite interference is then 24.3 dB, according to the single-entry 
method described above . 

.Adjacent Satellites 

Consider a typical frequency reuse system with 24 transponder channels. If 
every channel carries traffic, for any one channel, tbe other 23 channels act 
as interference. However, only the four nearest channels in frequency need 
to be considered. The four channels consist of two co-polarized adjacent 
channels and two cross-polarized adjacent channels. It is assumed that all 
the interferences are incoherent. The amount of interfernce can be computed 
by convolving the power spectra of the wanted and unwanted signals. 

Several types of signals may occupy the adjacent channels such as HBR data, 
SCPC, FDM-FM, and FM/TV. It can be shown that the adjacent co-polarized 
channels have negligible effect compared to the two adjacent cross-polarized 
channels (see Appendix B). The interfering power from these four types of 
service is shown below: 
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Signal 

FM/TV 
HBR data 
SCPC 
FDM-FM 

Po 1 ari z at ion 

Co-
Co
Cross
Cross-

Interfering Power 

negligible 
negligible 
-39 dB below saturation 
-6.45 dB below saturation 

The interfering power from the cross-polarized SCPC channel assumes that the 
carriers in the 14-MHz shared-frequency band are directly interfering with 
the FM/TV channel. The SCPC carriers are assumed to be equally spaced, and 
the effects of intermodulation (intermod) are neglected, since the level of 
the i ntermod power spectrum is many dB be 1 ow the power spectrum associated 
with the SCPC carriers. 

The C/I due to the adjacent channels can be calculated by comparing the 
wanted to interfering powers. The cross-polarized FOM/FM, carrier-to
interference ratio for the uplink is 

= 6.45 + 26.3 
= 32.75 dB 

The cross-polarized FDM/FM, carrier-to-interference ratio for the downlink 
is: 

/Cr) = 6.45 + (XPI)o 
\ D 

= 6.45 + 24.4 
= 30.85 dB 

The cross polarized SCPC, carrier-to-interference ratio for the uplink is: 

(i)u = 3.9 + (XPI)u + Backoff 

Assuming a 4-dB backoff, the (C/I)u is: 

(~) u = 7. 9 + 26. 3 
= 34.2 dB 
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The cross-polarized SCPC carrier-to-interference ratio for the downlink is: 

(~)D = 7.9 + (XPI)D 

The total 

(~)u 

= 7.9 + 24.2 
= 32.1 dB 

adjacent satellite carrier-to-interference ratio 

= /.c) 0 /_c) 
\I u FDM-FM \ 1 u SCPC 

=30.4 dB 

= (C~ G) (C) 1/D FDM-FM ID SCPC 
= 28.4 dB 

ADJ. SAT. 
= 26.3 dB 

Te.rrestr:lal Interference 

is given by: 

Terrestrial microwave carriers are centered on frequencies offset by 10 MHz 
from the satellite carriers. To analyze the effect of terrestrial carriers 
on the FM/TV system, it is necessary to determine the power level of the 
interfering signal and the spillover of terrestrial carrier spectra into the 
passband of the receiver. The first factor involves site details, such as 
angular discrimination and distance to the interfering transmitter. The 
second factor can be computed from the spectral distribution projected for 
the terrestrail carrier and the filter characteristic of the receiver. For 
the purpose of this analysis, it is assumed that the C/I due to terrestrial 
microwave is 25 dB minimum. 

Summary 

A summary of the contributions to interference into the FM/TV system is pre
sented in Table 3-1. The net carrier-to-interference ratio for this service 
is computed from the power sum of the interfering signals. 

Table 3-1. Summary of Interference Into FM/TV System, in Terms of 
Carrier-to-Interference Ratio 

Adjacent Satellite 
Adjacent Transponder 
Terrestrial 

Net C/I, system* 

*Power summation. 
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Interference Into Other Services 

This section presents calculations for interference produced by the 7-meter 
FM/TV transmit system into other services. The uplink EIRP is well within 
the coordination limits for the transmit stations. 

The following analysis of the interference into adjacent satellite services 
is based on a satellite EIRP of 34 dBW. The EIRP, space loss, and other 
miscellaneous losses are assumed to be identical for adjacent systems so that 
the C/I is dependent only on relative EIRP, angular discrimination, and band
width factors. Although there can be potential additional discrimination 
associated with polarization differences between the adjacent systems, this 
has been omitted to obtain a worst-case analysis. 

Interference into FM-FDM Service 

Table 4-1 gives the analysis of interference of the indicated FM/TV system 
into a saturated carrier FM-FDM service. The analysis yields a worst-case 
C/I of 29.3 dB, resulting in a negligible effect to the FM/FDM service. Both 
the uplink interfering antenna and the downlink receiving antenna are assumed 
to be 7-meter diameter for the worst-case. An improvement of approximately 
2.4 dB occurs when the downlink receiving antennas are 13 meters in diameter. 

Table 4-2 gives an analysis of interference into a multi-carrier FM-FDM ser
vice. The input and output back offs are assumed to be 11 dB and 6 dB, res
pectively. These levels represent typical worst-case backoffs resulting in 
the lowest energy densities expected for this type system. The nominal C/I 
into multi-carrier FM-FDM systems is calculated based on full-transponder 
utilization for both desired and interfering carriers. 

1 0 



Table 4-1. Interference Into a Saturated Carri~,r FM-FDM Service 

DOWNLINK 

Satellite System 

WESTAR COMSTAR ANIK 

(13m) (7m) (30m) (7m) (30m) (7m) 

EIRP, wanted signal (dBW) 34.0 34.0 34.0 34.0 
EIRP, interfering signal (dBW) 34.0 34.0 34.0 34.0 
6G, antenna (dB) 35.6 31.1 44.5 31.1 46.9 31.1 

( C/I) D 35.6 31.1 44.5 31.1 46.9 31.1 

UPLINK 

Flux Density, wanted signal(dBW/m2 ) -82.0 -74.0 -82.0 
Flux Density, interfering signal(dBW/m2 )-83.0 -83.0 -83.0 
6G, antenna (dB) 33.0 33.0 33.0 

( C/1) u 34.0 34.0 42.0 42.0 34.0 34.0 

System ( C/1), dB* 31.7 29.3 40.0 30.8 33.8 29.3 

*Power summation. 
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Table 4-2. Interference Into Multi-Carrier FM-FDM Service 

DOWNLINK 

Satellite System 

WESTAR COMSTAR ANIK 

Receive Antenna Diameter (m) (13) ( 7) (30) ( 7) ( 30) ( 7) 
EIRP, wanted signal (dBW) 28.0 28.0 28.0 28.0 28.0 28.0 
EIRP, interfering signal (dBW) 34.0 34.0 34.0 34.0 34.0 34.0 
~G, dB 35.6 31.1 44.5 31.l 46.9 33.5 

( C/I) D, (dB) 29.6 25.1 38.5 25.1 40.9 27.5 

UPLINK 

Flux Density, wanted signal(dBW/m2 ) -93.0 -85.0 -93.0 
Flux Density, interfering signal(dBW/m2 )-83.0 -83.0 -83.0 
~G 33.0 33.0 35.4 

(C/I)u, (dB) 23.0 23.0 31.0 31.0 25.4 25.4 

System C/I, (dB)* 22.1 20.9 30.3 24.1 25.3 23.3 

*Power summation. 

Interference into FM/TV Service 

Table 4-3 presents the analysis of interference into a saturated full
transponder FM/TV service. This results in a worst-case C/I of 22.2 dB for 
the 3-meter receive antenna, which is in excess of the FCC objective of 22 dB 
for these services. For the 4.6-meter and larger receive antenna the C/I is 
greater than 25 dB. 
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Table 4-3. Interference into a FM/TV Service 

EIRP, wanted signal 
EIRP, interfering signal 
AG, (dB) 

( C/I)D 

DOWNLINK 

UPLINK 

Flux Density~ wanted signal (dBW/m 2 ) 
Flux Density, intefering signal (dBW/m 2 ) 
AG, ( dB) 

(CII)u 

System'C/1 (dB)* 

*Power Summation. 

In.terfrm into SCPC System 

Receive Antenna Diameter 

3.0 4.6 5.0 7.0 10.0 

34.0 34.0 34.0 34.0 34.0 
34.0 34.0 34.0 34.0 34.0 
23.l 27.l 28.l 31.1 34.5 

22.5 25.6 26.3 28.0 29.4 

-82.0 
-83.0 
-33.0 

34.0 

22.2 25.0 25.6 26.l 28.1 

Many possible types of multi-carrier SCPC systems exist. In order to access 
the impact of the FM/TV system on these systems, the number of carriers is 
varied from 20 to 1200. The parameters of these systems are listed below in 
Table 4-4. 
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Table 4-4. Parameters of SCPC Systems 

Uplink to Westar 
Number of Carriers 20 40 800 1200 

Parameter 
Noise Bandwidth (kHz) 250 250 35 22.5 
Backoff (dB) 4 4 7 7 
EIRP (dBW) 60 57 51* 49* 
Satellite Gain (dBi) 26 26 26 26 
Satellite EIRP, per carrier (dBW) 17 13 +2 0 

*Assumes 40% occupancy. 

Parameter WESTAR SATCOM II ANIK 

Transmit Antenna 13M 7M 30M 
EIRP, total power (dBW) 83.0 80.0 84.0 
Transmit Antenna Gain (dBi} 54.3 49.4 63.3 
Satellite Gain (dBi) 26.0 26.5-39.5 26.0 
Satellite EIRP (dBW) 34.0 34.0 36.0 

The interference is calculated in Table 4-5 through 4-7 for three cases, 
assuming a 5-meter or 13-meter receive antenna with the WESTAR satellite, and 
a 30-meter receivi antenna with the ANIK satellite. 

Table 4-5. Interference into SCPC Systems; 13M 

DOWNLINK 

WESTAR (13M) 

Number of Carriers 20 40 800 1200 
EIRP, wanted signal, (dBW) 17.0 13.0 2.0 0.0 
EIRP, interfering signal, (dBW) 14.2 14.2 5.6 3.7 
~G, (dB) 35.6 35.6 35.6 35.6 

(C/I)D, (dB) 38.4 34.4 32.0 31.9 

UPLINK 

Flux Density, wanted signal (dBW/m2) -102 .0 -105.0 -114.0 -116 .0 
Flux Density, interfering signal (dBW/m2) -112 .8 -112 .8 -111.4 -113 .3 
~G, (dB) 33.0 33.0 33.0 33.0 

( Cl I) u, (dB) 43.8 40.8 30.4 30.3 

System C/I, (dB)* 37.3 33.5 28.l 28.0 

*Power- summation. 

14 



Table 4-6. Interference into SCPC Systems; SM 

DOWNLINK 
WESTAR (SM) 

Number of Carriers 20 40 800 1200 
EIRP, wanted signal, (dBW) 17.0 13.0 2.0 0.0 
EIRP, interfering signal, (dBW) 14.2 14.2 5.6 3.7 
~G, (dB) 28.l 28.1 28.1 28.l 

(C/I)D, (dB) 30.9 26.9 24.5 24.4 

UPLINK 

Flux Density, wanted signal, (dBW/m2) -102.0 -105.0 -114 .0 -116 .0 
Flux Density, interfering singal (dBW/m2) -112 .8 -112 .8 -111.4 -113.3 
~G, (dB) 33.0 33.0 33.0 33.0 

(C/I)u, (dB) 43.8 40.8 30.4 30.3 

System C/1, (dB)* 30.7 26.7 23.5 23.4 

*Power summation. 

Table 4-7. Interference into SCPC System; 30M 

DOWNLINK 

ANIK (30M) 

Number of Carriers 20 40 800 1200 
EIRP, wanted signal, (dBW) 17.0 13.0 2.0 0.0 
EIRP, interfering signal, (dBW) 14.2 14.2 5.6 3.7 
1G, (dB) 46.9 46.9 46.9 46.9 

(C/1) 0, (dB) 49.7 45.7 43.3 43.2 

UPLINK 

Flux Density, wanted signal, (dBW/m2) -102 .o -105.0 -114 .o -116.0 
Flux Density, interfering signal (dBW/m 2 ) -112.8 -112 .8 -111.4 -113. 3 
6G, (dB) 33.0 33.0 33.0 33.0 

( C/1 ) u' (dB) 43.8 40.8 30.4 30.3 

System C/1, (dB)* 42.8 39.6 30.1 30.0 

*Power summation 
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As can be seen from the analysis, the worst-case C/I was 24.3 dB for the 
1200-channel, 5-meter receive system. This level of interference presents no 
problem to the system since operating C/Ns of 10 to 12 dB are typical. 

Summary 

Interference into other systems from a 7-meter FM/TV broadcast system has 
been analyzed in the preceding paragraphs. The results obtained from these 
caluculations indicate that the proposed system is compatible with the pos
tulated existing services in the 4- and 6-GHz bands, to the extent that the 
C/I contributions can be treated as additive link noise. The worst-case C/I 
values for each of the services considered is listed in the Table 4.8 below: 

Table 4-8. Summary of Interference from a 7-Meter FM/TV Broadcast 
Service into Postulated Existing Services 

Service 

FM-FDM 
Multi-Carrier FM-FDM 
FM/TV, 3M receive 

4.6M receive 
5.0M receive 
7.0M receive 
10.0M receive 

SCPC, 1200 channels, 5M receive 
13M receive 
30M receive 
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Worst-Case C/I (dB) 

29.3 
20.9 
22.2 
25.0 
25.6 
26.1 
28.1 
23.4 
28.0 
30.0 



Comments on 11'aw Bad.ucec.' SneJJtte Spac1:ng 

The FCC in August of 1983 has finalized the new satellite orbital assignments 
based on a frequency and polarization plan to allow satellite spacing to be 
reduced from the present 4° to 2° with an average spacing of 2.5° at C-band. 
The implementation of this plan depends on several important technical 
achievements including: 

a. Sidelobe reduction of transmit earth station antennas from present 
(32-25 log 0) dBi envelope to (29-25 log 0) dBi for 1° < e < 7°_ 

b. All frequency reuse ~atellites. 

c. Adjacent satellite, same frequency transponders orthogonally 
polarized. 

d. Homogeneity of satellite EIRP and saturation flux density char
acteristics for minimum spacing. 

e. Implementation dates dependent upon life of present and next 
ganeration satellites. 

The rationale of this document follows this scenario. The reduction of 
close-in sidelobes by 3 dB will allow C/I to remain constant when reducing 
the satellite spacing from 4° to 3° without any other changes. To reduce 
from 3°, a change in operating characteristics other than the earth station 
antenna patterns must be controlled. To allow further reduction, polariza
tion and frequency must be controlled such that additional suppression of 
interference be achieved through cross-polarization discrimination char
acteristics. This will allow acceptable carrier-to-interference for spacings 
approximately 2.5°, and with the desired homogeneity of satellite character
istics acceptable C/I for spacings of 2°. 

Since the FCC has implemented a plan based on these conditions, the inter
ference analysis becomes more complicated in that the single-entry model 
cannot be used for the calculations. Instead, the calculations must use 
equations (1). (2) and (3). 

The primary characteristic of the antenna which affects the interference 
analysis is the ang.ular discrimination, the gain differential between the on
axis gain, and the gain of an off-axis angle for an interfering source. For 
this analysis, the copolarized radiation patterns of the assumed earth 
station antennai are characterized by the standard envelope 32-25 log a or 
the proposed envelope 29-25 log 0. The cross-polarized radiation patterns 
are characterized by 22-25 log 0 for the standard envelope and 19-25 log 0 
for the proposed envelope. In actuality, the antenna radiation sidelobe may 
fall below or above these reference envelopes by some predetermined 
acceptable level. Any sidelobes which are below the reference envelope and 
at the appropriate pointing angles of adjacent satellites would reduce the 
interference and, conversely, any sidelobes above the envelope pointing at 
adjacent satellites would increase the interference. 
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The cross-polarization discrimination of 10 dB is assumed to apply for clear 
weather conditions. During periods of rain, the depolarization of the 
incoming signal may reduce this number to O dB. 

Satellite Characteristics 

The analyses in these conments are based on a satellite deplo}fflent model with 
co-frequency transponders on adjacent satellites being cross-polarized with 
each other. This model does not exist today and cannot exist for a period of 
years. Nevertheless, the calculations are performed with this model to 
demonstrate the expected result some years in the future. Three cases of 
this model have been examined: 

1. A homogeneous model in which interfering and desired satellites 
have the same saturation flux density and radiated EIRP. (The 
radiation patterns yield the same signal strength at any given 
location on the ground.) 

2. A model in which the interfering satellite EIRP exceeds the desired 
satellite EIRP by 2 dB. 

3. A model in which the interfering satellite EIRP exceeds the desired 
satellite EIRP by 4 dB. 

EIRP is a very important consideration. Even at the time of launch, antenna 
and transponder characteristics of satellites are such that their initial 
EIRP contours on the earth's surface are not identical. Differences in the 
initial EIRP contours and differences in transponder aging must be considered 
in a practical system. An orbital spacing plan that is predicated on dif
ferntial EIRPs of less than 2 dB represents an impractical burden, both on 
the satellite manufacturers and on the FCC in assuring compliance with a more 
stringent specification. It is suggested that the calculations for the first 
case (equal EIRPs) not be taken as representing a practical case. 

The calculations do not include station-keeping inaccuracies and are based on 
geosynchronous rather than topocentric angles. An average topocentric angle 
for the continental United States (CONUS) can be estimated by multiplying the 
geocentric angle by 1.08. 

Existing Satellite Parameters. In order to consider the reasonableness of a 
homogeneous satellite model, a compilation of EIRPs at various locations 
within CONUS was made (Table 1) for the existing C-Band satellites. In the 
eastern section of the orbital arc, 91°W to 99°W, the average EIRP difference 
between WESTAR I, WESTAR II, COMSTAR 01, and COMSTAR 02 at the ten sample 
sites is 0.94 dB with a maximum EIRP difference of 2.5 dB. In the western 
section of the orbital arc, 119°W to 135°W, the average EIRP difference 
between COMSTAR 04, WESTAR II, RCA Fl, and RCA F2 is 3 dB with a maximllll EIRP 
difference of 4.3 dB. The EIRPs used in this comparison are published values 
and do not take into consideration any decrease in performance due to aging. 

18 



~ 
C1' 
i' ... . 
m -:D .,, 

WESTAR COMSTAR WESTAR RCA WESTAR COMSTAR RCA Ii 111 o-t D-2 I F-2 II D-4 F-t 
~ -91•w 95°w 95 °w 99°w t 1 9•w 123.5•w 128 •w 135 •w I~ Site 4160H 3920W 3940 H 4160H 3720 H 4160H 3980H 3720V 
0 
ct 

Atlanta, GA 35.5 34 .8 34 .8 35 .4 32.3 34 .9 35 .6 33.2 If 
Bangor, MA n.1 33.7 34 .2 33 .5 30.8 34 .2 35. 1 33.8 -1& 

0 
Brownsv I I I e, 1X 31 .5 34 .o 33.9 32 .2 30.7 32.9 34. 1 30.2 Ii en 

- f Denver, CO 35.5 35.7 35.6 35 .5 34 .5 34 .9 36.3 34 .2 I~ CD 

Kansas City, MO 35 .5 35.8 36.0 34 .5 34 • 1 34 .9 36.3 34 .2 ,i 
C 

Los Angeles, CA 34. 1 34.6 34 .3 34 .o 33 .1 34 .9 35.7 31 .8 I !! 
0 .. 

Miami, FL 33.0 33 .2 33 .o 33.7 2 8 .5 31 .9 31 .8 2 9.4 If 
:!. 

Minneapolis, MN 34 .6 35.0 35 .3 34 .1 n.1 34 .5 34.9 34 .2 1g .. 
New York, NY 34.8 34 .5 34 .5 34.9 31 .4 34. 7 35.7 33.7 If 

i 
Seattle, WA 35. 1 34 .5 34 .5 34 .6 34 .6 33 .5 34. 7 33.5 15 

i .. 



Interference into the Kew System. 

Interference into the new system can originate from the following sources: 

• Adjacent satellite signals 

• Internal cross-polarization signals 

• Terrestrial microwave signals 

These are analyzed separately in the following paragraphs and then combined 
to determine the total interference into the system. 

Adjacent Satellite Interference. Interference from adjacent satellites 
occurs in two ways: uplink interference from earth stations transmitting to 
adjacent satellites and downlink interference from adjacent satellite trans
mission into the desired earth station. The interference in both the uplink 
and downlink consists of many signals, but is primarily caused by the co
frequency channels/or transponders and the two 20-MHz offset-frequency chan
nels in a frequency reuse system. For the system propsed by the Commission, 
the primary interferers are: 

a. The co-frequency, cross-polarized channel on the first adjacent 
satellite on each side. 

b. The two 20-MHz offset-frequency, co-polarized channels on the first 
adjacent satellite on each side. 

c. The co-frequency, co-polarized channel on the second adjacent 
satellite on each side. 

d. The two 20-MHz offset-frequency, cross-po 1 ari zed channels on the 
second adjacent stallite on each side. 

The contribution to interference of satellites at positions greater than four 
degrees from the desired satellite tends to be somewhat noise-like in that it 
is the result of a number of small relatively non-coherent signals. 

The equations for cal cul at ion of the adjacent satellite interference are 
given below: 

N 
(C/I) = (EIRP)ES - _r0/(EfRP)i - (Gi -G(0i)) + F. + P., dB 

U i=l l l 
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where: 

t e = Series power SllllTlation 

(EIRP)Es = Earth station radiated power in dBW 

(EIRP)i = Effective radiated power of interfering earth station (dBW) 

Gi = Peak gain of interfering earth station (dBi) 

G(0)i = Gain of interfering earth station in direction (0)i (dBi) 

Fi = Frequency discrimination factor for ; th earth station 

Pi = Polarization discrimination factor for ; th earth station 

where: 

(EIRP)sAT = Effective radiated power of satellite in the direction of 
receive earth station in dBW 

GES 

GES ( 0i ) 

Fi 

pi 

= Gain of the receive earth station, dBi 

= Gain of the receive earth station in the direction 0i 

= Frequency discrimination factor 

= Polarization discrimination factor 

(C/I)ADJ•SAT = (C/I)u e (C/I)o 

where: 

e = Power summation 

The polarization discrimination factor in the above equations is the system 
discrimination rather than that of the receive or transmit antenna alone. A 
well-designed dual linearly polarized antenna can achieve excellent cross
polarization discrimination on or near the main beam axis (greater than 30 dB 
relative to the copolarized energy) and reasonable rejection of the cross
polarized signals in the close-in side lobe regions. The adjacent satellite 
signals are received through the sidelobes of the earth station antenna; 
therefore, the proposed 19-25 log 0 envelope is assumed in the analysis. 
This assumption, rather than being conservative, is optimistic when one con
siders the interactions of the ionosphere and atmosphere on the transmitted 
and received signals, the purity of the initial transmitted signals (from the 
earth station and/or the satellites), and the polarization angle alignment 
between satellites. A more conservative and, probably, more realistic anal
ysis would assume the same levels of copolarized and cross-polarized energy 
in the off-axis regions. 
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The frequency discrimination factor is related to the spectra of the desired 
and undesired signals. This factor can range from 10 to 0 dB dependent upon 
the interfering power from different services. For example, the Fi term 
where an AM-FM/TV signal is interfering with an FM/TV signal occupying the 
same bandwidth, would be 0 dB. For a 20-MHz offset-frequency FM/TV signal 
30 MHz bandwidth) interfering with an FM/TV signal, the Fi term would range 
between 3 and 10 dB depending on the characteristics of the video signals. 
It is suggested that for typical FM/TV signals a value of 6. 5 dB is more 
realistic than the 8.0 dB assumed in the FCC analysis. 

Internal Interference. The internal interference in a satel 1 ite system is 
primarily due to the two adjacent 20-MHz offset-frequency, cross-polarized 
channels. The interfering power from different services has been calculated 
by convolving the power spectra of the i.ndividual services and is given in 
Appendix B. 

Terrestrial Interference. Terrestrial microwave carriers are centered on 
frequencies offset by 10-MHz from the satellite carriers. To analyze the 
effect of terrestrial carriers on the FM/TV system, it is necessary to deter
mine the power level of the interfering signal and the spillover of the 
terrestrial carrier spectra into the passband of the receiver. The first 
factor involves site details, such as angular discrimination and distance to 
the interfering transmitter. The second factor can be computed from the 
spectral distribution projected for the terrestrial carrier and the filter 
characteristic of the receiver. For the purpose of this analysis, it is 
assumed that the C/I due to terrestrial microwave is 25 dB. 

Interference Analysis for FM/TV Service. The interference for the FM/TV 
service is based on the following parameters: 

Parameter Specification 

Transponder EIRP 

Antenna Size 

Transmit 

Receive 

Uplink EIRP 

34 dBW (saturated) 

10 meter 

3 meter, 4.6 meter, 5 meter, 7 meter, 
or 10 meter 

80 dBW 

Transmit Power 4.5 kW 
Each of the antennas listed above is presently used in FM/TV systems. Many 
are 1 icensed and regulated and therefore 11 protected 11 from interference in 
certain respects. Many receive-only stations are unlicensed and not pro
tected. In the new satellite environment, the antennas of unlicensed sta
t ions which serve many motels, churches, apartment complexes, CATV and MATV 
systems, will receive additional interference although it may not result in 
unacceptable operation. 

The results of the analysis are presented in Figures 1 through 8; two figures 
are included for each antenna. All assume a polarization discrimination 
factor of -10 dB and frequency discrimination of 6.5 dB; one is for the pro
posed sidelobe envelope and the other for the existing sidelobe envelope. 
The frequency discrimination factor was assumed to be 6.5 dB. Each figure 
includes three cases of desired signal EIRP relative to interfering signal 
EIRP, and the effect of variable terrestrial interference is shown. 
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Figure 1. Carrier-to-Interference Ratio vs. Satellite Spacing for a 10-
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PX= 10 dB. Proposed 29-25 Loge Envelope and Adjacent 
Satellite Polarization Interleaving. 
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AppendixA 

The geostationary orbit for a satellite is a circle lying in the equatorial 
plane which has a radius of: 

(1) 

where: 

R
0 

is the radius of the earth (3959 statute miles). 

The location of the satellite is specified by the corresponding longitude 
coordinate, Lsat· For a station at a given·latitude and longitude, the ~lant 
ranger from the station to the satellite is given by: 

r = R0 (6.6112 + 1-2 (6.611) cos (H) cos (tL))
112 

statute miles (2) 

where: 

tl = station longitude - satellite longitude 

H = station latitude 

It is apparent that the angular separation between two satellites as seen by 
an earth station is dependent on the station latitude and longitude and the 
longitudes of the two satellites. 

Earth Station located 
at longitude L, and Latitude H. ___ _..;:::-...-f::::-_:~~W~-

Earth 

,,,,,,,... 
,,/"" 

Satellite B 

Figure A 1. Geometry of Two Satellites as Viewed from Earth Station 
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The separation distance, AB, between satellites A and B can be calculated 
from the law of cosines for the triangle 0AB in Figure Al. 

AB= (2R~ (1 - cos a))l/2 

AB= Ra (2 (6.611) 2 (1 - cos a))l/2 

where: 

a is the orbital arc separation between satellites. 
The triangle SAB in Figure Al can be used to calculate AB also. 

Alf= (r 2 + r 2 - 2r r cos a) 112 
a b a b 

where: 

(3a) 

(3b) 

(4) 

a is the effective angular separation between satellites A and Bas 
viewed from the earth station, S. 

Equating (3b) and (4) yields an equation relating a and a. 

R0
2 (2 (6.611) 2 (1 - cos a))= ra2 + rb 2 - 2rarb cos a 

cos a= [ra2 + rb2 - 2Rg2 (1 - cos a~ /2rarb 

Substituting for ra and rb (from equation 2) yields: 

2(6.611) 2 (1 - cos a)= (((6.611) 2 + 1-2(6.611) cos H cos ALA)] 

+ (((6.611) 2 + 1 -2(6.611) cos H cos ALB)] - 2 (((6.611) 2 + 1 

( 5) 

- 2(6.611) cos H cos ALA) 112 ](((6.611) 2 + 1 - 13.322 cos H cos ALB)ll2] cos a 

Since several constants recur in this equation, it is convenient to identify 
them as Cs. 

C1 = (6.611) 2 = 43.70532 
c1 = c1 + 1 = 44.70532 
C3 = 2(6.611) = 13.222 

Substituting Cs and solving for cos a yields: 

2C2 - C3 cos H (cos ALA+ cos ALB) - 2C1 (1 - cos a) 
cos a = --------------------- (6) 

2(C2 - C3 cos H cos ALA) 112 (C 2 - C3 cos H cos AL 8)112 
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It is now of interest to calculate the effective angular separation for 
adjacent satellite orbit positions as viewed by earth stations located in the 
continental United States for the orbital segment, 70°W to 135°W for a = 
3.8°; equation 6 becomes: 

2C2 - 0.19218 - C3 cos H(cos ~LA+ cos & 8) 
cos a = ---------------"--------'--'------------ ( 7) 

2(C2 - C3 cos H cos ~LA) 112 {C2 - C3 cos H cos ~L8)112 

A.ppendixB: 
.Ad.1ace:a.i Channel Interference .Analysis 
Introd:acticm. 

Adjacent channel interference can be computed by convolving the power spectra 
of the wanted and unwanted signals. In the following analysis it is assumed 
that all the interferences are incoherent. The power spectra ef each signal 
is described. The individual signals are Frequency-Division-Multiplex
Frequency Modulation (FDM-FM), Television-Frequency Modulation (TV/FM), High 
Bit Rate Data (HBR, i.e., 4 ~ PSK), and FM Single-Channel-per-Carrier (SCPC). 

Power S..,ecLra of an :fDM-J'II CJarrier 

The spectrum of a carrier that is frequency modulated by a multiplexed tele
phony baseband is, in general, a complicated function which depends on many 
parameters. When the baseband signal consists of many single-sideband, 
frequency-multiplexed telephone channels, it is often convenient to simulate 
the baseband signal by an equivalent band of random noise. The determination 
of the power spectrum when the modulating signal consists of random noise 
involves considerable analysis. A particular case, often_ assumed in the 
analysis of a radio system, is that of FM by a random noise signal of uniform 
power sensitivity. (Proc. IEEE, Part 8, Vol. 108, pp 75-89, Jan. 61). The 
shape of the power spectrum in this case largely depends on the modulation 
index (rms modulation index is useful since the modulating signal is a random 
noise voltage). 

When the rms modulation index is very sma 11 and the 1 owest modu 1 at ion fre
quency is not zero, a bounded continuous spectrum results, together with a 
residual carrier at the mean carrier frequency as shown in Figure Bl (the 
case of m = 0.1, m2/x 1 = 0.1, x1 = f 1/fn). The residual carrier corresponds 
to the carrier component of the spectrum with a single modulating frequency. 
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Figure B1. Power spectrum of a FDM-FM carrier for RMS modulation 
index m=0.1 ~ 1.0. S(f)fn is expressed in dB relative to un
_modulated carrier power (normalized for unit carrier power) 

For intermediate values of rms modulating index, power spectra based on 
measurements are believed to be the most reliable. Normalized spectrum 
curves obtained from measurements are shown in Figure Bl for eight values of 
m between 0.1 and 1.0. 

When the rms modulation index is larger (>1.5), the mean power spectrum 
normalized for unit carrier power is of the form: 

S (f) = - 1- exp (-f2 /2a2 ) 
:P I 21Ta 

where: 

a = multichannel rms deviation in MHz 

f = frequency relative to carrier frequency in MHz 

cp(t) = multiplexed telephone baseband signal, sumulated by a random 
noise signal of uniform power spectra. 

Figure 82 shows the power spectrum when rms deviation is 4 MHz. In order for 
rms modulation index, m, to be greater than 1.5, the highest modulation fre
quency has to be less than 2.96 MHz resulting in Carson's bandwidth of 34 
MHz. In this case, 705 voice channels can be multiplexed. 
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Figure 82. Power spectrum of a FDM-FM carrier when rms modulation 
Index Is large 

Power Spectram of a ff/..,_ 0arrier 

According to H.W. Evans, Bell Laboratories, the power in any 4-kHz band is at 
least 30 dB below (i.e., 66 dB/Hz) the power of the unmodulated carrier when 
the peak frequency deviation ratio is three, using Bell System standard pre
emphasis. These calculations assumed the FM spectrum of a band of white 
noise is similar to the spectra of preemphasized FM/TV signals near the 
carrier where the density is highest. 

According to the power spectra shown on page 461 of Bell Laboratories "Trans
mission Systems for Communications," the power spectra is almost flat over 
the bandwidth of 2fr and drops outside of this range with the rate of 
change dependent upon the rms phase deviation. The power spectral shape 
reported by C0MSAT is similar. It is fl at over ±12. 5 MHz from the carrier 
and 

BIF = 2(1f1 + fm) 
= 2(12.5 + 5.5) = 36 MHz 

If we assume most of the power is contained in this 25-MHz band at this fre
quency deviation, the power in any 1-MHz band is 15 dB below the power of the 
unmodulated carrier (10 log (1/25) = -14 dB). See Figures 83 and B4. 
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Analysis 

Power 8pectram of a 40-PSJC Carrier (High 111i lla'8 Da1ia) 

The primary cause of adjacent channel interference from PSK carriers is the 
power spectrum spreading due to TWT non-linearities. Power spectrum spread
ing is discussed extensively by Lyons, "Effects of PSK Spectral Spreading in 
a Satellite Transponder," IEEE International Corrm. Conf., pp 363-1, June 
1974, and will not be discussed here. 

The power spectrum shown in Figure 86 below will be used for this analysis. 

-17 dB/MHz ----
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I 
I 
I 
I 
I 

-33 dB/MHz I 
I 
I 
I 

S(fl 

/ 

-20 -16 0 15 20 

60 MbHz/sec 
0 dB back-off 

Figure B6. Approximate Power Spectrum of a 40-PSK Carrier (high bit 
rate data) 
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Power Si,ect:ram. of SCPC C&rriera and Aaaoc:lated Intermod. 

The primary interference of SCPC carriers is due to the carriers themselves 
and not to the associated intermod power spectrum. Theoretical investigation 
has shown that the intermod spectrum peak is 16 below the carrier level and 
therefore will be neglected in this analysis. 

Interference to a rM/TV CbanneJ 

Let I denote the interfering power without taking the polarization isolation 
into consideration, expressed in dB below saturation. 

I= 10 log (S(f1) + 10 log (B)), dB below saturation 

where: 

S(f1 ) = power spectral density at f 1 (MHz) 

= frequency from the center of the power spectrum of an interfering 
signal to the FM/TV carrier 

B = RF noise bandwidth associated with an FM/TV carrier (MHz) 
For FDM/FM-Co-Polarized: 

I = 10 log [ l exp ( - 402/(2 x 42m + 10 log (B) 
1(2ir)(l6) _j 

= log(l.9339 x 10-23 ) + 10 log B 

= -227 + 10 lo~ B 

= negligible 

For HBR Data: 

I = -17 dB/MHz+ 10 log B 

I = -17 dB (25 MHz)+ 10 log B 
MHz 

= -425 + 10 log B 

= negligible 
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FDM-FM Cross Polarized: 

I = 10 log [ ..t' 

where: 

a= 4 MHz 

I= 10 log (0.2266) 

= -6.45 dB below saturation 

SCPC Cross-Polarized 

By assuming that SCPC carriers in 14-MHz band (17 MHz - 3 MHz) are directly 
interfering with FM/TV channel, the interfering power will be: 

I= 10 log (14 MHz/34 MHz) 

= -3.9 dB below saturation 

~14MHz..j I 3MHz~f4-
------+----

SCPC 1 I 

-------, 1r--~~-~ 
I I 

I DATA TIV 

I I 
HBR FDM-FM 

.,.,•-----40 MHz ----•-I 
Figure B7. Interference Model to a TV Channel for Typical Reuse Satellite 
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C/1 Due to Cross-Polarized FOM/FM Channel~ 

For the offset cross-polarized FDM/FM channel, the interfering power I is 
-6.45 dB below saturation. This means that the interfering power into the 
FM/TV channel on the uplink is: 

P1 = -81.5 dBW/m2 + (-37 d8m 2 ) + Gsat - 6.45 - (XPD)u 

The power of the FM/TV carrier on the uplink is: 

Pc= -81.5 dBW/m2 + (-37 dBm 2 ) + Gsat 

saturation flux density= -81.5 dBW/m2 

effective area of isotropic= -37 dBm2 

Therefore, the carrier-to-interference ratio on the uplink is: 

(fju = 6.45 + (XPD)u 

where: 

XPD is the polarization discrimination to the cross-polarized signal . 

For the downlink, the interfering power is: 

P1 = 32 dBW - Path loss+ GEs -6.45 -(XPD)o 

The FM/TV carrier power on the downlink is: 

Pc= 32 dBW - Path Loss+ GES 

Therefore, the carrier-to-interference ratio on the downlink is: 

( ij D = 6 . 4 5 + ( X PD) D 

Then, the total carrier-to-interference ratio will be: 

i = ( Du 0(f )o 
= ( 6.45 + (XPD)u) 0('6.45 + (XPD)o) 

where: 

0denotes power surrmation 
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C/I Due to Cross-Polariied SCPC Channel: 

For the offset cross-polarized SCPC channel, the interfering power, I is 
-3.9 dB below saturation. This means that the interfering power into the 
FM/TV channel on the uplink is: 

P1 = (-81.5 dBW/m2 - input backoff) + (-37 dBm2 ) + Gsat 

-3.9 - (XPD)u 

The power of the FM/TV carrier on the uplink is: 

Pc= -81.5 dBW/m2 + (-37 dBm2 ) + Gsat 

Therefore, (f)u = + 3.9 + input backoff + (XPD)u 

Typically input backoff = 4 dB 

(£1) = +7.9 + (XPD) , u u 

On the downlink, the interfering power is: 

P1 = (32 dBW - output backoff) - Path Loss+ GES - 3.9 - (XPD) 0 

and the power of the FM/TV carrier is: 

Pc= 32 dBW - Path loss+ GES 

Therefore, (f) = 3.9 + output backoff + (XP0) 0 D 

Output backoff = 2.6 

( -f) = 6.5 + (XP0) 0 D 

Total carrier to interference ratio will be: 

Total C/I for System 

(f) S = ~) FDM/FM G) (i) SCPC 
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Polarization: Typical Site Central United States 

I. Uplink 

Satellite 
Ground Station 
Faraday 

II. Downlink 

Satellite 
Ground St at ion 
Faraday 

35 dB} 35 dB 
35 dB 

35 dB} 35 dB 
29 dB 

28.0 dB 

26.0 dB 

III. Atmospheric Effect - 25° Elevation Angle 

% Time Rain Rate 4 GHz 
99.0 1/2 11 /hr 33.0 
99.9 1-1/2 11 /hr 25.0 
99.99 311 /hr 20.0 

IV. Polarization Discrimination 

% Time 4 GHz 6 GHz 
99.0 22.8 23.l 
99.9 19.5 17.8 
99.99 16.5 14.5 

V. Carrier-To-Interference TV/FM 

% Time (XPD)u (XPD)D (CII)u 
99.0 23.1 22.8 27.10 
99.9 17.8 19.5 21.2 
99.99 14.5 16.5 18.6 

6 GHz 
30.5 
21.0 
16.5 

( C/I) D 
26.56 
21.26 
17.96 

(C/I)s 
23.81 
18.22 
15.26 

A more thorough examination of this subject is contained in a RCA American 
Communications transmission engineering report prepared by Dr. M.K. Lee. 
This report is entitled, "Overall System Cross-Polarization Isolation and 
Interference from Cross-Polarized Channels in the Spectrum Reuse System, 11 

Report No. TER-008-75. The discussion and analysis of this paper contains 
concepts and details that are presented in this report. Appreciation is 
noted for Dr. Lee's work. 
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Introduction 

Introduction to Barth Station .Antennas 
James H. Cook. Jr. 

An earth station antenna system is made up of many component parts such as 
the receiver, low-noise amplifier, antenna, etc. All of the components have 
an individual role to play and their importance in the system should not be 
minimized. The antenna, of course, is one of the more important component 
parts since it provides the means of transmitting signals to the satellite 
and/or collecting the signal transmitted by the satellite. The antenna not 
only must provide the gain necessary to allow proper transmission and recep
tion but also must have radiation characteristics which discriminate against 
unwanted signals and minimize interference into other satellite or terres
trial systems. The antenna also provides the means of polarization discrimi
nation of unwanted signals. The individual communication system operational 
parameters dictate to the antenna designer the necessary electromagnetic, 
structural, and environmental specifications necessary for the antenna. 

General llequirements 

Antenna requirements can be grouped into several major categories, namely, 
electrical or RF, control systems, structural, pointing and tracking accu
racy, environmental, and miscellaneous requirements such as radiation hazard, 
primary power distribution, etc. Only the electrical or RF requirements will 
be dealt with herein. 

Frequency 

The World Administrative Radio Conference (WARC) has the responsibility of 
frequency assignments for communication and other radiating services. WARC 
was convened in the latter months of 1979. Frequency allocations for all 
types of satellite communications were· set and entered into force as of 
January 1, 1982 after ratification by member Administrations of the Inter
national Telecommunications Union. Tables 1 through 5 are a tabulation of 
the satellite communication services frequency allocations in the WARC 79 
frequency allocations. These services are the fixed-satellite service (FSS), 
the inter-satellite service (ISS), the broadcasting-satellite service (BSS), 
the mobile-satellite service (MSS) and the maritime mobile- and aeronautical 
mobile-satellite services. The tables indicate the regional extent of the 
allocation for each band and the bandwidth. Earth-to-space (uplink) bands 
and space-to-Earth (downlink) bands are listed separately, with commonly 
paired bands on the same line. For allocation purposes, the world is divided 
into three geographical regions: Region 1 contains Europe, Africa, the USSR, 
and the Peoples Republic of Mongolia; Reqion 2 consists of the Americas and 
Greenland; and Region 3 includes Asia (except USSR and Mongolia), Australia, 
New Zealand, etc. 



... 

Table 1. WAAC 79 Fixed Satellite Service Allocations 

Earth-to-Space Region Bandwidth Space-to-Earth Region Bandwidth 
(GHz) (MHz) (GHz) (MHz) 

2.655-2 .690 2b, 3b 35 
{

2.50-2.535 b 3b 35 2b, 
2.535-2.690 2 155 

5.725-5.850} 1 125 3.40-4.20 1, 2, 3 800 
5.850-7.075 1, 2, 3 1225 4.50-4.80 1, 2, 3 300 
7.90-8.40 1, 2, 3 500 7.25-7.75 1, 2, 3 500 
12.50-12.7 1 200 
12.70-12.75 1, 2 50 
12.75-13.25} 1, 2, 3 500 

10. 70-11. 70 1, 2, 3 1000 
14.00-14.50 1, 2~ 3 500 

2b,c 27.00-27.50 2, 3 500 

-0
1. 70-12. 30 600 
2.20-12.50 3b 300 
2.50-12.75 1, 3 250 

27. 50-31.00 1, 2, 3 3500 17. 70-21.20 1, 2, 3 3500 
42. 5-43. 50 } 1 1000 
47.2-49.20 2a 2000 37.50-40.5 1, 2, 3 3000 
49.2-50.2 1 1000 
50.40-51.40 1 1000 
71.0-74.0 1, 2, 3 3000 81.0-84.0 1, 2, 3 3000 
74.0-75 .5 1, 2, 3 1500 
92.0-95.0 1, 2, 3 3000 102.0-105.0 1, 2, 3 3000 
202.0-217.0 1, 2, 3 15000 149.0-164.0 1, 2, 3 15000 
265.0-275.0 1, 2, 3 10000 231.0-241.0 1, 2, 3 10000 

a. Intended for use by, but not limited to, BSS feeder links 
b. Limited to national and sub-regional services 
c. Upper band limit (12.3 GHz) may be replaced by a new value in the range 

12.1 to 12.3 GHz at the 1983 RARC for Region 2. 

Table 2. WAAC 79 lntersatelllte Service Allocations 

Band 
(GHz) 

22.55-23.55 
32.00-33.00 
54.25-58.20 
59.0-64.0 
116 .0-134 .0 
170.0-182.0 
185.0-190.0 

2 

Bandwidth 
(GHz) 

1 
1 

3.95 
5 

18 
2 
5 



Table 3. Broadcasting-Satellite Service Allocations 

Earth-to-Space Region Bandwidth Space-to-Earth Region Bandwidth 
(GHz} (MHz} (GHz} (MHz} 

Feeder links for the BSS may, in 
principle, use any of the FSS (Earth-
to-Space} bands listed in Table 2 
with appropriate coordination. How-
ever, the following bands were set 
aside for exclusive or preferential 

0.62-0.79~ use by such feeder links. 1, 2, 3 170 
2.50-2.69 1, 2, 3 190 

10. 70-11. 70} 1 1000 

l
ll. 70-12 .1 1, 3 400 

14.50-14.80 1c, 2, 3 300 12.10-12.2 1, 2, 3 100 
17.30-18.l 1, 2, 3 800 12.20-12.5 1, 2b 300 

12.50-12.7 2f> 3 200 
12.70-12.75 3 so 

27.00-27.50 2, 3 500 22.50-23.00 2, 3 500 
47.20-49.20 1, 2, 3 2000 40.50-42.50 1, 2, 3 2000 

84.00-86.00 1, 2, 3 2000 

a. Limited to TV 
b. Limited to community reception 
c. Excluding Europe 

The allocations recognized the need for substantial increases for commercial 
FSS systems in the vicinity of the 6/4- and 14/11-GHz bands, for maritime 
mobile- and aeronautical mobile-satellite systems in the 1.6-GHz band, and 
for domestic broadcasting- and fixed-satellite systems in the 11.7- to 12.7-
GHz band for the Americas. As can be seen from the tables, the primary fre
quency bands for the Americas for domestic satellite communications will 
continue to be the 6/4-GHz bands and 14/12-GHz bands. For the international 
satellite systems the 6/4-GHz and 14/11-GHz bands wi 11 continue to be the 
predominant FSS and BSS frequencies. 
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Table 4. Mobile Satellite Services Allocations 

Earth-to-Space Region Bandwidth Space-to-Earth Region Footnote 
(MHz) (MHz) (MHz) 

121.45-121.55a,b, h 1, 2, 3 3572A 
242.95-243.05a,b, h 1, 2, 3 3572A 
235.0-322.oa, h 1, 2, 3 87 3618 
335.4-399.9a, h 1, 2, 3 64.4 3618 
405.5-406.0~ Canada 0.5 3533A 
406.0-406.l 1, 2, 3 0.1 3633A 
406.1-410.0~ Canada 3.9 3634 
608.0-614.0 ·~ 2 6.0 
806.0-890.oc, 2, 3 3.0 3662C 

Norway 3662CA 

942.0-960.oc, h 
Sweden 3670B 
3,Norway 18 3662C 

1645.5-1646.5f 
Sweden 

1554.0-1545.of 
3662CA 

1, 2, 3 1.0 1, 2, 3 3695A 

(GHz) (GHz) 

7.90-8.025a 1, 2, 3 125 7.250-7.375a 1, 2, 3 37648 
14.00-14.50e,g 1, 2, 3 500 
29.50-30.0e 1, 2, 3 500 19.70-20.20e 1, 2, 3 
30.00-31.00h 1, 2, 3 1000 20. 20-21. 20 1, 2, 3 
43.50-47.00 1, 2, 3 3500 39.50-40.50 1, 2, 3 3814C 
50.40-51.40~ 1, 2, 3 1000 

3814C 66.00-71.00 1, 2, 3 5000 
71.00-74.00 h 1, 2, 3 3000 81.00-84.00 1, 2, 3 
95.00-100.00 h 1, 2, 3 5000 3814C 
135.00-142.00h 7000 3814C 
190.00-200.00h 10000 3814C 
252.00-265.00 13000 3814C 

a. Footnote allocation 
b. Emergency position indicating radio-beacons only 
c. Footnote allocation excludes aeronautical mobile-satellite services 
d. Excludes aeronautical mobile-satellite services 
e. Secondary allocation 
f. Distress and safety operations only 
g. Footnote allocation to land mobile-satellite service only 
h. No direction specified 
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Table 5. Maritime and Aeronautical Mobile-Satelllite Service Allocations 

MARITIMr MOBILE 
Earth-to-Space Space-to-Earth 

1626.5-1645.5 MHz 1530.0-1544.0 MHz 

a. No direction specified 
* Footnote allocation 

AERONAUTICAL MOBILE 
Earth-to-Space Space-to-Earth 

1646.5-1660.0 MHz 1545.0-1559.0 MHz 

1610.0-1625.5 MHza,: 
5000.0-5250.0 MHz!' 
15.40-15.70 GHza, 

The primary electrical specifications of an earth station antenna are gain, 
noise temperature, VSWR, power rating, receive/transmit group delay, radi
ation pattern, polarization, axial ratio, isolation, and G/T. All of the 
parameters except the radiation pattern are determined by the system require
ments. The radiation pattern shou.ld meet the minimum requirements set by 
International Radio Consultative Committee (CCIR) of the International Tele
communications Union (ITU) and/or the national regulatory agencies such as 
the Federal Communication Commission (FCC). Earth stations which operate in 
a regulated environment in the United States domestic system must meet the 
requirements set forth in the FCC regulations pertaining to sidelobes. (See 
Part 25, Paragraph 25.209 of FCC Regulations and RM-2725, Amendment of the 
Commission's Rules and Regulations or Policies Relative to Satellite Earth 
Station Antennas to Permit Receive-Only 11 Smal 1 Earth Stations".) The FCC 
regulation specifies a sidelobe envelope of: 

(32-25 log 6)dBi 
-10 dBi 

1°(6(48° 
48°(6(180° 

where s is the angle in degrees from the axis of the main lobe, and dBi 
refers to dB re 1 at i ve to an isotopic radiator. For the purposes of this 
envelope, the peak gain of an individual sidelobe may be reduced by averaging 
its peak level with the peaks of the nearest sidelobes on either side, or 
with the peaks of two nearest sidelobes on either side, provided that the 
level of no individual sidelobe exceeds the gain envelope by more than 6 dB. 
The antenna sidelobe envelope must conform to this specification in the 6- or 
14-GHz transmit band, and it is recommended that the antenna meet the 
envelope in the 4- or 12-GHz receive band. In the small antenna ruling, the 
Cammi ss ion stated that, "it appears that the carrier-to-interference 
objective will be satisfied for present domestic satellites if the earth 
station sidelobe levels do not exceed the envelope defined in Section 25.209 
of the Rules and Regulations." (See Figure 1). 
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Figure 1. 

In 1979 the FCC deregulated receive-only (RO) earth stations. This ruling 
permits a receive-only system to be installed and operated without the 
frequency coordination process to determine if the antenna system will have 
interference problems caused by existing terrestrial or satellite systems 
which share the same frequency band. Waiving coordination also denies the 
operating system the protection from future transmitting terrestrial or 
satellite system interference. Of course, the deregulation ruling also 
allows the use of antennas which do not meet the 32-25 loge envelope, since 
the interference environment is the responsibility of the user and protection 
is no longer guaranteed by the FCC. 

Earth station antennas operating in international satellite communications 
must have sidelobe performance as specified by INTELSAT Standards or by CCIR 
Reco1T111endation 483 and Report 391-2 (see Figure 2). The CCIR Standard is 
somewhat more lenient than the FCC document in that it allows any peak side
lobe to exceed the envelope by 10 dB rather than 6 dB. Nevertheless, it 
should be pointed out that both documents refer to the (32-25 log e) dBi 
envelope. The CCIR Standard specifies the envelope in terms of allowing 10% 
of the sidelobes to exceed the envelope and also permits the envelope to be 
adjusted for antennas whose aperture is less than 1001. CCIR Rep6rt 391-2 
allows the envelope to be determined by: 

G = (52 - 10 log(D/X) - 25 log a)dBi 

when D/X (100. This envelope takes into consideration the theoretical limi
tations of small antenna design and is representative of the actual measured 
patterns of well-designed antennas. 

6 



u, ex, a> CD .,,. ..., .. u, .. .. tv c., a> ID 

' 
c., .,,. I I -r i 0 

+40 

+35 

+30 

+25 

+20 

+15 

+10 

+5 

-5 

-10 

-15 

I I 

""' 
Sidelobe Envelope as defined by 

' 
CCIR Recommendation 433 (Rev. 76)* --, __ and Report 391-2. 

"-.. 
........ ..... 

""'-~ 

._, 
~ 

10 d~ Sidelobe Envelope for Antennas 
Diameten >100A. For D<100A -, 

~ .... Envelope riven by (52 • 10 log (DIA) ........ ..... ' 25 log (J dBi 1 1 • • 1 

I'' -....... ...... ."" ""' I I I I I ... Envelope of Peak Sidelobes-
Level Exceeded ...... ✓.. ' ~ 

._, 
I ..... -by 10% of the / 

' ~ J r"'III~ I", Peak Sidelo le Valu1,s ...... ... 

0dBi 
! ... • 

---~ 
..... , 

...... 
..... ~ r (32 • 25 log (0)] dhi ..... 

,.~, ......... ...... 
Median Value of Sidelobes/ 

-, ..... 
! dB· 

3° 4° 5° 10° 20° 30° 40° 50° 100° 
Degrees from Peak of Main Beam 

Figure 2. 

On August 16, 1983, the FCC amended the Rules and Regulations Part 25. 209 
pertaining to the antenna gain envelope. The new standard is to apply to all 
new transmit antennas installed after July 1, 1984 and to all transmit 
antennas after January 1, 1987. The new standard is as follows: 

a. The gain of any antenna to be employed in transmission from an 
earth station in the fixed-satellite service shall lie below the 
envelope defined below: 

1. In the plane of the geostationary satellite orbit as it 
appears at the particular earth station location: 

29-25 log 10 0 dBi 
+ 8 dBi 
32-25 log 10 0 dBi 
- 10 dBi 

1°<.0<.7° 
7°<0<.9.2° 
9.2°<0<.48° 
48°<0<.180° 

where 0 is the angle in degrees from the axis of the main 
lobe, and dBi refers to dB relative to an isotropic radiator. 
For the purpose of this section, the peak gain of an 
individual sidelobe may not exceed the evelope defined above 
for 0 between 1° and 7°. For 0 greater than 7°, the envelope 
may be exceeded by 10% of the sidelobes, but no individual 
sidelobe may exceed the envelope by more than 3 dB. 
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2. In all other directions: 

Outside the main beam, the gain of the antenna shall lie 
below the envelope defined by: 

32-25 log 10 0 dBi 
-10 dBi 

1°<0<48° 
48°<0<180° 

where 0 is the angle in degrees from the axis of the main 
lobe, and dBi refers to dB relative to an isotropic radiator. 
For the purpose of this section, the peak gain of an 
individual sidelobe may be reduced by averaging its peak 
level with the peaks of the nearest sidelobes on either side, 
or with the peaks of two nearest sidelobes on either side, 
provided that the level of no individual sidelobe exceeds the 
gain envelope given above by more than 6 dB. 

b. The off-axis cross-polarization isolation of any antenna to be 
employed in transmission at frequencies between 5925 and 6425 MHz 
from an earth station to a space station in the domestic fixed
satellite service shall be defined by: 

19-25 log 10 0 dBi 
-2 dBi 

1. 8° <0<7 ° 
7°<0<9.2° 

c. Any antenna licensed for reception of radio transmission from a 
space station in the fixed-satellite service shall be protected 
from radio interference caused by other space stations only to the 
degree to which harmful interference would not be expected to be 
caused to an earth station employing an antenna conforming to the 
standards defined in paragraphs a. and b. of this section. 

d. The standards specified in paragraphs a. and b. of this section 
shall apply to all new antennas installed after July 1, 1984 and to 
all antennas after January 1, 1987. 

e. The operations of any earth station with an antenna not conforming 
to the standards of paragraphs a. and b. of this section shall 
impose no limitations upon the operation, location, and design of 
any terrestrial station, any other earth station, or any space 
station. 

f. Section 25.25l{d}{4} is revised to read as follows: 

The FCC further acknowledged within the text of the Federal Register 
Statement 47 CFR Port 25, Vol. 48, No. 173, September 6, 1983, that the 
envelope defined above is only a reference envelope in the receive band. 
Receiving antennas do not have to conform to this envelope to be eligible for 
licensing. Facilities with performance worse than the reference must, of 
course, accept correspondingly potential, higher interference levels. The 
interference levels should be calculated based on typical measured radiation 
patterns, site location and for a desired satellite or satellites. This 
analysis may result in acceptable receive-only carrier-to-interference per
formance for antennas meeting the present 32-25 log 0 envelope even with 
orbital spacings as small as 2°. Since discrimination, that is, peak on axis 
gain to sidelobe gain is the important determining factor, not an arbitrary 
sidelobe gain performance envelope relative to isotropic. 
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F~e of :Merit, G/T 

A very useful indication of the performance of an earth station is the figure 
of merit defined as: 

G _ 1 ( receiving antenna power gain ] 
T - 0 log system noise temperature (K) 

where the antenna power gain and system noise temperature are referred to 
some convenient point in the system; i.e., the low-noise amplifier input. 
Note that G/T is the figure of merit of a receiving earth station and does 
not apply to the transmit properties of an earth station. GIT is an impor
tant parameter of an earth station in that C/N, S/N, Eb/N0 , etc. are directly 
related to it. For a detailed explanation of G/T, the reader is referred to 
Hollis' paper of G/T and Noise Temperature. The relationships between G/T 
and other important system measures of performance are given by McKimmey• s 
treatment of Link Analysis. 

Types of Earth Station Antennas 

Several types of earth station antennas are now in use within the United 
States and abroad. These antennas can be grouped into two broad categories-
single-beam antennas and multiple-beam antennas. A single-beam earth station 
antenna is defined as an antenna which generates a single beam which is 
pointed toward a satellite by means of a positioning system. A multiple-beam 
earth station antenna is defined as an antenna which generates multiple beams 
by employing a corrvnon reflector aperture with multiple feeds illuminating 
that aperture. The axes of the beams are determined by the location of the 
feeds. The individual beam indentified with a feed is pointed toward a sat
ellite by positioning the feed without moving the reflector. The majority of 
the earth station antennas now in use are single-beam antennas. 

Single-beam antenna types used as earth stations are paraboloidal reflectors 
with focal point feeds (prime focus antenna), dual reflector antennas such as 
the Cassegrain and Gregorian configurations, horn reflector antennas, offset
fed paraboloidal antennas, and offset-fed, multiple reflector antennas. Each 
of these antenna types has its own unique characteristics, and the advantages 
and disadvantages have to be considered when choosing them for a particular 
application . 

.Aldsymmetric Dual Reflector .An: 

The predominant choice of most system operators has been the dual-reflector 
Cassegrai n antenna. Cassegrai n antennas can be divided into three primary 
types: 

a. The classical Cassegrain geometry 1 • 2 employing a paraboloidal con
tour for the main reflector and a hyperboloidal contour for the 
subreflector (see Figure 3). The paraboloidal reflector is a point 
focus device with a diameter De and a focal length f . The hyper
boloidal suhreflector has two foci. For proper opefation, one of 
the two foci is the real focal point of the system and is located 
coincident with the phase center of the feed; the other focus, the 
virtual focal point, is located coincident with the focal point of 
the main reflector. 
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Figure 3. Geometry of the Cassegrain Antenna System 

b. A geometry consisting of a paraboloidal main reflector and a 
special-shaped, quasi-hyperboloidal subreflector. 3 , 4 The geometry 
in Figure 3 is appropriate for describing this antenna. The main 
difference between the classical Cassegrain mentioned above is that 
the subreflector has been designed such that the overall efficiency 
of the antenna has been enhanced, thereby yielding improved qain 
performance. This technique is especially useful with antenna 
diameters of approximately 30 to 100 wavelengths; for example, a 
5-meter antenna in the 6/4-GHz frequency band. 

c. A generalization of the Cassegrain geometry consisting of a 
special-shaped, quasi-paraboloidal main reflector and a shaped, 
quasi-hyperboloidal subreflector. 5 , 6, 7 , 8 Green 9 observed that in 
dual reflector systems with high magnification--essentially a large 
ratio of main reflector diameter to subreflector diameter--the 
distribution of energy (as a function of 8) is largely controlled 
by the subreflector curvature. The path length or phase front is 
dominated by the main reflector ( see Figure 4). Ki nber 5 and 
Galindo 6 , 7 found a method for simultaneously solving for the main 
reflector and subreflector shapes to obtain an exact solution for 
both the phase and amplitude di stri but i ans in the aperture of the 
main reflector of an axi symmetric, dua 1 reflector antenna. Their 
technique, based on geometrical optics, was highly mathematical and 
involved solving two simultaneous, non-linear, first-order, 
ordinary, differential equations. These methods have been applied 
by Scientific-Atlanta and others to desiqn axisymmetric, dual 
reflector antennas when maximum gain is needed for a given size 
reflector antenna. The method of solution allows the specification 
of an arbitrary amplitude distribution, whereby one can make com
promises between sidelobes and antenna efficiency (see Figure 4). 
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Subreflector 
Pattern NOT 
Generally Spherical 

Figure 4. Circularly Symmetric Dual Shaped Reflectors 

Prime-Focus-Fed Paraboloidal .Antenna 

The other type of antenna most often employed in the United States for a 
receive-only application is the prime-focus-fed paraboloidal (see Figure 5) 
reflector. For large aperture sizes, this type of antenna has excellent 
sidelobe performance in all angular regions except the spillover region 
around the edge of the reflector. Even in this area a sidelobe suppession 
can be achieved which satisfies FCC pattern requirement. The antenna 
efficiency for apertures greater than 100 wavelengths is in the 60% region; 
therefore, it represents a qood compromise choice between sidelobes and gain. 

Vertex of Parabola 

Focal 
Point 

1 

Figure 5. Geometry of Prime Focus Antenna 
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For aperture sizes less than approximately 40 wavelengths, the blockage of 
the feed and the feed support structure raises the sidelobes with respect to 
the peak of the main beam such that it becomes exceedingly difficult to meet 
the FCC sidelobe specification. 

The CCIR sidelobe specification can be met since it contains a modifier which 
is dependent on the aperture size. 

Horn B.eflector Antenna 

Two other types of single-beam antenna are used in earth stations. These are 
horn reflector and offset-fed reflectors. The horn reflector antenna can be 
qrouped into two primary types, although other variations of the basic design 
concept exist: 

Pyramidal Horn B.eflector 

The pyramidal horn reflector has been used for many years in the terrestrial 
microwave field, primarily by AT&T. This antenna offers excellent efficiency 
and sidelobe performance especially in the near-in region and in the back 
region. Its performance is a result of its closed configuration and lack of 
aperture blockage that is inherent in the axisymmetric antennas mentioned 
above. The polarization response off-axis is an area of concern especially 
when used with a frequency-reuse satellite. 

Conical Horn B.eflector 

The conical horn reflector is similar in design to the rectangular horn 
reflector mentioned above. It has similar advantages and disadvantages, with 
some exceptions. The first sidelobe is improved due to the circular 
aperture. The conical horn also has less wind resistance than the pyramidal 
horn, again resulting from its basic shape. The pyramidal and conical horn 
reflector have somewhat 1 ower noise temperature than axi symmetric reflector 
antennas. On the other hand, both also have unique mounting requirements 
which are somewhat restrictive and cumbersome. The overal 1 length of the 
antenna, for example, is typically twice the aperture size. (See Figure 6 
for the dimensions of a typical 4-meter conical horn reflector). Problems 
with transportation can also occur due to the large physical dimensions of 
the antenna. 
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Figure 6. 4 Meter Conical Horn Reflector Antenna 

Offset-Fed B.eflector .Antennas 

To date, the offset-fed reflector antenna has not been widely used as an 
earth station antenna in the United States because of its cost. This 
probably will remain the case in the near future, but this antenna's sidelobe 
performance should make it a viable candidate for use at some time in the 
future. The offset, front-fed reflector antenna can employ a single main 
reflector or multiple reflectors, with two reflectors the more prevalent of 
the multiple reflector designs. The offset, front-fed reflector, consisting 
of a section of a paraboloidal surface (Figure 7), minimizes diffraction 
scattering by eliminating the aperture blockage of the feed and feed support 
structure. Sidelobe levels of (32-30 loge) dBi can be expected from this 
type of antenna. Aperture efficiencies of 60-70% can also be expected. The 
increase in aperture efficiency as compared to an axisymmetric, prime-focus
fed antenna is due to the elimination of direct blockage. The geometry of 
this antenna type may present some unusual and interesting mount config
urations. For a more detailed discussion of this type of antenna, see C. 
Mentzer! 0 . 
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Offset-fed dual reflector antennas exhibit side lobe performance similar to 
that of the prime-focus-fed offset reflector. Two offset-fed dual reflector 
geometries have been used for earth station antennas: the double-offset 
geometry shown in Figure 8(a) and the open Cassegrain geometry introduced by 
Cook, et al11 of Bell Labs shown in Figure 8(b). In the double-offset geome
try, the feed is located below the main reflector, and no blocking of the 
optical path occurs. In contrast to this, the open Cassegrain geometry is 
such that the primary feed protrudes through the main reflector; thus it is 
not completely blockage-free. Nevertheless, both of these geometries have 
the capability of excellent sidelobe and efficiency performance. 

Section of a 
Parabolic Reflector 

Figure 7. Basic Offset Fed Parabolic Antenna 
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The disadvantage of the offset geometry antennas is that they are asymmetric. 
This leads to increased costs, since there exists only one plane of symmetry, 
and the geometry also has some effect on the electrical performance. The 
offset geometry, when used for linear polarization, has a depolarizing effect 
on the primary feed radiation and produces two cross-polarized lobes within 
the main beam in the plane of symmetry. When used with circular polariza
tion, the geometry introduces a small amount of beam squint whose direction 
is dependent upon the sense of polarization. 

(a.) Double-offset Geometry (Feed Phase Center and -Paraboloidal 
Vertex at 0) 

+ 

(b.) Open Cassegrainian Geometry (Feed Phase Center located at O'; 
Paraboloidal Vertex at 0) 

Figure 8. Offset Dual Reflector Geometries 

During· the past few years considerable analysis has been performed by 
Galindo-Israel, Mittra, and Cha12 for this geometry for high aperture effi
ciency applications. Their analytical techniques are reported to result in 
efficiencies in the 80-90% range. Mathematically, the offset geometry, when 
formulated by the method used in designing axisymmetric dual reflectors 
results in a set of partial, differential equations for which there is no 
exact geometrical-optics solution. The method of Galindo-Israel, Mittra, and 
Cha is to solve the resultant partial differential equations as if they were 
total differential equations. Then, using the resultant subreflector sur
face, the main reflector surface is perturbed until a constant aperture phase 
is achieved. 
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Multiple Beam .Antennas 

During the past few years there has been an increasing interest in rece1v1nq 
signals simultaneously from several satellites with a single antenna. This 
interest has prompted the development of several multibeam antenna configura
tions which employ fixed reflectors and multiple feeds. The antenna engi
neering community, of course, has been investigating multibeam antennas for 
many years. In fact, in the middle of the seventeenth century Christian 
Huygens and Sir Isaac Newton first studied the spherical mirror, and the 
first use of spherical reflector as a microwave antenna occurred during World 
War II. More recently, the spherical reflector, the torus reflector, and the 
dual reflector geometries, all using ·multiple feeds, have been offered as 
antennas with simultaneous, multibeam capability. Chu 13 in 1969 addressed 
the mutiple-beam spherical reflector antenna for satellite communication; 
Hyde 14 introduced the multiple-beam torus antenna in 1970; Ohm 15 presented a 
novel multiple-beam Cassegrain geometry antenna in 1974. All three of these 
approaches are discussed below, as well as variations of scan techniques for 
the spherical reflector. 

Spherical Reflector 

The properties, practical applications, and aberrations of the spherical 
reflector are not new to microwave antenna designers. Its popularity is 
primarily due to the large angle through which the radiated beam can be 
scanned by translation and orientation of the primary feed. This wide-angle 
property results from the symmetry of the surface. Multiple beam operation 
is realized by placing multiple feeds along the focal surface. In the 
conventional use of the reflector surface, the minimum angular separation 
between adjacent beams is determined by the feed aperture size. The maximum 
number of beams is determined by the percentage of the total sphere covered 
by the reflector. In the alternate configuration described below, these are 
basically determined by the f/0 ratio and by the allowable degradation in the 
radiation pattern. 

In the conventional use of the spherical reflector, the individual feed 
i 11 umi nates a portion of the reflector surf ace such that a beam is formed 
coincident to the axis of the feed. The conventional multibeam geometry is 
shown in Figure 9. All of the beams have similar radiation patterns and 
gains, although there is degradation in performance in comparison to that of 
a paraboloid. The advantage of this antenna is that the reflector area 
illuminated by the individual feeds overlaps, reducing the surface area for a 
given number of beams in comparison with individual single beams antennas. 
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Figure 9. Conventional Spherical Multibeam Antenna Using Extended 
Reflector and Multiple Feeds 
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Figure 10. Convention Spherical Reflector and Feed Geometry 
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The alternate multibeam spherical reflector geometry is shown in Figure 11. 
For this geometry each of the feed elements points toward the center of the 
reflector with the beam steering accomplished by the feed position. This 
method of beam generation leads to considerable increase in aberration, 
including coma; therefore, the radiation patterns of the off-axis beams are 
degraded with respect to the on-axis beam. This approach does not take 
advantage of the sperical reflector properties that exist in the conventional 
approach. In fact, somewhat similar results could be achieved with a para
boloidal reflector with a large f/D. An example of the pattern distortion 
and gain loss as the feed is scanned off the reflector symmetry axis is shown 
in Figure 12 for a paraboloid reflector antenna 16 with an f/0 of 0.4. The 
reflector diameter was 2.75 m operating at a frequency 7.9 GHz. The on-axis 
beam has a half-power beamwidth of 1° and first sidelobe of 25 dB. The coma 
effect on sidelobe and the loss of gain vs. scanning is given in Table 6. 

Beam 

.,,., 

Feed .,,., .,,., 

..... 

',0 1 

Fig~re 11. Alternate Spherical Multlbeam Antenna Using Minimum 
Reflector Aperture with Scanned Beam Feeds 
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Figure 12. Measured Secondary Patterns as Function of Lateral Primary 
Feed Displacement for a Paraboloidal Reflector (from Reference 16) 

Table 6. Gain Loss and First Sldelobe Level as a Function of Lateral 
Primary Feed Displacement for a Paraboloidal Reflector 

Beam Scan Gain Loss (dB) First Sidelobe 
(degrees) Relative to On-Axis Beam Relative to Peak of 

00 o.o 25.0 
70 4.+ 7.0 

14° 7.+ 10.0 
21° 11.+ 2.0 

(dB) 
Main Beam 

An important factor to consider for this antenna is that the gain loss due to 
scanning is more dependent upon ·the actual angular scan than on the scan 
measured in half-power beamwidths. 

Torus .Antenna 

The torus antenna is a dual curvature reflector, capable of multibeam opera
tion by feeding it with mutiple feeds similar to those of the conventional 
spherical reflector geometry. The feed scan plane can be inclined to be in 
the orbital arc plane, allowing the use of a fixed reflector to view geosyn
chronous satellites. The reflector has a circular contour in the scan plane 
and a parabolic contour in the orthogonal plane (see Figure 13). It can be 
fed either in an axisymmetric or an offset-fed configuration. The offset 
geometry for use as an earth station antenna has been sucessfully demon
strated by COMSAT LABS17 . The radiation patterns meet the (32-25 loge) dBi 
envelope. 
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Figure 13~ Torus Antenna Geometry. Comsat Technical Review 
Vol. 4, No. 2, Fall 1974 

The offset-fed geometry results in an unblocked aperture, which gives rise to 
low wide-angle sidelobes as well as provides convenient access to the 
multiple feeds. 

The torus antenna has less phase aberration than the spherical reflector 
because of the focusing in the parabolic plane. Because_ of the circular 
symmetry, feeds placed anywhere on the feed arc form identical beams. There
fore, no performance degradation is incurred when multiple beams are placed 
on the focal arc. Point focus feeds may be used to feed the torus up to 
aperture diameters of approximately 200 wavelengths. For larger apertures it 
is recommended that aberration correcting feeds be used. 

The scanning or multibeam operation of a torus requires an oversized aperture 
to accommodate the scanning. For example, a reflector surface area of 
approximately 214 square meters will allow a field of view (i.e., orbital 
arc) of 30° with a gain of approximately 50.5 dB at 4 GHz (equivalent to the 
gain of a 9.65-meter reflector antenna). This surface area is equivalent to 
approximately three 9.65-meter antennas. Therefore, for a field of view of 
30°, the aperture of three 9.65-meter antennas al lows an operator the cap
ability of receiving signals from eight satellites spaced at 4° intervals. 

The main disadvantage of the antenna is in its stringent installation 
requirements. The mounting structure has to be customized for the site lati
tude and longitude, as the reflector plane of scan has to be accurately 
located relative to the orbital plane. The mutiple feeds also require a 
secondary structure or bui 1 ding to support them and their related 
electronics. 

20 



Offset-Fed, lVIultibeam 0assegrainAntenna 

The offset-fed, multibeam Cassegrain antenna is comprised of a parabolic main 
reflector, a hyperbolic oversized subrefl ector, and mut i p 1 e feeds 1 ocated 
along the scan axis, as shown in Figure 14. The offset geometry essentially 
eliminates beam blockage, thus allowing a significant reduction in sidelobes 
and antenna noise temperature. The Cassegrain feed system is compact and has 
a large focal-length-to-diameter ratio (F/0) which reduces aberrations to an 
acceptable level, even when the beam is moderately far off-axis. The low 
sidelobe performance is achieved by using a corrugated feed horn which pro
duces a Gaussian beam. 
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Figure 14. Geometry of the Offset-Fed, Multibeam Cassegrain Antenna. 
The Bell System Technical Journal, October 1974 

A typical antenna design consisting of a 10-meter projected aperture would 
yield half-power beam widths and gain commensurate with an axisymmetric 
10-meter antenna, 0.5° HPBW and 51-dB gain at 4 GHz. The subreflector would 
need to be approximately a 3 x 4.5-meter elliptical aperture. The feed 
apertures would be approximately 0.5 meter in diameter. The minimum beam 
separation would be less than 2°, more than sufficient to allow use with 
synchronous sate 11 i tes with orbit spacings of 3° or greater. For the ±15 ° 
scan the gain degradation would be approximately 1 dB, and the first sidelobe 
would be approximately 20-25 dB below the main beam peak. The wide-angle 
sidelobes would meet the (32-25 log a) dBi envelope. Figure 15 is a model of 
the antenna configuration. 

The reflector and subrefl ector require separate structures. This necess i
t ates care in the alignment on site, since plane orientation is dependent on 
the longitude and latitude of the site. 

21 



Typical lVIultibeam. Orbit Coverage 

For a multibeam antenna to receive signals from the existing U.S. domestic 
satellites, a field of view of 30° is necessary. Within the orbital arc of 
86° W to 136° Ware eleven domestic satellites operating in the 6/4-GHz fre
quency band. These include the three Canadian ANIK satellites. Figure 16 
shows the azimuth and elevation look angles to these satellites from a 
typical site in the Southeastern United States. For the multibeam config
urations, the mutiple feeds would have to be placed on a scan axis such that 
the resultant beams are pointed to these azimuth and elevation coordinates. 
It is obvious that the feeds would necessarily be mounted at cons i derab 1 e 
height above the ground to traverse the required arc for the spherical refle
ctor. For the torus antenna the offset reflector and the feed would be 
ti 1 ted with respect to the earth such that the feeds can traverse the 
required arc. The offset Cassegrain's reflector, subreflector and feed scan 
arc would also be tilted with respect to the earth to provide the desired arc 
coverage. 

Figure 15,,._ Model of Offset-Fed, Multlbeam Cassegrain Antenna Configuration 
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Figure 16. Orbital Arc as Viewed from Typical Site in Southeast 90°W to 
136°W Longitude 

Angle Tracking 

Automatic tracking of satellite position is required for many earth station 
antennas. Monopul se, conical scan, sequential lobing, single-channel mono
pulse and steptrack techniques are applicable for this purpose. The primary 
·advantages and principal use of the steptrack, conical scan, single-channel 
monopu 1 se and three-channe 1 monopu 1 se configuration are given in Figures 17 
through 20. The most common of these techniques for small- and medium
aperture earth stations are the steptrack and single-channel (pseudo
monopulse) monopulse. 
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Steptrack (Antenna or Feed) 

• Primary Use 
Geosynchronous satellites 

• Principal Advantages 
Low cost 
Requires only a single beam feed 
Requires one RF channel 
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Figure 17. Steptrack (Antenna or Feed) 

24 

.. RECEIVER -

1, 

STEP TRACK 

CONTROLLER 



Ccln:ical Scannt:ng 

• Primary Use 
Polar or geosynchronous satellites 
Low or high dynamic targets 

• Principal Advantages 
Low cost 
Uses a single beam feed 
Uses one RF channel 

• Principal Disadvantages 
Requires four pulses or short duration continuous signal 
to obtain tracking information (typically 33 ms) 
Subject to mechanical reliability problems due to continuous 
feed rotation 
Subject to tracking loss due to propeller and other low rate 
modulation sources 
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Figure 18. Conical Scanning 
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Single-Channel Monopulse 

• Primary Use 
Polar or qeosynchronous satellites 
Low or high dynamic targets 

• Principal Advantages 
Use only one RF channel 
Lower cost than three-channel monopulse 
Has low angular tracking jitter 
Uses fast, random rate electronic beam steering to prevent 
tracking loss due to propeller and other low-rate modulation 
sources 

• Principal Disadvantages 
Requires four pulses or short duration continuous signal to 
obtain tracking information (approximately 1.5 ms) 
Requires three beam feed 
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Figure 19. Single-Channel Monopulse 
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Three-Channel Mon.opulse 

• Primary Use 
Orbiting or geosynchronous satellites 
Radar tracking 
Low or high dynamic targets such as aircraft or missiles 

• Principal Advantages 
Provides instantaneous angle information 
Can track targets with rapidly fluctuating signal levels 
Has very low angular track jitter 

• Principal Disadvantages 
Requires three phase-matched channels from the antenna to the 
receiver 
Highest cost system approach 
Requires three beam feed 
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Figure 20. Three-Channel Monopulse 
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steptrack 

Steptracki ng is a technique employed primarily for mai ntai ni ng the pointing 
of an earth station's antenna beam toward a geosynchronous satellite. Since 
most geosynchronous orbiting satellites have some small angular box of 
stationkeeping, a simple peaking technique can be used to keep the earth 
station beam correctly pointed. 

The signal peaking or steptrack routine is a software technique that maneu
vers the antenna toward the signal peak by fo 11 owing a path along the 
steepest signal strength gradient or by using some other algorithm that 
accomplishes the same result 18 • 19 . Any method of direct search for maximi
zation of signal is applicable; one such method calculates the local gradient 
by determining the signal strength at three points (A, B, C) (Figure 21.) 
From the signal strength at points A, B, C, an angle « 2 is computed repre
senting the unit's gradient vector angle relative to the azimuth axis. Once 
C1 is determined, A2 is set equal to C1, and another angle e2 us defined by 
94 = 91 + « 2 (e1 = o). The angle is used to relate pedestal movements to a 
fixed pedestal coordinate system. The procedure is repeated a number of 
times until the antenna boresight crosses throughout the peak. At this time 
the step size is reduced by one-half and for each time the peak is crossed, 
it is again reduced by one-half until the peaking resolution is 
accomplished. 

EL 

(Gradient vector is represented by dash line, angle (ex:) is measured 
from horizontal) antenna boresight moves from A1 to 81 to C1 
(A-A2) then to B2and C2, etc.) 

cx:3 

Horizontal 

cx:2 

Figure 21. Signal Strength Gradients 
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Single-CbaDJ1el Monopulse 

This technique utilizes multiple elements or modes to generate a reference 
si9nal, an elevation error signal, and an azimuth error signal. The two 
error signals are then combined in a time-shared manner by a switching 
network which selects one of two-phase conditions (0° and 180°) for the error 
signal. The error signal is then combined with the reference signal, with 
the resultant signal then containing angle ;nformation. This allows the use 
of a single receiver for the tracking channel. This technique is equivalent 
to sequential lobing where the lobing is done electrically and can be 
adjusted to any desired fixed or variable scan rate. 

Polarization 
Many satellite corrmunication systems are dual polarized (frequency reuse), 
and are therefore susceptible to interference from the intended cross
polarized signals when the medium of propagation is such that the ellipticity 
of the signals are changed. This condition can occur during atmospheric 
conditons such as rain and Faraday rotation in the ionosphere. Therefore, 
in order to maintain sufficient polarization discrimination, special pre
cautions must be taken in regard to polarization purity of the dual
polarization antennas; indeed, adaptive polarization correcting circuits may 
be necessary. 20, 21 

Several types of polarziation discrimination enhancement schemes may be used. 
They include: 

1. Simple rotation of the polarization major ellipse axis to correct 
for rotation due to the ionosphere (applicable for linear polarizations). 
Transmit and receive rotations are in opposite directions. 

2. Sub-optimal correction of depolarization, ellipticity correction 
with respect to one of the signals, but not orthogonalizing the two signals 
(differential phase). 

3. Complete adaptive correction including orthogonalization (differ
ential phase and amplitude). 

The polarization enhancement schemes may be implemented at the RF frequencies 
or they may fol low a downconversion stage and be implemented at IF fre
quencies. In either case the circuitry must of:erate over the full bandwidth 
of the communication channel. Kreutel, et al 2 treat the implementation of 
RF frequencies in detail. The reader is also referred to Gianatasio 23 , 24 for 
both RF and IF circuitry and experiments to verify performance of the cir
cuitry. 
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Summary 

Many kinds of antennas are used as earth station antennas. For overall per
formance the prime-focus-fed parabo l oi da l and the dual-reflector Cassegrai n 
antennas have been the predominant types of antenna used. Their choice has 
been based on the best tradeoffs between electrical and mechanical perfor
mance commensurate with cost. It is expected that these types of antennas 
will continue to be the earth station antennas for many years to come, 
although some increase in the use of offset-reflector geometries is expected. 
Interest in multiple-beam antennas will increase, but it will tempered by the 
increased cost and installation complexity. The recent FCC assignments of 
orbital arc positions between 70° W. and 143° W. longitude should also 
encourage multiple antenna installations for a given site. 
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Digital Audio for Satellite Distributed lf etwork Bad:l.o 
-System OVerview 

Introduction 

Scientific-Atlanta recently signed contracts with ABC, CBS, and NBC as the 
supplier of 3-meter digital earth terminals for their network radio stations. 
The resulting terminal is a time-division-multiplexed (TDM) digital system 
with a transmission rate of 8.78 Mb/s. This system has been tested and 
qualified with rooftop reception in downtown Manhattan. All digital audio 
testing was performed directly over the satellite in the presence of severe 
terrestrial interference. Excellent performance was recorded on all tests. 
It is forecast that by early 1984, over 3,000 of these 3-meter terminals will 
be installed throughout the nation, receiving high-quality program feeds from 
the major radio networks. 

Scientific-Atlanta's 3-meter TDM digital audio terminal is designed to 
receive high-speed TDM digital data at 8.78 Mb/s, demodulate, decode, and 
then demultiplex the data into the desired audio and data channels. The 
terminals will support data rates equivalent to twenty 15 kHz audio channels 
(384 kb/s each) or an equivalent larger number of lower bandwidth channels. 
Each 384 kb/s channe 1 can support either one 15 kHz program, two 7. 5 kHz 
programs, twelve 32 kb/s auxiliary channels (voice cue or data) or one 
7.5 kHz program channel, and six 32 kb/s auxiliary channels. One 32 kb/s 
auxiliary channel slot is reserved for system synchronization. 

Using this TDM terminal, all radio stations have access simultaneously to any 
of the twenty 15 kHz channels. This allows the station to receive their time 
zone network feed, news services, data, voice cue, as well as other program 
material. This simultaneous access is obtained by adding plug-in cards to 
the mainframe equipment. 

Digital transmission was selected instead of analog transmission for its data 
and channel use flexibility, the outstanding quality of the received program 
audio and the efficient usage of the satellite transponder. To obtain 
analog-transmitted high-quality audio into a 3-meter network requires the use 
of analog compression techniques. Unlike. digital compression, a residue 
compression is retained in the expanded analog audio. Digital transmission 
provides expanded dynamic range ( about 15 dB more than analog) and high 
signal-to-noise ratio of a very high level that has never been experienced in 
network reception. 

Two types of analog radio transmission are presently used for network trans
mission--the single channel per carrier (SCPC) and the video subcarrier or 
diplex method. For quality audio reception into a 3-meter network, only the 
SCPC provides acceptable performance for a large number of audio channels. 

Analog earth terminals are less expensive than di gi ta 1, but their sate 11 ite 
transmission capacity is reduced. For high quality reception only about ten 
(10) channels of 15 kHz SCPC analog transmission can be used in the satellite 
3-meter network reception. Sixteen is probably the maximum number which 
could be supported. TDM digital transmission, on the other hand, allows 
twenty high-quality 15 kHz channels in the satellite. 



Other competing digital approaches such as the 5-carrier Tl-rate transmission 
were usually more expensive for receiving full network service. For example, 
to simultaneously access digital audio or data channels in two Tl-rate trans
mitted carriers requires additional RF and demodulating equipment. To access 
data simultaneously in all five Tl-rate carriers, the terminal cost will be 
prohibitive. Using the TOM approach allows access simultaneously to all 
audio and digital data on the full transponder. The TOM approach is also 
more immune to terrestrial interference than is the Tl-rate approach. 

Scientific-Atlanta's TOM digital earth terminal provides: 

• Efficient use of the satellite 

• Inexpensive full transponder service 

• Very high quality audio reception 

• Built-in expansion capability for future services 

• One-way data service capability 

• Relative immunity to terrestrial interference 

Scientific-Atlanta will manufacture and sell the terminals and will offer 
installation and 24-hour maintenance service. 

Equipment Description 

The 15 kHz program signal is sampled at 32 kilosamples per second and 
digitized to a 15-bit word. Digital corrmanding techniques are used to 
instantaneously compress the 15-bit word to an 11-bit word. A parity bit is 
added, resulting in a word length of 12 bits. The parity bit is used in 
error concealment encoding that allows bit error rate to degrade to 10-5 with 
"just perceptible" audio degradation in the 15 kHz audio channel unit. The 
noise performance of the termi na 1 is enhanced by forward-error-correction 
{FEC) encoding. The combined data is bi-phase modulated {BPSK) at 70 MHz, 
then upconverted to the 6 GHz band for transmission to the satellite. 
Figure 1 is a block diagram of the 3-meter receive-only terminal. 

The outside equipment for the basic terminal consists of Scientific-Atlanta's 
3-meter antenna, a 120 Kelvin low-noise amplifier (LNA), and 200 feet of 
1/2-inch foam-filled coaxial cable. This outside equipment configuration 
will be satisfactory for 96% of the radio stations located within the 
Continental USA. Larger antennas or lower temperature LNAs are recommended 
for radio stations in Florida, Southern Texas and some areas in the upper New 
England States. 

The inside equipment is contained in two chassis that are mounted in the 
radio stations' equipment rack. The wideband receiver converts 4 GHz 
received transmission down to 70 MHz where it is bi -phase demodulated, the 
forward error correction (FEC) coding is decoded, and the resulting 7.68 Mb/s 
data stream is supplied to the data processing unit (OPU) mainframe. 
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The 7. 68 Mb/ s data is demu 1 tip 1 exed in the DPU chassis where the f u 11 
transponder service is available with plug-in cards. A summary specification 
of the terminal is provided ih Table 1. 

The optional plug-in units are as follows: 

Dual 15 kHz channel unit --------Two independent 15 kHz channels on 
one card 

Dual 7.5 kHz channel unit -------Two independent 7.5 kHz channels on 
one card 

Voice cue channel unit ----------A 32 kb/s delta modulated (CVSD) 3 kHz 
voice unit on one card 

Data channel unit ---------------Three-port 
for slow 
equipment 

addressable asynchronous 
and medium rate terminal 

A three-transponder select switch will also be offered as optional equipment. 
Scientific-Atlanta will also offer a full line of outside equipment including 
lower temperature LNAs, larger antennas, and a low sidelobe antenna for 
improved performance for small orbital satellite spacing now being 
considered. 

3-METER 

LNA 

OUTSIDE EQUIPMENT 

PLUG-INS 

,------------T-----~---~ 
I I DUAL AUDIO I 

I,----, ,----, ,-----, J O Lo_u~_u_Tu_N_1Tt---;-

DOWNCONV BPSKDEMOD 7/B RATE 
OECODeR M 

u 
X 

DATA 
CARD 

I . I : i _____________ L _________ ~ 

I . WIDEBAND RECEIVER ----l--- DIGITAL PROCESSING UNIT _j 
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Figure 1. Three-Meter Digital Audio Terminal 
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Table 1. 3-Meter Digital Audio Terminal Specification Summary 

Item 

Antenna 

Diameter 

Gain 

Low-Noise Amplifier 

Noise Temperature 

Gain 

Wideband BPSK Receiver 

Downconversion 

Received Data Rate 

FEC Decoding 

Bit Error Rate 

Digital Audio (15-kHz unit) 

Specifications 

3 meters 

39.5 dB 

120°K 

50 dB 

Dual 

8.78 Mb/s 

Rate 7/8 hard decision 
threshold decoding 

Better than 10-7 on or above 
33 dBW satellite power contours 

Sample Frequency 32 kHz 

Digital Compression 15 to 11 

Sine wave Overload Level +28 dBmO* 

Peak Unaffected Signal +24 dBmO 

Signal-to-Quantizing Noise Ratio ~56 dB (at +22 dBm) 

Idle Channel Noise ~81 dB (below +24 dBm) 

Total Harmonic Distortion 0.3% 

* 0 dBmO = O dBm into 600 ohms 
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Beceive-Only Terminal Link Performance 

Performance .ADalysis 

In this section, the RF performance of Scientific-Atlanta's 3-meter TOM digi
tal earth terminal is reviewed. For all practical purposes, the effect of 
bit errors on the digital audio performance is eliminated completely whenever 
the bit error rate (BER) is equal to or better than 10-7 . 

The r.ext paragraph reviews the location of radio stations, illustrating that 
a majority of these stations are located on or above the 33 dBW power contour 
of the satellite. Link fade margin is addressed, followed by a tabulation of 
the link calculations. The last paragraph discusses the effects of bit 
errors on digital audio performance. 

Satellite lDIBP Contours vs. Term1naJ LocatioD. 

Performance of the receive-only earth station depends on the earth station 
equipment configuration and the satellite power or EIRP contours. The major
ity of the end users for digital audio will be the existing radio stations, 
and fortunately most of these radio stations are located on the higher EIRP 
contours of the sate 11 ite. Table 2 shows a count of the top 300 Areas of 
Dominant Influence (ADI) for radio market as to their location in the various 
contours of a particular satellite. 

Table 2. Number of Terminals Located in EIRP Contours for a 
600 Terminal Network 

EIRP (dBW): 

No. of Terminals: 

36-35 

92 

35-34 

254 

34-33 

228 

33-32 

16 

32-31 

10 

TOTAL 

600 

These estimates of terminal count versus satellite power contours are based 
on the EIRP contours of SATCOM Fl. 

Link Fade Margin 

The margins required for · a satellite link are substantially different than 
for a terrestrial microwave system. The margins required .for a satellite 
link depend on system availability and must include allocations (margins) 
for: 

a. Atmospheric absorption 

b. Rain fades 

c. Antenna pointing errors (including wind loading effects) 

d. Transmitter power level variations 
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One major advantage of a system which uses a saturating carrier in the trans
ponder is that uplink fades can be neglected, since the transponder is oper
ated beyond saturation by the expected amount of the uplink fade. Thus, this 
quarantees that during maximum uplink fades, the transponder does not come 
out of saturation. The downlink fade margins at 4 GHz required for a BER 
availability of 99.99% are shown in Table 3. 

• Table 3. Link Margin for 99.99% BER Availability 

Parameter Margin (dB) Note 

Atmospheric Absorption 0.1 a 

Rain Fades 0.6 b 

Antenna Pointing 0.1 C 

Transmit Power Variation 0.0 d 

0.8 dB 

NOTES: 

a. Atmospheric absorption: 0.1 dB. 

b. Rain fades: This is a function of rain rate, earth station elevation 
angle, and vertical depth of rain cells. The baseline contour (32 dBW) 
for the RCA system (cutting through the Southern U.S.) is at higher 
elevation angles (resulting in lower fades) while the better EIRP con
tours are at lower elevation angles so that the increased rain fade is 
compensated by the higher available EIRP. For 99.99% of the time, the 
downlink rain fades (heavy rain over 60mm/hr) wi 11 be under 0.6 dB 
(note that a typical rain cell might extend 30 km or more in length, 
but only about 2 km in depth). .A satellite 1 ink wi 11 experience a fade 
corresponding to the 2 km depth times the sin(x) of the elevation 
angle x, whereas a microwave system would experience a fade corre
sponding to the entire horizontal extent of the rain cell. 

c. Antenna pointing errors: This is dependent on the antenna aperture and 
is well under 0.1 dB for 3-meter antennas. 

d. Transmit power level variations: For saturated transponder, this is 
negligible since it only affects uplink losses. 

Interference 

The interference into the receive-only digital audio terminal is a composite 
of interference from various sources. The interference model used in the 
calculations is shown in Table 4. 

The top two C/I ratios in Table 4 are typical values while the C/I ratios for 
• adjacent satellite and terrestrial interference are obtained from analysis. 
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Table 4. TOM Digital Interference Model 

Source C/I (dB) 

Uplink 31 

Cross Polarization 33 

Adjacent Satellite 18.1 

Terrestrial 30 ----
Composite C/I* 17.5 

*Composite C/I calculation: 10-1•75 = 10-3,0 + 10-3•3 + 10-1.81 + 10-3,0 

Tenestrial Interference 

Scientific-Atlanta employs a notch filter designed as part of its bandpass
matched filter which reduces the effect of terrestrial interference while 
enhancing the desired signal detection. 

The frequency response on an ideal matched filter for 9 Mb/s BPSK modulated 
signal obeys the (sin x/x) 2 response with its first nulls at ±9 MHz. This 
ideal filter is approximated by a filter with nulls at ±10 MHz, which signi
ficantly reduces the effect of most terrestrial interference while enhancing 
the detection of the desired signal. 

Scientific-Atlanta's 3-meter TOM digital terminal has been tested in severe 
terrestrial interference environment. Figures 2 and 3 are photos of frquency 
spectrum measured during the ABC-Radio test with a 3-meter rooftop antenna at 
1926 Broadway, New York, N. Y. The top photo shows the wideband modulated 
BPSK signal between the two T0-2 terrestrial interfering signals (arrows). 
The interfering signal was about the same level as the unmodulated satellite 
carrier (Figure 3), or about -123 dBW. Excellent reception was obtained 
during the test in the presence of this interference. 

The notched matched filter provides a protection of about 38 dB from two 
equal-level TD-2 levels of -116 dBW, which provides a terrestrial C/I ratio 
of 30 dB. 

Link C81culations 

The 1 ink cal cul ati_ons for Scientific-Atlanta's 3-meter digital audio terminal 
are illustrated in Table 5. Direct addition of the positive and negative 
numbers in the top part of the table establishes the ideal downlink Eb/N0 . 
Power adding the composite C/I ratio results in the effective Eb/N 0 . Sub
tracting link implementation margin of 1.5 dB results in the realized Eb/N0 
into the rate 7/8 threshold decoder. The last table entries are the margins 
above BER= 10-7 for the various satellite contours. In all cases, adequate 
margin is available for excellent digital audio reception. 
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Figure 2 .. Wideband BPSK Signal Received by 3-Meter Rooftop Antenna 
at 1926 Broadway, New York, NY. Terrestrial Interfering Signal 
at ±10 MHz from Transponder Center 

Figure 3. Center Spike is Unmodulated Carrier Received from Satellite 
into 3-Meter Rooftop Antenna 
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Table 5. Three-Meter Network Link Calculation 

Parameters Values 

Satellite Saturated EIRP (dBW) 32.0 33.0 34.0 

Multiple Carrier Loss ( dB\~) 0.0 0.0 0.0 

Space Loss ( dB) -196.8 -196.8 -196.8 

Boltzmann's Constant ( dB) +228.6 +228.6 +228.6 

Information Rate (7.68 Mb/s) - 68.9 - 68.9 - 68.9 

3-Meter, 120° LNA G/T + 17.5 + 17.5 + 17.5 

Ideal Downlink Eb/N0 (dB) 12.4 13.4 14.4 

Fade Margin {99.99%) ( dB) - 0.8 - 0.8 - 0.8 

Downlink Eb/N 0 (dB) 11.6 12.6 13.6 

Composite C/I (dB) 
(4.0° orbital spacing) 17.5 17.5 17.5 

Effective Eb/N0 (dB) 10.6 11.4 12.l 

Link Implementation Loss (dB) - 1.5 - 1.5 - 1.5 

FEC Decoder Eb/No 9.1 9.9 • 10.6 

Decoder Eb/N 0 for BER = 10-7 8.1 8.1 8.1 

Extra Margin above BER= 10- 7 1.0 1.8 2.5 

NOTES: 

Notes 

( 1) 

( 2) 

( 5) 

( 3) 

(4) 

(5) 

(1) The G/T varies with the elevation angle of the antenna: G/T = 17 dB/K 
at 5° elevation up to 17.9 dB/Kat 40° elevation. An average value of 
17.5 dB/K is used in the calculations. 

(2) 99.99% fade margin discussed in link fade margin section above. 

(3) Composite C/I discussed in interference section 
spacing C/I reduces to 15 dB, which reduces 
by 0.6, 0.8, and 0.9 dB on the 32, 33, 
respectively. 

above. For 3° orbital 
the FEC decoder Eb/N0 
and 34 dBW contours 

(4) Typical measured performance over simulated satellite link using 
Scientific-Atlanta's BPSK modulator and demodulator is better than 1 dB 
from theory. 

(5) The decoder is rate 7/8 1-bit hard decision threshold decoder. Value 
is measured value. 
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If additional margin is required at some stations, it can be obtained by 
increasing the terminal G/T. Typical G/T increases obtained by modifying the 
outside equipment are listed in Table 6. 

Table 6. Methods of Increasing G/T 

Modification Typical 
Antenna Dia. LNA (Kelvin) G/T Increase (dB) 

3.0 M 120 -0-

3.0 M 100 0.5 

3.0 M 90 0.9 

3.0 M 80 1.2 

3.6 M 120 1.0 

3.6 M 100 1.5 

3.6 M 90 1.9 

3.6 M 80 2.2 

4.6 M 120 3.7 

Interpretation of the Effect of Bl!l1l on Digital Audio Performance 

The bit error rate (BER) is the average rate at which bit errors occur; it is 
the estimate of the bit error probability. The BER remains constant whether 
we consider the high-speed 7.68 Mb/s data stream or a single 15 kHz channel 
(384 kb/s) demultiplexed from this high-speed data stream. Scientific
Atlanta uses a single bit error concealment encoding to further enhance the 
performance of the digital audio terminal. The subjective performance of 
this terminal is illustrated in Figure 4 on a subjective impairment grade. 
Si nee the RF link is designed to operate at 10- 7 error rate or better, the 
effects of bit errors will not degrade the performance. 

10 



SUBJECTIVE 
IMPAIRMENT GRADE 

DEFINITELY 5 
OBJECTIONABLE 

SOMEWHAT 4 
OBJECTIONABLE 

DEFINITELY 
PERCEPTIBLE BUT 3 
NOT DISTURBING 

JUST 
PERCEPTIBLE 2 

NO ERROR 
CONCEALMENT 

ERROR CONCEALMENT BY 
ZERO-ORDER 

EXTRAPOLATION 

IMPERCEPTIBLE 0 .__ _____ i...,.._.c::::;;__ __ .i.... _____ .1-_____ ..._ ____ ---J 

10·7 

BIT-ERROR PROBABILITY 

SUBJECTIVE EFFECT OF BIT ERRORS IN PRESENCE OF PROGRAM (SOLO TRUMPET) 

(
1

) J. R. CHEW AND M.E.B. MOFFAT, "PULSE-CODE" MODULATION FOR HIGH-QUALITY 
SOUND-SIGNAL DISTRIBUTION : PROTECTION AGAINST DIGIT ERRORS," 
BRITISH BROADCASTING CORPORATION REPORT NO. 1972/18 UDC 534.86-626376.56 

Figure 4. Error Concealment Performance 
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Theory of Digital CommUDications 
Dr. James S. Gray 

There is an ever increasing number of digital sources that need to communi
cate with each other. Computer mainframes need to talk to computer main
frames, files need to be transferred from one memory bank to another memory 
bank. Word processors, "dumb" terminals, "smart" terminals, and other types 
of business machines all need to talk with other business machines. With the 
advent of electronic mail, documents can be transmitted using digital facsi
mile. This will significantly change the way information is routed around 
the nation in the future. 

There are also advantages to the digitization of analog sources. For 
example, if we digitize audio, then one can have a mixed voice data network. 
Toll quality voice can be achieved at 32 kb/s using CVSD (Continuous Variable 
Slope Delta Modulation) at the present time. Some laboratories are claiming 
toll quality voice at 16 kb/s, and various companies are working on accept
able quality voice at 9.6 kb/s. Another area of considerable research 
effort at the present time is digital video. One application is video con
ferencing by corporations to eliminate the high cost of individuals traveling 
to meet with each other. Various companies are working on techniques such 
that acceptable video with motion is achieved at a T-1 data rate. With the 
ever increasing cost of fuel related to the OPEC situation, it is logical to 
assume that with time this is going to become the mechanism by which differ
ent organizations or different groups within a given organization communicate 
with each other. Broadcast quality video can be transmitted at the present 
time at 22 Mb/s using the proper source encoding e_quipment. The problem, 
however, is that this equipment is too expensive. If one could achieve low
cost source encoding equipment, then_ one could transmit two video signals 
over one transponder with an aggregate data rate of 44 Mb/ s. This a 11 ows 
enough excess bandwidth to add sophisticated error correction coding. One 
should use error correction coding because redundancy reduction techniques 
make the effects of bit errors more important. Thus, with the proper source 
encoding equipment, one could alleviate the current transponder shortage 
problem by transmitting two video programs over one transponder, as opposed 
to the one presently being transmitted using FM techniques. 

Another advantage of using digital techniques to transmit analog information 
is that one one accepts the inherent distortion due to quantization, then by 
using the proper combination of modulation technique, forward error correc
tion coding, power, bit rate, etc., one can guarantee a low enough error rate 
so that there is no more degradation in the signal over the initial quantiza
tion error. When one transmits an analog signal using analog techniques with 
repeaters, the signal-to-noise ratio continuously degrades. With the digital 
situation, one can keep the error rate low enough that the effect of going 
through multiple repeaters in a system does not degrade the overall 
quality of the transmitted signal. Finally, digital techniques allow one to 
easily encrypt the signal to maintain the privacy of information. Most ana
log encryption techniques are easily defeated and do not achieve much protec
tion. Digital encryption techniques, however, are extremely powerful and can 
ensure the privacy required in business communication networks. 



How Do We Transmit Digital Information Via Satellite 

Consider an RF carrier A cos('.llct + 0). One can transmit digital informa
tion via the satellite by modulating the amplitude A of the RF carrier, by 
modulating the frequency we of the carrier, or by modulating the phase 0 of 
the carrier. Figure 1 shows a comparison of performance between modu 1 at i ng 
the amplitude, frequency, and phase of the carrier. The DOK curve represents 
gating the amplitude on and off the carrier. For example, a One is the car
rier being gated on with the amplitude equal to A, and a Zero represents the 
carrier being gated off or A=O. One sees that this technique takes the most 
power for a given bit error rate. The second technique consists of modulat
ing the frequency of the carrier so that a One corresponds to one frequency 
for the RF carrier, and a Zero corresponds to a second frequency. This tech
nique is more efficient than On/Off Keying, but still not as efficient as 
modulating the phase. The third technique consists of actually modulating 
the phase of the carrier according to the data state. As shown, this is the 
most efficient of the three in terms of requiring the minimum energy for a 
given bit error rate. It should be noted that the normalized signal-to-noise 
used in comparing these techniques is a quantity called Eb/N0 . Eb is 
energy per bit, and N0 is the spectral density of the noise. Measuring 
performance versus Eb/N0 allows us to normalize the performance and make 
it independent of the given data rate. For those who are more used to think
ing in a C/N sense, let's examine Eb/N0 . Energy per bit is power-times
time, so take carrier power C times bit period T to end up with CT/N0 . But 
CT/N0 can be written as C divided by N~/T. However, T is equal to bit 
period, so 1/T is equal to R or the bit rate; therefore, one ends up with 
Eb/N0 equal to C/N0 R. But N0R is the noise power in a bit rate band
width, so Eb/N0 is C/N where N is measured in a bit rate bandwidth. This 
expression is shown in Figure 1. The PSK curve shown in Figure 1 is equally 
valid for biphase modulation where we take each bit and modulate the carrier 
into two phase states, or by quadraphase modulation where we take every two 
bits or dibits and modulate the carrier into four phase states. The reason 
for this will be explained shortly. How do we modulate the phase of an Rf 
carrier? In Figure 2, the vector representation of this is also presented 
for one symbol period or bit period of the data stream. BPSK can be repre
sented as Y(t) = A cos (wet + 0(t)); where 0(t) is zero for a One and 0(t) 
equals~ for a Zero. 

Another important representation is to rewrite this as A(t) cos{wct + 0) 
where A(t) is +1 for a One and -1 for a Zero. Thus we can treat BPSK modu
lation as double-sideband suppressed-carrier AM-type modulation where one is 
mutiplying the RF carrier by a waveform that has a plus 1 normalized value 
for a zero-degree phase state and a mi nus-one value for a 180° phase state. 
Also shown in Figure 2 is the vector representation for quadraphase shift key 
modulation. As one can see, the 00 vector is zero degrees, the 01 vector is 
90°, the 11 vector is 180°, and the 10 vector is 270°. One must judiciously 
pick phase states so that a 90° phase error only causes one bit error and not 
two bit errors. The time domain representation of the RF carrier for the 
different phase states is also shown. One can represent QPSK as Y(t) = 
(wet+ 0(t)) where 0(t) takes on the different phase values according to 
the expression shown. There are obviously other codings. This expression 
can be rewritten as two BPSK modulated quadrature carriers; that is, Y(t) = 
a(t) cos{wct + 0) + b(t) sin(wct + 0) where a(t) is a ±1 normalized bit 
stream and b(t) is also a ±1 normalized bit stream. Thus, the odd bits in 
the original data stream are put into a(t) and the even bits into a b{t). As 
discussed previously, BPSK and QPSK have the same theoretical curve as shown 
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Figure 1. Comparison of Modulation Techniques 

in Figure 3. The reason for this follows: One can think of QPSK as modulat
ing two quadrature carriers at half the data rate; thus, we have used half 
the RF power for each data stream. However, the bit period for each data 
stream now is twice as long. Therefore, when one takes half the power times 
twice the bit period, one ends up with the same Eb/N0 on each carrier as 
one originally had for a BPSK carrier and thus can achieve an overall bit 
error rate for each quadrature carrier that is the same as the orginal BPSK 
bit error rate. 
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Figure 2. BPSK and QPSK Modulation 

Transponder Limitations 

Transponders are inherently limited in their bandwidth and their power. For 
example, a typical C-band transponder has a 36-MHz bandwidth. A typical 
saturated EIRP is about 36 dBW, and allowing a 4-dB output backoff for linear 
operation with multiple carriers results in effective EIRP of about 32 dBW. 
Thus, one is limited by the bandwidth used to transmit over the satellite and 
also by the power one can use. How can we combat both these effects? First, 
let us consider filtering. The spectrum for non-bandlimited NRZ (non-return 
to zero code) is shown in Figure 4. The spectrum roll-off has a(sin x)/x) 2 

characteristic. The nulls of the spectrum are at the symbol rate, where for 
BPSK the symbol rate is equal to the bit rate and for QPSK the symbol or baud 

4 



a: 
0 
a: 
a: 
w .. 
0 
> I-
:; 
iii 
ct 
1:0 
0 
a: 
~ 

·2 
10 

.3 
10 

-4 
10 

.5 
10 

-6 
10 

.7 
10 

-8 
10 

.g 10 .,__.....L._._~_..,____,__...___._....__..._ ____ ~ 

2 3 4 5 6 7 8 9 10 11 12 13 14 
10 LOG Eb/No 

Figure 3. Pe vs. Eb/No for PSK and QPSK 

rate (or the rate at which one changes modulation parameters) is at one-half 
the bit rate. This is because in QPSK one changes the phase of the four 
phase states every two bit periods of the original data stream. Let us take 
several QPSK spectrums that are non-bandlimited and place them at 1 1/2 times 
the baud rate spacing. This is shown in Figure 5. As one can see, there are 
considerable tails from adjacent carriers that spread into the mainlobe of 
the desired carrier. The power from adjacent channels acts like noise for 
the desired channel and is called adjacent channel interference (AC!). Thus, 
one's effective signal-to-noise ratio is lowered, and it takes more power 
over the satellite to achieve a given bit error rate. 

5 



NONBANDLIMITED 

R • SYMBOL RATE 

BPSK R • BIT RATE 

QPSK R • BR/2 

P/R 

P/R 
( 

SIN f )2 

..!tL 
R 

__ __,i.., __ ....;:i.,_ ___ ....._ __ ~ .... --~F---... f 

(f• -2RI (f • -RI 0 (f • RI (f •2R) GC 10100 (Al-19 

.J 
fc (IF MODULATED ON AN RF CARRIER) 

Figure 4. Power Density Spectrum of an NRZ Code (Random bit pattern) 

A,B,C,D ADJACENT CHANNELS. POWER FROM ADJACENT 
CHANNELS ACTS LI KE NOISE FOR DESI RED CHANNEL. 
THIS IS CALLED ADJACENT CHANNEL INTERFERENCE 
(ACII 

Af • ·2R Af •·R 
CENTER 

FREQUENCY 
DESIRED CARRIER 

DESIRED OPSK MODULATED CARRIER 

GC 10100 (A) ·19 

R • BAUD RATE OF EACH CARRIER 

Figure 5. Overlapping Spectrums of Non-Bandlimited QPSK Carriers 
Spaced at 1.5 Times Baud Rate or 0.75 Times Bit Rate 

6 



WIDEBAND 
QPSK 

CARRIER 
R• BAUD RATE 

___ L.-_____ ,.__ _ ___,;:i-.. _ ___,;:i----► W 

..:!1! •2 7r f C ..!1L 
T1 T 1 T 1 GC 10100 (A) • 19 

..:1 f • -2R ..:1 f • •R J f • 2R 

TX 
FILTER 

RESULTANT BANDLIMITED 
OPSK SPECTRUM 

______ ,.__ _ __, _________ ..,w 
A AND B ADJACENT CHANNELS 

S (W) 

A 

DESIRED BANDLIMITED 

/ OPSK :ARRI ER 

MULTIPLE BANDLIMITED CARRIERS SPACED AT0.76 BIT RATE 
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In Figure 6, the original (sin x)/x) 2 spectrum is shown, then a typical 
transmit filter spectrum is shown. The resultant combination spectrum is 
then presented in the second part of the figure. If one takes this band-
1 imi ted spectrum and stacks such spectrums at 1-1/2 times the baud rate spac
ing, one gets the figure in the bottom of the figure. Now it is seen that 
there is minimal overlap between the spectrums. Therefore, by filtering one 
can eliminate the power from adjacent channels and minimize the effects of 
AC!. Not just any filtering can be used, however, because the effects can be 
quite insidious. 
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bits have values of 0.4 at the optimum sample time. Thus, the summed interference 
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transmitted. 
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lntersymbol Interference (ISi). 
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Same pattern with Nyquist Filtering. All other bit amplitudes go through Zero at 
the sample time for any given bit. 

Figure 7. lnnersymbol Interference and Nyquist Filtering 

Filtering 

To illustrate the effects of filtering, let us consider an On/Off Key-type 
system, where there is a pulse for a One and there is no pulse for a Zero. 
Thus, one is trying to distinguish between the absence or presence of pulses. 
Ideally, the threshold is at half the peak value of a pulse. Shown in the 
top part of Figure 7 is a bit stream with a non-optimum type of filtering. 
There are considerable tails to the pulses. At the point where one is trying 
to make a decision on a given pulse, it is seen that there are considerable 
tails from adjacent pulses. These pulse tails add up to cause confusion, 
just as noise causes confusion around the sampling point, and thus act like 
noise on the decision process. This effect is called inter-symbol inter
ference (IS!). Thus, while filtering can be used to eliminate the power from 
adjacent channels, filtering itself can cause an equivalent noise due to the 
inter-symbol interference and can cause an increase in the power required to 
achieve a certain bit error rate. Is there a method of filtering such that 
this degradation is not caused? If one uses Nyquist Filtering, where one has 
the proper odd type of symmetry around the 6-dB point of the over a 11 fi 1-
teri ng through the whole system, then one can achieve the condition where all 
other pulses are going through zero at the time a given pulse is being 
sampled. Thus, one can optimally control the tails of the pulses so that 
these are all going through zero at the time one makes a state-estimation on 
a given pulse. This is shown in the bottom diagram where a set of Nyquist 
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pulses is presented for the same bit pattern as that at the top of the 
figure. Thus, there is a very important trade between !SI and ACI--one has 
to filter in a very special way and trades eliminating power from the adja
cent channel versus the inter-symbol interferences caused by filtering a 
given channel. Of course, one can only approximate the Nyquist waveforms. 
Therefore, there is always a trade between filter complexity, how much !SI 
one is creating by filtering, and how much AC! one is eliminating. The time 
domain response of the overall filtering in the whole system, that is, modu-
1 ators, upconverters, transponders, downconverters, demodulators, all deter
mine the ultimate bit error rate performance of the system. It should be 
noted that amplifiers have other limitations in the sense that they have 
finite slew rates. There are only finite energy sources available and, 
therefore, the time domain response is not always the inverse Fourier trans
form of the frequency domain response. The inverse Fourier transform assumes 
there is always adequate current or voltage available. In reality this is 
not always the case; therefore, one must also carefully consider the slew 
rate limitations of equipment. In summary, with proper filtering one can 
bandl imi t the spectrum, which allows one to stack up many more carriers on 
the transponder than would be possible without filtering. It is also to be 
emphasized that the filtering must be a very special kind, and there is a 
definite trade in the final analysis between minimizing adjacent channel 
interference, minimizing inter-symbol interference, and maximizing signal-to
noise ratio at the decision time. For example, with the proper filtering, 
one can place 800 each 56-kb/s carriers on a 36-MHz-wide transponder due to 
bandwidth limitations alone. 
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Figure 8. Coding Example r = 1 /2 Convolutional Encoder 
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Coding 

Let us next consider power limitations and how one combats this limitation. 
The non-bandlimited PSK curve was shown in Figure 3. Is there a mechanism by 
which a given bit error rate performance can be achieved at a lower power 
level? Thank f u 11 y, there is and this is known as forward error correction 
(FEC) coding. In forward error correction coding, a controlled redundancy is 
added to the data necessitating an increase in the actual transmit bit rate, 
but at the same time achieving a net reduction in the amount of power 
required in transmission. In general, one talks about rate K/N codes. For K 
information bits, there are N coded output bits. The output coded bit rate 
is known as the symbol rate. One should be careful not to confuse the baud 
rate or the symbol rate of a modulator (the rate at which one changes modula
tion parameters) with the symbol rate of the FEC Codec (the coded output data 
rate). The output data rate of the encoder is N divided by K times the 
information data rate R. It should also be noted that when one encodes, one 
increases the data rate, thereby decreasing the energy per bit. One has to 
take that into count in calculating the coding gain. In other words, the net 
coding gain is the code overall gain minus the loss due to spreading the 
energy by increasing the data rate. An example of a good cost-effective 
coder is a convolutional coder with threshold decoding. An example of a 
simple convolutional coder with threshold decoding is used to illustrate the 
idea of coding. In Figure 8, a rate 1/2 convolutional encoder is presented. 
Here the input data is routed through a 7-bit shift register. The input data 
is al so routed around the register into the output MUX. As one can see, 
different stages of the register are Exclusive-Or-ed together to produce what 
is known as a parity bit. An Exel us i ve-Or logic circuit produces a One 
output when there is an odd number of One inputs. If there is an even number 
of Ones, the output is a zero. One can multi pl ex • the two data streams 
together into one coded stream at twice the original information data rate. 
If one is using QPSK modulation, one can alternatively put the original 
information bits on one quadrature carrier and put the parity bits in the 
other quadrature carrier. In Figure 9, the corresponding threshold decoder 
is shown. The data that is received with errors is demultiplexed into two 
data streams. One has to achieve branch synchronization such that one has 
the information bits in the proper data stream and parity bits in the other 
data stream. The information bits are routed through a parity generator just 
like the one in the encoder where the parity bi ts are recreated. These 
recreated parity bits are then compared with the parity bits received over 
the satellite. The comparison output, which is a module-two comparison (an 
Exclusive-Or), is called a syndrome. Now, if there is a single parity error, 
this will cause a 1000000 syndrome pattern as shown in the figure. However, 
if there is a bit error while the parity bit is correct, then as the bit 
error goes through the shift register, every time it is in one of the places 
where there is a tap, it will cause the recreated parity bit to be wrong and 
will generate a One in the syndrome. Therefore, a 1100101 syndrome pattern 
will be generated as shown. The syndromes are fed into a 7-bit shift 
register where this pattern is the input to a threshold circuit. Thus, with 
a single bit error, a threshold of four could be used. Whenever a threshold 
of four is achieved by surrnni ng the proper pl aces in the synjrome register, 
then the threshold circuit can be used to correct the information bit and 
eliminate the error. What is known as syndrome feedback can also be used so 
that at the time the information bit is corrected, the syndrome register 
contents are inverted. This allows one to achieve somewhat more coding gain. 

10 



Thus, one can see by this simple coding example how certain syndrome patterns 
can be recognized and used to discover and correct the bit errors by adding 
some controlled redundancy to the orginal data. In Scientific-Atlanta's 
commercial digital modem-forward error correction codec, we are presently 
using a rate 7 /8 FEC coder that wil 1 take a 1Q-4 channe 1 bit error rate and 
correct it to 10-9 bit error rate. Thus, five orders of magnitude 
improvement in error rate are achieved by coding. At the same time, being a 
high rate code, that is 7/8, the spectrum is only spread by a factor of 8/7 
times the original information data rate. Ideally, one would like a high 
rate code in which one spreads the spectrum very little while at the same 
time achieving a lot of coding gain. Presently, most links are more power-
1 imited than bandwi dth-1 imited. For example, with 5-meter antennas and 56-
kb/ s data streams using rate 7/8 coding, one can typically put up 200 
carriers on a single transponder if one allows properly for margin, pointing 
error, rain, etc., whereas the bandwidth limitation of the filters wou 1 d 
allow 800 carriers. If one uses 10-meter antennas, however, where one 
basically has a 6-dB gain over a 5-meter antenna, the net number of carriers 
due to power limitations has approached 800 carriers and the number of 
carriers due to bandwidth limitations is approximately 800 carriers. This is 
usually an optimal operating point for a link. However, it cannot be 
overemphasized that the fundamental limitation is economics and what is most 
feasible or actually used is very much driven by the economics of the 
situation. 
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Scientific-Atlanta Digital Earth Te 

To allow cost-effective digital transmission over satellites, Scientific
Atlanta has developed a complete line of digital earth terminal products. 
Nyquist quadraphase and biphase modems with corresponding forward-error cor
rection codecs allow one to transmit at low power levels and yet occupy a 
minimum spectrum. The associated low-phase noise modem synthesizers have 
also been developed that allow one to vary modem transmit and receive fre
quencies. 1 For N switches allow the user to back up N modems and replace a 
failed modem with a backup unit, thereby increasing the availability of the 
1 ink. There have been s imi 1 ar developments in the area of up- and downcon
verters with respect to achieving phase noise performance that is adequate 
for data transmission. A monitoring and control unit, MCU, monitors the 
overall earth station, switches out any component that has failed, calls up 
an overall master station, and verifies by telephone line that there has been 
a replacement of a failed unit, thus allowing one to dispatch service person
nel. These units have all been designed to provide a cost-effective solution 
to the problem of transmitting information digitally via satellite. 

Summary 

The previous sections have given an overview of how one can transmit informa
tion over earth satellites using digital techniques and why one might want to 
do so. It should be emphasized, as previously stated, that the final driving 
force is economics and not technology. That is to say, one can always use a 
powerful enough FEC coder or large antenna such that one can get the link to 
be bandwidth-limited as well as power-limited. This, however, might not be a 
cost-effective solution for a given business network. As also discussed 
previously, there could be great advantage to transmitting broadcast video 
over the satellite using digital techniques. The source encoding equipment 
at this time, however, is too expensive for this to be economically viable. 
Thus, digital earth station equipment must use technology to provide cost
effective solutions for the transmission of digital data via satellite. 
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Introduction 

Error-correction Ccld1 :ng 
John F. Schimm, Jr. 

Error correcting coding is a signal processing technique used to improve the 
reliability of messages on digital channels. Many different types of digital 
channels exist--satellite data links, digital telphone links, microwave chan
nels, computer mainframe memories, computer magtape, holographic and photo
graphic film. Each digital channel medium has its own set of characteristics 
and i di osyncras i es. Many methods and approaches to error correction exist. 
This discussion is limited to error correction for satellite data links. 
Even in this limited area, many diverse approaches to error control exist. 

Automatic request repeat (ARQ) is an error control technique that repeats the 
transmission when an error is detected in the reception. Fi le transfers of 
computer tape to computer tape use this method for overall error control. 
Clearly, this method becomes very inefficient when the channel errors become 
excessive or when transmission delay times are large. 

FECCoding 

For satellite data links, feed forward error correction (FEC) is a proven 
efficient method for improving data reliability. This method allows trans
mission of data over an imperfect channel with the data reliability restored 
after reception. Typically, an encoder and decoder are added to the digital 
data link. A simple block diagram is shown below: 

DATA 
SOURCE INCOOEA 

MODULATOR • TRANIMITTl:R 

RECElvtR• 
D!MOOULATOA 

DICODEO DATAUIEA 

Although individual FEC coding schemes take on many different forms, two 
ingredients are common to all. One is redundancy. Coded digital messages 
always contain extra or redundant symbols. These symbols are used to accen
tuate the uniqueness of the message, and are chosen so that channel noise 
will not corrupt enough symbols in a message to destroy its uniqueness. The 
second ingredient is noise averaging. Averaging is obtained by making the 
redundant symbols depend on a span of information symbols. Since the amount 
of noise that affects an individual bit varies in a probabilistic fashion 
with large noise excursions being rather infrequent, one can ameliorate their 
effect by averaging over several received symbols. 

Bit Error Bate and Eb/No 

One of the quality measures of a digital channel is bit error rate (BER). 
The BER of a channel is measured by counting the number of errors E which 
occur in a b 1 ock of B bi ts. Then BER = E/B. Thus, a BER of 10- 7 means we 
would expect to have an average of one error in every 107 bits. Another way 



to seJ this is to say that the probability that an individual bit is in error 
is 10"" 7 . Clearly, the BER tells nothing about the probability distribution 
of the errors, which can be important. For satellite data links, an excel
lent model for this distribution is the white Guassian noise channel. 

An im~ortant quantifying measure of a digital channel is the energy-per-bit
to-no ~se-density ratio (Eb/N0 ). In essence, the received Eb/N 0 of a channel 
represents the received signal-to-noise ratio. Thus, 

I E 
b C NB 

N
0 

= N. R 

1 where: 

1 C = Received carrier power. 
1 N = Received noise power. 

NB= Received noise power measured in B rectanqular bandwidth. 
R = Channel symbol rate. 

At this point, one might ask, "Given a specified Eb/N0 , what is the best BER 
we can expect?" The answer to this question depends on the modulation method 
and tjpe of receiver used. One modulation method, phase-shift keying (PSK}, 
has srown itself to give good error performance with reasonable receiver 
hardw~re complexity. This modulation technique is also somewhat impervious 
to ce~tain types of interference. A plot of the theoretical BER performance 
of PS~ modulation used with a coherent receiver is shown in Figure 1 as the 
uncoded curve. The BER or Pe for this curve is given by: 

where the Q function is given bJ: 

I Q (a:) = 1 
✓2-ir 

CIO 

f exp (-B 2/2) dB 
a 

A tab ~e of BER values versus Eb/N0 is qiven in the Appendix. Note that by 
incre~sing Eb/N0 we may decrease the BER. The goal of FEC coding is to allow 
one tp achieve a given BER at a small Eb/N0 . In Figure 1, we see an uncoded 
systein requires a minimum of Eb/N0 of 11.3 dB to achieve a BER of 10- 7 . The 
coded curve shows us that this same BER can be achieved in a coded system at 
an Eb/N

0 
of only 8.0-dB or a 3.3-dB savings. However, keep in mind that the 

coded system requires adding redundant symbo 1 s to the input message. Thus, 
our transmission data rate (or baud rate) and required channel bandwidth have 
increased according to the number of redundant symbols added. The rate (R) 
of the coded system is inversely related to the bandspreadinq requir'ea':'" In 
Figur~ 1, the code rate is R = 7/8, meaning for every seven input symbols, 
eight : output symbols are produced. Thus, the bandspreading of this code is 
8/7. -
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THEORETICAL BER PERFORMANCE FOR PSK/QPSK 
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Figure 1. Theoretical BER Performance for PSK/QPSt\ 
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Economic Implications 

The 3.3-dB gain of the above-coded system may be viewed in several different 
ways. For example, if one were comparing antenna sizes, a 7-meter-dish 
antenna provides 3-dB gain over a 5-meter dish. Or, if one is comparing 
LNAs, an 8O°K LNA provides about 1.2 dB over a 12O°K LNA. By comparing the 
cost versus the gains, one will find that the coder is the most cost
effective method to achieve link margin gain. 

In many systems, it is economically feasible to justify all three methods of 
improving link margin. Figure 2 shows a plot of percent bandwidth versus 
percent power. In leasing satellite transponder space from the common car
riers, costs are based on the percent of total power used or percent of total 
bandwidth used, with the largest percent being the governing cost. A power
limited link (in our definition of usage) is one which has a larger percent 
power requirement than percent bandwidth requirement. A bandwidth-limited 
link i :s just the opposite. For the power-limited link, the use of coding, 
larger antenna and/or higher performance LNA are justified. These improve
ments move the power-bandwidth operating point as shown in Figure 2 from 
point ,A to point B or C. For a bandwidth-limited link, these changes are 
unnecessary, as the constraining factor or cost is the bandwidth usage. 

Most s1ate 11 i te links tend to be power-1 i mi ted, although there are efforts to 
conserwe bandwidth as well. In the Rate 7/8 coded system discussed previ
ously, a 3-dB gain will improve a 100% power-requiring link to a 50% power 
requirling link. If the bandwidth requirements were 25%, the rate 7/8 coded 
systemi will require 28.6% of the available bandwidth. In other words, we 
have dut the cost of operating the link by 50% with only 3.6% more of the 
availalble bandwidth required. Because an individual user's link is unique, 
each ~ust be optimized for antenna size, LNA and coding. Other factors not 
discus$ed are the number of transmit sites, number of receive sites and con
figura1tion of the network. Optimization of these factors is beyond the scope 
of this discussion. 

In the next section we discuss codes . and coding technique which can achieve 
variou1s amounts of link margin gain. 
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C"d1:ng Technique 

Many good-to-excellent codes and coding methods exist. The primary perform
ance liimitation in most coded systems is the complexity of the decoder. 
Thus, i1n discussing coding it is very important to look at the decoding 
method and its hardware requirements. 

There are two basic methods of codinq--block and convolutional. A block 
I • 

code, as the name imples, groups the input data into blocks of k bits. For 
each input block of k bits, the encoder produces an output block of n bits. 
Thus, ntk additional bits are added. 

BLOCK OF 
kBITS 1 ... __ E_N_C_O_D_ER __ :-.... ~ BLOCK OF n BITS 

The rat~ of this code is then R = k/n. Now, if the k input bits are part of 
then ojutput bits, then the code is termed systematic. Codes not possessing 
this prbperty are termed non-systematic. For block codes, there is no memory 
between blocks. In other words, an output block is dependent only on its 
input b~ock and not on any previous input blocks. 

Systematic codes have the obvious advantage that the information bits appear 
as part ' of the codeword. This reduces complexity and requires less buffering 
and datla manipulation. Also, the BER of the link may be checked with error 
correct~on inhibited. For BER, performance-wise, there is no difference for 
systemaric versus non-systematic linear block codes. Because of this, sys
tematic codes are used almost exclusively. For convolutional codes (to be 
discuss~d), there is typically a BER performance advantage for a non-system
a tic code when used with certain types of decoders. 

Well-kncwn linear block codes include: 

• : Hamming 

• BCH 

• Reed Solomon 

Single error correcting 

Multiple error correcting 

Multiple symbol correcting 

This ltst is by no means inclusive, as many other types of block codes exist. 

Although there are also many ways to decode block codes, three of the better 
known techniques are threshold decoding, Meggitt decoding, and algebraic 
decoding. Meggitt decoders can, in principle, decode any cyclic code (of 
which G:yclic Hamming and BCH codes are members). Practical hardware consid
erations limit use of these decoders to three random error correcting codes 
or less. Performance gains are in the 1- to 2.5-dB range. 
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Threshold decoders are very similar to Meggit decoders, but require the code 
to have a certain structure in order to work. For these codes threshold 
decoding is a simple and powerful algorithm. Performance gains of up to 
3.5 dB are possible with reasonable hardware. Also, threshold ·decoding can 
be implemented fairly easily at high data rates where other methods may 
require hardware faster than present state-of-the-art. 

Algebraic decoding is the most powerful decoding method of the three 
discussed. It is also the most complex in hardware. This method uses the 
cyclic and algebraic properties of the code to construct a set of simultane
ous equations in several unknowns. An efficient solution to these equations 
can be found by using Berlekamp's algorithm. 1 Then, using Chien's search 
method2 the error locations can be found. Additionally, Burton's method3 may 
be used to replace an inversion step. Algebraic decoding is generally used 
with BCH codes or Reed-Solomon codes and can provide some impressive gains. 
This method's major drawback is its lack of ability to accommodate soft
decision information. As a result, algebraic decoders (especially Reed
Solomon decoders) are often used as the outer decoder in a concatenated code 
scheme. The inner decoder is generally a soft-decision decoder utilizing a 
short-constraint-length code. Performance gains of 6 to 7 dB are not uncom
mon for this configuration. 

Convolutional (!odes 

Convolutional codes, like block codes, produce an n-bit output codeword for 
every k-bit input message. For a convolutional code, however, the output 
codeword is not only a function of the present k-bit input message, but can 
also be influenced by previous input messages. Thus, a convolutional encoder 
has memory of previous input messages. 

--
k BITWORD ENCODER -- n BIT WORD 

_., 
MEMORY --

The constraint length of the code is usually defined as simply the number of 
bits in the encoder memory plus the number of inputs. 
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Because it contains memory, a convolutional encoder may be regarded as a 
state machine, with the state being determined by the memory contents. 

RATE 1/2 ENCODER CONSTRAINT LENGTH-= 3 

,----------1.-+t--------~ 

INPUT ---.--1~ 
MUX 1----► OUTPUT 

~ represents one bit delay 

The k-bit input message modifies the state of the m1chine on the next clock 
cycle. Effectively, the k-bit input defines one of 2 possible branches to a 
new state. With each branching operation, an n-bit codeword is output for 
transmission over the channel. In the example above, there are four possible 
states 00, 01, 10, and 11. The input message, either 0 or 1, defines one of 
two branches. For each branch operation, the encoder outputs a 2-bi t code
word. A state diagram can be defined as follows: 

0/00 

The binary bits inside the circles define the state. The symbol along the 
top of a transition line indicates the input symbols at the encoder that 
cause that transition, and the symbols below the transition line show the 
resulting channel symbols at the encoder output. A sequence of information 
symbols define a path through the state diagram, and the channel symbols 
encountered along this path produce the resulting encoded channel sequence. 
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An alternative method of describing a convo 1 ut i ona 1 code is in terms of a 
coding tree. Figure 3 shows a coding tree for the example above. An input 
of 11 011 chooses an upper branch from a node, whi 1 e an input of II l" chooses a 
lower branch. The output symbols are indicated above each branch. From this 
diagram it is clear that beyond three branches (or one constraint length) 
into the tree, the structure becomes repetitive. This effect occurs because 
of the finite number of states in the encoder. An alternate tree drawing 
that eliminates the duplicate states is shown in Figure 4 and is called a 
trellis, a tree-like structure with merging branches. Code branches produced 
by an input Os are shown as so 1 id 1 i nes, whi 1 e input ls produce a dashed 
line. Once again, the output symbols are shown along the top of each 1 i ne. 
Each set of four vertically aligned points (or nodes) represents the four 
possible states of the encoder. 

To decode a convolutional code, there are basically two approaches. One 
approach relies on the tree structure of the code and estimates the ori gi na 1 
path taken by the encoder. Decoders of this type are maximum likelihood 
(Viterbi) decoders and sequential decoders. The other aoproach relies only 
on the distance properties between codewords over its constraint lenqth. A 
decoder of this tyoe is the threshold decoder. 

Maximum likelihood decoders (MLD) estimate the path through the trellis hy 
correlatinq the actual received symbol sequence with all possible transmitted 
symbol sequences of a given lenqth (typically, four or five constraint 
lengths). For code of constraint lenqth 6, this method would require approx
imately 230 = 1.07 x 109 comparisions. In 1q57, Viterbi 4 published an algo
rithm which dramat i ca 11 y reduces the number of comoari sons required. This 
algorithm is essentially a dynamic oroqrarrvninq solution to finding the nath 
with the highest correlation. For each of the oossible states of the 
encoder, a M..D decoder stores a path metric and path specification of the 
best p1th to that state. At a new iteration, eachstate is extended to the 
next 2 nodes in the trellis. 

A branch metric is calculated for each extension by correlating the actual 
received symbol with the hypothesized transmitted symbol for that extension. 
The branch metric is added to the old path metric to produce a new oath met
ric at the new state. At this point, 2k paths (with their associated oath 
metric) point to each new state. The path specification with best metric is 
chosen and the remaining paths are deleted. The algorithm then repeats 
itself extending these states to new states. 

After the decoder has accumulated a oath specification to a depth of several 
constraint lengths, the initial part of the oath estimated may be output to 
the user. A traceback alqorithm selects the path with the best metric at the 
deepest depth and traces· back through four or five constraint lengths. The 
oldest constraint length of data estimates on this oath form the outout to 
the user. 
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Viterbi decoders (or M..ns) achieve respectable coding gains (5 dB at 10- 5 

BER, rate 1/2 code, constraint length = 6, 3-bit soft decision) for reason
able hardware complexity. Practically, these decoders are limited to use 
with codes of constraint lengths less than 8 due to the storaqe requirements 
for the states. (Storage requirements increase exponentially with constraint 
length.) Also, most M..Ds are built for code rates of 1/2 to 3/4. An MLn 
built for a code rate of 7/8 would require fairly comolex hardware. However, 
methods exist to trick a 1/2 decoder to operate at a higher rate at the 
expense of reduced coding gain. 5 

Sequential decoding is another error correction technique which relies on the 
trellis (tree) structure of convolutional codes. Sequential decoding is -very 
similar to MLD decoding in that branch metrics, path metrics and path speci
fications are stored. However, sequential decoding does not keep track of 
these quantities for all possible encoder states. Rather, only the path and 
states that appear to be the most probable are extended . Because of this 
limited search, the decoder is never completely certain that the present path 
is the best. 

This approach can be viewed as a trial-and-error search for the correct path 
in the code tree. The search is performed in a seauential manner, operating 
always on a single path. At each step, the decoder moves forward by extend
ing the most probable branch from the current node or state. The decoder is 
allowed to back up and change previous branch decisions. If an incorrect 
branch is taken, subsequent extension of this path will be wrong. The 
decoder is able to recognize this situation by examining the path metric. 
However, it is possible to extend an incorrect path for several branches. 
These computational requirements for these sequential decisions are variable 
and dependent on the severity of the channe 1 noise. During peri ads of low 
noise, the decoder advances quickly through the tree, seldom following an 
incorrect branch. However, when the channel noise increases due to its prob
abilistic nature, the decoder will explore many incorrect paths before find
ing the correct path. 
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Figure 3. Tree-Code Representation for Encoder 
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Figure 4. Trellis Representation for the Code Generated by ~(d) = · 
1 +D+D2, g2(D) = 1 +D2. (0 input=solid line; 1 input=dashed line) 

Because of the variable speed with which the decoder advances through the 
tree, input and ouput buffers are required to keep the data flow continuous. 
Indeed, there is a finite probability th at the decoder wi 11 overflow the 
input buffer before a good path can be found. In this case, the decoder is 
forced to reset itself. This action causes the data buffer to be output 
uncorrected and is known as an erasure of the data bits. The two best known 
sequential decoding methods, the Fano algorithm and the stack algorithm, are 
both not erasure free. A batch algorithm development by Chevilatt and 
Costello6 called the multiple-stack algorithm (MSA) is erasure free. How
ever, adaptation of this algorithm to medium speed continuous operation 
involves solving challenginq memory management problems. For all types of 
sequential decoders, the probability of buff er overflow can be mini mi zed 
through proper code selection and adjustment of other parameters. 

Threshold. DecC1cU:ng Using CSOC Cod.es 

Convolutional self-orthogonal codes (CSOC) form a large class of systematic 
convolutional codes of various code rates and error correcting abilities. 
These codes are called self-orthogonal since an additional orthogonalization 
step is not required in decoding. Figure 5 shows a block diagram of a rate 
7/8 decoder. An encoder, G(D), processes the information bits and computes a 
parity bit which is affixed to the encoder output bit stream. The decoder 
processes the received bits which have been corrupted by channel noise. A 
re-encoder G ... (D) encodes the receive bits in the same manner as did the 
encoder. By comparing the received parity bits with the regenerated parity 
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bits, a syndrome bit is formed and stored in the syndrome register. The 
threshold circuits look for various patterns of 11 ones 11 in the syndrome bits 
to estimate the occurrence of errors. The resets to the syndrome register 
remove the effect of a given error estimate on following error estimates. 

For a rate 7/8, J=6, dmin = 7 CSOC code, the encoder and syndrome registers 
are 146 bits long. Figure 6 shows a block diagram of the encoder register, 
and Figure 7 shows the syndrome register. This code can correct any three 
errors occurring in its constraint length of 1176 bits. The performance of 
this code was shown earlier in Figure 1, along with uncoded theory for a PSK 
ideal receiver. At 10-7 output BER, this code provides 3.3-dB gain. Thus, 
using this coder, a 56K bits/s communications link could be operated at less 
than half the power. The transmitted singal would, of course, be bandspread 
to 8/7 x 56 baud/s = 64K baud. At 10-9 output BER, this code provides 3.8-dB 
gain. 

DATA ESTIMATE 

BR 
CLOCK CLOCK 

DIVIDERS • 

• 

• ILL AND • 
CLOCK DIVIDERS • 

AMBIGUITY 
RESOLUTION 

PARITY BIT 

SERIAL TO 
PARALLEL REGISTER 

• • • 
7 

-----i:=ER : 

PERMUTATION 
CONTROL 

SYNDROME 

• 
• 
• 

SYNDROME 
REGISTER 

7 

SYNDROME FEEDBACK 

• 
• 
• 

------• 

••• 
DATA 
BUFFER 

••• 

• 
• 

• 
1---+---+---.c + 

• • • 

••• 
PARALLEL TO 
SERIAL REGISTER 

Figure 5. Decoder Block Diagram 
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121 120 119 118 117 118 115 114 113 112 111 110 109 

9898949392919089 

72 71 70 89 88 87 88 85 84 83 

45 44 43 42 38 38 37 38 36 34 33 

19 18 17 18 15 14 13 

Ix• DATA BITS 

P • PARITY BIT 

130 129 128 127 126 125 124 123 122 

82 81 80 79 77 78 75 74 73 

58 57 58 55 54 53 52 51 50 48 48 

32 31 30 29 28 27 28 

Figure 6. Parity Encoder Register 
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Figure 7. Syndrome Register Block Diagram 

Conclusion 

Coding is a cost-effective means of increasing the energy efficiency of a 
power-limited digital data colllTlunications link. Various system parameters 
and characteristics must be taken into account when optimizing the data link 
for the users• needs. Many different methods of coding have been developed 
and are available for meeting the unique requirements of various digital 
commun~cation link configurations . 
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Appendix 
Eb/No P ( e ) 

,:JB 0.00 0.01 0.02 lj, 1):3 0.04 
0.0 7.8650E-02 7,841 lE-02, 7.8172E-02 7, 79:34E-02 7. 76',6E-02 0 I 1 7,6274E-02 7,6038E-02 7,5802E-02 7,5567E-02 7, 53:32E-02 0,2 7,3927E-02 7,3694E-02 7,3461E-02 7, :3228E-02 7,2996E-02 0.3 7,1609E-02 7,1379E-02 7,1149E-02 7,0920E-02 7.0690E-02 0.4 6,9322E-02 6,9094E-02 6,8868E-02 6,8641E-132 6. :3415E-02 0 I !5 6,706!5E-02 6,6841E-02 6.6618E-02 6. 63'35E-02 6,6172E-02 0.6 6.4841E-02 6,4620E-02 6.4400E-02 6,4180E-02 6.3961E-02 0.7 6.26!50E-02 6.2432E-02 6.2216E-02 6.1999E-02 6.1783E-02 0.8 6.0492E-02 6.0278E-02 6.0065E-02 5,9852E-02 S.9639E-02 0.9 5.8369E-02 5.8159E-02 5.7949E-02 5.7739E-02 5, 75:30E-02 
1. a 5.6282E-02 5.6075E-02 5.5869E-02 S.5663E-02 5.5457E-02 1.1 5.4231E-02 5.4028E-02 5.3825E-02 S.3622E-02 5.3420E-02 1.2 5.2216E-02 5,2017E-02 5.1818E-02 5.1619E-02 5,1421E-02 1.3 5.0239E-02 5.0044E-02 4.9849E-02 4.%54E-02 4. '3459E-02 1. 4 4.9301E-02 4.9109E-02 4.7919E-02 4.7727E-02 4.7536E-02 1.5 4,6401E-02 4.6213E-02 4.6026E-02 4.5939E-02 4.5652E-02 1.6 4.4!541E-02 4.4357E-02 4.4174E-02 4.3991E-02 4.3808E-02 1.7 4.2721E-02 . 4, 2541E-02 4.2362E-02 4.2183E-02 4,2004E-02 1. 8 4.0942E-02 4.0766E-02 4.0!591E-02 4.0416E-02 4. 0241E-02 . 1.9 3.9203E-02 3.9031E-02 3.8860E-02 3.8690E-02 3.851"3E-02 
2.0 3.7!506E-02 3.7339E-02 3.7172E-02 3.7005E-02 3,6839E-02 2. 1 3.5851E-02 3.5688E-02 3.5!525E-02 3.5363E-02 3.5201E-02 2.2 3,4238E-02 3.4079E-02 3.3921E-02 3.3762E-02 3.3605E-02 2.3 3.2668E-02 3.2513E-02 3.2359E-02 3.2205E-02 3.2051E-02 2.4 3.1140E-02 3,0990E-02 3.0840E-02 3. 06'30E-02 :3. 0541E-02 2.5 2.9655E-02 2.9509E-02 2,9363E-02 2.9218E-02 2.9073E-02 2.6 2,8214E-02 2.8072E-02 2. 7930E-02 • 2.7789E-02 2. 764"3E-02 2.7 2.6815E-02 2.6678E-02 2.6!540E-02 2.6404E-02 2.6268E-02 2.8 2.5460E-02 2.!5326E-02 2.5194E-02 2.5061E-02 2.4930E-02 2.9 2.4147E-02 2.4019E-02 2.3890E-02 2.3762E-02 2.3635E-02 
3,0 2.2878E-02 2,2754E-02 2.2630E-02 2.2!506E-02 2. 238:3E-02 3. 1 2.1652E-02 2.1532E-02 2.1412E-02 2.1293E-02 2.1174E-02 3.2 2.0469E-02 2,0353E-02 2,0237E-02 2,0122E-02 2.0007E-02 
3.3 1.9328E-02 1. 9216E-02 1. 9105E-02 1,8-,94E-02 1.8883E-02 3.4 1.8229E-02 1,8122E-02 1. 801!5E-02 1.7908E-02 1.7802E-02 3. !5 1. 7172E-02 1,7069E-02 1.6966E-02 1.6864E-02 1. 6761E-02 3.6 1. 61!57E-02 1.6058E-02 1.5959£-02 1. 5861E-02 1.5763E-02 3.7 1,!5183E-02 1.5088E-02 1.4993E-02 1,4899E-02 1.4805E-02 3.8 1.4249E-02 1,41!58E-02 1.4067E-02 1, 3977E-02 1.3887E-02 3.9 1.33!5!5E-02 1,3268E-02 1.3181E-02 1.3095E-02 1.3009E-02 
4.0 1.2501E-02 1. 2417E-02 1.2335E-02 1.2252E-02 1.2170E-02 4. 1 1. 168!5E-02 1. 160!5E-02 1. 1!526E-02 1,1448E-02 1.1369E-02 
4.2 1.0907E-02 1,0831E-02 1.0756E-02 1.0681E-02 1.0606E-02 4.3 1. 0167E-02 1.0094E-02 1.0023E-02 9.9!51!5E-03 '3, :3805E-03 
4.4 9.4623E-03 9.3939E-03 9,3258E-03 9.2581E-03 9.1907E-03 4.5 8.7938E-03 8,7289E-03 8,6643E-03 8.6001E-03 8.5362E-03 4.6 8.1600E-03 8,0985E-03 8.0373E-03 7.9765E-03 7.9160E-03 4.7 7.5601E-03 7.5019E-03 7.4440E-03 7.3865E-03 7.3293E-03 4.8 6.9930E-03 6.9381E-03 6.8835E-03 6.8292E-03 6,7752E-03 4.9 6.4!580E-03 6.4062E-03 6.3547E-03 6.3035E-03 6,2527E-03 

5.0 5.9!539E-03 5.9051E-03 5.9567E-03 5. :3086E-03 5.7607E-03 
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Append:lx 
Eb/No P(e) 

dB 0.05 0.06 0.07 0.08 0.09 
0,0 7,7458E-02 7,7221E-02 7.6984E-02 7,6747E-02 7. 6510E-02 0, 1 7.5097E-02 7,4862E-02 7.4628E-02 7,4394E-02 7. 4160E-~32 0,2 7.2764E-02 7,2533E-02 7,2301E-02 7,2070E-02 7.1839E-02 0.3 7,0461E-02 7,0233E-02 7,0005E-02 6,9777E-02 6.9549E-02 0,4 6,8189E-02 6,7964E-02 6,7739E-02 6,7514E-02 6.7289E-02 0. 5 6,5949E-02 6,5727E-02 6,5505E-02 6,5283E-02 6,5062E-02 0.6 6,3741E-02 6,3522E-02 6,3304E-02 6,3085E-02 6.2867E-02 0,7 6,1567E-02 6,1351E-02 6,1136E-02 6,0921E-02 6,0706E-02 0,8 5,9426E-02 5,9214E-02 5,9003E-02 5,8791E-02 5,8580E-02 0,9 5,7321E-02 5,7113E-02 5,6904E-02 5,6697E-02 5,6489E-02 

1.0 5,5252E-02 5,5047E-02 5,4842E-02 5,4638E-02 5.4434E-02 1.1 5,3219E-02 5,3018E-02 5,2817E-02 5,2616E-02 5,2416E-02 
1. 2 5,1223E-02 5,1026E-02 5,0828E-02 5,0632E-02 5,0435E-02 1.3 4,9265E-02 4,9072E-02 4,8878E-02 4,8686E-02 4,8493E-02 
1.4 4,7346E-02 4,7156E-02 4,6967E-02 4,6778E-02 . 4. 658'5'E-02 
1.5 4,5466E-02 4,5280E-02 4,5095E-02 4, 4910E-02 • 4,4725E-02 
1.6 4.3626E-02 4,3444E-02 4,3263E-02 4,3082E-02 4,2901E-02 
1.7 4,1826E-02 4,1648E-02 4,1471E-02 4,1294E-02 4,1118E-02 
1.8 4,0067E-02 3,9893E-02 3,9720E-02 3, .9547E-02 3.9375E-02 
1.9 3,8349E-02 3,8180E-02 3,8011E-02 3,7842E-02 3, 7674E-02 • 
2,0 3,6673E-02 3,6508E-02 3,6343E-02 3,6179E-02 3.6015E-02 2, 1 3,5039E-02 3,4878E-02 3,4717E-02 3,4557E-02 3. 43''7E-02 
2.2 3,3448E-02 3,3291E-02 3,3134E-02 3,2978E-02 3.2823E-02 2,3 3,1898E-02 3,1746E-02 3,1594E-02 3,1442E-02 3.1291E-02 2,4 3,0392E-02 3,0244E-02 3,0096E-02 2,9949E-02 2.9802E-02 2.5 2,8929E-02 2,8785E-02 2,8642E-02 2.8498E-02 2.8356E-02 
2.6 2,7509E-02 2,7369E-02 2.7230E-02 2.7091E-02 2.6953E-02 
2.7 2,6132E-02 2,5997E-02 2.5862E-02 2,5727E-02 2.5593E-02 
2.8 2,4798E-02 2,4667E-02 2,4537E-02 2,4406E-02 2.4277E-02 2.9 2,3508E-02 2,3381E-02 2,3255E-02 2,3129E-02 2.3003E-02 

3.0 2,2260E-02 2,2137E-02 2,2016E-02 2,1894E-02 2.1773E-02 
3. 1 2,1055E-02 2,0937E-02 2,0819E-02 2,0702E-02 2. 05E:5E-02 
3.2 1,9893E-02 1,9779E-02 1.9666E-02 1,9553E-02 1,9440E-02 
3.3 1.8773E-02 1,8664E-02 1,8554E-02 1,8446E-02 1,8337E-02 
3.4 1,7696E-02 1,7590E-02 1,7485E-02 1. 7381 E-02 1.7:276E-02 
3.5 1.6660E-02 1,6558E-02 1,6457E-02 1. 6357E-02 1,6257E-02 
3.6 1,5665E-02 1,5568E-02 1. 5471E-02 1,5374E-02 1.5278E-02 
3.7 1.4711E-02 1,4618E-02 1,4525E-02 1,4433E-02 1.4341E-02 3,8 1. 37''7E-02 1,3708E-02 1,3619E-02 1.3531E-02 1.3443E-02 3,9 1,2923E-02 1,2838E-02 1,2753E-02 1,2669E-02 1,2584E-02 

4.0 1,2088E-02 1,2007E-02 1, 1926E-02 1,1945E-02 1.1765E-02 
4. 1 1. 1291E-02 1. 1214E-02 1, 1137E-02. 1,1060E-02 1,0983E-02 
4.2 1,0532E-02 1,0458E-02 1,0385E-02 1,0312E-02 1,0239E-02 4,3 9,8099E-03 9,7397E-03 9,6698E-03 9,6003E-03 9. 531 lE-0~: 
4.4 9,1237E-03 9;0570E-03 8,9907E-03 8,9247E-03 8.8591E-03 
4. 5 - 8,4726E-03 8,4094E-03 8,3465E-03 9,2840E-03 8,2218E-03 
4.6 7,8559E-03 7.7960E-03 7.7365E-03 7, 6774E-i33 7. 61 :36E-03 
4.7 7,2725E-03 7,2160E-03 7,1597E-03 7,1038E-03 7. ~1483E-03 
4.8 6,7216E-03 6,6692E-03 6,6152E-03 6,5625E-03 6. 5H11E-(13 
4.9 6,2021E-03 6,1519E-03 6.1019E-03 6,0523E-03 6, 002'5'E-0:3 

5.0 5.7131E-03 5,6659E-03 5,6189E-03 5, !572:2E-0~: 5. 5;25•;E-[1:::: 
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Appendix 

Eb/N,::i P(e) 

dB 0.00 0,01 0.02 0, 1:3:3 1), 1)4 

5,0 5,9539E-03 5, '3051E-03 5, :3567E-03 5, :30:36E-0:3 5, 7607E-0:3 
5. 1 5,4798E-03 5,4340E-03 5, :3885E-0~: 5, :3432E-03 5, 29:3:3E- ►:t3 
5,2 5.0346E-03 4, '3916E-03 4, '3490E-0:3 4, '3065E-03 4. :3644E-0:3 
5,3 4,6173E-03 4,5771E-03 4,5371E-03 4, 4974E-0:3 4, 45813E-03 
5.4 4,2269E-03 4,1893E-03 4,1520E-03 4, 1149E-0:3 4. 0780E-0:3 
5.5 3,8623E-03 3,8272E-03 3,7923E-03 :3, 7578E-03 :3, 7234E-0:3 
5.6 3,5224E-03 3,4897E-03 3,4572E-03 :3, 4250E-133 :3. :3•,31 E-0:3 
5,7 3,2061E-03 3,1757E-03 3,1455E-03 3,1156E-03 :3, 085':lE-€1:::: 
5,8 2,9123E-03 2,8842E-03 2, 8562E-0:3 2, :32:35E-03 2, 800',E-133 
5.9 2,6401E-03 2,6140E-03 2,5882E-03 2, 5625E-0:3 2, 5370E-€13 

6.0 2,3884E-03 2,3643E-03 2.3404E-03 2, :3166E-03 2. 29:31E-€1:3 
6. 1 2,1559E-03 2,1337E-03 2,1117E-03 2, €18':l8E-03 2. 06:31E-0:3 
6.2 1.9419E-03 1,9214E-03 1. 9012E-03 1.8811E-03 1. 8612E-f1:3 
6,3 1, 7452E-0:3 1,7264E-03 1. 707:3E-0:3 1, 68'::14E-13:3 1.6711E-133 
6,4 1,5648E-03 1,5476E-03 1,5306E-03 ·1, 5137E-03 1, 4"::1?€1E-03 
6 I 5 1,3998E-03 1. 3841E-03 1,3686E-03 1, :3532E-133 1. :3:37'3E- ►:1:3 
6,6 1,2492E-03 1,2349E-03 1,2207E-03 1,2067E-03 1, 1928E-03 
6.7 1. 1121E-03 1. 0991E-03 1. 0862E-0:3 1,0734E-03 1, 06138E-03 
6,8 9.8751E-04 9,7572E-04 9. 6403E-1J4 9, 5247E-1J4 ·,. 4H12E-04 
6,9 8,7466E-04 8.6399E-04 8,5342E-04 :3, 4296E-04 :3, 3261E-04 • 

7.0 7,7267E-04 7,6304E-04 7,5351E-04 7, 4408E-134 7. 34 74E-1J4 
7 I 1 6,8075E-04 6,7208E-04 6.6350E-04 6, 551J2E-04 6.4662E-04 
7,2 5,9812E-04 5,9034E-04 5,8264E-04 5,7503E-04 5, 6750E-1J4 
7,3 5,2404E-04 5,1708E-04 5, 101',E-04 5,0338E-04 4,9665E-04 
7.4 4.5782E-04 4,5161E-04 4,4546E-04 4, :39:39E-1J4 4. 333:3E-04 
7,5 3,9880E-04 3,"326E-04 3.8780E-04 3,8240E-04 3.7706E-04 
7.6 3,4634E-04 3,4143E-04 3,3658E-04 3,3179E-04 :3. 2706E-04 
7.7 2,9986E-04 2,9551E-04 2, '::112:3E-04 2,8699E-04 2, :32:31E-04 
7.8 2,5880E-04 2, 54'37E-04 2,5119E-04 2, 4746E-134 2, 4:377E-134 
7,9 2,2264E-04 2,1928E-04 2,1596E-04 2, 1268E-€14 2. 0'::!44E-04 

8,0 1. ',091E-04 1,8796E-04 1,8505E-04 1. 8218E-04 1. 7",:35E-04 
8. 1 1,6315E-04 1,6057E-04 1,5803E-04 1,5553E-04 1,5306E-04 
8,2 1. 38"34E-04 1,3670E-04 1, 344',E-04 1. :3232E-04 1. :3017E-04 
8.3 1. 1791E-04 1,1597E-04 1. 1406E-04 1.1217E-04 1, 10:31E-04 
8,4 ·,. 9706E-05 9,8028E-05 9,6374E-05 •,. 4745E-05 ·,. :3140E-1J5 
8.5 8,4000E-05 8,2555E-05 8. 1132E-05 7. '::17:31E-05 7,8351E-05 
8.6 7,0501E-05 6,9262E-05 6.8042E-05 6,6841E-05 6. 565°,E-€15 
8.7 5,8943E-05 5,7885E-05 5,6843E-05 5,5818E-05 5. 4:30•,E-(15 
8,8 4.9086E-05 4,8185E-05 4, 729':':IE-05 4,6427E-05 4,5570E-05 
8.9 4,0712E-05 3,9948E-05 3. 91 '38E-05 3, :3459E-05 :3. 77:3:3E-~15 

9,0 3,3627E-05 3,2983E-05 3, 234',E-05 3,1727E-05 :3, 1115E-05 
9. 1 2,7658E-05 2,7116E-05 2,6584E-05 2,6061E-05 2. 554:3E-05 
·,.2 2,2650E-05 2.2197E-05 2,1752E-05 2,1315E-05 2.1J8:35E-€15 
9.3 1,8467E-05 1,8089E-05 1. 7719E-05 1, 7355E-,35 1, 69',7E-(15 
9.4 1. 498·,E-05 1.4675E-05 1,4368E-05 1,4066E-05 1. :3771JE-€15 
9.5 1. 2109E-05 1,1850E-05 1. 1597E-05 1. 1348E-05 1. 1104E-€15 
9.6 ·,. 7362E-06 9,5236E-06 9,3152E-06 ·,.1110E-06 :3, ''1€1:3E-06 
·,. 7 7.7905E-06 7,6166E-06 7,4463E-06 7. 27 134E-(16 7.1160E-06 
9,8 6,2027E-06 6,0613E-06 5. '3227E-06 5.7:371E-06 5. 6542E-,36 
9.9 4. '31:35E-06 4,7990E-06 4,6869E-06 4,5772E-06 4. 46'::18E-,~16 

10,0 3.8721E-06 3,7799E-06 3,6896E-06 3,6014E-,J6 :;:, 515(1E-,J6 
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Appendix 
Eb/Ne, P(e) 

dB 0,05 0,06 0.07 0.08 0. 0':i 

5.0 5,7131E-03 5,6659E-03 5.6189E-03 5,5722E-03 5. 525'3E-0~: 
5. 1 5. 25:36E-03 5,2093E-03 5.1652E-03 5,1214E-03 5, 0778E-0:3 
5.2 4,8225E-03 4,7810E-03 4.7396E-03 4,6986E-03 4,6578E-03 5.3 4,4188E-03 4,3799E-03 4.3413E-03 4,3029E-03 4,2648E-03 
5.4 4,0414E-03 4,0051E-03 3,9690E-03 3,9332E-03 3.8976E-03 
5.5 3,6893E-03 3,6554E-03 3,6218E-03 3,5884E-03 3,5553E-03 5.6 3,3613E-03 3,3298E-03 3.2985E-03 3,2675E-03 3,2367E-03 5.7 3,0565E-03 3,0272E-03 2,9982E-03 2,9693E-03 2,9407E-03 
5.8 2,7736E-03 2,7465E-03 2,7196E-03 2,6929E-03 2,6664E-03 5.9 2,5118E-03 2,4867E-03 2,4618E-03 2,4371E-03 2.4126E-03 

6,0 2, 26':?E-03 2,2466E-03 2.2236E-03 2,2009E-03 2,1783E-03 
6. 1 2,0467E-03 2,0253E-03 2,0042E-03 1,9833E-03 1,9625E-03 
6,2 1. 8414E-03 1,8218E-03 1.8024E-03 1,7832E-03 1.7641E-03 
6.3 1,6530E-03 1. 6351E-03 1,6173E-03 1,5996E-03 1,5821E-03 
6.4 1,4804E-03 1,4640E-03 1.4478E-03 1,4316E-03 1.4156E-03 6,5 1,3228E-03 1,3078E-03 1,2929E-03 1,2782E-03 1,2636E-03 
6.6 1. 17si0E-03 1,1654E-03 1.1518E-03 1. 1385E-03 1. 1252E-1)3 
6·. 7 1,0483E-03 1,0359E-03 1,0236E-03 1,0115E-03 si,9943E-04 
6,8 9,2968E-04 9,1845E-04 9.0734E-04 8,9634E-04 8,8544E-04 
6.9 8,2236E-04 8,1222E-04 8,0218E-04 7,9224E-04 7,8241E-04 

7.0 7,2550E-04 7,1636E-04 7,0732E-04 6,9837E-04 6,8951E-04 
7, 1 6,3832E-04 6,3010E-04 6,2198E-04 6, 13'5'4E-04 6,0598E-04 7,2 5,6005E-04 5,5269E-04 5,4541E-04 5,3821E-04 5,3108E-04 
7.3 4,8999E-04 4,8341E-04 4.7690E-04 4,7047E-04 4.6411E-04 
7.4 4,2745E-04 4,2158E-04 4,1579E-04 4,1006E-04 4, 043 ',E-04 
7.5 3,7178E-04 3.6657E-04 3,6142E-04 3,5633E-04 3,5131E-04 
7.6 3,2239E-04 3,1777E-04 3,1321E-04 3,0870E-04 3,0425E-04 
7.7 2,7868E-04 2,7460E-04 2.7058E-04 2,6660E-04 2,6267E-04 
7.8 2.4014E-04 2,3655E-04 2.3300E-04 2. 2'350E-1H 2.2605E-04 
7.9 2.0625E-04 2,0310E-04 1,9999E-04 1, 9692E-04 1.9390E-04 

8.0 1,7656E-04 1,7380E-04 1. 7108E-04 1, 6840E-C14 1. 6576E-134 
8. 1 1.5062E-04 1.4822E-04 1,4585E-04 l,4352E-04 1,4121E-04 
8.2 1,2805E-04 l,2597E-04 L 2391E-04 1. 2188E-C14 l,1988E-04 
8.3 1,0848E-04 1,0667E-04 1,0489E-04 1. 0314E-04 1,0141E-04 
8.4 9,1559E-05 9,0001E-05 8,8467E-05 8,6955E-05 8,5466E-05 
8.5 7,6991E-05 7,5653E-05 7.4335E-05 7,3037E-05 7. 175·,E-C15 
8.6 6,4495E-05 6,3349E-05 6,2221E-05 6,1111E-05 6.13018E-05 
8.7 5,3816E-05 5,2839E-05 5.1878E-05 5,0932E-05 5.0001 E-135 
8.8 4.4726E-05 4,3896E-05 4,3080E-05 4.2278E-05 4.14::::3E-05 
8.9 3,7020E-05 3,6318E-05 3.5628E-05 3,4950E-05 ~:. 42S:3E-~35 

9.0 3,0513E-05 - 2,9922E-05 2,9341E-05 2,8770E-05 2, a213•,E-C15 
9. 1 2,5043E-05 2,4547E-05 2,4060E-05 2,3582E-05 2, 3112E-05 
9.2 2,0464E-05 2,0050E-05 1,9643E-05 1, 9244E-05 1, 8852E-C15 
9.3 1,6647E-05 1,6303E-05 1.5965E-05 1,5633E-05 1. 5308E-C15 
9.4 1,3480E-05 1,3195E-05 1,2916E-05 1,2642E-05 1.2373E-05 
9.5 1,0964E-05 1,0630E-05 1,0400E-05 1.0174E-05 9. 95313E-C16 
9.6 8,7145E-06 8,5222E-06 8,3337E-06 8,1489E-06 7. 967 ',E-06 
9.7 6,9558E-06 6,7989E-06 6,6452E-06 6,4946E-06 6. 3472E-~16 ., . 8 5,5242E-06 5. 3968E-136 5,2721E-06 5. 15130E-06 5. 0305E-C16 
9.9 4,3647E-06 4.2619E-0t5 4,1612E-06 4.0627E-06 3,9664E-06 

10.0 :3. 4305E-C16 3, ::;:4 79E-06 3. 2671E-C16 ::::. H:::::1E-C16 :::: . 11 C1:::E-136 

19 



Appendix 

Eb/No p < '=') 

dB 0.00 0.01 0.02 13. 03 13. ~34 

10.0 3,8721E-06 3,7799E-06 3,68%E-06 :3, 6014E-06 3, 51513E- ►:16 
10. 1 3.0352E-06 2,9613E-06 2.8891E-06 2. 81:34E-06 2. 74'33E- ►:16 
10.2 2.3663E-06 2,3074E-06 2. 24'::l',E-06 2. 1n6E-06 2. 1:3:37E-06 
10.3 1,8346E-06 1,7879E-06 1. 742:3E-06 1. 6°,7:3E- ►:16 1. 654:3E-136 
10.4 1.4142E-06 1,3774E-06 1. 3416E-06 1, :3065E-06 1. 272:3E-~~16 
10.5 1,0838E-06 1,0550E-06 1,0270E-06 9, '::1954E-07 ':.I. 72:~1E-(17 
10.6 8,2572E-07 8,0329E-07 7. 814:3E-07 7,6011E-07 7. :3•3:3:3E-(17 
10.7 6,2523E-07 6,0788E-07 5,90%E-07 5, 744'::IE-07 5. 584:3E-137 
10.8 4.7048E-07 4,5713E-07 4. 441:3E-07 4, :3147E-07 4, 1'::115E-07 
10.9 3,5178E-07 3.4157E-07 3,3164E-07 :3,2198E-07 :::: . 125:3E-(17 

11.0 2,6131E-07 2,5356E-07 2,4603E-07 2. :3870E-07 2.3158E-i:17 
11. 1 1. 9281E-07 1,8697E-07 1. 8129E-07 1, 7577E-07 1. 7041E-137 
11.2 1. 4130E-07 1,3692E-07 1,3267E-07 1,2854E-07 1. 2453E- ►:17 
11.3 1,0283E-07 9,9569E-08 9. 6410E- ►:18 '3, 3344E-0:3 •3. 036',E-(18 
11.4 7. 42'34E-08 7,1889E-08 6.9557E-08 6. 72%E-08 6. 5104E-0:3 
11.5 5,3287E-08 5,1524E-08 4. 9815E- ►:18 4. 8160E-138 4.6556E-08 
11.6 3.7934E-08 3,6651E-08 3. 540'::IE-08 3.4206E-08 3.3042E-08 
11.7 2. 67'::i8E-08 2,5871E-08 2.4975E-08 2.4108E-08 2. :326·:.IE -~3:3 
11.8 1.8783E-08 1. 8119E-08 1. 7477E-08 1. 6857E-138 1. 625:3E-(18 
11.9 1,3060E-08 1.2588E-08 1. 2132E-08 1. l 6'::12E-138 1. 1267E-1:18 

12.0 9.0060E-09 8.6735E-09 8. 3525E- ►:19 :3, 0427E-09 7. 74:3:3E-0'3 
12. 1 6,1585E-09 5. '3261 E-09 5,7019E-09 5. 4857E-0'3 5. 277:3E-0'3 
12.2 4.1752E-09 4.0141E-09 3,8589E-09 :3, 7094E-09 :3. 565:3E-0'3 
.12. 3 2,8058E-09 2,6951E-09 2,5886E-09 2,4861E-09 2, :3874E-0'3 
12.4 1,8686E-09 1,7933E-09 1,7208E-09 1.6511E-09 1, 5841E-0'::i 
12,5 1,2330E-09 1,1822E-09 1,1334E-09 1. 0865E-139 1, 0414E-0"3 
12.6 8,0599E-10 7,7203E-10 7.3943E-10 7,0814E-10 6.7811E-10 
12.7 5,2178E-10 4,9931E-10 4,7776E-10 · 4, 5709E-10 4. :3727E-10 
12.8 3,3447E-10 3, 1974E-·10 3,0564E-10 2. '3212E-10 2,7'317E-10 
12.9 2,1224E-10 2,0269E-10 1,9355E-10 1. :3480E-10 1. 7643E-lti 

13.0 1. 3329E-10 1. 2716E-10 1. 2130E-10 1, 156•,E-10 1.1034E-10 
13. 1 8,2830E-11 7,8935E-11 7,5215E-11 7. 1662E-11 6. :3271JE-11 
13.2 5,0917E-11 4. :3469E-11 4.6134E-11 4. :39137E-11 4.17:32E-11 
13.3 3.0954E-11 2, ·,433E-11 2.7984E-11 2,6603E-11 2. 52:::7E-11 
13,4 1.8606E-11 1.7671E-11 1. 6782E-11 1.5935E-11 1. 512"3E-11 
13.5 1. 1055E-11 1.0487E-11 9, '3473E-12 9,4343E-12 8, '3467E-12 
13.6 6.4904E-12 6,1498E-12 5.8263E-12 5, 51',lE-12 5.2275E-12 
13.7 :3, 7646E-12 3,5627E-12 3.3711E-12 :3. 1l3'::14E-12 :3. 0172E-12 
13.8 2.1566E-12 2,0383E-1:2 1,9263E-12 1. :3202E-12 1. 7197E-12 
13.9 1.21',EIE-12 1,1514E-12 1. 0867E-12 1. 0255E-12 '3. 6767E-1:3 

14.0 6,8102E-13 6,4199E-13 6,0512E-13 5,7029E-13 5. :373,;E-1:3 
14. 1 3.7518E-13 3,5320E-13 3.3246E-13 :3, 12'30E-1:3 2. '3445E-13 
14.2 2.0389E-13 1, '::1168E-13 1. 8018E-1:3 1. 6934E-13 1, 591:3E-1:::: 
14.3 1.0927E-13 1. 0258E-1:3 9,6286E-14 ·,. 0367E-14 :?,, 4:3ME-14 
14.4 5,7727E-14 5,4115E-14 5.0722E-14 4,7535E-14 4,4542E-14 
14.5 3.0055E-14 2,8134E-14 2,6330E-14 2,4639E-14 2. :3053E-14 
14.6 1.5416E-14 1. 4409E-14 1. 3465E-14 1.25:31E-14 1. 175:3E-14 
14.7 7,7873E-15 7,2670E-15 6.7804E-15 6, :3254E-15 5, ·, ►:1 ►:1 ►:1E-15 
14.8 :3, 8725E-15 3,6081E-15 3,3612E-15 :3, 1:3~36E-15 2.'3154E-15 
14 .• , 1. 8952E-15 1. 7629E-15 1.6396E-15 1,5246E-15 1.4175E-15 

15.0 9,1240E-16 8,4730E-16 7,8672E-16 7,3035E-16 6. 77'30E-16 
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Eb/No P o'. e ) 

dB 0.05 0.06 0.07 0.08 0. 0'3 

10.0 3,4305E-06 3, :3479E-06 3,2671E-06 3,1881E-06 3. 1108E-136 
10. 1 2,6818E-06 2.6158E-06 2.5513E-06 2,4882E-06 2. 4266E-t16 
10.2 2,0850E-06 2,0325E-06 1. 9813E-06 1. 9312E-06 1,8823E-06 
10.3 1. 6119E-06 1.5704E-06 1,5300E-06 1,4905E-06 1.4519E-06 
10.4 1,2390E-06 1,2064E-06 1. 1746E-06 1,1436E-06 1,1134E-06 
10.!5 9,4673E,;.,07 9,2130E-07 8.9650E-07 8,7231E-07 8.4872E-07 
10,6 7,1907E-07 6,9933E-07 6,8008E-07 6,6133E-07 6,4305E-07 
10,7 5,4279E-07 5,2756E-07 5,1272E-07 4,9827E-07 4,8419E-07 
10,8 4,0715E-07 3,9547E-07 3,8410E-07 3,7303E-07 3.6226E-07 
10.9 3,0344E-07 2,9454E-07 2,8!588E-07 2,7746E-07 2, 6927E.;.~17 

11.0 2,246!5E-07 2,1792E-07 2,1137E-07 2,0501E-07 1, 9882E-137 
11. 1 1,6!520E-07 1. 6014E-07 1,!5!522E-07 1,5044E-07 1. 4!580E-07 
11. 2 1,2064E-07 1,1686E-07 1. 1320E-07 1,0964E-07 1. 0618E-07 
11.3 8,7482E-08 8,4682E-08 8,196!5E-08 7,9329E-08 7.6773E-08 
11.4 6,2978E-08 6,0917E-08 5,8919E-08 5.6983E-08 5,5106E-08 
11. 5 4,!5002E-08 4,3497E-08 4,2039E-08 4,0626E-08 3,9259E-08 
11.6 3,1914E-08 3,0823E-08 2,9767E-08 2,8745E-08 2.7755E-08 
11.7 2,24!58E-08 2,1673E-08 2,0913E-08 2,0179E-08 1,9469E-08 
11. e 1,!5678E-08 1,5118E-08 1,4!577E-08 1,4053E-08 1,3548E-08 
11.9 1,0856E-08 1,0460E-08 1, 0077E-08 9,7074E-09 9,3!505E-09 

12,0 7,4!553E-09 7,1770E-09 6,9085E-09 6,6494E-09 6,3995E-09 
12 I 1 5,0763E-09 4,8826E-09 4,6959E-09 4,5159E-09 4, 3424E-0'3 
12,2 3,4265E-09 3,2928E-09 3,1641E-09 3,0401E-09 2, 9207E-0'3 
12.3 2,2924E-09 2.2009E-09 2,1130E-09 2,0284E-09 1,9469E-09 
12,4 1,!5197E-09 1.4!577E-09 1,3982E-09 1,3409E-09 1,2859E-09 
12.5 9,9809E-10 9,5650E-10 9,1655E-10 8,7819E-10 8,4136E-10 
12.6 6.4929E-10 6.2163E-10 5.9509E-10 5,6963E-10 5,4521E-10 
12.7 4,1828E-10 4,0006E-10 3,8260E-10 :3, 6587E-10 3.4983E-10 
12,8 2,6678E-10 2,5490E-10 2,4353E-10 2,3264E-10 2.2222E-10 
12.9 1,6842E-10 1. 6075E-10 1. 5342E-10 1,4641E-10 1,3971E-10 

13.0 1. 0522E-10 1,0032E-10 9,5645E-11 9,1177E-11 8,6908E-11 
13. 1 6,5031E-11 6,1939E-11 5,8988E-11 5,6171E-11 5. ~:482E-11 
13,2 3,9756E-11 3,7824E-11 3,5981E-11 3,4225E-11 :;:, 2550E-11 
13.3 2,4033E-11 2.2839E-11 2,1702E-11 2,0619E-11 1.9588E-11 
13.4 1.4363E-11 1,3633E-11 1.2939E-11 1. 2279E-11 1. 1652E-11 
13.5 8,4832E-12 8,0428E-12 7.6244E-12 7,2268E-12 6.8491E-12 
13.6 4,9507E-12 4,6880E-12 4.4386E-12 4.2021E-12 :;:, 9776E-12 
13.7 2,8539E-12 2.6990E-12 2.5523E-12 2.4132E-12 2.2815E-12 
13,8 1,6245E-12 1,5345E-12 1. 4492E-12 1. :3685E-12 1,2921E-12 
13,9 9,1294E-13 8,6119E-13 8,1227E-13 7,6603E-13 7. 22:32E-13 

14.0 5, 0633E-1:3 4,7699E-13 4,4929E-13 4,2315E-13 3. 9847E-1:3 
14. 1 2,7705E-13 2,6064E-13 2,4517E-13 2, :3059E-13 2,1684E-13 
14,2 1. 4952E-13 1,4047E-13 1. 3195E-13 1. 2392E-13 1. 1637E-13 
14.3 7,9564E-14 7,4640E-14 7,0011E-14 6.5660E-14 6.1sn1E-14 
14.4 4,1730E-14 3,9091E-14 3,6613E-14 3,4287E-14 :3,2104E-14 
14.5 2,1566E-14 2,0172E-14 1,8865E-14 1.7640E-14 1.6492E-14 
14.6 1. 0978E-14 1,0253E-14 9,5735E-15 8,9381E-15 E:. 34~:5E-15 
14.7 5,5024E-15 5,1307E-15 4.7834E-15 4,4589E-15 4,1557E-15 
14. :3 2,7146E-15 2.5272E-15 2.3523E-15 2,1892E-15 2, 13371E-15 
14,9 1,3177E-15 1,2247E-15 1.13:::lE-15 l,(1574E-15 9. 82 :~:2E-16 

15.0 6.2911E-16 5,8374E-16 5.4154E-16 5. (1231E-16 4.6584E-16 
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Introduction 

The SA.bus Interface - A System Solution 
G. Hammond/8. Reifman 

In recent years, more satellite earth station owners are requiring remote 
monitor and control capability to effectively manage their systems. The most 
common approach has been to provide individual contact-closure interfaces 
from each piece of equipment to a central control panel. Although this 
approach is simple to design, it is generally inflexible and requires signi
ficant effort in system implementation due to the wiring effort alone. 

The SAbus is an interface designed explicitly as an economical method of 
providing complex remote monitor and control capabi 1 ity in sate 11 ite earth 
station equipment. Although it requires a limited degree of "intelligence" 
in each earth station component, this provides comprehensive monitor and 
control capabilities and a degree of flexibility not available in customized 
system solutions. The SAbus provides a powerful base for the design of both 
small and large earth station systems, and in e·ither case significantly 
reduces the effort required for future system changes. 

Electrical Specifications 

Electrically, the SAbus is compatible with EIA RS-422, which is an interface 
Specification that will eventually replace RS-232 as the industry standard 
for computer interconnection. RS-422 is a unipolar, balanced, 5-volt serial 
interface designed to connect equipment which must exchange data over con
siderable distances with high-noise ilTVllunity and high speed. Standard IC 
drivers and receivers are available for RS-422 that convert to and from TTL 
logic levels. The SAbus subset of RS-422 allows up to 64 devices to be con
nected in parallel with up to 4,000 feet between any master and group of 
slaves. 

Physical Specifications 

The physical implementation of the SAbus interface takes the form of a single 
9-pin 11 D11 connector located on the rear panel of a compatible device. This 
connector and its wiring is compatible with EIA RS-449, which is the mechani
cal specification for RS-422/423-compatible equipment. The 9-pin connector 
chosen for the SAbus connector is described as the secondary interface in 
RS-449 and has only the four data 1 ines and circuit, common and shield. No 
hardware handshaking is used in the SAbus protocol, so all the control lines 
specified for the standard 37-pin connector are not needed. An SAbus compat
ible device that is only capable of operating as a slave has a female con
nector, whereas masters have male connectors. All SAbus devices can operate 
in electrical parallel with only a single 9-conductor cable required to con
nect all devices controlled by a master. Figure 1 illustrates the connection 
of a master and multiple slaves. 
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Figure 1. SAbus Master and Slaves 

The SAbus interface is a multi-drop, balanced line, asynchronous, full-duplex 
communications link designed to interconnect equipment for remote control and 
switching applications. Products that are SAbus compatible can be linked 
together over a parallel-connected 4-wire circuit without regard to their 
particular function. 

Each SAbus configuration can have one master and up to 63 slave devices. 
Each slave device is internally configured to respond to a unique address. A 
master could be a protection switch, earth station controller, or any micro
or mini-computer that is electrically and operationally compatible with the 
SAbus. Since the electrical specifications are very similar to EIA standards 
RS-422 and RS-449, virtually any computer that meets these standards is 
capable of controlling remote devices over the SAbus. 

Datal'ormat 

SAbus data format supports industry's standard asynchronous ASCII format with 
one start bit, eight data bits (7-bit ASCII with 8th sent as even parity), 
and one stop bit. The ASCII control character subset 00-lF (hex) are 
reserved for message control. The printable ASCII characters 20-7F (hex) are 
used for address, command and data characters. The standard bus data rate 
via direct connect (up to 4,000 ft) is 9,600 BAUD, the data rate for devices 
connect to a master via modem is 1,200 BAUD. 

Kessage~l 
Message format and protocol over the SAbus is a derivative of IBM's binary 
synchronous communications protocol (BISYNC). The master station sends a 
command over the bus to all remote stations. The station, whose address is 
contained in the second byte of the command message, carries out the 
requested commands and then replies with a response message containing its 
own address and status information relating to its present condition. A 
remote station only sends a response following a command containinq its 
unique address from the master. This prevents bus contention caused by more 
than one remote device communicating over the SAbus as the same time. 



A remote device ignores all commands that contain parity or checksum errors, 
protocol errors, a wrong address, or message overrun errors. A remote device 
replies with a not-acknowledged (NAK) character if it receives an invalid 
command or data. 
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Figure 2. SAbus Master Device Connections 

•DEVICE 
CONTROLLER 

SERIAL 
DATA IN 

SERIAL 
DATA 

OUT 

TRI-STATE 
CONTROL 

\.,----....-< 2 SRR (RECEIVER READY) 

--------+--. 3 SSD CSENO DATA) 

t--------+-....--<. 9 SC CSEND COMMON) 

....-----< 5 SG (SIGNAL GROUND) 

.------+--+----,.-< 4SRD (RECEIVE DATA) 

.----< 7 SRS (REQUEST TO SEND) 

'---4..--+-< 8 SCS (CLEAR TO SEND) 

'------+--+---.--< 6 RC (RECEIVE COMMON) 

1 SHIELD 

REMOTE DEVICE 

• THE DEVICE CONTROLLER WILL TYPICALLY BE SINGLE CHIP 
MICROCOMPUTER INSTALLED IN EXISTING PRODUCTS OR MAY 
BE A FUNCTION OF A MICROPROCESSOR IN NEW MICROPRO
CESSOR BASED EQUIPMENT (SUCH AS ANTENNA CONTROi.LERi. 

Figure 3. SAbus Slave Device Connections 

3 

SS-A-4587 



Message Format 

Command messages (see Figure 4) begin with Start-of-text byte, STX, followed 
by a remote address, a command byte and multiple data bytes. The End-of-text 
byte, ETX, is sent following the last data byte, and the message is termi
nated by a checksum character. Response messages are identical to command 
messages in format with the exception of the ACK (Acknowledge) or NAK (Not 
Acknowledge) character at the start of the message instead of STX. Figure 4 
i 11 ustrates the format of the command and response messages. A command or 
reply message may have a variable length up to a maximum of 132 bytes, 
including delimiters and checksum. Although most currently implemented SAbus 
devices require no or very few data bytes, the capability for long messages 
is built into the protocol, so that future applications requiring the 
transfer of large amounts of data can be accommodated. SAbus devices should 
observe the length of all messages, predefined by their communication 
protocol, and NAK messages longer than permitted. 

COMMAND MESSAGE: 

STX ADDRESS COMMAND Dn Dn + 1 ETX CHKSUM 

RESPONSE MESSAGE: COMMAND ACKNOWLEDGED 

ACK ADDRESS COMMAND D1 .· D Dn Dn+1 ETX CHKSUM 

RESPONSE MESSAGE: COMMAND NOT ACKNOWLEDGED-UNABLE 
TO EXECUTE OR INCORRECT COMMAND 

INAK I ADDRESS I COMMAND I ETX I CHKSUM I 

Figure 4. SAbus Message Format 
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Message Delimiters 

A corrmand message begins with STX (02 hex), the ASCII Start-of-text control 
character. A message-acknowledged reply begins with ACK (06 hex), the ASCII 
Acknowledge control character and a message-not acknowledged reply begins 
with NAK (15 hex), the ASCII Not Acknowledge control character. All messages 
end with the ETX (03 hex), the ASCII End-of-text control character, followed 
by the checksum byte. 

Ad.dress Character 

The device address must be a valid ASCII printable character between 
"o", or 30 through 6F in hex; thus, 64 SAbus addresses are possible. 
0 (ASCII 30) is reserved as an "all call" address and will cause all 
on the bus to execute a command without generating a reply. 

Command Character 

"0 11 and 
Address 
devices 

The command character (CMD) immediately follows the device address and speci
fies one of a possible 80 different commands for a particular device. Values 
from 30 to 7F (hex) are allowed. Commands may be completely device dependent 
with the exception ,of command 30 (hex) which must cause a device to return 
its six character device type and command 31 (hex) which is a status poll. 

Command '1Dd Beply Data 

A command or device reply may contain from O to 128 data characters and is 
restricted only to printable ACII characters 20-?F (hex). 

Check Character 

The last character of any SAbus message is the check character (CHK). This 
character is simply the bit-by-bit exclusive OR of all characters in the 
message starting with the STX character through the ETX character. This 
forms a Longitudinal Redundancy parity check over the entire message. 

Message Tim:lng 

Different devices will require varying times to execute commands from a 
master. A receiver, for example, may be instructed to change frequency and 
may require up to a second for the synthesizer to lock. This shou 1 d not, 
however, prevent it from immediately acknowledging the command. The NAK or 
ACK reply does not signify that a function has actually taken place, but only 
that the message was received and understood. A status reply should indicate 
if a device is executing a time-consuming function. 

A remote device must begin responding to a command within 100 milliseconds 
after receiving the last character of the command and no more than 10 milli
seconds must pass between each character. If remote device does not respond 
within this time, the master-controller should attempt to re-establish 
communication by repolling this device at least once. Figures 5 and 6 show a 
remote device SAbus state table and timing requirements. 
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At least a 10-bit time delay must be inserted between command messages in 
order to "wake up" a remote device. Once device is awakened by data on the 
bus, it looks for STX followed by its address. If it does not see its own 
address, it ignores the rest of the message by going to "sleep" and remains 
in such state until the serial data line idles for at least 10-bit times or 
approximately 10 milliseconds. 

SA.bus Command B.estrictions 

All Sabus-compatible devices must respond to a command 11 011
, 30 (hex), with 6 

data bytes of ASCII characters in the following form: 

ACK ADDR 30 Dl D2 D3 D4 D5 D6 ETX CHSUM 

where D1-D4 are four ASCII characters representing the model number and D5-D6 
are two ASCII characters representing a software version number. 

If more than one command is required to obtain status information of device 1 s 
functions that can cause setting of a change bit, then the device must imple
ment a clear change bit command and this must be the only command which 
causes the change bit to be cleared. If several commands have to be executed 
in order to set all the information that can cause a change bit to be set, 
then multiple change bits may be used to reduce the bus traffic. 

Wherever possible, SAbus numeric data should be sent encoded as ASCII data 
characters, and only in cases where it cannot be avoided, numeric data should 
be sent in Binary or BCD packed format. Status bits in data bytes, i.e. 
change bits, alarm bits, etc., should occupy no more than four bits in the 
low-order nibble. The high-order nibble should be set to 03 to guarantee 
that the byte will contain a printable ASCII character. 

Slave Device State Diagram 

Introduction 

General Description. The Slave State diagram (see Figure 5) presents the 
required protocol implementation at the Slave device that guarantees the 
proper transfer and processing of communication messages sent by a Master
controller over SAbus. 

State Diagram Notation. Each state that a slave device can assume is 
represented graphically as a circle. A single-digit number is used within 
the circle to identify the state. 
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All permissible transitions between states are represented graphically by 
arrows between them. Each transition is qualified by a condition that must 
be true in order for the transition to occur. The device will remain in its 
current state if conditions which qualify transitions leading to other states 
are false or conditions that qualify pseudo-transitions are true. A pseudo
transition is a transition that occurs within the same state and is repre
sented graphically by arrows leaving from and arriving at the same state. 
Table 1 describes mnemonics used to identify transitions in the state 
diagram. 

EXECUTE COMMAND 

55-A-4589 

Figure 5. Slave State Diagram 
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Table 1. State Diagram Mnemonics 

Mnemonics Description 

STX 

ETX 

Start-of-Text ASCII control character, used as a header in SAbus 
corrrnand message to identify the beginning of a· new message. 

End-of-Text ASCII control character, used as a termination char
acter in SAbus messages to identify the end of data. 

Checksum LRC byte (Longitudinal Redundancy Check) is a last byte in the 
SAbus message data block. The value of LRC byte is the exclu
sive OR of all message bytes including the STX and the ETX bytes 
and is used to detect errors during transmission of data. 

: States Description 

'State 1 (Device Idle State). In State 1, a device is ready to receive a new 
message, . and therefore, must complete any previous message reception. A 
device always powers on in State 1. 

·A device will exit State 1 and enter State 2 (Device Addressed State) only if 
-STX byte is received. 

'State 2 (Device Addressed State). In State 2, a device is waiting to receive 
'the address byte, the second byte of SAbus command message. 

A device will exit State 2 and enter: 

a. State 3 (Device Data State) if received address byte equals a 
device's address. 

b. State 1 (Device Idle State) if received address byte does not 
equal a device's address. 

c. State 2 (remain in current state) if STX byte is received, which 
may be the beginning of a new message data block. 

State 3 (Device Data State). In State 3, a device is engaged in receiving 
the corrrnand and associated data bytes sent by a master-controller. 

A device will exit State 3 and enter: 

a. State 4 (Device Data Error State) if ETX byte is received signi
fying the end of data in the message. 
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b. State 1 (Device Idle State) if invalid command, or data charac
ter, or incorrect number of data bytes is received. 

State 4 (Device Data Error State). In State 4, a device is waiting to 
receive a Checksum byte which tests the transmitted message for errors. 

A device will exit State 4 and enter: 

a. State 5 (Command Execute State) if a Checksum byte is true -
received LRC value of Checksum byte equals to LRC value computed 
by a device during message reception. 

b. State 1 (Device Idle State) if a Checksum byte is false -
received LRC value of Checksum byte does not equal to LRC value 
computed by a device during message reception. 

State 5 (Comand Execute State). In State 5, a device, having completed a 
reception of SAbus message, executes a device's function specified by a 
command byte. A device will send an appropriate response message to a 
master-controller within 100 milliseconds after receiving the last character 
of the message. 

A device will always exit State 5 and enter Device Idle State, State 1. 
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Introduction 

Video Plus 
J.M. Hooper/F.L. McCormick 

Perhaps the most difficult part of putting together a satellite network is 
finding available space segment. Even with the launch of new satellites, 
transponders, or portions of transponders, are not readily available to the 
small business user. This problem will never be completely eliminated 
because of the finite availability of geostationary orbital arc. Thus, we 
must find ways to use this limited resource more efficiently. 

Video-Plus, a new and exciting technique being developed by Scientific
Atlanta, may provide a significant amount of previously unused satellite 
capacity in existing transponders. The concept is very simple. A trans
ponder which carries a video signal can be shared with other carriers, such 
as 56 kb/s digital SCPC and analog FM SCPC, without interference to the video 
signal of the SCPC c.arriers. Furthermore, this can be accomplished without 
any modification to the modulation format of the video signal. Thus, trans
ponders which have previously carried only one video signal may be used to 
carry many additional voice and data signals without interference. 

The significance of the Video-Plus technique is obvious; with this technique 
much more transponder space is available than we have previously realized! 
Video-Plus provides new space segment availability for the user and more 
potential revenues for the transponder owners. 

Video-Plus is not a subcarrier technique. SCPC carriers can be transmitted 
from uplinks completely separate from the video uplink. Hence, the signals 
do not have to be combined at one origination site. For example, a hotel 
using a 4.6-meter dish to receive entertainment programming from SATCOM 3R 
could add transmit capability to its earth station and share one of the video 
transponders. A typical application might be hotel reservations or intercity 
telephone service for guests. Thus, the transponder is utilized from many 
uplink locations. 

The Video-Plus technique is not without its limitations. These are explained 
in detail in the next section. However, .simply stated, when carriers are 
added to a transponder which is carrying a saturated video signal, the power 
of the transponder is shared among all carriers. Therefore, a limit exists 
at which point degradation of the video signal begins to occur. This limit 
must be carefully controlled so that picture quality is preserved at all 
receiving sites. Analysis, lab testing, and satellite testing show that a 
significant amount of transponder capacity is available for digital and FM 
SCPC carriers to be added to video. 

The next section will discuss the technical details of the Video-Plus tech
nique and provide supporting calculatio.ns. The last section of this paper 
will describe some applications where Video Plus can be used effectively. 



Video-Plus System Parameters 

Frequency Plan/Bandwidth Bequirem.ents 

A typical single-transponder video uplink earth station transmits a carrier 
at the center frequency of the satellite transponder at a level that provides 
a saturated downlink carrier. Figure 1 illustrates the frequency plan for 
this arrangement. The modulated video carrier with a 10.75 MHz peak devi
ation requires a bandwidth of about 30 MHz to provide low distortion 
transmission of program material or test waveforms. Of the usable 36 MHz 
transponder bandwidth, 3 MHz is available on either side of the video 
carrier. Intermodulation products restrict the placement of SCPC carriers to 
only one side of the transponder. 
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Figure 1. Transponder Frequency Plan (Centered Video) 

Channel spacings for typical SCPC-type carriers are as follows: 

SCPC Carrier Type 

30 kHz FM-SCPC 
45 kHz FM-SCPC 
56 kb/s QPSK 
56 kb/s BPSK 
1.544 Mb/s QPSK 

Channel Spacing 

30 kHz 
45 kHz 
50 kHz 
100 kHz 
1.5 MHz 

2 

Channel Capacity 
(Bandwidth Limit) 

100 
66 
60 
30 
2 



The bandwidth-limited channel capacity is also shown. The channel capacity 
may be limited to a lesser number of channels by -interference, G/T, EIRP, 
Video C/N or other constraints. These limitations are discussed in more 
detail in the following sections. 

Figure 2 details a frequency plan with the video offset by 3 MHz. This fre
quency plan provides more available bandwidth and reduced interference. This 
plan has possible applications to new video services in which the video car
rier can initially be offset from the transponder center frequency. 
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Figure 2. Transponder Frequency Plan (Offset Video) 

Transponder Operating Pom.t/Power Sharing 

The transponder may be operated at saturation or at some other output 
backoff. It is usually preferable to operate the transponder with a 
saturated video carrier to provide the highest possible C/N for low G/T video 
receive-only earth stations. Fortunately, the required-per-carrier SCPC 
carrier power level is up to 30 dB below the video carrier level, and many 
SCPC carriers can be added before significant power is 11 used 11 by the SCPC 
carriers, and before interference to the video occurs. 
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Operating Constraints 

In-Band. Intermodulation Product.a 

Intermodulation (IM) products are generated when multiple carriers are passed 
through a non-linear device, i.e., a transponder operating at or near 
saturation. The level and frequency of the IM products are a function of the 
l eve l and frequency of the multiple carriers. Figure 3 shows IM products 
that are generated by a CW saturated carrier and seven SCPC carriers each at 
a level 20 dB below the CW carrier. Note the following: 

a. Third-order two-carrier IM products above the CW carrier are about 
5 dB below the SCPC carriers. 

b. Third-order three-carrier IM products around the CW carrier are 
about 30 dB below the CW carrier. 

c. Third-order two-carrier products around the SCPC carriers are more 
than 30 dB below the SCPC carriers. 

d. Other third- and fifth-order products are outside the 40 MHz trans-
ponder frequency allocation. 

The high-level third-order IM products of a. above prevent the transmission 
of carriers on both sides of the saturated carrier. Modulation of the satu
rated carrier will lower the level and widen the frequency band of the 
IM products. 

Figure 3. In-Band IM Products 

Vld.eo-to-SCPC Interference 

Video-to-SCPC interference is a function of: 

• Transmitted video spectrum bandwidth 

• Relative SCPC carrier levels 
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• Transponder output backoff 

• Video carrier frequency stability 

Figures 4 and 5 illustrate a color bar spectrum and seven SCPC carriers. The 
transmit filter bandwidth is 36 MHz, and peak deviation is 10.75 MHz. 
Figures 6 and 7 illustrate color bar spectrums with 30 MHz and 25 MHz 
bandwidths, respectively. Note that the color bar spectrum (in a 30 kHz 
bandwidth) is at least 12 dB below . the SCPC carrier level. Figure 8 
illustrates the color bar spectrum with a 36 MHz bandwidth filter and with 
the video carrier shifted in frequency by 1 MHz. 

SCPC interference tests have shown that video interference in a· 30 kHz 
bandwidth starts to interfere with the SCPC carriers when it is 5 dB and 
0 dB, respectively, below 56 kb/s QPSK digital data (coded) and 30 kHi 
FM-SCPC carrier levels. 

Figure 4. Color Bar /SCPC Spectrum 

Figure 5. Color BAR/SCPC Spectrum 
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Figure 6. Color Bar /SCPC Spectrum 

Figure 7. Color Bar/SCPC Spectrum 

Figure 8. Color Bar/SCPC Spectrum 
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Other Potential Interference Sources 

Although not unique to the video plus transmission plan, other potential 
interference sources to the low level SCPC carriers must be considered. 
These include: 

• Adjacent copolarized transponder interference 

• Adjacent cross-polarized transponder interference 

• Adjacent satellite interference 

• Terrestrial microwave interference 

The center frequency of a C-band cross-polarized transponder is offset by 
20 MHz from the adjacent transponder. Thus, transmitted carriers in this 
transponder will overlap the frequency band occupied by the SCPC carriers. 
The worst-case situation is probably when the cross-polarization transponder 
is occupied by a saturated video carrier. Tests show that to prevent inter
ference to SCPC carriers, the SCPC carrier level must be from 3 to 5 dB above 
the cross-polarization isolation as seen at the receiving earth station. 

Terrestrial microwave carriers should not interfere with the SCPC carriers 
s i nee they are off set from the SCPC occupied bandwidth. This assumes, of 
course, that the terrestrial microwave has been sufficiently frequency coor
dinated to prevent interference to the received video. 

In summary, before operating in the video-plus mode, an interference analysis 
must be made, just as an interference analysis must be made for any full or 
partial transponder operating mode. 

BCPC-to-Video Interference 

SCPC-to-video interference is a function of: 

• Transponder output backoff 

• Receiver IF bandwidth 

• Video C/N ratio 

• Relative total SCPC carrier power 

Video interference tests show that color bars are more susceptible to SCPC 
interference than regular program material (as might be suspected). 

Also, a video site with a low C/N ratio is more susceptible since the video 
receiver is operating closer to threshold. 

SCPC carriers begin to interface with video color bars when the total SCPC 
carrier power is about 15 dB below a saturated video carrier when measured, 
using a 30 MHz bandwidth video receiver operating at a 15 dB C/N ratio. 
Following are other measured interference levels {30 MHz bandwidth, 15 dB C/N 
ratio): 
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Subjective Interference 

Color Bars 

Live Program 

Video/Audio Performance 

Relative Total Interference Levels 

-15 dB 

- 8 dB 

Video and audio performance meets NTC-7 recommendations when using either 36, 
30 or 25 MHz bandwidth transmit and receive filters. The differential phase 
and gain degrade only slightly when using 25 MHz bandwidth filters. Tests on 
the above were conducted with a 10.75 MHz peak video deviation and one 
6.8 MHz audio subcarrier. SCPC interference does not affect 1 inear or non-
1 inear waveform distortion. 

From the above interference and video/audio performance considerations, it 
appears that most system configurations should use 30 MHz bandwidth filters 
in both the transmitter and receiver. 

Carrier Suppression/Carrier Level 'Variation 

When different level carriers (in this case 10 dB or more) are amplified by a 
non-linear device (transponder TWT), the larger carrier will suppress the 
level of the low-level carrier. The small carrier suppression factor at 
saturation for typical TWT 1 s is 4 dB. This, of course, means that the uplink 
EIRP of the low-level SCPC carriers must be 4 dB higher than that necessary 
for linear transponder operation (6 dB output backoff). 

Figure 9 illustrates typical TWT (transponder) transfer characteristics. 
Input and output backoffs are relative to the saturated power output. For a 
typical satellite transponder, the saturated power output (i.e., at 0 dB 
output backoff) is +33 dBW. Small carrier suppression and small carrier 
level change are shown versus backoff~ Note that for a ±2 dB input backoff 
change (i.e., the saturating carrier has changes ±2 dB), the small carrier 
level changes -3/+2 dB, respectively. This means that the video-plus system 
must be designed to accommodate uplink level variations of the high-level 
saturating carrier. These variations are caused by uplink transmitter power 
changes, transmit antenna gain changes due to wind conditions or snow accumu
lations, and uplink path loss changes mainly due to rain storms. 
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Figure 9. Typical TWT Transfer Characteristics 

Additionally, as the total small carrier power approaches the level of the 
large carrier, suppression of the large carrier will occur. This suppression 
is due to a combination of non-linear and power-sharing effects. A 1 dB 
large carrier suppression occurs when . the total power of the small carriers 
is about 7 dB below the large carrier power. 

Channel capacity/Earth Station G/T System Performance 

The SCPC channel capacity is a function of various factors including satel
lite EIRP, earth station G/T, link margin, link performance and interference 
criteria. Table 1 details typical system performance for video, 56 kb/s QPSK 
digital data, and 30 kHz FM-SCPC links. Note that the number of SCPC chan
nels varies with the earth station G/T. The system performance calculations 
assume negligible "outside" interference, color bar interference criteria, 
and 2 dB video-plus interference margins. 
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Table 1. Typical System Performance 

Characteristic 

1.0 Satellite Characteristics 
Type 
EIRP (saturated) 

2.0 Earth Station Characteristics 
Location 
Elevation Angle 

3.0 Equipment Configuration 
TX IF Filter Bandwidth 
RX IF Filter Bandwidth 
Deviations (pk) 

Video 
Subcarrier 
Audio 
Energy Dispersal 

4.0 Video-Plus Parameters 
Video Operating Point 

Frequency Plan 
Video Carrier 
SCPC Carriers 

In-Band Interference-Free Criteria 
Video Waveform 
Relative Interference Level 

To Video (For C/N) 
11 dB 
14 dB 
20 dB 

To 56 kb/s QPSK Digital Data 
To SCPC Voice 
To SCPC Pilat 

Threshold Criteria 
Digital Data 
FM-SCPC Voice 

Link Margin 
Channel Spacing/Bandwidth Channel Limit 

Video 
56 kb/s QPSK Digital Data 
FM-SC PC Voice 

10 

Performance 

Typical Domestic 
+33.0 dBW 

CONUS 
20 

30 
30 

10. 75 
2.0 
200 
1.0 

Saturated (O dB 
output backoff) 

Centered 
Lower 3 MHz 

Color Bars 

-17 
-15 
-14 
-30 
-32 
-32 

deg. 

MHz 
MHz 

MHz 
MHz 
kHz 
MHz 

dB 
dB 
dB 
dB 
dB 
dB 

BER= 10-7 (Min) 
S/N = 50 (Min) dB 
2.0 (Min) dB 

30 MHz 
50 kHz/60 channels 
30 kHz/100 channels 
(including pilot) 



Table 1. Typical System Performance (continued) 

Characteristic Performance 

5.0 System Performance 
Earth St at ion G/T 22 26 30 dB/K 
Video Performance 

C/N 11.5 15. 5 19.5 dB 
S/N 49 53 57 dB 

56 kb/s QPSK 
Digital Performance 

Relative Operating -27 -28 -28 dB 
Carri er Level 

Number Channels 10 20 25 
(one way) 

Threshold BER 10-7 

30 kHz FM-SCPC 
Voice Performance 

Relative Operating -30 -30 -30 dB 
Carrier Level 

Number Channels 20 32 40 
( one-way) 

Threshold S/N 50 dB 

.Applications 

As shown in the previous section, significant additional space segment can be 
made available with the Video-Plus technique. On a 24 transponder satellite 
used exclusively for video, at least 240 SCPC carriers per satellite (10 SCPC 
carriers times 24 transponders) can be transmitted. This excess capacity 
gives rise to several interesting applications. 

Botel/llotel l\Tetworks 

An ideal application for Video-Plus is a Hotel/Motel voice and data network. 
As a greater number of hotels and motels install earth stations for reception 
of entertainment, the feasibility of networking becomes more realistic. By 
adding uplink capability to a receive-only earth station, a network node is 
created. By utilizing the Video-Plus technique, the earth station could be 
used for reception of entertainment programming as well as two-way voice and 
data traffic. 
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Nationwide Control of Ad.dressable 0£V Set-Top Converters 

The CATV Multiple System Operator judges the economics of addressable con
verters on the basis of offsetting the cost of an addressable system with 
savings in operating expenses and additional revenues form Pay Per View. A 
significant part of the cost of addressability, however, is associated with 
the part of the system that controls addressability; this cost is only mini
mally affected by the size of the system controlled. Not only the cost of 
the hardware and software driving the system, but also the additional staff 
of operators and technicians must be offset by the benefits. It would there
fore be beneficial to the MSO to control some number of systems from a single 
control point, thereby spreading the costs across a larger revenue base. The 
Scientific-Atlanta Series 8500 Set-Top Terminal was system designed to 
accommodate this need while utilizing Video-Plus as the data link. 

In a Video Plus-System, the Multiple System Operator's addressability control 
system can be located anywhere in the United States, where it uplinks to a 
transponder which is viewed by all of its cable systems. From this Master 
Control Center, control data is transmitted via the digital carriers to all 
cable systems, where it can then be distributed to the converters to be con
trolled. The equipment at the cable system headend necessary to accomplish 
the data transfer to the cable system is dramatically less expensive than a 
typical headend addressable control system, and it can easily be maintained 
by the existing CATV technical staff. 

Other Applications 

Some of the other applications that exist for Video Plus are: 

, One-way video teleconferencing/two-way voice and data for business 
or education 

, Interactive CATV systems with one-way video and two-way data and 
voice 

, Small private telecommunication networks 

, Digital/SCPC Program Audio Distribution 

Conclusion 

Video-Plus provides an exciting new source for additional space segment which 
has been previously unused. New opportunities now exist for networks which 
may not have been economically feasible on a dedicated transponder basis in 
the past. 
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Introduction 

Low-Boise .Amplifiers 
Ken Johnson 

The Low-Noise Amplifier (LNA) is an important earth station component because 
its noise figure and gain along with the antenna gain virtually set the 
system G/T. In early earth stations, parametri.c amplifiers were used to 
provide low noise temperatures at high costs, or bipolar amplifiers and, in 
some cases, mixer/IF amplifiers were used where lower performance could be 
tolerated. Today, with the development of the low noise Gallium Arsenide 
Field Effect Transistor (GaAs FET), most LNAs use these devices in the first 
two gain stages. Noise temperatures of 4-GHz GaAs FET LNAs range from 75K to 
120K for uncooled amplifiers to as low as 50K for a thermoelectrically cooled 
amplifier. Such low noise temperatures rival those of parametric amplifiers, 
but at a fraction of the cost. • 

Ll\TA Punctions 

Besides its primary purpose of providing a low-noise temperature, we can 
identify four primary functions of the LNA as it is used in Scientific
Atlanta Earth Stations: 

• Provide high gain along with low noise to establish high system G/T. 
The LNA is generally mounted as close to the antenna feed as 
possible so that transmission line losses to the LNA will be at an 
absolute minimum. Sufficient gain must be provided by the LNA to 
overcome losses in the transmission line from the LNA to the 
receiver and to override noise which originates after the LNA. 

, Provide transition from antenna waveguide to TEM coaxial line. 
Since long waveguide runs are expensive, the LNA is designed to 
accept a waveguide input and provide a coaxial line output. 

• Provide adequate mechanical strength to permit bolting directly to 
the antenna waveguide and to al low connection of a long coaxial 
cable to the unit. 

• Provide RFI/EMI tight weatherproof housing for circuitry. The LNA 
is usually exposed to the elements, and consequently the circuitry 
must be enclosed in a weathertight enclosure. Also, in any 
particular location, the LNA may be exposed to electromagnetic 
interference (EM!) or radio frequency interference (RFI) and must, 
therefore, be designed to completely shield the delicate transistors 
from any such interference. 

Scientific-Atlanta LNAs are designed to perform all the required functions, 
as well as meeting other critical specifications required from the LNA. 
Without going into detail at this point, the critical specifications will be 
listed and described as follows: 



Typical Specifications 

Frequency Range: 3.7 - 4.2 GHz 
Noise Temperature: SOK - 120K. The exact noise temperature is set by 

the required system G/T. 
Gain: 50-dB minimum.* Gain must be sufficient to overcome any cable 

losses to the receiver. 
Gain Flatness: ±0.5 dB/500 MHz/±0.25 dB/40 MHz. Gain flatness is 

required to prevent cross modulation between channels and assure low 
signal distortion. 

Power Out 1-dB Gain Cpmpression: 0 dBm minimum. A sufficiently large 
power output at gain - compression assures low dist.ortion at large 
input signal levels. 

Input VSWR: 1.25 maximum. A low input VSWR is inherent in achievement 
of a low noise in an LNA which uses an isoadaptor. 

Output VSWR: 1.5 maximum. A low input VSWR assures that there will 
not be resonances and instabilities or signal level variation caused 
by reflections in the long cable run to the receiver. 

Temperature: -30°C to +50°C typical. LNAs are exposed to a variety of 
outdoor temperatures and must function well at all of these 
temperatures. 

Other specifications such as group delay, AM-PM conversion, etc., are often 
specified, but it has been found that if the LNA meets the critical specifi
cations, it will also meet the required AM-PM conversion and group delay. 

All of the specifications were considered in the design of the LNA. In this 
paper we wi 11 trace through the design techniques for _ meeting the speci fi -
cations and then show how the Scientific-Atlanta -lffA meets these require
ments. Finally, we will look briefly at future LNA improvements through 
cooling and device improvement. First, we will show what the LNA looks like, 
consider the block diagram of the LNA and its bias circuitry, and then des
cribe the GaAs FET used in the first two stages. 

Ll'lA Description 

Figure 1 is a photograph of the Scientific-Atlanta Series 300 LNA, showing 
the waveguide input to the LNA which bolts to the antenna feed structure. On 
top of the waveguide section is the isolator which isolates the transistor 
amp 1 ifi er from any antenna mismatch reflect i ans and provides a trans it ion 
from the waveguide transmission mode to the coaxial mode of operation 
required for feeding the signal to the amplifier. The isolator, or iso
daptor, is followed by the housing for the transistor amplifier and its bias 
circuitry. The amplifier output is taken from a coaxial connector, which in 
this particular LNA also serves to provide the de power input to the LNA. 

* Gain of 60 dB can be provided for special applications. 
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Transistor Amplifier lsoadaptor 

I 
Coaxial 
Output 

Figure 1. Photograph of Scientific-Atlanta Series 300 LNA 

LNA BLOCK DIAGRAM 

To show what are the component parts of a typical LNA~ consider the block 
diagram of Figure 2. 

Input 0 

Waveguide 
to Coax 
Transition Low 

Loss 
Isolator 

DC Input 

DC Bias Circuitry 

GaAs FET 
Stage 
F1 = .85 dB 
G1 = 11.5 dB 

GaAs FET 
Stage 
F2 = 1.1 dB 
G2 = 11.5 dB 

4-Stage 
Bipolar 
Amplifier 
F3 = 5.5 dB 
G3 = 32 dB 

Figure 2. LNA Block Diagram 

_3 

Output 
Isolation 
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The input to the LNA has the isoadaptor which consists of a waveguide to coax 
transition in conjunction with a very low-loss isolator. The isoadaptor 
typically has less than 0.15 dB loss. Since this loss adds directly to the 
noise figure, it must be kept as low as possible. Fol lowing the isoadaptor 
are six stages of transistor amplification. The first two stages must use 
FET devices in order to meet the required noise figure. The next four stages 
are bipolar, although possible two FET stages could have been used. Finally, 
an isolation block is used on the output to get a low VSWR. In this LNA 
design a 3 dB pad was used which gave a VSWR of less than 1.35:1 over the 3.7 
to 4.2 GHz band. 

The block diagram also shows a de bias circuitry block. For bipolar bias a 
simple resistive feedback network may be used. FET bias is more complex 
since positive and negative voltage are required to bias the FET if the 
source terminals are to be grounded. A voltage regulator is incorporated in 
the de bias circuit to permit a wide range of de voltages to be supplied to 
the LNA without affecting its performance. 

The regulated voltage is also used to power an oscillator which is rectified 
and filtered to produce a negative voltage needed for the GaAs FET bias. An 
active bias-transistor network is used for the GaAs FET stages to assure good 
temperature stability. 

Scientific-Atlanta also has available LNA's which accept ac input. In this 
case, a separate connector is provided to accept the ac power which is trans
formed to a lower voltage level and rectified. No degradation in amplifier 
performance results whether ac or de is supplied. 

GaAsDT 

The GaAs FET is so important that it is worthwhile spending some time des
cribing the device and how it is characterized for amplifier use. 

Dev.lee Description. 

The construction of the GaAs FET used in the LNA is surprisingly simple. 
Unlike microwave bipolar transistors, it requires no special diffusions to 
achieve nor p type layers of semiconductor. Rather, as shown in Figure 3, 
it consists of a layer of semi-insulating GaAs (Gallium Arsenide) on which a 
lightly doped n+ layer of GaAs, called an epitaxial layer, is grown. Then, 
in a vacuum chamber under proper temperature conditions, a layer of metal 
film, usually gold, is evaporated on the epitaxial layer to form a Shottky
barrier junction. Source, gate, and drain contacts are etched by photolitho
graphic techniques. Finally, a passivation layer is added. 
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n+ Epitaxial Layer (10 17 cm-3
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Figure 3. Cross section of FET geometry. 
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To achieve the lowest noise FETs, the epitaxial layer under the gate must be 
etched into a recess, as shown in Figure 3. For a microwave FET, the gate 
"finger" is extremely narrow, as narrow as 0.5 micron. This 0.5 micron width 
is equal to a wavelength of blue light. A typical pattern for a FET is shown 
in Figure 4, which is the pattern for a 1.0 micron-wide gate stripe. 

Electrically, the FET resembles a vacuum triode with the gate corresponding 
to the grid, the source corresponding to the cathode and the drain corres
ponding to the anode. Figure 5 shows an equivalent circuit for the GaAs FET. 
Since it corresponds to the triode, it has a relatively high input impedance. 
It is this fact which makes the FET so useful at microwave frequencies. 
Bipolar transistors are difficult to use as low-noise amplifiers above 4 GHz 
because their matching impedance is so low. 

GaAs FETs are currently capable of noise figures as low as 0.6 dB at 4.0 GHz 
with corresponding gains of greater than 14 dB, although in produ~tion a 
spread of somewhat poorer values of gain and noise figure must be accepted. 
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Figure 4. HP TC-300 Gallium Field-Effect Transistor Chip. Scanning 
Electron Microscope Photo Shows 1- m-wide Gate Stripe 
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Ga.As FET Characterization 

At microwave frequencies, use of the equivalent circuit shown in Figure 5 is 
extremely difficult because the package in which the device is placed has a 
great effect on its electrical characteristics. The tiny wire used between 
the gate bonding pad and the gate lead on the package has a significant 
inductance at 4 GHz. Consequently, such devices as the FET are best charac
terized by S-parameters. 

S-parameters are two port parameters like h-parameters, except that instead 
of being in terms of voltages and currents, they represent the transistor in 
terms of transmission and reflection coefficients. To put it another way, 
they represent normalized input impedance (S 11 ), normalizeq output impedance 
(S 22 ), forward gain (S 21 ), and reverse gain (S 12 ) when the transistor is 
pl aced in a 50-ohm line. These parameters are used in computer programs in 
designinq an amplifier. 

R9 = 20 Cdg = 0.01 pF 

Drain 

Rd = 400{} 

R; = 2.sn 

Cds = 0.06 pF 

Source Source 

Ym = Qme-iwT = 0.04 eiw(B ps) mho 

Figure 5. GaAs MESFET Equivalent Circuit 

Amplifier Design. 

In approaching the design of an amplifier, the first step is to prepare a 
block diagram showing each transistor with its contribution to gain and noise 
figure of the overall amplifier. An example has already been given in Figure 
2. It is then necessary to compute the overall gain and noise figure con
sidering each stage to ensure that design specifications are met. Let us 
consider, for example, the design of a lOOK LNA. 
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Transistor Stages 
F3 - 1 FN - 1 

+ -----+ •• • ......... --
N -1 

liGi 

F = 1.216 + .0198 + 
i=1 

.0091 + ..::.:.. .00375 

= 1.2488 (.9649 dB) 

F = 64.SK + 5.94K + 2.72K + 1.126K 

= 74.6K 

Summary of 
Noise Figure 
Contributors 

[ 

Transistor Stages = .965 dB 
lsoadaptor Loss = .150 dB 
Coupling Loss = .050 dB 
4.2 GHz Degradation = .100 dB 

1.265 dB 
(z100K) 

Transistor 
Stage Values 

N.F.(dB) Gain (dB) 

F1 = .70 G1 = 
F2 = .90 G2 = 
F3 = 4.5 G3 = 
F4 = 6.0 G4 = 

Etc. 

Figure 6. Noise Figure Calculations for a 1 OOK LNA 

MiD:lmum. Noise Figure Design 

11.5 
11.5 
7.0 
8.5 

Using measured data on the FET and bipolar transistors, one can compute the 
noise figure and gain of each stage and their contribution to the entire 
amplifier as shown in Figure 6. The overall amplifier noise figure is qiven 
by the top equation in the figure and values of each stage noise figure and 
gain are tabulated to the riqht in the figure. 

In terms of contribution to overall noise temperature, the first stage con
tributes 64.8K, the secondary only 6K. The reason, of course, is that the 
first staqe gain reduces the effect of the second staqe noise fiqure. 
Notice, though, a qood low-noise FET must be used in the second staqe, for if 
a state-of-the-art bipolar transistor were used, the second staqe contri
bution could be as much as 20K instead of 6K. Care must be taken to ensure 
that the stages are properly matched for minimum noise figure as well. 

Toward the bottom of Figure 6 all the contributions to the amplifier noise 
figure are summarized. Transistor stages contribute 0.965 dB (74.6K), and 
isoadaptor losses contribute 0.15 dB. Coupling losses to the transistor 
include bypass capacitor and line losses; these contribute 0.05 dB. Finally, 
the transistors are specified for noise figure at 4.0 GHz, but the amplifier 
must operate at 4.2 GHz. This contributes another 0.10 dB to the noise 
figure, giving a total of 1.265 dB - a value corresponding to a noise temper
ature of slightly less than lOOK. 

Once the number of stages has been chosen and transistors selected, the next 
step is the actual circuit modeling and design. 

Circ11it ModeJ1ng and Computer Design 

Scientific-Atlanta LNAs are all developed using computer-aided-design and 
printed circuit techniques. While it is possible to design a single stage 
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Figure 7. Smith Chart Representation of Constant Gain and Noise Figure 
Circles for GaAs FET 

amplifier without the aid of a computer, the task becomes monumental when 
several stages in cascade must be optimized over a band of frequencies. This 
is especially so when minimum noise figure is sought for the second and third 
stages as well as the first stage. 

In any case, one invariably starts with one stage, optimizes it for noise 
figure and gain, adds the second, optimizes it, adds the third and so on. 
First, a circ·uit must be selected for matching into and out of the tran
sistor, and values computed that are somewhat near the desired values. Use 
of the Sr1ith Chart allows the designer to plot the family of the impedance 
values presented to the transistor, thus giving a constant gain or constant 
noise figure. These appear on the Smith Chart as circles of constant gain or 
constant noise figure as shown in Figure 7. Notice that there is only one 
point which gives minimum noise figure and another point giving maximum gain. 
Thus, for the transistor of Figure 7, the gain available at minimum noise 
figure is 13 dB. Since we are primarily concerned with minimum noise figure, 
circuit elements must be chosen to match this impedance (namely 30 + jlOO). 
The elements chosen consist of lengths of line which form open circuited 
stubs, short circuited stubs, etc. 
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In a somewhat similar fashion, matching elements are selected for the output 
of the transistor. These choices of matching elements are then used as 
starting points in a computer program. The computer program used at 
Scientific-Atlanta optimizes for gain and noise figure over the design band 
in an iterative process. The program takes the initial design values, com
putes gain and noise figure at a number of frequencies, and compares these 
values with the desired values of gain and noise figure. An error function 
is then generated. By varying selected parameters such as capacitance, line 
length, stub impedance, a new error function is computed. If the new error 
is less, the circuit values are readjusted to the new values and the process 
is repeated. After the iteration error comes within acceptable limits, the 
computer prints out the final circuit element values. The second stage is 
then added and the process repeated, adding the third, fourth, fifth, and 
sixth stages. 

Design for High Gain Compression Level 

Another factor entering into amplifier design is amplifier linearity, which 
is uaually specified in terms of the output power level at which the gain 
compresses 1 dB. A large value of gain compression, as we said before, is 
also important in order to have low cross-modulation products and low signal 
distortion in cases where the returned signal from the satellite might be 
somewhat large. This is a factor which really only affects the last stage or 
perhaps last two gain stages, which have been preceded by some 45 dB of gain. 
To achieve a high compression level, three things are required. First, a 
transistor must be selected which has a high compression level. Such tran
sistors usually have somewhat lower gain and often cost more than the bipolar 
devices used in the preceding stages. Second, the biasing of the transistor 
is modified to provide the necessary higher current and voltage for a higher 
compression level. Finally, the transistor output must be well matched so 
that none of the signal output is reflected back into the transistor. 

It must be remembered that it is not always desirable to design for the high
est compression level since some sacrifice in gain, output VSWR and increased 
de power results. The standard Scientific-Atlanta LNA is specified to have a 
minimum O dBm output at 1-dB gain compression, although most units have +5 
dBm. LNAs with higher gain compression levels are available on request . 

.Amplifier Biasing and stabilizing 

One of the well-known problems encountered in amplifier design at microwave 
frequencies is the suppression of oscillation. Achievement of an uncon
ditionally stable amplifier requires careful attention to the mounting of 
transistors, use of resistors to isolate bias points and use of absorbing 
material in the amplifier housing. It also requires choosing the correct 
matching elements in the initial design. Some matching elements tend to have 
parasitic resonances which cause oscillation at. undesired frequencies. 

Scientific-Atlanta LNAs are designed using these techniques and consequently 
are stable under all temperature conditions. 
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LNA Performance 

Having discussed the LNA design in some detail, we will now show some 
performance characteristics of Scientific-Atlanta LNAs. 

Noise Figure Performance 

Of primary interest is the noise figure behavior of the LNA. Figure 8 is a 
typical plot of the noise figure and noise temperature of two LNAs supplied 
by Scientific-Atlanta as a function of frequency. One is a lOOK unit and the 
other an 80K LNA. Charcteristic of the lOOK LNA is that the noise temper
ature at the low frequency end of the band is the lowest and increases 
slightly toward the high end of the band. This is the type of behavior that 
would be expected from an LNA designed for minimum noise figure across the 
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75 

67 

0.8 ,...._ __ ___.,...._ _______________ 59 
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Frequency (GHz) 
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Figure 8. Noise Figure vs. Frequency for Two LNA Models 

band. The noise figure would (as it does) follow the shape of the noise 
figure curve for the device alone. From 3.7 to 4.2 GHz the device alone 
varies some 0.2 dB, as does the amplifier. There is a slight dip or devi
ation from a straight line curve in the middle of the band where the slight 
reactive mismatches are a minimum. 

For the 80K LNA there is a slight difference, primarily because greater 
tuning time must be expended to make the high frequency noise figure as low 
as possible. Achievement of the 80K noise temperature requires special 
selection of FETs and isoadaptors as well as longer tuning time. 
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Figure 9. LNA Noise Figure vs. Frequency for Three Ambient Temperatures 

Figure 9 shows a lOOK LNA noise figure and noise temperature versus frequency 
at three ambient temperatures. Notice that at 50°C a lOK increase in 
amplifier noise temperature results. Similarly, at 0°C, an BK decrease in 
amplifier noise figure is measured. These results are very close to what is 
predicted analytically for these amplifiers. It should be kept in mind that 
LNA noise temperatures are always specified only for room temperature oper
ation. Thus, when computing system G/T, care must be taken to include any 
noise temperature degradation that occurs if the LNA is expected to operate 
at temperatures above 25°C. 
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Gain Characteristics 

Although the LNA is followed by a receiver with an automatic gain control 
circuit, it is important that the LNA gain not vary excessively with temper
ature. A typical gain-versus-frequency characteristic for Scientific-Atlanta 
LNAs is given in Figure 10 for three different temperatures. Notice that the 
gain is constant within approximately ±0.25 dB at any one temperature and 
that the gain increases approximately 3 dB from 0°C to S0°C. This gain vari
ation is well within receiver AGC operating ranges. Notice that no signifi
cant change in the shape of the gain curve takes place. This also is an 
important feature of Scientific-Atlanta LNAs, since it means that there will 
be no changes in gain flatn~ss which could result in intermodulation distor
tion. 

Typical 
Gain 
Variation (dB} 
vs. 

54 

53 

Temperature 52 

51 

50'-----..._ ___ ....._ ___________ __, 

3.7 3.8 3.9 4.0 4.1 4.2 

Frequency (GHz} 

Figure 10. LNA Gain Variation vs. Frequency for Three Temperatures 

I.BA Data Sheet 

To summarize the performance of the Scientific-Atlanta LNA, we have included 
a typical data sheet in the Equipment section under Electronic Products. All 
of the critical specifications are met by this unit, and other special 
requirements can be provided on request. Figure 11 is a photograph of a 
finished production unit. Scientific-Atlanta has produced hundreds of such 
units to date with noise temperatures less than l00K. 
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Future Ll\TA 1\Toise Figure Improvements 

Since the development of the GaAs FET and its introduction to the market in 
1972, there has been a steady decrease in the noise temperature of commer
cially available devices. This improvement in noise temperature is illus
trated in Figure 11. Early FETs had one-micron gate widths, which gave noise 
temperatures of 290K (3-dB N.F.) in 1972. By the end of 1973, amplifiers 
with 180K noise temperatures were available. Half-micron gate-width devices 
were introduced in 1975, making poss i b 1 e 120K LNAs. Further improvement in 
device fabrication techniques, such as the use of a recessed gate, yielded 
devices capable of providing an uncooled LNA noise temperature of BOK. In 
1982 a three-tenths micron device became commercially avail able which per
mitted achieving a 75K noise temperature. This new device was designed more 
particularly for 12 GHz than for 4 GHz, so the amplifier noise temperature 
improvement was not as dramatic as might be expected. 

Referring to the summary noise figure calculations of Figure 6, it can be 
seen that certain losses are fixed regardless of the device used. These 
losses correspond to a noise temperature of 20K for an uncooled amplifier, 
with a perfect GaAs FET. If one extrapolates to the future using the noise 
temperature achieved versus time for an uncooled LNA, as shown in Figure 12, 
we can expect eventually to have LNAs avail able with noise temperatures of 
60K or less. 

Significant reduction in noise temperature is possible by cooling the first 
stage GaAs FET. An LNA noise temperature of SOK is attainable by use of a 
thermoelectric cooler to cool the FET to -40°C. 

SUmmary 

This paper has shown some of the design techniques used to meet the require
ments for an LNA. Whi 1 e the LNA design is not simple, LNAs using the GaAs 
FETs have proven to be the most reliable and cost-effective way to achieve 
low system noise temperature earth stat i ans. Device improvements of the 
future may result in uncooled LNAs with noise temperatures equal to those of 
parametric amplifiers at a fraction of the cost. 
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Dielectric Stabilized Local Oscillators 
for mock Converters 

C.A. Bishop 

Introduction 

Scientific-Atlanta, as part of its ongoing effort to improve the quality and 
reliability of its low-noise block converters (LNCs), is developing various 
approaches to the local oscillator. Part of the effort in this area is 
directed toward developing the dielectric resonator oscillator for use in 
block converters. In this p~per the requirements for a good local oscillator 
(LO) are discussed along with the advantages and disadvantages of several 
approaches to implementing this component. Information is also presented 
describing the dielectric stabilized oscillator (DSO) and the dielectric 
reso~ators used to stabilize these oscillators. 

Why .Are DSOs Used as Local Oscillators'? 
Local Oscillator Configurations for Block Converters 

The local oscillator is an important component in any heterodyne receiver 
including satellite block converters and satellite receivers. The local 
oscillator allows frequency conversion from a higher frequency (or range of 
frequencies) to a lower frequency (or range of frequencies). The character
istics of an LO are important since a poor oscillator can degrade the signal
to-noise ratio or the picture quality from a satellite receiver. A good LO 
should have low phase-noise, low drift, low harmonics, high-power output, and 
low cost. 

Low local oscillator phase noise is an important requirement since phase 
noise on the LO will be downconverted along with the desired signal and will 
look like FM noise on the FM signal. When the signal is demodulated, the FM 
noise from the LO wi 11 al so be demodulated and wi 11 appear as noise on the 
output video. In the demodulated video, the phase noise will appear as 
streaking that blurs picture detail; therefore, for high-quality video, low 
LO phase noise is essential. 

Local oscillator drift can cause the desired signal to be downconverted off 
frequency and, if the drift is great enough, the IF signal will fall outside 
of the receiver passband. When this happens, a good demodulation cannot be 
expected since part of the IF signal is amplified less and phase shifted 
differently than the rest of the signal causing distortion and loss of 
signal-to-noise ratio. The drift specification can be difficult to achieve 
for the temperature variations seen by an antenna-mounted block converter; 
but due ~o the effect drift has on picture quality, the drift specification 
is clearly one of the most important LO requirements. 

The harmonic output from the LO should generally be minimized since harmonics 
can cause excess production of spurious mixer products. The spurious mixer 
products are caused by mixing of desired signals plus their harmonics with 
the LO plus its harmonics. Therefore, it is important to minimize the LO 
harmonics and to bandpass filter the desired frequency band to minimize these 
spurious products. 



The output of the LO drives a mixer which accomplishes the downconversion. 
Mixers typically require 3-7 dBm of power from the local oscillator, and the 
LO should be able to deliver this power plus a margin to allow for manufac
turing variations. Extra power is also desirable since it allows the inser
tion of a resistive pad which helps to control load variations presented by 
the mixer. 

Low cost is, of course, important since it allows Scientific-Atlanta to 
produce lower-cost down converters for all of its sate 11 ite communications 
customers. 

Type of LOs and their Ad.vantages and Disadvantages 

Several types of local oscillators could be used in satellite block downcon
verters including phase-locked loops, cavity stabilized oscillators, and 
dielectric stabilized oscillators. Phase-locked loops have good close-in 
phase noise and good stability, but they may have phase-noise problems at 
frequencies far from the carrier. Phase-locked loops also suffer from 
greater complexity than some of the other types of oscillators partly due to 
the need for frequency multiplication of the output signal. 

Cavity oscillators have good stability and phase noise~ but these oscillators 
are only used where size is not a constraint since the cavity can be quite 
large. Size, however, is certainly a constraint in antenna-mounted block 
converters. Manufacturing of the cavity to tight specifications may also be 
a problem with cavity stabilized oscillators. Futhermore, due to the depend
ence of cavity oscillators on the physical dimensions of the cavity (which 
change with temperature), it is difficult to maintain low-temperature drift 
with these oscillators. 

Dielectric stabilized oscillators have all the advantages.of cavity oscil
lators, but the size is much smaller since the cavity is replaced by a 
dielectric resonator. Additionally, DSOs can be easily mated to microstrip 
circuits which allows the oscillator to be built on printed circuit board. 
The manufacturing problems which exist with the cavity oscillator are not as 
severe with the dielectric stabilized oscillator since the dielectric resona
tors are made of a ceramic material. Since ceramic manufacturing processes 
are well developed, the ceramic resonators can be made to tight tolerances at 
low cost. 

How is a DSO Contructed? 

There are two major classes of DSOs--the feedback type DSO and the negative 
resistance type DSO. Both types of osci 11 ators use the same size and shape 
resonator, but the circuit layout is somewhat different. In this section the 
properties of dielectric resonators will be discussed along with a descrip
tion of both types of DSOs. 
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Properties of Dielectric Besonators 

A dielectric resonator is a cylindrical-shaped piece of high-dielectric con
stant (er=38) ceramic with special properties. The resonators are typically 
made from either barium tetratitanate [Ba2Ti9020] or zirconium titanate 
[(Zr,Sn) Ti04]. These materials are chosen because they have a very small 
and controllable temperature coefficient of dielectric constant along with a 
low coefficient of thermal expansion. These characteristics are important 
since they cause the electro-magnetic properties of the resonator to change 
very little over large temperature variations. This helps a dielectric 
resonator stabilized oscillator to maintain low frequency drift over a large 
variation in ambient temperature. Dielectric resonators have another very 
important characteristic--very high "Q". High "Q" implies that the resonator 
has an extremely sharp resonance and v.ery low loss. High 11Q11 resonators 
allow oscillators to be built that exhibit low phase noise, another charac
teristic of a good local oscillator. The low phase noise is a result of the 
sharp resonance of the dielectric resonator which allows the conditions for 
oscillation to be met at essentially only one, well-defined frequency. 

The free space resonant frequency is determined by the physical dimensions 
and the dielectric constant of the dielectric cylinder (puck). The frequency 
is proportional to the height and diameter of the puck and proportional to 
the square root of the dielectric constant. The height-to-diameter aspect 
ratio is also important since it affects spurious resonances. An h/0 aspect 
ratio of about 0.4 has been found to be optimum. When the puck is placed in 
a housing on a glass-teflon substrate, the dimensions of the housing also 
effect the resonant frequency. However, if the sides of the enclosure are 
far away (>2 X puck diameter), the only significant effects are caused by the 
height of the metal top above the puck and the thickness of the substrate. 
The only constraint on the top is that it must· not be allowed to come to 
close to the puck or the "Q" of the dielectric puck will be degraded. The 
sensitivity to the metal top is fortunate, however, since this provides a 
convenient tuning mechanism (see Figure 1). 

LL ro >20 

ER-::::38 

55-A-2850 

Figure 1. 
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The dielectric resonator when coupled to a microstrip line exhibits a paral
lel resonance, but this resonance can be changed to a series resonance with a 
quarter-wave section. By varying the distance to the puck from the transmis
sion line, the coupling to the puck is changed and the magnitude of the 
reflection coefficient looking into the line can be changed. By changing the 
length of the transforming section, the angle of the reflection coefficient 
can be varied. Therefore, by changing these two parameter, coupling and 
position along the line, a wide range of reflection coefficients can be 
realized. The actual coupling mode from the microstrip line to the puck is 
magnetic as shown in Figure 2. This means that the puck should be placed at 
a high current point along the microstrip line for most efficient coupling. 

DIELECTRIC 
PUCK 

Figure 2. 

MICROSTRIP 
LINE 

55-A-2851 

One other important parameter of the die 1 ectri c puck is its temperature 
coefficient which sets the drift of the stabilized oscillator with respect to 
temperature. Furthermore, with pucks made from modern resonator materi a 1 s, 
the designer can specify the desired temperature coefficient within certain 
limits. This allows the production of oscillators with even lower drift 
since the temperature coefficient of the puck can be chosen to offset any 
temperature variations encountered in the rest of the oscillator circuit. 
For example, if the unstabilized oscillator has a tendency to drift down in 
frequency with increasing temperature, the puck temperature coefficient can 
be chosen such that the puck drifts up on frequency with increasing tempera
ture. The two drifts, then, tend to cancel each other and the osci 11 ator 
frequency remains more nearly constant with temperature variations. 

Feedback Type DSO 

There are in general two classes of oscillators--the feedback oscillator and 
the negative resistance type oscillator. Both types of oscillators can be 
stabilized with a dielectric resonator. A feedback oscillator is implemented 
by feeding part of the output signal back to the input port in phase with the 
input signal to achieve positive feedback. This oscillator can be shown in 
schematic form (Figure 3) as an amplifier and a feedback network. 
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Oscillation will occur if the loop gain is greater than unity and the total 
phase shift around the loop is 360 degrees. The power output will depend on 
the maximum output from the amplifier, and the stability and phase noise will 
depend on the phase variations around the loop. 

A dielectric resonator stabilized feedback oscillator uses a dielectric puck 
as part of the feedback network. The puck along with the coupling structure 
provide a feedback network with a very sharp phase slope; thus, the 
360-degree phase position is very sharply defined. Since the resonant fre
quency of the puck shows little variation with respect to temperature, drift 
is minimized; and since the phase slope of the puck is very sharp, very lit
tle phase noise can exist. There is, however, some loss of signal in the 
feedback network due to coupling losses, so to sustain oscillation, this 
coupling loss must be less than the gain of the amplifier. There is also a 
tradeoff here because the sharpness of the phase slope depends in part on how 
loose the coupling is to the puck; therefore, for the sharpest phase slope 
(lowest phase noise), loose coupling is desirable. But, loose coupling means 
greater loss, so a higher gain amplifier is required to maintain oscillation. 

In a practical implementation, the amplifier is laid out in microstrip with 
transmission lines from the input and output running near each other 
(Figure 4). The dielectric puck is placed between these two lines and posi
tioned in the center to realize a bandpass filter feedback network. With 
this configuration, a small amount of noise begins the oscillation. The 
noise is amplified by the amplifier, then fed back to the input through the 
dielectric resonator. The feedback signar is then amplified and oscillations 
build up until the amplifier reaches its maximum output. 
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Negative Resistance Type DSO 

A negative resistance oscillator utilized an active negative resistance com
ponent such as a Gunn diode or a transi star configured to appear as a nega
tive resistance. With this type of oscillator, the frequency of oscillation 
is limited by the range in which the device appears as a negative resistance 
and the actual oscillation frequency is determined by a resonant network 
placed in the circuit. A negative resistance component may be modeled as a 
negative resistance in series with a reactance (Figure 5). Oscillation will 
occur when the negative resistance equals the load resistance and the 
reactances are tuned out by a resonant circuit so that the net reactance is 
zero. The resonant circuit is often placed in the output circuit where it 
sets the output impedance at which oscillation will occur. If a Gunn diode 
is the active device, the resonator is placed in the output circuit (since a 
diode has only two terminals), but if a transistor is used for the active 
device, the resonant circuit may be coupled to any of the available ports. 
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The negative resistance oscillator can be stabilized by using a dielectric 
puck for the resonator. The puck is coupled to a microstrip line in the 
output circuit (or other port for the transisitor) to set the impedance seen 
looking into the microstrip line (Figure 6). The effective impedance looking 
into the line can then be varied by coupling the puck to the line differently 
and by moving the puck along the line (see the section on dielectric 
resonators). When the puck causes the conditions for o-scillation to be 
satisfied, oscillation will begin. The impedance set by the puck will not 
change much with temperature, so drift is minimized since the oscillation 
wi 11 only exist when the proper impedance exist. Furthermore, si nee the 11 Q11 

of the puck is so high, the impedance curve is very sharp near resonance. 
This minimizes phase noise. The output power of the oscillator is determined 
by the power that the active device can produce into the impedance set by the 
dielectric puck at the frequency of oscillation. 
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Conclusion 

The local oscillator is an important component in a satellite receiving block 
converter; therefore, Scientific-Atlanta is developing technologies which 
wi 11 lead to higher performance, more cost-effective microwave oscillators. 
One type of local oscillator that promises to be superior and more cost 
effective for many . applications is the dielectric stabilized oscillator. 
DSOs have excellent properties when used as local oscillators, and they are 
reliable and economical to produce. In this paper the important properties 
of local oscillator as they relate to OSOs have been discussed. The proper
ties of dielectric resonators have also been examined, and two general 
classes of OSOs have been described. 
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Digital Kod.ulation.: Characterlst:lcs and 
Performanc• of B.epresemative Modulation Techniques 

L. Montreuil 

Introduction 

The difference between analog and digital communications systems is that 
digital communications sends only a finite set of waveforms, in contrast with 
analog communications which can send an infinite set of waveforms. The 
objective of the receiver is not to reproduce the waveform but to determine 
from a noise perturbed signal which of the finite set of waveforms had be.en 
sent by the transmitter. The purpose of this paper is to •describe the 
characteristics and performance of some modulation techniques used for 
digital transmission. 

Amplitude Modulation (.AJI) Techniques 

The simplest digital AM technique is Double Sideband (DSB) AM modulated by a 
binary signal. This modulation is represented by: 

s(t) = + [1 + m(t)] cos wet 

where m(t) is the modulating signal and we is the carrier frequency. For 
the case of 100-percent modulation by a nonreturn-to-zero (NRZ) binary data 
waveform [m(t) = ±1], we have an On-Off-Keying (OOK) modulation. The two 
symbols used for this modulation can be written: 

s (t) = 0 
0 

s (t) = A cos wt 
1 C 

In such modulation technique, the carrier is present and demodulation can be 
done without a coherent demodulator. 

Since the carrier conveys no information, efficiency can be improved by the 
use of double sideband suppressed carrier (DSB-SC) AM. The general form of 
DSB-SC signal is: 

s(t) = Am(t) cos wet 

where m(t) = ±1 and the two signals are: 

s ( t) = A cos wet 
0 

s ( t) = -A cos WC t 
1 



The modulation is also called Binary-Phase-Shift-Keying (BPSK) which will be 
discussed under PM techniques. 

The DSB techniques involve the transmission of a redundant sideband. For 
applications in which spectral efficiency is important, the bandwidth can be 
reduced by a factor of two by using only one sideband. The Single Sideband 
(SSB) modulation can be written as· 

s(t) = A [m(t) cos wet+ ~(t) sin wet] 

where ~(t) is the Hilbert transform of m(t). SSB are often generated by 
filtering out one sideband; the sharp cutoff required presents some imple
mentation problems; thus, a bandpass with smooth roll-off is often used. 
This procedure results in a Vestigal Sideband (VSB) signal. 

Quadrature Amplitude Modulation is yet another AM alternative. This tech
nique involves summing two DSB-SC in quadrature (90° apart) and can be 
writ ten: 

s(t) = ~ [mi(t) cos wet+ mq(t) sin wet] 

When mi(t) and mq(t) are equal to ±1, a QPSK signal is produced; if mi(t) and 
m (t) are equal to +l, -1 or 0, and are correlatively coded, a Quadrature 
P~rtial Response (QPRS) modulation is produced (also called Duobinary tech
nique). The number of possible states can be increased on each axis to 
increase the bandwidth efficiency resulting in a M-ary QAM, where M is the 
number of possible states in the constellation. In practice, the number of 
states on each axis M is a power of two, M =2n, the total number of states 
in the constellation is M2 or 22n (figure le). Each symbol can be written 
as: 

where: 

( i = 1. 2, 3, . . . M2 

Each symbol is characterized by an amplitude a::i, and a phase, ei, of the 
carrier; thus, QAM technique [also named Amplitude Phase Keying (APK)] is a 
hybrid of amplitude and phase modulation. Because of the ever increasing 
need for bandwidth conservation, this technique is becoming more popular; 
each symbol can convey many bits of information, thus reducing the symbol 
rate for a given bit rate. 
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Figure 1. Phasor Diagrams (a) On-Off-Keying, (b) Binary-Phase-Keying, (c) Quadrature-Phase
Shift-Keying, (d) Quadrature-Partial-Response, (e) 16-Quadrature-Amplltude-Modulation and 
(f) 8-Phase-Shlft-Keying 

Frequency Modulation (I'll) Techniques 

The simplest FM techniques is Frequency-Shift-Keying (FSK) involving b4nary 
signaling by the use of two frequencies separated by llf, where M is the 
frequency deviation. The binary signaling can be written: 

s 1(t) = A sin (w 1 t + 8) 

s O ( t) = A sin ( w0 t + s ) 
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where A is the amplitude of the signal, w is frequency in radians/seconds and 
a an arbitrary phase. For FSK schemes, the modulation index, d, is defined 
in terms of the frequency spacing, where: 

d = MT= ~T 
2ir 

and Tis the symbol duration. Recently, considerable interest has arisen in 
continuous phase FSK (CP-FSK) and in it's coherent detection. This modu
lation scheme permits fast spectral roll-off by eliminating abrupt phase 
changes at the bit transition, and coherent detection allows the use of a 
lower modulation index with improved performance. 

The correlation between the two signal pair give a measure of their differ
ence (or likeness). When two signals are opposed or antipodal, their corre
lation y is -1; when two signals are orthogonal, their correlation is O; and 
when two signals are indentical, their correlation is +1. The correlation of 
two signals is defined as: 

y = _1_ 
E 

and for FSK modulation: 

sin [ ( w1 - wo )T] 

[w1 - wo]T 

The coefficient y i~ plotted in Figure 2 as function of normalized frequency 
difference [w1 - w0 JT. The value of Y never reaches -1 so it's not possible 
to have an antipodal signaling. However, it can be seen that the most 
negative correlation value occurs when (w1 - w0 )T = 3ir/2 or when 

d = 0. 71 

With that modulation index, the highest performance possible with a binary 
FSK is obtained, and the performance will be 1-Y = 1.21 or 1.59 dB better 
than orthogonal signaling. That is, a modulation index of 0.71 is considered 
a slight advantage over wide frequency deviation. 

Figure 2. FSK Signal Correlation Coefficient Versus Frequency Separation 
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When d = 0. 5, the FSK system operates at the first zero crossing of the 
correlation coefficient 'Y, which is the minimal deviation that can be used 
for orthogonal signaling. The corrrnon name for that signaling is Minimum
Shift-Keying (MSK). This technique achieves performance identical to 
coherent PSK and has better spectral properties; more power in the main lobe 
and less in the sidelobes. The signal is given by: 

In 

( 
wet + mk irt + ek ~ 

s(t) = cos 
2T 

where: 

WC = Carrier frequency (rad/sec) 

mk = Data input (±1) 
T = Bit period 

ek = Constant phase valid for kT(t<(k+l)T 

the MSK signal function, excess phase function e(t) is given by: 

The phase transition between each states is done continuously {Figure 3), and 
the actual phase transmitted. is a function of the previous phase transmitted, 
as shown in the phase trellis diagram (Figure 4). 

Q 
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Figure 3. Phasor Diagram for MSK 
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Phase-Shift-Keying (PSK) modulation are commonly used phase modulation tech
niques; some are similar to AM techniques, like BPSK and QPSK, and have pre
viously been discussed in AM techniques. These techniques neea precise phase 
reference for coherent detection, which are usually obtained by nonlinear 
operation on the received signal like X2 or X4 . These carrier-recovery tech
niques exhibit phase ambiguities of 180° or 90°. To overcome this problem, 
we Differentially Encode (DE) the data and the informations are not anymore 
carried by the absolute value of the phase of the carrier but by it's 
relative value from the previous symbol. Since DE-PSK techniques use two 
symbols to decide what information have been transmitted, the error rate 
performance is slightly inferior to PSK techniques. A modified version of 
QPSK, Offset-Keyed QPSK (OK-QPSK), has come in use in recent years because of 
his spectral proprieties. A conventional QPSK have, after filtering, large 
amplitude variation who, after passing through a nonlinear channel, 
regenerate the filtered sidelobes. In contrast, OK-QPSK does not have large 
amplitude variation because the data on the Q channel is shifted by T/2 
second in respect to the I channel. When I and Q channels are added 
together, the resulting carrier vector can only shift by 90° instead of the 
90° and 180° of the conventional QPSK. 

Like multi-level AM system, multi-phase PSK (M-PSK) can be used to improve 
the spectral efficiency, but this technique is not popular for Mover eight 
because of the non-optimal use of the power available and the complexity of 
the MODEM. Instead, techniques like M-QAM seem to be the best choice for 
future bandwidth conservative systems. 
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Comparison of Modulation Schemes 

Systems Performance 

In digital transmission systems, a measure of performance is the required 
ratio of energy by bit over the noise spectral density, Eb/N0 , to achieve 
a required bit error rate. 

where: 

P = Signal power (watts) 
N0 = Noise power spectral density (W/Hz) 
R = Bit rate (bits/sec) 

Table 1 and 2 give the theoretical performance of a representative modulation 
scheme without bandl imiting, and Figure 5 compares the efficiency and the 
performance of few modulation schemes with ideal filtering to the Shannon 
limit. 

Table 1. Ideal Performance of Representative Modulation Scheme 

Type Modulation Scheme *Eb/No (dB) 

AM 00K coherent detection 11.4 
00K envelope detection 11.9 
QPRS 10.7 
16-QAM 12.4 
64-QAM 16.5 

FM FSK noncoherent detection (d = 1) 12.5 
MSK 8.4 
DE-MSK 9.4 

PM BPSK 8.4 
DE-BPSK 8.9 
BPSK differential detection 9.3 
QPSK 8.4 
QPSK differential detection 10.7 
0K-QPSK 8.4 
8-PSK 11.8 
16-PSK 16.2 

*Foran error rate of 10-4 
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Table 2. Probability of Error for Representative Modulation Scheme 

Modulation 

OOK Coherent Detection 

BPSK, QPSK 

BPSK Noncoherent Detection 
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Bandwidth of Digital llod.ulation 

One important parameter of a modulation is it's bandwidth efficiency; the 
ratio of the bits rate by the occupied RF bandwidth. The implications of 
bandwidth can vary considerably from context to context, and consequently no 
single definition suffices. 

Spectral Characteristics 

For PSK or AM systems driven by nonf iltered NRZ data, it can be shown that 
the power spectral density is given by: 

G(f) = 2P 

where: 

P = Modulated signal power 

Rs= Symbols rate 

That expression can be applied to BPSK, QPSK, MPSK, and QAM. For a bit rate 
R, then Rs = R for BPSK; Rs = R/2 for QPSK; Rs = R/3 for 8-PSK; and 
Rs = R/4 for 16 QAM. For a M-ary modulation where Mis an integer of 2 we 
have: 

Rs= R/ (ln M/ln 2) 

For binary continuous phase FSK systems, the spectral density is given by: 

G( w) = 

+ 

where: 

T 

A 

a: 

e 

2A2 sin 2 [(w - w1 )/2]T sin 2 [(w - w2 )/2]T 

T[l- 2cos (w - «) T cos eT + cos 2 eT] 

2A2 sin 2 [(w + w1 )/2]T sin 2 [(w + w2 )/2]T 

T[l- 2cos (w + «) T cos er+ cos 2 er] 

= Bit period 
= Signal amplitude 
= Signaling angular frequencies 
= (w2 + wi)/2 

= ( w2 - w1 ) /2 
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For the special case of MSK (d = 1/2), the power spectral density, with 
respect to the center frequency f O, where f O = ( f 1 + f 2 ) /2 and f i, f 2 are 
the signaling frequencies, is given by: 

G(f) = 1 + cos ( 41rf /R) 

[ 1-( 16/R2 )f 2 ]2 

where: 

R = Bit rate 

Figure 6 gives the spectral density normalized to the bit ·rate for BPSK, 
QPSK, and MSK . 
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Figure 6. Spectral Densities of BPSK, QPSK and MSK Modulation 

1'1'ull-to-1'Tall Band.width 

A simple and popular measure of bandwidth is the null-to-null bandwidth 
delimiting the main lobe. That definition of bandwidth is well defined for 
BPSK, QPSK, and MSK, but that is not the case for all modulation; some do not 
have well defined spectral null. For some modulation schemes considered 
here, the null-to-null normalized bandwidths are: 

BPSK 
QPSK 
8-PSK 
16-QAM 
MSK 

2.00 Hz/R 
1.00 Hz/R 
0.66 Hz/R 
0.50 Hz/R 
1.50 Hz/R 
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J'racticma1 Power Oon:tr81nment Bandwidth 

One definition of bandwidth (FCC Rules and Regulations Section 2.202) states 
that occupied bandwidth is the band which leaves exactly 0.5 percent of 
signal power on each side of the band limit. Thus 99 percent of the signal 
power is inside the occupied band. Figure 7 gives the fractional out-of-band 
power bandwidth versus the RF bandwidth normalized to the bit rate for 
various non-bandlimited modulation schemes . 
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Figure 7. Fractional Out-of-Band Power for Various Modulation Schemes 

The bandwidth for various modulation schemes using the 99 percent criterion 
are: 

BPSK 
QPSK 
8-PSK 
16-QAM 
MSK 

20.56 Hz/R 
10.28 Hz/R 
6.85 Hz/R 
5.14 Hz/R 
1.18 Hz/R 

The high values for BPSK, QPSK, 8-PSK, and 16-QAM are due to the slow rate of 
spectral roll off f- 2 , compare to MSK f- 4 • 

Half-Power Bandwidth 

The half-power bandwidth is the bandwidth where the power spectral density 
has dropped 3 dB from it's peak value. Some values for various modulation 
schemes are: 

BPSK 
QPSK 
8-PSK 
16-QAM 
MSK 

0.88 Hz/R 
0.44 Hz/R 
0.29 Hz/R 
0.22 Hz/R 
0.59 Hz/R 
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Spectral Efficiency for Filtered Bandwidth 

Table 3 lists the bandwidth efficiency and the required signal-to-noise ratio 
to achieved an error rate of 10-4 for some typical bandlimited systems. The 
results presented here were derived from various sources, thereby using 
different filters. • 

Table 3. Relative Slgnallng Speeds of Representative Modulation Schemes 

Type 
Speed *E~~~~ Modulation Scheme (b/s for Hz) 

AM 00K coherent detection 0.8 12.5 
QPRS 2.25 11. 7 
16-QAM 3.1 13.4 
64-QAM 4.5 

FM FSK noncoherent detection ( d = 1) 0 8 11.8 
MSK 1. 9 9.4 
DE-MSK 1.9 10.4 

PM BPSK 0 8 9.4 
DE-BPSK 0.8 9.9 
BPSK differential detection 0 8 10.6 
QPSK 1. 9 9.9 
QPSK differential detection 1.8 11.8 
8-PSK 2.6 12.8 
16-PSK 2.9 17.2 

*For an error rate of 10-4 

Batio of the Peak Power to the Mean Power 

For power limited transmission systems, such as satellite transmitter, RF 
amplifiers are often operated near saturation to enhance the efficiency and 
to raise the output power of the transmitter. For this application, 
modulation techniques having a constant power are more appropriate. For 
applications where the mean power is not equal to the peak power, it should 
be kept in mind that the power amplifier must not saturate on the peak state; 
if so, the performance will be degraded. 

Table 4 gives the ratio of the peak power to mean power for a representative 
modulation scheme. 
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Type 

AM 

FM 

PM 

Table 4. Ratio of the Peak to the Mean Pow~r 

Modulation Scheme 

00K 
QPRS 
16-QAM 
64-QAM 

FSK 

BPSK 
QPSK 
8-PSK 

Ratio of the Peak to Mean Power (dB) 

3. 01 
3.01 
2.55 
3.68 

0.0 

0.0 
0.0 
0.0 

Summary 

In selecting a modulation technique, the following goals are considered: 

1. Maximize the transmission rate, R 

2. Minimize probability of bit error rate, PE 

3. Minimize required energy by bit, Eb 

4. Minimize the required bandwidth. 

However, goals (1) and (2) are in conflict with goals (3) and (4)--in a pra
tical system, there are several constraints and limitations that necessitate 
the trading-off of any one requirement with each of the others. Some of the 
constraints are: the Nyquist theoretical minimum bandwidth requirement, the 
Shannon capacity theorem, the Shannon limit, government regulations, tech
nological limitations and the cost. Thus, before choosing a modulation tech
nique, the goals, requirements and trade-offs must be considered before 
making a decision. An operator should never choose a modulation technique 
and afterwards the channel, but characterize the channel first then choose 
the modulation fulfilling objectives, leaving some room for the design 
margin. 
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Introduction 

Bandwidth-Bfficient, Ktgh-Bpeed Modems 
for Cable Systems 

J.M. Rozmus 

The advent of well-designed coaxial cable networks covering large, metro
politan or suburban areas has led to a high degree of interest in the use of 
these networks for data communications. With the requirement for commercial 
systems of C/N ;;,,36 dB, i.e. C/N0 ;;,,102 dB-Hz, and the ability for good 
designs to exceed this by as much as 9 dB r1 l, complex, wideband digital 
modulation formats can be supported. Because commercial systems are designed 
to distribute primarily video modulation formats, the transmission system 
must be maintained in a highly linear mode, thus modulation schemes which may 
suffer when confronted with the nonlinearities inherent in satellite communi
cations, for example, may be employed with relative inpunity on the coaxial 
medium. All of the above factors became apparent resulting in the current 
industry drive to develop data communications capability on existing, 
planned, and .future coaxial systems. 

In September 1981, Scientific-Atlanta installed a demonstration data link in 
order to show the feasibility of providing wideband data services via coaxial 
cable. This initial installation provided local distribution of 96 voice 
channels between ISACOM, Inc., operating Satellite Business Systems (SBS) 
digital earth terminals in Atlanta and Houston, and one of their customers, 
National Data Corporation (NOC). This link was established with a dedicated 
cable pair (for redundancy} installed and maintained by South Media, Inc. 
The link provided NOC with voice and data services between their offices in 
Atlanta and Houston. Two crucial features of data communications over 
coaxial systems were demonstrated. The first was that transmission perform
ance was limited only by terminal equipment. The cable medium performed 
transparently. The second feature involved communication economics. Coaxial 
cable was unrivalled when cost was a consideration. 

Since the installation of this first link, a third fundamental principle was 
uncovered. While the cable offers unparalled cost and performance for high
speed data communications, its bandwidth must be treated as a highly prized 
commodity. The installation of wideband full duplex links at 11 (1.544 Mbps) 
and T2 (6.312 Mbps) rates employing modulation techniques with moderate band
width efficiency, e.g. 0.5 bits/Hz, would only permit 19 Tl links or 4 T2 
links on a midsplit coaxial cable network as shown in Figure 1. Therefore, 
the capacity of the network is greatly enhanced when more efficient modu-
1 ation techniques are applied. At 2.0 bits/Hz, 76 Tl links or 19 T2 links 
can be supported. Application of current digital communications technology 
is essential in order to effect more efficient utilization of the available 
bandwidth. It was therefore determined that an approach was necessary which 
would maximize spectral efficiency without driving manufacturing costs to 
prohibitive levels. A technique satisfying these requirements has been 
developed and is the subject of the remainder of the paper. 
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Figure 1. Communication System Configuration 

System Design 

In order to meet the necessary bandwidth efficiency requirements for high
speed data transmission, the detailed design of the modulation format was 
essential. While spectral efficiencies of 0.5 bits/Hz to 1.0 bits/Hz are 
readily achievable, it was determined that 2 bits/Hz could be realized with
out undue additional manufacturing cost. This was possibly due to the ease 
of implementation of the selected QASK-16 signal constellation, in both the 
modulation and demodulation processes. QASK-16 is a special case of the 
M-ary Amplitude-Phase-Shift-Keyed (MAPSK) family of signal sets which provide 
enhanced bandwidth efficiency through efficient signal packing at the expense 
of bit error probability, Pb, in the noisy environment. However, since 
coaxial systems provide high signal-to-noise ratios, these complex modulation 
formats are applicable. 

A performance goal of Pe <10- 9 was established for the data link thereby 
constraining the modulation complexity due to the fixed limit of C/N0 
>102 dB-Hz. A large body of literature exists on studies and hardware imple
mentations covering many of the MAPSK signal sets [2-11]. After an evalua
tion of the myriad possibilities, it was determined that QASK-16 offered the 
best compromise of spectral efficiency, Pb, and cost of implementation. 
The average symbol signal-to-noise ratio, Rd~ ST/Nu, is easily found to be 
Rd >46 dB for a coaxial system operating at marginal performance levels or 
better and a Tl bit rate (QASK-16) transmits four bits per symbol). However, 
data signals cannot be permitted to operate at power levels in excess of the 
video signals with which they must co-exist. Therefore, it was determined 
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that the power of each digitally modu,.ated carrier be 15 dB below video 
levels for Tl and 9 dB for T2. This results in a total channel power (6-MHz 
channels) 6 dB below a corresponding video channel when the channel is fully 
packed with Tl or T2 data carriers at O. 75- MHz and 3-MHz spacings, respec
tively. This requirement reduced the worst case to Rd ;>31 dB for both 
rates. In order to achieve a symbol error probability, Ps, of 10-9, Rd ;>26 
dB is a lower bound when implementation losses are included. Thus, 5 dB of 
system margin exists for the QASK-16 modulation scheme. 

The QASK modulation format selected from the family of MAPSK signal sets does 
not represent the optimum si qna l set; however, it has been shown to be 
degraded from the optimum by only tenths of a dB [3,5]. T.his penalty is 
insignificant when faced with the complexities of implementation of the 
alternatives. Throuoh the combination of several decision-directed or 
decision-feedback techniques, all of the functions necessary for demodulation 
of the QASK signal set will be shown to be readily implemented. 
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System Model 

The basic models for the QASK communication link are shown in Figure 2. The 
incoming data stream, d(t) is scrambled to ensure adequate symbol transi
tions, then taken four bits at a time and differentially encoded [12], then 
filtered to provide minimum bandwidth and inter-symbol interference (ISI) and 
impressed on quadrature carriers. The transmitted signal s(t), and M-ary 
quadrature-amplitude-shift-keyed (QASK-M) signal with a symbol interval of 
T-seconds, can be represented mathematically as 

( 1) 

where mi (t) and Mg (t) are scrambled, encoded and filtered pulse trains. 
These quadrature pulse trains take on equally likely values jo with j = ±1, 
±3, ... , ±(K-1) in each channel. Thus for K = 4, the case of interest here, 
m1 (t) and m' (t) are the filtered versions of amplitude-shift-keyed (ASK} 
inputs with e8ually likely values of ±o, ±3o, resulting in the QASK-16 signal 
set with two amplitudes and two phases in each quadrature channel. The 
average signal power of the transmitted signal set is 

S = 2/3(K2 - l)o2. (2) 

This transmitter model is depicted in Figure 2a. 

The channel shown in figure 2b is assumed to be an additive white Gaussian 
noise (AWGN) channel where the noise n(t) has a two-sided spectral density 
NQ/2W/Hz. In addition, the channel adds a random phase shift to the signal 
stt) such that the received signal is of the form, 

x(t) = s[t, e(t)J + n(t) + J(t) 

= n m1 (t) cos f w
0
t + e(t) l 

+ mq (t) sin [w
0
t + e(t)l 

+ n(t) + J(t) } 

( 3) 

where e(t) ~e
0 

+ n0 t, withe an uniformly distributed phase shift and n0 the 
frequency shift from its nominal value of w0 . The additional interence 
signals, though present in practice, are assumed negligible in the discussion 
to fol low. 

BF Section 

The RF Processor is comprised of the transmit and receive IF assemb 1 i es as 
w~ll as the transmit power amplifiers, receive amplifiers, and the synthe
s,zed local oscillators (LO's). A mid-split diplexer is used to interface 
the tran_smit and receive a~semblies to the cable. While filtering is per
f ?rmed in both the transmitter and receiver of the 6402, none of these 
filters affects the modulated signal. The spectral efficiency is achieved 
through baseband filtering in the baseband processor. The design philosophy 
adopted_ for the ~F Processor was to empl?Y standard components in a way such 
that highly reliable RF signal processing was possible without generating 
interference which would affect the performance of other signals on the 
coaxial network. 
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TJ-ansm1:tter 

The transmitter is composed of several elements: The quadrature modulator, 
synthesized transmit LO, and power amplifiers. The modulator employs a 
145-MHz TCXO as an IF, which is then modulated by the in-phase and quadrature 
ASK symbols, m{(t) and M'(t) as described previously. These quadrature 
signals are summed resultiag in the QASK-16 signal. This signal is filtered 
with a broad IF filter, amplified, and then translated to the transmit 
frequency by the transmit LO which results in 0.75-MHz channel spacing across 
the reverse channel, 5 to 102 MHz. Filtering in the transmitter amplifier 
stages rejects the TX LO sue~ that the worst-case spurious output is -60 dBc. 

B.eceiver 
The receiver assemblies are composed of broadband amplifiers, the synthesized 
receive LO, and the quadrature demodulator. In order to prevent leakage of 
the RX LO onto the cable, each receiver broadband amplifier is preceded by a 
compensating attenuation, such that the net gain is essentially O dB. This 
inserts the necessary isolation to keep the spurious levels due to the RX LO 
at (-60 dBc. The RX LO then provides the necessary conversion frequency, 
with 0.75-MHz resolution, to translate the receive channel to the 150-MHz 
receive IF. In the IF, the signal is amplified and filtered with a broad 
channel filter with 10-MHz bandwidth to reject undesired channels. A pin 
diode attenuator is employed in the receive IF for processor control of the 
input levels. This signal is then applied to two mixers using the recon
structed carrier references as supplied by the Baseband Processor to demod
ulate the incoming signals to baseband. At this point the quadrature base
band signals are applied to the Baseband Processor inputs for digitizing. 

The receiver model is shown in Figure 2c where the input signal, X(t) is 
multipled by a locally generated quadrature reference, 

r(t) = .f7cos fw
0
t + e(t)l 

A 
where 8 (t) is the local estimate of e(t). 
is that of very high Rd, the noise will 
sions; the case of low-to-moderate Rd is 
ences. 

(4) 

Because the case of interest here 
be neglected in further discus
treated adequately in the refer-

The quadrature signals multiplied by the reference and again Nyquist filtered 
are represented as 

zi ( t) = m1(t) cos 4> ( t) + mq(t) sin ij>( t) 

Zq(t) = m{( t) sin 4> ( t) + Mq(t) cos ij>( t) 

A 
where 4> ~e(t) - e(t) is the carrier recovery loop phase error. The baseband 
signals, -zi(t) and zq(t) are then quantized in an analog-to-digital con
verter, and processed in order to recover the carrier phase, process symbol 
synchronization, detect the transmitted symbols, control the gain and detect 
lock. The algorithms necessary to provide these functions are implemented in 
a digital processor, the details of which are left to a subsequent section. 
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The carrier recovery algorithm employs a decision-feedback technique analyzed 
by Simon and Smith [13]. The symbol synchronization algorithm is a general
; zed data transition tracking loop, similar in concept to that analyzed by 
Simon [14-15]. The AGC algorithm is a decision-directed technique as ana
lyzed by Weber [16], with the lock detection algorithm employing the AGC 
error signal as its decision criterion. The channel encoding is essentially 
djfferential encoding and is necessary in order to remove the quadrant ambi
guity in the received symbols. The filtering for bandwidth efficiency, or 
Nyquist filtering, compresses the transmitted spectrum to achieve the 
2 bits/Hz spectral efficiency while minimizing intersymbol interference 
(ISI). The filter is partitioned between the transmitter and receiver in 
order to minimize adjacent channe 1 spi 11 over and adjacent channe 1 i nterf er
ence, respectively. 

The modem developed for the mid-split cable system is designated the 6402 
High Speed Modem. A functional block diagram of the 6402 is given in 
Figure 3. Each of the elements in the diagram are described in more detail 
in later paragraphs. The salient features are the frequency agility provided 
by transmit and receive synthesizers, low spurious emissions allowing for 
reliable coaxial network operation, and a high-performance baseband detection 
technique resulting in Pb= 10- 9 • 
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Baseband Processor 

Technology 

With careful use of a few state-of-the-art components, it was possible to 
build most of the baseband processor with standard MSI-TTL technology rather 
than more expensive ECL. An example of critical section is the numerically 
controlled oscillator. The 5-MHz NCO requires the fastest TTL PROM and TTL 
resisters commercially available . 

.Algorithms 

The major functions of the baseband processor are shown in the block diagram 
of Figure 4. The carrier synchronization section keeps the 15O-MHz local 
oscillator in phase with the incoming carrier by controlling the phase of the 
5-MHz NCO output which is mixed to produce the 1 oca 1 osc i 11 a tor. The symbo 1 
synchronization section keeps the symbol clock synchronized with the symbol 
periods of the incoming baseband signals. The automatic gain control (AGC) 
controls the amplitude of the baseband signals being sampled by the analog
to-digital converters. The lock detection provides a positive indication 
when the processor is synchronized to a ·1 egi ti mate data transmission. The 
transmit section consists of a scrambler to ensure a sufficient rate of 
symbo 1 state changes and an encoder to reso 1 ve the ambiguity tha'I; derives 
·from the rotational symmetry of the symbol vectors in the I-Q plane. (See 
detailed explanations below.) The decoder and descrambler in the receive 
section provide the inverse functions of the encoder and scrambler. 
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The input to all of the algorithms of the baseband processor is the series of 
6-bit digital samples of the analog baseband signals of the I and Q channels. 
The baseband signals are sampled eight times per symbol period. One of the 
eight samples occurs in the middle of the symbol period. This is the symbol 
sample. It is a digital measure of the symbol level which is decoded by the 
symbol detect circuitry. The four levels of a perfect baseband signal pro
duce digital values of +24, +8, -8, -24 for the +3, +l, -1, and -3 levels, 
respectively. 

To understand the algorithms of the baseband processor, it is best to visual
ize the state of the baseband signals as one of 16 vectors in the I-Q plane 
(see Figure 5). For example, if the I level is +3 and the Q level is +1, 
then the corresponding vector points from the origin to· the point in the 
lower right-hand corner of the (+, +) quadrant. Its phase is tan- 1 (1/3). 

0 

• • .. . • 

• • 

. , •• 
• • _, . • 

• • • 

Figure 5. Symbol Vectors 

The carrier synchronization algorithm compares the phase angle of the 
observed symbol vector with the phase of the expected ideal vector for the 
current S.)1tlbo1. For example, if the I and Q symbol samples are +27 and -6 
respectively, the level detect circuits will detect (I,Q) equals (+3, -1) and 
the carrier synch circuitry will compare tan- 1 (-6/+24) to tan- 1(-1/+3). The 
difference is sea 1 ed and used to contra 1 the phase of the 150-MHz local 
oscillator. The resulting phase-locked loop has a loop noise bandwidth of 
50 kHz and a damping factor of 1.0. It is a perfect second-order loop. 

The symbol synchronization algorithm functions are as follows. Samples of 
the I channel baseband are summed from the center of one symbol period to the 
next. If a large symmetrical transition (i.e., +3 to -3, or -3 to +3} 
occurred durinq that time, the result should be zero. If the result is not 
zero, then the sign of the sum, along with the direction of the transition, 
indicates whether the symbol clock is lagging or leading the received symbol 
rate. These indications are averaged overtime, and the output co«trols the 
frequency of the symbol rate clock. 
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The automatic gain control computes the difference between the absolute value 
for the symbol sample and the absolute valu~ of the expected ideal sample 
value. This difference is accumulated for 16 symbol periods. The result is 
summed with the current gain control level to change the gain of the 
variable-gain amplifier. 

The lock detection circuitry computes the same difference as ·the AGC, but 
accumulates the absolute value of this difference for 16 symbol periods. If 
the modem is not in the lock state, a result less than the threshold will 
increment the lock counter. When the lock counter reaches a. trigger value, 
the lock state is entered. If the modem is in the lock state, a result 
greater than the threshold will increment the unlock counter. If the unlock 
counter reaches its own trigger value, the modem leaves the lock state. 

The 4-bit symbols are encoded as shown in Figure 6[12]. The upper two bits 
are encoded differentially by indicating the change in quadrant from the 
previous symbol. The lower two bits are coded by position within the quad
rant. The differential encoding is necessary because the demodulator cannot 
distinguish among the four phases of the carrier. For example, if the pre
vious transmitted vector was in the (+,+) quadrant and the current data is 
0110, then the encoder will cause a (+1, -3) vector to be transmitted. The 
receiver may distinguish any of the following combinations: 

Previous Current Quadrant 
Quadrant Vector Change 

( +, +) 
( +, - ) 
( -, -) 
( -, +) 

(+1, -3) 
(-3, -1) 
(-1, +3) 
(+3, +1) 

In all four cases, the correct data (0110) is decoded. 

+90° 
+90° 
+90° 
+90° 

The scrambling algorithm (17) is essentially an exclusive OR combination of 

0 

• • •3 • • II 10 01 II 

• • 01 10 

-s +S 

• • 10 01 

II 

• • -s • • II 01 10 II 

Figure 6. Symbol Coding 
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the 20th previous, 3rd previous, and current data bits. In addition, the 
po 1 arity of the output is inverted whenever four consecutive 8-b it output 
sequences are identical. 

Conclusion 

The design of the 6402 High Speed Modem was accomp 1 i shed using state-space 
simulation techniques for performance verification. Each of the elements in 
the receiver and modulator were modeled and tested completely prior to the 
hardware development. Laboratory tests have provided further verification 
using Scientific-Atlanta's 400-MHz headend and distribution system. The 
frequency-agile, point-to-point modem represents a strong choice for high
speed communications over cable, with its bandwidth efficiency maximizing the 
spectral utilization of the coaxial cable system. The modulation scheme, 
QASK-16, selected for the 6402, is an excellent compromise between bandwidth 
efficiency and performance without leading to prohibitive manufacturing 
costs. Through novel design, the 6402 achieves 2 bits/Hz spectrum efficiency 
using reliable, low-cost components. 
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Introduction 

Reliability Analysis 
S.N. Baker 

The Quality Department of the Satellite Communications Division has estab
lished a program of reliability/availability prediction and measurement for 
all standard products. Mean-time-between-failure {MTBF) calculations are 
done at the component and unit assembly level. These MTBF predictions are 
then used to predict system availability. Computer programs have been writ
ten that process the bulk of these predictions. 

Computer software is also on-line that provides actual failure rates for each 
model. The feedback loop is completed by concentrating engineering resources 
on differences that exist between predictions and actual field failure rates. 

The purpose of this paper is twof o 1 d: 1) to present the methods used in 
determining reliability predictions and measurements, and 2) present the 
effect on availability of several system configurations. 

MTBF Calculations 

Predictions of MTBF are obtained using the parts count method of 
MIL-HDBK-217D, Section 5.2. The failure rate of an electronic assembly is 
the summation of the failure rates of each component that make up that 
assembly (e.g., resistors, integrated circuits, etc.) and the failure rates 
of the connections (e.g., solder joints). These generic failure rates depend 
on the use environment. The "Ground, Fixed" environment is used for earth 
station equipment. This environment assumes conditions less than ideal, such 
as installation in permanent racks with adequate cooling air and possible 
installation in unheated buildings. 

The base failure rate of each component must be multiplied by a quality fac
tory. The quality factor is a function of the purchased quality level or 
designator (e.g., RL and RLR for resistors) and in-house quality procedures 
(e.g., burn-in and testing). The general expression for equipment failure 
rate is: 

" EQUIP 



where: 

Ni = Quantity of i th generic part 

AG = Generic failure rate for the i th generic part 

~Q = Quality factor for the ; th generic part 

n = Number of different generic part categories 

A computer program has been written in BASIC that contains the military hand
book data. An MTBF prediction is obtained by categorizing each component on 
the parts list, tallying up the generic parts, and then entering them in the 
program. Al 1 components are included whether critical or not to unit fail
ure. An example printout is shown in Figure 1. The failure rates are 
failures per one million hours of operation. In addition to the predicted 
field failure rate (last column), the program also computes the purchased and 
ideal failure rates. The purchased column contains the failure rates of 
components as purchased, assuming no in-house screening, burn-in, or testing. 
This column is the summation of in-house and field failure rates. To compute 
the ideal failure rate column, the software automatically substitutes compon
ents to arrive at the theoretically highest MTBF for a particular design and 
chooses the highest quality levels for each part. For example, ceramic !Cs 
are substituted for plastic. The only way to improve the ideal failure rate 
is to reduce the parts count. This approach gives the designer a theoretical 
MTBF ceiling. 
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SCRs 21-SeP-83 
Sa ellit.e Coamunicst.ions Divisi~n. 

Reliabi it.~ Predict.ion-Ground Fixed Environaent. 

VIDEO EXCITER 

PREDICTED FAILURE RATES 
CODE t DESCRIPTION QTY PURCH IDEAL FI ELI• ------ ----------- ------ ------ ------

1 RESISTOR-CC I POSITIOH,RCR,HlL-R-39008 471 o.3o 0,02 (), 10 
6 RESISTOR-FI M,RN,MIL-R-10509 120 2.16 0.01 0.22 

23 POT-CONPOSX IOH,RlJ,NlL-R-94 32 4+48 0,06 0+45 
34 CAPACITOR-P ASTIC,CRH,MIL-C-83421 15 0+04 o.oo 0.01 
36 CAPACITOR-N lC1hCH,MIL-C-S 27 0,30 o.oo 0.03 
41 

~
APACITOR-C RAMIC,CK,HIL-C-11015 357 6.43 0.06 0.64 

43 APACITOR-T NTALUH,SOL,CSR,MIL-C-39003 68 0.29 0.03 o. 10 
50 CAPACITOR-V AR,AIR,TRIHMER,CT,MIL-C-92 3 5.70 0.11 o.57 
53 TRANSFORMER AUDIO POWER OR PULSE 1 0.11 0.04 0.04 
56 COIL-RF,FIX D 88 2+90 0.97 0.97 
S7 COIL-RF,VAR IABLE 8 o.ss 0.18 o. 18 
65 SWITCH-TOGG E OR PUSH BUTTON 6 o.3s 0.02 o.os 
68 CONNECTOR-C JRCULAR,RACK & PANEL 24 1.22 0+41 0.41 
69 CONNECTOR-P WB 1 0.07 0.02 0.02 
70 CONNECTOR-C OAXIAL 2 0.10 0.03 0.03 
71 PWfl-2 SIDED 14 0.41 0.04 0.04 
73 TRANSISTOR-SI,NPN 61 9.76 0.10 0.20 
74 TRANSISTOR-SI,PNP 8 1,92 0.02 0.04 
77 TRANSISTOR-SI,FET 6 12.60 · 0.13 0,25 
79 DIODE-SI,GE NERAL PURPOSE 37 1.15 0.01 0.02 
81 DIODE-ZENER OR AVALANCHE 12 1.44 0.01 0,03 
83 DIODE-SI,KI CROWAVE DET+ 3 s.-16 1,17 2,34 
87 DIODE-VARA TOR,STEP,RECOVERY,OR TUNNEL 9 90.00 0.90 1.80 
88 LED 30 9.90 0.10 0.20 
91 IIIOI•E - PI 3 39.00 0.39 o.7B 
94 CONNECTION - SOLDERWAVE 4241 2.s0 2.58 2,58 
95 CONNECTION - HAND SOLDER 236 1.29 1.29 1,29 

101 DIGITAL BI OLAR, HERMETIC, 1-20 GATES 1 0.21 0.01 0.02 
113 DIGITAL BI OLAR, NON-HERMETIC, 1-20 GATES 6 4,20 o.os o. 12 
114 ItIGITAL BI OLAR, NON-HERMETIC, 21-50 GATES 8 S,60 0.08 0,16 
132 DIGITAL HO , HERMETIC, 3001-5000 GATES 1 2,60 0.10 0.00 
137 DIGITAL HO , NON-HERMETIC, 1-20 GATES 18 11.34 0 .14 1,30 
138 DIGITAL HO , NON-HERMETIC, 21-50 GATES 6 4.83 0.06 o.ss 
139 DIGITAL HO , NON-HtRHETIC, Sl-100 GATES 2 2.17 0.03 0.2s 
176 HOS ROH, P OH, EPROH, NON-HERH, 1-320 BITS 1 1.05 0.01 0,12 
183 HOS ROH, P OH, EPROH, NON-HERH, 17001-38000 BIT 1 15.40 0.10 1,76 
192 BIPOLAR RA , NON-HERN, 1-320 BITS 1 2.10 0.03 0,06 
214 HOS RAH, N N-HERH, 11001-17000 BITS 1 42.00 0.22 4,80 
217 LINEAR, 1- 2 TRANSISTORS, HERMETIC 10 4,03 o. 16 1.24 
220 LINEAR, 1- 2 TRANSISTORS, NON-HERMETIC 16 27.44 0.25 3,14 
240 POWER SUPP Y 3 36,00 8,40 12.00 
241 CRYSTAL 4 2,40 0.56 o.so 
243 NIXER 3 24,00 4.20 6.00 
244 FREQUENCY OURCE 1 

40:~~ Jj~ 1~:~8 ~:~ ~tiH~~s~LP Ef~fENT ItISPLAY ~ 60. 2 • 0 
247 SWITCH - DI P HEXIDECIHAL 8 12+81 0,03 0.20 
248 FRONT PANE 1 1.16 0.06 0,17 

------ ------ ------
TOTAL. PREtllCTED FAILURE RATES 501,34 46,74 80.57 
TOTAL PREDICTED HTJ3Fs (hm1rs) 1995 21396 12412 

Figure 1. MTBF Prediction 
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Availability calculations 

After the field failure rates have been calcualted for each unit, this infor
mation can be used to determine system availability. Availability is defined 
as the probability of finding a system or subsystem operating at any arbi
trary future time. The key inputs to system availability calculations are: 

• System configuration 

• Mean-time-to-repair 

• Mean-time-to-change 

• Quantity of shelf spares 

The first step is to define a reliability model that corresponds to the 
actual system. The simplest model is the single thread which is represented 
as follows: 

A.= 15 >..= 40 

--1 LNA I --1 RECEIVER I ... 
55-A-4513 

This model implies that both pieces of equipment must be working for the 
system to be considered operat i o·na 1 . 1 

First, the availability for each block is calculated using the equations: 

106 MTBF 
MTBF -~ , A = 

I\ MTBF+MTTR+MTTC 

For an unmanned station it is assumed that the time to diagnose and change a 
failed unit is 24 hours {MTTC) and the time to have the unit repaired at the 
factory is two weeks or 336 hours (MTTR). The MTBFs and availabilities for 
each block in the system are as follows: 

1A redundant LNA power supply is assumed. Because its effect on system 
availability is neglibile, it is ignored. 
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106 66,667 
LNA: MTBF = - = 66,667 hrs. A = = 0.9946 

L 15 L 66,667+336+24 

106 25,000 
RECEIVER: MTBF = - = 25,000 hrs. A = = 0.9858 

R 40 R 25,000+336+24 

Single thread system availability is obtained by multiplying the availabili
ties for each block together: 

N 

AsvSTEM = As = i~l Ai 

Thus for this example: 

As= (AL)(AR) = (0.9946)(0.9858} = 0.9805 

What if a shelf spare or complete set of replacement modules is maintained at 
the site for the LNA and receiver? Here, the system will be down during the 
time to diagnose and replace the failed unit and also in the event the shelf 
spare fails during the factory repair cycle of the original unit. This can 
be represented by the following state diagram: 

STATE 

0 
1 
2 
3 

l/MTTR 

55-A-4511 

CONDITION SYSTEM STATUS 

- None failed Up 
- On-line unit fails Down 
- Shelf spare installed - Up 
- Shelf spare fails Down 

The availability of each block is: 

MTBF + MTTR 
A = ------------=-MTBF + MTTC + MTTR + (MTTR) 2 

MTBF 
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Thus, for this single thread system with a complete set of shelf spares for 
each unit, the availabilities are: 

AL 
66,667 + 336 

0.9996 = = 
66,667+24+336+ (336) 2 

66,667 

AR 
25,000 + 336 

0.9989 = = 
25,000+24+336+ (336) 2 

25,000 

ASYSTEM = (0.9996) (0.9989) = 0.9985 

The last basic reliability model is a system that is configured with backup 
units that are automatically brought on-line by a protection switch. In this 
instance the MTTC can be considered negligible. However, the failure of the 
protection switch must be included. Scientific-Atlanta protection switches 
are designed such that if the protection switch alone fails, the system 
remains operational. Hence, the failure rate of the switch is a factor only 
when it is called upon to switch in a backup unit. This can be represented 
by the following reliability model: 

- LNA 

• 
>.. .. 15 >..= 12 

BACK-UP 
LNA 

- -LNA 
■-. PROTECTION 

SWITCH 

>..= 40 

- RECEIVER -

>..= 40 

BACK-UP 
~ RECEIVER 

- p 

6 

>..= 25 

RECIEVER 
ROTE CTI ON 

SWITCH 

' I 

---
55-A-4512 



At the receiv r the signal has two alternate paths. For the system to stay 
up, the receiver on-line must be up or the backup receiver and the protection 
switch must be up. To find the availability of the redundant pair of receiv
ers, a Boolea Algebra truth table approach is used. In the truth table 
{Figure 2), 1 or O entry in each column indicates success or failure 
respectively ~f each unit. All possible combinations of all units working 
and failing are taken into account. The probability that a unit is failed is 
one minus its availability. To obtain the probability for a row in the 
table, the pr babilities of each column are multiplied. The system avail
abi 1 ity is tht the sum of all probabilities where the system is up. 

Fig~re 2. Truth Table Method for Redundant Systems 

I 
I 

On-line Backi-up 
Receiver Rec~iver 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 
I 11 

1 1 

AR= 0.986738 

Protection Receiver 
Switch Subsystem 

0 0 

1 0 

0 0 

1 1 

0 1 

1 1 

0 1 

1 1 

Ap = 0.991670 

Probability 

(1-AR)(AR)(Ap) = 0.012977 

(AR)(l-AR)(l-Ap) = 0.000109 

(AR)(l-AR)(Ap) = 0.12977 

(AR)(AR)(l-Ap) = 0.008111 

(AR)(AR)(Ap) = 0.965542 

AREDUNDANT = IA; = 0.999715 

Correspondingly for a pair of redundant LNAs: 

AL= 0. 950 Ap = 0.9960 AREDUNDANT = 0.999955 
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Thus, for a system with redundant hot standbys, the system availability is: 

AsYSTEM = (0.999955)(0.999715) 

= 0.999670 

When more units than a simple 1:1 are configured redundantly, calculating the 
availability becomes more complex. For example, the equation for the avail
ability of six units on-line operating in parallel with two hot spares on 
standby via an automatic protection switch is: 

where: 

Ai = the availability of an individual unit 

The coefficients of this equation are the first portion of a row from 
Pascal 1 s triangle. A computer program has been written in BASIC that com
putes any R:N configuration. An example printout is shown in Figure 3. 

Probabilities and Outage Time 

The probability (Ps) of a unit operating without failure for a specific 
period of time (t) can be found using: 

Ps = e-At 

For a period of 8,736 hours (1 year), the probability of successful operation 
of a unit with an MTBF of 36,400 hours (4.2 years) is: 

A = 10
6 

= 27.5 failures/106 hours 
36,400 

-(27.5)(8736)/106 
Ps = e = o. 79 

The probability of failure (PF) for a time period of 8,736 hours is the 
probability of success subtracted from 1 which in this case is 21%: 

PF= 1 - Ps = 1 - 0.79 = 0.21 

The predicted outage time per year is found by multiplying one minus the 
availability by the number of hours per year: 

OUTAGE= (1-A)(8736) 
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Satellite Coaaunications Division 
Subswstea Avail~bilitw Calculations 

SCPC-Channel s~nthesizers 

t OH-Lt NE>= 48 MTBF= 66666.7 HRS MTTR= 720 HRS 

• SPARES AVAILABILITY 
-------- ------------

0 0.59712988 
1 0.90337457 
2 0.9B354111 
3 0.99781693. 
4 0.99976169 
s 0.99997779 
6 0.99999819 
7 0.99999987 
8 0.99999999 
9 1.00000000 

10 1.00000000 

Figure 3. R:N Availability Analysis 
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For a unit with an availability of 0.9990, the outage is: 

OUTAGE= (1 - 0.9990)(8736) = 8.74 hours 

Three basic reliability models have been discussed--single thread, single 
thread with shelf spares, and on-1 ine redundancy with automatic protection 
switches. The models and failure rates correspond to typical video downlink 
system configurations for unmanned equipment. Table 1 summarizes relevant 
data for these systems along with the manned station case. 

Table 1. Summary of Basic Receive System Configurations 

MANNED, MTTC=4 HRS (LNA) 
UNMANNED, MTTC=24 HOURS MTTC=l HR (RECEIVER) 

PREDICTED PREDICTED 
COST AVAIL- OUTAGE TIME AVAIL- OUTAGE TIME 

SYSTEM FACTOR* ABILITY PER YEAR ABILITY PER YEAR 

Single Thread 1.0 0.9805 170.4 hrs 0.9817 159.9 hrs 

Single Thread 2.0 0.9985 13.l hrs 0.99970 2.6 hrs 
with Shelf Spares 

Redundant 4.1 0.99967 2.9 hrs 0.99967 2.9 hrs 

*GCE equipment only. 

Table 1. Summary of Basic Receive System Configurations 
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Several conclusions can be drawn from this data table: 

1. An unmanned station with a protection switch achieves the same 
reliability level as attended equipment with shelf spares. 

2. For a single thread system with no shelf spares, only a 6.2% 
improvement is achieved by manning the station. 

3. Significant improvement in system reliability is attained by: 

a. Providing shelf spares 

b. Adding protection switches 

c. Manning the equipment (when spares are provided) 

Further improvement in availabilities at the systems level could be achieved 
by: 

1. Increasing the quantities of standby and shelf spares 

2. Reducing MTTR through special maintenance contracts 

At the hardware design level, MTBF could be improved by: 

1. Reducing parts count 

2. Specifying components with higher reliability levels 

3. Increased screening of purchased parts 

4. Increased unit burn-in 

The cost effectiveness of each change that is contemplated should be evalu
ated from the system availability viewpoint. 

lleliability Measurement 

An MTBF or availability prediction is just that--a prediction. Predictions 
are useful during the design phase and when evaluating the cost effectiveness 
of various system configurations. An invaluable feedback tool to the predic
tion process is the measurement of actual failure rates. The report that 
provides this information is the Product Performance Summary (PPS). Figure 4 
shows a sample report for one model. Cost figures are omitted due to their 
proprietary nature. 

Every piece of electronic equipment that is returned to the factory is 
tracked with a service record. The service record provides the failure 
information that goes into PPS. Shipping logs provide the quantity shipped 
information. 
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The unit of measure or index that PPS uses for failure rate is failures per 
unit month (F /UM). The reciprocal of F /UM is the average months between 
failures. The index is calculated for a time interval of one year using the 
data currently available. As an example, if the latest month is October and 
10 units were shipped in January, then this product has experienced 100 unit 
months of operation. If one f ai 1 ure occurs in April and another in Septem
ber, then the F/UM would be: 

2 f~ilures = 0_020 F/UM 
100 unit months 

PRODuc·r PERFORMANCE 

HODEL. 00 

SUMMARY 

--------------------------------------------------------------------------------
7/83 6/83 5/83 4/83 3/83 2/83 t/83 12/82 11/82 10/82 9/82 8/82 

SHJPPfD 8 20 31 22 16 19 8 17 11 7 39 58 
COST WTY $ $ $ $ ' $ $ $ $ ' $ • 

S t R $ $ $ $ $ $ . $ $ $ $ $ $ 

FAILURES 5 8 3 8 7 8 s 4 9 6 19 6 

F / UH 0,046 0,048 0,043 0,029 0,029 0,028 0,028 0,027 0,000 0,000 0,000 0,000 
DISCREPs 9 9 5 20 14 11 9 5 11 9 25 8 

7/83 b/83 5/83 7/83 b/83 5/83 7/83 6/83 5/83 
CONP 22% 67% 20% WRKSHP 22% 0% 20% NOPROB 22% 11% 20% 
DESIGN 22% 0% 40% SHIP 11% 11% 0% 
ADJIJST 0% ox 0% HGl!T 0% 0% ox OTHER ox 11% 0% 

SUl!l!ARY SHIPPED WTY COST INT COST TOT r,osT COST/F FAILURES DISCkP AVE AGF. D/U 
256 $ $ ' 88 135 7,5 0,53 

Figure 4. Reliability Measurement 

The failure rate (A) can easily be obtained by multiplying F/UM by the con
stant 1374. For this example: 

(0.020 F/UM)(l,374) = 27.5 failures/106 hours 

Or the MTBF can be obtained by dividing the constant 728 by F/UM: 

728 = 36,400 hours between failures 
0.020 F/UM 

It is important to note that calculating A and MTBF from F/UM provides a 12 
month 11 snapshot 11 index that could vary from the actual long-term failure 
rate. 
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Terms for Glossary 

Avail abi lty (A) 

Fail ure Rate (>,) 

Mean-Time-Between-Failure 
(MTBF) 

Mean-Time-To-Change (MTTC) 

Mean-Time-To-Repair (MTTR) 

Beferences 

- Probability of finding a system or subsystem 
operating at any arbitrary future time. 

- Average number of failures per one million 
hours of operation. 

- Average number of hours between failures 
(the hours of operation divided by the num

ber of failures). 

- Average time in hours to diagnose a failure 
and then automatically switch in a hot 
spare, manually install a shelf spare, or 
manually perform the function of the failed 
unit. 

- Average time in hours to repair a failed 
unit of equipment or obtain a replacement 
from the manufacturer or a spare depot. 

M. Sasaki, S. Kaburaki, S. Yanagi, "System Availability and Optimum Spare 
Units," IEEE Transaction on Reliability, V. R-26, No. 3, August 1977. 

MIL-HDBK-217D, Reliability Prediction of Electronic Equipment, January 15, 
1982. 

MIL-HDBK-217C, Reliability Prediction of Electronic Equipment, "Appendix A -
System Reliability Modeling," April 9, 1979. 
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Earth Station. An.temuls, BF Considerations 
Rick Barker and John Friesz 

Introduction 

The earth station antenna is a vital link between the satellite and earth 
station electronic equipment. It must provide reliable high receiving gain 
under sometimes severe environmental conditions. In addition, its far-field 
pattern must have sufficiently low wide-angle sidelobes to suppress interfer
ing signals within the very congested operating bands. The intent of this 
paper is to outline the antenna requirements and consider the reflector-type 
antenna which is most often used to meet these requirements. 

Barth Station Antenna llequiremen.'ts 

Earth station antenna requirements are dependent on many factors, such as 
channel capacity, receiving equipment, signal modulation, reliability 
requirements, geographical location relative to the satellite, site interfer
ence profiles and site environmental conditions. This discussion will con
sider the antenna requirements for typical small earth terminals. 

As mentioned previously, antenna requirements are to some extent site 
related; because of this, the following table may not be applicable for all 
sites. It does, however, outline typical requirements for an average conti
nental U.S. site. These antenna requirements are given as flexible guide
lines which may vary with total system performance requirements. 

The antenna characteristics given in Table 1 are applicable primarily to 
reflector-type antennas which are from 5- to 11-meters in diameter. The 
reflector antenna is the most widely used and accepted type of antenna 
because it satisfies system antenna requirements and is desirable from the 
viewpoints of mechanical simplicity, cost and availability. 

Table 1. Earth Terminal Antenna Requirements 

Characteristic 

Frequency of Operation 

Beamwidth 

First Sidelobe 

VSWR 

Specification 

3700 to 4200 MHz Receive 
5925 to 6425 MHz Transmit 

Consistent with gain requirements 

-14 dB Maximum 

1.30:1 Receive band 
1.25:1 Transmit band 



Table 1. Earth Terminal Antenna Requirements (continued) 

Characteristic 

Polarization Discrimination 

Maximum Transmit Power 

Feed System Pressurization 

Polarziation Rotation 

Isolation (Transmit-to-Receive) 

Pattern Envelope 

Specification 

-30 dB (relative to peak of 
co-polarized beam) 

5 kW average 
10 kW peak 

0. 5 p s i g Norn i n a l 

±90° 

35 dB 

Compliant with FCC Regulation 25.209 

Electrical and Blectr<'rnagnetic B.equirements 

Antenna design requirements can be grouped into sever a 1 major cateqori es-
el ectri ca 1 or RF, control systems, pointing and tracking accuracy, and mis
cellaneous requirements such as radiation hazard protection and other 
environmental safety factors. The electrical or RF parameters are of primary 
concern in this section. An excellent overview of the electrical and mechan
ical characteristics of antennas for earth stations is given in EIA Standard 
RS-411. 

Gain and Directivity 
The power gain (g) of an antenna in a specified direction is 41r times the 
ratio of the power radiated per unit solid angle in that direction to the net 
power accepted by the antenna from . its generator. This quantity is an 
inherent property of the antenna and does not involve system losses arising 
from a mismatch of impedance or polarization. 

The directivity (D) of an antenna in a specified direction is 41r times the 
ratio of the power radiated per unit solid angle in that direction to the 
total power radiated by the antenna. This term differs from power gain 
because it does not include antenna dissipation losses. 

Gain and directivity are directly related by: 

g = TlD 
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where n is the ohmic efficiency, which is less than unity; that is, 

where P0 is the power accepted by the antenna from the RF source, and Pr 
is the power radiated into space. 

The maximum directivity of an aperture is given by: 

where: 

A is the maximum projected area of the aperture 

A is the wavelength of operation. 

For a circular aperture, the maximum directivity is: 

where: 

d = diameter of the aperture 

A= wavelength of operation. 

The aperture diameter and wavelength are expressed in the same units. 

For a non-uniform aperture distribution, the directivity is given by: 

where: 

k1 is a function of the distribution and is less than unity. For 
practical reflector-type antennas, k1 is typically between 0.5 and 
0.9. The gain of the antenna is then given by: 

( nd ) 2 g = nk1 -A-
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The quantity nk 1 will be referred to as "aperture efficiency" herein. The 
aperture efficiency, nk 1 , of typical reflector type antennas varies from 0.5 
to 0.65 for focal point-fed, axisymmetric antennas and from 0.60 to 0.90 for 
dual-reflector and offset-fed antennas. For a discussion of the predominant 
types of earth station antennas, see "Introduction to Earth Station Antennas" 
in this digest. 

Input Impedance and Voltage Standing Wave Batio 

The input impedance of an antenna affects interaction between the antenna and 
its associated components. Antenna impedance can be an important factor in 
the consideration of power transfer, noise, and stability of active circuit 
components such as the low-noise amplifier. 

For most aplications a conjugate match is desired between the antenna and the 
transmission line or device to which it is connected. When a conjugate match 
does not exist, some of the available power is lost by reflection. 

Most antennas are connected to the electronic networks or circuits by a 
transmission line. In practice, it is usually advantageous to match the 
antenna to the transmission line at the antenna terminals. This minimizes 
the line losses and the voltage peak.s on the line, thus facilitating high 
power transmission. Imperfect matching of the antenna to the transmission 
1 i ne creates a reflected wave in the 1 i ne; the reflected power re 1 at i ve to 
the incident power is: 

p 
refl = 

2 

Pinc 

where: 

20 is the characteristic impedance of the transmission line 

Zant is the impedance of the antenna. 

This ratio is related to the voltage reflection coefficient, r, and to the 
voltage standing wave ratio, VSWR, by the standard transmission line rela
tionships: 

p refl 

Pinc 
VSWR - 1 12 
VSWR + I 
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For most station antennas the VSWR is usually specified to be 1.3:1 or less. 
This corresponds to a reflection coefficient of 0.1304. The reflection 
coefficient is important since the mismatch loss of the antenna and the VSWR 
are determined by it. The mismatch loss is given by: 

Lm = [-10 log (1 - r2)] 

The reflection coefficient is also related to the return loss which is the 
logarithmic form of the VSWR expressed in (dB) and given by: 

Return loss (dB)= (-20 log r) 

A typical plot of return loss versus frequency for an earth station feed is 
shown in Figure 1. 
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Figure 1. Feed Horn Return Loss vs. Frequency 

To m1n1m1ze degradation of the antenna noise temperature caused by waveguide 
losses between the antenna and low-noise amplifier (LNA), the LNA is usually 
connected directly to the antenna. It should present a nearly flat load 
across the frequency band, for example, the 3.7 to 4.2 GHz receive band. 
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Polarization 

In general, the electric field vector of a uniform plane wave can be resolved 
into two orthogonal electric vectors. If the fields have the same relative 
phase, then they are said to be linearly polarized. If the fields are 90° 
out-of-phase, and have equal amplitudes, they are said to be circularly 
polarized. All waves are actually elliptically polarized which is the 
degenerated case of circular or linear polarization. U.S. domestic satel
lites are linearly polarized. INTELSAT uses circular polarization. A more 
thorough treatment of the implications of polarization and polarization 
isolation is given in the paper, "Reuse Earth Station Antennas" in this 
digest. 

Surface Tolerance 

Deviations of the surface of a reflector antenna from the desired surface can 
be grouped into two categories, systematic and random. Both types of devi
ations lead to degradation of the antenna's gain and sidelobe performance. 
By careful design and fabrication, the systematic deviations can usually be 
controlled such that they have a small effect on performance. In practice 
some amount of random deviations will always occur. The gain loss due to 
random deviations has been statistically analyzed by Ruse1 Ruse considered 
random phase errors caused by random distortions of the aperture surface. 
His analysis led to an equation for the loss of gain due to€, therms sur
face tolerance of the reflector. 

or, expressing in dB, 

o = 4.92 (€f)2 

where: 

€=effective rms surface tolerance in inches 

f = frequency in GHz. 

The effective rms surface tolerance can be calculated from measured devi
ations normal to the reflector surface or axially from the surface. The 
correction factor vs. f/D is shown in Figure 2. 
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Antenna Design Considerations· 

An earth station reflector antenna is shown graphically in Figure 3. The 
reflector shown is a paraboloid of revolution, which has an associated focal 
point. The distance from the reflector vertex to the focal point is called 
the focal length. The focal point position defines a subtended angle between 
the focal point and the edge of the reflector. 
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Figure 3. Geometry of Parabolic Reflector 

Parabolic Axis +Z 

The energy captured by the reflector is convergent on the focal point 
(focused) where it is received by a feed. The feed is connected to the 
receive system through some form of transmission line which is almost always 
a waveguide. 

Another approach to focusing is to place a subreflector in the path of the 
convergent beam, thus focusing the inti dent energy onto a feed located near 
the vertex of the main reflector. The resulting antenna is classified as a 
dual-reflector type. When the subreflector is a hyperboloid, the antenna is 
classified as a Cassegrain type. 

The basic requirements for efficient operation of any reflector antenna are 
proper amplitude illumination and constant phase across a relatively unob
structed reflector aperture. The problems associated with optimizing these 
factors are usually complex and require analytical analysis and antenna range 
testing. Some of the considerations in achieving an optimum design are pre
sented in the following sections. 
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Prime Focus Antenna Geometry 

The primary feed pattern of the prime focus configuration, as shown through 
ray tracking in Figure 4, is key to the antenna characteristics such as gain, 
beamwidth, sidelobes, wide-angle radiation and noise temperature. If an 
ideal feed pattern, as shown in Figure 5, could be achieved, it would be 
possible to achieve almost 100 percent aperture efficiency. This pattern 
would uniformly "illuminate"* a reflector out to the periphery then drop 
abruptly to zero, capturing all the RF energy in the field impinging on the 
reflector aperture. This also assumes ideal conditions for other contribut
ing factors such as feed phase taper, reflector surface tolerance and aper
ture blockage. 

Reflector 
Vertex 

Feed Support 

---
Figure 4. Geometry of Prime Focus Feed Reflector Configuration 

* The term II i 11 umi nate" is a transmitting term used because the antenna 
operates reciprocally on transmitting and receiving. 
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The feed pattern of Figure 5 is plotted in rectangular coordinates. The 
increase in pattern level toward the reflector edge is to compensate for the 
greater distance from the focal point to the reflector in comparison with 
that from the focal point to the vertex. The value at the center relative to 
that at the edge is given by: 

a = co s2 ( a / 2 ) 

where: 

a = half-angle of the paraboloid. 

For the example of Figure 5, a= 0.67. 

A feed pattern of the type shown in Figure 5 is not achievable. However, 
there are feeds which are capable of approaching the ideal pattern, as shown 
in Figure 6. This typical pattern is from a corrugated horn which is used as 
the feed for the Scientific-Atlanta Model 8001, a 10-meter earth station 
antenna. One can achieve illumination efficiencies of the reflector as high 
as 80 percent with a circular symmetric pattern of this type. 
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Figure 6. Typical Feed Pattern of Prime Focus Corrugated Horn 

Figure 7 shows the two patterns of Figure 5 and 6 superimposed. The shaded 
areas are the two areas of concern which degrade antenna efficiency. The 
upper shaded area denotes the departure from a uniform taper of illumination 
out to the reflector half angle . This particular pattern, because of its 
10-dB taper, has the effect of reducing the illumination efficiency from 100 
percent to 80 percent. The lower shaded area is the feed radiation which is 
spilled over the edge of the reflector. The term used to describe its effect 
on total antenna efficiency is, appropriately enough, spillover efficiency. 
This typical feed pattern has a spillover efficiency of 90 percent. Also the 
phase taper and cross-polarization efficiencies are in the 97 percent range. 
The resultant of these efficiencies yields a feed illumination of approx
imately 74 percent. The gain of the antenna is reduced still further by 
random phase errors due to reflector surf ace to 1 erances and aperture area 
blocked by the feed and its support. These two effects reduce the total 
antenna efficiency to 64 percent at the feed aperture. This means that 64 
percent of the power density in the incident field over the reflector aper
ture would be captured by the feed. This relatively high efficiency from a 
prime focus antenna can only be achieved by employing design techniques which 
include primary pattern characteristics similar to those of the pattern shown 
in Figure 6, minimizing the blockage area from the feed and its support 
structure to less than 2 percent of the total reflector area and maintaining 
the reflector rms surface tolerance to within A/30. 
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Figure 7. Actual Feed Pattern to Ideal Feed Pattern Comparison 

The patterns shown in Figure 8 and 9 are typical patterns of a 10-meter prime 
focus antenna at 4 and 6 GHz. This antenna has been designed to minimize 
wide-angle sidelobes. The pattern envelope of FCC regulation 25.209 is 
plotted as a comparison. This antenna pattern is achieved by placing the 
feed at the focal point of the main reflector to limit the spillover and 
edge-diffraction contributions to one area of the pattern rather than two, as 
in the case of the dual-reflector antenna. The pattern area affected in the 
prime focus configuration is in the 100 to 110° region of the pattern. Also, 
the blockage area from the feed and its support is 1 imited to less than 2 
percent of total reflector area. This is important because any blocked area 
within a reflector has associated with it a broad, low-level pattern which 
affects the resultant far-field patterns. Obviously, the 1 arger the area 
blocked, the greater the effect on the pattern. Keeping the blockage to a 
minimum reduces the scattering or reradiation of energy which would increase 
the wide-angle sidelobes. 
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The cross-polarization, far-field pattern of the earth station antenna is 
important to providing the polarization discrimination characteristics 
required when operating with a frequency-reuse satellite. If the antenna is 
designed to achieve the characteristics previously described, the cross
polarization pattern will be determined largely by the corresponding feed 
pattern. The excellent cross-polarization characteristics of a corrugated 
horn are well known. The cross-polarization pattern of a 10-meter reflector 
shown in Figure 10 was achieved by using this type of feed. 

; ; j ; , [ :·r : t i : ; t ; ; ·t f • PATTERN NO, DATE';-/ l•i 

; !"'l J ~ i+4.: ! / i-( ;· i l.f.: • PROJECT !l. O. Termin&l 

ENGRS. ~.A, -~~'-- ·-

Figure 10. Typical Cross Polarization Pattern of 10 Meter 
Prime Focus Antenna 

cassegrain .Antenna Geometry 

The Cassegrain antenna design is derived from the telescope design of William 
Cassegrain. It is a. dual-reflector antenna employing what are normally 
termed a "main reflector" and a "subreflector." In the true Cassegrain geo
metry, the main reflector is a paraboloid and the subreflector is a hyper
boloid. Variations include the Gregorian design with an ellipsoidal sub
reflector and so-called "shaped" designs where the surfaces are generated 
numerically to realize a specified amplitude and phase distribution. 
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As shown in Figure 11 and 12, the Cassegrain feed horn/subreflector combi
nation replaces the feed in the prime focus configuration. This leads to 
several advantages and disadvantages as will be discussed. Consider a plane 
wave impinging on the main reflector. Being paraboloidal, the main reflector 
directs all the rays toward its focal point just as in the prime focus geo
metry. Now, however, the hyperboloidal subreflector reflects the rays to its 
second focal point. The primary feed horn is placed so that its phase center 
is coincident with the second subreflector focus and, therefore, it receives 
the incoming energy. By reciprocity, the process can simply be reversed on 
transmission. 

Subreflector 
Second Focus 

Paraboloidal Main Reflector 

Phase Center 

~---- Hyperboloidal Subreflector 
............ 

----'\ 
Main Reflector 
Focus and 
Subreflector First Focus 

of Primary Radiator 

Figure 11. Cassegrain Antenna Geometry 
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Reflector 

Figure 12. Aperture Distribution of a Cassegrain Antenna 

Blockage 
Region 

Aperture 
Distribution 

This simplified discussion is based on geometrical optics, realizable only by 
working with zero wavelength or infinite structures. In real antennas the 
performance is affected by diffraction effects, particularly from the reflec
tor and subreflector edges and the subreflector support structure. The sub
reflector diffraction alters the pattern produced by the subreflector as it 
illuminates the main reflector (considering the antenna as a transmitter). A 
typical scatter pattern is shown in Figure 13. This is the pattern formed by 
the feed/subreflector combination. Notice the ripple caused by energy dif
fracting at the subreflector edges. 

The subreflector diffraction effects limit the use of dual-reflector antennas 
to main reflectors of about 40 A and larger, with the exact limit depending 
on specifications. A typical standard Cassegrain antenna of 80 A in diameter 
will give 60 to 65% overall efficiency. 

The Cassegrain design ensures uniform phase, as can be seen by verifying that 
all rays travel equal distances from the feed to the subreflector to the main 
reflector and back to the antenna aperture plane. 
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Figure 13. Typical Feed/Subreflector Scatter Pattern 
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Figure 14. Equivalent Paraboloid for a Cassegrain Antenna 
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After ensuring uniform phase, we investigate the aperture amplitude distri
bution. This is straightforward if we think of the Cassegrain antenna in its 
equivalent prime focus geometry. Figure 14 shows the concept. In essence, 
the main reflector is mirrored in the subreflector. This permits replacing 
the subreflector and main reflector by an equivalent paraboloidal reflector 
with a very long focal length. The ratio of this length to the true main 
reflector focal length is termed the magnification factor. The equivalent 
antenna consists of this paraboloid being fed by the unaltered Cassegrain 
feed horn. 

In a prime focus system, the feed pattern determines the aperture amplitude 
distribution; since the Cassegrain has an associated equivalent prime focus 
system, the same is true for a Cassegrai n system. The subrefl ector and main 
reflector will essentially reproduce the feed pattern in the aperture plane. 
Therefore, the feed horn performance is critical to antenna performance. 

Several types of feed horns are currently in use in earth station antennas-
diagonal horns, corrugated horns, and multimode horns. The selection is 
dictated by RF specifications, weight, size, fabrication techniques and 
economics. 

A diagonal horn feed is often chosen when dissimilar transmit and receive 
patterns are desirable. This is the case for an antenna needing very low 
6-GHz sidelobes and a very high 4-GHz gain . Figures 15 and 16 show the radi
ation patterns of such a diagonal horn. The large taper (24 dB) at 6 GHz 
produces low sidelobes and the 14-dB taper at 4 GHz produces a near uniform 
aperture distribution and, therefore, high efficiency. 

Figure 15. 4.2 GHz Diagonal Horn Pattern 
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Figure 16. 6.175 GHz Diagonal Horn Pattern 

A corrugated feed horn is often used when the transmit and receive specifi
cations are similar because it maintains a constant bearnwidth over large 
frequency bands. The receive and transmit distributions will be similar, 
yielding similar efficiencies and sidelobes. Typical corrugated horn pat
terns are shown in Figure 17 and 18. 

The multimode-feed horn is also employed as an earth station feed. It has 
characteristics similar to the corrugated horn except that its radiation 
characteristics are much more frequency sensitive. 
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Figure 17. 3.95 GHz Corrugated Horn Pattern 

In addition to affecting the aperture amplitude distribution, the feed pat
tern determines the amount of energy spilled over past the subreflector . 
From Figure 19 it is obvious that to· keep this energy low, it is important 
that the feed pattern drop sharply beyond the subreflector. Not only will 
this improve the antenna gain, but it will also prevent large sidelobe 
increases in the angu 1 ar region around the subrefl ector. Notice from the 
patterns of Figure 20 and 21 that the sharper dropoff of the diagonal horn 
means lower sidelobes in the subreflector spillover region. Thus, the Casse
grain design forces the designer into a compromise: either use a very high 
taper (low energy) on the subreflector edge to reduce the spillover, or suf
fer the subreflector spillover in order to have a more uniform distribution 
on the main reflector. 

Shaped-reflector systems were devised to overcome this Cassegrain compromise. 
The idea is to shape the reflectors such that a 1 arge energy taper on the 
subreflector will still produce an aperture distribution which is nearly 
uni form in both phase and amp 1 itude. The subrefl ector and main reflector 
coordinates are usually calculated numerically by computer, with no closed 
form solution for the surfaces ever being determined. Both reflectors are 
still surfaces of revolution, but they are no longer a hyperboloid and a 
paraboloid. 
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Figure 19. Typical Feed Pattern Showing Spillover Energy 
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Figure 20. Pattern of a 10 Meter Earth Station with Diagonal Horn Feed 
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While shaped~system coordinates are actually the solution of several simul
taneous equations, it is helpful to imagine the shaping process as follows: 
we wish to keep the spillover energy low, so we use a narrow feed pattern. 
However, this means a large subreflector edge taper, and so a large main dish 
taper. The main dish is being utilized inefficiently since its outer area 
has very little energy on it. So we shape the subreflector to redistribute 
the energy, directing energy from the center toward the outer portion of the 
main reflector. At the same time, we correct the main reflector to restore 
uniform phase across the aperture with the shaped subreflector. 

A typical partial computer printout for a shaped system's coordinates is 
shown in Figure 22. The input parameters in this case are subreflector size, 
main reflector size, half angle to the subreflector, feed location, feed 
pattern shape and aperture distribution. 
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Figure 22. Computer Printout for Dual Shaped Reflector Coordinates 
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A dual-shaped system is capable of efficiencies of 65 to 80%. A gain budget 
for such a system designed for 68% efficiency is shown in Figure 23. This 
particular system has a 9-dB "uptaper," that is, the geometry of the system 
uses a 13-dB subrefl ector taper to produce a 4-dB main di sh taper. Sub
reflector diffraction must then, of course, be accounted for. 
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Gain Factors 4000 MHz 6000 MHz 

Gain of Ideal 10 Meter Antenna 52.50dBi 56.02dBi 
Aperture Illumination Efficiency -0.09 dB -0.50dB 

Gain of Ideal 10 Meter Antenna 52.50dBi 56.02dBi 
Aperture Illumination Efficiency -0.09 dB -0.50 dB 
Spillover for Main Reflector -0.10 -0.06 
Spillover for Subreflector -0.60 -0.50 
Blockage Due to Subreflector and Spars -0.35 -0.64 
Surface Tolerance -0.13 -0.30 
Primary Pattern Phase Error -0.12 -0.20 
Cross-Polarization Loss -0.06 -0.10 
Loss in Horn-Orthomode Assembly 

(including mismatch) -0.20 -0.20 
Gain at the Output of the Orthomode 

Transducer 50.85dBi 53.5dBi 

Figure 23. Gain Budget for a 10 Meter Dual Shaped Antenna 

To illustrate how main reflector ta~er affects gain, Figure 24 lists illumi
nation efficiencies for various 1-P (1-A) tapers. As with all antennas, the 
more uniform distributions represent generally higher first sidelobes. 

Edge Illumination 
Taper (A)1 Efficiency 

(dB) Voltage (%) Gain Loss (dB) 

0 0 100 0 
1 .891 .999 .005 
2 .794 .996 .019 
3 .708 .990 .042 
4 .631 .983 .074 
5 .562 .975 .112 
6 .501 .965 .157 
7 .447 .954 .207 
8 .398 .942 .206 
9 .355 .930 .317 
10 .316 .918 .374 
15 .178 .860 .654 
20 .100 .818 .875 

Figure 24. Illumination Efficiency vs. Taper for a 1-p 2 (1-A) Voltage 
Distribution 
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Shaping techniques offer several advantages in addition to a more uniform 
distribution. For instance, a standard Cassegrain system has a gain loss due 
to subreflector blockage firstly because that area of the aperture is unus
able, and secondly because the system puts e·nergy into that wasted area. 
Shaped designs allow the designer to direct energy away from the central 
blocking region, allowing blockage to reduce gain largely by a loss in area. 
In addition, this means that reduced energy is directed back toward the feed 
horn so that the reaction of the subreflector on the feed impedance is geatly 
reduced. 

Another shaping technique is possible with reflectors which are equal to or 
greater than about 150 wavelengths in diameter. This technique maintains a 
high energy level on most of the main reflector but drops sharply near the 
periphery. The result is to produce low sidelobes in the reflector spillover 
region and yet a reasonably high efficiency. 

In all reflector antennas, including dual reflectors, objects in the aperture 
affect sidelobes. This is shown in Figure 25 where two spars of the antenna 
of Figure 20 were replaced with small guy wires. Notice that the pattern is 
affected in nearly all regions. 

·,--· - , -·· 
-··--· -·- ~ ~--- - ·----·~·r . 

~-11- @_ -. --- L 

! - .J~-+-+ +-4-~-111+ 

i 
Figure 25. Same Pattern as Fig. 26 but with 2 Spars Replaced by Guy Wires 
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Comparisons 

The following is a general rule of thumb for earth stat ions in the 10-meter 
range: if patterns are of prime importance, use a prime focus antenna; if 
gain is the critical parameter, use a dual-shaped system. For example, a 
comparison of the pattern of Figures 26, 27 and 8, 9 shows the prime focus 
design to have superior sidelobes, facilitating antenna coordination and site 
selection. This is primarily due to the reduction of blockage, diffracting 
and scattering contributors (spars and subreflector) . 
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Figure 26. Typical 4 GHz Pattern of 10 Meter Dual Reflector Antenna 

The improved sidelobes of a prime focus design are not gratis, however, they 
are paid for with reduced gain. The antenna of Figure 26 provides 0.65 dB 
more receive band gain than the prime focus antenna of Figure 8. 0.4 dB is 
attributable to aperture efficiency increase and 0.25 dB to a reduced length 
of waveguide, assuming that the LNA is located in the reflector hub. 
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Figure 27. Typical 6 GHz Pattern of 10 Meter Dual Reflector Antenna 

This 0.25-dB resistive loss not only reduces gain, but it adds 17K 
to the system. This noise increase along with the 0.65-dB gain 
means a 1.5-dB G/T reduction in a typical system with a 55K LNA. 
similarly be about 0.8 dB higher with dual-reflector systems. 

of noise 
decrease 
EIRP can 

Polarization requirements often dictate th.e use of dual-reflector antennas. 
Both the prime focus and dual-reflector antennas of Figures 8, 9 and 26, 27 
are equipped with feeds which are rotatable from the reflector hub, so they 
are both suitable for simple polarization adjustment. However, such schemes 
as polarization tracking, whether it be programmed Faraday correction or 
polarization autotracking, call for the vertex-mounted feed of a dual-reflec
tor system. 

The complexity of an autotracking feed (i.e., feed for an AZ-EL autotrack 
system) also normally requires a dual-reflector geometry. 
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Introduction 

B.e-Use Earth Station .Antennas 
Rick Barker 

The commercial satellite communications industry has grown substantially in 
the past decade. In the early satellites, the power supply system was the 
chief factor limiting the communications capacity. This restriction was 
determined by the payload limit that the launch vehicle could carry. 
Recently, the limitations are not power availability, but the available 
bandwidth that can be used in existing communications link. 

This problem of limited spectrum has numerous solutions. New frequency band 
allocations such as 14/12 GHz and 30/20 GHz are in use and offer additional 
bandwidth to ease the load. However, these require entirely new satellite 
and earth station systems. Another method, is to 11 reuse 11 the common C-Band 
(3.7- to 4.2-GHz downlink and 5.925- to 6.425-GHz uplink) by making use of 
the inherent isolation characteristics of orthogonal polarizations. 1 

The polarization state of the electromagnetic field allows two independent 
signals to be processed through the same communications link in the same 
frequency band. This method effectively doubles the bandwidth capacity of a 
satellite communications system. Polarization frequency reuse should not be 
confused with spatial reuse in which the frequency spectrum is reused with a 
multiple-beam antenna isolated by the spatial separation of the radiation 
patterns of each beam. As an example of a frequency-reuse satellite, the RCA 
SATC0M satellite has twelve transponders that are horizontally polarized and 
twelve transponders that are vertically polarized, thus permitting the reuse 
of the entire 500-MHz bandwidth in both transmit and receive applications. 
The carrier-to-interference ratio is enhanced by offsetting the center 
frequencies of each orthogonal channel by half the normal channel spacing. 
(See paper included in this book by J. Searcy Hollis, "Principles of 
Satellite Communications. 11

) 



Cross-Polarization Discrimination in ·Frequency Reuse Systems 

The success of frequency-reuse systems relies ultimately on maintaining high 
isolation between orthogonal channels. Frequency offsetting and the use of 
high quality antenna components in both satellite and earth station systems 
minimize the polarization coupling between channels '"'hich would otherwise 
result in i~terference and consequent signal-to-noise reduction. The 
measurement of polarization discrimination characterizes the ability of an 
antenna system to provide isolation between orthogonal channels. Polariza
tion discrimination is defined as the ratio of power received (or trans
mitted} in the principal polarization to the power received in the orthogonal 
polarization. 

Depolarization Factors 

Fact:Jrs in the antenna system, as well as the anisotropic behavior of the 
propagation mediu:n, cause depolarization of the desired signal. The cross
polarization discrimination provided by the satellite antenna varies depend
ing on the quality of the antenna and the relative location of the earth 
station. Hig~ quality antennas achieve 30- to 40-dB polarization discrimina
tion along the antenna boresight. Off-axis, the polarization discrimination 
deteriorates. The worst case is usually in the 45° plane of the radiation 
pattern. 

High winds or satellite drift can affect the pointing of the antenna. If the 
satellite and earth station antennas are not perfectly aligned, cross
polarization degradation can result. Further deterioration of the signal 
occurs from various phenomena in the propagation path, such as Faraday 
rotation in the ionosphere and depolarization due to the presence of rain. A 
summary of the sources of depolarization is given in Table 1. 

Table 1 . Depolarization Requirements for Good Dual Polarization 
Antenna Performance 

Sources of Depolarization 

OMT-Polarizer Isolation 
OMT-POlarization Axial Ratio 

a) Linear Polarization 
b} Circular Polarization 

Input VSWR to Feed Horn 
Feed Horn Axial Ratio 

a) Linear Polarization 
b) Circular Polarization 

Subreflector Alignment 
Asymmetric Surface Distortion 
of Main Reflector 
Sureflector Support Spars 
Light Rainfall (Compensation not Mandatory) 

2 

Typical Objectives 

40 dB 

40 dB 
0.2 dB 
1.3:1 

40 dB 
0.2 dB 
0.7 mm offset 
0.5 mm 

Tripod or Quadrapod 
27 mm/hr. (27 dB) 



Antenna Properties Belated to Depolarization 

Cross-polarization is produced by the nature of the field distribution in the 
antenna aperture. Variations of the electric field over the aperture result 
in radiated cross-polarization, as illustrated in Figure 1. A perfectly sym
metric and smooth reflector does not generate a depolarizing component on
axis or in the principal planes (parallel or perpendicular to a linear polar
ized vector), but would generate a depolarization component in other planes. 
Asymmetry and surface errors in the reflector cause further reduction in an 
antenna's polarization discrimination. Additional depolarization can occur 
from the subreflector in a dual-reflector type antenna. 

1 

A. Parallel fields would produce 
no cross-polarization. 

) 

8. Anti-parallel fields produce 
off-axis cross-polarization. 

Figure 1. Linear Field Distribution on a Circular Antenna Aperture 

Although several guidelines can be stated, it is difficult to compare the 
performance of different classes of antennas; for example, prime-focus and 
dual reflector, or Cassegrain and Gregorian. Polarization discrimination 
performance imp roves as the reflector diameter increases re 1 at i ve to the 
wavelength (both main reflector and subreflector). As the reflector 
approaches a planar surface (large f/0), the field distribution in the aper
ture more closely resembles the parallel field-line condition shown in Figure 
1, thereby reducing the cross-polar contribution. Also, a shaped, high-effi
ciency subreflector (used in quasi-Cassegrain antennas) contributes to reduc
tion in cross-polarization over the traditional hyperboloidal/parabolodial 
configuration. 2 

The primary feed polarization property is the dominant factor in the deter
mination of an antenna's polarization discrimination. Feeds which produce 
symmetric radiation patterns in all planes are ideal. Corrugated horns are 
more balanced than diagonal horns in this respect. Diagonal horns, though, 
are preferable to square, rectangular, or conical horns. Small-aperture, 
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Figure 2. Net Polarization Discrimination for Earth Station Links with a 
Typical (33 dB Axial Ratio) Satellite Antenna 

40 

circular horns radiate less cross-polarized content than large-aperture horns 
because the fundamental TE11 mode field lines curve less in the small
aperture horns. However, with small-aperture horns a large half-angle is 
usually subtended by the main reflector (or subreflector). Problems 
associated with subtending a larger reflector angle are a low f/0 ratio in 
the prime-focus configuration or increased blockage and VSWR in the dual
reflector configuration. 

Two antennas with different values of polarization discrimination interact to 
produce a combined effect for a given satellite earth station link. Figure 2 
illustrates the net effect for a range of earth station antenna axial ratios 
assuming a satellite antenna with 33-dB axial ratio. 

Ionospheric Depolarization 

The ionosphere is a neutral gas containing charged particles (called a 
plasma). A plasma in the presence of a magnetic field becomes an anisotropic 
medium. The earth's magnetic field provides the condition necessary for the 
ionosphere to be anisotropic . The effect of the ionosphere is to rotate the 
polarization of a radio wave passing through this layer of the atmosphere. 
Faraday observed the same occurrence in light traveling through gyrotropic 
crystal with an applied magnetic field. Consequently, the phenomenon is 
called "Faraday rotation". 
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Earth 

Uplin 

.,_! -- ._ -

Earth 
Station 

--Downlink 
Rotation 

Counterclockwise looking 
toward the satellite 

------
Equator 

Clockwise looking toward 
the earth station 

Figure 3. Faraday Rotation of Satellite Communication Signals in the , 
Ionosphere • 

The rotation of an electromagnetic wave passing through the ionosphere 
depends on the direction of propagation (definition of anisotropic). For an 
earth station in the northern hemisphere looking toward a synchronous satel
lite, an uplink linear polarization is rotated counterclockwide (CCW), and a 
downlink linear polarization is rotated counterclockwise (CCW) (as viewed 
from the ground looking toward the satellite). Therefore, to correct for the 
polarization rotation in the receive signal, the earth station feed should be 
rotated CCW (as one faces the satellite). However, since the uplink is 
rotated CCW, the earth station transmit portion of the feed should be rotated 
CW in the opposite direction of the receive feed. Figure 3 illustrates the 
sense of depolarization experienced by microwave signals in the ionosphere 
for both uplink and downlink communications. 
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The magnitude of Faraday rotation depends on the electron d nsity of the 
ionosphere, the magnetic fie 1 d intensity, and the component of the wave 
traveling along the magnetic field vector. The amount of r tation varies 
hourly and seasonally depending on the concentration of ele trons in the 
ionosphere. Generally, the ionization is highest during th day shortly 
after noon, during the winter or spring (for the northern he isphere), and 
during periods of heavy solar activity. Also, the amount of Fa aday rotation 
is inversely proportional to the square of the frequency. Whereas iono
spheric depolarization may be a serious handicap at 4 and 6 G z, at Ku-band 
and hi~her frequencies the problem is negligible. Typical p ak values are 
near 4 at 4 GHz and 2° at 6 GHz for northern continental Ul ited States. 3 

Figure 4 correlates the amount of polarization rotation with the resulting 
reduction in cross-polarization discrimination. The polarizati ,n discrimina
tion attributed to 4° of Faraday rotation is approximately 23 di~. 
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Figure 4. Effect of Polarization Rotation on Polarization Dlscr minatlon 
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Rainfall along the transmission path from the earth station to the satellite 
depolarizes the signal. The depolarization comes about because the falling 
raindrops are elliptical in shape and cause amplitude and phase distortions 
in the two orthogonal linear polarization components of any incident polar
ization. The result of the propagation through the rain cell is therefore a 
change in the polarization of the signal. The resultant depolarization is a 
function of frequency, rain rate, rain cell size and look angle to the satel
lite. The amount of depolarization caused by the rain cell is dependent upon 
the incident polarization, but all polarizations (linear, elliptical, or 
circular) are affected; for example, a pure linear polarization (axial ratio 
equal to infinity) will be changed to an elliptical polarization (axial ratio 
will be greater than 1) as it passes through a rain cell. 

The amplitude and phase distortions are, as mentioned above, frequency depen
dent. In the 6/4-GHz bands, accepted theory points out that the differential 
phase between the two orthogonal linear compoenents is the dominant factor of 
the two. At the higher frequency bands, 14/12 or 30/20, both factors are 
significant. Therefore, rain depolarization for a given rain cell and rain 
rate is more serious for the higher frequency bands. Typical depolarization 
due to rain for the 6/4-GHz band is shown in Figures 5 and 6. 
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Figure 6. Reduction in Polarization Discrimination Attributed to Rainfall at 
6 GHz (Constant Canting Angle= 30°) 

CompensatiDg for Depolarization 

Beyond the initial system design, adaptive control systems can be used if 
necessary to automatically correct for signal depolarization resulting from 
Faraday rotation and rainfall. Analytical models can predict the behavior of 
the ionosphere and the resultant Faraday rotation that would be produced. 
Controls can be programmed to adjust the signal polarization accordingly. A 
more accurate method is to monitor a beacon s i gna 1 from the sate 11 i te and 
generate error signals based on the amount of detected depolarization. The 
error signals drive compensation polarizers in the reuse feed. The same 
information can be used to "precompensate" the uplink signal. In the future, 
satellite telemetry data may contain feedback to assist the generation of 
accurate uplink compensation control v·oltages. 

A quarter-wave polarizer can compensate for the rain-induced differential 
phase shift at 4 and 6 GHz in either linearly or circularly polarized sig
nals. Differential attenuation caused by rain is negligible at 4 to 6 GHz, 
but can be substantial between 10 to 35 GHz. Differential attenuation 
applies only to linearly polarized signals and destroys the orthogonality of 
the wave. If desired, a compensating attenuator may be used in the feed to 
restore the orthogonality of the signal. 
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Introduction 

Earth station Geometry 

F.M. Fonda 

The subject of earth station geometry deals with the a1m1ng of a very narrow 
pencil beam of the antenna towards a geostationary satellite. 

The fraction of hemisphere area of sky covered by the pencil beam of an earth 
station antenna is quite small. The fraction is: 

1 

( 1-cos \ /2 ) 

where~ is the half-power beamwidth of the antenna. 

A 5-meter antenna having a nominal beamwidth of 1° at 4 GHz covers one part 
in 26,000 of the hemisphere. The 10-meter coverage is one part in 104,000. 
Thus, locating a satellite requires accuracy in positioning relative to known 
geographical coordinates. Reliable communication performance requires that 
the antenna mount structure have sufficient rigidity to maintain this posi
tion under operating environments. 

Satellite Earth Geometry 

Figure 1 is a space view showing some of the domestic satellites at their 
respective longitudinal positions. The orbital radius of each satellite is 
equal to 6.611 earth radii. At this distance the period of orbital rotation 
for a satellite is equal to the period of earth rotation. The orbital plane 
of these satellites passes through the equatorial plane of the earth. 
Because of these two constrai nts--a circular orbit about the earth with a 
radius of 6.611 earth radii and the plane of the orbit lying in the equato
rial plane of the earth--the satellites appear stationary with respect to any 
point on the earth. 



Anten:na Positj.on1ng Systems for Geostationary Satellite 
Coverage 
There are two broad classes of positioning systems used for satellite earth 
station antennas. One class consists of orthogonal two-axis configurations; 
the other is the one-axis or single-axis configuration. The two-axis systems 
are characterized by the orientation of the lower-most axis with respect to 
the ground. Thus, a two-axis system having its lower axis perpendicular to 
the ground (Figure 2a) is called "elevation-over-azimuth." 

hronou• Orbit (At 6.611 Earth Rad") 
G•o•~ne " 

55 ° w 

Figure 1 . Satellite-Earth Geometry 

One that has its lower axis parallel to the ground (Figure 2b) is called 
"X-Y ." One that has its lower axis parallel to.the earth's axis of rotation 
(Figure 2c) is called 11 hour angle-declination 11 

(
11 HA-DEC 11

) or 11 polar." Each 
of the three positioning systems has the beam-axis or pointing direction 
perpendicular to the upper axis. Providing there are no physical rotational 
limitations, all three types can theoretically point in any direction. 

2 



Development of single-axis antenna mounts was brought ab.out by efforts to 
reduce the costs and increase the versatility of earth stations. For a com
parison of characteristics, consider a hypothetical X-Y mount of Figure 3b 
installed in Atlanta, Georgia. The lower axis, which is parallel to the 
ground, is placed normal to the azimuth direction 176.69 degrees. _ In this 
orientation the beam axis can traverse from any satellite to any other satel
lite between 87° and 135° west with only 0.8 degrees change in the Xl axis. 
Alternatively, with the Xl axis fixed, the maximum elevation error is ±0.4 
degrees. The two-axis mounts of the last example can obviously be replaced 
by the single-axis system shown in Figure 3a, provided the inclination and 
orientation of the single axis is the same as the upper axis of the previ
ously described in X-Y mount. The single-axis · system can thus scan any 
satellite between 70° and 135° west with the same error since the two systems 
are identically equivalent. 

The declination-corrected single-axis mount, shown in Figure 4, can be con
sidered an adaptation of the polar mount. The axis of the declination-cor
rected mount is inclined along a north-south line like the polar mount, but 
the angle of inclination is slightly different. Unlike the single-axis sys
tem of figure 2b, which has the beam axis normal to the axis of rotation, the 
declination-corrected system has the beam direction depressed a fixed angle 
from p~rpendicular so that the axis of the antenna beam sweeps along the sur
f ace of a cone centered about the axis of rotation. It permits a predeter
mined arc of the geosynchronous orbit to be scanned with minimum pointing 
error. It will be shown that less than 0.05 degrees pointing error results 
in pointing to any sate 11 i te in the 70- to 135-degree synchronous arc from 
any position in C0NUS (contiguous United States). 

The following sections will discuss aspects of these various positioning 
systems and show how they solve the satellite-viewing geometry problem. 

A. Elevation-over-azimuth B.X-Y 

Polar 
Angla--

HOfUZONT AL f 
NOlllTH- IOUTH LINE 

C. Polar 

Figure 2. Schematic Illustrations of Two-Axis Earth Station Positioning : 
Systems • 
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Figure ·3. Comparison of Single-Axis Antenna Mount (a) with X-Y Mount 
(b) Having Same Orientation 
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Figure 4. Declination-Corrected Single-Axis Mount 
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Elevation-over-Azimuth Pointing System 

A universal method of describing the direction of a point on earth as well as 
points in space is by using the elevation-over-azimuth coordinate system. 
Azimuth is defined as an angle produced by rotation about an axis which is 
perpendicular to the local horizontal plane. The zero reference for measur
ing true azimuth is north. East is then 90°, south is 180° and west is 270°. 
Elevation is defined as an angle produced by rotating a line about an axis 
which lies in the local horizontal plane. In an elevation-over-azimuth 
pointing system, an azimuth rotation causes the elevation axis to rotate in 
the local horizontal plane. If the beam axis of an antenna is considered 
attached and normal to the elevation axis, an elevation rotation will always 
cause the beam axis to rotate in a local vertical plane. When the beam axis 
is parallel to the ground, the elevation angle is zero. A 90° elevation 
rotation points the beam to the zenith. 

Since gravity level is the reference for elevation in this two-axis system, a 
simple bubble-level protractor or inclinometer can be used to establish the 
correct elevation angle to a particular satellite. Then, an azimuth sweep 
can be made to point the antenna beam at the satellite. Figure 5 shows ele
vation-over-azimuth geometry for geosynchronous satellite sighting. The 
azimuth axis of the mount is shown perpendicular to the local horizontal 
plane. An extension of this axis intersects the center of the earth. The 
elevation axis is parallel to the local horizontal ground plane. The ele
vation angle of the line-of-sight is measured _in a local vertical .plane. 

To Satellite 

Local Horizontal 
Ground Plane 

Figure 5. Elevation-over-Azimuth Geometry 
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The appendix gives a derivation of the elevation and azimuth angles to a 
satellite and also shows the geometry of these angles in more detail. 

The initial installation of an elevation-over-azimuth mount is not critical. 
The azimuth axis should be nearly vertical so that an azimuth sweep results 
in a minimum change in elevation angle. The Scientific-Atlanta 5- and 10-
meter mounts, if installed with their three feet within 1/8 inch of being 
level, will have an elevation pointing error of less than 0.1 degree for a 
50-degree change of azimuth position. Minimum and maximum elevation angles 
for covering sate 11 i tes between 70 • and 135 degrees west longitude are given 
in Figure 6 for the United States. Note that except for the northeastern New 
England states and the no~thwest tip of Washington, the minimum required 
elevation look angle is greater than 15 degrees. The numbers enclosed in 
boxes and located every 5 degrees in latitude between 25° and 45° are the 
maximum elevation angles at those latitudes. These maximum elevation angles 
will occur when the satellite and the site are at the. same longitude. 

11.1• 

----------•--IT"•t•--
' ' I I I 

Figure 6. Minimum Elevation Angle Contours for Satelllte 
between 67° and 143° 

The azimuth center heading of the mount should be selected to ensure coverage 
of satellites located between 70 and 135 degrees west longitude. Figure 7 
gives the total azimuth range necessary in the United States for this cover
age . Note that the required range increases for lower latitudes. Figure 7 
also shows the azimuth center heading of the positioner for equal clockwise 
and counter-clockwise pointing angles to cover the 70- to 135-degree orbital 
arc. 
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Figure 7. Total Azimuth Angle Contours of Satellites between 67° and 143° 

Figure 8 is a graph of azimuth and elevation angles versus a particular site 
latitude and the longitudinal difference between the satellite and the site. 
The horizontal and -vertical rectangular coordinates are site latitude and 
difference longitude, respectively. The curved lines running toward and 
labeled at the top of the graph are the required azimuth angles (add to 180 
degrees if satellite is west of site, subtract from 180 degrees if satellite 
is east of site). The curved lines running toward and labeled at the left 
margin (down to 15 degrees) are required elevation angles. (The elevation 
lines of 10 degrees and below are labeled .at the top of the graph.) To 
determine required azimuth and elevation angles, find the satellite site 
longitudinal difference and move vertically on this line until it intersects 
the horizontal site latitude line. At this intersection interpolate between 
bounding azimuth and elevation curves for the requiring angles. (Make the 
180-degree azimuth correction as cfted above.) This graph and its derivation 
is contained in the appendix. 

The azimuth and elevation angles to a particular geostationary satellite can 
be calculated using the satellite longitude, Z; the site longitude, Y; the 
site latitude, X; and the below listed equations: 

C = Z - Y 

A( azimuth) = 180° + tan -l (H~ ~)-

-1 
E(elevation) = tan 

( 

(cos C cos X) - 0.1512~\ 

/ sin2 C + cos2 C sin2 X / 
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Figure 8. Universal Azimuth-Elevation Look Angles 

The process of establishing the angular references for the earth stations 
angular readout system is called 11 boresighting. 11 If the earth terminal 
foundation and anchor bolts could be installed to a known heading with no 
error, or if the installed foundation mount heading is surveyed accurately, 
then boresighting is simply a matter of referencing the readout of the mount 
axis with respect to the foundation. If the mount heading is not known with 
accuracy sufficient to directly calibrate the angular readout system, then 
peaking up on a known satellite and making a gravity-based angular measure
ment of an axis will permit system boresighting. To do this, a particular 
satellite must be first acquired as described below for the elevation-over
azimuth system: 

a. A particular satellite's local azimuth and elevation angles are 
calculated based upon the site's longitude and latitude. 

b. An inclinometer is set to the proper elevation angle. It is placed 
on the feed plate and the antenna is elevated until the bubble shows 
level. 

c. The antenna is scanned in azimuth until the satellite is acquired 
and peaked. 

d. The azimuth 9-nd elevation measuring system is set to read the cor
rect azimuth and elevation angles to the satellite. At this point 
the earth statiQn is boresighted. 
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X-Y Pointing System 

The X-Y axes configuration is structurally less complicated than elevation
over-azimuth positioning support systems. The X-Y mount is sometimes called 
an azimuth-over-elevation mount. This is really a misnomer because azimuth 
is defined as an arc of the horizon. Figure 9 shows the lower-most axis, 
designated Xl. This axis is parallel to the ground and in this example 
passes through the rear two feet of the mount. Rotation about the axis {by 
changing the length of the front foot or the lengths of the two rear feet) 
moves the antenna in elevation. The Y1 axis lies in a vertical plane which 
is perpendicular to Xl axis. The position of the Yl axis in the vertical 
plane can range from vertical 'to horizontal depending upon rotation of the Xl 
axis. Note that the mount heading is designated Al. This angle, measured 
from north, is to the projection of the Yl axis onto the horizontal plane. 
It is established during installation of the foundation. 

The X-Y mount is generally less complex than an elevation-over-azimuth mount 
because the ground and the foundation provide direct support for the lower
most axis (the Xl axis). The lower-most axis (azimuth) of the elevation
over-azimuth mount is perpendicular to the ground, and so structure must be 
provided to support its upper end. This difference is offset somewhat in 
practical systems when ground clearance for the reflector is considered. The 
elevation-over-azimuth mount tends to raise the reflector as a direct conse
quence of establishing the supported vertical azimuth axis. The X-Y configu
ration requires attention to ground clearance, and compromises in satellite 
arc coverage frequently must be made. 

Longitude 

Local Horizontal 
Ground Plane 

N 

s 

Figure 9. X-Y Mount Geometry 
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Each manufacturer of X-Y mounts has his own particular recommendation for 
establishing the mount heading during foundation pouring and anchor bolt 
setting. In general, the heading is chosen so that a specific satellite arc 
coverage can be obtained in a continuous sector. Whatever the recommenda
tion, the actual installed heading must be determined accurately so that the 
system can be boresighted and the Xl-Yl angles calculated to position the 
antenna to various satellites. As is the case for the elevation-over-azimuth 
mount, the mount heading for the X-Y mount may be determined by accurate 
direct survey or by an indirect process using an acquired satellite and 
gravity-level-referenced angular measurement of one of the axes as starting 
points. This latter process is mathematically achieved as follows: 

1) Al= A - A2 

Where: (A is satellite azimuth angle, Al is mount-heading azimuth 
angle) 

2) A2 = sin-1 (~~~ ~
1
); use inclinometer to measure Yl 

(Yl is upper-axis angle, Eis satellite elevation angle) 

or 3) A2 = cos-I ( ~!~ ~1); use inclinometer to measure Xl 

(Xl is lower-axis angle) 

or 4) A2 = t - 1 ( tan Yl \ • use inclinometer to measure Yl and Xl an cos Xl "/ ' 

When Al is determined, it then is a constant for the particular site in all 
future determinations of the X-Y mount angles Xl and Yl. 

These angles can be determined for a particular satellite by first determin
ing its elevation angle E and then proceeding as follows: 

1) Xl = tan-1 ( 
tan E ) 
cos A2 

2) Yl = tan-1 (tan A2 cos Xl) 

or 3) Yl = Si n-l (cos E sin A2) 

For this discussion the following axis and angle convention is employed: 

The Xl lower axis angle is measured the same way as elevation E; i.e., when 
the lower axis has the upper axis vertical the antenna is pointing to the 
horizon and Xl is 0. The Yl upper axis angle is zero at peak ascension, and 
is positive toward the west and negative towards the east. For example, when 
Xl is 90°and Yl is zero, the antenna points to the zenith. 

A discussion of pointing and alignment techniques that relate to the X-Y 
mount is presented in Appendix A. 
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Figure 14. Polar Mount Geometry 

Polar Mount Pointing System 

A polar mount has two axes of rotation, hour-angle and declination. Figure 
14 shows its geometry. The hour-angle axis is aligned parallel with the 
earth's axis. The hour angle is inclined in a north-south direction from 
local horizontal through an angle equal to the site latitude. Thus, this 
axis i~ parallel to the ground at the equator and perpendicular to the ground 
at either pole. When this alignment is achieved, it is possible by rotating 
about this axis at one revolution per day to keep the line-of-sight fixed at 
a point on the celestial sphere. Most astronomical telescopes have the polar 
axis configuration because of this characteristic. With zero declination 
angle (the antenna line-of-sight perpendicular to the hour-angle axis) sweep
ing about the hour angle axis could scan the antenna beam in a plane parallel 
to the plane through the equator. To point to a synchronous satellite on the 
equatorial plane, the antenna must be depressed in declination because of the 
finite orbital radius of the satellite. The amount of declination required 
is a function of (a) satellite longitude, (b) site longitude, and (c) site 
latitude. A polar mount located in Philadelphia for instance has a 0.41° 
required change in declination covering satellites between 70° and 135° west 
longitude. It is possible to reduce this required declination change by more 
than an order of magnitude by introducing a correction tilt to the hour-angle 
axis during initial system installation. The possibility then exists that 
such a system could point with negligible error to any satellite between 70° 
and 135° by rotating about one axis only. The hour-angle and declination 
angle-equations are given in the Appendix B. 
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Figure 15. Single Axis Mount Geometry 

Single-.A1ds Pointing System 

Scientific-Atlanta has developed the least complicated of all positioning 
systems for satellite earth station antennas. This class of positioning 
system is defined by the term single-axis. There are two sub-groups of posi
tioners within this class: the basic single-axis positioning system and the 
declination-corrected single-axis or DEC-corrected single-axis positioning 
system. A single-axis system which has the beam axis perpendicular to the 
axis of rotation may be considered to be an X-Y mount whose lower axis is 
fixed after the installation of a particular site. The pointing system is 
based on the fact that an axis of rotation which is normal to the plane pas
sing through the station site and two satellite points wi 11 aim the antenna 
to the two satellites with zero pointing error. Figure 15 shows the geometry 
of the single-axis pointing system. The pointing errors for satellites 
between and beyond the two sate 11 ites is generally sma 11. Figure 16 shows 
that the error spread for U.S. eastern satellites is less than 0.1° when 
establishing COMSTAR III and WESTAR IV for zero error. Figure 17 similarly 
shows an error spread of less than 0.1° for western satellites using SATCOM I 
and II for zero error. A good compromise for U.S. satellite coverage is 
shown in Figure 18. The two sate 11 ites chosen for zero error are COMSTAR I 
and II. All satellites from 87° to 135° are within 0.4° of the antenna LOS. 

12 



Unlike conventional HA-DEC mounts, Scientific-Atlanta single-axis mounts are 
relatively insensitive to errors in foundation heading. This is because the 
lower end of the axis is attached to the front foot with .what is essentially 
a ball joint. The upper end of the axis is similarly supported by an equiva
lent ball joint connection to two supporting legs. These legs are telescop
ing and therefore al low the upper axis to pivot about the lower end. The 
proper axis orientation can be achieved by telescoping the two supporting 
legs. Furthermore, this orientation can be maintained even with considerable 
error in the location of the foundation mounting feet. Since the legs are 
telescoped to create the proper distance from the upper end of the axis to 
the displaced mounting feet, the mount compensates for foundation installa
tion errors. It may be seen 'that there is no need to have a level founda
tion. Each of the three mounting feet are independent and need only to be 
placed such that (1) a stable structure results and (2) the two telescoping 
legs and the single-axis strut adjustor can be operated within their 
physical-length constraints. 
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Figure 16. Pointing Error for U.S. Eastern Satellites (single axis zero error 1 

at 87° and 99°W longitude) 

A convenient way to describe the orientation of the s i ngl e-axi s is to give 
its orientation in local azimuth and elevation angles. Figure 19 shows the 
single-axis geometry in a local coordinate system. A vertical plane is 
passed through the axis. The azimuth and elevation angles of the axis are 
measured by measuring the azimuth direction of this plane and the elevation 
of the axis above the horizontal. 
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Figure 17. Pointing Error for U.S. Western Satellites (single axis zero 
error at 119° and 135°W longitude} 
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Figure 18. Pointing Error for U.S. Eastern and Western Satellites (single : 
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14 



The single-axis pointing geometry can be described in terms of X-Y geometry. 
To do this, the following conventions are established: 

1) The single axis is the Yl axis. 

2) This axis is elevated with respect to the horizontal through a fixed 
an g 1 e , El. ( Ei = 90 - Xl) 

3) If Xl = 90°, the axis lies on the ground. 

4) With Yl = 0, the antenna looks at the zenith. 

5) The azimuth direction of the vertical plane containing the single 
axis is Sl. (The bottom end of the axis is the pointing end of the 
plane.) 

When two satellites with azimuth and elevation angles of A1, E1, and A2, E2, 
respectively, are selected for zero pointing error, Sl and El can be deter
mined from the following equations: 

Xl = tan-1 (-t_a_n_E_1_) = tan-l(_t_a_n_E_2) 
cos A2 1 cos A2 2 

El= 90 - Xl 

The Yl look angles to the satellite can he determined by: 

Y1 1 = tan- 1 (tan A2 1 cos Xl) 

Yl 2 = tan- 1 (tan A2 2 cos Xl) 

Establishinq the proper orientation of the single axis is most conveniently 
done usinq a plumb line, a horizontal line and a site compass. The hori
zontal line is aligned along the proper azimuth headinq usinq the site com
pass. The two rear legs are adjusted so that the plumb line dropping from 
the reference hole in the single-axis structural member of the mount just 
touches the horizontal line at the proper distance. The telescoping legs are 
drilled and bolted at this position, and proper installation is completed. 
If there is any uncertainty in the actual azimuth headinq, Sl of the 
installed sinqle-axis mount, the same procedure described for the X-Y mount, 
may be used to boresight the system with a sinqle exception. The sinqle-axis 
Xl angle (90 - El) is fixed because there is only one Xl angle which provides 
zero error at the two selected satellites for a given installation. 
Therefore, the rear legs are differentially adjusted to correct the heading 
error. The single axis is rotated through an angle Yl a corresponding amount 
shown in Figure 11 to correct for the heading error, A2. 
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Figure 19. Single Axis Geometry 

Declination-Corrected Single .Axis Pointing System 

NORTH 

Figure 21 gives the geometry of the declination-corrected single-axis point
ing system. The angle, 01, reflector tilt is similar to the declination 
angle, 0, of a polar mount. The single-axis elevation angle E2 is similar to 
the polar angle of the polar mount. The single axis is aligned in a true 
north-south plane. With angles 01 and E2 properly established (during ini
tial installations), the declination-corrected single-axis mount will posi
tion the antenna to within 0.005 degree of the geosynchronous orbital arc for 
the range of satellite positions from 70° to 135° west longitude for earth 
stations located anywhere in the continental United States. Figure 22 is an 
error-spread plot of this pointing system for latitudes of 25° and 50°. The 
correction factor, K (used in pointing equations presented later), is a 
single value for this range of latitudes. (A different value of K is used 
for latitudes below 25° and above 50°. The resulting error plots are similar 
and show no greater spread.) This error plot is symmetrical about zero LHA 
(Local Hour Angle); therefore, it is equally applicable for positive LHAs 
required at eastern sites and negative LHAs required at western sites. 
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Figure 21. Declination Corrected Single Axis Mount Geometry 

The single axis is aligned in a true north-south plane regardless of the site 
location. It is theoretically possible to reduce even further the pointing 
error by aligning the S.A. at a heading similar to the noncorrected single
axis system previously described. However, the error associated with north
south alignment is practically zero already, and there is an advantage in the 
uniformity of installations all having the same heading. 

The installation equations for the declination-corrected single-axis mount 
are: 

D1 = K + tan-1 ( Sin X ) 
6.611 

E2 = X - Dl + tan-1 / sin X ~ 
\ 6 .611 - cos X / 

The pointing angle about the single axis for any particular satellite is 
nearly the same as LHA for a HA-DEC ·mount: 

H .. t an-1 /_ ______ s_i _n_C ______ ~ 
\ cos C 0.15126 cos X j 
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The declination-corrected single-axis positioning system has the same founda
tion inaccuracy tolerance as does the single-axis positioner previously des
cribed. The single axis of rotation is supported by the equivalent of ball 
joints. The two supporting rear legs are telescoping to allow achieving the 
proper single-axis elevation angle, E2, and at the same time, compensate for 
foundation anchor bolt placement errors. This physical design allows the 
careful setting of the single axis to well within 1 arc minute of the 
required north-south heading and the proper elevation angle, E2. When this 
installation alignment has been completed, the telescoping legs are drilled 
and bolted. The system then can sweep the entire U.S. assigned satellite 
orbital arc about the single axis with essentially zero error . 
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Figure 22. Pointing Error for Declination Corrected Scientific-Atlanta Mount 

Several benefits accrue. The reliability of those installations which are 
remotely positioned is doubled over two-axis systems. The entire range of 
U.S. satellites is covered in one continuous sector. The polarization of the 
antenna is maintained constant with respect to the orbital plane and is 
unaffected by antenna position. As a consequence, no polarization peaking of 
the antenna feed is required for those satellites which maintain their polar
ization vectors in or orthogonal to the orbital plane. Satellite acquisition 
is greatly simplified because the search is one dimensional instead of two. 
Rotating the antenna about the single axis either in an easterly or westerly 
direction wi 11 intercept the next geosynchronous sate 11 i te to the east or 
west of the present position. 
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.APPEll'DIX A 

Pointing anti A]ign:ment Techniques 

When an X-Y mount is boresighted using the indirect satellite reference pro
cedure, the extent to which the mount heading is unknown can add to satellite 
acquisition difficulties. The following procedure will aid this initial 
satellite acquisition process. 

1) Select a satellite which has an azimuth angle A as close as possible 
to the estimated mount heading Al so that A2 = (A - Al} is as close 
to zero as possible. 

2} Calculate Xl and Yl using the best estimate of A2. Adjust the X and 
Y axes to the calculated Xl, Y1 angles using the mo_unt's degree 
scales, if supplied, or an inclinometer. 

3} Scan through an angle of ±t.Yl corresponding to the uncertainty in 
A2. Correct Xl as necessary during this scan so that the acqui s i
t ion beamwidth is not exceeded by the cross-coupled motion in ele
vation. Figures 10, 11, 12 and 13 are provided to give perspective 
to this procedure. 

Figure 10 is a plot of Yl as a function of satellite elevation, E, and 
satellite-mount heading azimuth difference, A2. It can be seen that the 
amount of Yl rotation required for a given A2 is always less than A2. This 
graph can aid the satellite acquisition process. An example is given at the 
end of this section using Figure 12. 

Figure 11 is a plot of t.Xl = Xl - E, as a function of A2 and E. It can be 
used to roughly determine the required mount Xl angle by moving vertically 
along the particular A2 value until the proper E curve is reached and then 
horizontally to read t.Xl. The proper· value of Xl is then t.Xl + E. 

The purpose of Figure 11 is to indicate the amount of change in Xl as a func
tion of a change in A2 to aid in the initial acquisition of the satellite 
when there may be an error in mount heading. 

The following example will explain the use of these figures as aids in bore
sighting an X-Y mount. 

For this example, the nearest satellite is 18.5 degrees away from the assumed 
mount heading. The mount heading can be off as much as ±5 degrees. There
fore, 13.5°<A2<23.5°. Elevation angle, E, to this satellite is 40.0°. 

Refer to Figure 12 to determine range of values of Yl for sweep search. 
Figure 12 is made from Figure 10 as follows: 

1) Draw horizontal reference line at elevation E = 40°. 

2) Determine the location of A2 = 18-1/2° between the A2 curves of 15° 
and 20° on the line E = 40°. 
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Figure 10. Y1 = f (A2,E) for an X-Y Pointing System 

3) Al so locate 18 1/2° ±5° = 13-1/2° and 23-1/2° on the line E = 40°. 

4) Drop vertical lines from the three values of A2 down to the Yl scale 
and read corresponding Yl values. (For A2 = 13-1/2°, Yl = 10-1/4°; 
for A2 = 18-1/2°, Yl = 14°; for A2 = 23-1/2°, Yl = 17-3/4°) 

Thus, for the nominal A2 value of 18-1/2°, the corresponding Yl is 14°. The 
algebraic sign of Yl is the same as A2. If the satellite is east of the 
foundation heading, A2 is (-) and Yl is (-). Note that the differential 
travel of the Y axis is ±3-3/4° for accommodating the A2 uncertainty of ±5°. 
A Y-axis search for the satellite under these circumstances should be limited 
to ±3-3/4° about the nominal Yl value of 14°. See Q). 
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Refer to Figure 13 to determine the corresponding changes in Xl. The ele
vation angle of 40° falls within the range of the E = 30° to 55° curve in 
Figure 10. Therefore, just this curve is reproduced in Figure 13. The 
change in Xl angle is determined as follows: 

1) Locate A2 value of 13-1/2°, 18-1/2°, and 23-1/2° on the horizontal 
A2 scale, Draw vertical lines from these points until they intercept 
the E = 30° to 55° curve. 

2) From the intercepts on the curve, draw horizontal lines to intercept 
the AXl scale. 

5.0 .------,.-----,-----r----.,..-----,r---~ 

4.Ol-------1----+----+-----t----t------j E • 30° to 55° 

E • 25° to 30° and 55° to 60° 

6x, 

A2 

Figure 11. 6X1 = f (A2,E) 

3) Read the AXl values for corresponding AA2 values. 

Note that a decrease in the absolute value of A2 gives a decrease in Xl and 
occurs with a decrease in the absolute value of Yl. Thus, if the foundation 
heading is closer to the satellite than the best guess, the Xl angle must be 
decreased during the search. For this example, Xl decreased by 0.65° for a 
5° error decrease in actual A2, and Xl increases by 0.95° for a 5° error 
increase in actual A2. See @. 
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(D The nominal value of Yl should be calculated usinq Yl = sin- 1 
(cos E sin A2) instead of using Figure 10. Usinq this equation, Yl 
= 14.07°. Similar calculations using A2 = 13-1/2° and 23-1/2° yield 
Yl values of 10.30° and 17.79°. Fiqure 10 and the subsequent exam
ple of Figure 12 are intended to give a broad view of the relation
ship of Yl as a function of A2 and E. 

@ The nominal value for Xl should be calculated using 

Xl = tan-1 / tan E \ 
\ cos A2) 

E 

Y1 

Figure 12. 
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Figure 13. 

For this example, Xl = 41.50°. As for AYl, the AXl values are easily cal
culated. Figures 11 and 12 should be viewed in the same light as Figures 10 
and 12. 

After the satellite is acquired and the pointing of the antenna is peaked, A2 
can be accurately determined by measuring either Xl or Yl and using the 
appropriate A2 formula. When this is done, the boresighting of the X-Y mount 
is complete. 
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.APPB1'TDIXB 

Derivation of Elevation and Azimuth Pointing .ADgles to Geo
stationary Satellites 
Refer to Figure lA, 18, and lC. 
the geosynchronous orbital arc. 
where: 

Figure 18 is a bottom view of the earth and 
It shows a satellite located at an angle C 

C = satellite longitude - site longitude ( 1) 

It also shows the geosynchronous arc at 6.611 earth radii. A rectangular 
coordinate system is established in the orbital plane with the local meridian 
as a coordinate axis. In this coordinate system, the coordinates of the 
satellite are: 

(6.611 sin C, 6.611 cos C) (2) 

Figure lA, is a side view of the earth with the equatorial plane bounded by 
the geosynchronous orbital arc shown as a horizontal line. A local horizon
tal earth plane at a latitude angle, X, is shown as a tangent line touching 
the earth. The azimuth and elevation angles to a satellite are developed by 
projecting the satellite position (from 18) onto this horizontal earth 
plane. 

Figure lC is a projection of the orbital arc into the local horizontal plane. 
It is the view of the orbital arc by an observer at a great distance above 
his local position on the earth. The task of generating the local AZ-EL 
angles is essentially accomplished by projecting the rectangular coordinates 
of the satellite from the orbital plane to the local horizontal plane. It is 
helpful to consider that the local horizontal plane starts out parallel to 
the orbit plane at the north pole and is rotated about an axis X-X by an 
angle 90 - X(90° - local latitude). This rotation has not changed the coor
dinate 6.611 sin C. However, it is seen that the rotation has shortened the· 
coordinate 6.611 cos C by sin X. Thus the coordinates of the satellite in 
the local horizontal plane are: 

(6.611 sin C, 6.611 cos C sin X) (3) 

The angle C' measured in the local horizontal plane is then: 

C' = tan-1 f- 6.611 sin C X .\ = tan-1 (t~n C \ 
\ 6.611 cos C sin J sin X J (4) 

Note that in Figure 18 and lC the satellite is east of the site, and 
therefore, C and C' are negative (C = satellite longitude - site longitude). 
Azimuth is measured from north and thus is equal to 180° + C': or 

A = 180° + tan-1 (- ~~g ~ l (5) 

The distance t6 the satellite in the local horizontal plane is the hypotenuse 
of the right triangle having legs equal to the retangular coordinates: 

Rl = 6.611 ✓ sin 2 C + cos 2 C sin 2 X (6) 
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6.611 sin C 

Figure 1C. 

' ' , E•tan.1 ( cosCcosX-.15126 

'- Jsin 2c + cos2c sin2x 

6.611 sin C 

' .. --tlil!ioG;:;;;;. ____ '°",...~--+---------~' 
I'\. I I , Figure 1 A. I 
I ' I 
I I 
I X I 
I I 

EAST 

LOCAL MERIDIAN Figure 1B. 
(VIEW FROM 
SOUTH POLE) 

I 
I 
I 
I 
I 

Figures 1 A, 1 B, and 1 C. Earth Station Satellite Geometry 
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Referring to Figure lA, the height of the satellite abo e the local 
horizontal plane is: 

Hl = 6.611 cos C cos X - 1 

The elevation angle of the satellite is then: 

E = tan-1 Hl 
,r-

1

( 

(cos C cos X) - 0.151263 ) E = tan-
✓ sin 2 C + cos 2 C sin 2 X 

List of Symbol Detlniticms for Poim:lng A:ng.JM and Boresight 

X = Site Latitude 
Y = Site Longitude 
Z = Satellite Longitude 

FOR EL-OVER-AZ POINTING ANGLES 
C = Z - Y 
A= True Local Azimuth of Satellite 
E = Local Elevation of Satellite 

FOR X-Y MOUNT POINTING ANGLES 

( 7) 

(8) 

{9) 

Al= True Local Azimuth of Perpendicular to Lower Axis (Mount zimuth Heading) 
A2 = A - Al 
Xl = Lower Axis Angle with Respect to Horizontal(zero when Yl xis is vertical) 
Yl = Uppe·r Axis Angle Measured With Respect to Peak Ascension 

For HA-DEC (POLAR MOUNT) POINTING ANGLES 
H = Local Hour Angle Measured with Respect to Peak Ascensio (Angle Positive 

for Angles West of Site) 
D = Declination (A Depressing Declination is Considered Negati 

FOR SINGLE AXIS POINTING ANGLE ANO BORESIGHT REFERENCE 
A1 = True Local Azimuth of Eastern Satellite For Zero Error 
~ = True Local Azimuth of Western Satellite For Zero Error 
E1 = Local Elevation of Eastern Satellite For Zero Error 
E.; = Local Elevation of Western Satellite For Zero Error 
Si= True Local Azimuth of Single Axis 
El= Local Elevation of Single Axis(zero when single axis is horizontal) 
A2N = AN - Sl (AN Azimuth of Satellite, N) 
Xl = 90 - El 
YlN {Upper Axis Angle Measured with Respect to Peak Ascension to Satellite N) 

FOR DECLINATION-CORRECTED SINGLE-AXIS POINTING ANGLE AND BORESIGHT REFERENCE 
01 = Reflector Tilt from Single Axis (A Depressing tilt is Considered Positive) 
E2 = Declination-Corrected Single-Axis Elevation 
K = Zero Error Approximation Constant 
H = Declination-Corrected Single-Axis Pointing Angle to Satellite (Angle 

Positive for -Angles West of Site) 
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ELEVATION-OVER-AZIMUTH POINTING ANGLES 

A(AZ) = 180° + tan- 1 (t~n C \ (Northern Hemisphere) 
sin X 7 

E(EL) = tan-l ( cos C cos X - 0.15126) 

/ sin2 C + cos 2 C sin2 X 

Y-OVER-X LOOK NGLES AND BORESIGHT 

Xl (Lower Axis) = tan-1 ( tan E) 
cos A2 

Yl (Upper Axis)= tan-1 (tan A2 cos Xl) 

Y1 = sin-1 (cos E sin A2) 

A2 = A - Al 

A2 = sin-1 

A2 = cos-1 

A2 = tan-1 an Y1 ~ 
OS Xl / 

DEC OVER HA ( OLAR) POINTING ANGLES 

H (Hour Angle) = tan-1 ( sin C ) 
cos C - 0.15126 cos X 

D (Declinatio ) = tan-1 (-0.15126 :in X sin H~ 
sin C / 

SINGLE-AXIS P INTING ANGLE AND BORESIGHT 

Sl (S.ingle-Axis Azimuth} = A
1 

- tan- 1 !cos (A
2 

- Ai) - G:~ :~J ] 
sin (A 2 - A 1) 

A2N (Satellit Azimuth Minus SA Azimuth) = AN - Sl 

El (sinlglet9- is)= 90 - tan-1 (_tan E1 \= 90 - tan-1 ( tan Ez~ 
e eva 1 n \cos A2 1 / cos A2 2 / 

(
single a is ) 

YlN rgi~li~1lf~~l~ = tan-1 (tan A2N sin El) 
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Declination Corrected. SiDgle Axis Pointing Angle and Boresight 

01 ( refle~tor tilt)= K + tan-1 ( sin X ~ 
from single ax,s 6.611 / 

E2 (declination-corrected) = X _ 01 + tan-1 / sin X \ 
single-axis elevation \ 6.611 _ cos x J 

(
declination-corrected) sin C x) H single-axis pointing ~ tan- 1 
angle to $atel]Jite cos C - 0.15126 cos 

lapprox1mate 

(

declination-corrected) ~ sin E + sin E2 sin 01) H single-axis pointing = cos- 1 
angle to satellite cos 01 cos E2 

(exact)* 

A (AZ) = 180 + tan-1 l sin H \ 
\cos E2 tan 01 + sin E2 cos H/ 

E (EL) = sin- 1 (cos H cos 01 cos E2 - sin E2 sin 01) 

*The algebraic sign of H must be assigned(+ for west, - for east) 
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Introduction 

Earth Station Antennas 
lVIf'Cba:n:loal and Structural Considerations 

Roger Peirce 

An earth station antenna is both an electrical receiver/transmitter and a 
mechanical/structural system. The proper functioning of a reflector-type 
antenna requires that it maintain a precision surface while exposed to a 
sometimes harsh environment. The location and size of the earth station 
antenna usually make it subject to local building codes. Since most earth 
station antennas cannot be shipped assembled, it is necessary to have a 
method of mechanical assembly that assures adequate surf ace accuracy after 
assembly on-site. This paper discusses the major mechanical and structural 
considerations required in the design of an earth station antenna. 

Structural Design Criteria 

In most areas of the United States, the reflectors of antenna earth stations 
are classified as structures that must be designed, fabricated and installed 
to comply with local building codes. The code which is almost universally 
accepted is the .American National Standard Building Code Requirements for 
Minimum Design Loads in Buildings and Other Structures, ANSI AS8.1. Para
graph 1.3 of that standard states: 

Buildings or other structures, and all parts thereof, · shall be 
designed and constructed to support safely all loads, including 
dead loads, without exceeding the allowable stresses (or ultimate 
strengths when appropriate load factors are applied) for the 
materials of construction in the structural members and connec
tions. When both wind and earthquake loads are present, only that 
one which produces the greater stresses need. be considered, and 
both need not be assumed to act simultaneously. 

The code does not specifically define the term allowable stresses, but virtu
ally all engineering societies concerned with structures and decisions of the 
courts have agreed that the allowable stresses for steel and aluminum are 
those specified by the .American Institute of Steel Construction Manual of 
Steel Construction and the Aluminum Association Aluminum Construction 
Manual. 

The loads which must be safely supported by an earth station antenna system 
are the weight of the antenna and the attached equipment, the expected snow 
and ice load, earthquake loads and the wind load. 

The margin between the allowable stress and the yield point of the material 
is sometimes called the "safety-factor". However, it should be observed that 
this term is never used by the building code or the Manual of Steel Con
struct ion. The 11 safety-f actor" of most structures cannot be defined by a 
single value or a meaningful minimum because the allowable stress for steel 
(or aluminum) cannot be defined by a single value. The AISC Manual of Steel 
Construction requires over 900 pages to describe construction standards and 
define the allowable stress for steel. 



All reputable earth station manufacturers follow the policy of designing the 
reflector and supporting structure so that at the catalog-specified survival 
wind the system is safely supported. 

Wind.Loads 

Although the wind load is not the only load that must be considered in the 
reflector and mount design, wind is usually the largest single contributor to 
the stress and deflection in the structure. Thus, a considerable effort has 
been expended in getting accurate, reliable information on wind loads. 

Earth station antennas have a specification that is variously called maximum 
wind, survival wind or withstand wind. These terms should be considered 
synonymous. They represent a part of the total load that must be safely 
supported. We will use survival wind. 1 

A comparison of the typical survival wind and the wind load stipulated by the 
building codes will not be attempted in this discussion. It is sufficient to 
state that at the manufacturer's specified survival wind the system must be 
safely supported without exceeding the allowable stresses for th.e materials. 
Since antenna reflectors are usually constructed of steel and aluminum, the 
preceding sentence can be paraphrased as follows: at the manufacturer's 
specified survival wind the system must be safely supported without exceeding 
the allowable stresses as defined by the manual of Steel Construction or the 
Aluminum Construction Manual. 

The wind loads for the design of Scientific-Atlanta's reflectors, mounts and 
foundations are derived from wind tunnel tests performed on scale-model para
boloidal reflectors. In 1964 Jet Propulsion Laboratory carried out a compre
hensive study of reflectors with various configurations at the wind tunnel 
facility at California Institute of Technology. The reports provide data on 
pressure differences, force and moment coefficients for refJectors as influ
enced by wind direction, F/D ratio, surface porosity, spoilers, simulated 
support structure and Reynolds number. 

Drag, lift and moment coefficients provided by the JPL report are referenced 
to the vertex of the reflector. These data are used in determining the 
reactions at the mount foundations and stress in the structural elements of 
the mount. The reports provide a detailed map of pressure differences across 
the reflector surface. These data are used to calculate the internal 
stresses in the reflector panels and panel support structure. The 
appropriate data can be used to make a computer-generated table of wind load 
information for a unique set of conditions being studied or considered. 
Figure 1 is a typical printout showing forces and moments on a typical 
reflector. As expected, the largest drag force occurs at a relative wind of 
zero degrees; that is, where the wind is parallel to the boresight line and 
blowing into the concave aperture. 

1Survival wind as used herein when combined with ice and dead weight results 
in the II Design Load" as defined in EIA Standard RS-222C. 
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VIND FORCE ON SOLID SURFACE PARABOLOIDAL REFLECTOR 
BASED ON JJ'l. VIND TtmNEL TESTS• CPROGAA'f REVISED 2/2/77> 

NODEL NUMBER 8-METER PEDESTAL 
REFLECTOR DIAMETER 26. 3 FEET 
REFLECTOR F/D RATIO 9.339 
VERTEX AXIAL OFFSET e.ee FEET 
VERTEX RADIAL OFFSET e.ee FEET 
PIVOT AXIS TO REF P1.ANE 12. ee FEET 

MBI ENT TEMPERATURE e DEGR F 
VIND VELOCITY 1111e.e MPK 
Dl'NAMl C PRESSURE 28•87 LBS/SQ•" 

ANT AXIS TORQUE ON DRAG LIFT/OR MOMENT 
FROM VIND PIVOT AXIS LBS SIDE FORCE ABOUT REF 
EEGREES LB-" LBS PLANE.LB•FT 

e e 23436 8 281237 
18 •4717 22968 •3986 271896 
28 •19459 21256 -8125 244617 
38 •14765 19858 • 12187 223537 
48 -164115 17324 -15624 191482 
5111 •191171 149711 -19218 1611569 
68 •35272 11216 •22343 99 317 
711 5742 7489 -18749 95612 
811 38963 3948 •8593 86338 
911 51882 2768 0 8501116 

11118 51882 38511 5937 98888 
118 52783 3665 781 96685 
1211 56394 44811 781 1111157 
1311 529118 611111 251118 125398 
148 47986 88114 3758 154116 
158 39373 11148 3986 173857 
168 28718 13583 3281 191785 
170 15535 16318 2831 2114111 
181i1 II 16874 II 2112491 

FINI SHED 

Figure 1. Wind Loads on 8-Meter Reflector 

It is important to note, however, that the maximum loads in parts of the 
support structure wi 11 occur when the wind is b 1 owing on the back of the 
reflector, as shown in Figure 2. For the reflector position illustrated, the 
wind direction is 120 degrees relative to the antenna boresight direction 
(antenna elevation 60 degrees). This condition is usually the most severe 
load for the elevation jack and the elevation pivot axis. At the 60-degree 
elevation position, the elevation jack on an elevation-over-azimuth mount is 
at or near the extreme extended 1 ength or 1 ongest co 1 umn condition where 
column stability must be carefully evaluated. 
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WIND 

LIFT 

FOUNDATION 
REACTIONS 

ELEVATION 
JACK 

DRAG 

Figure 2. Reflector at 60 Degree Elevation Angle. Wind is 120 Degrees 
from Boresight Direction 

Figure 3 shows maximum wind drag forces developed at survival wind velocity. 
This figure is intended to give the reader a grasp of the magnitude of wind 
forces generated by earth station antennas. 

Antenna 

3.0 Meter 
4.6 Meter 
5.0 Meter 
7.0 Meter 
7.7 Meter 

10.0 Meter 
11.0 Meter 

Survival Wind 
Speed (mi/h) 

100 
110 
125 
125 
125 
125 
125 

• Figure 3. Maximum Reflector Drag Forces 

4 

Drag 
Force (lbs.) 

3,200 
9,300 

14,000 
28,000 
32,000 
55,000 
66,000 



.ADalytical Methods 

Extensive use of computer-aided analytical techniques is employed in the 
design of earth station antenna systems. These computer programs are based 
on the finite-element analytical approach to structural analysis and have 
proprietary names such as STRUDL, NASTRAN, EASE 2, TRUSS 1B and FRAME. 

The use of these programs involves first generating a mathematical model of 
the structure to be analyzed. This includes describing the members' geomet
rical relationship, section and material properties, and joint-constraint 
conditions. Loads are then applied at joints or nodal points to model speci
fic environmental conditions.· Twenty to thirty load cases are often analyzed 
to determine both survival and operational responses of the structure. The 
effects of dead load, ice load, operational wind and survival wind load con
ditions, and differential temperature and dynamic loading of members are 
analyzed. 

The results are reviewed to determine the maximum load conditions in each 
member and joint. All members and joints are analyzed using methods approved 
by the J:lmerican Steel Construction Institute or the J:lmerican Aluminum Associ
ation to verify that the allowable stresses are not exceeded. The reactions 
to the fixed frame of reference (usually the earth) are reviewed and tabu
lated for use in foundation design. 

The structural stiffness of earth station antennas is also important to 
assure acceptable pointing stability and surf ace tolerances duri nq opera
tional environmental conditions. Boresight pointing accuracy specifications 
of from 0.15° to 0.02° can he required during 60 mph winds and 1-inch radial 
ice. In many instances, especially when the antenna is to be used at the 
higher frequency bands, the stiffness of the assemb 1 y is the deterrni ni ng 
factor for the design parameters of structural members. The members sup
port i nq the reflector surface are also carefully analyzed for stiffness, 
since the deflection of these members under load results in degradation of 
the RF perfori11ance. Figures 4 through 7 illustrate typical models used in 
computer analyses of reflector structures and a sample printout of the 
results. 

5 



3-0 PIOOE 
> 

THETA Z• 18. Tl-ETA V• 28. THETA X- 38. 

Figure 4. Computer Generated Plot 

Figure 5. Computer Model Diagram, Truss 
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Figure 6. Computer Model Diagram, Hub, and Truss 

SBS 7.7 METER TRUSS/HUB ANALYSIS 
THREE OIMENSIONAL MODEL NUMBER l 

BEAM LOAD NODE AXIAL LOC~L•Y L0CAL•7 AXIAL LOCAL•Y 
NUMBER CASE NUMBER FORCE SHEAt< SHEAI-! TORQUE MOIOENT 

441b 5116 -34.953 24 0 0AB -.268 ••9R4 5.11!9 
5117 J4.528 -24.264 -.530 .984 -6.418 

4417 5117 -13.361 24.657 .?97 .89!1 1.305 
'HIS 12.904 -24.7)8 -1.094 -. 89"· -7.1140 

4418 5118 27 • 714 ,:?l .547 3.217 5.97~ -7.720 
5119 -28.170 -21.41!7 -4.014 -5.975 -u,.250 

441'1 51}9 95.208 20.497 -1·936 7.331 lio994 
51 0 -95.634 -20.320 .139 -7.33 .457 

4420 5120 170.369 12.209 20.438 -2.07!! •64.604 
5121 -170.734 -11.928 -21.235 2.078 •131 .216 

4421 5121 218.156 4. 719 -l':i.794 15.024 90.346 
5122 •21R.4J7 -4.353 14.997 -15.024 54.339 

4422 5122 255.411 -6.459 -.629 60893 2.434 
5123 •255.588 6.81!5 -.168 •6.&93 -.268 

4423 5123 123.205 •l.770 -.122 .095 .297 
5100 •123.220 lo8R4 -.011 -.095 -.087 

4500 5500 10.441 3.598 4.769 9.087 •12.421 
5501 -10.381 •3.-A30 -5.658 •9.087 •36.574 

4501 5501 •16.243 -6.073 7.315 -10.899 •33.459 
5502 lbo419 5oB18 •Aol82 l0.899 •39.360 

4502 5502 -21.111 19.079 20.804 •36.697 •'14.382 
5503 27.451 •19.377 -21.629 36.697 -105.0011 

4503 
~

503 •4lio290 -29.~59 -9.866 21 • l ~b 7~.844 
504 4 l o 656 29. 01 9ol00 •2 .1 b l .Z7fl 

4504 5504 -232.820 -2.427 ll.427 •1ob'-1 •47.167 
5505 233.245 1.994 • 2.120 7.667 •630476 

4S05 5505 •107.344 •B.199 7.320 -2.186 •20.061 
5506 107,800 7,&84 -7,931 2,186 -51,604 

4506 5506 -50.733 •b,530 3,719 -.460 •4,41? 
5507 51.190 5.929 •4,246 ,460 •33,014 

Figure 7. EASE2 Program Printout 
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Mechanical Design for SUrface Acauracy 

Earth station antenna reflectors and mounts must be assembled from several or 
more parts, and the assembled system must have a high degree of surface accu
racy for proper operation. There are two distinctly different design 
approaches that are currently employed to achieve the required surface accu
racy. One of the techniques results in a custom-fitted reflector; the other 
results in a reflector which can be assembled from interchangeable parts. 

Custom-fitted assembly (not used by Scientific-Atlanta) can be accomplished 
in several ways. For example, some manufacturers of earth station reflectors 
use a factory-assembly procedure for each reflector. A backing structure, 
consisting of a central hub and radial trusses, is assembled in a prepared 
area. The radial trusses are all match-marked to the hub and numbered. 
Next, a sweep template or swing arm with dial indicators is hunq on a special 
central hub shaft so that it rotates above the assembly. The surface panels 
are then hand-fitted or adjusted to a position that will provide the best fit 
to the template. After all panels are clamped in place and checked with the 
template, tight-fitting bolt holes are hand-drilled through the panel flanges 
and the truss tabs. The panels are also match-marked and coded so that the 
reflector can be disassembled and reassembled at the earth station site with 
all the parts in the original position. This method of fabrication is suit
able only to low production rates. Since each part is custom fitted, delays 
can occur if parts are lost or damaged at any time after the reflector leaves 
the manufacturer's plant .. 

Another custom-fitted assembly method employs adjustable panels that are 
surveyed and individually fitted into positions using a theodolite as an 
assembly tool. Each panel is supported by six or eight built-in screv,-type 
adjustors. A theodolite, which is axially mounted at the reflector hub, is 
sighted at surface-mounted targets on the panels while the panels are 
adjusted to the proper shape and position. The assembly takes place at the 
earth station site and is typically performed by a highly skilled terun. This 
assembly method has been frequently employed for reflectors having diameters 
of more than 20 meters. 

Another approach to achieving a high degree of reflector surface accuracy is 
to design the antenna to have interchangeable parts. This is the design used 
by Scientific-Atl .~nta. The design employs a concept that results in a pre
dictable surface conformity and surface tolera.nce when the reflector is 
assembled from precision parts. The concept is simple, but the execution 
requires a high degree of dimensional accuracy from parts that can be rather 
1 arge. The accuracy of the interchang,:able parts is accornpl ished by the use 
of precision tools, jigs and fixtures. 

Al 1 of the parts that are used for the reflector assembly such as the hub, 
back structure, panels and subreflector spars are fabricated and inspected to 
ensure adherence to the required tolerances. When these parts are ass~nbled 
on the site, the completed reflector will meet the surface conformity 
specifications. ScientHic-Atlanta has demonstrated on rnany occasions that 
when a randorn selection of parts is assernbled, the surface accuracy and RF 
performance are achieved within specification. 
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Fabrication Methods 

Scientific-Atlanta uses two methods for fabrication of panels for paraboloi
dal reflectors. Both methods result in precision panels which can be assem
bled without using special tools or instruments resulting in minimum instal
lation time, guaranteed surface accuracy and interchangeability of parts in 
case of damage. 

Panels used for reflectors which are about 7-1/2 meters or larger in diameter 
and are produced in limited volume are built up usin9 sheet aluminum and 
custom-formed reinforcing sections. This method consists of dividing the 
panel surface into sections and fabricating aluminum panels for each section. 
These panel sections are placed face down on the panel fixture in their 
appropriate locations and held in position with clamps and weights. Radial 
and circumferential stiffeners are laid over the panels. The stiffeners are 
slotted approximately every two inches to allow them to conform to the panel 
sections. The stiffeners are then systematically welded and riveted to the 
panels and each other. Figure 8 shows a panel being assembled in the panel 
fixture. The permanent attachment of the panels and stiffeners results in a 
stiff structure which maintains its shape after removal from the panel 
fixture (see Figure 9). All required bolt holes are drilled in the panel 
parts using drill ·bushings that are accurately located in the panel fixture. 
After fabrication, each panel is carefully inspected using gauge bars with 
dial indicators to assure surface conformity . 

.. 

: _,,...,.,~ 

i\ ..... 

...,,-

Figure 8. Fabrication of Reflector Panel in Panel Fixture 
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Figure 9. Fabricated Panel for 10-Meter Reflector 

The panel fixture consists of radial and circumferential templates, which are 
assembled on massive tooled surfaces to maintain precision. The RF shape of 
the reflector is transformed by a computer into coordinates of the 
numerically-controlled machine which manufactures the template. Tooling 
holes are machined into the templates relative to the machined surface con
tour to facilitate accurate assembly. After assembly of the fixture, the 
surface is checked using optical measurement techniques. 

The second fabrication method is to stamp the panels using matched dies. The 
application of this process to fabrication of reflector panels was developed 
by Scientific-Atlanta and has been used successfully on reflectors from three 
to seven meters in diameter. Reflectors with a surface accuracy of 
0.015-inch rms have been assembled using stamped panels. The process con
sists of shearing a pane 1 b 1 ank from a 1 umi num sheet and then p 1 acing it 
between the matched forming dies. A single stroke of a giant press forms the 
concave reflector surface part of the panel, both side flanges and the outer 
edge flange. 

Checking fixtures are used after stamping to verify surface accuracy. The 
formed panels are placed in drill jigs, which locate the precision attachment 
holes with respect to the panel surface (see Figure 10.) 
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Figure 10. Stamped Panel 

The radial truss and space frame are two approaches used by Scientific
Atlanta for making reflector backing structures. The radial truss system 
consists of precision-machined trusses attached to a machined central hub. 
The radial trusses are used when maximum stiffness and surface accuracy are 
desired (see Figure 11.) The trusses consist largely of lightweight tubular 
or H-section aluminum extrusions. Cover-plates reinforce the joints, and 
machined aluminum bar stock forms the terminal interface that will be bolted 
to the hub. All of these parts are clamped in a welding fixture to assure 
consistent dimensional control during welding. The welded trusses are 
allowed to cool for twenty-four hours to assure temperature equilibrium 
before machining. 

11 



Figure 11. Hub and Truss Type Reflector Assembly 

The truss-machining jig consists of a large steel table with prec1s1on
machined tooling points (see Figure 12). The welded truss is bolted by the 
hub pick-up points to the fixture, and the panel tab holes are precision
drilled. Each day a master truss is positioned in the jig to test it for 
accuracy. 

Figure 12. Jig for Machining Trusses 
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The space-frame concept is based on the principle of interlocking tetra
.hedrons, with the geometry accurately controlled by the lengths of the three 
legs in each triangle. Precise effective lengths of the structural parts are 
maintained by accurate location of the close-tolerance holes. Accurate drill 
fixtures and hole-punching tools are employed for all operations. 

This concept results in reflector backing structure nodes which are true 
within a few thousandths of an inch. Figure 13 illustrates a space-frame 
backing structure. 

Figure 13. Space-Frame Structure for 4.6-Meter Reflector 
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:Reflector SUrface Conformity Surveys 

Assurance of proper antenna performance requires that the reflector surface 
conform to a theoretical surface within a specified tolerance. This assur
ance can be obtained by a surface conformity survey (surface mapping). Such 
surveys are important to the design engineers to show whether or not a new 
design meets the surface tolerance specification. A conformity survey is 
also periodically performed on reflectors assembled from production parts as 
a step in the quality control program. The survey yields the root-mean
square (rms) deviation of the actual surface computed normal to the theoret
ical best-fit surface. The survey also provides the magnitude, character and 
location of the principal deviations. 

Surface conformity surveys have been performed with a variety of measurement 
instruments. Crude surveys are made using mechanical sweep templates. Some 
surveys have been performed using stereo photographic triangulation. 
Scientific-Atlanta currently uses clinometer bars for manual measurements and 
an automatic surf ace measurement system (ASMS) for high-speed measurements. 
Each method must supply sufficient raw data to permit a set of measured 
points to be described in three-dimensional space with respect to a 
coordinate reference frame. 

z 

p 

r;j 

,/--,± (a) .::~esian or 
x rectangular coordinates 

z 

y 

X 

(c) Spherical coordinates 

- y 

X 

(b) Cylindrical coordinates 

Three Coordinate 

systems defining the same posi

tion in space. All three systems 

are right-hand systems, since 

rotation from X toward Y produces 

right-hand screw motion in the 

positive Z direction. 

Figure 14. Three Coordinate Systems 
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Position in three-dimensional space is usualJy described by one of the three 
sets of orthogonal 1 coordinates shown in Figure 14. These are rectangular or 
Cartesian coordinates, cylindrical coordinates and spherical coordinates. 
The coordinate system that is most convenient for the surveying system and 
subsequent calculations is usually employed, since the conversion of data 
sets from one coordinate system to another is a trivial problem. 

The survey and analysis of the data usually involve the consideration of two 
or more separate sets of data, each in its own coordinate frame. The survey 
instrument has its own coordinate frame. The theoretical paraboloidal or 
shaped surface is typically described by a set of equations, referenced to 
another coordinate frame. 'The required solution may develop a best-fit 
mathematical model referenced to a third coordinate frame. The following 
discussion assumes that the survey and the calculations are in spherical 
coordinates (Figure 14c) where each point on the surface of the reflector is 
defined by the angles 0 and e and a distance r, relative to the same origin. 

Figure 15 illustrates the application of the spherical coordinate system to 
the conformity survey. Points Pi, p2 •• ·Pn are selected locations on the 
reflector · surface along radials 0 = Cj, for j_ = 1 to Kp, where 
kp = 360/C. The survey system determines (en,rn)j for n = 1-to-N, 
where rnsinen is the radius normal to Z of the Nth survey point. These 
points are fitted to the theoret i ca 1 design curve describing the reflector 
surf ace. 

Origin of 
Survey 
Coordinate 
System 7.,,~=--+-''------'-------+ 

( Origi: of Ref lector 
Coordinate system 

Figure 15. Reflector Surface Conformity Survey 

1 A three-space coordinate system is mathematically orthogonal if, at every 
point, the three-component vector directions are mutually orthogonal. 
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Clinometer-Bar Method 

The surface conformity survey with clinometer bars is performed using a high
resolution, high-precision clinometer with a suitable quantity of especially 
fabricated bars of graduated lengths. Figure 16 illustrates the clinometer
bar method of surveying. 

Figure 16. Measurement by Clinometer Bar 

The selected bar is seated on the central pivoting fixture attached to the 
reflector hub, and the outboard contact is placed in contact with the 
reflector surface. After the clinometer is adjusted, the angle reading is 
recorded. The outdoor contact point is then rotated to a new angle 0 for the 
next reading. Six to twelve different bar lengths are usually employed to 
adequately cover the reflector surface. 

Each bar is individually calibrated by a tilt adjustment on the clinometer 
seat, so that the clinometer reading accurately measures the inclination of 
the line from the contact point p to the center 11.0 11 of the cyl i ndri ca 1 
support. 
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The clinometer-bar system of measurement is different from most other systems 
in that the elevation angles are relative to a gravity-referenced horizontal 
plane. The reflector being measured is set approximately level before 
measurements begin. Reorientation of the gravity-based elevation angles to 
the reflector coordinate system is accomplished by the computer that is used 
to analyze the results. 

Automated Surface Measuring System 

The automated surface measuring system (ASMS) is designed to survey the sur
face deviations of an antenna reflector relative to a defined surface. 
Selected points on a reflector surface are surveyed by means of calibrated, 
adjustable-length arms attached to the turntable of a 19-bit encoder. The 
encoder is mounted on an axis of rotation that is approximately coincident 
with the reflector geometric axis (Figures 17 and 18). 

Figure 17. Automatic Surface Measurement System (ASMS) in a 7.7 
Meter Reflector 
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Figure 18. ASMS Installation In 5.5-Meter Reflector 

A calibrated arm is caused to travel in a circle about the reflector axis by 
a motor-driven wheel which rolls along the reflector surface. As the wheel 
and arm circumscribe the reflector, variations in the reflector surface cause 
variations in the angle of inclination of the arm and variations in the 
encoder read-out. A synchro in the azimuth rotation axis provides a readout 
reference signal which is used to space the readings on the circle. Both the 
encoder and synchro outputs are coupled to a computer for decoding and pro
cessing (Figure 19). 
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Figure 19. ASMS Block Diagram 

Position in three-dimensional space is measured by the ASMS in spherical 
coordinates where: 

e = angle measured by the 19-bit encoder 

¢=angle measured by the aximuth synchro 

r = length of the calibrated arm 

The measured data are utilized to compute the reflector surface deviations 
(rms, normal to the defined surface). 

The advantages of the ASMS are the speed and accuracy inherent in the system. 
For example, on a single cut that takes less than 90 seconds, up to 300 ele
vation angles are automatically read by the 19-bit encoder and transmitted to 
the computer memory for storage. The possibilities of human reading and 
transcribing mistakes are eliminated. 
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SURFA CE DATA 

BAR • 1 2 3 4 5 6 7 8 
RAC, . -0.006 0.006 0.019 0. 011 -0.005 0.010 -0.007 -0.0!5 .. 

2 0.016 J.022 0.004 0.018 O.C1~ 0. 033 0.014 -0.003 
3 -0.003 0.001 i). 017 0.006 -0.007 0.013 -0.015 -0.021 
4 0.018 0.019 0.C{I0 0.015 0.018 0.031 0.004 -0.022 
5 -0. :)01 -0.004 0. 311 O.CG1 -0.025 -0.006 -0.032 -0.036 
6 0.01.2 0.023 0.005 0. 01:- 0.01)9 0.020 -0. IJO-t -0.020 
7 0. 0!ill -0. 017 O.CO:l -O.CC7 -0.026 -0. 01).!. -0. 03(1 -0.C40 
8 0. (l14 0. JH -0.007 0.006 ~.011 C.025 -O.C02 -0.02G 
9 -0.000 -0.008 -l\.007 I}. ;)12 0.000 0.017 -0.013 -0. 023 

10 C. 005 O.C12 0.000 0.020 O.J17 0.029 -0.002 -0.032 
11 0.002 o.co.; 0.000 0.014 -C.012 0.006 -0.022 -0.03'3 
12 0.006 0.009 -0.005 0.006 0.009 0.024 0.002 -0.016 
13 0.006 -0.001 -O.C22 O.C06 - 0 .008 C.008 -0.009 -0.017 
14 1),031 0. C 11 -0.005 G. 006 0.006 C.016 -0.011 -0.026 
15 il. 016 0.008 -0. Olil :l.023 0.005 0 . 010 -0.010 -0.023 
16 -0.009 -o. ;;o;:; -0.007 0.008 o.oog 0.023 -0.003 -0.023 
17 -0.032 Q.004 -:'.l.016 0.02.!. 0.011 0.027 C.004 -0.016 
18 -0.024 -0.008 -o. 01! 11.005 0.009 0.026 O.OH: -0.005 
1S -0.0! 7 -0.CC! -0.022 0 . 014 0.007 a.on 0.007 -0.008 
20 -0.028 -0. ')20 - ~. :H6 -0.002 -0.006 0.013 0.005 -0.009 
21 -0.021 -0.009 -0.026 0.006 O.Oi>O O.G16 O.v07 -O.OC7 
2:.~ -0.036 -0.021 -0. 01Cl 0.008 0.006 0.013 -0 . .>03 -0.018 
23 -0.017 -O.C01 -0.017 C.0!8 0.011 0.017 0.001 -0.017 
24 -0.031 -0.016 -0.006 O. OC3 -c.coo 0.013 -0.012 -0.024 
25 0.010 0.016 -0.009 0.016 O.OlO 0.026 0.002 -0.015 
26 -0.012 -O.OC3 C.003 0.003 -C.002 0.013 -0.008 -0.020 
c:7 0.024 C. J13 -0.011. 0.013 0. 011 0.022 C.006 -0.011 
28 -0 . 006 -0.'.>13 -·O. 008 -o. oo.; -0.002 0.010 -0.016 -0.027 
29 0.01.7 0.017 -c.oos C.016 0.020 0.025 0.00::! -0.017 
30 -0.009 -0.003 0.002 'l. ()()4 -0.002 0.012 -0.014 -0.024 
31 0.018 0.018 -0.007 0.011 il.012 O.C2'3 0.013 -0.009 
32 -0.002 -0.000 0.014 O.li03 -0. 011 0.009 -0.017 -0.023 
33 O.C17 0.0!7 0.003 0.021 0.013 0.023 0.003 -0. 014 
34 0.010 0.000 0.010 0.006 0.001 -0.003 -0.034 -0.044 
35 0.013 0. 012 -0.010 0.005 0.015 -0.019 -0.011 -0 . 024 
36 -0.01'5 -0.013 C.007 c.024 -C.006 -0.013 -:..038 -0.044 
37 o. 036 0.026 0.006 o. 022 C. 021 0.016 -0.008 -0.022 
38 -0.CCO 0.007 0.00:J 0.007 -0.012 u. 011 -O.J03 -0.018 
39 0.010 0.022 -0.COO C. 007 0.019 0.024 -0.004 -0.021 
40 -0.006 -0.008 -o.ooe 0.003 -0.006 (). 011 -0.008 -0 . 015 
41 -0. !!03 -0.003 -0.021 -o. 011 -0.001 0.008 -O.C08 -0.022 
42 -0. OU -0.009 -0.022 C.001 -0.011 -0.00~ -'). 013 -0.017 
43 -0.012 0.002 -0.013 -0.006 'J.004 0.018 0.001 -0.016 
44 -0.018 O.C05 -0.011 C.015 -0.001 0.009 -0.010 -0.017 
45 -0.010 -0.001 -0.008 0.011 0.01'5 0.019 -0.002 -0.022 
46 -0.029 -0.008 -0.028 0.004 -0.009 -0.006 -0.023 -0.038 
47 -0.019 -0.009 -0.016 -0.006 -0.010 -0 . 002 -O.Cl9 -0.033 
48 -0.013 -0.001 -0.016 0.009 -0.004 0.002 -0.010 -0.021 
49 0. 00 l. 0.022 0.008 - 0.00'5 -0.001 0 . 023 -0.003 -0.013 

Figure 22. Tabulation of Computer Runs 
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Communications, Protocols, and PoJJ1:ng 
D. Mann 

Communications for Distributed Betworks 

This paper is intended as a review of the general methods employed today with 
regards to communications for distributed networks. Discussion will center 
on the use of satellite networks and local networks. As these topics are 
quite involved, only a general overview will be presented. References cited 
at the end of this paper contain a more in-depth discussion of the subject 
matter. 

The different types of ground-based communications available will be touched 
on lightly, with the use of examples from techniques currently being employed 
by Scientific-Atlanta whenever possible. Discussion of satellite-based 
communications techniques will center mostly on current theory employed in 
the research community. 

Protocols that are discussed will include the usage of SAbus protocol for 
local network communications, and the use of variations of a theoretical type 
protocol for satellite networking. 

A discussion of methods employed by Scientific-Atlanta for the polling 
devices in a local network will be presented, with examples provided on the 
capabilities from a recent project. In add it ion, satellite networking wi 11 
be discussed with regard to the differences in methodology required in 
polling earth stations and sending conunands. 

Ground-Based Commun1cations 

Distributed local area networks can be organized in many different fashions. 
Some of the approaches used for network configurations are: 

, Star network - each device is connected separately to a central 
controlling point in the network. 
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• Bus network - or mu 1 ti drop p 1 aces a 11 the devices in the network 
together on a single shared line. 

0 0 0 0 
I I I I 

-----+--+---+--+---+--+---+-+--+---
' I I I I 
0 0 0 0 0 

• Ring network - or loop where each device is connected to each other 
in a closed circular fashion, providing two path ways around the 
ring, going in either direction. Breaking the ring at one spot 
would not affect the network's functionality. 

□----------□ 
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I \ 
0 0 
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• Mesh network - any combination of any of the above networks, with 
each connecting node representing either a single device or a local 
network comprised of a star~ bus, or ring design. Typically used 
over large geographical areas. 
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Devices in a network configuration can be connected in either a point-to
point fashion, or they may be multiplexed at some point in the network 
(generally to remote sites). Most often multiplexing is done over long 
distances to reduce cost and/or complexity, by concentrating the many lines 
used for devices into one line. Multiplexors are either time-division (TOM) 
or frequency-division (FDM) dependent techniques for splitting up the many 
incoming signals, over a single physical line. 

2 



Types of line connections made between devices are generally made via one or 
a combination of the following: 

• Locally by means of a cable--either coaxial, twisted-wire pairs, or 
fiber optic. 

• Line-of-site by either microwave, or laser. 

• Via the telephone company (TelCo) on either a regular phone line or 
on a dedicated leased line connection. 

Sate111te-Based. Commvn1cations 

As a commercial user's needs grow, and as networks of earth station sites 
evolve, the need arises for less dependence on the common carrier's (TelCo) 
lines of communication. More emphasis is placed on taking advantage of 
satellites not only for the distribution of video and audio signals, but also 
for controlling the flow of signal traffic and using the satellite facilities 
as a means of interconnecting users of the network. By using the satellite 
as part of a shared distributed network, earth station affiliates may now 
obtain all of their programming via satellite, instead of land lines, thus 
reducing the portion of cost imposed by the TelC0 1 s. Additionally, users can 
receive instructions on daily operation via satellite as well. If the net
work user is a receive-only earth station, then they must still rely on land 
l i nes to respond to other users in the network. However, transmit and 
receive earth stations may respond via satellite as well. 

Some disadvantages to using satellites are that one can only cover a third of 
the earth's surface with a single satellite (in actuality this is generally 
less). No privacy is available in a satellite-based network without the use 
of data encryption techniques. Satellite channels may be inadvertently 
jammed or blasted by malicious or ignorant uplink earth stations. The chan
nel can be saturated when peak traffic times occur. All of these problems 
occur in an equivalent fashion over terrestrial lines, so it should be recog
nized that they are not unique to satellites. 

Some of the advantages to using satellite-based communications are that 
packets for more than one user are broadcast once. New users can enter the 
network without need to rewire any portion of the existing network. Rapid 
reconfiguration of the network is possible as well as being easily expand
able. Mobile users are handled without troubles. Packet switching is 
handled without the need for packet switches. 

Uplink Facilities. A major co~ponent of any satellite-based network is the 
uplink earth station facilities. These facilities serve as a hub for a local 
or regional area network. Al 1 receive-only stations will generally connect 
to the closest uplink via a ground line, so that they may respond to polling 
of status and commands if need be. With regard to packets of data sent over 
the satellite network, an uplink site has the ability to monitor satellite 
traffic for collisions on the transmissions it makes with other uplink sites. 
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This would generally be avoided by a scheme of round robin discrete time 
intervals, in which each uplink station would transmit cornnands, or status of 
receive-only users in its local network. Collision avoidance can also be 
handled by putting different uplink transmissions on different channels on 
the same satellite, or putting the transmission on different satellites 
altogether. Being able to monitor other receive-only stations and control 
them with commands from the uplink allows greater control over the function
ing of a network, and the routing of packets through the network. 

Downlink Facilities. Downlink facilities are earth stations equipped only 
with the ability to receive signals, be they video or audio. A facility must 
st i 11 use a ground 1 ink to corrrnuni cate with other users in the satellite 
based network. Receive-only earth stations are far less costly than uplink 
facilities and are · therefore more affordable for the smaller affiliate 
stations. 

Protocols 

Various different types of protocol exist today, but this paper will discuss 
two of interest--the multidrop protocol used for local networks (an example 
of which is the SAbus protocol) and a theoretical protocol used for satellite 
networks. 

Multidrop Protocol 

The multidrop approach to local networking follows what is typically known as 
"statistical multiplexing using centralized polling. 11 2 The polling con
troller or master device on a multidrop bus will request status from each of 
the slave devices on the bus (twisted-wire pair cable for an SAbus). Upon 
receiving a poll for status from the master device, a slave will respond 
within a set number of ms with data describing briefly the slave device"s 
current state. If a state change has occurred since the last poll, then the 
master device can poll for additional information. The master device then 
moves on to the next device on the bus. Each time a poll is made the slave 
device has to be identified via an address specification, which is unique for 
each slave device. Overhead required for a poll includes information on the 
start of text, an identifying slave device address, the data itself, an end
of-text identifier, and a checksum value. The data sent in a pol 1, and 
responded to by the slave device, generally consists of a conmand followed by 
any pertinent parameters needed. According to R. D. Rosner, "the key point 
is that polling is a prime example of a system which uses dynamic, rather 
than fixed, assignment of the capacity of the transmission line or shared 
medium. The available capacity is shared, following some formalized assign
ment procedures among the active members of the user corm,unity, and little or 
no capacity is wasted by the users that are currently inactive. 11 2 In the 
case of the multidrop bus, slave devices simply listen to each poll message 
on the line and ignore any messages that are not addressed to itself. 
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Typical master devices can include the following: 

• A Master Control . Computer - Has the ability to centrally control 
all elements of remote and local earth stations. Can easily be 
adapted to control various equipment protocols, most commonly via 
an RS-232C cable. 

• An Earth Station Controller 

1 A Video Protection Switch 

• A Uplink Protection Switch 

Typical slave devices can include the following: 

• A Video Protection Switch 

• ALNA Protection Switch 

• A Uplink Protection Switch 

• A Receiver 

, A Exciter 

• A Antenna Controller 

1 A Klystron Tuner 

1 A High-Power Amplifier 

• A Waveguide Switch Interface 

• A device connected to the bus via software and/or hardware driver 
interface. 

Satellite Protocol 

A feasible approach to providing a satellite network protocol would be a 
slotted aloha protocol technique. To describe briefly its approach, one 
should know that the following must be employed: 

• Establish a synchronized time interval over a satellite channel, 
according to the time to transmit the length of the largest packet 
message. 

• Broadcast a packet only at the beginning of this discrete time 
interval, for example every 20 ms. 
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t Provide a round robin polling approach, with the ability to 
reprogram the order of poll and the priority. 

• The packet itself would contain a (hello, message, goodbye) type of 
structure. 

t Collisions occasionally occur due to quarter second (250 ms) delays 
in transmissions. 

t Uplinks would listen to their own messages and compare with what 
was transmitted; if a collision has occurred, then it would retry 
the transmission when its time slice comes up again. 

• "Packet narrowcasting" would be employed, which implies that the 
packet contains source and destination addresses, as well as a 
repetition counter for repeat transmits of the same packets. 

• "Capture effect" could also be used, where different uplinks would 
broadcast signals at differing power levels, thereby providing a 
pseudo-priority basis for resolving collision conflicts. In other 
words, stronger signals to the satellite provide a higher priority 
by increasing the probability that its packet would get through. 
If the highest priority makes it through the satellite transponder 
successfully, then you have one less uplink packet to retransmit in 
the event of a collision. 

PoU:tng sm.d. CPmmands 

Local SA.bus Networks 

In a local area network, polling performs a request for status in a round 
robin fashion, over a twisted-wire pair cable. Each poll expects a response, 
within a specified time frame, from the device. In order that future 
requirements be accommodated, the current polling module being used for 
projects has been designed to allow for the polling of $Abuses (or in fact 
any type bus interfaceable through a DEC compatible interface board, RS-232C, 
RS-422, etc.,) in any order, as well as poll the devices on a bus in any 
order (Figure 1). The frequency with which devices or buses are polled can 
be handled in the same variable fashion. The method used was to place bus 
numbers in a variable size array which can have the buses arranged in any 
order; in addition, one is able to repeat the same number in the array 
several times (effectively increasing the frequency of polling that particu
lar bus). Therefore, the buses can be prioritized and/or have the frequency 
of po 11 i ng an ind iv i dua 1 bus increased at the expense of others. The same 
approach was applied to the polling of devices on each bus, providing the 
ability to vary both the order in which devices are polled and the frequency 
with which individual devices are polled. 
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Satellite Networks 

Satellite-based network polling must be handled in a different fashion than 
ground-based networking, due to the nature of communications. Because of 
delays in transmission and the fact that not all earth stations have an 
uplink facility, a more applicable approach might be the use of a slotted 
aloha protocol. In polling the stations, a response would not be required if 
the master earth station or controller broadcast what it assumed to be the 
current state of each station, and then received a response from the slave 
stations only when the state changed. This change notice could be supplied 
via land lines for receive-only earth station, and via satellite for transmit 
and receive stations. 

Commands over satellite networks can be handled in similar fashion, whereby a 
response is given from the slave earth station only when a problem exists in 
meeting the demands of the command. Additionally, commands can be issued 
which are either global (pertaining to all stations), group (pertaining to a 
subset, i.e., regional), or specific (pertaining to a single earth station). 
Commands could also be submitted to all stations hours in advance of their 
acutal execution to ensure their proper execution at the proper time. This 
would al so assist in cutting down on unnecessary traffic during peak times. 
See section 20-4 regarding the event scheduler. In addition, one can prior
itize traffic such that the most critical packets of commands get through 
fastest, with precedence over polling packets and other low priority 
commands. 

To provide privacy to all, the transmission of polling and command data 
packets encryption may be employed. It is possible to protect, via software 
encryption, both the status report of stations and the global, group, or 
specific commands to the network. Data can be protected from outside eaves
droppers on the network, as well as providing protection for stations within 
the network itself. This is achieved by providing as many access keys and/or 
encryption methods as is necessary to keep outside, group, or specific user 
eavesdropping from occurring. Electronic signatures can be changed on a 
frequent basis to provide protection against the accidental (or otherwise) 
disclosures of the access keys. 
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Glossary of ~rms 
Checksum A method of verifying data correctness by surrrning the 

bits in a message and creating a unique sum. This 
sum is pl aced at the end of a data message sent by 
one device, and then verified later on by the receiving 
device. 

Collision - When data is transmitted by one device in a network 
at the same time another device transmits over the 
same channel. 

Local Network High-speed communications channels interconnected in 
a network for a limited geographical area. 

Mu 1 tip 1 ex - Connecting many devices in a network into the same 
channel, and sharing the use of that corrrnon channel. 

Packet Switching - Real Time processing and routing of data messages 
between devices. 

Point-to-Point Connecting two devices in a network directly to each 
other, allowing no other devices on the channel. 

Protocol - Definition of how the devices in a network corrrnunicate 
with other devices, or the rules devices are required 
to follow while talking over network channels. 

Round Robin - Corrrnunicate with each device in a network by following 
a set order or sequence, and then continua 11 y repeat 
that same sequence. 
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Command Language or Menu-Driven Control 
S.N. Cole 

Introduction 

As the sophistication of satellite earth-station equipment increases, it 
becomes correspondingly more difficult for the operator to monitor and con
trol such equipment without a central work station. For example, a recently 
installed major uplink faci 1 ity consisted of four subsystems (expandable up 
to seven subsystems), each of which is designed to contain the following 
controllable hardware modules: 

• 1 Antenna Positioner 

• 1 Uplink Protection Switch 

• 1 Downlink Protection Switch 

• 1 LNA Protection Switch 

• Up to 8 Receivers 

• 3 LNAs 

• Up to 8 HPAs 

• Up to 8 Exciters 

• Up to 23 Waveguide Switches 

A digital computer with a keyboard/display unit makes it possible for the 
operator of systems such as the above to perform the monitoring and control 
functions easily and reliably. The associated software provides facilities 
in several distinct functional areas. This paper focuses on one of those-
the facility to read and interpret commands from the operator. 

The following sections discuss various issues pertaining to the specification 
of the operator-interface facility. Two equally important points of view are 
represented: (1) the operator's point of view (ease of use), and (2) the 
programmer's point of view (cost). Fortunately, these two points of view are 
in agreement with regard to one important issue--unnecessary complexity 
imposes a burden both upon the operator and upon the programmer and should be 
avoided. 

Tree Structure of Command Syntax 
The syntax of the commands used by the operator to express a complete 
instruction can be described abstractly as a tree. For example, the tree 
might assume the following form: 



Command 

I 
Get Subsystem Number 

Antenna Uplink Downlink Configuration Miscellaneous 
Position I 
• • • • 
• • • • 
• • • • 

I 
Receiver LNA 

I 
Get Receiver Number • 

• 
• 

Set C/N Set Mode Tune 

Threshold 

• 
• 
• 

• 
• 
• 

Frequency 

I 
Number 

Transponder 
Number 
I 

Number 

Transponder 
Name 
I 
3-character alias 

An important fact to observe about the tree is that the operator-interface 
program can learn the operator's intent by successive stages of refinement. 
This holds true both for menu-driven and for cornnand-language systems as long 
as the syntax can be represented by a tree structure. A tree is al so a 
finite-state machine, and this fact can be exploited to design the operator
interface program. The initial state of the finite-state machine coincides 
with the root of the tree (the node labeled "Cornnand"). The program uses 
the first input after the subsystem number to determine which major branch 
to traverse; if the operator indicates "Downlink", the finite-state machine 
undergoes transition to a state that coincides with the node labeled 
"Downlink". Transitions continue in this way until the finite-state machine 
reaches a final state, which coincides with one of the leaves of the tree; at 
this point the operator-interface program "knows" the operator's intent and 
can act accordingly. 
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Menu-Driven System Control 

A menu-driven system is characterized by a series of query-response exchanges 
between the computer and the operator to express one cormiand. The computer's 
query is usually in the form of a menu displayed on the operator's console, 
which lists the valid responses and their meanings. The operator's response 
is supposed to be one of the possibilities listed in the menu (usually a 
digit or a letter). 

For example, a menu-driven system based on the tree in the previous section 
would start with the query 

ENTER SUBSYSTEM NUMBER (1 .. 7) > 

Assume that we have a sophisticated menu-driven system, which displays (in 
addition to the queries) the status of the subsystem, module, or component 
that is currently selected. Then after the operator types in a digit desig
nating the subsystem, the computer would display the overall status of the 
subsystem followed by 

A ANTENNA POSITIONER 
U UPLINK MODULE 
D DOWNLINK MODULE 
C CONFIGURATION 
M MISCELLANEOUS 
Z RETURN TO FIRST-LEVEL MENU 

ENTER COMMAND TYPE> 

Note the last possibility. Menu-driven systems should permit the operator to 
return to the first-level menu (ENTER SUBSYSTEM NUMBER>) quickly and easily 
in response to any query. (This facility could also be provided by means of 
a special key -- see the section entitled "Deletion" below.) Suppose that 
the operator responds by typing 1 0 1

• Then the computer would display status 
information about the Down 1 ink Modu 1 e of the given subsystem fo 11 owed by 
another menu inviting the operator to select a receiver, to select an LNA, 
or to return to the first-level menu. If the operator selects a receiver, 
the computer would continue by asking for the receiver number. After the 
operator supplies the receiver number, the computer would display detailed 
information about the specified receiver followed by another menu inviting 
the operator to select an action -- set C/N threshold, set mode, tune the 
receiver, or return to first-level menu. If the operator elects to tune the 
receiver, the computer would ask whether the operator wishes to tune it to a 
specified frequency, to tune it to a transponder designated by number 
(1..24), to tune it to a transponder designated by alias (for example 11 lH 11 or 
11 12V 11

), or to return to the first-level menu. Finally, if the operator 
e 1 ects to tune it to a frequency, the computer would ask for the frequency 
and check the response for validity. 

There are two levels of sophistication with regard to the status displays. 
The simpler approach would be to paint the status information only after the 
operator completes his response to a query. The more sophisticated approach 
would be to update the display (while waiting for the operator's response) 
when pertinent information changes. The first approach is usually unsatis
factory, because the information on the display can be out-of-date and, 
therefore, misleading. For example, if several minutes have elapsed since 
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the most recent operator response, and if the carrier-to-noise ratio has 
dropped significantly, the operator would not be aware that remedial action 
is needed. 

A menu-driven system can also be used to display an array of values and per
mit the operator to update one or more of them. For example, the configura
tion branch of the tree may contain a screen on which the operator would 
display or update the coordinates of several satellites. In order to update 
information, the operator needs a method to express which element of the 
array to change. A simple solution would be a dialog such as the following. 
The computer asks the operator for the number of a satellite to change (or a 
code that indicates "return to first-level menu"). The operator types the 
satellite number n. The computer asks for the coordinates of satellite n (or 
a code that indicates "return to first-level menu"). The operator types the 
coordinates. The computer updates the display of sate 11 ite coordinates and 
repeats the query for the number of the next satellite to change. An alter
native solution would permit the operator to move a cursor on the screen by 
means of function keys. The operator would then move the cursor to the 
satellite coordinates that need to be updated and overwrite them. The first 
solution can be cumbersome and annoying to the operator. The second solution 
is considerably more expensive to program . The trade-off decision should 
take into account how often the operator needs to update the array of infor
mation. 

Cnmmand-Language System Control 

A command-language system is characterized by a single exchange between the 
computer and the operator to express a complete command. The computer's 
query usually consists of one or two characters. For example, the query "C>" 
could be used to indicate that the computer is expecting an ordinary console 
command, whereas the query "G>" would indicate that the computer is expecting 
a command from a set of commands that could include graphics instructions. 
The operator's response consists of a line of text that expresses the com
plete intent of the command. 

Each command-language command is mnemonic. An example of a command derived 
from the tree i 11 ustrated above might be of the form "SUBSYSTEM 5 DOWNLINK 
RECEIVER 3 TUNE TRANSPONDER NUMBER 9". Immediate improvements in readability 
can be obtained by employing abbreviations: (1) let the subsystem number 
be denoted as a comnand prefix terminated by a colon (:); (2) let the key
word "RECEIVER" imply the downlink branch of the tree. Then, the abbrevia
tions yield 11 5: RECEIVER 3 TUNE TRANSPONDER NUMBER 9". Rearranging the tree 
yields further improvements in readability: let the first branch after 
the subsystem be an imperative verb ("MOVE", "SET", "TUNE", "CONFIGURE", 
"ENABLE", etc.). Then, the above command could be written in the form 11 5: 
TUNE RECEIVER 3 TRANSPONDER NUMBER 9". 

In menu-driven systems it was noted that status could be displayed for the 
currently selected subsystem, module, or component with successively greater 
detail as the di a log proceeds from the root of the tree toward one of the 
leaves. The counterpart for this in command-language systems (to display the 
subsystem, module, and component in succession as the operator types the 
command) does not make much sense. Instead, the command language typically 
includes specific commands that the operator can use to indicate the type of 
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information to be displayed. The area of the screen for echoing keystrokes 
and for displaying error messages can be as small as two lines. This leaves 
the remainder of the screen for status displays. 

Implementation Techniques 

The process of interpreting a command (or, for menu-driven systems, a series 
of commands) is ca 11 ed parsing. After parsing a command, the computer wil 1 
know (1) whether the command is valid and, if valid (2) the operator's 
intent. The Parser routine is not directly concerned with the execution of 
the command. Indeed, one of the possibilities is that the command is not to 
be executed immediately; instead, the command is to be inserted into a list 
of commands (sometimes called an "event schedule") for execution at a speci
fied subsequent time. In this case, the parser is used merely to verify that 
the command is valid. 

A straightforward way to implement the parser is to let the program structure 
mirror the structure of the tree. Branches in the tree would be implemented 
by means of corresponding multiway branches in the program. High-level sub
routines could enclose the code for each of the major branches attached to 
the root of the tree. These subroutines could, in turn, call lower level 
subroutines that correspond to branches closer to the leaves. 

Another way to implement the parser is by using tables. This approach takes 
advantage of the fact that the tree is a finite-state machine, and that there 
are well-known techniques for using a table to represent a finite-state 
machine. The table will generally contain transition rules and other 
instructions to the parser. An example of a transition rule would be an 
entry in the table that instructs the parser to perform one of the following 
three actions: (1) read the keyword "ENABLE", and proceed to state 31; (2) 
read the keyword "DISABLE", and proceed to state 75; (3) read an integer 
between 1 and 7, and proceed to state 19. If the operator does not type 
"ENABLE", "DISABLE", or an integer between 1 and 7, the parser should print 
an error message. An example of a command other than a transition rule would 
be to record the subsystem number from the most recent integer read, and then 
proceed to the next higher-numbered state. This rule, for example, might 
occur at state 19, in which case the subsystem number in the range one 
through seven is known to the parser. These examples illustrate that the 
table-driven parser is essentially an emulator which executes a higher-level 
program (the language description) built into the table itself. 

It is not obvious which of these two approaches is easier to program. The 
first approach appears to be simpler. However, if the syntax is sufficiently 
complicated, a parser using the first approach will be larger, and it is well 
known that the management of 1 arge programs introduces unexpected prob 1 ems, 
especially if memory limitation becomes an important factor. 

5 



Desirable Features 

Uniformity 

A uniform set of conventions should be employed for computer cµes and opera
tor response. This will make it easier for the operator to become familiar 
with the program and (even for experienced operators) will reduce the risk of 
operator error. 

In menu-driven systems, the menu at each level should be displayed at the 
same place on the screen. Moreover, employing page numbers and uniform con
ventions in screen titles will be of benefit to the operator. 

In command-language systems, parallel structure should be designed into com
mand format. Consider, for example, two typical commands in an earth-station 
system: 

( 1) to tune the third receiver of subsystem five to the ninth tran
sponder of the current satellite; 

(2) to set the C/N threshold of the third receiver of subsystem five to 
15 dB. 

If the first command were expressed in the form 

"5: TUNE RECEIVER 3 TRANSPONDER 9". 

It would be inappropriate to express the second command in the form 

"5: SET C/N THRESHOLD 3 15". 

Instead, a preferred form would be 

"5: SET RECEIVER 3 C/N 15". 

BatchJ'iles 

Batch files are large collections of commands on disk, which are used to 
retain information that the operator modifies only infrequently (e.g. con
figuration parameters or the event schedule). It is possible to provide 
batch files for menu-driven systems, but the programming is not easy. A 
part i a 1 so 1 ut ion is for the computer to record a file copy of the commands 
while the operator is keying them in. However, this solves only the problem 
of initial data entry and does nothing to alleviate the difficulty of 
updating the batch file. Editing the file is either a very sophisticated 
operation -- both for the operator and the programmer, or the operator wi 11 
have to use an ordinary text editor to modify a very cryptic file. 

Abbreviations or Shortcuts 

The complete forms of keywords such as "RECEIVER" and "TRANSPONDER" are use
ful in the operator's manual and, perhaps, for the inexperienced operator. 
However, after some experience in using the system the operator will soon 
become impatient with the amount of typing that is required and will demand 
some form of abbreviation or shortcut to expedite command entry. The need 
for abbreviation is a problem only in command-language systems, since menu
driven systems are inherently brief. 
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Ideally, the computer should accept any abbreviation using the first n char
acters of a keyword as long as the keyword (or satellite name) is unam
biguous. The computer should take advantage of the complete context of the 
keyword (i.e. the previous text in the command line) to interpret the abbre
viation. A somewhat simpler (albeit less satisfactory) alternative would be 
to require, say, the first three characters in abbreviating a keyword or 
name. However, such compromises might restrict the vocabulary of the command 
language, since it would require all keywords and names to be unique in the 
first three characters. For example, if the abbreviation were based on the 
first three characters, one of the two keywords "DISPLAY" and "DISABLP would 
have to be eliminated from the vocabulary. 

A useful feature to provide with abbreviation is the display of the unabbre
viated keyword. For example, after the operator has typed "TUNE R", the 
computer knows that the second keyword is "RECEIVER". Therefore, if the 
operator types a space after the 11 R11 (to indicate end-of-abbreviation), the 
computer could echo "ECEIVER". 

'Validation Based. on. Current .An.temla Direction. 

Errors in a command should be caught as early as possible. Therefore, if the 
command refers to a transponder not present on the current satellite (the 
satellite closest to the antenna direction), that conmand should be rejected. 
More correctly the computer should use the direction expressed by the last 
MOVE ANTENNA cornnand instead of the current antenna direction, because the 
operator may want to tune the receiver to a transponder while the antenna is 
slewing. The recommended way to compute the closest satellite is to calcu
late the great-circle angle difference between the (azimuth, elevation) 
coordinates of the antenna and the (azimuth, elevation) coordinates of each 
satellite; then choose the satellite whose angle is smallest. The following 
formula gives the cosine of the great-circle angle. 

cos(angle) = cos(EA - ES) - cos(EA) cos(ES) [1 - cos(AA - AS)], 
where 

EA= elevation angle of the antenna 
ES= elevation angle of the satellite 
AA= azimuth angle of the antenna 
AS= azimuth angle of the satellite 

The closest satellite is the satellite for which the above expression is 
maximum. 

Jllarly and. Clearly Expressed Error :Messages 

If the operator makes an error during cornnand entry, and the computer can 
detect the error, it should print a diagnostic as soon as it is feasible to 
do so. This kind of close interaction with the operator is inherent in menu
driven systems. On the other hand, programs based on the conmand-1 anguage 
approach often neglect to provide such interaction, because they do not 
retain control during keystroke entry. Most high-order languages provide a 
keyboard/display driver, which performs functions such as keystroke echoing, 
responding to the delete-character or delete-1 ine function key, and numeric 
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conversion. When the application program uses the driver, it does not regain 
control until the operator has completed keyboard entry and until the driver 
has already partially digested the command 1 ine. On the other hand, the 
operating system or the high-level language usually provides some kind of 
mechanism that allows the application program to process each keystroke 
(although such a mechanism is often obscure and difficult to ferret out of 
the documentation). In exchange for the greater degree of control, the pro
grammer must forego the automatic features provided by the driver; thus 
echoing, deleting, conversion, etc. must be performed in the application 
program. 

The computer should print a diagnostic as soon as an error is detected and 
require the operator to correct the erroneous portion of the command before 
proceeding with the remainder of the command. Immediate error reporting is 
recommended for the following reasons. 

o It improves the readability of diagnostics and relieves burden on 
the operator of interpreting ambiguous messages such as "WORD 4 OF 
COMMAND NOT RECOGNIZED". 

o It makes it unnecessary for the operator to retype the entire com
mand just to fix an error in one portion. 

o The operator can be confident that the initial portion of the com-
mand (already typed) is correct. 

There are two levels of sophistication. The simpler of the two would be to 
check for validity only after every word of a command (e.g. keyword, name, or 
numeric parameter). The more sophisticated approach would be to check for 
validity after every keystroke. With reqard to keywords, these two methods 
are essentially the same for menu-driven systems, because keywords are nor
mally represented by one-character codes. However, checking numeric 
parameters or satellite names while they are being typed increases the cost 
of the programming for menu-driven systems as we 11 as for command-1 angu age 
systems. Numeric parameters are often diagnosed with respect to a valid 
range of values. In this case, checking a numeric parameter while it is 
being entered does make sense; it amounts to checking whether the partially 
typed number exceeds the upper limit of the range. On the other hand, it 
would be considerably more difficult (and probably not worthwhile) to check 
uplink and downlink frequencies, because only a discrete set of frequencies 
is valid. In this case, it makes more sense to read all of the digits of a 
frequency parameter before checking whether the value is valid for the 
current satellite. 

Help 

Menu-driven systems automatically provide help by displaying a cue while 
soliciting data entry. The counterpart in a command-language system would be 
a facility in which the operator requests help by typing a special key (for 
example 11 ?11

). The computer would answer this request for help by displaying 
a list of the operator's valid responses at this stage of command entry. 
Possible types of cue would include the name .of a keyword, the range of 
values for a numeric parameter, an indication that the response could be a 
satellite name, ·an indication that the response could be an exciter fre
quency, etc. If the computer is checking for validity after every keystroke, 
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then each keystroke should reduce this list of cues. In other words, if the 
operator requests help in the middle of a co1T111and word, the computer should 
answer by displaying only the abbreviated list of words that would be 
obtained by completing the partially typed word. 

Deletion 

The operator needs the ability to correct a typing error by deleting all or 
part of a co1T111and. He typically expresses his intent to delete all or part 
of a command by using one of the special keys: the [delete] key, the 
[backspace] key, or one of the control characters (entered by holding the 
[ctrl] key down while typing one of the letter keys). Although control char
acters are harder to type, this is usually a virtue, because it reduces the 
risk of the operator's deleting part of a command by mistake. 

In command-language systems three delete keys are recommended: 
<delete character> -- delete the last character from the end of the 
partially typed co1T111and, and restore the display to the state that it 
was in prior to this last character. For example, assume that the 
operator had typed "TU R II and that the computer had echoed "TUNE 
RECEIVER". Then, in response to <delete character>, the computer 
should erase 11 ECEIVER 11 and revert to the state that it was in prior to 
reading the last space. 
<delete word> -- delete one or more characters from the end of the 
partially typed command until the entire command is deleted, or until a 
nonspace character preceded by a space is deleted. (This definition 
may be extended to include separator characters other than space, e.g. 
comma, colon, equal sign, etc.) Restore the display to the state that 
it was in prior to this last word. 

<delete line> -- delete all characters from the partially typed 
command. 

Of course, the computer should accommodate a combination of multiple <delete 
character>s and <delete word>s in succession. 

Three levels of deletion, similar to the scheme described above, would also 
be appropriate for menu-driven systems. 

<delete character> -- delete the last character typed, unless this last 
character terminated a portion of the command. For example, assume 
that the computer displayed a menu that solicited a response in the 
form of a number between one and five. After the operator types "3", 
he can use the <delete character> key to erase the "3". On the other 
hand, after the operator types 11 311 followed by [RETURN], the computer 
displays the menu at the next node of the tree, and the <delete 
character> key could not be used to return to the previous menu. 

<return to previous level> -- if any responses have been typed in for 
the currently displayed menu, erase all such responses; otherwise, 
return to the previously displayed menu. 

<return to initial level> -- return to the highest level menu. Using a 
function key to express "RETURN TO 1st LEVEL MENU" is recommended in 
preference to including this option as a separate line on each menu. 
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FlexibWty in Syntax 

The operator's context may determine the vocabulary of commands that should 
be valid. 

VIEW corrmands, e.g. VIEW RECEIVER 3, are valid only at a color 
graphics terminal; 

the INSERT command is valid only while the operator is editing the 
event schedule; 

the conmand EDIT EVENT SCHEDULE is not valid while the operator is 
editing the event schedule; 

when the computer encounters a TUNE EXCITER conmand, it should 
print the cue ARE YOU SURE?, except when during the execution of a 
command from the event schedule. 

The table-driven implementation is particularly appropriate in this situa
tion. Four tables are maintained: (1) for the syntax at the operator's 
terminal; (2) for the syntax at the color graphics terminal; (3) for the 
syntax during the editing of the event schedule; (4) for the syntax during 
the execution of commands from the event schedule. 

DOCIJmentaticm. 

Drafting an easy-to-read users' manual is a significant portion of the effort 
in producing an operator-interface program. The cost of this effort should 
not be forgotten when the program is being designed. Brevity of expression 
should be exercised wherever possible, because this will reduce cost as well 
as improve ease of use. Unfortunately it is often difficult to be concise in 
describing a menu-driven system, because the prompts displayed to the opera
tor change as the program traverses the tree. Conmand-1 anguage systems can 
be described concisely, but the operator needs to learn syntax conventions. 
For example, "Language elements in square brackets represent items that may 
optionally be omitted, 11 and "Language elements separated by vertical strokes 
represent- alternative choices." In many cases, the meaning of a conmand is 
not self explanatory, and it is necessary to describe the effects of the 
various alternatives. 
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Graphics 
C.A. Gregory 

Graphics System in an Barth Station Control Bnvironm.en"t 

Computer graphics is a user friendly and effective means of communication 
between user and computer. Currently, most remote control earth stations are 
monitored by an alphanumeric display viewed on a video display terminal. 
Earth station control can be enhanced by the inclusion of a computer graphics 
system in the control environment. Data can be presented on a graphics dis
play terminal in a manner that is easily and quickly understood by the user. 
Even though it is the intent of alphanumeric displays to be user friendly, it 
is simpler for a user to comprehend data presented as colors and patterns 
than it is to interpret a table of numbers. By presenting earth station 
status as a diagram or view on a graphics display terminal, the earth station 
operator can better assimilate the displayed information required for real
time decisions. 

Computer graphics offers more than the ability to encode information into 
color and pattern. It is also possible to draw a representation of almost 
any object on a graphic screen in whatever form desired. Another feature is 
zoom, which allows the user to 'blow up' a portion of the screen to a larger 
size. When these techniques are employed with color and patterns in design
ing the graphics system required by the user, a good human interface for 
control system users can be created. 

Graphics Bequiremen'ts in Barth Station Control 

The graphics system which displays information to the operator is subject to 
guidelines and requirements as is any software system. Simplicity, complete
ness, and performance are requirements that are closely related. Simplicity 
and completeness are important when displaying information to the user. 
Information must be concisely presented to the operator and it must also be 
complete. The operator should not have to guess at details because they are 
not present on an earth station diagram. 

Simplicity in a graphics control environment is always desirable. Simplicity 
of design leads to simplicity in implementation and use. If a graphics sys
tem is encumbered with a complicated design, the system will be difficult to 
implement and risks being unmanageable for the user. Simplicity can be 
undone by completeness if the user desires a detailed system. Complete data 
is necessary but must be presented so it does not burden the user with 
unnecessary details. Data to be displayed must be chosen for its relevance 
and importance so that an excess of detail is not presented. 



There is a balance to be achieved between completeness and simplicity. If 
simplicity is overemphasized, details needed for the operator to do the job 
may be lacking. If completeness is overemphasized, the operator may be bur
den with the task of deciphering details presented on the terminal screen 
before changes in system status can be recognized. Clearly, an equal measure 
of simplicity and completeness is necessary when designing a graphics system. 

Performance can be affected by completeness and simplicity. If the graphics 
system has the good balance of simple and complete displays, performance 
should be adequate. But if completeness is overemphasized, processing time 
may be increased in order to update the detailed graphics representation of 
earth station status. Since operators in an earth station environment fre
quently have the need to make timely decision based on the reported earth 
station status, it is desirable to minimize the time needed to refresh the 
graphics screen or process the data. 

The system design requirements of simplicity, completeness, and performance, 
when implemented effectively, result in a system easy for the operator to use 
and understand. Graphics displays are used to enhance conmuni cation between 
operator and the earth station in a control environment. Meeting the crite
ria which defines an effective graphics system assures a system that is easy 
to use and understand. 

Implementation of Graphics Systems in a Control Environment 

The earth-station graphics system is a simple and straightforward presenta
tion of earth station information. There are two views representing the 
uplink (Figure 1) and downlink (Figure 2), either of which can be displayed 
on the graphics terminal. On the left side of the downlink view are three 
antennas with the name of the satellite which the antenna has acquired. To 
the right of the antennas are three columns each representing one separate 
downlink module. At the head of the column is a protrayal of a Scientific
Atlanta 7620 Video Protection Switch. Under the Video Protection Switch are 
eight boxes representing each of the eight receivers associated with that 
Video Protection Switch. The uplink is drawn similarly, the difference being 
a protrayal of a Scientific-Atlanta 7640 Uplink Protection Switch with up to 
eight transmitters beneath. 
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HPA No. 1 Exciter No. 1 HPANo. 6 Exciter No. 6 
Ch No. Stdby/TX Frequency Ch No. Stdby/TX Frequency 

SAT NAME 
Powar S/C Mute Pow•r S/CMula 

Ant. No. Port/LO Alanna Ant. No. Port/LO Alarma 

HPANo.2 Excitar No. 2 HPANo. 7 Exciter No. 7 
Ch No. Stdby/TX Frequency Ch No. Stclby/TX Fraquancy 

Po_, S/C Mute Po-• S/C Mute 
Ant. No. Port/LO Alanna Ant. No. Port/LO Alarms 

HPANo.3 E11citar No. 3 HPA No. 8 E11citar No. 8 
Ch No. Stclby/TX Freci-cy CII No. Stdby/TX Ff911UfflCY 

SAT NAME 
Powar S/C Muta Powar S/C Mute 

Ant. No. Port/LO Alarma Ant. No. Port/LO AlmN 

HPANo.4 Exciter No. 4 HPA No. 9 Exciter No. 9 
Ch No. Stdby/TX Frequency CII No. Stdby/TX Frequency 

Powar S/CMvta Powar S/C Muta 
Ant. No. Port/LO Alarm, Ant. No. Port/LO Alffllll 

HPANo. 6 Ellciter No. 5 HPA No. 10 Excitar No. 10 

SAT NAME 
Ch No. Stclby/TX Frequency Ch No. Stdby/TX Frequency 

Power S/C Mute Po-, S/C Mute 
Ant. No. Port/LO Alarma Ant. No. Port/LO Alanna 

RED - ALARM 

GREEN NORMAL 

YELLOW - PROTECTED 

RX1 ANTX I I RX9 ANTX I I RX17 ANTX 
Freciu f?A Frequ f7N Frequ f7N 

RX2 ANTX I I RX10 ANTX I I RX1B ANTX 
Frequ C/N Frequ C/N Frequ C/N 

RX3 ANTX I I RX11 ANTX I I RX19 ANTX 
Frequ C/N Frequ C/N Frequ C/N 

RX4 ANTX I I RX12 ANTX I I RX20 ANTX 
Frequ C/N Frequ C/N Frequ C/N 

RX& ANTX I I RX13 ANTX I I RX21 ANT X 
Frequ C/N Frtqu C/N Frequ cm 

RX6 ANTX I RX14 ANTX I RX22 ANTX 
Frequ C/N Frequ C/N Frequ C/N 

RX7 ANTX RX15 ANTX RX23 ANTX 
Frtqu C/N Frequ C/N Fraqu C/N 

RXB ANTX RX16 ANTX RX24 ANTX 
Frtqu C/N Frtqu C/N Frequ C/N 

RED - ALARM -
GREEN - NORMAL 

YELLOW - PROTECTED 
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There are four colors utilized: green, red, yellow, and blue. 
sents a normal state; alarm states are either red or yellow. 
for a background color. A component is drawn in the backgrou 
does not exist for that downlink/uplink module. 

Green repre
Bl ue is used 

d color if it 

An operator has the information needed displayed on either ne of the two 
views. By glancing at the view the operator can quickly tell the status of 
the entire earth station. Any changes made by the operator will be displayed 
on the view. Earth station information is updated continuous y when one of 
the views is displayed giving the operator timely changes in earth station 
status. 

Earth station graphics provided for oni project has more det il due to the 
requirements specified by the user. By requesting a higher le el of detail, 
the user sacrificed simplicity in view design and performance o the graphics 
system in order to gain a complete and precise picture of the arth station. 

The graphics system has view hierarchy. At the uppermost leve of hierarchy 
is a concise picture of the entire earth station called the aster Control 
View (Figure 3). The Master Control View pictures each of the seven 
subsystems with the three members of the middle level, the uplink module 
(Figure 4), the downlink module (Figure 5), and the antenna ontrol module 
(Figure 6). The lowest level of hierarchy contains the individ al components 
presented in the middle level. The components are the Receiv r (Figure 7), 
the Exciter, and the High Power Amplifier . 

.MASTER CONTROL VIEW 

i 
IAttlCNttA cottr~aLI 

~ 
IAttT!ftttA SONTIOLI 

ITRAftSNIT NDDULEI ITAANINET NaouLcl 

l ■ ECCEV! NDDUL! I l ■ e:C!IU£ NODULE I 

laN11CNNA caNr•aLI 
GllLAXY I 

i i· 
laNTINN• cDNTRaLI 

ITRANSNIT NDDUL!I ITIAftlNtT NDDU~e:I 

IAccctvc NODULE I l•ccc1u£ NODULE I 
l•tttCNNA conrAo~I 

SATCOPI 31 

i i· 
IANTCftNA CONTIOLI 

ITRANSNIT NDDULII ITRANINET NQDULII 

I u:cnve: NDDUL! I lae:ce:1u£ NODULE I 

IAnTCNNA conr~aLI 
SAlCOPI ◄ 

i· ITRAft~NIT NDOULEI 

I NIIC:IC~IJE NDDUL.I[ I 

SA1COP1 3R 

Figure 3. Master Control View 
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Each view (except the Master Control View) has an overview in the upper left 
corner of the screen. The overview is a small representation of the Master 
Control View. There are three -horizontal lines associated with a subsystem 
number, with each of the horizontal lines representing the antenna control 
module, uplink module and downlink module, respectively. The overview is 
used to alert the operator when alarms occur in the earth station if the 
operator is looking at a view other than the Master Control View. 

Earth station information is presented as simple block diagrams with color, 
pattern and highlighting employed to alert the operator to changes in earth 
stat ion status. Color represents normal and al arm states. Patterns repre
sent, in the form of hash marks, the polarization of some components. High
lighting, the process of making items on the screen blink, is used to notify 
the operator of alarms. All views are updated continuously so as to present 
the most current status of the earth station to the operator. 

Summary 

As demonstrated in these two examples of earth station graphics, the inclu
sion of computer graphics in a remote control earth station environment 
enhances the operator's ability to recognize changes in earth station status. 
The earth station operator is able to preceive alarms quickly as corrmunicated 
to him by the graphics display. Through the use of a computer graphics 
system at the earth station site, the earth station operator has complete, 
concise and well displayed information before him, contributing to a depend
able and reliable remote control earth station. 
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Introduction 

Bven:t ScheduJ1:ng 
G. Hartwick 

Controlling large, sophisticated satellite earth stations or large networks 
of these earth stations often requires the operator to submit a considerable 
number of commands at precise times. Examples of commands that have to be 
issued are ones that move antennas, tune receivers or transmitters, set 
polarization, and set waveguide switches. It would be helpful if sequences 
of these commands could be stored at the earth station for automatic execu
tion at designated times. Such a stored schedule could, by allowing advanced 
entry and editing of commands, reduce operator error and could, by reducing 
the number of commands to be entered at one time, improve operator effici
ency. 

This paper describes an implementation of event scheduling recently completed 
at Scientific-Atlanta. The implementation consists of two major tasks: the 
editing and storing of commands in the schedule and the processing of stored 
commands from the schedule. The first task is called EDIT EVENT SCHEDULE and 
the second task is called PROCESS EVENT SCHEDULE. Both of these tasks rely 
heavily on a command language parser that is described in the paper 11 Command
Language or Menu-Driven Control. 11 

Event Schedule Features 

• Commands can be stored in the event schedule after causing a call 
to the Edit Event Schedule routine by issuing the command EDIT 
EVENT SCHEDULE. 

• The editor has its own command set. 

• The advantage of immediate syntax checking of commands is realized 
by using a command 1 anguage parser (paper "Command-Language or 
.Menu-Driven Control") to obtain both edit and control commands. 
Thus, only valid control commands are entered into the event 
schedule. 

• The user is prompted when help is requested. 

• Commands are logically stored in the event schedule in their fully 
expanded (nonabbreviated) form. 

• Control commands are scheduled by the day, hour, minute, and second 
using a 24-hour clock. 



• The commands that may be entered into the event schedule are a 
subset of the control command set. A diagnostic is displayed if 
the user attempts to enter a command that is not a member of this 
subset. For example, the EDIT EVENT SCHEDULE command would not be 
allowed in ~he event schedule. 

• Encoded commands are submitted for subsequent processing at the 
appropriate time by the Process Event Schedule task. This task is 
a 1 ways II as 1 eep 11 unless it is time for a command in the event 
schedule to be processed. At that time, it is "awakened;" the 
command is extracted from the event schedule; the command is passed 
one character at a time for encoding and processing; the command is 
purged from the event schedule; and, the task puts itself back to 
11 sl eep. 11 

Event Schedule Editor Features 

The event schedule editor is a "current line" editor; that is, its commands 
affect or are relative to the last line seen by the user. The features of 
this editor are: 

1 The editor is called from another program or task. 

1 The editor has five commands. They are LINE, INSERT, DELETE, LIST 
and EXIT. The LINE command is used to move the "current 1 i ne 11 

forwards or backwards in the event schedule file. INSERT is used 
to add a new command or a comment to the file. DELETE removes the 
"current line. 11 The LIST command displays the entire or a speci
fied range of the event schedule on the user's terminal. And, EXIT 
returns contol to the calling program. 

1 Only one terminal at a time is allowed to be in the EDIT EVENT 
SCHEDULE mode. 

t The "current line" is always located at the first command in the 
event schedule when the EDIT EVENT SCHEDULE command is issued. 

t A command may be inserted BEFORE, OVER, or AFTER the "current 
line." The default value is to insert before the "current line. 11 

1 The LIST command displays the command in its full, nonabbreviated 
form. 

1 The user edits a copy of the event schedule. 

t After issuing the EXIT command, the user will be prompted for per
mission to replace the master copy of the event schedule provided 
an insert or delete operation had been performed. 
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• If, when the EXIT command is issued and permission to replace has 
been obtained, commands exist in the copy that have scheduled exe
cution times which are elapsed, a warning will be issued to the 
user. The user wi 11 then have the choice to have the commands 
executed or to remove them from the schedule. 

• The INSERT command may be implied by typing a valid control command 
with the appropriate time. The time field could cause the defini
tion of "current line" to change. 

• Some commands may imply other commands. For example, tuning a 
receiver to a transponder on a specific satellite may imply a move 
antenna command. 

Edit Event Schedule Command• 

The command syntax described below illustrates the user inputs required to 
effect changes in the event schedule. Parameters enclosed in angle brackets, 
<>, indicate operator inputs. Parameters enclosed in square brackets, [], 
indicate options. And, a "I" indicates that either parameter may be used. 

When the EDIT EVENT SCHEDULE command is issued, control of the user's ter
minal is passed to the Edit Event Schedule routine. At that time, only the 
following commands will be accepted for processing from that terminal: 

LINE [<n>] I EOF] 

This command causes the "current line" to be defined as the next line--or 
command, as only one command per line is allowed--in the event schedule. The 
user may move the "current l ine 11 <n> lines, where <n> is a val id, signed 
integer. EOF causes the 11 current line 11 to be defined at the end-of-file and 
not at the last line. If <n> is greater than or less than the number of 
lines remaining in the file, the "current line" will be, correspondingly, 
positioned at the last or first line in the file. 

INSERT [BEFORE I OVER I AFTER] 

This command causes a new item to be entered into the event schedule. If 
BEFORE is specified, the new item is entered immediately prior to the 
"current line. 11 If OVER is specified, the "current line" is replaced by the 
new item. And, if AFTER is specified, the new item is entered irnmed_iately 
after the "current line. 11 The default is BEFORE. After issuing the insert 
command, the user is prompted for the new item which is to be terminated by a 
carriage return. 

DELETE 

The "current line" is removed from the file when this command is issued. 

LIST [<n> [:<m>JJ 
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Causes the next line in the event schedule to be displayed. Parameters <n> 
and <m> are valid, signed integers which cause either the nth or the nth 
through the mth lines(s) to be displayed. In all cases of this corm,and, the 

-~::r~nt line, 11 is redefined as the last line displayed. 

EXIT 

Returns control to the calling program. If an INSERT or DELETE command has 
been processed, asks the user for permission to replace the event schedule. 
If commands with elapsed times exist in the new copy of the event schedule, 
ask the user to resolve the situation. 

Inputs. Inputs to this process consist of edit conmands, the event 
schedule, and commands and comments to be entered into the event schedule. 

The syntax of a command to be entered into the event schedule is: 

YYMMDD HHMMSS <command> [;<comment>] 

where, <comment> is a string of characters not exceeding the current line 
length, YYMMDD is a valid future date, HH ranges from 00 to 23, r-t1 ranges 
from 00 to 59, and SS ranges from 00 to 59. 

Outputs. The editor outputs a file of ASCII characters which correspond to 
the commands that would be entered at the console keyboard. This file is 
available for execution after leaving the editor. 

Structure of "8sks 

The structure is described by the interface diagrams as shown in Figures 1 
and 2. Each box represents a compilation unit (main program or routine). A 
line between two boxes represents a routine call--the compilation unit in the 
higher box calls the routine in the box beneath it. An arrow represents data 
flow: a letter in brackets (e.g. 11 [A] 11

) identifies the type of data; 
legends at the bottoms of the diagrams provide definitions. 

Bdit Event Schedule Stracture 

The program or task charged with conmand input keeps· track of the current 
activity being performed at the console. If the activity is to edit the 
event schedule (triggered by the EDIT EVENT SCHEDULE command), it invokes the 
Edit Event Schedule routine (Figure 1). 

The Edit Event Schedule routine edits and stores commands in the event 
schedule. It gets successive commands from the Console Keyboard routine. 
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r----------------, 
I Command I/0 and Parsing Program I 

L--------T-------~ 
I 
I 

r--------~-------7 
I Edit Event Schedule I 

L---~A] -r-11-[B~---J 

I I I 
I I L _____ _. Disk 

I 
: ~----------------7 
I I 

r-----~----------, l 
I Console Keyboard I I [EJ 
L ________________ J I 

[CJ t [DJ : 
I I 

1 1-----------~ 
r-------- ---- --7 
I Console Display I 
L ____ f ______ j ____ ~ 

I [CJ I [FJ 
I I 

Keyboard -----' L----.. Display 

Legend 

[AJ 

[BJ 

[CJ 

[DJ 

[EJ 

(FJ 

encoded keyboard co111TJand 

valid keyboard command or conment in text form and, if conm~nd, the 
encoded command 

keystroke 

echoed keystroke, help report, or response to "delete" request 

displays 

echoed keystroke, cursor control, or status report 

Figure 1. Edit Event Schedule Structure 
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The Console Keyboard routine collects keystrokes from Console Display and 
parses the commands. At the completion of the coITTTland, it returns an encoder 
command to the Edit Event Schedule routine. 

The Console Display routine is the interface to the keyboard and the display 
CRT or printer. It relays information to the Console Keyboard routine one 
character at a time. 

Process Event Schedule Stracture 

The Process Event Schedule routine (Figure 2) gets successive cor11T1ands from 
the Event Schedule and relays them to the processing task. It also performs 
initialization, which consists of reading the parsing tables. Process Event 
Schedule remains dormant until the time-of-day arrives for the next command 
in the event schedule to be processed. It is also awakened when Edit Event 
Schedule ends because of the possibility that there is a new next corrmand as 
a result of the recent editing. 

The Console Keyboard routine collects stored keystrokes from the Extract from 
Event Schedule routine and parses the corrmands. At the completion of the 
command, it returns an encoded command to the Process Event Schedule task. 

The Extract from Event Schedule routine gets encoded event-schedule corrmands 
from the disk in text form. It relays this information to the Console key
board routine one character at a time. It ignores requests from the Console 
Keyboard routine to echo the characters. 
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r----------------7 Processing 
r---..1 Process Event Schedule I -----.... Task 

I I [AJ 
[DJ L--------i ________ J 

I [AJ 
I 

r--------~-------, 
I ~onsole Keyboard I 

I (Parser) I 
L....-------i ________ J 

I [BJ 
I r--------~-------, 

'---~ Extract from Event I~--------.. Disk 
I Schedule I [CJ 

L----------------~ 
Legend 

[AJ encoded keyboard command 

[BJ characters extracted from the event schedule 

[CJ commands extracted from the event schedule, deletion marking 

[DJ date and time of next command in the event schedule 

Figure 2. Process Event Schedule Structure 

7 





An.In: duction to Broadband Multi-Access ~qu.es 
C.M. Ermer 

n 

The purpose of this paper is to give an overview of the various techniques 
that can be used to allow multiple users to share the broadband cable. The 
emphasis of he paper will be placed on techniques used in packet communica
tion systems. While the current interest in Local Area Networks has gen
erated a gre t deal of interest in packet networks and thus a proliferation 
of technique , this paper will restrict itself to the more commonly used 
protocols (fr a review of the many other available multi-access protocols, 
see the Toba i paper1). In particular~ the discussion will focus on how the 
protocols wo k, what are the key parameters that affect performance, how do 
each of the rotocols perform, and what general applications are best suited 
for each pro ecol. 

Broadband. C&ble 

The broadban cable medium is discussed in more detail in other papers; in 
particular, ee the paper "Two-Way Broadband Communications and an Introduc
tion to Broa band System Design. 11 For the purposes of this paper, it only 
needs to be ecognized that the broadband system is of a tree structure, is 
basically a roadcast medium, has both an upstream (to the root) path and a 
downstream ( oward the branches) path, and is a closed system. Thus. in 
order to co unicate between any two arbitrary points n the system wi 11 
require an u stream signal from the sending point and a downstream broadcast 
of the signal from the root (headend) to the receiving point. Therefore, the 
available ba dwidth would be about 100 MHz in a Mid-Split system and about 
170 MHz in a High-Split system. 

The resource of the broadband cable can be viewed as having two dimensions-
frequency an time. Modulation of an RF carrier allows for information to be 
constrained o a specific amount of bandwidth (frequency) and time. Various 
modulation t chniques allow for more or less efficient use of frequency and 
time (see th paper 11 Digital Modulation: Characteristics and Performance of 
Representati e Modulation Techniques"). Obviously, a modulation technique 
that conserv s bandwidth, allowing either a smaller amount of frequency to be 
used for the same data rate or a higher data rate (a smaller amount of time) 
for the same frequency usage, would increase the cost of the hardware. Since 
the broadban cable is a finite resource, it must be efficiently utilized: 
this require both a choice of modulation technique and frequency and time 
assignment t the various users. 

The simplest multi-access technique is to frequency-divide the spectrum 
(FDM). Int is approach each communication link is assigned a piece of the 
spectrum (se Figure 1) . Thus, each communication link is assigned a unique 
piece of bandwidth, and the various communications terminals are free to 



communicate at any time without interfering with any other ter inals. When 
using FDM, frequency division multiplexing, conservation of he frequency 
resource requires that for any desired communication rate, its per sec 
(bps), an emphasis must be placed on selection of a bandwidth fficient mod
ulation technique. That is, a high bits per hertz (bpHz) will onserve band
width and allow more circuits. 

~ 
C 
Cl> 
::, 
C' 
f 

Channel N 

u.. i----
Channel 2 

Channel 1 

1/////////.,...-:: 
equency Limit 

----- - -· 

• 
• 
• 
-------
-------

Time 

Figure 1. FDM Resource Allocation 

The other common fixed assignment technique is Time Division Multiplexing 
(TOM). In this technique, each communication link is assign d a specific 
time slot (see Figure 2). Here each unit is assigned a sending nd receiving 
time slot. For example, if A is to communicate with B, A coul be assigned 
to transmit in Time Slot 1 and receive in Time Slot 2. Obvio sly, B would 
then transmit in Time Slot 2 and receive in Time Slot 1. For he TOM tech
nique, conservation of resources requires that a modulation tech ique be used 
that has a high data rate (bps) in order to allow for maximum sers. Since 
each end user only transmits for short bursts, the other cons raint on the 
modulation scheme is that acquisition times (receiver/transmitt r synchroni
zation) must be short. 

[ TS TS TS 
~ 1 2 3 
C' 
f 

u.. 

TS= Time Slot 

TS TS TS TS 
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Figure 2. TOM Resource Allocation 
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In general, h"gh-speed data links require the transmission of large amounts 
of informatio and are generally best served with bandwidth efficient FDM 
modems. On •• he other hand, low-speed data links generally do not require 
large data tr nsfers and tend to be bursty in nature. Cost is important and 
bandwidth eff cient modulation cannot be justified . When FDM is used with 
low-speed mod ms, a large number of carriers are required; this can be an 
administrativ problem particularly if crystal-controlled modems are used. 
Thus, for l w-speed data circuits, it is often convenient to use TOM 
techniques. 

Finally, any eal communication system will have a combination of both high
and low-speed circuits. In this case, the broadband cable can be divided 
using a combi ation of both FDM and TOM (see Figure 3). 

t 
C 
Cl) 
:, 

i .. 
u. 

Figure 3. Hybrid Resource Allocation 

Up to this oint the access techniques are fixed assignment; that is, the 
frequency or time slot are assigned to a single user. In many instances 
users may no have sufficient data/information to fi 11 the total channel 
capacity. Th "s means that the broadband resource will not be fully utilized. 
In particular, computer traffic tends to be bursty; that is, infrequent and 
random with essage size small relative to the channel capacity. For com
puter network, FDM and TOM would be a very inefficient use of the broadband 
cable. 

The desire have efficient methods of handling the communication needs of 
bursty users has led to the development of packet-switched communications 
systems. Th basic -idea behind a packet communication system is to assign 
the total re ource of the communication system to a single user for a short 
time. Thus, if proper control algorithms can be defined, many users can 
share the ch nnel (multi-access) and the channels resources can be effi
ciently utili ed. These control algorithms, usually referred to as multi
access protoc ls are the subject of the remainder of this paper. 

lVlulti-.A.cce•s Protocols 
i 

Multi-access rotocols fall into two general categories--demand assignment 
and random a cess. Demand assignment protoco 1 s control the resource by 
explicitly de ermining the requirements of the various users and determin-
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istically assigning the resource to avoid conflicts. These techniques give 
very predictable results and are well controlled under all conditions. 
Common demand assignment techniques are polling, token passing, and 
Broadcast-Recognizing Access Method (BRAM). Random access protocols are 
those that a 11 ow a user to transmit on the channel when ever the user has 
information to communicate. That is, there is no central contoller that 
decides the allocation of the channels resource. Each individual terminal is 
free to access the channel at any time. Obviously, collisions will occur; 
each protocol has its own technique for handling collision and taking action 
to complete the information transmission. Two of the common random access 
techniques are Aloha and Carrier Sense Multiple Access with Collision 
Detection (CSMA/CD). 

Before describing the above multi-access protocols and discussing their per
formance characteristics, it would be best to define a few standard terms. 

• Channel Throughput (S): The rate of message transmittal; that is, 
the actual n~mber of messages that are successfully transmitted per 
unit of time. 

• Channel Capacity (C): The maximum value of S that can be achieved 
for a specific access protocol. 

• Expected Dealy (D): The average time between message generation 
and successful fransmission. Successful transmissions means the 
reception of the message at the destination terminal. 

• Propagation Delay (d): The time it takes to send a message between 
the most remote pair of terminals on the system; i.e., transmission 
time . 

• Offered Traffic (G): The total amount of messages requiring 
transmittal both'""new"and repeated. 

• Overhead: The information (bits) in addition to the actual data 
required to make the network function. This would include: 
headers, deliminators, addresses, control bits, etc. 

Before beginning an evaluation of the various protocols, it would be best to 
get a feel for the limits of system performance. The theoretical performance 
of any protocol is bounded, and the bound can be determined from Queuing 
Theory. The best any multi-access protocol can perform is if the system had 
perfect knowledge. That is, ~ach terminal would need to be ordered at the 
instant it had a message to send and each terminal would send its message as 
soon as it could without causing any collisions. This system of Perfect 
Scheduling can be modeled by using the Single-Channel, Single-Phase Queuing 
Theory Model. Because all peripheral multi-access protocols require overhead 
and real-time delays, it is impossible to achieve perfect scheduling; how
ever, the M/D/1* model does provide the optimal performance boundary. 

*In the M/D/1 queuing theory model M defines an exponential distribution 
function for customer-interarrival time; D defines a deterministic (fixed 
packet size) customer-service time distribution; and 1 defines a single 
server model. 
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Demand .Aafl:lgnment Protocols 

Polling is one of the most straight-forward forms of a multi-access protocol. 
It is simple, stable, predictable, and easy to implement. In a polling 
scheme, a central controller has ultimate authority for the network. The 
central controller sequentially polls each remote terminal to inquire if the 
terminal has any messages to send. The terminal responds with a simple no 
(short message) or transmits its message (a maximum message length may be 
imposed). When the transmitting terminal completes its message, the central 
controller polls the next terminal. The process continues in a cyclical 
fashion. The strength of this technique is its obvious stability. The pro
cess is centrally controlled with relatively unintelligent remote terminals. 
Because of the deterministic cyclical nature, a maximum delay time can be 
guaranteed. The weaknesses of the system are the expected delay and the 
channel throughput. The expected delay is relatively long when compared to 
random access techniques for cases when the system loading is small. This is 
true since each terminal must be polled on every cycle even if very few 
terminals have messages to transmit. Also, the high overhead (the polling 
messages) and trasmission delays seriously impact the throughput of the 
channel. 

Token passing is closely related to polling. In token passing, the control 
function is decentralized; that is, each terminal is given the intelligence 
to determine when it has control of the network. The system works by estab-
1 ishing a logical ring on the broadcast medium; that is, each terminal is 
assigned a sequence number. The process begins by the first station trans
mittinq its message, at the end of its messaqe, it transmits the token (a 
special code) to the next terminal. Now that terminal two holds the token. 
it controls the network. Terminal two can either send its message or pass 
the token to terminal three. As with polling, this cycle continues con
stantly. The most obvious advantage of this· system is the improved perfor
mance relative to polling. By passing the token, the delay associated with 
the polling sequence is reduced. In addition, reliability can be improved 
since the system is not totally dependent on a central controller. Like 
polling, token passing has the advantage of being stable and can be designed 
to give a guaranteed maximum delay time. As with polling, token passing has 
a relatively high expected delay, for low levels of system usage, since the 
token is constantly passed around the ring. Token passing is more compli
cated to implement than polling. Conditions that increase the complexity 
are: how to add a new terminal to the network, how to remove a terminal from 
the network without stall inq the token, and how to recover if one or more 
bogus tokens are created. ~ 

Broadcast-B.ecognizing Access Method (BBAM) 

Broadcast-Recognizing Access Method (BRAM) 2 is a demand assignment protocol 
that uses a carrier sense instead of a token to give a terminal control of 
the network. BRAM requires terminals to start a transmission at times that 
are integral multiples of the channel propagation delay d. Collisions are 
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avoided by a scheduling algorithm; S(i,j), where i is the terminal ready to 
transmit and j is the terminal that transmitted last. The schedul inq 
algorithm is a linear algebraic relationship of i, j, and k (the number of 
nodes on the network~ S(i, j)) is designed to give a unique value to each 
terminal (i) for any j. The algorithm can either give priority to the most 
recent terminal to transmit or lowest priority to the terminal that trans
mitted last. In either case, the algorithm is designed to give a rotating 
priority to all terminals, thus on average giving equal access to the network 
to all terminals. Collisions are avoided in BRAM by requiring each ready 
terminal to compute S(i, j) (note that a transmitting terminal must identify 
itself during all transmissions), and wait d•S(i, j) time units after a 
transmission stops before trying to access the network. Since S(i, j) is 
unique to each terminal, each terminal will have a unique access time. When 
a terminal's access time occurs, the terminal must sense the cable for a 
carrier, if the cable is idle the terminal is free to transmit. If the cable 
is not idle, the terminal defers. Everytime a new terminal gains access all 
terminals compute a new S(i, j). 

llandom Access Protocols 

Aloha 

ALOHA* is a random access technique that allows a terminal to transmit any
time it has a message to send. After transmitting, a terminal waits for a 
time-out period to receive an acknowledgement that the message was received. 

If no acknowledgement is received, the terminal assumes that a collision 
occurred and retransmits the message. Since no attempt is made to determine 
if the channel is busy, the likelyhood of a collision is very high for even 
moderate loading; therefore, ALOHA has a very low capacity. 

carrier Sense Multiple Access (CSlVIA) 

Carrier Sense Multiple Access (CSMA) is a logical extension of ALOHA. In 
this technique, the terminal must first determine if the channel is busy 
(carrier presence). If no carrier is present, the terminal is free to trans
mit. If a carrier is _present, the terminal waits a time-out period. In 
order to assure that any terminals that sense the channel being busy at the 
same time, will try again at different times, the time out is generated from 
a probability distribution function. Terminals continue to sense the channel 
and wait the time-out until the channel is free. Due to the channel's propa
gation delay, carrier sensing is not adequate to prevent collisions. Thus, 
acknowledgements are required to guarantee that messages are received. Per
formance can be improved by adding collision detection (CSMA/CD). In this 
case, the terminal must listen while it transmits; if a co 11 i son occurs 
(incoherent data), the colliding terminals stop transmitting and reset their 
random time-outs before trying again. Collision detection thus decreases the 
amount of time a collision can occur and frees up the channel sooner improv
ing overall performance. The advantage of CSMA/CD is its basic simplicity 
and disadvantage is the lack of pure control. 

*ALOHA was deve 1 oped at the University of Hawaii in 1970 for a packet 
switching radio network. 
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Performance Comparisons 

The protocols discussed thus far are representative of the demand assignment 
and the random access types. By using various gimicks and adaptive tech
niques that overcome the inherent weaknesses of each protocol, some perform
ance improvement can be made to each. However, none of the protocols can be 
forced into any dramatic improvement. Of course, any improvement comes at 
the expense of implementation. For an in-depth review of each protocol and 
its various improved versions. see Franta and Chlamtac 3 . 

The remainder of this paper will discuss the performance characteristics of 
the various protocols. The objective will be to show the relative -differ
ences. Precise performance of each protocol depends on a multitude of vari
ables such as: number of terminals on the network, the size of the packets, 
input rate, and the propogation delay. These variables are characteristic 
of any particular network application and are fixed for all protocols. How 
each protocol will perform can then be modeled either analytically or by 
s i mu l at ion 3 . 

The key measures of performance are throughput and delay as a function of 
offered traffic. Figure 4 shows the . relationship between throughput and 
offered traffic. For low levels of traffic, CSMA/CD performs very close to 
the perfect (M/D/1) model. Polling and token schemes, because of their 
higher overhead (control information), will have a slightly inferior 
throughput performance, but for all the relationship is essentially linear. 

The major difference in the protocols shows up as traffic increases. The 
M/D/1 model continues its linear relationship until the channel capacity is 
reached, at this point no more traffic can be handled. The demand assignment 
protocols, polling and token passing, will asymptotically approach a through
put level less than the channel capacity. The difference between this level 
and the channel capacity is due to a function of the overhead required to 
control the network. To understand why CSMA/CD er ashes, it must be remem
bered that offered traffic consists of new traffic plus repeat traffic. When 
traffic is low relative to channel capacity, collisions are few and the ratio 
of repeat to new traffic is small. As traffic grows, collisions increase and 
the ratio of repeat to new traffic increases. Eventually the repeat traffic 
gets so large that the throughput actually decreases. Thus, all protocols 
work well with respect to throughput at low levels of traffic, however, the 
demand assignment techniques are more stable. 
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Figure 4. Throughput vs. Offered Traffic 

While all perform well with respect to throughput at low levels of traffic 
and demand assignment, protocols are clearly superior at high traffic levels. 
It would be incorrect to claim that demand assignment is a better approach. 
The next performance measure, expected delay, must be considered. Figure 5 
shows the relationship between delay and throughput. As can be seen, demand 
assignment techniques have a greater delay at low throughput levels. 
However, as offered, traffic increases and thus throughput expected delay 
increases for all protocols. As was seen in Figure 4, CSMA/CD will crash 
sooner, but all protocols develop excessive delay as channel capacity is 
reached. 
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Figure 5. Delay vs. Throughput 
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Conclusion 

This paper has presented the basic principles of broadband multi-access 
protocols. Three general types were reviewed: fixed assignment, demand 
assignment, and random access. Selection of a particular protocol is depen
dent on the application. As a general rule, fixed assignment techniques are 
best suited to applications that require an almost constant transfer of 
information. Both demand assignment and random access are both best for 
applications with bursty information, transferal requirements. Random access 
techniques will generally be preferred when offered traffic is small relative 
to channel capacity, and propagation delay is small. In these cases, 
expected delay wil 1 be small. Random access is the most common technique 
applied to Local Area Networks (LANs), since LANs exhibit the above charac
teristics; Ethernet is a prime example of CSMA being applied to an LAN. 
Demand assignment techniques are superior if the offered traffic is high, 
relative to channel capacity, and/or propagation delay is high. For 
Metropolitan Area Networks {MANs), propagation delay is high and, since the 
broadband cable is a valuable resource, achieving a high throughput is 
desirable; thus, demand assignment techniques will be the preferred 
protocol. 
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Introduction 

Video Broadcast B.eceiver, Series 7800 
T.C. Mock 

Designed specifically for the broadcast and common carrier industry, the 
Scientific-Atlanta Series 7500 Video Receiver offers unmatched flexibility 
and performance at a low cost. Reception of satellite TV signals -neeting 
RS-250B and NTC-7 performance requirements is made possible with the 7500. 

For flexibility in control and interface with protection switches and remote 
control systems, the 7500 incorporates a microprocessor for monitJr and con
trol. It utilizes the SAbus control bus for remote interface. 

General Description 

The 7500 Receiver is all modular in design; all circuit cards (IF amplifier, 
video demodulator, video clamp, and subcarrier demodulators) plug in from the 
top of the unit. In addition, the downconverter is removable as a unit from 
the left side af the recevier. Three auxiliary slots are provided for addi
tional subcarrier demodulators. Monitor and control of the 7500 is provided 
by a front-panel keyboard and display. Frequency is displayed wit~ a 6-di~it 
7-segment display. Alarms are indicated by large back-lit LED injicators. 

Figure 1. Series 7500 Video Broadcast Receiver 



The 7500 employs a microprocessor for logic control and remote inter~:ace. 
Incorporating this intelligence in the downconverter enables the 7500 to 
communicate with the SAbus standard RS-422 data bus. The bus is a byte
seri al, parallel-connected bus which allows simple interconnection of 
receivers and protection switches, remote control systems, and the like. 

Figure 2 is a block diagram of the Series 7500 Video Broadcast Receiver. 
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Downconverter 

The 7500 utilizes a dual-conversion downconverter 
synthesized local oscillator for transponder selection. 
the downconverter is shown in Figure 3. 
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Figure 3. 7500 Downconverter Block Diagram 

Signals in the 3.7- to 4.2-GHz band enter the receiver and are bandpass 
filtered to reject image and other unwanted signals. The desired frequency 
is converted to the 880-MHz first IF and amplified by the mixer-preamplifier. 
The local oscillator signal for the first conversion is generated by a UHF 
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frequency synthesizer and ti mes-4 multi p 1 i er, which provides the required 
2.82- to 3.32-GHz LO signal. Frequency can be selected in 20-MHz steps for 
normal full-transponder video. With the optional 250-kHz synthesizer, half
transponder video and other special formats can be accommodated. 

The 800-MHz IF signal passes through a bandpass filter and is then converted 
to the final IF frequency of 70 MHz in the second converter assembly. Total 
gain of the downconverter is 20 dB. 

The downconverter assembly also contains the microprocessor control logic. 
These circuits take data from the front-panel keyboard, receiver module 
alarms and remote control interface, and also display frequency and status on 
the front panel. Remote control of the 7500 is accomplished in two ways, via 
the SAbus standard RS-422 control bus or by conventional parallel remote 
control (BCD or 1-of-6 modes). In addition to allowing remote frequency 
control, the SAbus also provides for remote status telemetry. The current 
recieve frequency, carrier-to-noise ratio and alarm status may be obtained 
over the SAbus. 

IF Amplifier/Filter 

Two functions are performed by the IF amplifier module. First, it amplifies 
the IF signal to the -5 dBm level required by the video demodulator, and 
secondly, it bandpass filters the IF signal to reject adjacent transponder 
signals and establish the proper predetection bandwidth for video. The IF 
amplifier also provides automatic gain control to maintain a constant -5 dBm 
output signal with input signals from -50 to -10 dBm (-70 to -30 dBm at the 
downconverter input). 

Characteristics of the IF filter are extremely important in establishing 
video performance of the receiver. Accordingly, the IF filter in the 7500 is 
optimized for video. Particular importance is placed in maintaining good 
group delay characteristics past the -3 dB response points of the filter. 

Video Demodulator 

The function of the video demodulator is simply to extract the frequency
modulated information from the RF carrier. An important parameter in 
demodulators is threshold performance. The threshold of a demodulator is 
that point at which the output S/N begins to fall faster than the input 
carrier-to-noise ratio (more precisely, it is where 1-dB deviation between a 
straight line relationship between input C/N and output S/N occurs). 
Threshold performance is important where the satellite EIRP is low, because 
it may allow the use of smaller antennas. The 7500 employs a patented 
threshold extension technique which is automatically switched in when the 
input carrier-to-noise ratio falls below 12 dB. Deemphasis of the video 
baseband signal also occurs in the demodulator. 
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Video Clamp 

After demodulation, the video baseband sti 11 contains the 30-Hz tri an Jul ar 
energy dispersal waveform. Removal of this triangular wavefon1 is 
accomplished in the video clamp. This is accomplished by sampling the ·tideo 
waveform during the horizontal sync pulse and applying the sampled voltage to 
a subtractive feedback loop. This technique results in greater than 40 dB of 
dispersal rejection with no distortion of the sync tips. 

Also included in the clamp is a low-pass filter used to remove the audio 
subcarrier(s) from the video baseband. 

Two versions of the clamp are available; the standard clamp provides two 
clamped video outputs and filtering for standard 525L NTSC video, and the 
optional clamp provides an additional clamped unfiltered video output and 
provisions for field-changeable video roofing filters. These filters are 
used for special applications--PBS, INTELSAT, and PAL Video. 

Subcarrier Demodulator 

Program audio transmitted on an FM subcarrier is demodulated in the 
subcarrier demodulator with conventional limiter/descriminator techniques. 
The 7500 Receiver contains four module positions which can be used for audio 
demodu 1 a tors or other speci a 1 functions. Two ba 1 anced 600 n outputs are 
provided for two of the positions, and one for the remaining two. 
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Video Performance 

Differential Phase 

Differential Gain 

Line Time Distortion 

Field Time 

Dispersal Rejection 

<2% 

<1% 

<1% 

>40 dB 

±1% 

10-90% APL 

10-90% APL 

2T Short Time Distortion 

Output Level lV peak-to-peak/75 n Nominal 

Audio Peformance 

Frequency Response 

Distortion 

Output Level 

50-15000 Hz ±0.5 dB 

<1% @ 150-kHz subcarri er devi a
ti on 

Nominally O dBm/600 g at 75-kHz 
test tone deviation 

Figures 4 and 5 illustrate video threshold performance and audio threshold 
performance, respectively. 
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Introduction 

Video Bxciter, Modal 7880 
T.C. Mock 

The 7550 Video Exciter is a new generation exciter designed for high perform
ance and fl exi bil ity in modern broadcast and convnon carrier systems. It 
incorporates new circuit techniques which can improve video performance over 
a satellite link by a significant amount. Modular in design, it can acconvno
date a wide variety of plug-in modules, including up to three subcarrier 
modulators and an auxiliary group delay equalizer module. 

General Description 

Housed in a standard 5-1/4-inch rack-mounted chassis, the 7550 Exciter is 
designed with a clean mechanical style which provides maximum accessibility 
to circuit modules. A removable upconverter assembly with an integral front 
panel occupies the left-most quarter of the exciter mainframe. Functional 
circuit modules (such as the wideband modulator) plug into a card frame 
assembly located to the right of the upconverter. Each of these modules has 
front-pane 1 status i ndi cat ors and contro 1 s as appropriate to its function. 
During normal operation, the card frame and modules are hidden behind a blank 
panel which hinges downward for maintenance and adjustment. 

Figure 1. Model 7550 Video Exciter with Front Panel Lowered 



Contro 1 of frequency and display of exciter status is provided by a front
panel keyboard and numeric 9-digit display, similar to that used in the 7500 
Receiver. This capabi 1 ity is provided by a microprocessor in the u~ con
verter, through which commands (both local and remote) are entered. Jllso, 
commands and status information from and to the exciter are communicated over 
the SAbus by the microprocessor. 

Extra module slots are provided in the card frame for versatility; the 7550 
can support up to three subcarrier modulators (program audio, cue or data). 
Additionally, one module position is uncommitted, for use with auxiliary 
group delay equalizers. 

A block diagram of the 7550 is shown in Figure 2, and technical character
istics are listed in Table 1. 

Table 1. 7550 Video Exciter Features and Specifications 

Characteristic 

Frequency 

RF Level 

IF Bandwidth 

Video Modulator 

Subcarrier Modulators 

Video Distortion 

Remote Interface 

Size 

Power Consumption 

2 

Specifications 

5.925 to 6.425 GHz 
125 kHz step size synthesizer L.O. 

0 to +10 dBM 

36 MHz (full-transponder video) 

17.5 MHz (half-transponder video) 

Others for special formats 

Sync-referenced AFC 

Three internal, auxiliary external 
input 

5.0 to 8.0 MHz, synthesized 

<1% THO, 50 to 15000 Hz 

Cue input 

600 g balanced audio 

<1% differential phase, 1% differen
tial gain measured back-to-back with 
7500 Video Receiver 

SAbus; parallel frequency 

5-1/4 by 19-inch standard rack mount 
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Upconverter 

The upconverter section of the 7550 is completely modular and is remo~able 
from the exciter mainframe as a unit. In addition to RF circuitry, the 
upconverter houses the monitor and contra l microprocessor for the er.ti re 
exciter. A complete block diagram of the upconverter is shown in Figure 3. 

IF signals at 70 MHz enter the upconverter and are amplified in the mixer
preamplifier module, then converted to the 1115-MHz second IF frequency. A 
post amplifier at 1115 MHz with a gain of 20 dB provides a high-level RF 
signal to drive the output mixer. Gain of this module is adjustable, and 
sets the overall converter gain in the range of -5 to +30 dB. For normal 
video systems, gain is set at 17 dB. 

A phase-locked oscillator at 1045 MHz provides the LO for the first upcon
version. The 5-MHz reference oscillator is provided by a TXCO in the second 
LO module. 

VIDEO IN 

AUDIO IN 

AUDIO IN 

AUDIO IN 

BASEBAND 
PROCE880A 

SUBCAARIER 
MODULATOR 

SUBCARRIER 
MODULATOR 

SUBCARRIER 
MODULATOR 

WIDEBAND IF FILTER RF OUT 

MODULATOR & AMPLFIER 
UPCONVERTER 

EXCITER SABUS 
CONTROL & REMOTE 

STATUS CONTROL 

Figure 2. 7550 Block Diagram 
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Figure 3. Upconverter Block Diagram 

After conversion to 1115 MHz, the IF siqnal is bandpass-filtered to remove 
unwanted mixing products, and then upconverted to the final output frequency 
of 5.9 to 6.4 GHz in a high-level mixer. A frequency-synthesized oscillator 
operating in the 4810- to 5310-MHz range provides the local osc i 11 a tor for 
the final upconversion. Frequency step size of 125 kHz is provided in the 
synthesizer. A 5-MHz TCXO is built into the synthesizer module. This signal 
is also sent to the 1045-MHz LO. Additionally, provision is made for use of 
an external 5-MHz reference oscillator, if desired. The RF signal at the 
6-GHz output frequency is again bandpass-filtered to remove unwanted mixing 
products. An amplifier with 20 dB ~ain provides power output of up to 
+10 dBM. 

Video Modulator 

The heart of the 7550 Exciter, and the key to its high performance, is the 
video modulator. Advanced circuit desi~n techniques in the modulator improve 
video performance over a satellite link by reducing video distortion to 
almost imperceptible levels. This is accomplished in two ways: use of an 
extremely linear FM modulation technique, and with an AFC system that ignores 
the APL of the incoming video. Linear frequency modulation of the carrier is 
generated by modulating two voltage-controlled oscillators in opposite direc
tions. The two oscillator outputs are mixed, resulting in the 70-MHz IF 
output frequency. This technique results in typical modulator nonlinearity 
of less than 0.5% over a 60-MHz modulation bandwidth. 
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Low video distortion at varying APL is guaranteed by the unique AFC syst,~m in 
the 7550. This AFC samples the carrier frequency only during the horizontal 
sync pulses and locks the sampled carrier frequency in a ·phase-locked loop 
frequency synthesizer. This results in an AFC system that ignores the APL of 
the video, thereby keeping the modulated waveform optimally positioned in the 
IF filter bandwidth. Greater utilization of the available bandwidth results. 
In addition, differential phase and gain are not dependent on APL, and bounce 
test signals do not disturb the modulator AFC. 

The carrier frequency at the sync tips can be set to any desired frequency in 
the IF bandwith on-board switches. In the event the modulator loses sync, it 
reverts to a conventional averaging AFC mode. 

IF Pilter/Am.plifier 

Spectrum control filtering of the modulated carrier is performed in the IF 
filter/amplifier module. Normal full transponder video requires a 36-MHz 
bandwidth filter. In addition, this module performs the exciter ALC func
tion, ensuring a constant IF output power. 

Baseband Processor :Moclule 

All functions involvinq processing of the video baseband are contained in the 
baseband processor module. Video entering the module is buffered, preempha
sized, and passed throuqh a low-pass roofinq filter. The module contains 
preemphasis for both 525L and 625L video, and two roofinq filters. A switch 
selects 525- or 625-line operation; this switch can also select a flat 
response. 

Both horizontal sync and vertical sync are detected in the baseband proces
sor. Horizontal sync is provided for the modulator AFC system. Vertical 
sync is used to synchronize the energy dispersal waveform. The triangular 
energy dispersal waveform is synchronized with the incoming video vertical 
interval. Its level is set to deviate the carrier 1-MHz peak. If video is 
absent, the level of the energy disperal waveform is increased automatically. 

Audio subcarriers are summed with the video baseband and energy dispersal 
waveform, and the composite baseband signal routed to the wideband modulator. 

Subcarrier Modulator 

The 7550 Mainframe is capable of supporting three audio subcarrier modulator 
plug-ins. Designed for maximum versatility, the 7550 Subcarrier Modulator is 
frequency-synthesized and can be set anywhere between 5.0 and 8.0 MHz. With 
switchable preemphasis (J17, flat, 75µs) and wide deviation capability (50-
kHz to 500-kHz peak, it is designed to acconmodate a 11 subcarri er formats. 
Audio processing includes 15-kHz low-pass filter, adjustable deviation limit
ing and peak level metering. Audio level is displayed in a peak reading bar 
graph display. 
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Introduction 

Video Beem.var, Series 6600 
C. Sirles/A.P. Best 

The increased employment of video receivers in geostationary satellite 
microwave links during the past few years has been phenomenal. The continued 
high volume applications in cable television systems has been joined by a 
vast array of new markets. These include: broadcasters, hotels and motels, 
home installations, condominium complexes, religious groups, educational 
facilities, hospitals, and many more. 

In order to take advantage of the obvious economies and lower receiver costs 
made possible by high volume production, the overriding design objectives in 
developing the 6600 Series receivers were twofold. First, the receiver had 
to be of sufficiently high quality and reliability to meet the performance 
demands required by the most stringent users. Second, the unit must have the 
packaging flexibility coupled with the optional features which ensure 
application compatability with emerging markets and non-obsolescence for 
existing markets. 

The Series 6600 Receiver line, consisting of the Model 6601 Single-Channel 
Unit, the Model 6602 Frequency-Agile Unit with remote tuning capability, and 
the Model 6603 Frequency-Agile Unit with no remote tuning capabi 1 ity, have 
proven to be very successful in the marketplace in satisfying customer 
requirements. The remainder of this presentation will discuss the receiver 
in detail. 

Des:lgn Goals 

Approximately five years ago, FM video receivers were of the type designed 
for a low volume market in its beginning stages. Features and design 
techniques were aimed at an application which was somewhat undefined. As a 
result, features and pe.rformance characteristics included many which were 
unnecessary, and many necessary ones were omitted. 

Early in development stages of the Series 6600 Receiver line, the following 
basic features were defined: 

• The receivers must be modular in construction to facilitate 
production, and to provide the versatility required by the market. 

, Providing optional agility or single-channel reception must be made 
as simple as possible to reduce system costs and offer flexibility 
to a growing market. 

, Powering must be made modular in order that ac or de optional power 
units may be utilized. 

, Space must be provided and wired in an economical manner to provide 
for future expansion. 



• Design from a manufacturing point of view was considered important 
for economical reasons. Assembly methods which interface with the 
latest automated production methods was to be foremost as a design 
team goal. 

• The power module would have a 50% excess capacity for powering 
external equipment such as low-noise amplifiers and modulators. 

• Remote tuning ability shou 1 d be avail ab 1 e with command inputs com
p at i b 1 e with video protection switch logic and simple contact 
closures for "cherry-picking" applications. 

These goals led to a sheet metal chassis with plug-in downconverter and power 
supply modu 1 es. The downconverter is inst a 11 ed from the receiver front 
panel. The power pack installs from the receiver rear panel. Figures 1 and 
2 are Models 6601 and 6602, respectively. 

Figure 1. Model 6601 Single-Channel Receiver 

Figure 2. Model 6602 Agile Receiver 
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1 All remaining electronic modules are plug-in edge cards tied together elec
trically by a printed wiring board. Figure 3 shows the card rack area with 
interlaced sheet metal partitions. The Model 6603 looks identical to the 
6602 except the remote tuning indicators are removed from the front panel. 

Modular construction with interconnecting cards increases reliability, 
decreases cost, reduces hand-wiring labor to a minimum, and leads to effi
cient production and trouble location. 

Figure 3. 
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General Descr.lption 

A block diagram of the Series 6600 Receivers is shown in Figure 4. RecEived 
RF signals are converted to a 70-MHz IF frequency by the downconverter mcdule 
A2. Amplification, filtering, and AGC follows in IF module A5. Module A6 
demodulates the 70-MHz IF, and retrieves the entire baseband spectrum from 1 
Hz to 10 MHz. Video and all subcarriers are present at its output termi~als. 
The baseband signal is passed to five module slots--clamp Module A7, program 
audio demodulator Module A9, and three auxiliary modules AB, AlO, and All. 

Remote Freq. Program (A2J4) r-------- ---+-
IF Monitor (A3J1) 

I C/N Alarm (A4J2-4) 

I Video ~resence Alarm (A4J2-6) 

I Composite BB Out (A3J5) 

3.7 -4.2 I 
GHz Video ! Out (A3J3) 
INPUT Down- 70 MHz IF Video Video 

converter i-,. Amplifier i-,. Demod. ... Clamp 
A2 AS A6 A7 - Video 2 Out (A3J4) 

I.,__. 

Auxiliary -
AS Option 3 Audio Out (A4TB2-1,2,3) 

-

115VAC 
or Program Audio Out A (A4TB1-1,2,3) 
-24VDC Power Program 

Supply Audio Program Audio Out B (A4TB3-1,2,3) 
A1 A9 -

l 
Interconnect Auxiliary 

Option 2 Audio Out (A4TB1-4,5,6) 
Card 
A3 

A10 

1 Option 1 Audio Out A (A4TB2-4,5,6) 
Connector Auxiliary Option 1 Audio Out B (A4TB3-4,5,6) Card A11 
A4 

Figure 4. Series 6600 Video Receiver Block Diagram 

Downccmversicm. 

RF signal frequencies of 3.7 to 4.2 GHz are first converted to an 880-MHz IF 
frequency by a microwave front-end. IF bandwidth at this point is 80 MHz. A 
second converter module heterodynes this 880-MHz IF down to 70 MHz, and the 
bandwidth remains 80 MHz. Overall gain in the downconverter is 20-dB nominal 
which means noise figure is primarily determined by the downconverter front
end. 

Dual-conversion downconverters have the advantage that channel selection can 
be achieved by only proper selection of the first LO frequency. No tuning of 
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the input bandpass filter is required. By selecting a first IF frequency 
which is sufficiently high (880 MHz), the er.tire 500-MHz spectrum (3:7 to 
4.2 GHz) can be fed through the input image filter at the downconverter 
input. The received frequency is determined .)nly by the first LO frequency 
which is required to cente~ the desired trans~onder i~ the 880-MHz IF band
pass filter. The IF bandwidth at 880 MHz is sufficiently wide so that no 
appreciable envelope delay or amplitude roll-off is incurred. 

Three different models of downconverters are available. In the Model 6601 
the first LO frequency is determined by a plug-in crystal which is located 
inside a front-panel cutout. No tuning or adjustments are necessary. This 
model lends itself to the reception of any standard or non-standard channel 
frequency plan. 

Figure 2 shows the front-panel control on the Model 6602 Agile Receiver. 
This control selects any one of 24 transponder frequencies by tuning the 
first LO in 20-MHz increments between adjacent transponders. Keyed to the 
control knob is a relay driver circuit which controls the position of an 
external polarization relay. This relay is included as a standard part on 
all 6602 Receivers. In addition to channel selection by the front-panel 
knob, the received frequency can also be programmed by six lines on the rear 
panel. The code required is user-selectable by internal programming jumpers. 
One code format is compatible with previous Scientific-Atlanta receivers. 
Once the remote enable line is grounded, the receiver goes to the frequency 
progranmed on the six programming lines. The lower yellow indicator on the 
front panel i ndi cat es programming is remote when the remote enable 1 i ne is 
grounded. 

Another code format permits selection of one of any six of the transponder 
frequencies. Internal jumpers can make available any six· of the 24 trans
ponder frequencies such that each one of the code lines ' calls up a different 
frequency. This arrangement is useful in programming the receiver from an 
external control unit programmed to select different transponders at differ
ent times of the day. 

A front panel indicator in the upper right corner is useful in determining a 
remotely programmed frequency. Simple rotation of the front-panel control 
until the REMOTE FREQUENCY lamp illuminates tells the operator what frequency 
program exists on the remote lines. This indication is valid regardless of 
the code format used as long as the receiver is being tuned remotely. 

The Model 6603 is identical to the 6602 except that the 6603 cannot have its 
frequency tuned remotely. Al so the ye 11 ow REMOTE i ndi cation lamp and the 
green REMOTE FREQUENCY lamp have been removed from the front panel. The 
polarization relay must be ordered as an option on the Model 6603 Receiver. 

D' .Amplification 

The 70-MHz IF out of the downconverter is coupled to the input of the IF 
amplifier through a 75-ohm BNC jumper cable which is accessible on the rear 
panel of the receiver. A final IF frequency of 70 MHz was chosen for several 
reasons. First, 70 MHz has long been an industry standard in microwave 
receivers. Most all microwave link analyzer equipment is designed for 70-MHz 
systems. Some head-end sites are remotely located from the satellite termi
nal. Special arrangements can permit downconversion at an antenna site and 
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transmission of the 70-MHz IF over long distance to a final processing site. 
This split receiver configuration is also compatible with fiber optic ti·ans
mitters and receivers. 

Under conditions of severe interference from terrestrial microwave transmit
ters, it is also possible to improve picture performance by inserting conven
tional notch filters in this 70-MHz interface line. Interfering carriers at 
±10 MHz and ±20 MHz from the 70-MHz center frequency can be removed using 
this technique with no acceptable or degradation to the video waveform per
formance. 
IF gain and filtering at 70 MHz is reasonably low in cost and simple to 
achieve. Modern filter synthesis techniques lead to uniform, predictable 
filter responses with good selectivity and envelope delay characteristics. 
Construction techniques at these frequencies can be conventional plated
through-hole printed wiring boards requiring very little labor to assemble. 
Parts costs are also low for operation at these frequencies. 

A simplified Series 6600 IF block diagram is shown in Figure 5. Five pole 
pairs of a modified Tchebycheff low-ripple filter, a single-section delay 
equalizer, and two PIN diode attenuator sections are sandwiched between nine 
stages of gain. 

Pin 
Atten 

70MHz 
IF 
OUT 

Delay 
Equalizer 

Pole 
Pair 
5 

AGC 
Ott 

Pin 
Atten 

AGC 
Loop 
Filter 

Figure 5. IF Amplifier 

Pole 
Pair 
4 

Pole 
Pair 1 

AGC 
Shaping 

Polt 
Pair 
3 

Pole 
Pair 2 

Each section of the IF can be aligned on its own, and when all sections are 
connected, little or no overall alignment is necessary. The effective noise 
bandwidth selected for these receivers was an INTELSAT 30 MHz. Effective 
noise bandwidth is 32.4 MHz. This bandwidth has become somewhat standard in 
the video receiver industry and is a good compromise for threshold perfor
mance and video distortion under heavily loaded modulation conditions, such 
as three subcarriers. 

AGC control is very important in high performance FM receivers in that thres
hold performance and to some extent, video distortion is affected by IF level 
into the limiter/demodulator. This receiver series has been designed to 
operate with -5 dBm out of the IF. Filter shape and IF level are consistent 
throughout the 40-dB dynamic range of AGC. The AGC control loop contains 
linearization circuitry which permits C/N (carrier-to-noise} at the IF output 
to be read to within ±1 dB over an 8 to 25-dB reading range. A front-panel 
meter provides this reading. A zero-on-noise control is provided and must be 
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set for the particular installation to ensure accurate C/N readings. An IF 
monitor port is also provided for external monitoring, and a separate buffer 
amplifier delivers -5 dBm of level into 75 ohms. 

It should be pointed out that the front-panel C/N meter is only accurate for 
the particular transponder on which the receiver was ca 1 i brated. Once the 
receiver is tuned to a different channel, a change in the meter reading is 
only an indication that the received signal strength has changed. To measure 
C/N, the meter must be recalibrated for that particular transponder. 

Demodulation. 

FM demodulation techniques have improved during the past few years, espe
cially their operation at low carrier-to-noise ratios. With decreasing 
antenna sizes, threshold performance is one of the most important considera
tions in video FM receivers, especially with heavy subcarrier loading. 

Other important considerations in video demodulators are linearity, AM to PM 
conversion, envelope delay, and intermodulation distortion occurring in the 
output video amplifiers. 

Switch 
Driver 

Buffer 
Amplifier 

Feedback S..blnd 
N1twork Pr..-sing 

Limiter Low Pus 
Filtor 

Discriminator Video 
Amplifier 

Figure 6: Video Demodulator Block Diagram 

Doemphasis 
Network 

Video 
Amplifier 

Figure 6 is a simplified block diagram of the Series 6600 Video Demodulator. 
The IF amplifier 70-MHz output enters a buffer amplifier which provides a 
return loss better than 25 dB. A limiter follows which converts the entering 
IF signal to a constant amplitude squarewave. A low-pass filter follows 
which removes third harmonic content from the waveform. 

A discriminator followed by two video amplifiers and de-emphasis demodulates 
the IF signal. Baseband information ranging from 1 Hz to 10 MHz (including 
video, a program audio subcarrier, dispersal, and in some cases, additional 
subcarriers) is delivered by the video demodulator output stages to the 
remaining receiver modules. 
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Because of the trend to smaller antenna sizes, an early decision was mace to 
incorporate th res hold extension into all Ser•; es 6600 Receivers. An e 1 ec
troni c switch is incorporated into the demodulator to switch threshold exten
sion in at C/N ratios less than 10 dB. Slightly better video performance is 
realized above 10-dB C/N ratios when threshold extension is out. The thres
hold extension switch is driven from the same circuit as the C/N meter, and 
in most instances, can be switched on and off by adjusting the Zero on Noise 
Control. This will not affect the normal operation of the receiver. 

Video Proceae1::1g 

International agreement requires energy dispersal modulation on satellite 
transmissions to prevent concentration of energy at one frequency. This 
waveform is triangular with apexes located at vertical intervals. This tri
angular waveform must be removed after demodulation by a video clamp. 

Figure 7 is a block diagram of the Seri es 6600 Cl amp. Video baseband and 
sync information are separated. A low-pass filter removes aural subcarriers 
and bandlimits the video to 5 MHz and below. A sample-and-hold circuit 
driven by the separated sync pulses samples the video waveform and clamps the 
video sync tip to a de level of -0.25 volts. 

Baseband 
Input Buffer 

Amplifier 
4.2 MHz 
Low-Pass 
Filter 

Sync 
Separator 

Video 
Amplifier 

Integrator 

Video 
,-------output 

1 

Video 
------------- Output 

Sample 
and 
Hold 

15.75 KHz 
Bandpass 
Filter 

Rectifier 

2 

Alarm 
Out 

Figure 7. Video Clamp 

Another circuit detects the presence of 15-kHz sync information and gives an 
alarm if sync is absent. An alarm level of Oto -0.2 volts is present when 
sync is absent, and a level of -1 to -5 volts is present during normal opera
tion. This line is available on the rear panel together with a C/N line. 
The C/N line presents O volts at 0-dB C/N ratios and -1 volt/10 dB for other 
C/N ratios. These two alarm lines are useful for protection services. 

Two 75-ohm video outputs are provided by the clamp on rear panel connectors. 
Level at these two outputs is adjustable by a front-panel VIDEO LEVEL con
trol. 
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Program.Audio DeDUK'vJatnr 

Program audio demodulation is an often overlooked important consideration in 
video receivers. Because audio information is also frequency modulated on a 
subcarrier, threshold must also be considered for audio. Modulation levels 
are normally chosen so that with proper subcarrier bandpass filtering, 
threshold occurs at slightly less main IF carrier-to-noise ratios than does 
video. In Series 6600 Receivers, video threshold occurs near 7 .5-dB C/N 
ratios while audio thresholds near 6 dB. 

Program audio is usually located on a 6.8-MHz subcarrier. Some satellites 
use other subcarriers. Accommodation of other subcarriers is only a matter 
of frequency-scaling a few parts. 

Baseband bandwidths of 15 kHz for audio are normal for satellite transmis
sions. Total harmonic distortion of less than 1% coupled with a frequency 
response of better than :l dB provide high quality audio. 

Figure 8 is a block diagram of the Series 6600 Audio Demodulator. Subcarrier 
is delivered by the video demodulator to an input buffer amplifier. A band
pass filter with a noise bandwidth of approximately 500 kHz follows. A limi
ter/discriminator demodulates the subcarrier. The audio baseband is band-
1 imited by a 15-kHz low-pass filter. Deemphasis and balanced 600-ohm outputs 
are provided on rear-panel terminals. 

Over the past few years there has been a proliferation of the use of 
additional subcarri ers carrying a multitude of different type in format ion. 
In most instances the technical requirements necessary to recover this 
information vary as to audio bandwidth, pre-detection bandwidth, and 
deemphasis requirements. Subcarrier demodulators to handle most of these 
present applications exist for the 6600 Receiver, however, care should be 
taken in selecting the appropriate units to ensure compatibility with 
requirements. 

Buffer 
Amplifier 

Bandpass 
Filter 

Avx1J1ary Modw.• 

Limiter Discriminator 
tSKHz 
LowPus 
Filter 

Figure 8. Audio Demodulator 

Deemphasis 

Audio 
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____ Output 

Balanced 
8000hm 
Driver 

Audio 
2 Output 

Auxiliary Module AB can be utilized for one of two functions. A card which 
modulates the audio out of A9 onto a 4.5-MHz subcarrier and adds this carrier 
to Video Output 2 can be provided in this position. Microwave systems can be 
driven direct from the radio without an additional external audio modulator. 
An audio demodulator can also be placed in this position for demodulation of 
additional subcarriers. One balanced 600-ohm output is provided on the rear 
panel from this position. 
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Auxiliary Modules AlO and All provide two additional slots for audio subcar
rier demodulators. Module AlO provides a single 600-ohm output while All 
provides two 600-ohm outputs. Modules AB,' AlO, All together provide three 
subcarrier demodulators, in addition to program audio (A9). Additional links 
on the interconnecting card between A8, A9, AlO, and All permit pilot 
carriers from the Program Audio Module to be demodulated. Queing and renote 
receiver control may be added in the future. 

Two versions of the Power Supply Module exist. One is a conventional series 
regulator type which plugs into a 115 volt outlet and provides ±15 volts to 
the receiver. The other is a de converter module which accepts as an input 
-19V de to -32V de and provides as an output ±15 volts. Both of these units 
provide short-circuit-current foldback and overvoltage protection. They also 
have sufficient excess current capacity to power two LNAs, a 416 Modulator, 
an external polarization relay and three additional subcarrier demodulators. 
These two units are easily interchangeable in the field. 

Speciflcationa 

Table 1 is a listing of Series 6600 specifications. As compared to most 
overall link specifications, it can be seen that the receiver is relatively 
transparent. 

Figure 9A and 98 give the threshold performance of the Series 6600 Receivers. 
The demodulator operates without threshold extension down to a C/N of 10 dB. 
Threshold extension is automatically switched in at a C/N of 10 dB and below. 

Smnmary 

Evolution of video receivers has occurred rapidly during the past five years. 
Volume production is now the goal in this expanding market. Versatility and 
lower cost to the customer will be the main benefit brought about by this 
increase in volume. 

10 



Table 1. Series 6600 Video Receiver Technical Characteristics 

Characteristic 

RF Input 

IF 

Maximum Level 
Frequency 
Channel Selector 

Model 6601 

Model 6602 
Impedance 
Return Loss 
Noise Figure 
Image Rejection 
LO Leakage 

Intermediate Frequency 
Effective Noise Bandwidth 
Impedance 
Return Loss at IF Monitor Ports 
Dynamic Operating Range 

Baseband 

Video 

Audio 

De-emphasis 
Deviation Range 

Video Level 
Response (15 Hz to 4.2 MHz) 

Standard 
With TED 

Impedance 
Return Loss 
Polarity 
Clamping 
Line-Time Waveform Distortion 
Field-Time Waveform Distortion 
Differential Phase 
Differential Gain 

Subcarrier Frequency 

Frequency Response 
De-emphasis 
Output Level 
Impedance 
Harmonic Distortion 

Operating Temperature 
Mechanical 

Height 
Width 
Depth 

Power Requirements 
At 105 to 125V ac 
At -19 to -32V de 
(with optional power module) 

Specification 

-34 dBm 
3700 to 4200 MHz 

Selection of channels is accomplished 
by changing crystals. No tuning is 
necessary. 
Switch selectable - 24 channels 
50 ohms 
>20 dB 
15 dB Max 
>60 dB 
<-70 dBm 

70 MHz 
32.4 MHz Nominal 
75 ohms, unbalanced 
;i,20 dB 
40 dB 

525-Line (CCIR Rec. 405-1) 
6 to 12 MHz peak at de-emphasis cross
over frequency 
lV peak-to-peak ±3 dB adjustable 

±0.5 dB 
±1.0 dB 
75 ohms, unbalanced 
,1,26 dB 
Black-to-white: positive-going 
40-dB dispersal rejection 
<1% tilt 
<1% tilt 
<±i 0 10 to 90% APL 
<±2.5% 10 to 90% APL 

6.8 MHz standard, other frequencies 
available 
30 Hz to 15 kHz ±0.5 dB 
75 µS 
Continuously variable, -10 to +10 dBm 
600 ohms, balanced 
"1% 
0° to 50°C (32° to 122°F) 

133.4 mm (5.25 inches) 
482.6 mm (19 inches) 
482.6 mm (19 inches) 

Approximately 50 watts 
Approximately 3.2 amperes 
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Figure 9A. Video Threshold 
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Introduction 

Low Boise Ccm.verter, Series 380 
Luis Rovira 

Traditionally, earth station receive electronics consist of a low-noise 
amplifier at the antenna and a length of microwave cable connecting it to one 
or more indoor receivers. The receivers are equipped with mi crow ave down
converters to translate the 3.7- to 4.2-GHz satellite downlink frequencies to 
a lower intermediate frequency (IF) band. 

The low-noise converter (LNC) offers an alternative to this approach. The 
LNC combines the low-noise amplifier and a block downconverter into one 
antenna-mounted package. The IF signal is then cabled to the indoor 
receiver, where channel selection and further signal processing occur. 

This paper discusses the advantages of frequency block conversion at the 
antenna, and describes the design trade-offs and circuits used in the 
Scientific-Atlanta Series 360 Low-Noise Converter. 

Most earth station receivers in use today get their inputs from the antenna 
electronics directly at the 3.7- to 4.2-GHz satellite downlink band (Figure 
la). Professional quality receivers are usually of the double-conversion 
type and must include a microwave local oscillator (LO), mixer and filter in 
their first converters. Channel selection within the band is done in a 
receiver by choosing the first LO frequency to mix only the desired channel 
down to the first intermediate frequency (IF). 

The block converter approach (Figure lb.) takes the first frequency conver
sion of the double-conversion system and moves it out to the antenna with the 
low-noise amplifier (LNA). However, channel selection can no longer occur at 
the first converter* s i nee that converter may feed more than one receiver; 
instead, channel selection must be done by selecting the LO frequency in the 
remaining converter in each receiver. 

The function of the block converter is, as the name implies, to convert the 
entire block of frequencies (channels) to the input frequencies of the 
receiver (270 to 770 MHz in the Series 360 LNC and 6650 Video Receiver). 

*Some home earth stations are appearing on the market which do select a chan
nel at the antenna, but obviously such a system would not feed multiple 
receivers. 
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Figure 1 a. A Typical Earth Station 
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Figure 1 b. Block Conversions at the Antenna 
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Figure 2. A Slmpllfled Block Converter and its Frequency Scheme 

2 



Figure 2 shows a simplified block diagram of the converter. After amplifi
-cation, the 3.7- to 4.2-GHz signal is mixed with a fixed-frequency local 
oscillator (LO). The IF band which results then depends on the difference 
between the input frequencies and the LO. 

Ad.vantages 

The design and testing of equipment which must operate over a wide temper
ature range is more difficult and time consuming than that of equipment which 
operates indoors in a controlled environment. Yet, there are significant 
advantages to moving the first frequency converter outdoors. 

Any given type of coaxial cable becomes increasingly lossy as the frequency 
through it is increased. Adding length to a cable run also increases the 
loss, for a given type of cable. Also, cable types with lower loss charac
teristics are more expensive than lossier coax. Considering these factors it 
is easy to see the advantages in cabling cost and flexibility of converting 
to a lower frequency band at the antenna. Lower cost cable can be used for a 
given distance, or much longer runs than previously possible (without a line
amp) can be designed into the system using a more expensive, lower loss 
cable. 

Another important advantage to the block conversion scheme is that multiple 
receivers can now share more of the electronics. An LNC at the antenna is 
more expensive than just· an LNA, but only one is needed for several 
receivers. The receivers contain no expensive microwave electronics and only 
need to perform one frequency conversion, instead of the usual two. 

Choice of D' J'requencies 

The choice of IF frequencies for such a converter, although essentially a 
systems problem, has some important implications for the electronics 
designer. The most important of these fall into the following categories: 

• Image Rejection 

• % Bandwidth at IF 

• Spurious Inteference 

• Technology Used 

• Cable Slope and Loss 
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Image Bajection 

Figure 3 expands on the frequency chart of Figure 2. By analogy to a mirror 
placed at the LO frequency in Figure 3, frequencies on the opposite side of 
the LO from the desired band, and separated from the LO by the same amount as 
the desired band, ·are referred to as image frequencies. 

I 
2680 

IMAG.E 

3160 3430 3700 
L.O. 

DESIRED BAND 

Figure 3. Location of Image Frequencies 
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Figure 4. Location and Response of Image Filter 
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If any signal is present inside the image band, ranging from 2660 MHz 
(3430 - 770) to 3160 MHz (3430 - 270) in our case, that signal will also be 
converted down to the IF band and will cause interference to a desired 
channel. 

Once the interfering signal is in the IF band, filtering cannot be used to 
remove it. For this reason, the image must be rejected before it can be 
frequency-converted. In the Series 360 LNC, this is accomplished using an 
image filter which passes the desired band and rejects the image before it 
can get to the mixer (see Figure 4). More will be said about this filter in 
a later section. 

As one can see from Figures 3 and 4, the lower the choice of IF frequencies, 
the closer the required LO moves to the desired band. At the same time, the 
image moves closer to the desired band twice as quickly. The image rejection 
of a given filter decreases as the image approaches the desired band, so 
either more interference must be allowed or a better filter is required. 

Image rejection considerations, then, would favor an IF band as high in fre
quency as possible, to move the image far from the desired band and alleviate 
the filtering requirements. 

Percent Bandwiclth at II' 

Electronic circuits tend to be frequency selective, and circuits that force 
this selectivity to either extreme--highly selective or very broadband-
require special design considerations. 

A useful measure of this selectivity is the percent bandwidth, as defined 
below: 

fH - fl 
% BW = 

fc 
X 100 

where: 

fH is highest frequency 

fl is lowest frequency 

fc is center frequency 

In a block downconverter scheme, since the entire band is converted, the 
numerator in the above equation remains constant, but the denominator 
decreases. As a result, the percent bandwidth necessarily increases. The 
lower the IF center frequency chosen, the larger the percent bandwidth will 
be. This consideration would favor a high IF. 
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Spurioas Interference 

In some schemes, and for reasons to be discussed later, the LO is not simply 
an oscillator at the LO frequency, but can be a signal generated by combining 
various other frequencies. Whatever generation scheme is chosen, it is nec
essary that both the IF frequencies and the LO generation method be chosen so 
that unwanted frequency products do not fall in the input band or the IF band 
and cause interference. Each scheme under consideration must be examined 
carefully. 

Tec.bnol.ogy 

As far as the technology is concerned (i.e., the types of components, struc
tures and circuit materials used}, the radio frequency spectrum splits up 
into three very arbitrary categories. 

Under 100 MHz, components with wire leads are usually used. Distributed 
components, such as quarter-wavelength transmission lines and capacitive or 
inductive stubs, are seldom used because they take up too much room on cir
cuit boards. Circuit board materials with closely controlled parameters are 
not necessary, since the boards are used only as a way of supporting and 
interconnecting components. Si 1i con semi conductor devices are inexpensive 
and, in the lower part of this frequency range, integrated circuits are com
monly used. 

Above 1000 MHz, microwave techniques are used. Wire 1 ead lengths on compo
nents are significant fractions of a wavelength and thus are avoided. 
Instead, leadless 11 chip 11 resistors and capacitors (not to be confused with 
integrated circuit 11 chips 11

) are common. Lumped inductors are rarely 
employed. Distributed or transmission line components and cavities are used 
for reactive matching and filtering. The circuit boards themselves, being 
part of the distributed components, are made of materials with closely con
trolled losses, dielectric constants, and dimensional parameters. Materials 
such as teflon-fiberglass and alumina ceramics, as well as more exotic ones, 
are often used. Semiconductor devices used are specialized and expensive. 

Between 100 and 1000 MHz a technological "in-between" region exists. Distrib
uted components are often too long for the size constrained packages that go 
at an antenna feedpoint. Lumped components are difficult to deal with. Com
ponent 1 eads act as inductances, and stray capacitances may cause problems. 
Connecting paths on printed circuit boards cannot be considered simple nodes. 
Components exhibit self-resonances and signals cross couple to other cir
cuits. These problems are not insurmountable, but care must be exercised in 
circuit design and board layout. 

On the positive side, semiconductor devices for use at these frequencies are 
common and 1 ess expensive than mi crow ave semi conductors. Wi re-1 eaded com
ponents are less expensive and easier to work with than chip components. The 
result is that once the design and layout difficulties are overcome, the 
final product is usually not as expensive as a microwave circuit. 
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0able Loss and Slope 

As mentioned previously, the coaxial cable used between the antenna electron
; cs and the indoor receiver has increasing loss at higher frequencies. A 
corollary effect to this is that a higher percent bandwidth (lower IF fre
quencies) would ex.hibit more slope in the signal level versus frequency at 
the input of the receiver. 

This is not a serious problem and is easily remedied using a slope equalizer. 
An equalizer would have to be used anyway at almost any IF, and getting more 
slope compensation from the equalizer is not difficult. 

To summarize this section, we emphasize that the choice of the comparatively 
low 270- to 770-MHz IF was certainly not without its disadvantages in circuit 
design considerations. However, it was felt that the disadvantages of 96% 
bandwidth and difficult image rejection, as well as the time-consuming pro
blem of circuit design at these frequencies, were well worth the substantial 
savings in cable costs and in simpler receivers without microwave front ends, 
particularly in multiple receiver installations. 

Block Diagram Description 

Having looked at some of the "systems" considerations and their general 
effects on circuit designs, let us now turn to a more specific description of 
the Series 360 LNC. Figure 5 shows a block diagram of the converter. 

3.7. 
4.2GHz 

+15-
21V DC 

ISOADAPTER 

POWER 
SUPPLY 

Isoadapter 

PHASE-LOCKED 
LOOP 

IMAGE FILTER 

>--....... ~ 
~ 

X4 

Figure 5. Series 360 LNC Block Diagram 

3430MHz 
BANDPASS 
FILTER 

FREQUENCY 
MULTIPLIER 

The isoadapter performs three main functions. It provides a transition from 
the waveguide input to the TEM coaxial mode of propagation required to feed 
the low-noise amplifier input, properly terminates the antenna feed, and 
provides the LNA with the constant, resistive source impedance from 
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which to derive the m1n1mum noise figure match for the critical first stage 
of the amplifier. The isoadapter accomplishes the latter two functions using 
a ferrite circulator with one port terminated into 50 ohms. This circulator 
acts as an isolator which allows a wave to pass from the input port to the 
LNA, but not in the reverse direction. Any energy reflected back from the 
LNA is dissipated 1n the 50-ohm termination. Thus, the antenna feed sees no 
reflected wave, and by definition, this is a good termination. Similarly, 
the LNA sees only the incident wave and no reflection from the isolator; thus 
its source impedance is fixed. 

LXA 

The 3.7- to 4.2-GHz low-noise amplifier used in the converter is essentially 
the first four stages of the series 300 LNA described in Ken Johnson's "Low
No i se Amp 1 if i ers II paper in the symposium co 11 ect ion. The reader is ref erred 
to that paper for further details. The amplifier consists of two Gallium 
Arsenide Field-Effect Transistor (GaAs FET) stages cascaded with two silicon 
bipolar transistor stages. Its purpose is to establish the noise temperature 
of the converter and to provide sufficient gain to overcome the lasses and 
noise temperature contributions of the image filter, mixer and IF amplifier. 
These losses and noise contributions are not as great as those of a cable at 
microwave frequencies, and hence the greater gain of the Seri es 300 LNA is 
not required. 

Image Filter 

The need for an image filter has already been discussed in a previous sec
tion. It should be noted that, once the filter is designed, a good filter 
that provides more image rejection is no more costly than a simple one. The 
reason is its microstrip construction. 

A microstrip transmission line can be constructed by taking a piece of 
double-sided copper-clad circuit board material, leaving one side fully 
copper-clad, and etching all the copper off of the other side except for a 
flat line of specified width (see a cross-sectional view in Figure 6). 
Assuming the copper is thin enough, a TEM mode transmission line is formed, 
whose characteristic impedance is determined by the width W, the thickness of 
the board H, and the dielectric constant of the board material, e. Various 
lengths and interconnections of these lines can be used to make the distrib
uted elements and resonators needed to build interstage matching networks and 
filters used in microwave circuits. 
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Figure 6. Cross Section of a Microstrlp Transmission Line 

Figure 7 shows a top view of a simple microstrip 11 coupled-resonator 11 filter 
and its lumped element equivalent. Coupling of the resonator occurs across 
the gaps between the quarter wavelength sections of etched lines on the cir
cuit board. In our case, where a low IF requires an image filter with a 
steep roll-off on the low frequency side (see Figure 4}, all that is required 
to increase the order of the filter is the extra board area for additional 
resonators. 

0--1...__ __ ... -:.-:.-:.-:.-=--~ 

._j _____ J-Q 

~ vv 
Figure 7. Microstrip Filter Lumped Element Equivalent 

It is much easier to interface to transistors and other lumped components 
with this type of construction than with resonant cavities and the various 
other types of transmission lines. Circuits constructed on a single 
dielectric substrate using a combination of microstrip transmission line 
components and lumped components are referred to as "microwave integrated 
circuits," or MICs.* All of the radio frequency circuits in the LNC are made 
using MIC technology. 

* Not to be confused with "monolithic microwave integrated circuits or 
MMICs 11 which are made entirely on one semiconductor substrate and are 
similar to the IC "chips" used at lower frequencies. 
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Mixer 

The mixer uses two Schottky Barrier diodes which are switched alternately ON 
and OFF by the local oscillator. When the 3.7- to 4.2-GHz signal is passed 
through these diodes, the waveform is chopped by the switching of the diodes. 
It can be shown th·at this chopped waveform has components in the IF frequency 
band, and this IF band is extracted from the input and LO components by a 
microstrip low-pass filter at the output of the diodes. The diodes are fed 
by a microstrip 90° coupler which isolates the two input ports and switches 
the diodes in a phase relationship that results in only the IF signal being 
in-phase at the output of the two di odes. This balanced arrangement al so 
helps reduce the levels of the input signals at the output of the mixer. 

D'.Am.:p 

Requirements for the IF amplifier include properly terminating the mixer and 
its filter through a broad (96%) bandwidth, providing enough broadband gain 
( 30 dB) to overcome the losses and noise temperature of the cab 1 e and 
receiver, and matching to the cable. The amplifier must also be tolerant of 
loading errors, such as short or open circuits, without suffering damage or 
going unstable. 

Three feedback transistor stages of 10-dB gain each are used in the LNC IF 
amplifier. Each stage uses a high-quality microwave transistor at these 
relatively low IF frequencies to obtain a nearly ideal "gain block". This is 
then surrounded by heavy negative feedback to make the resulting stage uncon
ditionally stable and independent of device variations from lot to lot. 
Broadband input and output matching is also accomplished by proper choice of 
feedback resistances. An attenuator is added at the output to protect the 
last stage against extreme load variations. Extra de current is also used in 
the last stage to handle high levels without distortion. 

L.O. 

What has previously been referred to as simply the 11 local oscillator 11 

actually encompasses four of the blocks shown in Figure 5--the phase-locked 
loop (PLL), voltage-controlled oscillator (VCO), 4X multiplexer, and 3430-MHz 
bandpass filter. 

Considering that only one LO frequency is required for a block converter, the 
reason for this complexity bears some consideration. The two most important 
specifications on a signal source or oscillator are frequency stability and 
phase or frequency noise. 

Poor frequenc_y stability in a local oscillator could cause the IF signal to 
drift partially off the 11edqe" of an IF filter and possibly cause distortion, 
loss of siqnal-to-noise ratio or loss of information. Drift in the converter 
oscillator· could be corrected by using automatic frequency control (AFC) in 
the receiver LO, but this can add complexity to each of the receivers in a 
multi-receiver installation. It \\Ould be more efficient to design a more 
stable LO in the LNC. 
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Noise is often thought of as being strictly an amplitude variation, but in 
fact has a frequency component as well. This frequency component of noise is 
particularly important in an FM system, where it can be discriminated and can 
reduce the ultimate signal-to-noise ratio. This noise can be generated as a 
phase or frequency 11 jitter 11 in any of the local osci 11 ators of a system. 
High-frequency osci 11 ators tend to have ioore such jitter. This frequency 
noise in the local oscillator is added to the desired signal and is not 
reduced in the downconversion process. 

Choices for the type of LO in a converter such as the Series 360 LNC include 
cavity-controlled oscillators, dielectric resonator oscillators and automatic 
frequency control of the oscillator. 

The cavity oscillator is difficult to integrate with MIC technology. It has 
good phase noise performance at frequencies far from the carrier and not so 
good close in. It also has some tendency to drift with thermal changes of 
cavity dimensions. 

The dielectric resonator oscillator is very similar to the cavity, except 
that the resonant 11 cavity11 is actually a solid made of a high Q dielectric. 
Work on DSOs is presently going on at Scientific-Atlanta. 

Automatic frequency control (AFC) can control drift, but requires a control 
signal from the receiver and its associated cabling problems. It does not 
have good phase noise performance. 

The quartz crystal-controlled oscillator has excellent phase noise charac
teristics and the best resistance to drift of any of the practical approaches 
at this time. The problem is that the fundamental frequency of the quartz 
crystal is limited to less than about 25 MHz. However, it is possible to 
phase-lock a higher frequency oscillator to a crystal oscillator and get 
excellent frequency stability and noise from the high-frequency oscillator. 

A problem with phase-1 ock i ng to a quartz crystal osci 11 a tor is that the 
phase-locking circuitry is itself limited in frequency. The solution to this 
is to oscillate at a lower frequency and frequency-multiply. In the 360 LNC, 
the oscillator operates at 857.5 MHz and this is multiplied by Nin a step
recovery diode circuit (see Figure 5), where N is an integer. The 3430-MHz 
bandpass filter then removes all but the N=4 signal. 

The phase-locking scheme used to stabilize and reduce the phase noise of the 
857.5-MHz oscillator is shown in Figure 8. 

The output of the 857.5-MHz voltage-controlled oscillator (VCO) is sampled by 
the phase-locked loop (PLL) board.* This signal is divided by 64 and com
pared with a quartz crystal-controlled reference oscillator. An error signal 
is generated by the phase/frequency comparator that is proportional to the 
difference in frequency or phase between the reference and the divided sig
nal. This signal is then filtered and amplified to produce a de control 
voltage, which causes the VCO output to change in the direction required to 
correct the error. 

*Standard nomenclature refers to the VCO as part of the phase locked loop. 
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Figure 8. Phaselocked Oscillator Used in Serles 360 LNC 

Not only does this scheme reduce drift to a minimum, but VC0 phase jitter 
within the bandwidth of the phase-locked loop is corrected out, and what 
remains is the much lower phase noise of the reference oscillator. 

Power Supply 

The LNC receives unregulated de power either through the center conductor of 
the cable, or through terminals on the housing. The power supply board takes 
this voltage and converts it to the regulated supply voltages required by the 
circuits. • 
The power supply board also uses a voltage inverter to convert the positive 
de voltage into a negative voltage to reverse-bias the FET gates in the LNA. 

Specifications 

The following pages show a data sheet for the Series 360 LNC. 

Conversion gain is specified for the LNC instead of the usual simple gain to 
indicate that the input and output frequencies are different. 

Return loss is a measure of how close the actual input or output impedance is 
to the specified nominal. For example, the nominal input impedance of the 
LNC is 50 ohms. Actua 11 y, the input impedance is close enough to 50 ohms 
that a perfect 50-ohm source would see a reflected wave from the input that 
is at least 20 dB below the incident wave. 

Image rejection, noise figure, and the other specifications have already been 
mentioned or are self-explanatory. 
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Specifications 

The followinq pages detail the specifications for the Series 360 LNC. 

Conversion gain i~ specified for the LNC instead of the usual simple gain to 
indicate that the input and output frequencies are different. 

Image rejection, noise figure, and the other specifications have already been 
mentioned or are self-explanatory. 

Frequency Range 
3.7 to 4.2 GHz 

Input Level 
-75 dBm to -95 dBm per channel 

Input Impedance 
50 ohm 

Return Loss 
20 dB Min 

Conversion Gain 
56 dB ± 3 dB 

Image Rejection 
50 dB Min 

IF Frequency Band 
270 to 770 MHz 

IF Output Impedance 
75 ohm 

IF Return Loss 
17 dB Min 

Temperature 
-40°C to +60°C full specification 

Input Connector 
CPR 229G flanged 

Output Connector 
Type F 

Supply Voltage 
+15V to +21V 

Power Requirements 
400 mA Max at 15 to 21 volts 

Model No. Noise Temperature 

360-1 
360-2 
360-3 

Model 

360-1 
360-2 
360-3 

No. 

120K 
lOOK 

90K 

Noise Temperature 

140K 
120K 
llOK 
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Noise Figure {25°C) 

1.5 dB Max 
1.3 dB Max 
1.2 dB Max 

Noise Figure (60°C) 

1. 7 dB Max 
1.5 dB Max 
1.4 dB Max 



Conclusion 

A low-noise block converter has been described. Its benefits for a particu
lar type of receiving subsystem for video communications has been presented. 
Such systems have the advantages of eliminatinq microwave receiver front ends 
and reducing the duplication of circuits in a multiple receiver installation. 
Cabling the lower frequencies in from the antenna is also easier and less 
costly. 

The Scientific-Atlanta Series 360 LNC and 6650 Video Receiver use a partic
ularly low-frequency IF band to maximize the benefits of frequency conversion 
at the antenna. This choice of IF frequencies requires some important con
siderations in the desiqn of circuits for the LNC. These considerations were 
discussed and the resulting circuits used in the LNC were described. 
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Introduction 

12 GHz Low-Noise Converter 
K.M. Johnson 

Sate 11 i te conmuni cat i ans at frequencies around 12 GHz are expected by many 
analysts to form a significant, if not dominant, portion of the TV reception 
market in the decades to come. This is especially true in direct satellite 
to home reception known as Direct Broadcast Satellite (DBS) reception. 

An earth station designed to operate in the 12 GHz frequency band (usually 
designated Ku-band) consists of three parts: the Antenna, the Outdoor Unit 
and the Indoor Unit. The Outdoor Unit is generally visualized as some type 
of frequency converter mounted directly to the antenna which converts the 
12 GHz frequency band to some lower frequency band. A 12 GHz LNA might be 
used directly at the antenna, but usually cable losses at 12 GHz are so great 
that it is more preferable to perform frequency downconversion as physically 
close to the antenna as possible. The Indoor Unit or Receiver then takes the 
downconverted signal, performs possibly a second conversion, siqnal demodula
tion, video and audio processing and remodulation before going to the user•s 
TV set. 

This article describes the Scientific-Atlanta 361 Series Low-Noise Converter 
(LNC) which is designed to interface with the low-cost 6650 Series Receiver 
currently being produced in large quantities at Scientific-Atlanta. This 
antenna-mounted LNC block converts the 11.7 to 12.2 GHz frequency band to an 
output band of 270 to 770 MHz. It has a qain of 56 dB and a noise figure of 
3.1 dB. 

Typical Specification 

Besides providing gain and frequency conversion, it is necessary for the LNC 
to meet a number of specifications in order to give good TV reception and to 
properly interface with the receiver. Without going into detail at this 
point, the critical specifications for the LNC will be listed and described 
in Table 1. 



Table 1. Low-Noise Converter Specifications 

Characteristic 

Input Frequency Range 

Output Frequency Range 

Gain 

Gain Flatness 

Gain Variation over Temperature 

2 

Specification 

11.7 to 12.2 GHz 

This, of course, is set by the sate l -
lite system. 

270 to 770 MHz 

The output range is set by the re
ceiver being used. Generally this is 
chosen as low as possible in order to 
get low cable losses, to permit use of 
low-cost cabling and to minimize the 
amount of microwave circuitry in the 
receiver. 

56 dB Nominal; 50 dB Min 

Gain must be sufficient to overcome 
any cable losses or noise contribution 
from the receiver. Gain is usually 
set within ±1 dB of the nominal 56 dB 
of gain. 

.tQ. 35 dB/40 MHz 

Gain flatness is required to pre
vent cross modulation between channels 
and to assure low signal distortion, 
especially when low C/N ratios are 
present. Specifying gain flatness 
over the entire 500 MHz band is not 
critical as long as the gain stays 
within the specified variation over 
temperature and within the specified 
incremental flatness of .tO. 35 dB 
( 40 MHz). 

±3 dB 

This is spec.ified in order to stay 
within the AGC range of the receiver 
considering also other factors such as 
cable loss. 



Table 1. Low-Noise Converter SpecHicatlons - Continued 

Characteristic 

Power Output 

Input VSWR 

Output VSWR 

Spurious Signals In-Band 

Spurious Signals Out-of-Band 

Phase Noise of Converted CW Signal 

3 

Specification 

+5 dBm Minimum at 1 dB gain compres
sion. 

A sufficiently large power output at 
gain compression assures low distor
t ion and intermodulation products at 
large input signal levels. This is 
particularly important at Ku-band 
where a large link margin is required 
due to large attenuation from rain 
fade. A large link margin means that 
larger signals are received by the LNC 
on cl ear days. 

1.25 Max 

A low input VSWR is inherent in an LNC 
which uses an isoadaptor. 

1.5 Max 

A 1 ow output VSWR assures that there 
wi 11 be no resonances and instabil i
t ies or signal level variations caused 
by reflections in the long cable run 
to the receiver. 

Below noise level in a 100 kHz detec
tion bandwidth. 

-20 dBm Max 

This specification is required to 
prevent possible intermodulation sig
nals in the receiver. Normally out
of-band signals are filtered in the 
receiver. 

In a 3,000 Hz bandwidth, the noise 
level below the carrier measured 
250 kHz from the carrier will be 
-65 dBc maximum. This specification 
assures that the LNC will not degrade 
the signal-to-noise ratio of the 
system. 



Table 1. Low-Noise Converter Specifications - Continued 

Characteristic 

Temperature 

Specification 

-40°C to +60°C typical 

LNCs are exposed to a variety of out
door temperatures and must function · 
within specification at all tempera
tures. 

Other requirements in the LNC design include designing the LNC to be weather
proof, providing adequate mechanical strength for bolting directly to the 
antenna, and providing for supplying de power to the LNC. DC power is sup
plied to the LNC through the RF output connector. The Scientific-Atlanta 
Series 361 LNCs meet all of the preceding specifications. 

Ll'fC Description 

Figure 1 is a photograph of the Scientific-Atlanta Series 361 LNC showing the 
waveguide input to the LNC which bolts directly to the antenna feed. On top 
of the waveguide section is the isolator which isolates the transistor ampli
fier from any antenna mismatches and provides a transition from the waveguide 
transmission mode to the microstrip mode required for the 12 GHz low-noise 
amplifier in the LNC. 

Figure 1. Series 361 Low-Noise Converter 
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The isolator is followed by the LNC housing and contains all the LNC ampli
fier, mixer and local oscillator circuits. Output from the LNC is through a 
coaxial 11 F11 connector shown just above the isolator on the LNC. This connec
tor is also where the de power is fed to the LNC circuits. A support bracket 
is used to provide mechanical strength to the isolator and waveguide to coax 
adaptor which bolts •directly to the antenna. 

LITC Block Diagram 

The circuit blocks which are in the 361 LNC are shown in the block diagram of 
Figure 2. Input to the LNC begins at the isoadaptor consisting of the 
waveguide-to-coax adaptor followed by a low-loss isolator. Isoadaptor loss 
is generally less than 0.24 dB which must be kept low since it adds directly 
to the amplifier noise figure. Following the isoadaptor is a three-stage 
GaAs FET amplifier. This amplifier has 24 dB of gain which is sufficient to 
permit the noise figure contribution of the following circuitry to add at 
most 0.26 dB to the overall LNC noise figure. 

WAVEGUIDE 
TO COAX AOAPTOR 

+21itll 

ISOLATOR 12GHz 
A ... 

3STAGE 

XTAL 
osc. 

+ 22118 

MIXER 4.3GHz 

X2 

7.6GHz 
OUTPUT 

A9 
3STAGE 

-10dl 

------f +M 

Ml>CER/ 
l'LL 

·••· +27dl 

OUTPUT 

MIXER 270 • 770 MHz 
A9 

3.8 GHz OUTPUT 

H-A-21!18-1 

Figure 2. 12 GHz LNC Block Diagram 

Following the amplifier is a mixer with an image filter as part of the mixer 
structure. This filter gives greater than 40 dB image rejection. The image 
filter-mixer conversion loss is 9.0 dB. LO frequency for this mixer is at 
7.62 GHz. The IF output frequency band of the mixer is 4.08 to 4.58 GHz and 
is amplified in a three-stage low-noise amplifier having two FETs and one 
bipolar transistor. The IF amplifier provides 22 dB of gain and has a 
maximum noise figure of 5.0 dB. 
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The first IF amplifier is followed by a second mixer which is in turn 
followed by a second IF amplifier at the output frequency of 270 to 700 MHz. 
The second mixer is preceded by a filter to reject any unwanted out-of-band 
signals. The loss through the filter and mixer combination is 9.0 dB. LO 
frequency for this mixer is just half that of the first mixer and is at 
3.81 GHz. The final amplifier, a feedback structure, has a gain of 27 dB 
over the 270 to 770 MHz band. 

As may be seen from the block diagram, LO for the converter is generated by a 
VCO at 952.5 MHz which is phaselocked to a crystal at 14,8828 MHz. The VCO 
output is amplified to a level of 150 mW, then times-four multiplied in a 
step recovery diode multiplier to 3.81 GHz with an output power of 30 mW. 
Some of this output is coup 1 ed off to provide the LO to the second mixer 
while the rest is multiplied times two in a Shottky-Barrier diode multiplier 
to give the LO signal at 7.62 GHz for the first mixer. 

Not shown in the block diagram is the bias circuitry and voltage regulator. 
DC voltage to the LNC is regulated and some of it is used to generate a nega
tive voltage internally for biasing the FETs. Active bias circuits as well 
as thermister temperature compensation is used to get good stability over 
temperature from the LNC. 

Description of Circuits 

While conventional techniques are used in the design of most of the cir
cuitry, it is worthwhile to describe some of the circuit techniques used 
especially in relation to critical specifications and unique techniques 
required to obtain good performance at Ku-band. For lowest manufacturing 
cost and ease of tunability, microstrip circuitry is used throughout. The 
type used, for the most part, is a single, low-dielectric constant board made 
of teflon fiberglass (TFG) material with a ground plane on one side and the 
transmission line circuitry on the other. 

18 GHz Low-Boise Amplifier 

As depicted in the block diagram, three amplifiers are used in the converter. 
The first amplifier, i.e., the 12 GHz LNA, was designed using conventional 
design techniques as described in the paper "Low-Noise Amplifiers." Briefly, 
after selecting appropriate transistors, a preliminary circuit is synthesized 
using device S-parameters. A computer optimization routine then optimizes 
selected circuit elements such as stubs, line lengths and capacitor values to 
get optimum gain and noise performance from the amplifier. The circuit is 
laid out using these optimized values, a circuit mask cut and the circuit 
fabricated. Some experimental 11 tweeking 11 is required to get the final 
circuit. 

Some of the features of the 12 GHz LNA are shown pictorally in Figure 3 which 
shows a stage of the Ku-band amplifier as it is in the TFG board. The FET is 
actually mounted in a square hole in the board with source leads connected to 
ground through metal ribbons in the hole. Lines leading to and from the FET 
are generally 70 ohm lines to minimize radiation and junction effects. Bias 
is supplied through a transmission line low-pass filter structure consisting 
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of quarter-wave stubs corresponding to capacitors to ground and quarter-wave, 
high-impedance lines corresponding to series inductors. In addition, 100 ohm 
series resistors are used for bias stabilization as shown. These techniques 
or slight variations are used all the way down to 2 GHz, although at lower 
frequencies a simpler low-pass bias structure is used. 

INPUT 
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CHIP 
CAPACITOR 

t 
TO GATE 

BIAS 

SOURCE 
GROUND 

PAD 

~ 
TO DRAIN 

BIAS 

GaAs 
FET 

TRANSMISSION LINE 
AND MATCHING STUB 

CHIP 
CAPACITOR 

CHIP RESISTOR 
FOR 

BIAS STABILIZATION 

LOW PASS FILTER 
FOR 

BIAS ISOLATION 

55-A-4572 

Figure 3. Portion of 12 GHz LNA Circuit 

The noise figure of the 12 GHz LNA for the most part determines the overall 
noise figure of the LNC. This amplifier has three stages of gain with an 
overall gain of 25 dB. The first FET in the amplifier is selected to have 
the lowest noise figure. Figure 4 summarizes the noise figure calculations 
for this three-stage FET amplifier including isoadaptor losses. The · first 
two transistors used have a typical noise figure of 2.0 dB. Over the 500 MHz 
band, the associated gain for the transistor is close to 8.3 dB per stage. 
FM in the calculation is the 15 dB mixer/IF amplifier noise contribution. The 
result, as shown in the figure, is that the LNA would have a noise figure of 
2.28 dB not including mixer/IF contributions and 2.53 dB including them. To 
this it is necessary to add the isoadaptor loss of 0.25 dB, the line loss and 
coupling loss leading up to the first FET of 0.20 dB, and the 0.10 dB degra
dation due to the transistor being specified at 12.0 GHz instead of 12.2 GHz. 
The result is that the LNC would have an overall noise figure of 3.09 dB. Of 
course, in some cases, somewhat lower noise figures would be obtained from 
slightly lower noise FETs. 
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Transistor Stages Summary of Noise Figure Contributors 

F2 - 1 F3 - 1 FM 
F=F 1 +---+---+---'-"---

Transistor Stages 2.54 dB 

G1 G1 G2 G1 G2 G3 

F = 1.585 + 0.086 + ·0.0216 + 0.10 

F = 1.7926 (2.54 dB) 

Isoadaptor Loss 

Coupling Loss 

12 . 2 GHz Degradation 

Figure 4. Noise Figure Calculations for 12 GHz LNC 

0.25 dB 

0.20 dB 

0.10 dB 

3.09 dB 

Performance for a typical three-stage FET amplifier is shown in Figure 5. 
Here over the 11.7 to 12.2 GHz frequency band a gain of 24.6 ±0.2 dB is 
measured with a noise figure maximum of 2.73 dB excluding the mixer/IF ampli
fier contribution but inc 1 ud i ng the i soadaptor and coup 1 i ng losses. This is 
close to the value predicted by the noise figure calculations. 
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Figure 5. Gain and Noise Figure of Three-Stage LNA Used In Ku-Band LNC 

18Glbllixer 
The mixer for converting the 11.7 to 12.2 GHz band to the intermediate fre
quency band of 4.08 to 4.58 GHz is a fairly simple single diode mixer struc
ture. The one unique feature of this mixer is that 12 GHz image filter and 
the LO filters are designed with a characteristic impedance of 80 ohms rather 
than 50 ohms. This is done since an edge coupled filter in TFG microstrip 
with a 50 ohm characteristic impedance would propagate higher order modes due 
to the wide line width. With the 80 ohm impedance, the line width is only 
0.040 inches instead of the 0.084 inches for a 50 ohm line. 

A sketch of this mixer structure along with conversion loss measurements is 
shown in Figure 6. The sketch shows the two edge-coupled transmission line 
filters for both signal band and LO frequencies as well as the low-pass 
filter for the IF band. Conversion loss for this mixer is less than 8.8 dB 
over the entire signal band including filter losses. 

8 



,. 

12 

CONY. 
LOIi .... , 

10 

• 

I ,,.c 

11.7-12.2GHz 
INPUT 

t 

---~n 
""" ~! 

IHOTTKY 
DIODE 

11.1 11.1 

7.12GHz 
LO 

LOW P'AIS FILTER 

12.0 

fREQUINCY GHz 

12.2 12.4 17.1 

Figure 6. Series 361 LNC 12 GHz Mixer 

II' Am.pU:Ners 

Two IF amplifiers are used in the 361 LNC. The first operating in the 4.08 
to 4.58 GHZ frequency band has two FET stages and a bipolar transistor stage. 
This combination gives the desired low-noise figure performance. The design 
of this amplifier follows that described in the paper "Low-Noise Amplifiers," 
so it will not be repeated here. The amplifier has a 3 dB resistive pad in 
the output to provide a low output VSWR to the following mixer. The overall 
gain of the amplifier was 22 dB including the resistive pad. 

The second IF amplifier operates over the entire 270 to 770 MHz range and has 
three bipolar transistors. To achieve a flat low-noise response over the 
entire band, it was necessary to use a feedback type of structure as shown in 
Figure 7. In this type of circuit, if the S21 (forward transmission 
S-parameter) is very large, the gain is essentially the ratio of the feedback 
resistor RF to the source resistance of 50 ohm. This corresponds to a gain 
of 9.5 dB per stage or 28.5 dB for the three-stage amplifier. The IF ampli
fier actually measured 27 dB gain including a 3 dB because the source resis
tance for the second and third transistors is actually the output resistance 
of the preceding transistor. This impedance is lower than S22 (the output 
impedance S-parameter) since it is reduced by the feedback mechanism across 
the preceding transistor. Notice that a small inductance is used in series 
with the feedback resistor. This provides a reduced feedback and hence 
higher gain at high frequencies. The result is that the amplifier achieved a 
gain of 27.2 ±0.15 dB over the entire frequency band. Noise figure for the 
amplifier remained below 5.8 dB over the entire band. 
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Figure 7. IF Amplifier Gain and Noise Figure vs. Frequency 

P'% lllultipliers 

LO for the LNC is generated by a VCO at 952. 5 MHz. A portion of the VCO 
output is divided down to 14.8828 MHz by a divide-by-64 prescaler and phase 
locked to a crystal reference oscillator. The 952.5 MHz signal is amplified 
to a level of 150 to 200 mW and multiplied times 4 to 3,810 MHz to provide LO 
to the second mixer. A second multiplication times 2 is done to get the 
first LO signal at 7,620 MHz. 

The times 2 multiplier consists simply of a printed low-pass filter on the 
input, a shottky barrier diode for resistive multiplication and a bandpass 
filter at the second harmonic. Again, to get good filter performance, this 
output filter has an impedance level of 80 ohms. A shottky diode was used 
rather than a step-recovery diode since it is presented a good resistive 
termination to the times 4 multiplier which drove it, and since no frequency 
breakup occurs in shottky doublers. Conversion loss for this multiplier was 
measured to be 11 dB including all filter losses. Fundamental, third and 
fourth harmonic signals were all attenuated at least 37 dB. 

The times 4 multiplier, which uses a step recovery diode, is somewhat more 
complex since fundamental, second and fourth harmonics must all be resonated 
in the circuit. Circuit configuration for this multiplier is shown in 
Figure 8 along with a plot of its conversion loss versus frequency. This 
multiplier was fabricated on high dielectric constant substrate in order to 
reduce the size of the circuit. Input signals are filtered in the low-pass 
filter structure, and the output bandpass filter selects the fourth harmonic. 
A shorted stub, one-quarter wavelength long, is appropriately placed in con
junction with the location of the output filter so that fundamental, second 
and fourth harmonic frequencies are all resonated. The result as the figure 
shows is that the conversion loss to 3,810 MHz is only 6 dB. 
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Figure 8. Times 4 Frequency Multiplier for Series 361 LNC 

VCO Circui:t and PLL 

The VCO circuit, essentially a modified Colpitts oscillator, is shown in 
Figure 9. Feedback capacitors were selected using a computer program which 
computes the values necessary to obtain maximum output power. As mentioned 
before, a portion of the VCO output is prescaled in a divide-by-64 and phase 
locked to a 14.8878 MHz crystal reference oscillator. A similar phase-locked 
loop circuit is discussed in the paper "Low-Noise Converter," Series 360 by 
Rovira. The loop bandwidth of the PLL is only 10 kHz, so that the close-in 
phase noise is very low being essentially that of the crystal reference 
oscillator. 

C1 

----.... ;jj' f.~~·: 
H•A-4577 

Figure 9. VCO Circuit Showing Circuit for Increasing Oscillator Q 
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Outside the 10 kHz locking bandwidth, the phase noise becomes that of the 
VCO. This noise is in turn increased by the frequency multiplication factor 
in the LNC which for the double conversion used increases the noise about 
22 dB. For a typical free-running VCO, this phase noise would be excessive 
a~d would result in _a somewhat noisy TV picture. A straightforward computa
tion of the free-running oscillator noise can be made from the following 
equation: 

where NouT is the noise out 

P0 is the power out (O.OlOW for VCO used) 

~f is the video bandwidth (3,000 Hz in measurement) 

N is the multiplication ratio (N = 12) 

Fis the transistor noise figure (F = 2.24) 

f0 is the oscillator frequency (950 MHz) 

QL is the loaded Q (This is computed from the osc il l ator computer 
program to be 1.46) 

fm is the frequency at which noise measurement is made (measured at 
100 kHz) 

f« is the frequency at which the flicker noise equals the additive 
white noise (f« • 3 X 105 ) 

Using these values, the noise-to-power-out ratio computes to -47.7 dB. This 
is quite close to the measured value of -46 dB but is more than could be 
tolerated without reducing the system signal-to-noise ratio. In order to 
reduce the oscillator noise, the VCO Q was increased by adding two 2pf 
capacitors, in series with the high Q inductor as shown in Figure 9. The 
additional lpf capacitance in the series circuit requires that a much larger 
inductor be used to obtain resonance and hence, larger Q results. The ori
ginal circuit capacitance was 3. 6pf. Adding the two pf series capacitors 
reduces this to an effective series resistance of 0.78pf. This resulted in a 
circuit Q of 6.7 instead of 1.46, hence, a noise improvement of 13.2 dB. In 
addition, by using a transistor with an output power of 30 mW instead of 
10 mW, this gave an additional 5 dB of noise-to-signal power ratio. Result
ing phase noise for the 361 LNC which uses the high~r power, higher Q VCO is 
shown in Figure 10. Here, the noise level 100 kHz from the carrier is 65 dB 
as would be expected. This performance is more than adequate so that no 
degradation in picture quality results. 
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LITC Performance 

Having discussed the specifications, design and circuit details of the LNC, 
characteristics of a typical Scientific-Atlanta LNC will be shown. 

Gain Performance 

Gain of a typical LNC, one taken directly off the production line, is shown 
in Figure 11. The gain versus fequency is plotted for three different 
ambient temperatures. At room temperature, the gain is flat within ±0. 7 dB 
at a nominal gain of 56 dB. At +60°C, the gain remains flat within ±1 dB but 
the nominal gain falls about 1.5 dB. As the ambient temperature is reduced 
to -40°C, the gain begins to increase in value until it reaches a nominal 
maximum gain of 58 dB and the gain shows some tilt in its slope with the gain 
flatness of ±2.2 dB. At no point does incremental flatness exceed the speci
fied ±0.35 dB/40 MHz. Since the primary concern of gain slope is at low C/N 
ratio, and it is at -40°C that the noise figure actually improves by almost 
0.6 dB~ no system degradation would be observed at -40°C. 
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Roiae l'1gare Performance 

Noise figure versus frequency performance for the same typical LNC is shown 
in Figure 12. This figure provides useful information for those needing to 
know the degradation in noise figure performance at high temperatures. As 
the figure shows, at 25°C the LNC has a noise figure of 3.1 dB. AT 60°C, it 
has increased to 3.5 dB. At the low ambient temperature of -40°C, the noise 
figure has reduced to a maximum value of 2.73 dB. 
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LKC Data Sheet 

To summarize the performance of the Scientific-Atlanta Series 361 LNC, a 
typical data sheet is included with this paper. To date, Scientific-Atlanta 
has produced hundreds of such LNCs. 
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11.7 to 12.a GHz Low Noise Converter 
Series 381 

The Series 361 Low Noise Converter (LNC) is The LNC utilizes internal output isolation and 
designed for use with the Model 6651 video an integral isolator to protect against antenna 
receiver to provide low cost, high performance mismatch. A precision cast housing contains a 
satellite television reception. The LNC is a low noise amplifier, microwave oscillator, 
combination of a low noise GaAs FET ampli- microwave filters and power supply regulator. 
fier and a block downconverter for optimum Protection is provided to withstand exposure to 
noise performance. The LNC converts the all weather conditions. Standard units are 
entire 500 MHz satellite band to UHF frequen- powered through the center conductor of the 
cies between 270-770 MHz at the antenna feed. coaxial cable. The Series 361 LNC is available in 
This eliminates the need for microwave 440K, 360K and 300K noise temperature ranges. 
components in the receiver as well as expensive 
coaxial cable from the antenna to the headend. 
The result is a low-cost earth station 
electronics subsystem. 
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Specifications 
Frequency Range 

11.7-12.2 GHz 
Input Level 

-75 dBm to -95 dBm per channel 
Input Impedance • 

50 ohms 
Input Return Loss 

20dB min. 
Conversion Gain 

56 dB +5 dB, -3 dB 
Image Rejection 

50dB min. 
IF Frequency Band 

270-770 MHz 
IF Output Impedance 

75 ohms 
IF Return Loss 

17 dB min. 
Temperature 

-40°C to +60°C full specification 
Input Connector 

WR75 flanged 
Output Connector 

TypeF 
Supply Voltage 

+15V to +21V 
Power Requirements 

400 mA max. at 15 to 21 volts 

Model No. 

361-1 
361-2 
361-3 
361-4 
361-5 
361-6 

Input 
Frequency 

11.7-12.2 GHz 
11 .7-12.2 GHz 
11.7-12.2 GHz 
11.62-11.8 GHz 
11.62-11.8 GHz 
11.62-11 .8 GHz 

(All specifications subject to change without notice.) 

Output 
Frequency 

'170-770 MHz 
TI0-770 MHz 
'l:70-770 MHz 
440-620 MHz 
440-620 MHz 
440-620 MHz 
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Noise 
Temperature 

440K 
360K 
300K 
440K 
360K 
300K 

Noise 
Figure (2S 0 C) 

4.0 dB Max 
3.5 dB Max 
3.1 dB Max 
4.0 dB Max 
3.5 dB Max 
3.1 dB Max 

• 





Introduction 

ne llodal esso Video B.eceiver 
Kenneth C. Wunner 

The increased use of satellite earth stations by cable operators, broad
casters, hotel/motel operators, and many others, coupled with an increase in 
the number of subcarrier services per transponder, has created a need for a 
lower cost, more compact and better performing receiver system. The 6650 
Video Receiver was designed to meet this need. 

The major design objectives in developing the 6650 Receiver were fourfold. 
First, the receiver was to take advantage of block downconversion at the 
antenna. This would eliminate costly pressurized heliax runs and microwave 
components from the unit. Second, two receivers were to fit into a standard 
19-i nch rack, thus reducing the amount of space needed for mounting the 
units. Third, the video demodulator must perform well in the presence of 
multiple subcarrier signals. This would decrease the problem of reduced 
threshold performance on multiple subcarrier transponders. Fourth, the 
receiver must be of a high enough quality and reliability to meet all the 
demands placed upon it by Scientific-Atlanta's customers. 

The 6650 Video Receiver (Figures 1 and 2) along with all of its options meets 
and/or exceeds these four objectives. The remainder of this paper will dis
cuss the receiver in detail. 

Figure 1. Model 6650 Video Receiver 



General Description 

A block diagram of the 6650 Video Receiver connected to two Series 360 Low
Noise Converters {LNCs) is shown in Figure 5. The 270- to 770-MHz signals 
from the LNCs enter the 6650 1 s RF Converter, where first the proper polariza
tion for the desired channel is selected. Next, the desired signal is con
verted to an IF frequency of 230 MHz. The signal then passes through the IF 
filter, where amplification, filtering and AGC is performed. The signal, now 
ready for demodulation, is converted into a baseband spectrum of 1 Hz to 10 
MHz by the video demodulator. The baseband signal is passed to four points: 

• The video clamp which filters and restores the de level of the video 
contained within the baseband signal. 

• The audio demodulator which selects the desired subcarrier and 
demodulates the audio present on it. This audio signal is available 
on the rear panel as AUDIO 1. 

• Auxiliary slot AlO, which may be used for an additional audio demod
ulator. 

• The rear panel, for monitoring purposes or for connection to other 
equipment {i.e., stereo decoders, data demodulators, etc.). 
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Figure 5. Model 6650 Video Receiver Block Diagram 
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Block Downccmversicm 

The RF signals in the frequency band of 3.7 to 4.2 GHz are received by the 
antenna and routed to one of two Series 360 LNCs through an orthogonal mode 
transducer (OMT). The OMT separates the vertically and horizontally polar
ized signals into two 500-MHz bandwidth segments, both at 3.7 to 4.2 GHz. 
The LNCs take each of these segments, amplify and block-downconvert each of 
them to two 500-MHz bandwidth signals, now in the 270- to 770-MHz band (see 
Table 1). From here each signal is sent via its own coaxial cable to the RF 
inputs of the 6650 Receiver. 

The 270- to 770-MHz band was chosen for several reasons: 

• Lower-cost cable may be used to connect the 6650 Receiver to the 
LNC. RG-59 or RG-6 is reco111T1ended for most applictions. 

• Low-cost UHF power splitters may be used to distribute the signals 
to multiple receivers. These are readily available and cost much 
less than conventional microwave power splitters. 

• Convenient and easily obtainable F-type connectors are used. F-type 
connectors are lower cost than the conventional N-type needed for 
microwave signals. 

• Microwave components are eliminated from the receiver. This allows 
the use of less complicated and more reliable circuitry in the RF 
converter part of the 6650 Receiver. 

BJ' Conversion 

The RF converter module (Figure 6) consists of five PWBs which provide the 
necessary signal processing to convert the dual 270- to 770-MHz input from 
the LNCs to a single-channel 230-MHz IF at a fixed -35 dBm level. 

The Voltage-Controlled Oscillator (VCO) and synthesizer boards contain a 
varactor-tuned local oscillator (LO) running at 520 to 980 MHz, phase-locked 
to a 10-MHz crystal source. The six input code lines from the front-panel 
switch, or from the remote control card in slot A8, program frequency 
dividers to select the LO frequency. This type of LO is highly stable; 
therefore, fine tuning is not required for proper operation. 
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Table 1. Satellite Transponder Frequencies 

Single Polarization Dual Polarization 
Satellite Transponder Satellite Transponder 

Number (Note 1) Number (Note 2) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

NOTES: 

1 (V) 

2 (H) 

3 (V} 

4 ( H) 

5 (V) 

6 ( H) 

7 (V) 

8 (H) 

9 (V) 

10 ( H) 
11 (V) 

12 (H) 

13 (V) 
14 ( H) 
15 (V) 
16 (H) 
17 (V) 
18 (H) 
19 (V) 

20 (H) 

21 (V) 

22 ( H) 

23 (V) 
24 (H} 

Center 
·Frequency 

(MHz} 

3720 
3740 
3760 
3780 
3800 
3820 
3840 
3860 
3880 
3900 
3920 
3940 
3960 
3980 
4000 
4020 
4040 
4060 
4080 
4100 
4120 
4140 
4160 
4180 

Block 
Converted 

Frequency (MHz) 

290 
310 
330 
350 
370 
390 
410 
430 
450 
470 
490 
510 
530 
550 
570 
590 
610 
630 
650 
670 
690 
710 

730 
750 

1. Transponder assignments for 12-channel satellites are all horizon
tally polarized. 

2. Transponder assignments for 24-channel satellites are horizontally 
polarized for the even-numbered transponders and vertically polar
ized for the odd-numbered transponders. 
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The RF board selects between the vertical and horizontal inputs from the LNC 
with a PIN diode switch. The signal then passes through an amplitude 
equalizer with 7 dB of slope to equalize for cable loss. It is then 
amplified and filtered to remove image frequencies and LO radiation. 

The RF signal from the RF board and the LO signal from the VCO board are 
applied to a mixer on the mixer board. Low-pass filtering of the resultant 
230-MHz IF signal is used to attenuate any LO signal leakage through the 
mixer. 

The IF board amplifies, filters, and attenuates the 230-MHz IF signal. 
Amplifier stages provide 40 dB of gain, and PIN diode attenuator stages pro
vide O to 40 dB of attenuation for automatic gain control (AGC). The AGC 
control signal for the attenuator comes from the IF filter board. 

IF Filtering and Amplification 

The IF filter board (Figure 7) contains a bandpass filter centered at 230 MHz 
with an effective noise bandwidth of 30 MHz, a delay equalizer and the AGC 
detector and loop filter. The IF filter consists of a front fourth-order 
bandpass filter section, delay equalizer section, and a rear fourth-order 
bandpass filter section isolated by fixed attenuators and buffer IF amplifier 
stages. 
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Figure 7. IF Filter Block Diagram 

The two bandpass filter sections were derived from fourth-order Cauer
Chebyshev low-pass prototypes. The designs are such that they exhibit an 
amazing degree of arithmetic symmetry in both amplitude and group delay about 
the 230-MHz center frequency. The front bandpass filter section has 
transmission notches at 204 MHz and 256 MHz. The rear bandpass fi 1 ter 
section has transmission notches at 210 MHz and 250 MHz which help to 
eliminate adjacent channel cross-polarized interference. 

This de 1 ay equa 1 i zer is formed by a single second-order network. This 
section compensates for some of the non-flat group delay produced by the 
bandpass filter sections. 

The AGC detector and 1 oop fi 1 ter are formed by a di ode detector and op-amp 
integrator. AGC 1 eve 1 for the 230-MHz signal is -5 dBm ±1 dB for an input 
dynamic range of 40 dB. The AGC signal from the loop filter is buffered and 
sent to three places: the RF converter, the front-panel meter, and the AGC 
terminal on the rear of the receiver. The AGC voltage is an indication of 
the received signal strength and can be used for proper pointing of the 
antenna and, with proper calibration, to measure approximate received signal 
C/N. 

Demodwation. 

The video demodulator board (Figure 8) contains a phase-locked loop oscil
lator, video amplifier and deemphasis circuitry. The video demodulator 
receives a frequency-modulated 230-MHz IF signal from the IF filter card. 
This signal is used to phase-lock an internal voltage-controlled oscillator. 
The voltage required to hold lock to the FM signal is proportional to the 
instantaneous frequency of the input signal. This voltage thus represents 
the modulation on that signal. 
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Figure 8. Video Demodulator Block Diagram 
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The voltage-controlled oscillator's output drives a balanced mixer. The 
second input to the mixer is the IF signal. The output from the mixer is 
therefore proportional to the phase difference between the input IF signal 
and the VCO signal. This output signal is split to drive an ac-coupled 
amplifier and a de-coupled amplifer. The ac-coupled amplifier has two stages 
connected by a compensation network. This coupling network serves to boost 
the gain of the phase-locked servo loop, thus improving the tracking perform
ance to the audio subcarrier and other subcarriers which are be present in 
the composite signal. The de-coupled amplifier is configured as an integrat
ing amplifier to provide high gain down to de. A lead-lag network couples 
the de path into the last stage of the ac amplifier. The loop is then com
pleted by connecting the loop amplifiers to the VCO. 

Output from the phase-locked loop is passed through a deemphasis network and 
then to a video amplifier to boost the level to 1 volt for a deviation of 
10.75 MHz. The composite baseband signal is outputted to three different 
points. One output goes to the video c 1 amp. A. second output goes to the 
program audio demodulator, and a third output goes to a rear-panel connector. 
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Video Processing 

International agreement of satellite transmissions requires energy dispersal 
modulation to prevent concentration of energy at one frequency. This wave
form is triangular, with apexes located at the vertical intervals. This 
triangular waveform must be removed after demodulation by a video clamping 
circuit. 

The video clamp board (Figure 9) contains an equalized low-pass filter, video 
clamp and output amplifier and driver. 

COMPOSITE 
BASEBAND 

VIDEO 
OUTPUT 

(1-750 LOAD) 

EQUALIZED 
LOWPASS 

FILTER 

SYNC 
DETECTOR 

LEVEL 
CONTROL 

CLAMPER 

OUTPUT 
DRIVER 

Figure 9. Video Clamp Board Block Diagram 
TO 

SLOT Al 

The signal received from the video demodulator is split into two paths; one 
path goes through a 4.5-MHz equalized low-pass filter which removes the audio 
subcarriers from it; the other path goes to a sync detector which generates a 
signal corresponding to the video sync pulse. The sync detector commands the 
clamp to clamp the sync tips of the now filtered video signal to ground, thus 
removing the dispersal waveform. 

From the clamper, the video 
negative feedback amplifier 
provided on the rear panel. 
panel VIDEO LEVEL control. 

signal is amplified by a combination de-coupled 
and line driver. One 75-ohm video output is 
Level at the output is adjustable by the front-
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Audio Demodulation 

The program audio is usually located on a 6.8-MHz subcarrier. Some satel
lites use a subcarrier at 6.2 MHz. Presently, the 6650 Receiver can 
demodulate 6.2- or 6.8-MHz subcarriers by placing a card for the particular 
frequency into the audio demodulator slot. 

Audio baseband bandwidths of 15 kHz are normal for satellite transmission. 
The 6650 Receiver can demodulate this bandwidth fully with less than one 
percent total harmonic distortion and with a frequency response of better 
than or equal to ±1 dB. 

The audio demodulation card (Figure 10) contains a subcarrier select filter, 
FM demodulator, 20-kHz low-pass audio filter, 75 µs deemphasis circuit, and a 
balanced 600-ohm line driver. 

The composite signal from the video demodulator is passed through the sub
carrier select filter which selects the desired subcarrier and rejects all 
other signals. The filter is a 400-kHz-wide inductively coupled bandpass 
type. From the filter, the desired subcarrier is demodulated by a limiter/ 
quadrature detector integrated circuit, and baseband audio is obtained. 

The audio is 
any unwanted 
deemphasized 
rear panel. 
control. 

passed through a 20-kHz low-pass active filter which eliminates 
ultrasonic components present. The now "clean" audio signal is 
and amp 1 ifi ed. A balanced 600-ohm output is provided on the 
Its level can be controlled from ·the front-panel AUDIO LEVEL 

BUFFER 
COMPOSITE 
BASEBANO 

BASEBAND 
FILTER 

QUAD 
DETECTOR 

AUDIO 
OUTPUT 

(6000 lOAD) 

AUDIO 
. lEVEl 

DE-EMPHASIS 
g 

UNE DRIVER 

TO 
SlOT A8 

20kHz 
LOWPASS 

FILTER 

Figure 10. Audio Demodulator Board Block Diagram 
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Auxiliary Slot AlO 

This slot is provided for the addition of an auxiliary subcarrier demodu
lator, or a 4.5-MHz subcarrier modulator. 

The auxiliary audio from the demodulator is available on the rear panel 
through the AUDIO 2 terminals. All functions are the same as for the program 
audio demodulator, except the output level is now controlled from an on-card 
level control. 

The subcarrier modulator produces a 4.5-MHz FM signal modulated with proqram 
audio. The peak deviation is 25 kHz, and 75 µsec preemphasis is used. The 
4.5 M-lz is summed with the video and is available at the VIDEO OUT connection 
on rear pane 1 . 

The composite 4.5-MHz signal can be used in applications where the receiver 
is located a distance from the head-end. It allows audio and video to be 
easily sent via terrestrial microwave li~k from the earth station site to the 
head-end for distribution. 

AmdJiary Slot AB 

This slot is provided for the use of either a remote control interface card, 
or a Class I TV modulator. 

The interface card allows the user to remotely control the channel selection 
of the receiver via the remote control inputs on the rear panel. When in the 
remote mode, the REMOTE light on the front panel will come on. If the 
channel select switch is rotated until the REMOTE FREQUENCY light comes on, 
the channel indicated by the switch is the channel selected by the remote 
control signal. 

All 24 channels can be remotely selected, or six channels can be selected by 
11 cherry-picking 11 (grounding individual pins), depending on how the interface 
card is programmed. Programming is accomplished by setting the select 
switches on the card. 

The TV modulator card is a cost-effective device designed for MATV or 
monitoring applications. It is not intended for cable applications. It 
produces an RF signal on one of two low band channel (3-4) of approximately -
46 dBm, modulated with both audio and video. A separate RF OUT connection is 
provided on the rear panel for obtaining the modulator signal. This output 
can be connected directly to a TV receiver. The design meets all the FCC 
requirements for a Class I .TV device. 

Power SU.pply 

The power supply is a conventional 3-terminal regulator type which plugs into 
a 115V ac ±15V ac outlet, and provides ±15V de and +18V de to the receiver. 
The ±l5V de is used to power all the modules inside the 6650 Receiver. The 
+18V de is used to power a Series 360 LNC, either by a separate power cord or 
via the coaxial cable connecting it to the receiver. Both de supplies have 
current foldback and overvoltage protection. 
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Specifications 

Table 2 is a listing of the Model 6650 Video Receiver technical 
specifications. As compared to most link specifications, it can be seen that 
the 6650 Receiver is relatively transparent. 

Summary 

The 6650 Video Receiver is the latest in Scientific-Atlanta's line of 
satellite receivers. It has been designed to be a low-cost, high 
performance, highly versatile device useful in a wide variety of earth 
station applications. 

Table 2. Model 6650 Video Receiver Technical Specifications 

Characteristic 

RF Input 

IF 

Video 

Level 
Frequency 
Impedance 
Return Loss 
Noise Figure 

Image Rejection 

Intermediate Frequency 
Effective Noise Bandwidth 
Impedance 
Return Loss at IF 

Monitor Part 
Dynamic Operating Range 

Baseband 
Deviation Range 

Video Level 
Response (15 Hz to 4.2 MHz) 
Impedance 
Return Loss 
Polarity 
Clamping 
Line-Time Waveform Distortion 
Field-Time Waveform Distortion 
Differential Phase 
Differential Gain 
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Specification 

-75 dBm to -35 dBm 
270 MHz to 770 MHz 
75 ohms 
;;,,14 dB 
(12 dB (at CH24, with AGC attenuator 
set for minimum loss) 
>45 dB 

230 MHz 
30.0 MHz 
75 ohms 

;;,,15 dB 
40 dB 

Deemphasis 525-line CCIR Rec. 405-1 
6 to 12 MHz peak at deemphasis 
crossover frequency 
lV peak-to-peak ±3 dB, adjustable 
±1.0 dB 
75 ohms, unbalanced 
>26 dB 
Black-to-white: positive going 
30 dB dispe~sal rejection 
<1% tilt 
<1% tilt 
<±1.5° 10% to 90% APL 
<±3% 10% to 90% APL 



Table 2. Model 6650 Video Receiver Technical Specifications - continued 

Audio 

Characteristic 

Subcarrier Frequency 

Frequency Response 
Deemphasis 
Output Level 
Impedance 
Harmonic Distortion 

Controls 
Rear Panel Power 
Front Panel 

Video Level 

Audio Level 

Local Frequency Switch 

Top Panel 
AGC/MGC 

MGC 
Zero-on-Noise 

General 
Operating Temperature 
Mechanical 

Height 
Width 
Depth 

Power Requirements 

Options 

6.2 MHz Subcarrier Demodulator 
6.8 MHz S1Jbcarrier Demodulator 
Interface Logic board remote control 
Class I TV Modulator 
Rack Adapter (Figure 2) 
4.5 MHz Audio Modulator 

Specification 

6.8-MHz standard, other frequencies 
available 
30 Hz to 15 kHz ±1.0 dB 
75 µS 
Continuously variable, -10 to +10 dBm 
600 ohms, balanced 
<1% 

On/Off 

Adjusts video output level to lV peak
to-peak ±3 dB 
Adjusts audio output level -10 to 
+10 dBm 
In 20-MHz increments, 24 channels 

Selects automatic or manual gain 
control of IF filter/amplifier 
Adjusts gain of IF filter/amplifier 
A 11 ows calibration of meter for C/N 
measurements 

0°C to +50°C (32°F to 122°F) 

133.4 mm (5.25 inches) 
209.8 mm (8.26 inches) 
344.4 mm (13.56 inches), excluding 
front-panel knob 
75 watts Max at 100 to 130V ac, 60 Hz 
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Ku-Band Receive-Only System 

Video/ Audio 
and Composite Baseband Output 

~-------► r-:------. I ,------~ 

I 
I 

--------·· 

Model 8651 Video 
Receiver 

Serles 361 
Low Noise 
Converter 

Scientific-Atlanta offers earth stations to receive satel
lite television transmissions from 11.7 to 12.2 GHz. 

A typical Ku-band video receive terminal consists of 
the following: 
• A Series 9000 Ku-band earth station antenna, with 

elevation-over-azimuth mount and single or dual 
polarized feed 

• A Series 361 low noise converter 
• A Model 6651 video receiver, with ANIK-C specifi

cations (similar configurations for SBS, OTS, and 
other satellites are available) 

Each system also includes 100 feet of coaxial cable to 
connect the low noise converter (LNC) to the video 
receiver, and installation and operation instructions. 
The Model 6651 receiver and Series 631 LNC specifi
cations are listed on the following pages. 





In'trOduction 

Message lleceiver Model 7810 
T.C. Mock 

The Scientific-Atlanta Model 7510 Message Receiver is designed to fit into 
any FDM/FM configuration, either domestic or international. The Model 7510 
offers unmatched flexibility and ease of reconfiguration. In addition, the 
7510 uses the SAbus for remote control and status monitoring, allowing it to 
be used with a variety of controllers and protection switches. Finally, the 
microprocessor controller internal to the 7510 facilitates self test, local 
monitoring, and local control of the receiver. 

General Description 
The 7510 Receiver is modular in design (Figure 1)--all modules (IF filter, 
AGC amplifier, demodulator, baseband processor, out-of-band noise monitor) 
plug in from the front of the receiver, behind a drop-down front panel. In 
addition, the downconverter is also easily removable from the front of the 
receiver. 

L 711VI ... _.._.._. "=" J [~_7?.? /~$] D 
1:-1mrn ir~EJ r,-.,J 

[.,.._J 
E'.lf4ll~ll61m 1-J 

:=> 1:'.ll!JI g)I ~II ti C,~ l 
(•) 

ElEJLQJt:Jl-:1 l:J 

Figure 1. Front-Panel Drawing of the Model 7510 Message Receiver 

Monitor and control of the 7510 is accomplished via a front-pan~l keyboard 
and display. Frequency, failed module, carrier-to-noise ratio (C/N), out-of
band noise (0BN), and pilot level are displayed on an 8-digit, 7-segment 
display, while the alarms are displayed on large, back-lit LED indicators. 
Each of the modules has front-panel status indicators and controls as 
necessary. 

The design of the 7510 facilitates reconfiguration--any change that may be 
required for a different configuration may be made by changing a switch 
setting or replacing a plug-in printed circuit board on a module. In fact, 
much of the reconfiguration is accomplished automatically or can be accom
plished from the downconverter front panel. For example, the loop filter for 
the threshold extension demodulator and the monitored out-of-band noise slot 
can be changed from the receiver front panel. 



Parts of this reconfiguration can be made automatic. Based on the IF filter 
and the baseband processor wich are installed in the mainframe, the micropro
cessor in the downconverter will select the proper threshold extension demod
ulator loop filter and the proper out-of-band noise slot and reconfigure the 
7510 accordingly. The microprocessor can also inform the operator if an 
invalid combination of demodulator, IF filter, and baseband processor has 
been installed in the mainframe. 

Figure 2 is a block diagram of the 7510, and Table 1 contains the technical 
specifications of the 7510. 

RF 
INPUT DOWNCONYERTER IF FILTER AGC 

AMPLIFIER DEMODULATOR BASEBAND 
PROCESSOR 

CBN 
MONITOR 

OUT-OFBANO 
NOISE MONITOR 

BB 
OUTPUT 

Figure 2. Block Diagram of the Model 7510 Message Receiver 

The Down.converter 

The downconverter section of the 7510 is completely modular and is removable 
from the mainframe as a unit. In addition to the RF circuitry housed in the 
downconverter, this module also contains the microprocessor and control cir
cuitry for the receiver. A block diagram of the downconverter appears as 
Figure 3. 

7110 OOWNCONYERTER 

Figure 3~ Block Diagram of the Downconverter of the Message Receiver 
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RF s i gna 1 s between 3. 7 and 4. 2 GHz enter the downconverter and are filtered 
by a 3. 7 to 4. 2 GHz bandpass filter to remove the image and other unwanted 
signals. The output of this filter is mixed with the synthesized first local 
o sci 11 a tor. This synthesized LO a 11 ows the receiver to tune the received 
band in 125 kHz steps (the LO tunes from 4815 MHz to 5315 MHz). The signal 
which results from this mixing (1115 MHz) is amplified in the first mixer 
preamplifier, then ·fed to a 1115 MHz bandpass filter to remove undesired 
mixing products. 

The filtered signal is mixed again with a fixed 1185 MHz second local oscil
lator in the second mixer preamplifier. The signal resulting from this 
mixing is the desired 70 MHz IF which drives the IF filter module. The gain 
of this module is variable and is set such that the overall conversion gain 
of the downconverter is 20 dB. 

The reference for the first and second local oscillators is a temperature
control led crystal oscillator contained in the first LO (synthesizer). 
Should stability greater than that provided by the temperature-controlled 
crystal oscillator be desired, then provisions are made for accepting an 
external 5 MHz reference. 

D' l'il'lier Module 

The IF filter module contains the IF filter and a gain block, and is a 
modular unit which is installed behind the drop-down front panel. INTELSAT
compatible filters in bandwidths from 1.25 MHz to 36 MHz are available as 
plug-in units for this module. In addition, other bandwidths for special 
applications are also available. 

AOC .AJnpJ1fler llod.ule 

The AGC module contains a variable-gain amplifier which accepts signals from 
the IF filter module in the range of -45 to -5 dBm and provides the amount of 
gain necessary to produce an output at -5 dBm. This module also provides an 
accurate indication of the carrier-to-noise ratio (C/N) of the incoming IF 
signal. A bar graph display is provided on the module front panel calibrated 
for C/N and adjustable threshold alarms are also provided. Finally, an 
analog voltage corresponding to C/N is available on the rear of the 7510 and 
is sent to the controller in the downconverter for remote status monitoring. 

Demodulator Module 

There are two demodulator modules which are available for use in the 7510: 
a narrowband (threshold extension) demodulator for use in 12 through 
432 channel systems, and a wideband demodulator for use in systems carrying 
more than 432 channels. The wideband demodulator is designed for .use with an 
IF bandwidth up to 40 MHz and will provide linearity of 1% or better. 

The threshold extension demodulator is a phase-locked loop demodulator 
designed to provide maximum threshold extension for narrowband systems. Six 
different loop filters are contained in this module and are electronically 
selected manually on the module, manually from the downconverter front panel, 
or automatically from the downconverter controller. The controller can 
decide, based on the baseband processor and IF filter installed in the main
frame, which loop filter is best suited to a particular configuration. 
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Baseband. Processor 

The baseband processor module contains the baseband amplifiers, the deempha
sis networks, and the pilot monitor/alarm circuitry. Deemphasis networks for 
all INTELSAT and domestic message formats are available as plug-in cards for 
this module. Two baseband outputs are available with levels adjustable for 
-15 to -35 dBm test tone. The 60 kHz continuity pilot monitor provides a 
pilot level alarm as well as an analog voltage corresponding to the pilot 
level. This analog voltage is also sent to the controller in the downcon
verter so that the pilot level may be monitored remotely. Finally, this 
module also contains the high-pass filter for removal of energy dispersal. 

Out-of-Band Koiae Monitor Module 

The 7510 has a fully synthesized out-of-band noise (0BN} module to max1m1ze 
the receiver's flexibility. This monitor may be tuned in 1 kHz steps to 
monitor any 0BN slot between 66 kHz and 15 MHz. There are alarm indicators 
on the front panel as well as a bar graph display which indicates the 0BN 
level in picowatts. The module provides an 0BN alarm and an analog voltage 
corresponding to the out-of-band noise at a connector on the rear of the 
receiver. This analog voltage is also fed back to the controller in the 
downconverter so that the 0BN level can be monitored remotely. 

The out-of-band noise module can be tuned manually on the module, manually 
from the downconverter front panel, or automatically from the microprocessor 
controller. The controller can decide, based on the baseband processor 
installed in the receiver mainframe, which out-of-band . noise slot to tune 
to. 



Table 1. Model 7510 Message Receiver Technical Specifications 
' - - . . . -

Characteristic Specification 

Message Performance Par~meters 

Channel Capacities 

Deviation Range 

Formats 

Deemphasis 

Baseband Output Level 

Output Impedance 

Output Return Loss 

Energy Dispersal Rejection 

Intermodulation and Equipment Noise 

12 through 2892 channels 

100 kHz to 1 MHz O dBmO test-tone 
deviation 

All standard and expanded formats for 
INTELSAT IV, IV-A, and V 

Per CCIR Rec. 464 

-15 to -25 dBm test tone 

75 ohms, unbalanced 

26 dB Min 

50 dB Min 

300 pWpO Max 

RF Characteristics 

Frequency Range 

Input Impedance 

Input Return Loss 

Noise Figure 

foput Level 

RF-IF Amplitude Response 

Group De 1 ay Distortion 

Third-Order Intermodulation 

LO Leakage 

3.7 to 4.2 GHz 

50 ohms, unbalanced 

23 dB Min 

14 dB Max 

-88 to -33 dBm 

±Orl dB/f0 ±18 MHz 

0.03 ns/MHz linear, 0.01 ns/MHz/MHz 
parabolic, and 1 ns ripple over f0 
±18 MHz 

60 dB below 2 -30 dBm signals 

-70 dBm Max 
-------------------------·-------
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Introduction 

Massage Bxc:l.ter llo4el 7880 
T.C. Mock 

The Model 7560 Message Exciter is part of a new generation of message and 
video exciters and receivers designed for high performance and maximum flexi
b i 1 ity. This exciter incorporates new techniques which wi 11 improve per
formance while increasing ease of operation and status monitoring. The 7560 
message exciter is modular in design (Figure 1) and can acconmodate a wide 
variety of plug-in modules, including an auxiliary delay equalizer/attenuator 
module which will allow delay equalization via plug-in equalizer boards and 
remote control of output level via a 0.5 dB step attenuator. 

I 5C/'-l7. I~ 
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Figure 1. Front-Panel Drawing of the Model 7560 Message Exciter 

General Description 

The 7560 message exciter is housed in a 5-1/4-inch rack-mount chassis which 
provides maximum accessibility to the individual modules. The upconverter 
occupies the left-most quarter of the mainframe and is removeable from the 
front of the exciter. Each of the modules occupy a slot within a card frame 
assembly located to the right of the upconverter behind a drop-down front 
panel. Each of these modules has controls and status indicators as appro
priate to its function. 

The frequency and the module failure status are displayed on an 8-digit, 
7-segment display on the front panel of the upconverter. The keypad on the 
front panel of the upconverter controls the output frequency of the exciter 
as well as controlling several of the module functions. Remote control and 
status monitoring of the exciter is accomplished using the SAbus. 

The 7560 message exciter is capable of supporting any INTELSAT or domestic 
message format. All IF filters, roofing filters, and preemphasis networks 
plug into the appropriate module and are therefore easily changed. In addi
tion, the controller in the upconverter monitors the modules installed in the 
mainframe and can warn the operator of invalid module combinations. 



Table 1 lists the technical specifications of the 7560 message exciter while 
Figure 2 is a block diagram of the 7560. 

BB INPUT BASEBAND 
PROCESSOR 

PILOT 
-ITOA 

MODULATOR IF FIL TEA/ 
AMPLIFIER 

AUXILIARY 
EQUIPMENT 

ATTENUATOR 
UPCONVERTEA 

Figure 2. Block Diagram of the Model 7560 Message Exciter 

Baseband Processor 

RF QUTPUT 

All processing functions performed on the incoming baseband signal are per
formed in this module. These functions include preemphasis, addition of 
energy dispersal, baseband automatic level control, and lowpass filteri ·ng. 
Preemphasis and roofing filters are available as plug-in units for all 
INTELSAT and domestic message formats. The amount of added energy dispersal 
is automatically controlled to conform to CCIR recorrmendations. In addition, 
a baseband automatic level control is provided which will allow up to 10 dB 
of overdrive without additional distortion or overdeviation. 

Modulator 

Advanced circuit design techniques improve modulator performance through the 
use of an extremely linear FM modulation method. Linear frequency modulation 
of the carrier is accomplished by modulating two voltage-controlled oscil
lators in opposite directions and mixing their outputs to obtain the required 
70 MHz output. This technique typically results in less than 0.5% modulator 
nonlinearity over a 60 MHz modulation bandwidth. 

D' J'il.ter/.Amplifier 

Spectrum control filtering of the modulated (70 MHz) carrier is performed by 
the IF filter/amplifier. INTELSAT-compatible filters with bandwidths from 
1.25 to 36 MHz are available as plug-in cards for this module. Other filters 
are available for special applications. In addition to filtering, this 
module also provides automatic level control to ensure constant IF output 
power to the upconverter. 

Upconverter 

The 7560 upconverter is a modular unit and is removable from the front of the 
exciter. In addition to the RF circuitry, the upconverter module also houses 
the monitor and control microprocessor for the exciter. A block diagram of 
the upconverter appears as Figure 3. 
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Table 1. Model 7560 Message Exciter Technical Specifications 

Characteristic Specification 

Message Performance Characteristics 

Channel Capacities 

Deviation 

Formats 

Preemph as is 

Baseband Frequency Response 

Baseband Input Impedance 

Baseband Return Loss 

Energy Dispersal Frequency 

Energy Dispersal Level 

Intermodulation Equipment Noise 

12 through 2892 channels 

100 kHz to 1 MHz O dBmO test tone 
deviation 

All standard and expanded formats for 
INTELSAT IV, IV-A, and V 

Per CCIR Rec. 464 

±0.25 dB 12 kHz to fmax 

75 ohms, unbalanced 

26 dB Min 

20 Hz to 150 Hz 

Automatically adjusted as a function 
of input level 

Less than 300 pWpO, 12 through 2892 
channels 

RF Output Characteristics 

Output Frequency Range 

Output Level 

Output Level Stability 

Output Impedance 

Output Return Loss 

Frequency Agility 

IF-to-RF Amplitude Response 

Delay Di start ion 

Modulator Linearity 

Spurious Output 

5.925 to 6.425 GHz 

-10 dBm to +7 dBm 

±O. 25 dB per day 

50 ohms, unbalanced 

20 dB Min 

Synthesized in 125 kHz steps 

0.25 dB, F0±18 MHz 

0.03 ns/MHz linear, 0.01 ns/MHz/MHz, 
and 1 ns peak-to-peak ripple over f 0 ±18 MHz 

Less than 1% 

Less than -90 dBm 4 kHz 
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Figure 3. Upconverter Block Diagram 

IF signals at 70 MHz enter the upconverter and are amplified in the mixer 
preamplifier module, then mixed with a 1045 MHz first local oscillator. The 
result of this mixing is a 1115 MHz second IF frequency. This signal is 
filtered to remove undesired products and amplified. A gain of 20 dB is 
required to provide the high level signal for the output mixer. The gain of 
this module is variable and it allows a conversion gain between -5 and 
+30 dB. 

A phase-locked oscillator at 1045 MHz is the first local oscillator. This 
oscillator derives its reference from a 5 MHz temperature-controlled crystal 
oscillator (TCXO) in the second local oscillator synthesizer. 

The 1115 MHz second IF signal is mixed again with the output of a synthesized 
second local oscillator. This synthesizer allows the output frequency to 
vary in 125 kHz increments. This module also contains the 5 MHz TCXO used as 
a reference by both the synthesizer and the first LO. If a more stable 
reference is desired, provisions for the insertion of an external 5 MHz 
source are available. 

The result of this mixing process is then bandpass-filtered to remove 
unwanted mixing products. An output amplifier with 20 dB of gain provides 
output levels up to +10 dBm. 

Pilot Monitor 

The pilot monitor module monitors the level of the incoming 60 kHz continuity 
pilot. This level is displayed on an LED bar-graph indicator on the module 
front panel. Should the level of this pilot be either too low or too high, 
the pilot monitor will initiate an alarm. In addition, an analog voltage 
corresponding to the pilot level is fed to the rear panel of the exciter and 
to the controller in the upconverter so that the pilot level can be monitored 
remotely. 
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Introduction 

Serles 8300 SCPC Bquipmem; 
T. Brigman 

One technique for increasing the effective number of channels throughout a 
satellite transponder is called Single-Channel-per-Carrier, or SCPC. In this 
technique each voice channel is modulated directly on a separate RF carrier, 
which is then offset from other such carriers on a frequency grid that spans 
the satellite transponder available bandwidth. These frequencies are care
fully controlled to allow close, accurate spacing of the individual carriers 
generated at different stations. For transmission to the satel 1 ite, all 
carriers are combined into a composite IF, which is upconverted to the 5.925 
to 6.425 GHz band and transmitted to the satellite. The received signal from 
the satellite in the 3.7 to 4.2 GHz band is converted back to IF and passed 
through common processing equipment prior to the selection and demodulation 
of the individual carriers in the channel equipment. An immediate savings is 
realized here by sharing the expensive microwave equipment among all the 
channels. 

With the SCPC techniques, it is possible to allocate the communications 
capacity of a station to each of several destinations on a channel-by-channel 
basis. It is also possible to add capacity, one channel at a time, as 
required. This is made possible by the multipoint nature of the communica
tions satellite, coupled with the independent channel nature of the SCPC 
scheme. These characteristics are very useful in networks with many stations 
that require light to medium traffic between most or all of these stations, 
or those that have light traffic initially with an uncertain growth pattern 
and rate. Ultimately, the SCPC system can provide a very large overall 
communications capacity from the satellite transponder. 

Scientific-Atlanta has designed an SCPC equipment system which can be used 
efficiently in both light and heavy traffic systems. The following para
graphs provide an overall system description, the equipment bay configura
tions for both heavy and light traffic systems, and module-by-module 
equipment descriptions. 

SCPC Systems Description 

The proposed SCPC terminal equipment is intended for use in satellite com
munications earth stations utilizing domestic or international synchronous 
communications satellites. The SCPC equipment provides duplex high-grade 
voice channels for interface at the four-wire point. A block diagram of the 
SCPC terminal is shown in Figure 1. 
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Figure 1. SCPC Terminal Block Diagram 

The . function of the SCPC terminal is to accept VF signals from interface 
circuits, process the signals, and modulate each signal onto an individual IF 
carrier. All IF carriers are then combined to result in a single composite 
IF output. This combined IF signal is then translated to the appropriate 
uplink frequency band near 6 GHz and fed to the station high-power amplifier 
(HPA). On the receive side of the transmission path, the signal from the 
station low-noise amplifier (LNA) comes into the SCPC terminal, where it is 
translated in frequency down to the terminal common IF frequency. This 
composite IF signal is processed to provide frequency correction (AFC) and 
then distributed to all channel units in the terminal. Each carrier is then 
demodulated individually, and the resulting baseband signal processed to 
provide a flat VF output for each channel. The interface at baseband is 
four~wire 600-balanced. 

An important general advantage of SCPC communications is the relative ease of 
changing terminal capacity as requirements for the network change. Within 
the limitations of available transponder bandwidth, the station capacities 
within a system can be increased directly by adding new channel equipment and 
increasing HPA power. 

The proposed equipment is intended for normal operation at C/k T = 54 to 
58 dB Hz, and is intended to provide maximum utilization of transponder 
capacity, while providing toll-quality transmission by the use of companding 
circuitry. The baseband response is essentially flat from 300 to 3,400 Hz, 
and the equipment offers excellent delay distortion characteristics. These 
characteristics, together with the threshold extension demodulator, afford 
good voice communications as low as C/k T = 50 dB Hz, and excellent data 
transmission performance at the normal operating points. The proposed 
standard product equipment utilizes 22.5 kHz, 30 kHz, or 45 kHz channel spac
ing depending on customer requirements. 
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Table 1 lists the main equipment performance specifications. 

Table 1. Single-Channel-per-Carrier Equipment Performance Specifications 

Characteristic 

Emphasis Characteristic 

VOX/Echo Suppression 

Companding 

Receiver Squelch 

Input/Output 

Return Loss 

Transmit Level (0 dBmO) 

Receive Level (0 dBmO) 

Frequency 

Input/Output 

Specification 

General 

Dual break 600/5,000 Hz 

Per CCITT G.161 

Per CCITT G.162 

Operational for C/N0 = 49 dB-Hz 

VF Interface 

4-wire, 600 ohms, balanced 

20 dB, 300 to 3,400 Hz 

+7 to -16 dBm 

+7 to -16 dBm 

IF Interface 

52 to 88 MHz 

75 ohms, unbalanced 

IF Looped Terminal Performance 

Notched Noise (without Compander) 
(1) at 55.4 dB-Hz 

With Emphasis 

Without Emphasis 

Channel Total Harmonic 
Distortion (1,000 Hz, 0 dBmO) 

-36.0 dBmOp 

-31.0 dBmO (flat weighting) 

<2.5% 

(1) Measured in presence of -3 dBmO 1,000 Hz tone. 
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Characteristic Specification 

IF Looped Terminal Performance - continued 

Channel Intermodulation (Two
tone Pairs, at 860 Hz and 
1,380 Hz with Composit Level 
-7 dBmO) 

Channel Frequency Response 

Channel Delay Distortion 
(Ref. 0 to 188 Hz} 

Channel Crosstalk (Uncompanded) 
(adjacent Channel Modulated 
by O dBmO 1,000 Hz Tone) 

Level Stability 

Compander Tracking 

Second Order: -35 dB 

Third Order: -40 dB 

400 to 3,000 Hz ±Q.8 dB 

300 to 3,400 Hz +l, -1.5 dB 

600 to 3,000 Hz 200 microseconds 

500 to 3,000 Hz 300 microseconds 

50 dBmO 

±0.5 dBm/month, at 25°C 

±1 dB 

CONVERTER SYSTEM PARAMETERS 
Transmit Chain Performance 

Frequency Band 

Output Thi rd Order 
Intercept Point 

Gain 

Spurious 

In-Band 

Out-of-Band 

Other 

Output Impedance 

Frequency Stability 

Power 

4 

5.925 to 6.425 GHz 

+5 dBm 

-5 dB to +15 dB (adjustable} 

5.9 to 6.4 GHz -65 dBm 

3.7 to 4.2 GHz -80 dBm 

-65 dBm 

50 ohms 

±1 part per 108 per month 

115V ac ±10%, 60 Hz ±5% 



Characteristic Specification 

Receive Chain Performance 

Frequency Band 

Noise Figure (Downconverter Input) 

Input Leve 1 s 

Frequency Stability 

Input Impedance 

Power 

Third-Order Intermodulation 
(Two -10 dBm Output Signals) 

Spurious Outputs 

Bquipm.ent Oonfipration 

3.7 to 4.2 GHz 

14 dB (typical) 

-75 dBm to -90 dBm per carrier 

±1 part per 108 per month 

50 ohms 

115V ac ±10%, 60 Hz ±5% 

-40 dBc 

-75 dBm 

The SCPC equipment is divided into two types--common equipment and channel 
unit equipment. 

Common Bquipment 

This consists of those units which serve all the channel units in the 
station. These units are: 

a. High-power amplifier 

b. Low-Noise Amplifier 

c. Up/downconverter 

d. Channel Equipment Bay 

e. Common Equipment Bay 

f. Reference Generator Unit (RFG) 

g. Pilot Receiver Unit (PRU) 
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Cbannel Unit Bquipmen.t 

This consists of: 

a. Channel Unit Cards 

(1) Modem 

(2) Synthesizer 

( 3) Voice Processor 

b. Channel Unit Card Cage - This unit holds four channel units 

c. Ch anne 1 Un it Equipment Bay "'.' This bay can ho 1 d up to 32 channe 1 
units 

d. Channel Unit Power Supply. 

Figures 2 through 4 depict various SCPC equipment configurations. 

Figure 2 shows a rack elevation for one configuration of SCPC equipment. As 
shown, the rack contains redundant common equipment along with redundancy 
switching. 

As shown, the rack can hold up to 16 channel units as well as the common 
equipment. 

Figure 3 shows a rack elevation for the channel unit equipment bay. The bay 
contains up to eight card cages which can hold a total of 32 sets of channel 
unit cards. The card cages have 13 card slots. The RFG and Pilot Rx are 
capable of servicing all channel units in one channel unit bay. The bay is 
shown with redundant RFGs. The channel unit power supply shown is is capable 
af driving 16 channel units. Thus two power supplied are needed to power a 
bay with 32 channel units. 

The channel unit power supply consists of two · power supplies, each of which 
is capable of powering two card cages. There is also space in the power 
supply chassis for a third power supply also capable of driving the two card 
cages along with switching to allow 1 for 2 redundancy switching. 

The bay is air cooled by blowers mounted above the power supplies. The card 
cage presents low impedance to the cooling air. The equipment bay is a 
cabinet with rear door access and side panels which confines the blower 
output and channels it up through the card cages to provide very efficient 
cooling. Typically, the temperature rise from bottom to top of the rack is 
less than 10 degrees Fahrenheit. 

Figure 4 shows a rack elevation of a combined common and channel unit equip
ment bay. This layout is used in smaller stations. The bay can hold up to 
16 channel units. The common equipment is redundant and includes redundancy 
switching. The channel unit equipment is blower cooled as is the conversion 
equipment. The HPAs are set cooled using internal blowers. 
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Equipment Descriptions 

Mod.el 7870, 7880 Converters 

General. The Model · 7570, 7520 Converters are specifically designed for SCPC 
operation. SCPC operation requires higher frequency stability, lower FM 
residual noise and higher linearity than either message or video system 
operation. The converters are of the dual-conversion type which allow tuning 
to any transponder by changing the local oscillator frequencies. The con
verters are synthesizer-tuned and have three modes of operation; Frequency 
mode, DOMSAT transponder mode and INTELSAT transponder mode. In the Fre
quency mode, the converters tune in 5 MHz increments. In the DOMSAT mode, 
the converters tune to the center frequencies of the 24 DOMSAT satellite 
transponders. In the INTELSAT mode, the converters tune to the center fre
quencies of the twelve INTELSAT transponders. The microprocessor automatic
ally accounts for the 50 MHz frequency step between transponder 6 and 7 in 
the INTELSAT mode. Entry to the microprocessor is by means of a front-panel
mounted keyboard. The frequency of operation is entered into the keyboard 
after the appropriate operation code has been entered. The frequency is 
displayed in MHz, and the transponder is displayed by number on the front
panel display. The converters are packaged in three systems as follows: 

a. Nonredundant System Model 7575. An up- and a downconverter are 

L 

b. 

packaged in a 5-1/4-inch-high, 19-inch, rack-mountable package. 
The package also contains the power supplies and a 5 MHz reference 
oscillator used by the converters. The front-panel layout is shown 
in Figure 5. 

rot~11, r:-
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["!'!l -· [~ 

EH~GE3 B o ...... 
' 

80GB 
Q..,Al■ 

--- - uac:-o• 

Figure 5. Non-Redundant System Front-Panel Layout 

Dual U~converter sistem Model 7570-01. Two upconverters are packed 
in a -1/4-inch-high, 19-inch, rack-mountable package which also 
contains two power supp 1 i_es, one for each converter, and a 5 MHz 
reference oscillator. The front-panel layout is shown in Figure 6. 
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Figure 6. Redundant Upconverter System Front-Panel Layout 

c. Redundant Downconverter Model 7520-01 System. Two downconverters, 
along with the redundancy switch, two power supplies, and a 5 MHz 
reference osc i 11 ator, are mounted in the 5-1/ 4-i nch-h i gh, rack
mountab le package. The necessary switching logic is also mounted 
in this package. Status display and manual switching control are 
mounted in the center of the front panel. Figure 7 shows the 
front-panel layout. 

---
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Figure 7. Redundant Downconverter System Front-Panel Layout 

All local oscillators in the converter systems are derived from and have the 
same stability as a highly stable, low-noise 5 MHz proportional oven
controlled crystal oscillator. In the nonredundant system, one oscillator 
controls both converters. The redundant upconverter system and the redundant 
downconverter system are controlled by a pair of 5 MHz oscillators which are 
connected to drive an up/downconverter pair. 

The converter operation is described in the next section. Table 2 shows the 
upconverter specifications. Table 3 gives the specifications for the down
converter. 
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Table 2. Model 7570 Upconverter Specifications 

Characteristic 

Input Frequency Range 

Input Impedance 

Input Return Loss 

Maximum Composite Level 

Output Frequency Range 

Frequency Control 

Output Impedance 

Output Return Loss 

Upconverter Gain 

Output Third-Order Intercept Point 

Reference Frequency Stability 

Stability Translation Error 

Output Frequency Stability 

Output Frequency Response 

Spurious Outputs 

5.9 to 6.4 GHz 

3. 7 to 4. 2 GHz 

Other 

Total Converter Noise 

Specified Temperature Range 

Operational Temperature Range 

Specification 

52 to 88 MHz 

75 ohm (BNC female) 

26 dB 

SCPC 

Message 

Video 

Di git a 1 

-17 dBm 

-5 dBm 

-5 dBm 

-10 dBm 

5.925 to 6.425 GHz 

Synthesizer (5 MHz STEP size) 

50 ohm (type N female) 

20 dB 

-5 dB to +15 dB (adjustable) 

+5 dBm (at U/C gain= +5 dB) 

±1.0 x 10-8 /month 

1217 Hz on output/Hz on reference 

±250 Hz 

±0.5 dB/36 MHz 

-65 dBm 

-80 dBm 

-65 dBm 

55 Hz rms in band from 300 to 
3,400 Hz 

15 to 35°C 

O to 41 °C 
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Table 3. Model 7520 Downconverter 

Characteristic 

Input Frequency Range 

Input Impedance 

Input Return Loss 

Maximum Composite input Level 

Output Frequency 

Frequency Control 

Output Impedance 

Output Return Loss 

Downconverter Gain 

Output Third-Order Intercept Point 

Reference Oscillator Stability 

Stability Translation Error 

Output Frequency Response 

Spurious Outputs 

L.O. Leakage 

Total Converter Noise 

Specified Temperature Range 

Operational Temperature Range 

Noise Figure 

Image Rejection 
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Specification 

3.7 to 4.2 GHz 

50 ohm (type N female) 

>20 dB 

SCPC 

Message 

Video 

Digital 

52 to 88 MHz 

-27 dBm 

-35 dBm 

-35 dBm 

-34 dBm 

Synthesizer (S MHz step size) 

75 ohm (BNC female) 

>24 dB 

10 to 30 dB (adjustable) 

+2 dBm (at D/C gain= 10 dB) 

+10 dBm {at 0/C gain= 20 dB) 

+15 dBm (at 0/C gain= 30 dB) 

±1 x 10-8/month 

826 Hz on output/Hz on reference 

±1.0 dB/36 MHz 

-75 dBm 

-55 dBm 

50 Hz rms in band from 300 to 
3,400 Hz 

15 to 35°C 

0 to 41 °C 

14 dB typical 16 dB Max 

50 dB 



Converter Operation. Operational descriptions and block diagrams of the up
and downconverter appear in the following paragraphs. 

ueconverter. Figure 8 is a block diagram of the upconverter. The input IF 
signal (52 to 88 MHz) is applied to a broadboard linear amplifier with 
variable gain housed in the first mixer preamp. The gain range is O to 
20 dB. This signal is then converted to 1,115 MHz in the first mixer. The 
L.O. signal is 1,045 MHz (see diagram for other frequencies) which is phase 
locked to the highly stable 5 MHz reference oscillator. The mixer output is 
amplified again by a fixed 18 dB gain stage. This signal is then applied to 
a 40 MHz wide bandpass filter which uses input and output circulators for 
spurious prevention. After filtration, the signal is applied to the second 
mixer where it is upconverted to the 5.925 to 6.425 Hz band. Here, the L.O. 
signal is synthesizer controlled and is also phase locked to the stable 5 MHz 
reference. The output of the synthesizer VCO is multiplied by four and then 
filtered before being applied to the mixer. The mixer output signal is then 
filtered by a 500 MHz wide bandpass filter which a 1 so uses input and output 
circulators for spurious prevention. The filter output is then taken to the 
rear of the chassis to the type-N output connector. 
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(+17dBI I 1•2.5ctBI I (.J.5 dBi l 1·2 dBi I 
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1202.5 • 1327.5 MH• 
rf, LOCK REF 

Od8al 

{ 
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µ.P CLOCK---------

STR08E-+------------' 
* NOTE : THE FIRST MIXER PREAMP HAS ADJUSTABLE GAIN 

FROM 7 dB TO 27 dB. FOR ABOVE DISTRIBUTION 
LEVELS, GAIN IS CHOSEN TO BE +17 dB. 

51-A-1111 

Figure 8. Upconverter Block and Level Diagram 
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Downconverter. Figure 9 is a block diagram of the downconverter. The input 
RF signal (3.7 to 4.2 GHz) is applied to a 500 MHz wide bandpass filter. The 
signal then goes into the first mixer where it is converted to 880 MHz. The 
L.0. signal is a synthesizer-controlled VC0 phase locked to the stable 5 MHz 
reference. The VC0 output is multiplied by four and then bandpass filtered 
before being applied to the mixer. The mixer output is applied to a broad
board linear amplifier with a fixed gain of about 24 dB. This signal then 
goes to a 70 MHz wide bandpass filter and on to the second mixer. The second 
mixer converts the signal to the 52 to 88 MHz band. This L.0. signal is also 
a synthesizer-controlled VC0 phase locked to the stable 5 MHz reference. 
Following the mixer is a variable gain broadband amplifier with 20 dB of 
adjustment range. Then the signal is filtered again by a 36 MHz wide band
pass filter and applied to the output amplifier. The amplifier output then 
goes to the 70 MHz IF out BNC connector at the rear panel. 

* RELATIVE GAIN DISTRIBUTION 

3.9-4.2 GHz 

OdB -1 dB +15dB +13dB +20dB I C-1 dBi I C+16dBI I C-2dBI I f+7dBI I 
3.9 - 4.2 GHz _, MHz 

3.9 -4.2 GHz 
BPF 

1st MIXER 
PREAMP 

2820-3320-• 
r- 7 
I I 
I I 
I I 
I I 
I I 
L _ _J 

705-830MHz 

IIOwtz 
BPF 

IIO MHz SECOND MIXER 
PREAMP ---.. 10MHz 

IIIOJIIIS.110.115 - _ 

FREO CONTROL 
LINES 

........ 

·10d8m 5MH 

---------------- REF
1 

DATA I 
'-----------------.--CLOCK µP 
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FROM -3 dB TO +17 dB. FOR ABOVE DISTRIBUTION, 
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Figure 9. Downconverter Block and Level Diagram 
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Reference Frequency Generator RF6. The RFG provides reference signals for 
the SCPC channel units. The signals provided are: 

• 3.6 MHz Synthesizer Reference 

• 286.859375 kHz Modulator and Voice Processor Reference 

• Pilot Signal 

• Signaling Reference (2,600 or 3,825 Hz) 

The first two of the signals are provided on .all RFGs. The last two are 
optional plug-in boards. Typically, the pilot generator is only used in one 
or two stations in a given SCPC system. The RFG module is plugged into a 
motherboard mounted above the channel unit card cages. It is powered by the 
channel unit card cage. The RFG can drive up to 32 channel units. 

Operation. 
operation. 

Figure 10 is a block diagram of the RFG configured for redundant 
Operation is as follows. 
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a. Slnthesizer Reference. The 3.6 MHz signal is provided by a highly 
sable temperature-controlled crystal oscillator (TCXO). The 
oscillator is buffered. A variable attenuator sets the output 
level to +7 dBm for all racks where the number of channel units is 
1 or 32. The frequency stability of this synthesizer reference 
signal is·l part in 10-8 per day. 

b. Modulator and Voice Processor Reference. The 286.859375 kHz signal 
is derived by dividing a 4.58975 MHz TCXO signal by sixteen. The 
divided signal is bandpass filtered, and the signal output level is 
set using the variable attenuator. Frequency stability of the 
source is the same as that of the synthesizer reference. 

c. Pilot Reference. The pilot signal is derived from a synthesizer 
1 ocked to the 3. 6 MHz synthesizer reference. The synthesizer 1 s 
switch programmable to provide pilot signals of 52 to 88 MHz in 
channel increments. These signals allow the pilot to be centered 
in the full transponder, either half transponder or any of the four 
quarter-full transponder segments. 

The synthesizer output is buffered and the level set by a variable 
attenuator. Frequency stability is the same as that of the synthe
sizer reference. 

d. Signaling Reference. This signal is derived from the 3.6 MHz TCXO 
by division in a programmable divider. Division by 941 gives a 
signal at 3825.72 Hz and division by 1,385 gives a signal at 

• 2599.28 Hz. The divider output is low-pass filtered, and the level 
is set via a variable . attenuator. Frequency stability is the same 
as .that of the synthesizer reference. 

e. Alarms. All signals are level detected and compared to a reference 
level. Failure will give an alarm indication to an OR gate which 
drives a front-panel red LED. This LED is illuminated when any 
signal exceeds a pre-determined limit. The pilot generator also 
has a loss-of-lock alarm which will also cause the alarm LED to 
turn on. 

Redundant Oberation. When the RFG is used in a redundant system, a switching 
and 1 ogic oard is added to the RFG motherboard. Both RFG modules are 
identical in the redundant pair. 

The operation is as follows. Consider the "synth refit' redundant pair. As 
shown, RFG Module No. 1 is on-line. Its output is fed via the hybrid summer 
shown to the synthesizer reference splitting system~ At this time RFG Module 
No. 2 is off-line, and the other leg of the summer is terminated. When there 
are no faults, this mode of operation is set up by switches on each TFU 
switching and logic card. RFG Module No. 1 is "on-line." 
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Consider a failure of the synthesizer reference signal. If the synthesizer 
reference level is within 1 imits in RFG Module No. 2, the switch in RFG 
Module No. 1 operates, removing any signal from RFG Module No. 1 and term
inating its leg of the summer. At the same time, the switch in RFG Module 
No. 2 operates and ~onnects the synthesizer reference signal to the summer. 

A 11 signals are made redundant in the same manner except the signaling 
reference signal. 

This signal uses the same logic as the others but does not feed a signal 
summer. It feeds a "bus" system and so thus does not need a su11111er. 

The system logic is arranged so that if either RFG module is removed the 
other remaining RFG module drives the rack. 

Pilot Receiver Model 7720. The pilot receiver system performs the following 
functio'ns. 

• Provides receive-side AFC for the station via the 40.18 MHz (45, 
22.5 kHz system) second local oscillator in the channel unit demod
ulators for 45 kHz channel space or via 40.12 MHz (nominal) for 
30 kHz channel space. 

• Provides automatic gain control output which may be used to confrol 
a steptrack antenna pointing system. 

• Provides frequency agility using a frequency-agile, first-local 
oscillator, ' thus allowing great flexibility in the placement of the 
SCPC pilot. 

• Automatic acquisition of pilot if phase-lock loss is indicated. 
Sweep search circuit is activated on loss of lock and deactivated 
when lock is acquired. 

• Operation may be either single-ended or redundant. 

Figure 11 is a top view of the complete pilot receive system, showing the two 
pilot receiver modules plugged into the motherboard. 

The unit is a rack-mountable chassis, 1-3/4 inches in height. It contains 
two pilot receiver modules which plug into a motherboard containing · the 
redundancy switching circuitry. The unit is powered by external plus and 
minus 19-volt supplies. The pilot receiver modules plug in from the front of 
the unit. The 40.18 MHz input signal is sufficient to drive a channel unit 
bay containing up to 32' channel units. 
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Figure 11. Top View of the Complete Pilot Receive System 

19 



Pilot Receiver Modu ·Ie Operation. Figure 12 is a block diagram of the pilot 
receiver module. Figure 13 is a more detailed block diagram of the AGC 
system and Figure 14 is a block diagram of the phase-locked loop threshold 
extension system. The receiver operation is as follows: 

a. 

b. 

Overall Descri~tion. The pilot receiver performs the AFC function 
by comparinghe received pilot to a very stable 3.6859375 MHz* 
crystal oscillator in a phase detector and changing the frequency 
of a 40.18 MHz (nominal) voltage-controlled oscillator until the 
frequency difference at the phase detector is reduced to zero. 
This process transfers an equal frequency error to the 40.18 MHz 
oscillator which cancels out the satellite translation error at the 
second mixer in the channel unit demodulator. 

Signal Flow Descr~tion. Refer to Figure 12, SCPC Pilot Receiver 
block diagram. Te input signal may be in the range of 52 to 
88 MHz and is fed to the receiver via the receive IF distribution 
system at a nominant level of -55 dBm. The signal is mixed down to 
46 MHz in the broadband first mixer. The local oscillator signal 
is derived from a synthesized oscillator, the frequency of which is 
set by switches which define the synthesizer divide ratio. This 
synthesized LO allows frequency-agile receiver operation. The syn
thesizer is identical to the units used in the channel unit synthe
sizer Model 7740. After the first mixer, the signal is bandpass
filtered in a filter centered at 46.0775 MHz** with a 3 MHz band
width. The signal is then buffer-amplified and applied to the 
second mixer. The 1 oca l osc i 11 a tor for this mixer is provided by 
the 40.18 MHz VCO. This mixer output is buffer-amplified and 
filtered by a 34-kHz-wide, bandpass crystal filter centered at 
5.8975 MHz***· Following this filter, the signal is applied to the 
automatic gain control (AGC) circuitry. (Refer to Figure 13). 

The crystal filter output is applied to a variable gain amplifier 
via a O dB gain buffer. The variable gain amplifier is level 
detected compared to a reference voltage, and the difference in 
signal is amplified and integrated and used to control the variable 

NOTE: *3.6859375 MHz for 45 kHz channel increment 
3.728125 MHz for 30 kHz channel increment 

**46.0775 MHz for 45 kHz channel increment 
46.085 MHz for 30 kHz channel increment 

***5.8975 MHz for 45 kHz channel increment 
5.965 MHz for 30 kHz channel increment 
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gain amplifier is level detected compared to a reference voltage, 
and the difference in signal is amplified and integrated and used 
to control the variable gain amplifier to close the AGC loop. A 
sample of this voltage is signal-conditioned to provide a low 
impedance output and is available at the rear panel connector. 

The AGC amplifier provides a constant output signal which is needed 
to drive a phase-locked loop system which provides signal condi
tioning prior to the digital PLL. 

The output of this phase-locked loop is applied to a second phase
lock loop. In this loop the 5.8975 MHz signal is divided by 128 
and applied to a phase detector. The other input is a 
3.6859375 MHz signal divided by 80. The phase detector output 
after amplification and filtering controls the frequency of the 
40.18 MHz VCO. The loop action is such as to reduce to zero the 
frequency difference between the inputs to the phase detector. 
When this occurs and the loop is locked, the satellite translation 
error carried on the pilot is transferred to the 40.18 MHz oscil-
1 ator in such a sense as to cance 1 the error in the received 
carriers in the demodulation process. 

Redundancy Operation. (Refer to Figure 15). The incoming receive input 
containing both the pilot and channel carriers is split in a passive splitter 
and the outputs are fed to the two pilot receivers. If the pilot receivers 
are operational and phase lock has been acquired by both, the control logic 
p 1 aces the output of the receiver A on line. If receiver A 1 oses 1 ock, but 
receiver B retains lock, then the ouput of receiver Bis placed on-line. If 
both receivers lose lock., then no switching occurs. 

The control and switching circuitry is mounted on the motherboard. The 
40.18 MHz output level is set to +12 dBm and is filtered to reduce har
monics. 

PILOT 
RX SWITCH 
A 

70MHz A A 40.18MHz 
IF PILOT L !: TO DISTRIBUTION 
RX INPUT B a (+12 dBm, 75 OHMI 
(-41 dBm, 75 OHMI 

SUMMARY ALARM 
OUTPUT CONTROL 
(0• ALARMI 

PILOT 
RX SWITCH 
B 

55-A-16911 

Figure 15. Model 7710 Pilot Receiver System-Redundant Operation 
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General. This section describes the Series 8300 SCPC voice channel equip
ment, which consists of: 

• Voice Processor 

• Dual-frequency synthesizer; no AFC 

1 FM Modem 

The channel unit accepts VF signals from the terrestrial network, processes 
these signals through filters, compressors and preemphasis, and modulates the 
desired transmit carrier in the 52 to 88 MHz IF band. On the receive side, 
it accepts a composite IF signal, selects and demodulates the required car
rier, and processes the resulting VF signal through deemphasis, expander and 
band-limiting filtering. 

The principal features of the channel equipment are: 

• Threshold extension demodulator 

• Excellent audio channel flatness and delay distortion 

• Excellent adjacent channel rejection 

• Accurate compander tracking over a wide range 

• Fast-operating VOX detector over the full dynamic range 

• Fast synthesizer locking (for DAMA applications) 

• Direct channel readout (for pre-assigned operation) 

• Dual synthesizers for independent transmit/receive frequency 

• Linear limiting for deviation control, to prevent distortion 

• Plug-in modularity. 

Other features are listed for each of the modules, along with the discussions 
which follow. 

The channel unit modules are housed in a channel equipment card cage, which 
provides module interconnection as well as IF and reference signal splitting 
and distribution. 

Model 8324 Voice Processor (Figure 16). The purpose of the voice processor 
is to provide al 1 necessary audio processing and control functions. The 
voice processor sets the overall voice frequency bandwidths, provides signal 
delay and gain, emphasis and companding. Echo suppression is also accom
plished in the Model 8324 Voice Processor. 
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VOICE 
PROCESSOR 

.,.L..ali 
• 

'_:·!:..£? 

- Lflllt· • :l 
• •· ., 

Figure 18. Voice Processor Controls, Indicator, and Monitoring Points 

The voice processor features include: 

• 2:1 companding (compatible with CCITT 6162) 

• Emphasis 

• Choice of order for emphasis and companding 

• Echo suppression 
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• Data over voice option 

• Linear limiting 

• Voice-operated carrier control switch (VOX) 

The voice processor is composed of a motherboard, an audio delay board, a 
receive rectifier and holdover board, and an optional data-over-voice board. 
(Figure 17). 

The printed wiring boards plug into a receptacle on the backplane board at 
the rear of the channel unit shelf assembly. 

The echo suppression option is implemented with the addition of the receive 
rectifier and holdover board and some components on the motherboard. These 
components include the level comparator, certain logic components, and those 
components necessary to implement the 6 dB receive echo suppression pad. 

The emphasis and companding circuits can be strapped in any order, as 
desired. The emphasis, then, can precede or succeed the companding 
function. 

No manipulation of controls is required for the voice processor during normal 
operation. If a change in RX or TX interface level is required, the O dBmO 
level for these interfaces can be adjusted by means of the TX LEVEL ADJ and 
RX LEVEL ADJ controls on the front panel, refer to Photo No. 10103. The 0 
dBmO level for the transmit interface is variable from Oto -16 dBm. For the 
receive signal interface, 0 dBmO is variable from Oto +10 dBm. 

RX RECTIFIER AND HOLDOVER BOARD 

Figure 17. Model 8324 Voice Processor-Interior 
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Voice Processor Operation. The following paragraphs detail the operation of 
the Model 8324 Voice Processor. 

a. Transmit Section. The transmit circuitry is shown in the top half 
of the block diagram (Figure 18). Signal flow is from left to 

b. 

right. 

Input Arril ifier. The input amplifier, which has a gain control 
accessi e from the front panel (TX LEVEL ADJ), permits the O dBmO 
level to be varied from Oto -16 dBm. 

c. Two-Pole Low-Pass Filter. After the input amplifier, the signal 
enters a two-pole, 20 kHz, low-pass filter where high-frequency 
signal components are removed. 

d. Three-Pole High-Pass Filter. A three-pole Chebyshev high-pass 
filter follows the low-pass filter. The 200 Hz, high-pass filter 
establishes the lower band edge of the voice processor and ro 11 s 
off at the rate of 18 dB per octave. Ripple in this filter is 
0.15 dB. 

e. Voice-Operated Switch (VOX) System. The VOX system uses a sample 
of the transmit audio signal taken at the output of the three-pole 
high-pass filter. This system compares the peak audio level to a 
preset reference and provides that result as one input (VOX com
mand) to the logic that controls the carrier. (The comparator 
output is high if the transmit audio l~vel exceeds the reference.) 

f. 

g. 

The Transmit Disable and Transmit Enable inputs take precedence 
over the VOX command when they are both held high. 

If the carrier has been activated by the VOX signal, the carrier 
will be held on after the cessation of audio for an adjustable 
period determined by the holdover circuit. This holdover time is 
nominally 125 ms. 

Cofressor. The compressor is designed for unity gain at O dBmO . 
an provides a compression ratio of 1 dB output for each 2 dB 
variation of input signal. (The O dBmO point is defined as that 
point at which the output level is equal to the input level.) This 
compression ratio is maintained down to a level -50 dBmO at the 
input of the voice processor. Input signals more than 50 dB below 
0 dBmO are not compressed. 

The compression may be disabled vi a the Compander Enable input of 
the voice processor. A logic low at this terminal will clamp the 
compressor to unity gain and eliminate the compression function. 

Preemphasis. After the compressor, the signal is passed into the 
preemphasis circuitry, which has unity gain at 1 kHz and break
points at 600 Hz and 5 kHz. From here, the preemphasized signal is 
routed to the compressor. 
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h. Emphasis Switching. Analog switches for the preemphasis and 
deemphasis circuits are arranged such that when the Emphasis Enable 
input to the voice processor is brought low, the frequency selec
tive components of the preemphasis and deemphasis blocks are moved, 
thereby changing these elements into unity gain amplifiers. 

i. Linear Limiter and Peak Clipper. In order to avoid overdeviation, 
the transmit side of the voice processor is required to limit the 
maximum level of signal sent to the modulator. The linear limiter 
detector is a circuit which operates with the gain control element 
in the compressor and is designed to reduce the gain of the voice 
processor when signals exceeding +4 dBmO at the transmit input are 
present. While this device eliminates overdeviation without 
introducing distortion, it cannot act instantaneously. Thus, in 
addition, a peak clipper is cascaded after the compressor to pre
vent initial peaks from passing to the modulator. The linear 
limiter begins its action at a level of +2 dBmO while the peak 
clipper acts a +2.5 dBmO. 

An additional input is brought from the edge connector of the voice 
processor and mixed in after the compressor at the input to the 
peak cl i pper. This port is designed for use with the terrestrial 
interface unit and takes advantage of the 10 ms delay circuitry 
while bypassing the preemphas is and compression functions. This 
port is not used in Model 8324, since it does not have a 
terrestrial interface unit. 

j. Four-Pole, Low-Pass Filter. After the peak clipper, the signal 
passes through a four-pole, s- kHz, Chebyshev low-pass filter pro
vided to eliminate high-frequency signals which might mix with the 
clock frequency of the 10 ms delay circuit. The filter has unity 
gain and ripple of 0.15 dB or less. Rolloff is at a rate of 24 dB 
per octave. 

k. 10 ms Audio Delay Circuit. Sampling and storage is performed with 
a bucket brigade device opeating with a 24 kHz dual clock. This 
results in a 48 kHz sample rate and, with the 1,024 storage ele
ments, provides a 10.67 ms delay. The bucket brigade device has a 
nominal insertion loss of 8.5 dB, which is made up later in the 
voice processor. The clock for the delay unit is developed from an 
external 288 kHz reference signal. This reference signal is pro
vided to the voice processor at a level of lV peak-to-peak. It is 
then buffered, divided in frequency by 12 and used to drive the 
bucket brigade device. If the data-over-voice option is used, it 
is inserted between the 10 ms delay and the six-pole, low-pass 
filter. 

1. Suppression Switch. Echo suppression is implemented on the trans
mit side of the processor with a digitally control led gate. The 
gate enables the audio path whenever either of the two control 
lines is brought low. One line is driven from the echo suppressor 
logic and the other is used to disable suppression. When disabled, 
the gate introduces more than 60 dB of loss. 
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m. Six-Pole Low-Pass Filter. The six-pole, low-pass filter is used 
to estabtish the upper band edge of the voice processor and also to 
filter out the clock noise of the bucket brigade. This filter is a 
Chebyshev design with a rolloff rate of 36 dB per octave and a 
ripple of 0.15 dB or less. The filter is designed for unity gain. 

n. Delay Equalizer. The six-pole, low-pass filter is cascaded with a 
delay equalizer, which has a nominal loss of about 8 dB. The delay 
equalizer minimizes group delay distortion in the transmit channel 
to allow high speed data to be sent through the voice processor. 

o. Output Amp 1 if i er. The 7 4 mV s i gna 1 f rorn the output of the delay 
equalizer passes to the output amplifier and is boosted to O.SV 
rms. 

p. Receive Section. The receive circuitry is shown in the bottom half 
of the block diagram (Figure 18}. Signal flow is from left to 
right. 

q. Four-Pole, Low-Pass Filter. The signal from the demodulator is 
brought in at a level of 0.5 rms (O dBmO) and is buffered and 
passed through a four-pole, 5 kHz, low-pass filter. This filter is 
identical to the one on the transmit side and is used to reduce the 
noise on the unprocessed demodulated audio. A connection to the 
optional data-over-voice circuitry is provided after this filter. 
If the data-over-voice option is not present, this connection is 
bypassed. 

r. Deemphasis. After the expander, the s i gna 1 is passed into the 
deemphasis circuitry, which has unity gain at 1 kHz and breakpoints 
at 600 Hz and 5 kHz. 

s. Expander. The expander, which has a 1 dB to 2 dB expansion charac
teristic, reestablishes the dynamic range reduced by the compressor 
on the transmit side. The expander may be enabled and disabled 
with the Compander Enable signal. If disabled, it is fixed to 
unity gain and operates as a 1 inear amplifier. Al so provided on 
the expander is a clamp input which operates from the squelch input 
to the voice processor. This function mutes audio to the control 
circuit of the expander and prevents noise which is present in the 
absence of a carrier from loading the control circuit. The vari
able gain element of the expander is simultaneously disconnected 
from the control circuit and clampd to unity gain. 

t. Echo Su~ression Loss Switch. On the receive side echo suppression 
is supp ied with .a 6 dB digitally-controlled pad. A logic high 
inserts the 6 dB loss. 

u. 10 ms Audio Delat. The audio is then sent to the 10 ms delay cir
cuitry. This de ay is identical to that used on the transmit side 
and serves to prevent noise which is present at the end of the 
transmission from getting through the voice processor before the 
squelch can be activated. 
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v. 

w. 

Six-Pole, Low-Pass Filter. After delay, the audio signal is passed 
through a s1x-pole, 3.5 kHz, low-pass Chebyshev filter identical to 
that used on the transmit side. This filter establishes the noise 
bandwidth of the receive side and also eliminates the clock noise 
associated with the bucket brigade delay. The filter is delay
equalized for data transmission. 

S~uelch. From the low-pass filter, the audio signal is routed 
trough the squelch switch, which is used to eliminate most of the 
noise present when a carrier is absent from the demodulator. Some 
of the noise, however, is allowed to pass through the squelch 
switch, and thus simulate the background noise which is present 
when the carrier is up. 

The squelch signal from the demodulator is not used directly to 
operate the squelch switch. It is first delayed approximately 
13 ms to allow previously received noise to empty out of the bucket 
brigade before the squelch switch is opened. The squelch signal is 
only delayed in the transition from carrier off to carrier on. In 
the opposite direction, the squelch switch is operated immedi
ately. 

x. Three-Pole, High-Pass Filter. After squelching, the audio signal 
1s passed through a three-pole, high-pass, 200 Hz Chebyshev filter 
which establishes the lower band edge of the receive side and is 
identical to the three-pole filter used on the transmit side. The 
gain of this block may be adjusted to set the O.SV rms O dBmO 
receive output interface level. This gain control {RX LEVEL ADJ) 
is accessible from the front panel. 

y. Lamp Driver. The lamp driver is provided to illuminate a yellow 
LEtron the front panel of the voice processor when the compander is 
disabled. 

Model 8320 FM Modem (Figure 19). The purpose of the FM Modem is to perform 
the frequency modulation of the channel carrier,.using the processed transmit 
VF signal from the voice processor, and to select and demodulate the receive 
channel carrier from the composite received IF spectrum. 

The FM Modem consists of a motherboard and four plug-in printed wiring board 
assemblies, a crystal filter, buffer amplifier, and voltage regulator cir
cuits (Figure 20). Three of the plug-in assemblies {Demodulator Mixer, 
Filter/AGC, and TED) and the Crystal Filter perform the demodulation func
tion. The buffer amplifier and the fourth plug-in PWB assembly (Modulator) 
perform the modulation function. The voltage regulators regulate +20V de and 
-20V de to +lSV de and -15V de for all the circuits requiring de power. 
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Figure 19. FM Modem, Indicators 
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Figure 20. FM Modem-Interior 
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The FM modem features include: 

• Threshold extension 

• Excellent adjacent-channel rejection 

• Deviation sensitivity independent of transmit channel frequency 

• High TX carrier level stability through ALC circuitry 

• Good temperature compensation over the range 0° to 50°C 

• Wide-range squelch operation 

• low distortion 

• Two-level (switched) transmit IF output 

FM Modem Operation. The following paragraphs detail the operation of the 
Model 8320 FM Modem. 

a. Modulator (Refer to Figure 21). The modulator consists of a VCO 
which contains a single varactor for both modulation and automatic 
phase control. The VCO operates at 46.985 MHz and is divided to 
288.03125 kHz for phase lock to the 288.03125 kHz reference signal 
furnished from the system Reference Frequency Unit. 

The 46.085 MHz IF signal is amplified and filtered before channel 
selection occurs via a mixing process with the TX synthesizer. The 
output of the mixing process is filtered to remove the image fre
quency while passing the desired signal in the range of 52 to 
88 MHz. The desired signal then passes through an AGC amp l if i er 
which maintains extreme flatness across the 52 to 88 MHz IF band. 
The output section of the modulator consists of the TX level switch 
(controlled by DAMA or manual operation) which allows the IF signal 
level to be boosted by 4 dB. 

The carrier control logic consists of logic gates, transistor 
switches, and pin diode switches. The carrier is normally con
t ro 11 ed by the MODEM ON corrmand; however, in the event of a TX 
synthesizer failure (TX mute) signal or an APC failure (Modem 
Alarm) signal, the carrier control logic will turn the carrier OFF 
regardless of the state of the MODEM ON corrmand. 

b. Demodulator (Refer to Figure 22). The input to the demodulator is 
low-pass filtered· before channel selection occurs via a mixing 
process with the RX synthesizer. The output of this mixing process 
(45.965 MHz) is amplified and filtered before it is again mixed 
(with 40 MHz) to create the final IF frequency of 5.965 MHz. The 
5.965 MHz signal is narrow-band filtered and AGC'd. Also, the 
squelch information is derived at this frequency by detecting the 
out-of-band noise present on the IF signal. The AGC'd IF signal is 
then presented to the threshold extension demodulator which 
utilizes a regenerative voltage-controlled feedback loop around a 
limiter. The signal is demodulated and presented to the Voice 
Processor for signal conditioning. 
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Model 7740 Frequency Synthesizer. The Model 7740 Frequency Synthesizer is a 
microprocessor-controlled unit which performs the following functions: (See 
Figure 23, Synthesizer Block Diagram.) 

FREQUENCY TX RF OUTPUT 
(TOMODEMI 
(97.9200 TO 133.8 
AT +.BdBml 

750MHz 
SYNTHESIZER 

MODULE 

DAMA INTERFACE 

SUMMARY ALARM 

RX RF OUTPUT 
(TOMODEMI 
(98.1000 TD 134.05 
AT+8dBml 

FREQUENCY 
SELECT 

SA BUS 

MICROPROCESSOR 
CONTROLLER 

FREQUENCY 
SELECT 

FREQUENCY 

50MHz 
SYNTHESIZER 

MODULE 

MANUAL 
CHANNEL SELECT 

SWITCHES 

MANUAL/DAMA 
SELECT 

MANUAL 
MODE SELECT 

SWITCHES 

56-A-1194 

Figure 23. Synthesizer Block Diagram 

• Provides a synthesized low-noise local oscillator for the transmit 
side of the channel unit. The signal's frequency range is 98 to 
134 MHz and output level is +8 dBm. 

• Provides a synthesized low-noise local oscillator for the receive 
side of the channel unit. The signal's frequency range is 98 to 
134 MHz and output level is +8 dBm. 

• Provides surrrnary alarm output for the channel unit. 

• Provides control of various functions in the channel including the 
following: 

a. Pre- and Deemphasis enable/disable 

b. Echo suppressor enable/disable 

c. Transmit enable/disable 

d. Compander enable/disable 

• Provides for DAMA control via the SAbus interface in the unit. The 
SAbus also allows for remote control of the channel unit and exten
sion of alarms to a central unit if required. 

• Provides front-panel LED indication of phase lock on both synthe
sizers. 
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The unit is a plug-in module 7 inches high and 21 inches long. 

Frequency Synthesizer Operation. The following paragraphs detail the opera
tion of the Model 7740 Frequency Synthesizer. 

a. Synthesizer. Figure 24 is a b 1 ock diagram of the synthesizer 
module used in the unit. The Voltage-Controlled Oscillator (VCO) 
is controlled by a phase-locked loop. A portion of the VCO output 
is counted down in a progranmable counter and compared to a synthe
sizer reference in the phase detector. Any phase difference 
causes a change in frequency or phase of the VCO until the loop 
is 1 ocked. The main output of the VCO is di sab 1 ed whenever the 
loop is not phase locked. The loop is designed to achieve rapid 
acquisition and phase lock for DAMA operation. The synthesizer 
frequency is controlled by entering the channel number (via manual 
switches) in the microprocessor. The microprocessor then loads 
the required division into the progrannnable counter. The synthe
sizers may also be remotely controlled via the SAbus. The step 
size between channels is variable and can be 22.5 kHz, 30 kHz or 
45 kHz. The unit is also capable of one-half channel offset in the 
30 kHz and 45 kHz modes. This mode of operation is effective in 
lowering intermodulation energy falling in the channel unit 
passband. 

b. Manual Control. The manual control switches Synthesizer Block 

RF OUTPUT 
(97,9200 TO 
134.0550 MHz 
AT +I dBm) 

Diagram perform the following functions: (See Figure 23, Synthe
sizer Block Diagram.) 

• Set manual enable/disable 

• Set the RX channel assignment 

• Set the TX channel assignment 

• Set emphasis enable/disable 

• Set echo suppressor enable/disable 

• Set transmit enable/disable 

• Set compandor enable/disable 

N.18812 .-------------. 

vco 
98 -134 MHz 

+40/41 
SP8793 

MODULUS 
CONTROL 

LOOP 

I ___ I 
T 1111 __ ,;-1--< PHASE 

DETECTOR I L ___________ J 

'---------1 AMPLIFIER _____ _, 
& FILTER 

Figure 24. Synthesizer Module Block Diagram 
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c. Alarms. The synthesizer extends any channel unit alarms after 
summary. The synthesizer alarms are: 

• RX Synthesizer Phase-Lock Alarm 

• TX Synthesizer Phase-Lock Alarm 

d. DAMA Interface. The synthesizer interfaces with the DAMA system 
via the sAbus. In DAMA operation all of the functions already 
described may be controlled by the DAMA system. The synthesizer 
microprocessor carries out the DAMA commands and report successful 
accomplishment of all such conmands. 

Model 8331 Channel Unit Card Cage (Figure 25). The purpose of the Model 8331 
Channel Unit Card Cage is to provide a housing and all necessary interconnec
ting circuitry for four channel units. Each channel unit consists of a Voice 
Processor, and FM Modem, and a Frequency Synthesizer. One extra s 1 ot, 
located on the extreme right-hand side, is provided to accept an additional 
module if required. • 

Figure 25~ Channel Unit Shelf Assembly 
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A four-layer backplane provides mating connectors and interconnecting cir
cuitry for each of the channel unit modules. Another printed circuit board, 
mounted on a hinged panel at the rear of the assembly provides the splitting 
and combining functions for the channel unit reference and IF signals. These 
signals are distributed to each channel unit via discrete coaxial cables and 
the backplane edgecard connectors. 

Al 1 audio, control, reference frequency, and IF interfaces are available on 
connectors at the rear of the unit. 

The Channel Unit Card Cage provides all the necessary connections between the 
VF Processor, the FM Modem, and the Frequency Synthesizer, as we 11 as a 11 
external connections for power input, controls, audio input/output, reference 
signal input, alarms and IF input/output. 

Since the channel unit cage itself is designed for electrical interconnect 
and distribution of signals only, no active devices are employed. 

Channel Unit Card Cage Operation. The DAMA input is a parallel data bus 
provided for external aigital frequency assignment and control of the channel 
units. Connection is made to each of the four synthesizer locations. 

The al arm bus connector provides a status al arm loop through each channel 
unit. The loops may be wired externally for either individual or summarized 
alarm functions. 

The Audio Input/Output connector is the interface for terrestrial baseband 
input to (and output from) the Voice Processor. 

The Channel Unit control connector provides for direct external control, by 
means of logic levels, of such channel unit functions as transmit enable/ 
disable, echo suppression, emphasis, and companding. 

The Receive/Transmit Data connector provides one transmit and one receive 
path per channel unit Voice Processor for data operation. 

The de power supply inputs for +20 and -20 volts de is on a single multi-pin 
connector. 

The 70 MHz IF outputs from the four channel unit modems are summed by a power 
combiner and appear at a single connector. 

The incoming 70 MHz Receive signal is connected at a single connector and 
distributed to each channel unit modem via a power divider. 

The 40 MHz Demodulator Reference from the Pilot Receive Unit is also a single 
connection. The signal is split by a power divider and distributed to each 
channel unit modem. 

The 3.6 MHz Synthesizer Reference from the RFG is connected at a single con
nector and distributed to each channel unit synthesizer by a power divider. 

A 288 kHz Demodulator Reference generated by the RFG is connected to a single 
connector and applied to the primary winding of a transformer. The trans
former is used to step-up the reference level and to provide impedance 
matching. From the secondary winding of the transformer, the stepped-up 
288 kHz signal is fed in para 11 el to each FM modem and each voice p1·ocessor. 
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Digital Barth Station Equipment 

This paper describes equipment typically provided with a digital earth sta
tion. Equipment consists of both high frequency and digital units. Since the 
high-frequency equipment is described elsewhere, the major emphasis is on 
digitally related equipment. 

Station Description 

Equipment for a dig i tal earth station is comprised of digital equipment as 
well as high frequency equipment. A typical earth station equipment comple
ment is shown in block diagram of Figure 1. Basically, high frequency equip
ment is located in a shelter in close proximity to the antenna. Digital 
equipment is rack-mounted in the customer facilities. 

Signal flow through the station is as follows: assume that a number of digi
tal signals are transmited on one transponder with each digital signal modu
lating a separate carrier. The received signal is amplified by a low-noise 
amplifier (LNA) located at the receive port of the antenna feed. This signal 
is then downconverted to a frequency range where it can be handled more con
veniently. The downconverter output is fed to the digital equipment via 
coaxial cable and coupled to an appropriate set of demodulators. Each 
demodulator is tuned to the desired receive carrier by an internal crystal or 
synthesizer. The digital output of the demodulator is then typically passed 
to the customer via a protection switch. The switch provides for backup 
demodulation equipment in the event of an on-line equipment failure. See 
"Theory of Digital Communications" paper for further detailed explanation. 

In like manner, the transmit digital signals are fed via the protection 
switch to the modulators. The modulator transmit frequency is selected by 
either an internal crystal or synthesizer. The output of each of the modula
tors is combined and fed via coaxial cable to the upconverter. Here the 
signal is converted to the desired frequency for transmission to the satel
lite. The high-power amplifier (HPA) boosts the upconverter output to the 
desired level for transmission. 

It should be noted that the high frequency equipment is usually provided in a 
redundant configuration. Single-thread equipment is shown for simplicity. 

Additional equipment is provided with the indoor units which permit local and 
remote monitoring of station status as well as control. Remote operation is 
usually performed over telephone lines to a central station. 

High Frequency Equipment 

AnteDDBS 

The antenna used by a given terminal is dictated by a combination of several 
conditions. The following conditions are typical major influences on selec
tion of antenna size: 



• Conservation of satellite power 

• Local interference 

• Space availability 

• Cost 

Typical antennas used with digital terminals are 10, 7, 5, 4.6, and 3 meters 
in diameter. A 10-meter antenna is shown in Figure 2. Larger antennas 
require less satellite power and obviously are more expensive. However, 
circuit costs are dependent on the satellite power used. Thus, the trade-off 
between initial equipment cost and recurring circuit costs is an important 
factor in antenna size selection. 

In areas with high interference, an antenna with a low profile is sometimes a 
controlling parameter. Thus, a smaller antenna must be used. In congested 
areas, such as industrial parks or cities, antennas are often located on roof 
tops, and this may dictate a small size. In another case, for example, a 
large number of specialized stations using a single carrier and having low
bit-rate requirements can use very small antennas, thus mi nimi zing station 
cost. Another application of the small antenna is for low-cost audio distri
bution. 
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HPA UpConv. 
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Figure 1. Simplified Digital Terminal Block Diagram 
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Figure 2. 10-Meter Antenna 
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Low Noise .Amplifier (LNA) 

The low-noise amplifier, in conjunction with the antenna, determines the G/T 
or fiqure-of-merit of the station. A hiqher G/T requires less satellite 
power for qiven performance characteristics. The quality of a low-noise 
amplifier is a function of its noise temperature; the lower--the better. Two 
types of low-noise amplifiers are utilized--the parametric amplifier and GaAs 
FET amplifier in Fiqure 3. 

Figure 3. GaAs FET and Parametric Amplifier 

Parametric amplifier noise temperatures ranqe from 30K to 70K. The GaAs FET 
family of amplifiers ranqe in temperature of 80 to 120K. A parametric ampli
fier is approximately ten times more expensive than the GaAs FET. Thus, the 
FET is the most common amplifier used with digital terminals. 
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High Power Ampll:fiers (HPA) 

High-power amplifiers, for digital applications, ranqe in power from 1 watt 
to 600 watts. (A 75-watt HPA is shown in Figure 4.) HPAs in the 1- to 
10-watt range are available in solid-state configurations while the lS- to 
600-watt units are traveling wave tubes. 

Figure 4. 75 Watt TWT HPA 

The HPA size is dictat ed by the following parameters: 

• Transmit antenna size 

1 Receive station G/T 

• Transmit stat ion location relative to satellite 

1 Number of carriers 

1 Carrier Bit Rate 

• Required receive performance 

Converters 

Up- and downconverters are available in a dual-conversion configuration. 
The dual-conversion models permit easy and rapid change in operating fre
quency. This feature is critical, for example, when rapid restoration of 
service is required in the event of transponder failure. 
The dual-conversion converter is shown in Figure 5. This unit can be tuned 
to any of six frequencies by a front-panel switch. This converter can al so 
be tuned to any one of the six frequencies remotely. 

Figure 5. Dual-Conversion Converter 
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Digital Equipment 

General 

The digital equipment complement permits the transmission and reception of a 
number of digital carriers simultaneously. Capability is available to handle 
from 30 kb/s to 10 Mb/s. The most common equipment in use to date operates 
at 56 kb/s. Each 56-kb/s data stream can be the output of a conventional 
multiplexer with input data streams at rates of 32.0, 19.2, 9.6, 4.8 2.4, 
1.2, or 300 baud. For example, up to ten 4.8-kb/s data streams can be multi
plexed for transmission over one 56-kb/s carrier. 

Equipment can be confiqured with a sinqle modem. Alternatively, a l:N redun
dant configuration is frequently provided where hioh reliability is required. 
A typical rack arrangement is shown in Figure 6. The rack on the left is a 
common equipment rack with an expansion rack shown on the right. 

The common equipment consists of a monitor and control unit (MCU), baseband 
patch panel, a 1:N protection switch, an IF patch oanel, redundant modula
tors, redundant demodulators and redundant synthesizers. The racks can be 
configured to accommodate up to eight duplex data links by adding modem 
equipment in additional pre-wired equipment racks. 
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Figure 6. Typical Digital Equipment Rack Layout 
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MODEM/CODECS 

Introduction. Modems are available in both QPSK and BPSK versions. The QPSK 
version is the most common and is discussed in detail in this section. The 
Model 8800 series of bandlimited QPSK modems/codecs combines two very desir
able properties: bandwidth efficiency and power efficiency. Bandwidth 
efficiency is achieved through the use of QPSK modulation and Nyquist 
filtering. Power efficiency is achieved by using QPSK modulation combined 
with forward-error-correction codinq. 

These modem/codecs are available in simplex packaqing (a transmit drawer and 
a receive drawer) or in a duplex package (modem/codec in one drawer), thereby 
allowing the user to optimally configure his equipment. 

The d_ata rate range for these units spans 30 kb/s to 10 Mb/s. There are 
standard data rates such as 56 kb/s, Tl, etc.; but other rates are avai 1-
able. 

Modulator. A block diagram of the bandlimited QPSK modulator is presented 
in Figure 7. The encoded data is shifted into the demultiplexer by the 8/7 
R clock, The encoded data stream is demultiplexed in two data streams with 
half-bit delay between them (thereby generating offset QPSK). The two fixed 
level NRZ data streams with a (sin X/X) 2 spectrum are filtered by identical 
low-pass filters such that an overal 1 square root Nyquist, ~' frequency 
response is produced. The filtered data streams double-sideband-modulate two 
quadrature sine waves at the transmit frequency f1. The modulated outputs 
are surmned to produce bandl imited QPSK. Special circuitry keeps the two 
outputs equal before summation. Equality is important for generating true 
QPSK modulation and achieving near theoretical modem statistical performance. 
The bandlimited QPSK is processed by the bandlimited AGC to produce a 
constant -10 dBm output from the AGC. Filtering within the AGC loop greatly 
reduces modulated harmonics of transmit frequency f1. Since f1 is 
directly modulated, no spurious outputs are produced within the transponder 
bandwidth. A printed circuit (PC) board plug-in attenuator reduces the AGC 
output to the desired customer output level. A front-panel potentiometer 
allows one to continuously vary the output level by ±2/3 dB. The front panel 
of the modulator is shown in Figure 8. • 
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Demodulator Description. A block diagram of the bandlimited QPSK demodulator 
is presented in Figure 9. The input downconverter is switched to receive 
either the assigned receive frequency f2 or its modulator output center 
frequency f1. The input is downconverted to 46 MHz. The 46-MHz input is 
amplified, filtered, and then downconverted to the seconci IF of 2.5 MHz by 
the second mixer and a 43.5-MHz VCO. The 2.5-MHz IF AGC AMP provides two 
outputs. One, which is bandlimited, drives a X4 (times four) circuit to pro
duce an unmodulated carrier. This regenerated 4f0 carrier reference is 
compared to a 10-MHz crystal osci 11 ator in the phase detector. The phase 
detector output drives the phase-lock loop filter that controls the 43.5-MHz 
VCO. This so called long-loop-for-carrier reqeneration keeps the narrowband 
spectrum centered in the demod filters. 

Down 
Conv. 
No.1 

I 
Select 
TX/RX 
Freq. 

46MHz 
IFAmpl. 

2.5 MHz 
IF AGC 
Ampl. 

10MHz 
Crystal Osc. 

Signal 
Conditioner 

Signal 
Conditioner 

Figure 9. Bandlimited QPSK Demodulator 

Encoded 
Data 
Estimate 

8/7R Clk 

NR 
8/7R Clk Clk 

The other 2.5-MHz IF output has a broader spectrum and is routed to the 
coherent detector. The 10-MHz reference crystal oscillator output divided by 
four and· proper phased is the coherent reference for demodulation. The 
demo du 1 ated outputs go to the 2]J!_n a 1 conditioners and the bit synchronizer. 
In the signal conditioners, ✓N(W) filters remove noise and adjacent channel 
power and shape the time domain response in conjunction with the transmit 
filter, so that minimum intersymbol interference occurs at the time each data 
state estimate is made. The decision units make such a data state estimate 
on each filter output at a time controlled by the bit synchronizer. The 
multiplexed encoded data state estimate is the overall demod output. A block 
diagram of the bit synchronizer is shown in Figure 10. 
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In the bit synchronizer, one of the coherent detectors is filtered and non
linearly processed to produce a bit-rate spectral component which is bandpass 
filtered. The bandpass filter output is the reference for a phase-lock loop. 
The 8/7 bit rate VCO output of the phase-lock loop is routed to the siqnal 
conditioner and is also provided as an output. An N-R clock is also provided 
to the decoder for its internal use. 

In the long loop previously described, bandpass limited in the X2 circuitry 
and adaptive sweep circuitry in the phaselock filter are used to minimize 
false locking to data-induced spurs if the V.35 scramblinq is bypassed. 
Careful attention has to be directed to such false locking in carrier regen
eration circuitry. 

The front panel of the demodulator is shown in Figure 11. 
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Figure 11. QPSK Demodulator/FEC Decoder 
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Codec Description. The rate 7/8 FEC codec uses a convolutional self
orthogonal code. The code has a minimum distance of 7 and is triple-error 
correcting. The constraint length of the code is 1176 bits. The encoder is 
systematic and one parity bit plus seven information bits are the output in 
an alternating fashion . The encoder has an internal phase-lock loop that 
uses the input information rate, R, clock as a reference to qenerate the 
output, 8/7 R, symbQl rate clock, and all internal clocks that are required. 

The decoder uses thresho 1 d decoding with syndrome feedback. The decoder 
resolves the lockup ambiguity of the QPSK demodulator as well as achieving 
its own branch synchronization. The decoder receives an N x 8/7 R clock from 
the demodulator which is divided to generate all its internal clocks and the 
output bit rate, R, clock. The correction capability of the FEC codec is 
such that for random uncorrelated errors an input BER of 10- 3 is converted to 
an output BER of 2x10- 6

, input BER of 10- 4 to output BER of lxlo- 9

, and input 
BER of 10-5 to output BER of 10- 13 . 

Specification. A specification for the QPSK modem/codec is given in Table 1. 
Certain data rates and interfaces are evolvinq as standards, but other rates 
and interfaces can easily be provided. Please contact Scientific-Atlanta 
regarding any desired differences from the specification. The theoretical 
back-to-back modem/codec bit error rate performance with no implementation 
loss is presented. This is a conservative bound allowing for aginq, environ
ment, etc. Typical measured coded performance is well within 1 dB of theory. 

Measured Performance. Typical measured performance is provided in Figures 
12 and 13. The uncoded performance in Figure 12 with a pseudo-random data 
input is seen to be within 1 dB of theory for Eb/N0 s as high as 12 dB. 
This measured performance is the average of all four possible lockup phases 
of the demodulator. It should be noted that one can optimize one phase at 
the expense of the other phase lockup states. The performance with scram
bling is found by multiplying each measured error rate by three since scram
bling introduces an error propagation of three errors for each bit error. 
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Table 1. QPSK Modem FEC Codec Performance Specifications 

Characteristic 

Voltage 

Frequency 

Operation 

Temperature 

Modulator 

Power Level 

Impedance 

Frequency Stability 

Output Frequency 

Type Modulation 

Bandwidth 

Connector 

Demodulator 

Power Level 

Impedance 

Acquisition Range 

Input Frequency 

Type Modulation 

Bit Error Performance 

Connector 

Specification 

Prime Power 

120V ac ±10% 

50 to 60 Hz 

Service Conditions 

Continuous 

32°F to 120°F 

IF Interface 

14 

-20 dBm Max. Order any level less 
than or equal to -20 dBm. 

75 n unbalanced 

±1 kHz 

52 to 88 MHz center frequency 

Offset QPSK 

3-dB bandwidth equals symbol rate 99% 
of signal power with 1.5 x symbol rate 
or 0.75 x bit rate 

BNC 

-50 dBm Nominal, -60 to -40 dBm 

75 n unbalanced 

±25 kHz from center frequency 

52 to 88 MHz center frequency 

Offset QPSK 

Within 1.5 dB of attached theoretical 
curve for modem/codec with random 
data. (Typical performance within 
1 dB of theoretical) 

BNC 



Table 1. QPSK Modem FEC Codec Performance Specifications (continued) 

Characteristic 

Baseband 

Data Rate 

Data Format 

Transmit Clock 

Receive Clock 

Timing Jitter 

Scrambler 

Interface 

Connector 

FEC Codec 

Code 

Rate 7/8 

General Polynominal 

Decoder 

Performance 

Specification 

30 kb/s to 10 Mb/s 

NRZ-L 

Internal to Modem, ±lo- 5 stability OR 
external clock input, ±0.1% stability. 
Higher stability options available. 
Internal clock is optional. 

Recovered from received signal. 

Transmit ~10% of a clock period 
Receive ~5% of a clock period 

per CCITT V.35 

per CCITT V.35; others on request 

per Bell No. 41450; others on request 

Convolutional self-orthogonal, minimum 
distance 7. 

0, 2, 8, 32, 88, 142 
0, 3, 19, 52, 78, 46 
0, 11, 12, 62, 85, 131 
0, 21, 25, 39, 82, 126 
0, 5, 20, 47, 84, 144 
0, 58, 96, 106, 113, 141 
0, 41, 77, 108, 117, 130 

Threshold decoding with syndrome feed-
back. -

random errors 
10- 3 corrected to 2xlo- 6 

10-4 corrected to lxlo- 9 

10- 5 corrected to 6xlo- 13 
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Table 1. QPSK Modem FEC Codec Performance Specifications (continued) 

Characteristic 

Mechanical 

Size {for Modem Codec) 
Full Duplex package 

Modulator/Encoder 

Demodulator Decoder 

Indicators 

Demod carrier reference 
synchronization 

Demod 
Symbol Timing 

Input power level 
to Demod 

Demod Status 

Modulator power 

Modulator status 

Specification 

19 inch width {48.63 cm) (standard 
rack mounting) 
7 inch height (17.78 cm) 
20 inch depth {50.8 cm) 

19 inch width (48.63 cm) 
5-1/4 inch height (13.34 cm) 
20 inch depth (50.8 cm) 

19 inch width (48.63 cm) 
5-1/4 inch height (13.34 cm) 
20 inch depth {50.8 cm) 

Front-panel green indicator is 
activated if carrier reference loop is 
locked. 

Front-panel green indicator is 
activated if symbol synchronizer has 
locked. 

Front-panel green indicator is 
activated if input power is within AGC 
range. 

A form-C relay closure is provided at 
the rear pane 1 when branch synchroni -
zation is achieved in the FEC decoder. 
Such synchronization also indicates 
that the carrier reference loop and 
the symbol timing loop are locked. 

Front-panel green indicator is acti
vated if modulator output power is 
present. 

A form-C relay closure is provided at 
rear panel if modulator output power 
is present. 
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MEASURED PERFORMANCE OF SCIENTIFIC-ATLANTA 56 kb/s QPSK MODEM -

AVERAGE OF FOUR LOCKUP PHASES 

BIT ERROR RATE FOR UNCODED PSK/QPSK 
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Figure 12. Typical Measured Uncoded Performance 
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Figure 13. Typical Measured Coded Performance 

Typical measured coded performance is given in Figure 13 and is within 1/2 dB 
of theory for a pseudo-random input. Again, performance is averaged over all 
four phase lockup states. Performance with scramblinq is again found by 
multiplying each measured BER point by three to derive scrambled performance. 
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:MODEL 88S l l :N MODEM PBODCTIOll SWITCH 

General. The Model 8851 1:N t.1odem Protection Switch (shown in Figure 14) is 
a microprocessor-based device which provides redundancy protection for a 
Series 8800 Digital Modem Subsystem containing from one to eight on-line 
units, with one frequency-agile backup unit. The switch is exoandable to 
accommodate the desired number of on-1 i ne modem/ codec units, by add i nq the 
required plug-in interface modules. The switch can be configured for 
transmit-only, receive-only, or full-duplex applications; in the duplex mode, 
transmit and receive switching operates independently. ~n option for a 
redundant internal clock is provided in the switch. This unit is contained 
in a 8-3/4-inch-high (22.23 cm) by 19-inch-wide (48.63 cm) rack-mounted pack
age. Redundant internal power supplies are included. 

Figure 14. Model 8851 1 :N Modem Protection Switch 
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1:N Modem Subsystem. A typical 1:N Modern Subsystem is shown in Figure 15. A 
general block diagram of the l:N Modem Protection Switch is shown in Figure 
16. The protection switch provides both a Modem interface and a Customer 
(user) interface. Uo to eight transmit and eight receive channels can be 
implemented by addinq pluq-in channel interface modules. Various standard 
interface cards are available (i.e., V.35, RS-422, DS-1). A preemptible, 
ninth data channel is available by usinq the frequency-agile backup unit. 
However, this channel is preempted if an on-line unit fails. 
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Figure 15. Typical 1 :N Modem Subsystem 
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The protection switch may operate as either a simplex (transmit or receive) 
or a duplex (transmit and receive) unit. All switching functions are 
detected and conmanded independently for modulators and demodulators. This 
prevents a far-end, uplink failure from causing an unnecessary local, uplink 
protection switch attempt. 

Modulator outputs are combined in a power combiner and are given an output 
inhibit conmanded by the protection switch if a failure occurs. This 
arrangement eliminates the need for a mechanical switching matrix on the 
transmit signals. 

Synthezisers for the frequency-agile backup units are controlled by the pro
tection switch via parallel control lines. A synthesizer interface module 
contains miniature rotary switches which allow field progranming of ten 
backup frequencies. Two modules are required for duplex operation. 
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Figure 16. 1 :N Modem Protection Switch Block Diagram 

Table 2. Loopback Modes 

Name Source Destination Signals Modems 

Mode 1 

115VAC 
60 Hz 

Data Customer Customer TX Data - RX Data All On-line units 
(Baseband) Oat a Input Data Output TX Clock - RX Clock Backup 

Demodulator Modulator RX Data - RX Data 
Data Output Data Input RX Clock - TX Clock 

Mode 2 

RF RF Uplink RF Downlink TXRF - RXRF All On-line units 
( Sate 11 it e) 
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Loopback. There are three loopback modes in the Modem Subsystem: Data loop
back, IF loopback, and RF loopback. These are sulllllarized in Table 2. 

Data loopback sends data and clock from a demodulator output to the input of 
the modulator on a selected data channel. At the same time, customer data 
and clock inputs are sent the customer data and clock ouputs of the selected 
data channel. This mode is selectable manually from the front panel or by 
remote control. 

IF loopback applies only to the agile backup unit shown in Figure 15; an IF 
signal path is provided by a coax switch under the control of the protection 
switch. This loopback signal is normally used for continuous monitoring of 
the backup unit. An early indication of failure can thus be reported before 
the backup unit is required for service. 

RF loopback is accomplished by tuning a demodulator to the transmit frequency 
of the modulator of the same data channel. Control of the demodulator is 
provided by the protection switch. This mode is selectable at the switch by 
remote control only; however, it may be selected manually at the front panel 
of the modem. 

Remote Control. Due to the large number of control and monitor points within 
the 1:N modem subsystem, remote control and monitoring of the protection 
switch is provided via a serial ASCII data interface. This permits 
comprehensive remote control with very little hardware and wiring. 

Transmit Clock. An optional Transmit Clock module is available which pro
vides a 1:1 protected transmit clock signal to all customer interface ports. 
The module contains two TCXOs as the clock sources. However, an externally 
supplied signal can be substituted for one of the TCXOs. 

Power Supplies. The protection switch contains redundant power supplies to 
ensure failsafe operation. Power supplies are monitored by the Control Logic 
Module and failures are reported via the remote control interface. A failed 
power supply may be replaced without disrupting data traffic. Power supplies 
operate from 115V ac, 60 Hz. 

Model Protection Procedure 

Transmit. Figure 17 is a top-level flow chart of the protection procedure 
followed by the switch when a failure occurs in an on-line modulator. 
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The protection switch scans the alarm inputs from each modulator. When an 
alarm is detected, a status update is sent to the Remote Control Interface. 
The switch then disables the output of the backup modulator and sends a fre
quency tune command to the transmit synthesizer. After a delay to allow for 
the synthesizer's phase-locked loop to settle, the switch tests the synthe
sizer status. If the status is bad, the attempt to switch is aborted. An 
updated status is again sent to the Remote Control Interface. If the synthe
sizer status is good, the switch disables the output of the failed on-line 
modulator and enables the backup modulator. A final test is then made on the 
backup modulator and an updated status is sent to the Remote Contra 1 Inter
face. 

Receive. Fi qure 18 is a top-1 eve l fl ow ch art of the protection orocedure 
followed by the switch when a failure occurs in an on-line demodulator. The 
protection switch scans the alarm inputs from each demodulator. When an 
alarm is detected, a status update is sent to the Remote Control Interface. 
A frequency tune command is then issued to the receive synthesizer. After a 
delay to allow for phase lock, the synthesizer status is tested. If the sta
tus is bad, the switch attempt is aborted and an updated status report is 
sent to the Remote Control Interface. 
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If the status is good, the switch delays for approximately 1.5 times the 
normal lockup time of the demodulator. This qives the previously failed on
line demodulator a chance to reacquire the incoming siqnal. Thus, an unnec
essary switch is prevented in case the failure was caused by a short-term, 
transient condition. 

If the on-line demodulator reacquires the siqnal within the specified time, 
the switch attempt is aborted and an updaterl status report is sent to the 
Remote Control Interface. However, if the on-line demodulator rloes not reac
quire the siqnal, the backup demodulator is tested for acquisition. 

If the backup demodulator has not acquired the siqnal at this time, the prob
lem is assumed to be elsewhere in the ·svstem and no switch attemot is made. 
If the backup demodulator has acauired the siqnal, the failed demodulator is 
switched off-line and the backuo demodulator is switched on-line. An updaterl 
status report is then sent to the Remote Control Interface. 

Characteristics Summary. The 1:N modem orotection switch characteristics are 
summed in Table 3. 

Table 3. 1 :N Modem Protection Switch Characteristics 

Characteristic 

Customer Interface 

Data, Clock, Controls 

Connector 

Modem Codec Interface 

Data, Clock, Controls 

Connector 

Specification 

V.35 comoatible (other levels avail
able) 

25 pin 11 011 

V .35 compatible (other levels avai 1-
able) 

25 pin 11 011 
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Table 3. 1 :N Modem Protection Switch Characteristics (continued) 

Characteristic 

Protected Signals 

Loopback Signals 

Remote Control Interface 

Operating Environment 

Temperature 

Relative Humidity 

Power Requirements 

Dimensions 

Net Weight 

Specification 

Transmit Data 
Transmit Clock 
Request to Send 
Clear to Send 
Receive Data 
Receive Clock 
Receive Line Signal Detect 
Data Set Ready 

Data 
Clock 
(no controls) 

Serial ASCII, RS-232, NRZ 
2400 Baud (other interfaces available) 

0°C to S0°C 
(32°F to 120°F) 

0 to 95% without condensation 

108 to 132V ac, 50 to 60 Hz, BOW 

Standard EIA panel 483 nm (19 inches) 
wide, 222 1m1 (8.75 inches) high, 
406 nm (16 inches) deep 

13.6 kg (30 lb) 

MODEM FBEQlJEll'CY S'lli-J:BESIZEB. 

General. The modem frequency synthesizer (shown in Figure 19) is available 
in both single and dual configurations. In the single configuration, the 
Model 8861 is a single low-band synthesizer for use with transmit modems; 
Model 8862 is a single high-band synthesizer for use with receive modems. 
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In the dual confiquration, the Model 8863 is available in three versions: 
receive, transmit, transmit/transmit, and receive/receive. These versions 
are identified by dash numbers as shown in Table 4 below. 

Table 4. Dual Synthesizer Configurations 

Model 

8863-1 

8863-2 

8863-3 

Configuration 

RX/TX 

TX/TX 

RX/RX 

Description. Figure 20 shows a functional block diagram of one of the RF 
synthesizers. A 4.5-MHz crystal oscillator provides stable clock for the 
synthesizer and a modulus 180 or 200 counter divides this clock to generate 
25.0-kHz or 22.5-KHz reference frequencies, respectively. An internal jumper 
selects the proper frequency. The reference frequency determines the channel 
frequency spacing. By usinq the fine frequency adjust and reference 
frequency test point, the reference frequency can be adjusted to precisely 
the correct value. 
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The sample-and-hold phase detector generates a sawtooth waveform at the 
reference frequency rate. A double sample-and-hold samples the waveform at a 
rate determined by the variable modulus divider output. When the loop is 
locked and no phase error exists, the sawtooth waveform is sampled in the 
center of its rising ramp. For a positive or negative phase error, the wave
form is sampled earlier or later, producing a signed voltage proportional to 
the phase effect. From this error voltage, the loop filter derives an output 
voltage to drive the VCO to the correct frequency and phase. 

A PROM selects the correct band by switching in inductors in the VCO. The 
VCO produces an output frequency ideally proportional to its input voltage. 
(The VCO is actually somewhat non-linear.) An AGC circuit levels the analog 
output of _the VCO, and output filtering suppresses spurious products. 

An RF amplifier with a high third-order intercept drives the 50-ohm output at 
+13 dBm. The variable modulus counter divides the VCO logic output by a 
fixed divide ratio to produce either a 25.0-kHz or 22.5-kHz output as 
required. To generate the divided ratio, a digital summer adds a fixed off
set number to the channel number. 

The low- and high-band synthesizers each use a different offset number which 
is programmed by internal jumpers. For the channel number, a mux selects 
either the front-panel thumbwheels or an internal holding register. A front
panel switch controls the mux selection. A channel number may be strobed 
into the holding register from a remote device by using the remote interface. 
Alternatively, the channel number may be strobed into a holding register by 
using the LOAD switch on the front panel. A loop-lock indicator is provided 
as status to the remote device for control purposes. 
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Specification. Specifications for the modem frequency synthesizer are sum
marized in Table 5 below. 

Table 5. Modem Frequency Synthesizer Specifications 

Characteristic 

Power Level 
Return Loss 
Impedance 
Frequency Range 
Frequency Spacing 
Spurious Output 
Acquisition Time 
Connector 

Power Level 
Return Loss 
Impedance 
Frequency Range 
Frequency Spacing 
Spurious Output 
Acquisition Time 
Connector 

Sett abi l i ty 
Range 
Stability 
Aging 

Specification 

Transmit Synthesizer Output 

+13 dBm, ±2 dB 
;a.20 dB 
50 ohms, unbalanced 
52 to 88 MHz 
22.5 or 25.0 kHz 
<-60 dBc to 30 MHz beyond band edges 
<50 ms 
BNC 

Receive Synthesizer Output 
+13 dBm, ±2 dB 
;a.20 dB 
50 ohms, unbalanced 
98 to 134 MHz 
22.5 or 25.0 kHz 
<-60 dBc to 30 MHz beyond band edqes 
<50 ms 
BNC 

Reference Oscillator 

1 ppm (parts per million) 
±30 ppm 
±5 ppm (0°C to 50°C) 
5 ppm/year 

30 



Table 5. Modem Frequency Synthesizer Specifications (continued) 

Characteristic 

Four Decade BCN Thumbwheels 
Remote/Manual/Load 

Lock LED 

Levels and Impedance 

Channel Input 

Strobe 

Loop Lock 
Connector (2) 

Duty Cycle 
Operating Temperature 
Power Requirements 
Dimensions 

Specification 

Controls and Indicators 

Programs Output Channels 
Selects thumbwheels or remote. 
Loads thumbwheel channel number into 
synthesizer 
Input-for-output channel 

Indicates synthesizer loop is locked 

Remote Interface 

Open collector TTL with pull-up resis
tors 
Programs Output Channel - 13 parallel 
lines 
Clocks channel input into internal 
memory 
Status indicator to remote unit 
25 pin subminiature -D 

Operations 

Continuous 
0°C to 49°C (32°F to 120°F) 
108 to 132V ac, 50 to 60 Hz, 45W 
Standard EIA Panel 
483 1T1TI (19 inches) wide 
88.9 ITITI (3.5 inches) high 
508 1T1TI (20 inches) deep 

MOlir.tu.lt.Am> OOJ.ffBOL 'Dlir.t 

General Description. The Monitor and Control Unit (MCU) is a microprocessor
based device which provides the following four functions for a satellite 
earth st at ion: 
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a. As its name implies, the MCU provides monitor and control capabili
ties for earth station equipment connected to it. 

b. It provides a summary alarm of any and all faults present in the 
earth station equipment. 

c. It provides protective switchinq of faulted on-line units with oper
ational backup units. 

d. It provides a parallel or serial remote interface. 

The MCU is designed to detect faults in various devices in a satellite earth 
station, make decisions as to what action should be taken to correct the 
faults, and command the external devices to correct these faults. In addi
tion, the MCU may be placed in the manual mode, and control of the various 
connected earth station equipment can be exercised via the front-panel key
board. The MCU can be used in earth stations of various complexities by 
simple reprogramming. A remote interface is provided for connection to a 
remote unit of a central reporting system. 

A block diagram of the MCU is shown in Figure 21. The MCU has a basic 
configuration which may be expanded by the addition of plug-in 1/0 cards. 

16 Command 
Input Lines 
From Remote· 16/ 
Control Unit 

Typical 
2 Form A 
Contact 
Relay 

64 Monitors 
Point Inputs 

64 Monitor 
Point Outputs 

16 Form A Contacts 
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r- -
I I 
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j~ Single : 
I FormA I 
I t Contact l 

Pwr. 
Sup. 

I Relay , 
L--------~ __ , 

r------ -----, 
..,__-t , Serial Interface 1 

I I 
I I 
L----------J 

Control Logic 

Front Panel 

16 Output 
Control Relays 

1/0 Expansion 
Slot No. 1 

1/0 Expansion 
Slot No. 2 

I /0 Expansion 
Slot No. 3 

e 16 Character Alphanumeric Display 
7 8 9 

4 5 6 

1 2 3 Function and 
Control Keys 0 

Figure 21 . Monitor and Control Block Diagram 
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Input Relays. There are sixty-four input relays each having two form-A con
t acts. One set of cont acts is connected to the microprocessor and cont ro 1 
logic while the other set of contacts is routed back out to the rear of the 
chassis. These sixty-four isolated contact closures are available for con
nection to any external remote interface unit or communication device. 

In addition to these sixty-four equipment status relays, there are sixteen 
input relays to receive commands from a remote control unit. 

Figure 22. Monitor and Control Unit Front Panel 

Output Relays. Sixteen output relays with form-A contacts are available for 
connection to various MCU controlled points at the earth station. These 
relays have low-power contacts and are designed to energize an intermediate 
relay to control the desired device. 

Control Logic. The control logic consists of microprocessor, memory, and 
necessary support circuits. The operating program resides in a pluggable 
memory that can be custom programmed (at the factory) for various earth sta
tion configurations. 

1/0 Expansion Slots. The number of points monitored by the MCU can be 
expanded ·from the basic sixty-four points to eighty points by the addition of 
an input expansion card. Similarly, the number of points contolled by the 
MCU can be increased from the basic sixteen to thirty-two points by plugging 
in an output expansion card. 

An optional remote serial interface card can be plugged in instead of using 
the standard parallel input and output lines of the MCU. 

Front Panel. Principle features of the front panel are shown in Figure 22 
and are explained in the following sections. 

Display. The display consists of sixteen alphanumeric characters and four 
discrete LEDs. The alphanumeric display is used for indicatinq the status of 
a requested device, indicating which devices have faults, indicating which 
devices had faults at one time but have since 11 self-healed 11 and for prompting 
an operator for next keystrokes. The discrete LEDs are used for i ndi cat i nq 
MAJOR or MINOR faults, MULTIPLE FAULTS and ALARM DISABLED. 
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Keyboard. The keyboard is used to examine the status of al 1 connected 
devices, to examine all current and recently 11 self-healed 11 faults, and to 
command various devices to be on-line or off-line for maintenance or trouble
shooting purposes. The key functions are explained as follows: 

Key Function 

0 - 9 

ENTER 

CLEAR 

MONITOR 

COMMAND 

LIST STATUS 1 j 
LIST STATUS 

ALARM RESET 

LAMP TEST 

Used for selecting which device to monitor and control. 

Used to signal the end of the entry of an instruction. 

Used to clear an incorrectly entered instruction or to 
clear the previous keyboard entry from the display. 

Used to display a device's status. 

Used to initiate an instruction for bringing a specified 
device on-line or off-line. 

Used for scrolling through the list of statuses of all 
devices. ' 

Similar to the list status scrolling keys but only lists 
those devices with faults. 

Silences the audible alarm even though faults are pre
sent. Allows alarm to sound if a new fault should occur. 

Causes a 11block 11 to move across the alphanumeric display 
to test for any burned-out LEDs in the display. Also 
tests the four discret2 LEDs. 

Togll e Switches. There are three toggle switches and their functions are 
exp ained as follows: 

Switch 

AUTO/MANUAL 

REMOTE/LOCAL 

ALARM DISABLE 

Function 

Selects whether the MCU automatically scans the connected 
devices for faults and backs up the faulted device, or 
whether scanning and backing up is to be actomp 1 i shed 
manually via the front-panel keyboard. 

This switch selects whether MCU will be controlled 
locally (via the front-panel keyboard or remotely via the 
remote interface). 

This switch completely disables the audible alarm. The 
ALARM DISABLED LED wi 11 i 11 umi nate to indicate that the 
alarm is disabled. 
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Alarm. The audible ,alarm will sound whenever faults are present, when the 
alarm switch is not in the Disabled position, and when the alarm has not been 
reset. I:f the alarm is not disabled, it will only sound when a new fault 
occurs. 

Power Switch. The power switch is a paddle-type ON/OFF switch with an LED 
for indicating the power is on. 

Operation Modes. In the automatic mode, the MCU continuously monitors all 
equipment fault lines and the configuration of all switches on a rotating 
basis. If the REMOTE/LOCAL switch is in the LOCAL position, the MCU may be 
placed in the automatic mode by placing the AUTO/MAN switch in the AUTO posi
tion. If the REMOTE /LOCAL switch is in the REMOTE position, the automatic 
mode may be entered by an appropriate convnand from the remote unit. 

If an equipment fault is detected, the MCU determines if it is an on-line 
unit and, if so, takes the faulted device off-line and brings a backup unit 
on-line to replace it. The display then indicates the type of failed unit, 
its number, its status (on-line or off-line), whether it is a major or minor 
fault, and whether there are now multiple faults present. 

A minor fault is a fault in an off-line unit or a fault in an on-line unit 
with an operational backup unit. A major fault is a fault in an on-line unti 
with no operational backup unit. The main difference between a major and 
minor fault is that a major fault takes the station off the air until fixed 
while a minor fault is one that may temporarily take the station off the air 
but can be fixed by the MCU to bring the station back on the air. A fault in 
an off-line unit is also considered a minor alarm. 

If a switch is found to be in an incorrect position, the MCU will attempt to 
switch it to the correct position. If the switch is still in the incorrect 
position, it will be indicated as a major or minor fault depending on whether 
the earth station is taken off the air or not. 

When any fault occurs, the audible alarm will sound until the fault is 
cleared or the alarm is disabled or reset. 

Statuses and faults can be examined while the MCU is in the automatic mode by 
using the DISPLAY function or the LIST STATUS or LIST FAULTS keys. However, 
if a new fault occurs while statuses or faults are being examined, the new 
fault wi 11 override and reset these functions, and the new fault . wi 11 auto
matically be displayed. 

Manual Mode. In addition to being able to monitor the status of the station 
as described above, the manual mode allows the operator to control the con
figuration of the station. This control includes the ability to switch 
devices on-line or off-line, to turn HPA power on or off, and to initiate an 
IF or RF loop test. 
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If a failure occurs while the MCU is in the manual mode, the fault informa
tion wi 11 st i 11 be di sp 1 ayed ( as in the automatic mode) , but no automatic 
switching of an off-line unit for a faulty on-line unit will occur. When the 
MCU is placed back in the automatic mode though, it will switch on an opera
tional back-up unit in for a faulty on-line unit. When the MCU is switched 
from the automatic mode to the manual mode, no change in the station's con
figuration will occur. 

Remote Control Mode. The remote control mode allows transfer of the total 
status and control capability of the station to a remote console if requested 
by the remote unit. When the remote control mode is selected, the station 
will initially be in the automatic mode regardless of the position of the 
AUTO/MANUAL switch. Once in the remote control mode, a command can be 
entered from the remote console to place the MCU in a remotely controlled 
manual mode. The front-panel keypad and function switches are effectively 
disabled while the MCU is in the remote control mode. 

In either the automatic or manual mode, the sixty-four status lines and six
teen control lines are available for connections to the remote control unit. 
It is only in the remote control mode that the remote console can exercise 
control of the MCU. If the serial · port option is implemented, additional 
information, such as the station configuration, can be sent. 
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Interface Characteristics. The interface characteristics are summarized in 
Table 6 below: 

Table 6. Interface Characteristics 

Characteristic 

Power 
Status Inputs 

Para lle 1 

Seri al 

Control Outputs 

Power (Max) 

Current (Max) 

Voltage (Max) 

Remote Control Interface 
Status Outputs 

Control Inputs 

Remote Control Interface 
(Optional Serial) 

Specification 

115V ac @ 60 Hz 

Form-A contact closures. These con
tacts pull in a low-power relay in the 
MCU and are used for isolation pur
poses. A closure is interoreted as a 
FAULT. 
Standard RS-232 interface from the 1:N 
Modem Protection Switch. 
All control output lines are form-A 
relay closures. 
10 watts de 
0 .5 amps de 
200 volts de 

All sixty-four status input contact 
closures are available as separate, 
isolated contact closures to an exter
nal remote reporting unit of the cus
tomer's choosing. 
The MCU can be commanded from a remote 
console via a remote interface by 
providing up to sixteen contact clo
sures. 

Two serial interface options are 
available if the parallel input and 
output lines of the remote control 
interface described above are not 
used. 

1. Standard RS-232 Serial Interface 
Port. 

2. Serial Telco/Auto-Dial/Auto
Answer Port 

37 





Digital Audio Beceive Only Terminal 
Outside Equipment and BPSK Beceiver/FEC'Decod.er 

Dr. James S. Gray 

The basic Digital Audio Receive-Only Terminal consists of the outside 
installed equipment, Wideband BPSK {bi-phase shift key) Receiver/FEC (forward 
error correcting) Decoder chassis and the Digital Processing Unit. 

Three Meter Ant-enna 

The 3-meter antenna combines excellent performance features with high-volume 
manufacturing techniques to produce the most cost-effective, small-aperture 
terminal in the industry. These features include: 

a. Corrugated aperture, focal-point feed system with: 

1) High-aperture efficiency 

2) Radiation patterns at 4 GHz which meet requirements of 
FCC 25-209 

3) Single or dual (optional) polarization operation 

4) Weather-resistant housing for LNA protection and 

5) Convenient polarization adjustment 

b. Precision die-stamped reflector panels which provide: 

1) Lonq-term durability in harsh environments 

2) Dimensional repeatability, consistent high performance 

3) Minimized weight and volume for ease of shipping and installa
tion 

4) Simplified logistic support 

c. A rugged reflector support and mount providing: 

1) Stiffness required for operation under severe environmental 
conditions 

2) Structural safety per guidelines established by the AISC and 
EIA 

3) Convenience in shipping and handling 

4) Ease and minimum cost of installation 

5) Simple pointing adjustment mechanism. 



Ll'lA 

• The LNA receives the incoming downlink signal directly from the feed, ampli
fies it, and routes it to the receive electronics via coaxial cable. The LNA 
is completely solid-state, and covers the entire 3.7- to 4.2-GHz receive 
bandwidth. The electrical power for the LNA is provided by a separate power 
supply which is located in the station receive equipment rack. No separate 
power lines are run to the LNA, since +15V de power is supplied on the coax
; a 1 sign a 1 cab 1 e . 

Each GaAs FET LNA produces a maximum noise temperature of 120K over the 
receive band while producing a nominal 60 dB of gain. To achieve this per
formance, the amplifier is designed with six stages of gain. The first two 
stages employ GaAs FET devices to get the minimum possible noise figure, 
while the next four stages utilize bipolar transistors. Active biasing is 
used on some of the stages to provide good gain stability with temperature. 
The entire microwave circuit is constructed on microstrip for ease of tuning 
and low-cost printed circuit production. 

All LNA Units are supplied with an integral isolator to ensure a low input 
VSWR. The isolator package includes a waveguide input so that the LNA can be 
directly connected to the feed receive port. Provision for output isolation 
is provided on the microstrip board after the six stages of gain. Each LNA 
unit includes an integral power supply, permitting the de voltage to vary 
from +15V to +25V without performance degradation. All units are fully 
weatherproofed, and all may be pressurized as part of the waveguide assembly. 

Wideband BPSK Demodulator 

The wideband BPSK receiver as shown in Figure - 1 receives the 4-GHz signal 
from the IFL cable. The 4-GHz input signal is downconverted to 70 MHz in a 
dual-conversion downconverter and amplified. The downconverter output at 70 
MHz is then routed to the BPSK demodulator card where coherent demodulation 
takes place. The output of the demodulator is 8~777-Mb/s data and the recon
structed clock. These initial data state-estimates and clock are then routed 
to a forward-error-correction decoder where much better state-estimates are 
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~ 
SIGNAL STRENGTH G3 

BPSK DEMOD 

CARA 
REGEN 

BIT 
SYNC 

DATA 
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POWER SUPPLIES 

FEC DECODER 

CODER LOCK 

Figure 1. Wideband BPSK Rec~iver/FEC Decoder 
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made. The output of the decoder is a 7.68-Mb/s data stream and clock at 7.68 
Mb/s. More detail for-~ach portion of the Wideband BPSK Receiver/FEC Decoder 
is now presented. 

As seen in the overall block diagram of the Wideband BPSK Receiver/FEC 
Decoder in Figure 1, there is a signal strength meter which is useful in 
ascertaining that adequate signal strength is available from the receive 
signal from the satellite. There are also carrier regeneration and bit syn
chronization LEDs on the front panel that show that these processes are pro
perly functioning in the biphase demodulator. The decoder also has an LED 
lock indicator that indicates that it has achieved branch synchronization. 

A block diagram for the downconverter is shown in Figure 2. A dual
conversion downconverter is used so that all satellite transponders can be 
easily acessed. The first downconverter converts the 4-GHz input signal, 
which actually lies in the range of 3.7- to 4.2-GHz to an 880-MHz IF. The 
local oscillator for this downconverter lies in the 710- to 825-MHz region, 
and its frequency is changed by plugging in a different crystal. The output 
frequency spacing of this LO varies by 5 MHz, which then gets multiplied by 4 
in the downconverter #1. The 880-MHz signal out of the first downconverter 
is filtered and then routed to the second downconverter where it is mixed 
with an 810-MHz crystal source and mixed down to the 70-MHz final output. 
The overall gain of the downconverter is approximately 25 dB. The components 
in this downconverter are the same as those used in the 6601 Video Dernodul a
tor made by Scientific-Atlanta. Being able to use the same downconverter 
components for the digital audio terminal has a very beneficial effect on the 
overall cost of the terminal since these components are made in high volume, 
as are the antennas, LNAs and interconnect facility cables. 

4GHz 
OOWNCONVERTER 

#1 

XO 

710-825 MHz 

880MHz 70MHz 

DOWNCONVERTER 

Figure 2. Downconverter 
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Wideband BPSIC B.eceiver 

A block diagram for the BPSK demodulator card is shown in Figure 3. The 
70-MHz signal plus noise is routed initially through the matched filter which 
is implemented at IF by using an arithmetically symmetrical intermediate 
frequency filter. The analytic low-pass equivalent of this filter is an 
approximation to the sliding integral matched filter for non-bandlimited PCM 
NRZ PCM. Placing the filter at the input to the demodulator maximizes rejec
tion of interfering signals and enhances the signal-to-noise in the carrier 
regeneration and bit synchronization circuitry. The output of the filter is 
automatic-gain-controlled and then split and routed into several paths, one 
of which is the bit synchronization path where envelope variations at the bit 
rate due to matched filtering are routed through an even-order nonlinearity 
to recreate a bit rate spectral component which is then narrowband-filtered 
for memory and signal-to-noise improvement. The output of the bit synchro
nizer controls the decision-making process in the signal conditioner, where 
at the end of each bit period one makes a state-estimate on whether a one or 
zero is sent. 

70MHz 
IF 

MATCHED FILTER 

~ 
--------= 

BIT 
SYNCHRONIZATION -----,s.777 Mb/s 

AGC CARRIER 
REGENERATION 

COHERENT 
DETECTOR 

Figure 3. BPSK Demodulator 

70MHz 

NOISY 
BASEBAND 
SIGNAL 

SIGNAL 
CONDITIONER 

DATA 

CLOCK 

In the carrier regeneration circuitry, again, the output of the even-order 
nonlinearity contains a times-two component which modulo 21r wipes off the 
carrier modulation since the original carrier modulation was either zero or 1r 

which multiplied by two will give multiples of 21r or essentially unmodulated 
carrier at twice the carrier frequency. This is filtered for signal-to-noise 
enhancement and then divided by two and routed to the coherent detector with 
the proper phasing to provide coherent reference for demodulation. the other 
output of the AGC is routed to the coherent detector where it is mixed with 
the reconstructed coherent reference to produce a baseband output which con
tains the desired baseband signal and noise. The ouput of the coherent 
detector is filtered in the signal conditioner to remove carrier reference 
leak-through and daub le-frequency terms and then compared to a reference 
level. At the end of each bit period, a state-estimate is made under control 
of reconstructed clock from the bit synchronizer. The output data estimate 
at 8.777 Mb/s data rate is then routed to the FEC decoder along with the 
reconstructed bit rate clock. 

4 



Figure 4 provides further information on the carrier regeneration and bit 
synchronization process. The ouput of the AGC goes through a times-two or 
even-order nonlinearity and is then routed into two paths. The envelope 
variations created by the IF matched filter when going through the even~order 
nonlinearity produce a bit rate spectral component which is then passed 
through a narrowband temperature-compensated filter at 8.777 MHz to pick off 
the bit rate spectral component. This filter provides signal-to-noise 
improvement and memory for periods where there are no transitions. This 
signal is then routed with the proper phasing to become the bit rate refer
ence for the signal conditioner. In the upper path the combination of the 
filtered signal and the times-two component of the nonlinearity produce an 
unmodulated carrier at twice the input frequency of 70 MHz. This signal is 
processed by a temperature-compensated narrowband filter for signal-to-noise 
improvement. The output of the filter is limited and then divided by two and 
filtered. The resulting 70-MHz signal with the proper phasing becomes the 
coherent reference for the coherent detector. 

140MHz 

FROMAGC X2 

S.7nMHz 

+2 

BIT RATE 
REFERENCE 
FOR SIGNAL 
CONDITIONER 

70MHz 
REFERENCE FOR 
COHERENT DETECTOR 

Figure 4. Carrier Regeneration and Bit Synchronization 

Signal Conditioner 

A block diagram for the signal conditioner portion of the BPSK demodulator 
card is shown in Figure 5. As shown, the coherent detector baseband signal 
plus noise output is lowpass-filtered to remove double-frequency terms and 
coherent reference carrier f eedthrough. The analog ouput of the l owpass 
filter is then compared to a reference level in the limiting amplifier and 
converted to a logic l evel according to whether the filter output is above or 
below the reference level. This logic level then is sampled by a high-speed 
master-slave D flip-flop which makes a state-estimate as to whether a One or 
a Zero was transmitted. The bit rate clock from the bit synchronizer is 
likewise converted in a limiting amplifier to a logic level and, with the 
proper phasing, controls the sampling process of the flip-flop in making the 
state-estimate at the end of each bit period. The data estimate and the 
clock at 8.777 Mb/s are then routed to the forward-error-correction decoder 
for further processing. 
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COHERENT DETECTOR 
BASEBAND S + N OUTPUT 

BIT RATE CLOCK 
FROM BIT SYNCHRONIZER 

FECDecoder 

DATA ESTIMATE 

E ref 

CLOCK s.17.7 Mbls 

Figure 5. Signal Conditioner 

The FEC Decoder processes the output of the Wideband BPSK Receiver to correct 
errors that occur in transmission. A rate 7/8 convolutional self-orthogonal 
code with a minimum distance of 7 is used. The FEC Decoder uses threshold 
decoding with syndrome feedback and achieves a 3.45-dB link gain improvement 
at a 10-8 output bit error rate. This decoder performs the fo 11 owing func
tions: 

DATA ESTIMATE 

BR 
CLOCK CLOCK 

DIYIDERI • 

AMBIGUITY 
RESOLUTION 

PERMUTATION 
CONTROL 

SYNDROME 

• 
• 
• 

SYNDROME 
REGISTER 

SYNDROME FEEDBACK 

• 
• 
• 

Figure 6. HS Decoder Block Diagram 
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SERIAL TO 
PARALLEL REGISTER 

• • • 

••• 
DATA 
BUFFER 

• • • 

• 
• 

• 

-------- + 

• • • 
7 ••• 

PARALLEL TO 
SERIAL REGISTER 

CARDS 
PARTITION 

HI DECODER 1 

HI DECODER 2 

DATA 
OUTPUT 



a. Generates a BR clock from the 8/7 BR clock from the BPSK demodulator 
clock. 

b. Resolves phase ambiguities (data inversion) that result as a func
tion of the modulation/demodulation process. 

c. Provides error correction to reduce the overall bit error rate 
(BER) . 

d. Provides a descrambler to remove the scrambling action used by the 
transmit modem for energy dispersal. 

Figure 6 shows a block diagram for the high-speed decoder. An ambiguity 
resolution circuit corrects any data inversion introduced in the demodulation 
process. The serial-to-parallel register demuxes the parity bit and provides 
seven parallel data bits to the parity encoder and the data buffer. The 
parity re-encoder (Figur e 7) encodes the receive data bits by the same pro
cess as that used by the transmit modem. Thus, if no error occurs in the 
transmission of the data, the received and transmitted bits are the same; 
thus, the received parity and re-encoded parity generated by the received 
data are the same. In this case, the syndrome bits, which represent a com
parison or receive pari t y and re-encoded parity, are all "Zeroes." Syndrome 
bits "Ones" occur when the two parity bits do not agree, indicating that one 
or more transmission errors have occurred. 

130 129 128 127 1211 125 124 123 122 

121 1:ZO 119 118 117 116 115 114 113 112 111 110 109 106 105 104 103 102 101 100 99 98 97 

91 95 94 93 92 91 90 89 82 81 80 79 n 1& 75 74 73 

R2 

45 44 43 42 39 38 37 311 35 34 33 32 31 30 29 28 27 26 25 24 23 22 

19 18 17 141 15 14 13 

CLOCIC RATE BR/7 

$ • EXCLUSIVE OR GATE 
0 • POSITION WITHIN SHIFT REGISTER 
R, • RECEIVED DATA BIT 

Figure 7. Parity Re-Encoder Register 
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The permutation control circuit monitors the number of syndrome bit 11 0nes 11 

produced. If the number of syndrome 11 0nes 11 averages 50%, then the permuta
tion will advance the block framing state and/or advance the state sequence 
of the ambiguity resolution circuit. When a state is found which has less 
than 25% syndrome bit 11 0nes 11 (an uncoded BER of 5.9 x 10- 3 ), the permutation 
control inhibits permutation and declares lock. After lock is achieved, 
error correction may begin. 

' The syndrome register (Figure 8) stores the last 146 syndrome bits. The 
seven threshold circuits each search for specific syndrome patterns to deter
mine if an error has occurred. When an error is detected, the th res hold 
circuit outputs a correction signal to the exclusive-or gate connected to the 
data buffer output. The threshold circuit also inverts the syndrome bits in 
the syndrome register to remove the error bit effect on future bits to be 
corrected. The data buffer delays the data bits (approximately 146 bit peri
ods in each path) so that the correction signal will be aligned with the 
proper bit to be corrected~ A parallel-to-serial registef converts the seven 

-.. 
.,, 

,., ,.. ,. ,. 117 ,. ,. ,,. ,:a 1211 

... ... ... 

,,, ,a n• ,,, nJ 111 111 no ,. 

.... ... 

•• .. 111111•• r, " ,. ,.. T.I .. .. .. ... ... .,,, 
r, r, r, r, 

I,. I,, I,. 1-1 • I 111 •I• I II I .. ~., .. I· I·~· I .. 1 • 1 • 1 .. 1 .. ~ .. I .. I· I· I·~ .. .. '1D ... 
T7 r, Tz '• '• r, 

• .. .. .. • • " .. • .. .. .. .. • • • " • 
.... .... .. ... ... ... 

r, r, r, r, r, r, r, 

,. 11 17 II ,. ,. •• -· ... ... .. ... ... ... ... •• .............. ,re. 

Figure 8. Syndrome Register Block Diagram 

corrected data bits into a bit-serial stream. A CCITT V.35 descrambler 
(Figure 9) then removes the scrambling action introduced by the transmit 
modem for energy dispersal. 
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8/7 BR 
CLOCK 

SCRAMBLED 

COUNTER 

RESET 

CARRY 

rN~~~ ---+-1~ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

---► DESCRAMBLED 
DATA OUT 

Figure 9. Descrambler Block Diagram 

Various clock divider and sync circuits on the HS decoder cards provide the 
BR and BR/7 clock required. A phaselock loop on the high-speed decoder 2 
card generates a BR clock from the BR/7 clock produced by the high-speed 
decoder 1 card. The BR clock drives the parallel-to-serial register and V.35 
descrambler. The overall improved data state estimate at 7.68 Mb/s and the 
bit rate 1 ock at the same rate are the over a 11 output of the chassis. FEC 
coding provides a powerful means of enhancing the output data quality. For 
example, a 10-4 satellite channel error rate is corrected to 10-9, or five 
orders of magnitude improvement. 

SUmmary 

The Wideband BPSK Recei ver/FEC Decoder has been optimized for both perform
ance and cost. Measured performance has been 1 dB from theoret i ca 1 1 imits 
which is excellent. The design maximizes the use of high-volume, low-cost 
assemblies as, for example, in the downconverter. Much effort has also been 
expended in using simple but elegant circuitry to reduce parts count for 
reliability and cost. Likewise, adjustments have been eliminated whenever 
possible. The result speaks for itself in cost and performance. 

Figure 10 shows a photograph of the engineering prototype Receive-Only 
Digital Audio Terminal. The wideband receiver is in one drawer and the 
digital processing unit is in a second drawer. The wideband receiver 
receives 4-GHz signal plus noise and has as its output data and clock. The 
DPU takes the wideband data and clock and has as its output either high
quality audio, voice cues, or data. 

9 
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Digital Audio System Multiplexing Equipment 
J.W. Chamberlin 

Introduction 

This paper presents the equipment which makes up the Network Radio Audio 
Satellite Distribution System. The discussion involves a description of how 
each piece of equipment functions as part of the complete system. The 
presentation is made in an incremental fashion, in which the basic system 
concept is considered first and additional requirements are dealt with in 
subsequent sections. 

Basic System 

The block diagram in Figure 1 shows the basic system which will accept pro
gram audio, cue and data inputs at the network studio, and distribute them to 
the network affiliates. The equipment detailed in this diagram is provided 
by Scientific-Atlanta. The terrestrial communications link and the uplink RF 
equipment are provided by the conman carrier. The network source material is 
inserted into the digital audio system at the network studio. The material 
is digitized, then digitally transmitted over a common-carrier-supplied 
terrestrial conmunications link to the transmit satellite earth station. At 
the earth station, the data streams, often from several networks, are com
bined together into one composite data stream which is modulated and then 
transmitted to the satellite via the conman-carrier-supplied uplink RF equip
ment. At the network-affiliated radio station, the data stream is received 
from the satellite and demodulated, divided into data streams corresponding 
to each channel, and then converted back to analog waveforms. 

The network studio contains the studio link multiplexer, the channel units 
and a stable clock source. The studio link multiplexer accepts four 384-kb/s 
inputs and combines them with synchronization information to form a Tl 
(1.544-Mb/s) output, which is compatible with readily available co111T1ercial 
equipment used in the terrestrial microwave link. 

The channel units inter face the program audio, voice cue and data inputs with 
the multiplexer. Four types of channel units exist. Program audio units are 
available as dual 15-kHz and dual 7.5-kHz units. Auxiliary units are avail
able as voice cue and data units. The channel units are housed in the same 
chassis with the multiplexer. When the number of channels desired exceeds 
the capacity of one studio link multiplexer, additional studio li.nk multi
plexers and channel units are added at the studio. 

The 384-kb/s inputs each can be used in any one of four fashions: 

a. Support one 15-kHz program audio channel 

b. Support up to two 7.5-kHz program audio channels 

c. Support up to twelve 32-kb/s auxiliary channels 

d. Support one 7 .5-kHz program audio channel and up to six 32-kb/s 
auxiliary channels. 
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The terrestrial comnunications link supplied by the comnon carrier provides a 
Tl input port at the studio and a Tl output port at the earth station. It is 
envisioned that the link will be implemented with a combination of cable and 
microwave services. The terrestrial comnunications link must have a maximum 
BER of 1 x 10-8 with a 0.99999 availability (including power outages). 

The Tl data stream is routed to a studio link demultiplexer at the transmit 
sate 11 ite earth station. This unit separates the Tl data stream into its 
component channels. This demultiplexed data is sent to the TDM multiplexer, 
where it is combined with the outputs of other studio link demultiplexers to 
form one 7 .68-Mb/s data stream. The TDM multiplexer and the studio link 
demultiplexers which it serves are contained in the same chassis. The TDM 
multiplexer has the capacity to handle nineteen complete 384-kb/s channels 
and one additional 384-kb/s channel, with one 32-kb/s slot reserved for sys
tem synchronization. 

The Tl inputs to the studio link demultiplexers will often originate at 
sever a 1 geographically separated network studios. This constraint requires 
that the data rates of each Tl link be closely matched, which requires that 
each network studio and the transmit satellite earth station have a very 
stable clock. This is provided by the stable clock sources which derive 
their long-term stability fro•m the WWV broadcasts provided by the National 
Bureau of Standards. 

The 7.68-Mb/s output of the TOM multiplexer is routed to the PSK modulator, 
which adds error correction coding information and then converts the data 
stream to a biphase-modulated signal in the 7O-MHz I.F. band. This is routed 
to the comnon-carrier-supplied-RF uplink equipment for transmission to the 
satellite. 

The return signal from the satellite is received at each network affiliate 
earth station by the 3-meter antenna. The received signal is amplified by a 
low-noise amplifier (LNA) which is mounted at the focal point of the antenna. 
The LNA output passes through an inter-facility link cable (IFL) to the wide
band PSK (WBPSK) receiver. This unit downconverts the high-frequency signal 
from the satellite to a signal in the 7O-MHz band and then demodulates to 7O
MHz signal and performs error correction decoding to recover the 7 .68-Mb/s 
data stream. The 7.68-Mb/s data stream is applied to the TDM demultiplexer 
where it is separated into individual data streams which are routed to the 
receive ~hannel units. These channel units correspond in type to the trans
mit channel units at the network studio. The channel units convert the data 
streams back to the original program audio, voice cue and data signals which 
were digitized at the network studio. 

Head.end Equipment with Monitoring 

Properly functioning 11 head-end 11 equipment (the equipment located at the net
work studio and the transmit satellite earth station) is essential to the 
operation of the network. Thus, it is crucial that any equipment failures be 
detected as rapidly as possible. This detection can be best accomplished by 
providing the capability to continuously monitor all transmissions at the 
networ~ studio and at the transmit satellite earth stat ion. The block di a
gram in Figure 2 shows the head-end equipment portion of Figure 1, with the 
addition of the program monitoring equipment. The network studio is provided 
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with the same receive-only earth station equipment found at the network 
affiliate radio stat ions. The transmit satel 1 ite earth stat ion has the same 
monitoring equipment with the exception of the antenna and the LNA, which are 
already in place. 

Head.end Equipment with 11.eOvndancy Protection 

The availability of the system can be greatly improved by adding duplicates 
of key equipment, which can be switched on-line in the event of primary unit 
failure. In the block diagram of Figure 3, a second studio link multiplex 
unit has been added to the network studio. 

The outputs of both studio link multiplexers are routed to a studio link 
multiplexer protection switch which will select the output of one of the 
multiplexers on corrmand. A studio link demultiplex unit (which contains a 
studio link demultiplexer and receive channel units) has been added to the 
network studio equipment to allow maintenance to be performed on the multi
plexer which is off-line. In order to further improve the availability of 
the system, an uninterruptible power source should be supplied by the common 
carrier for the studio. This unit should be capable of supplying eight hours 
of power for some studio equipment (e.g., tape decks), the Scientific-Atlanta 
studio equipment and the common carrier equipment located at the studio. 

At the transmit satellite earth station, the same strategy has been used. 
A second TOM multiplex unit has been added in parallel with the first. The 
outputs of the TOM multiplexers are routed to a TOM multiplexer protection 
switch that functions in the same fashion as the studio link multiplexer 
protection switch. The dual outputs of the protection switch are routed to a 
pair of BPSK modulators, which drive separate uplink RF chains. A studio 
link demultiplex unit with channel units is provided to allow monitoring of 
the Tl lines for maintenance purposes. As in the satellite earth station, an 
uninterruptible power source is provided by the conmen carrier. 

Head.end Equipment with Back Haul 

The system which will initially be installed is not expected to have a back
haul link, but will be compatible with the later addition of this capability. 
The back-haul signal is received at the transmit satellite earth terminal, in 
order to take advantage of the earth terminal's large antenna in minimizing 
the usage of satellite power. As shown in Figure 4, the output of the down
link RF equipment is applied to the back-haul demodulator which recovers the 
Tl data stream. The Tl output of the demodulator is routed through a patch 
panel to the terrestrial communications link. The patch panel is provided to 
allow the back-haul to be directly retransmitted without going to the studio 
(in case of emergency). At the network studio, the data stream is applied to 
a studio link demultiplex unit which contains the studio link demultiplexer 
and receive channel units required to regenerate the program audio, voice cue 
and data signals. 

5 
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Digital Audio Source BDCf'di:ng and Decod1 :ng for 
Satellite Communications 

Dr. Peter G. Schreiner, Ill 

Introduction 

Digital program audio distribution via satellite offers the user the digital 
communications channel characteristics of superior interference inmunity and 
regeneration without degradation, along with a new standard of audio perform
ance. The performance limits of the system, which are fixed by the source 
encoding used in the channel, are tailored to the current and future require
ments of network audio distribution, while striving for cost-effective 
excellence in a highly competitive marketplace. 

The source encoding and decoding equipment is designed for the broadcast 
industry. Long term reliability, minimum maintenance, and special environ
mental conditions (i.e., transmitter site operation) have all been carefully 
considered in the product development. 

Source Coding 

To realize the advantages of a digital communications channel, an audio input 
source must be digitally encoded. The analog processing prior to encoding 
and the manner in which the analog signal source is encoded into digital 
words determines the maximum attainable signal-to-noise ratio (S/N), the S/N 
at any given input level, and the minimum data rate which is required in the 
channel. 

The objectives in determining an appropriate source encoding for a digitally 
implemented program audio channel are (1) that the coded channel must per
form, as well as, if not better than, a completely analog channel intended 
for the same purpose, and (2) that the cost of realization be minimized. 

Source encoding with 15-bit linear pulse code modulation (PCM) digitally 
compressed to 11 bits provides system performance better than currently used 
analog channels in a cost-effective manner. Digital compression allows the 
full dynamic range of a 15-bit linear analog-to-digital (A/D) converter to be 
used in encoding the source, while requiring only an 11-bit representation of 
the input sample to be transmitted. This reduces the bandwidth required to 
transmit the sampled input, thereby making more efficient use of available 
satellite capacity. 

The compression algorithm used achieves a binary coded digitally linearizable 
13-segment approximation of a logarithmic compression characteristic. Figure 
1 shows the compression characteristic with an 11-bit ~ = 255 characteristic 
shown for reference. Peak signal-to-quantization noise distortion (S/ND) 
is 56 dB, and a dynamic range of greater than 82 dB is achievable with 15-bit 
converter equipment. 
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The digital compression is implemented by converting the parallel, 15-bit, 
offset binary, -digital output of the A/D converter to an 11-bit code with 
inverted, folded, binary structure. The code mapping which is implemented is 
presented in Table ·1. 

Table 1. 15-Bit Linear to 11-Bit Compressed Code 

15-Bit Linear Code 11-Bit Compressed Code 

c:: c:: 
Ol Ol .... .... 

V') V') 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 

1 1 a b c d e f g X X X X X X Cord 7 1 0 0 0 aocae r g 
1 0 1 a b c d e f g X X X X X 6 1 0 0 1 a1>cae r g 
1 0 0 1 a b c d e f g X X X X 5 1 0 1 0 ·a:1Jcae T g 

1 0 0 0 1 a b c d e f g X X X 4 1 0 1 1 ao-cae r g 
1 0 0 0 0 1 a b c d e f g X X 3 1 1 0 0 aocae T g 

1 0 0 0 0 0 1 a b C d e f g X 2 1 1 0 1 a"fi"ccfe r g 
1 O O O O o O 1 a b c · d e f g 1 1 1 1 0 aocae t g 
1 0 0 0 0 0 0 0 a b C d e f g 0 1 1 1 1 aoccre r g 

Table 1 shows the compressed code assigned to positive, 15-bit, input words 
(Sign bit, MSB = 1) in each of the cords of the seven-segment approximation 
to the positive half of the logarithmic companding characteristic. 

Parallel conversion provides a reduction in the hardware and timing complexi
ties required to implement the design. Because of the high speed of opera
tion of the compressor, it may be shared by many channels and is therefore 
economically incorporated into the channel unit multiplexer. 

It is noted that the compressed code limits the signal to quantizing noise 
ratio (S/No) at high signal levels (cords 2 through 7) to 56-dB peak. This 
is because the output word at these levels is limited to nine bits of resolu
tion: S/No = (20 log 29) + 1.8 dB= 56 dB. 

However, in the first two cord segments (cords O and 1), the low level reso
lution of the 15-bit PCM code is fully preserved. This provides a low idle 
channel noise floor and allows the wide dynamic range required for high qual
ity audio reproduction. 
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The compression characteristic provided by this algorithm is particularly 
appropriate for audio applications. Even for input signal levels 30 dB below 
the peak signal leve 1, a S/No of greater than 50 dB is maintained, and the 
masking characteristics of the ear cause the signal to be perceived as essen
tially noise-free and undistorted. 

With digital compression, there are no attack or release times and so the 
pumping effects and distortion products of analog compressors are avoided. 
There are also no gain errors as are commonly caused by tracking problems in 
analog companding systems. 

The use of digital compression causes an increase in circuit complexity and 
introduces some noise modulation because of the gain ranging which occurs 
with signals whose levels transverse the higher level cords of the 
compression characteristic. The increase in circuit complexity is easily 
justified by the additional number of channels which can be transmitted 
through a single sate 11 ite transponder because of the bit-rate reductions 
which the digital compression provides. 

The noise modulation which the digital compression causes is left as an 
artifact of the processing. The compression algorithm chosen, however, 
achieves signal-to-quantizing noise ratios of greater than 52 dB for signals 
with amplitudes in the upper 30 dB of the dynamic range of the converter. 
These relatively high signal-to-quanitizations noise ratios are effective in 
causing masking of the quantization noise in the hearing process and 
minimizing the perception of noise modulation. 

Operation with Channel Errors 
While the channel will normally operate at very low bit error rates (BER less 
than 10-8), provision must be made to assure acceptable performance under 
adverse conditions. 

The use of forward error correcting coding reduces the channel error rate. 
But ultimately, for an audio channel, it is desirable to provide additional 
means of ensuring that the perceptual effects of channel errors, however 
infrequent, are minimal. 

At high channel bit error rates, digit errors may be manifested as relatively 
1 arge error voltage spikes at the ana 1 og output. These voltage spikes are 
perceived as clicks after transduction because of their short duration and 
their large energy content at high audio frequencies. The use of deemphasis 
aids in reducing the objectionable effects of the clicks caused by channel 
errors and improves the channel signal-to-noise ratio. Also, the use of 
"error concealment" provides a signficant subjective improvement in the 
reconstructed audio channel at high BER. With error concealment, a parity 
bit is added to the data word to be transmitted and if, upon receipt, a par
ity error is detected, the previous data word is retained. 

The structure of the digital audio source encoding affects the magnitude of 
errors that may be produced by bit errors. It can be shown that fo 1 ded 
binary coding, which is used in this system, has properties which reduce the 
error voltages produced at high BER, especially during the critical periods 
of low signal levels. The folded binary code is used in many PCM applica
tions to reduce the effects of channel errors. In this scheme, the signal is 
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encoded into N bits, with a sign bit and N-1 bits for amplitude. This limits 
the maximum excursion associated with a single uncorrected bit error within a 
word to a 1/4 scale excursion. Errors in the Most Significant Bit MSB-(S1gn 
Bit) result in an excursion limited to 2 X the sample amplitude. 

Program f?bannel Encoder and Decoder Design 

A deta i1 ed description of the design criteria for a dual 15-k Hz channel 
illustrates the design philosophy employed in developing the source encoding 
and decoding circuitry for various channel configurations desired by the 
audio broadcast industry. 

1S-kBz Audio Cbanne1 Source r.oc'1ng 

The source encoding block diagram of Figure 2 will be used as an outline for 
the description of the signal flow and the design discussion for the channel 
source encoding . 
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Figure 2. Source Encoding, Channel Card Block Diagram 

a. Audio Input Sta~e. The channel unit audio input provides a balanced 
and floating I k ohm termination to the audio source. The input 
transformer is interfaced to the audio source through a resistive 
pad to reduce the level of the signal passed through the input 
transformer. This reduction in signal level allows a smaller trans
former core size while still meeting the required specifications for 
low total harmonic distortion (THO) with peak level low-frequency 
signals. The input pad also lessens the effects of interactions 
between reactive sources and the input impedance of the transformer. 
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The alloy core input transformer provides very low distortion and 
flat broadband frequency response. The magnetic and electrostatic 
shielding of the transformer provide for excellent reduction in 
crosstalk between adjacent input transformers and effective shield
ing from radiated interference present at transmitting sites. The 
secondary of the input transformer is single-ended and fed into the 
passive first pole of a 3-pole, low-pass filter. This input stage 
filter serves to provide an initial bandwidth limit to any out-of
band signals, such as RFI or tape recorder bias, and also to reduce 
the performance required of later filter stages. 

The last function of the input stage is to provide the proper opera
ting level for the channel. The only gain adjustment for the chan
nel source encoding circuitry is in the input stage. This gain 
adjustment is used to set the maximum level of the input signal that 
can be passed through the channel. 

The voltage levels in the input stage amplifier and in the stages to 
follow are maintained at a level that ensures that slew rate limit
ing does not occur and that the wide dynamic range (>120 dB) of the 
operational amplifiers is effectively utilized. 

b. High-Pass Filter. The input low-pass filter is followed by a 
second-order high-pass filter with 3-dB point at 8.76 Hz. This 
filter is used to limit the low-frequency response of the channel so 
that infrasonic (subsonic) s i gna 1 s such as record warps, tone arm 
resonances and vent i1 at ion resonances cannot cause converter 
overload or output transformer saturation. The better than 16 dB of 
attenuation at 4 Hz provided by this filter is adequate protection 
for the channel and is perceptually undetectable. 

c. Preemphasis. Switchable preemphasis conforming to CCITT recommen·
dation Jl7, with -6.5 dB at 800 Hz, is provided so that the improve
ments in signal-to-noise and click reduction which are provided by 
the corresponding deemphasis network in the decoder may be utilized 
as a high-quality option. 

d. Precision Clipper. To guarantee that the A/0 converter is not 
driven into saturation when the input to the channel is overdriven, 
the conditioned input signal is precisely limited at +0.2 dB above 
the peak input level for the channel. A precision diode bridge 
clipper is used to provide symmetrical clipping with fast recovery. 
The clipper prevents converter saturation and has less measured or 
perceived distortion than a number of the more complex alternative 
techniques employed for FM deviation limiters. 

e. 15-kHz Anti-Aliasing Filter. To bandwidth limit the audio signal to 
1 ess than one-half the 32-kHz samp 1 i ng frequency used for a 15-kHz 
audio channel, a 0.15-dB ripple, 12th-degree filter with 65-dB mini
mum stop band rejection is used. 

The 65 dB minimum attenuation of the stop band is adequate to guar
antee that the aliased components will be below the converter noise 
floor for all but certain rare full-level high-frequency 
synthetically-generated tones. 
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f. Sample-and-Hold Amplifier. To prevent the input voltage to the A/D 
converter from varying during the time it takes to complete a con
version, the filtered audio signal is sampled and held. The sample
and-hold amplifiers of the dual channel cards sample the input sig
nals simultaneously. 

The sample-and-hold and the A/0 converters are operated at a 32 kHz 
clock rate. This sampling rate conforms to the internationally 
recommended standard for broadcast digital audio. 

A highly reliable hybrid circuit module, which is compatible with 
the A/D converter, has been chosen for the samp 1 e-and-ho 1 d amp l i
f i er. 

g. Multiplexer. The outputs of the sample-and-hold amplifiers are 
presented to the A/0 converter, one at a time, under the contra l 
of the timing logic. The multiplexer allows the A/0 converter to be 
shared by two channels. 

h. Analog-to-Digital Conversion. The sample-and-hold input signal must 
be converted to a is-bit digital word in less than 12 µs. It is 
essential the that precision of the 15-bit words, especially at low 
signal levels, be maintained throughout the useful life of the 
converter. The precision of the 15-bit word decision levels, their 
differential linearity, determines the ultimate noise floor and the 
total harmonic distortion (THO) of the system. The sample-and-hold, 
the A/0 converter, . and the multiplexer operate under the control of 
timing signals from the terminal multiplexer. 

Since the differential linearity specification of the A/0 converter 
is so critical for audio applications, it must be conservatively 
guaranteed in the converter design. 

Because the soft failure of a data converter, i.e., its failure to 
meet specifications, is difficult to detect without involved system 
performance tests, and requires expensive converter replacement if 
it occurs, special consideration is given to the selection of this 
part. 

i. Peak Limit Indicator. In audio transmission and reproduction, the 
dynamic range of the channel is used to best advantage when the 
peaks of the program material are adjusted just to the level where 
distortion begins to increase. In the digital audio channel, this 
level corresponds to one which causes the signal amplitude· peaks to 
cause A/0 converter saturation codes to be produced (all l's or all 
O's out of the converter). Because of the amplitude peaking of the 
clipped input signals occurring during input overdrive, the actual 
level which needs to be detected is at least 3 dB below the con-
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verter saturation level. The peak limit indicator circuits detect 
the PCM codes which exceed this level during any 31.25 µs sample 
period, and signal their presence via an LED on the front panel. 

The limit indicators provide a highly precise reference level for 
all channel signal measurements. As the indicator signals the maxi
mum level at which a signal will pass through the channel, it is 
very useful in setting up the headroom allocation and provides the 
reference level for S/No, THO and dynamic range measurements. 

Peak indicators are becoming more common on all forms of audio 
equipment and the reasoning is clear; to obtain the maximum undis
torted dynamic range of the recording or transmission equipment, it 
is essential to know if the normal signal level range of the equip
ment is being exceeded. During normal operation, the optimum drive 
level of the channel may easily be determined by increasing or 
decreasing the level presented to the channel until the limit indi
cator flashes infrequently on program audio peaks. 

j. Output Registers and Data Bus. The 15-bi t PCM words from the A/0 
converter are passed to holding registers and then over the parallel 
data bus to the terminal multiplexer and digital compressor. The 
digital compressor assigns an 11-bit representation for each 15-bit 
PCM word from the A/D converter according to the previously 
described algorithm. 

18-kHz Source Decoding 
The source decoding block diagram of Figure 3 will be used to structure the 
design discussion and signal flow description for a dual 15-kHz decoder. 
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a. Channel Selection and Timin~ Control. Channel selection thumbwheels 
on the front panel of the ecoder card set the codes which specify 
the address of the channel. The channel select logic, timing con
trol logic, and storage registers are used to sequentially process 
the di git ally expanded data removed from the data bus so that the 
two analog samples on the card may be output simultaneously. 

b. Error Concealment. The mute control line from the terminal demulti
plexer signals if a parity error occurred in the word received for 
the channel. If an error was detected, the previous valid word from 
the demultiplexer is retained in a register. If no error is 
detected, the new word is entered into the register. As previously 
mentioned, this form of "error concealment" serves to reduce the 
perceived effects of channel bit errors. 

c. Ditital-to-Analog Converter. The D/A converter operates on the 15-
bi word from the digital expander in the demultiplxer to produce a 
precise analog voltage output which corresponds to a sampled value 
of the input signal. 

The same constraints of long-term reliability and stringent differ
ential linearity which were required of the A/D are necessary for 
the D/A. The reliability of this module is at least as critical as 
that of the A/D, since many more D/A modules will be used in the 
system, and the users cannot be expected to have the technical skill 
required to diagnose a converter soft failure. 

d. Sample-and-Hold Amplifier. For the high-speed D/A converter to be 
shared by two channels and al low simultaneous output of analog sam
ples, one of the converted samples must be 11 held 11 while the other is 
being converted by the D/A converter. 

e. Distortion Sup ressor . The output of the 
contains switc ing transients and ata transitions with rise and 

fall times which can cause slewing distortions. It is, therefore, 
necessary to condition the output steps of the 0/A converter to 
obtain a low distortion reconstruction of the input signal. 

The rise time of the data transitions is limited by an RC time con
stant incorporated in the switched amplifier of the deglitching 
amplifier. This fixed rise time (RC= 3.4 µs) limits the slew rate 
of the signal and reduces the slew rate requirements of the 
deglitching amplifier and following stages so that slewing distor
tion is not encountered. The frequency response roll-off caused by 
the RC filter is corrected in the (Sin X)/X correction filter. 

The timing for the deglitching amplifier is obtained from the ter
minal demultiplexer. The amplifier samples the D/A output after its 
switching transients have decayed to a suitable level (<6 µs). The 
deglitching amplifier must be allowed to track the 0/A output for at 
least three time constants (3RC = 10.2 µs) so that flat frequency 
response and high S/N are maintained through the deglitching ampli
fier. The output of the deglitching amplifier takes on the stepped 
form of a zero order hold with exponential rise and fall times. 
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f. (Sin X)/X Correction. The output frequency response of the sampled 
data systems using a zero order hold has a (sin X)/X shape. This, 
and the roll off caused by the lowpass filter effect of the RC time· 
constant employed in the deglitching amplifier, must be compensated 
to achieve the flat frequency response required for the digital 
audio system. 

A two-pole active filter provides the precise compensation necessary 
to correct the {Sin X)/X and RC low-pass responses to within 0.05 dB 
over the 15-kHz bandwidth. 

g. 15-kHz Reconstruction Filter. A bandpass filter, similar to that 
used for the input anti-aliasing filter, is used for baseband signal 
reconstruction. The requirements for the reconstruction filter are 
nearly as severe as those for the anti-aliasing filter. High ampli
tude components of the source signal located at frequencies near the 
upper cutoff frequency of the channel are folded back in the sampled 
data spectrum to be presented as nonharmonic, out-of-band, audible 
components in the signal presented to the reconstruction filter. 
That is, 15 kHz at + 24 dBm input also appears as a 17-kHz component 
at +22 dBm. The reconstruction filter must reduce these components 
and other artifacts below the level of the system noise floor. It 
is also necessary that the reconstruction filter guarantee that no 
digital processing artifacts be present in the output to disrupt 
other equipment to which the signal is routed. 

This filter is constructed to provide reliable, EMI-immune 
performance. 

h. Deemphasis. When the switchable deemphasis is enabled, it compen-
sates for the use of pre-emphasis in the encoder, improves the 
signal-to-noise ratio for the channel, and reduces the perception of 
noise modulation. 

i. Output Stage. The fully reconstructed baseband signal is routed to 
the output stage for level adjustment and buffering. The output 
stage has the slew rate and current drive capacity required to 
deliver a low-distortion replication of the reconstructed signal at 
+24 dBm into a 600-ohm load. An internally accessible level 
adjustment for the output is provided so that the peak output level 
may be varied. This is normally set to provide unity gain through 
the channel . 

To achieve low distortion at peak signal levels and low frequencies 
(20 Hz), a specially designed output transformer is required. The 
transformer frequency response is flat within 0.1 dB from 20 Hz to 
50 kHz. The output amplifier is formed with a bridging amplifier 
and which provides a low-impedance source to the transformer. The 
voltage source drive for the transformer assures low crosstalk 
between adjacent output transformers and low distortion. 

Adequate heat sinking is provided for the output stages so that no 
cooling fans are required in the equipment. The output stages are 
unconditionally stable and protected against short circuit loading 
and overvoltage transients. 

The low impedance (<300) output is balanced and floating. 
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Front-Panel Controls, Indicators, and Test Points 

Bncoder J'ront Panel 

The encoder front panel is shown in Figure 4. The indicators are described 
below. 

16.0 kHz DUAL 
AUDIO ENCODER 

CHANNEL A 

O CLIP 
LIMIT 

CHANNEL B 

O CLIP 
LIMIT 

Figure 4. Encoder Channel Card Front Panel 

A and B Clip Limit. LEDs indicate when the input signal possesses peaks 
which are greater than the clipper threshold. The gains in the channel are 
set so that the limit indicators are illuminated for inputs )+24.1 dB. 
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Decoder Front Panel 

The decoder front panel is shown in Figure 5. The individual controls and 
indicators are described below. 

a. A and B Channel Select. The channel select thumbwheels allow inde
pendent selection of any of the channels available to the Digital 
Program Terminal. 

b. A and B Audio Present Indicators. LEDs are provided to indicate the 
presence of time-varying signals above a preset threshold. This 
actively indicates the presence of audio signals within the channel. 

The operation of the error concealment and mute functions is also · 
signaled by the Audio Present indicators. If an error occurs in a 
channel and is concealed, the Audio Present indicator is turned off 
momentarily. Muting of a channel is signaled by the LED being 
turned off for the duration of the mute conmand. 

15.0 kHz DUAL 
AUDIO DECODER 

CHANNEL A 

CHANNEL 
SELECT 

• AUDIO 
PRESENT 

CHANNEL B 

CHANNEL 
SELECT 

• 
AUDIO 

PRESENT 

Figure 5. Decoder Channel 
Card Front Panel 
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Summary 

Thorough consideration of the communication system requirements led to the 
implementation of the 15-bit pcm to 11-bit compressed transmission code 
source coding for network program audio distribution. This coding selection 
and a conservative hardware design provide a reliable high quality audio 
interface for a digital communications channel to be used for satellite audio 
distribution. 
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Landsat-D Wi4eb8Jl4 Unbalanced QPSK 
Demodulator/Bit Syn.chrcmizer-St.gnaJ Con.ditioner 

Theory Dr. James S. Gray 

The LANDSAT-D satellite transmits unbalanced QPSK (UQPSK) with 84.903 Mb/son 
the I channel which has 80% of the total satellite power and 15.062 Mb/s on 
the Q channel with 20% of the satellite power. The I channel transmits data 
from the thematic mapper, and the Q channel transmits the data from the 
multi-spectral scanner. 

In Figure 1, the equations for UQPSK are presented. As seen in the expres
sion, S( t) is the same as that for OPSK except there are factors A and B for 
the two quadrature carriers. In straight QPSK, A and B are equal. a(t) is 
the data on the higher power or I channel; b(t) represents the data on the Q 
channel. As shown, the A and B may be written in terms of the total satel
lite power, P, and p the fraction of the total power on the I channel. One 
then gets the equations on the bottom in terms of total satellite power, P, 
and also P, the fraction of power on the I channel. 

S(t) = A a(t) COS {wet+ ♦)+ B b(t) SIN {wet+ ♦ ) 

Where: 

a(t) = ±1 IS I CHANNEL DATA - HIGHER DATA RATE 
WITH HIGHER POWER. 

b(t) = ±1 IS Q CHANNEL DATA. 

LET TOTAL POWER BE P AND p BE FRACTION OF PON I CHANNEL THUS, 

A2 
2 = pP +A= /p ./'n' 

B2 "2' = (l-p)P + B = II'=p m 
SO THAT 

Figure 1. Unbalanced QPSK (UQPSK) 



The vector or phasor diagram for UQPSK is presented in the left half of Fig
ure 2. With 80¼ of the power in the I channel, the I channel vector is twice 
as long as the Q channel vector; therefore, the resultant vectors for the I 
and Q channel combination are 26.565° from the I axis. Also shown in Figure 
2 are the vectors after the input spectrum is doubled. Notice that the four 
states are collapsed in two states. A very interesting question is, 11 Can one 
do carrier regeneration by squaring?" With normal QPSK, one cannot. One has 
to use multiplication by four or the equivalent fourth-order Costas loop. To 
answer this question, consider Figure 3 where the average phase vector of 
UQPSK after squaring is calculated. Assume that the data rate on the 
I channel is greater than the Q data rate and that both are much greater than 
the noise bandwidth BN of the filter fo 11 owing the squaring. This could 
al so be the noise bandwidth of the phase lock 1 oop. Let PI be the proba
bility of ones on the I channel, and Pq be the probability of ones on the Q 
channel; derive the expression shown for the average phase vector after 
squaring. To provide a coherent reference for demodulation, this vector is 
divided by two which results in the average carrier reference phase vector 
expression shown in the figure. If the data is random on either channel, the 
average phase vector is zero and, therefore, the average phase error is zero. 
Thus, one can use squaring as a mechanism of recovering the carrier for 
UQPSK. As will be shown later, this has some very significant advantages 
under conditions of modulator phase imbalance. This technique greatly 
reduces the crosstalk produced by phase imbalance and the resulting degrada
tion of performance from theory. 

Q 

1,0 I,O 
0,0 

-+---+--~~~I--..__+-__ I 

,. 1 

PHASOR DIAGRAM 

0,1 

~ 

1 • 0 

PHASOR DIAGRAM AFTER • 
SQUARING 

Figure 2. UQPSK Vector Diagrams 

2 



ASSUME RI>~» BN 

BN NOISE BANDWIDTH OF FILTER AND/OR QLL FOLLOWING SQUARING. 
WHAT IS AVERAGE PHASE ERROR IF STATE PROBABILITIES ON I AND Q CHANNELS DO NOT 
EQUAL 1/2? 

LET P1 BE PROBABI_LITY OF ONES ON I CHANNELS 

PQ BE PROBABILITY OF ONES ON Q CHANNEL 

AVERAGE PHASE VECTOR AFTER SQUARING IS 

~2(2P1 PQ - PI - PQ} +l] (53.13} DEG 

AFTER DIVIDING BY TWO, THE AVERAGE PHASE VECTOR IS 

~2(2PI PQ - PI - PQ} + 1] (26.565} DEG 

IF 

IF 

2(P/Q - 1/2 - P/Q) + 1 • 0 

2(P/I - P/I - 1/2) + 1 • 0 

THUS, IF EITHER CHANNEL IS UNBIASED, AVERAGE PHASE ERROR IS ZERO. 

Figure 3. Average Phase Vector after Squaring of UQPSK 

To examine the effects of noise on the carrier reqeneration process, consider 
Figure 4. In Figure 4, at the top of the figure, the expression for UOPSK 
plus bandpass noise centered _in a filter B is given. The figure shows the 
model for carrier regeneration. The input signal-to-noise ratio goes throuqh 
a filter in front of the nonlinearity to constraint the bandwidth of the 
noise, gets multiplied by two in the times-two circuitry, and then is ·routed 
through a narrowband filter BN where BN represents the noise bandwidth. 
It is desirable to derive an expression for the signal-to-noise ratio at the 
output of the narrow fi 1 ter BN. The noise is modeled as shown in the di a
gram where it is assumed to be a constant noise spectral density N0 over a 
bandpass bandwidth noise bandwidth B around the center frequency of the car
rier. One can then derive the expression for the output signal-to-noise 
ratio as shown in the figure. If one defines the input siqnal-to-noise ratio 
in terms of the total power divided by N0 times the noise bandwidth B for 
the input filter, and then lets the input bandwidth B be approximately equal 
to RI (the I channel data rate) to get a reduced complexity expression, one 
may derive the two expressions shown at the bottom of the page. The absolute 
expression is exactly the same as that for biphase PSK (BPSK) with squaring 
except for two additional terms. The numerator has (2p-l) 2 factor 
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multiplying the input signal-to-noise ratio. This takes into account the 
fact th at not a 11 the power is in the I ch anne 1 . The denominator of the 
expression looks like the normal BPSK squarinq expression except there is an 
extra term which is the p(l-p) (1-Rq/3R 1)Si/Ni term. This term is the result 
of signal-times-siqnal crosstalk introduced by the UOPSK process. Rewriting 
everything in decibel form, one then derives the expression on the bottom of 
the paqe which again looks 1 i ke the standard squaring type expression with 
BPSK except there is the 10 log (2p-l) 2 expression, and, in the final term, 
there is the extra factor in the denominator that has to do with the SXS 
crosstalk. It is very important to note from the oriqinal expression derived 
that the desired double-frequency carrier term is proportional to P2 and that 
the self-noise term introduced by signal-times-signal products is also 
proportional to P2 . Several papers have been written that show that as the 
signal-to-noise improves, the jitter at the output of a phaselock loop with 
noise bandwidth BN actually increases. 

With a phaselock loop as the desired signal term increases due to P2 increas
ing, the noise bandwidth of the phaselock loop is increased. Similarly, the 
self-noise spectral density due to the signal-times-signal products is also 
increasing. Thus, the output noise variance of the loop increases. If one 
uses a limiter in front of the loop, however, one sees that the signal-to
noise ratio coming out of the limiter will be constant since both the desired 
signal term and the noise term ar~ proportional to P2 . Therefore, a limiter 
in front of the phaselock loop not only keeps the loop parameters constant, 
but also keeps the signal-to-noise constant into the loop and, therefore, the 
variance of the loop output jitter constant under high signal-to-noise condi
tions. 
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Figure 4. Carrier Regeneration by Squaring for UQPSK 
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R 
In Figure 5, the conditions for LANOSAT-D, that is p equals 0.8 and~ 

approximately equals~ are inserted into the equations previously derived 
for the signal-to-noise ratio out of the carrier regeneration process. The 
resulting expression is that shown. At hiqh signal-to-noise ratios, 

10 log SNR
0 

= 10 log B -2.23 dB 
BN 

R 
FOR p = 0.8 ~ = ~ 

I 
B S./ N. 

10 log SNRO = 10 log C - 6 dB - 4.43 dB+ 10 log l 1 1 

N 1 + 2 S./ N. + 0.1504 S;IN; 
1 1 

AT HIGH S;/N; THIS BECOMES 

B 10 log SNR
0 

= 10 log B - 2.23 dB 
N 

Figure 5. Carrier Regeneration Conditions for LANDSAT D 

This equation allows one to calculate how narrow the noise bandwidth BN must 
be in order to have an adequate coherent reference signal-to-noise ratio for 
coherent demodulation. These results are plotted in Figure 6. The norma 1-
i zed expression 10 log S0 /N 0 - 10 log B/BN is plotted on the ordinate versus 
10 log Si/Ni on the abscissa. This plot limits at minus 2.23 dB due to the 

SXS self-noise term. This result is used as a guideline to choose the noise 
bandwidth BN such that an adequate carrier reference for coherent demodula
tion is obtained so that the UQPSK demodulator performs close to theory. 
Noise creates variance of the carrier reference zero crossings, which causes 
signal variation and crosstalk between the I and Q channels. This degrades 
the resulting bit error rate performance. 
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·Figure 6 Plot of LANDSAT D Carrier Regeneration Equations 

In Figure 7, plots are provided of the reQuired carrier reference signal-to
noise ratio for a given loss from theory. The signal-to-noise ratio of the 
carrier reference, is defined as 10 log \ where e2 is the variance of the 
phase noise of the reconstructed coherent

8 
reference for demodulation. As 

presented for BPSK, QPSK and Offset QPSK, these curves can serve as 
guidelines. For example, the plot on the right shows that signal-to-noise is 
required at various error rates for a loss due to carrier regeneration phase 
noise of 0.2 dB. The middle plot is for a 0.10 dB loss, and the plot to the 
1 eft is for a 0.05 dB loss. As seen, conventional QPSK and Offset QPSK 
require much higher signal-to-noise ratios than BPSK. This is due to the 
crosstalk between the two channels. A similar curve can be derived for 
UQPSK. 
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Figure 7. Required SNR = 10 Log 92 for BPSK, QPSK, and UQPSK 

For UQPSK, the crosstalk of the large I channel over into the small Q channel 
due to noise or phase imbal~nce is the most disastrous effect. Curves 

. derived for UQPSK have to show the parameter p, as well as the bit error 
rate, since the relationship is yery stronqly a function of p, Obviously, 
the closer pis to one, the less the large channel will be affected by cross
talk from the smal1 channel; but, more disastrously, the small channel will 
be very affected by crosstalk from the :larqe channel. One can use the 0PSK 
curves as a starting point and add in extra margin as a function of the value 
of p to handle UQPSK or, correspondingly, if one has the time, one can derive 
a complete family of curves of the required carrier reference signal-to-noise 
ratio for a certain performance loss as a function of input signal-to-noise 
ratio (or equivalently bit error rate) and p. A sample carrier regeneration 
analysis for UQPSK using the LANDSAT-O pa~ameters is , presented in Figure 8. 
Assumin~ that the mi~ffuum bit error rate is 10-2 , this implies approximately 

5 dB~ on the I channel if one allows some implementation loss. Assuming 
a filtei bandwidth, B, roughly. p.roportional to the bit rate, .R1, about a 6-dB 
signal-to-noise ratio out of the filter B results. From our previous curves, 
a signal-to-noise ratio for the coherent reference of 25 dB is assumed for a 
0.1-dB loss due to phase reference noise. If one inserts this in the 
previous equations, noting that there is a divide-by-two following the 
phaselock loop or the narrowband filter BN, then one derives for the 
LANDSAT parameters that the noise bandwidth BN ·needs to be approximatley 
446 kHz. This noise bandwidth for the phaselock loop implies an fN for the 
loop of approximately 56 kHz with a damping of one. To meet other modem 
performance requirements, and to allow for effects of UQPSK operation, the 
final fN of the loop used is more like 8 to 10 kHz. 
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Figure 8. Sample Carrier Regeneration Angles for UQPSK 

It has been previously alleged in this paper that using the squaring tech
nique for carrier regeneration for UQPSK has advantages for demodulation when 
there is a phase error in the modulator. This is illustrated in Figure 9. 
The transmitted vectors are such that the I vector can be considered to be 
lined up on the actual I axis, but assume that the O vector is several 
degrees from the actual quadrature condition so that there is a phase error a 
as shown. The reconstructed vectors, however, will be 90° apart. Since we 
are locking with the squaring technique strictly to the I channel, the I 
channel vector lies on the I channel axis and has zero phase error with the 
transmitted I vector. The resultant demodulated output will be I"' on the I 
channel which will be the desired ±I term with a ±Q sin e crosstalk term. 
Thus, there is a small crosstalk of the small channel into the large channel. 
The resulting Q"' output will be± 0, that is no crosstalk from the I channel 
plus ± Q Cos a or a small reduction in amplitude in the f1 channel. The 
really important result here is that half the crosstalk terms one normally 
gets when there is a phase error have gone away. That is, the I channel 
desired term is not reduced in amplitude and the crosstalk from the other 
channel is from the small Q channel into the strong I channel. · On the 
channel with the smaller amount of power, that is the Q channel, there is no 
crosstalk from the larger power I channel into the Q channel. Normally there 
is ± I sin a crosstalk term in the O channel. Since the I channel is a much 
larger value than the Q channel in UQPSK, this can have very disastrous 
results. Therefore, since this technique basically locks onto the I channel, 
half the normal crosstalk terms go away, and the performance of this system 
is quite excellent with modulator phase imbalance. Using fourth-order 
techniques for carrier regeneration, either times-four or fourth-order Costas 
loop, one can get up to 3-dB loss for a 3° modulator ohase imbalance 
depending on the assumptions one makes. As wi 11 be seen in the measured 
results section, the performance for this system is exce 11 ent under this 
condition of imbalance. 
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Q 
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RESULTING OUTPUT I#= ±I ±Q sin 8 
Q# = :t0 ±Q cos 8 
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LOOP Q# = ±I sin 8 :tQ cos 8 

Figure 9. Resulting Output Due to Modulator Phase Imbalance 

Hardware Description 

A block diagram of the UQPSK Demodulator/Bit Synchronizer-Signal Conditioners 
(BSSCs) is presented in Figure 10. In the demodulator portion, .the IF 
signal-plus-noise is automatic-gain-control amplified, bandpass-filtered, and 
then routed in parallel to the carrier regeneration circuitry and the coher
ent detector. The carrier regeneration circuitry nonlinearly reconstructs a 
coherent reference for demodulation which is routed to the coherent detector. 
In the coherent detector, in-phase and quadrature demodulation occurs. The 
noisy baseband outputs are the inputs to the 84.903-Mb/s bit synchronizer
signal conditioner (BSSC) and the 15.062-Mb/s BSSC. In the 84.903-Mb/s 
signal conditioner, signal-plus-noise is optimally filtered and then state
estimated. The matched filter output is also routed to the bit synchronizer 
where an even-order nonlinearity produces a bit rate spectral component. A 
phaselock loop is locked to this component, and the VCO output is both an 
overall BSSC output plus controls the state-estimation in the signal condi
tioner. On the Q channel similar processing occurs on the 15.062-Mb/s data 
stream plus noise. More detailed block diagrams and descriptions of the 
various components of the overall block diagram are now presented. 
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Figure 10. UQPSK Demodulator/BSSC's 

Input Processor 
The input processor is shown in Figure 11. The IF signal-plus-noise is 
wideband-bandpass-filtered to eliminate spurious signals and then variable
gain-amplified. The envelope detection for automatic gain control is accom
plished in the carrier regeneration circuitry where filtering is narrower, 
and thus signal-to-noise higher. Non-coherent • ACG makes output 1 eve 1 i nde
pendent of phase noise. The variable gain amplifier output is power-divided 
and sent to the carrier regeneration circuitry and to the coherent demodu-
1 ator. 
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DEMODULATOR 

Figure 11. Input Processor 
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Carrier :Regeneration 

In Figure 12, the input to the carrier regeneration circuitry is narrowband
filtered in Fl and then routed to the AGC envelope detector and to an X2 non
linearity. The output of the X2 circuit contains an unmodulated carrier at 
twice the desired reference frequency for either biphase or unbalanced QPSK 
(UQPSK). The F2 filter improves the signal-to-noise ratio which is then 
processed by a limiter. The limiter performs two important functions. The 
self noise 2fc term of UQPSK is directly proportioned to signal power as is 
the desired 2fc term. Without a limiter, the variance of loop phase noise 
will increase as SNR increases while a limiter produces a constant SNR into 
the phaselock loop due to self noise. The limiter also keeps loop dynamics 
constant. The quadrature phase detector output drives the loop filter which 
controls the VCO. One VCO output is the coherent reference for demodulation 
while the other output is doub 1 ed and filtered by another F2 1 i ke the one 
before the loop. With two identical filters, phase shift due to doppler is 
cancelled. The output of F2 drives the mixers with quadrature signals after 
passing through the quadrature hybrid. The in-phase detector output is moni
tored by the lock detector which disables the sweep input into the loop fil
ter when lock is detected. 

~ 
F1 

ENVELOPE 
DETECTOR 

Coherent Detector . 

TOAGC 
LOOP 
AMPLIFIER 

::F 

LOOP 
FILTER 

PHASE 
DETECTOR 

PHASE 
DETECTOR 

LOCK 
DETECTOR 

Figure 12. Carrier Regeneration 

SWEEP 

COHERENT 
REFERENCE 

DEMd8o'LATION 

The coherent detector is shown in Figure 13. The IF S + N from the input 
processor is power-divided and routed through attenuators to the phase detec
tors. The L ports of these detectors are driven by quadrature components of 
the coherent reference. The coherent reference input passes through a 
variable phase shifter to optimize timing and then split into quadrature 
components by the quadrature hybrid. The hybrid . outputs drive the phase 
detector L ports through attenuators. Both the I and Q baseband outputs are 
filtered by constant-resistance lowpass filters to remove sum frequencies and 
carrier reference feedthrough. The I output connects to the 84.903-Mb/s BSSC 
while the Q output connects to the 15 .062-Mb/s BSSC. 
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A block diagram for either the 84.903-Mb/s or 15.062 Mb/s-BSSC is presented 
in Figure 14. The baseband S + N input is optimally filtered by the time
invariant-matched filter which is a sliding integral approximation. The 
output y(t) of the matched filter is the input to the decision unit and also 
to an even-order nonlinearity. In the decision unit, y(t) is compared to a 
reference level E at the end of each period, and a state estimate, 'IT, for 
each bit is made. The timing for the decision unit is provided by the bit 
synchronizer portion of the BSSC. 

y(t) 

DATA 

o DATA ESTIMATE EmMATE 

DECISION 
UNIT R 

TIME BITRATE 
BASEBAND I NV ARI ENT CLOCK 

S+N MATCHED 
FILTER 

~ NON-
LINEARITY ~ 

SWEEP 

Figure 14. Bit Synchronizer-Signal Conditioner (BSSC) 

The combination of the even-order nonlinearity and input filtering produces a 
bit rate spectra 1 component at the non 1 i neari ty output. This component is 
bandpass filtered to provide memory since bit transitions are intermittent 
and to improve SNR. The bandpass fi 1 ter output is the reference for a type 
II phaselock loop similar to that already described in the carrier regenera
tion section. The bit rate VCO output, R, is routed to the decision unit as 
previously described and is also routed along with the data state-estimate'!)' 
to the differential decoder which may be switched in or out. The decoder 
output clock and data are processed by output buffers to provide the overall 
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output data estimate and bit rate clock. Functionally, the 84.903-Mb/s and 
15.062-Mb/s BSSCs are the same but will vary slightly in their implementa
tion. The 15.062-Mb/s input is essentially non-bandlirnited whil~ the 
84.903-Mb/s input is somewhat bandlimited. The use of time-invariant-matched 
filters allows the matched filter response to be easily altered to optimize 
performance with bandlimiting. 

In Figure 15, a photograph of the resulting hardware is shown. The UQPSK 
demodulator is packaged in one chassis, and each bit synchronizer-signal 
conditioner is packaged in its own chassis. That is, the 84.903-Mb/s BSSC is 
in one chassis, and the 15.062-Mb/s BSSC is in a separate chassis. The 
units shown are first generation production units. In the second generation 
production units, the bit synchroni zer-s i gna 1 conditioners have shrunk to a 
3-1/2-inch chassis as opposed to the original 5-1/4-inch chassis. 

Performance Besults 

The measured performance of the resulting UQPSK demodulator BSSC hardware is 
presented in Figure 16. In this particular figure, there are (2 23-1) PN 
sequence data on each channel. Performance on both the I and the Q channel 
is within 1.2 dB from theory over a wide range of bit error rates. Specifi
cation limits of this hardware were 2.5 dB from theory. 
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Measured performance is essentially identical for other data combinations 
such as zero substitutions on the Q channel and unusual data patterns on the 
Q channel. The data presented is that measured on a production unit deliv
ered to a customer, and all production units have measured essentially the 
same. Such performance is excellent and represents minimum implementation 
loss. 

It has been previously discussed that the squaring technique of regenerating 
a coherent reference for demodulation is relatively impervious to the effects 
of modulator phase imbalance. In Figure 17, the measured performance of the 
UQPSK demodulator-BSSCs with a 3-degree modulator imbalance is shown. It is 
seen that there is essentially no degradation, and the curves look the same 
as when the modulator is well balanced. Data has also been run on the 
effects of amplitude imbalance on the modulator with similar results 
achieved. The most serious offender is the effect of phase imbalance. As 
mentioned previously the author's past experience with hardware and simula
tions on the effect of modulator imbalance for UQPSK have shown that many 
schemes suffer several dB degradation under this condition of imbalance. 
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Summary 

In summary, this hardware has been delivered to multiple companies and coun
tries for earth stations to receive the LANDSAT data from the new LANDSAT-0 
earth resources satellite. The LANDSAT-D satellite provides more spectral 
bands and greater resolution than LANDSAT A through C, thereby enhancing the 
already extremely useful information received from the current LANDSAT satel
lites. The hardware discussed here performs very close to theory, which 
maximizes the quality of the LANDSAT data received. 
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Digital Frame Synchronizer, Phaser iv, V, and VI 

Scientific-Atlanta, through its subsidiary, Digital Video 
Systems, offers a complete line of frame synchronizers 
for use in cable TV, LPTV, and broadcast applications. 
The Phaser IV, V, and VI series of synchronizers provide 
state-of-the-art technology in video synchronization. 

The Phaser synchronizes input signals from an NTSC 
or black and white video source, including satellite, 
studio, network, remote camera, off-air, etc. 

The Phaser lets the operator ignore time and distance, 
synchronizing signals automatically-such as Electronic 
News Gathering (ENG) programming transmitted via 
microwave-as if they originated in-house. 

The Phaser eliminates complex signal routing and tim
ing techniques. Signals from inaccessible cameras, 
remote vans. or moving vehicles are timed and synch
ronized into a fixed based control where they can be 
mixed, dissolved or used in chroma key or special 
effects with other sources. 

With the Phaser, the operator can easily mix any live 
video inputs with studio programming, microwave, 
satellite, and VTR signals to produce a completely syn
chronized output without gen-locking. 

The Phaser replaces the complex system of delay lines 
and pulse delay compensators which may now be used 
to time several studios through master control. 

And for infinite switcher re-entry, which previously 
required very costly equipment. the Phaser is a break
through. 

The Phaser IV with a 1.5 million bit RAM fieldstore 
memory is the basic "building block". Phaser V and 
Phaser VI employ the same modular design concept. 

The Phaser V synchronizer builds onto the exceptional 
features of the Phaser IV. It has a framestore memory 
to provide double the memory capacity with half the 
number of components. 

The Phaser VI takes the concept of synchronizing a 
step further, incorporating a new picture adaptive 
digital comb filter to provide the highest quality NTSC 
chroma inversion ever. It ensures virtually perfect 
decoding of the NTSC color TV signal as required in 
freeze frame applications or for studio-to-studio synch
ronization and switcher re-entry. 

Rugged Packaging 
The Phaser synchronizers are compact and rugged. 
Measuring only 3-1 /2" high, they fit any surroundings, 
from studios and master control rooms to compact 
mobiles, and in standard headend equipment racks. 

Simplicity Designed-In 
Designed for ease of use, Phaser controls are conven
iently placed on the front louvres in a logical arrange
ment. Functional controls located on the circuit boards 
are easily accessed and work at the flick of a switch. 
Adjustments are rarely necessary as one of the main 
benefits of the Phaser is the reduced need for service. 
Signals are phased automatically. 

Easy Maintenance 
LED's on the Phaser front louvres indicate operational 
status and simplify fault identification. If service is 
required, boards are quickly replaced to reduce down
time to a minimum. 



Reliability 
Digital Video Systems ' units are checked for quality 
control and tested to ensure reliable service and long 
life. 

The Smart Synchronizers 
The Phaser IV has a 1.5 million bit 16K RAM fields.tore 
memory while the Phaser V and the Phaser VI have a 4 
million bit memory provided by 64K RAMs. 

Automatic Diagnostics 
Memory fault diagnostics and fault concealment is 
automatic and continuous. Memory chip failure is 
detected and hidden and an LED readout code on the 
board identifies which chip is faulty. 

Total Control 
The Phaser's unique integral digital processing ampli
fier ensures precision signal level control. It replaces 
sync. burst, and blanking and adjusts video gain, black 
level, chroma gain and hue. All of the functions of a 
processing amplifier are obtained, plus a digital frame 
synchronizer, in a single compact unit. The Phaser eli
minates picture shifts in switching and editing by con
verting all incoming NTSC signals to RS-170A with a 
sync to burst relationship that doesn't vary. 

Automatic Hot-Switching 
The Phaser automatically hot-switches between unrelated 
non-synchronous signals, holding the last complete 
field until the next valid vertical interval appears at the 
input. An internal mode selection switch provides the 
alternatives of: passing the input video regardless of 
input signal status; hot-switch mode with freeze and 
drop to black after a few frames if the input is not 
restored; and hot-switch mode with freeze until the 
input is restored. 

Instant Performance Evaluation 
The internal digital calibration signal generator provides 
for precision alignment of the system analog output. 
This test signal can also be routed from analog output 
to analog input to verify system status by side-by-side 
comparison every 16 lines of system throughput 
against the digital test signal output. 

Any misalignment of the analog input is then easily and 
accurately corrected. This feature gives instant system 
performance evaluation and precision alignment. 

No Noise or Jitter 
The 5 TV line hysteresis function overrules the motion 
discontinuities which may occur when frames are 
deleted or inserted, even when the incoming signal is 
very noisy or has jitter. 
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Videotext/Teletext 
With full bandwidth and precise digital blanking the 
Phaser synchronizers pass VIRS, closed caption sub
titling, and teletext without degradation. 

Chroma Inversion 
For the first time, chroma inversion is a totally accept
able mode of operation, even for the highest quality 
prime time programming. The Phaser VI picture adapt
ive digital comb filter sets new standards for an NTSC 
decoder, with virtually undetectable chroma inversion . 

Wide Application 
The Phaser IV is primarily designed for use in broad
cast and industrial TV, cable systems and production 
houses which require basic, low-cost synchronizing 
capability. 

The Phaser V will meet the sophisticated requirements 
of those needing a full frame synchronizer while the 
Phaser VI meets the most stringent specifications, 
including an output picture that never shifts. 

Cable TV 
Using the Phaser in cable TV has measurable benefits . 
Synchronizing incoming demodulated feeds prior to 
cable distribution substantially reduces co-channel 
interference and improves the signal-to-noise ratio. 
With a synchronous system, the operator can insert 
commercials, key in messages, provide the viewer with 
stable channel changes, and reduce the cost of set-top 
data distribution equipment. 

The Phaser synchronizes signals from headend demod
ulators, satellite receivers, and microwave links to your 
local programming facility, providing highest quality 
processed video with new digitally-generated synch. 
burst, and blanking for your cable distribution system. 

Infinite Switcher Re-Entry 
When used for switcher re-entry, the Phaser VI gives 
your existing switcher a flexibility which was previously 
available only with the most expensive equipment . The 
Phaser makes it possible to feed the output of any mix 
effects buss into the input of any other. 

This infinite signal re-entry multiplies the capabilities of 
your switcher while providing a quality never before 
obtainable. (All analog timing delay lines can be elimi
nated if you choose.) This can be especially beneficial 
in local origination studios. 
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Features 
• Digital Quality and Reliability 
• Microprocessor Control 
• Integral Digital Processing Amplifier 
• Automatic Memory Fault Diagnostics and Conceal-

ment 
• Internal, Digital Calibration Generator 
• Modular Design Provides for Easy Maintenance 
• Instant Performance Evaluation 

The Phasers - Muttl-Functlonal Synchronizers 

Satellites 

Remote Cameras 

Microwave 

Off-Air Tuners 

Studios 

Networks 

INPUTS 

I 

Phaser Synchronizers 

~ 

Local Sync 
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Mix 
Effects 1 

Mix 
Effects 2 

Mix 
Effects 3 

H Phaser. VI ~ 

H Phaaer VI ~ 

H PhaserVI I 
I 

Local Studios 

Transmitter 

Master Control 

Cable Systems 



Specifications 
Mainframe 
Digital Sampling 

Phaser IV 
8 bits at 14.3 MHz (256 levels at 4 times NTSC 
subcarrier) 

Phaser V 
8 bits at 14.3 MHz sampling on the R•Y, B-Y 
vectors (256 levels at 4 times NTSC subcarrier) 

Bandwidth 
±0.5 dB to 4.2 MHz, down 3 dB at 5.5 MHz 

Signal-to-Noise Ratio 
Better than 56 dB (rms noise referenced to peak-to
peak quantizing range from de to 4.5 MHz bandwidth) 

Differential Phase 
< 20 

Differential Gain 
<1% 

Processing Amplifier 
Digital sync, burst, and blanking are added to the 
output video RS-170A specification 

Front Panel Operating Controls 
Video level, set-up, hue, chroma gain, systems hori
zontal phase, subcarrier phase, and bypass 

Input Signals 
Video 

1.0V = 3 dB composite video at 75 ohms 
Reference Video 

High impedance loop-thru input 
Any color video signal with 40 IRE units of synch
ronization and burst= 3 dB, where burst has a 
non-varying phase relationship to sync. 

Output Signals 
Outputs 1, 2, and 3 

1.0V composite analog at 75 ohms 
Bypass 

In the event of power failure, VIDEO IN is directly 
connected to VIDEO OUTPUT 1. Also switch 
activated. 

Calibration Generator 
1.0V composite video switched into all three video 
outi:.,uts digitally generated 

Test Signals 
Full field color bars and multiramp 

In "wrap-around" mode, output and throughput are 
compared on a 16-line alternate basis 

Color/Black and White Operation 
Automatic burst sensing and switchover to black and 
white mode; burst is turned off on the output 

Oscilloscope Trigger 
Input source video and output video trigger at hori
zontal or vertical rates 
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Phaser IV 
Correction Range 

262.5 TV lines 
Hysteresis 

5 TV lines 
Dimension 

89H x 406W x 572D mm (3.5H x 16W x 22.5D in.) 
Weight 

22.7 kg (50 lb) 
Power Requirements 

112Vac (nominal), 60 Hz, 250W max 
Operating Temperature Range 

0°C to +40°C (+32°F to +104°F) 

PhaseV 
Correction Range 

512 TV lines 
Hysteresis 

5 TV lines 
Power Requirements 

115V ac (nominal), 60 Hz, 400W max 

Phaser VI 
Same as Phaser V, plus 3-line adaptive comb filter 



Mint-Cable Systems 

Steve Turner 

Introduction. 

Of the approximately 12,000 operating cable systems in the United States 
today, it is estimat~d that over one-half are mini-cable systems. Mini-cable 
systems have experienced tremendous growth during the past three years fueled 
by the growing desire of consumers to avail themselves of the wide variety of 
entertainment progra~ing delivered via satellites. 

Mini-cable systems arte contrasted from major franchised cable systems in that 
they generally have ery little coaxial cable plant and do not cross public 
streets. The FCC de inition of cable television systems specifically states 
that the term shall not include any such facility that serves fewer than 50 
subscribers or any such facility that serves or wi 11 serve only subscribers 
in one or more multiple-unit dwellings under corrmon ownership, control or 
management. The imp ication of the FCC definition is that mini-cable systems 
do not necessarily fall under the rules and regulations governing cable 
systems. 

Although mini-cable ~ystems can be installed in almost any kind of business 
enterprise, the main applications that have developed are in multiple-unit 
dwellings and lodging establishments. 

Multiple-Unit DweJ11ngs 

Multiple-unit dwell~ngs generally include apartments, condominiums and 
trailer parks. There are currently over 100,000 establishments in this cate
gory, of which apptoximately 3,000 have installed private cable systems. 
Mini-cable systemsar~ generally installed in multiple-unit dwellings in order 
to provide premium ~ntertainment programming to residents. This programming 
(movies, sports, ne~s, ethnic pro gr ammi ng, etc.) is viewed by many as a 
necessary amenity fot maintaining or increasing their occupancy rate. 

I 

Owners or managers of multiple-unit dwellings often choose to install a mini
cab 1 e system instead of hooking up to a franchised cab 1 e system for one or 
more of the following reasons: 

a. A desire to provide satellite programming to their residents prior 
to the time1 cable is scheduled to pass their location; 

b. An interest in the additional income. associated with owning and 
operating~ private system; or 

c. Development of poor relations with the local cable company. 



Multiple-unit dwelling owners must examine each situation to determine if a 
mini-cable installation is the appropriate vehicle for satisfying their 
business needs. 

Lodg:lng 

Of the 40,000 hotels/motels in the United States today, approximately 3,000 
have installed a private cable system. The first cable systems were 
installed in lodging properties in 1979. Since then, studies have shown that 
premium television has guest appeal and, in fact, is an amenity that many 
travelers have come to expect. 

In addition to providing satellite programming to their guests, lodging 
owners are also able to participate in teleconferencing networks. As busi
ness travel becomes more expensive, meeting planners are turning in growing 
numbers to the satellite teleconference. Property owners with a satellite 
receiving system are able to offer their facility as a site for participation 
in a satellite teleconference, thus bringing in meeting room, overnight guest 
and food service dollars that might otherwise pass them by. 

Other Applications 

In addition to multiple-unit dwellings and lodging, other applications for 
mini-cable systems are universities, prisons, hospitals, and private net
works. Although applications may vary, system components are essentially 
the same. Products developed specifically for mini-cable systems will be 
described in the following section. 

System Description 

The system diagram (Figure 1) of a mini-cable system is very similar to that 
of a major CATV system in everything but size (Figure 2). Both systems 
strive to provide a viewer at the extremities of the distribution system with 
the highest quality signal for the maximum possible time. However, in con
sidering the individual components of the mini-cable system and their contri
bution to the overall network, some important differences become apparent. 
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Figure 1. Mini-Cable System 
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In a CATV system the subscriber may be rece1v1ng one of up to approximately 
108 available channels delivered to him through many miles of coaxial cable 
and several dozen amplifiers. With the potential for system degradation an~ 
equipment faults, a CATV operator must introduce a very high quality signal 
into the system to be certain of satisfying his paying customer. In a rr,ini
cable system, the complexity of the network supplying a dozen or so channels 
tailored to the specific needs of 100 households without the burden of fran
chise demands is much reduced. Cable lengths are measured in hundreds of 
yards, and amplifier cascades are rarely necessary. The potential for com
plaints should a problem arise is also reduced, and service can be speedily 
restored without ext~nsive troubleshooting. 
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The selection of the! equipment to feed these mini-cable systems can thus take 
advantage of the r~duced requirement for system marqin while still main-
taining satisfactory! subscriber performance. _.._ 

The most visible resµlt of this reduced requirement is a reduction in antenna 
size. Instead of seeking a minimum video signal-to-noise (S/N) ratio of 
50 dB in order to prpvide the household with 46 dB or better, we can think in 
terms of a typical i48 dB which may deteriorate to 46 dB under unfavorable 
weather conditions ~nd yet still please a critical end user. In terms of 
satellite carrier-td-noise ratio (C/N), the corresponding reduction is from 
12.3 dB (50 dB S/N) ~minimum to 10.3 dB (48 dB S/N) typical. This relates to 
a reduction in antenna size from 4.6 meters (Figure 5) to 2.8 mete~s 
(Figure 3) or 3.2 meters (Figure 4); with the appropriate low-noise device, 
antennas of this size would give satisfactory service over most of the con
tiguous U.S. with current satellites. 

Additional requiremehts of an antenna suited for a mini-cable application are 
that it should be e

1
asy to install. A choice of surface or in-ground mount 

with minimal concrete requirements would suit most situations and could be 
easily adapted for rooftop configurations. 

The mount geometry is important too. If the unit is to be installed by 
personnel unfamiliat with cable television earth station installations, the 
mount should be i~dependent of the foundation orientation to eliminate 
errors. For application where reception from a single known satellite is 
required, an elevation-over-azimuth mount geometry provides the lowest cost 
and is the easiest to orient toward the satellite. 

I 

Some applications r~quire that the antenna be moved occasionally (or fre-
quently) to gain access to other satellites. For such situations, a 
decl ination-correcte~ polar geometry is most suited, particularly if it can 
be easily and simply oriented and aligned and can be motorized at very low 
cost with a programmiable controller while still maintaining conmercial speci
fications. Added b~nefit might be gained in the future if the antenna had a 
surface good enoughi to support highly-efficient Ku-Band operation upon the 
addition of a suitab~e feed. . 

The Series 9000 antennas (Figures 3 and 4) meet all of these objectives and, 
furthermore, at extremely low cost. While a separate paper discusses these 
products in detail, it is important to consider the continued application of 
Scientific-Atlanta's full range of earth station antennas. 
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Figure 3. 2.8 Meter Series 9000 Antenna 

Figure 4. 3.2 Meter Series 9000 Antenna 
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Where an FCC license is required, a Model 8346 4.6-Meter Antenna (Figure 5) 
might be preferred and might also be the choice, along with the Model 8008 5-
Meter Antenna for da,ta applications, particul1rly for transmission of c:ata. 
Both the Model 8346 4nd 80(.8 are available in ,~conomical prime-focus form. 

Figure 5. Model 8346 4.6 Meter Antenna 
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When installing an earth station, the location must be very carefully con
sidered. The antenna must naturally have a clear line-of-sight to the satel
lite of interest, but the look angles to all other satellites must also be 
considered. With the changing state of the communications industry, it is a 
wise precaution to keep all available options open. The ideal location for 
an antenna is on the ground where protection from terrestrial microwave 
interference is maximized. While interference from the telephone company 
microwave routes can be minimized with filters, the protection of trees and 
buildings may be essential in downtown locations. Rooftop installations are 
often more complex than those on the ground because of the significant uplift 
forces on the antenna due to even moderate wind forces. The majority of roof 
structures are designed to support downward forces of a few hundred pounds, 
not upward forces of several thousand. 

Moving back from the antenna, we encounter the receive electronics, a combi
nation of amplifier and receiver. Already field-proven in the CATV industry, 
block conversion is also the preferred choice of the mini-cable operator. By 
converting the received satellite signals in a block from 4 GHz to UHF at the 
antenna, significant savings may be realized. Low-cost coaxial cable now 
feeds a series of UHF video receivers. No microwave components need be used 
in the headend, and automatic assembly of the receivers, which yields lowest 
costs, can be maximized. All of this must be accomplished without sacrific
ing performance or flexibility as CATV and mini-cable systems alike demand 
the best from the receiver. For this reason the product selected by both 
operators is likely to be the same. The Model 6650 Video Receiver (Figure 6) 
and associated Series 360 Low-Noise Converter have been the choice of cable 
systems and mini-cable systems across the nation, with over 15,000 being 
installed since introduction in March, 1981. This receiver enables a system 
operator to receive the wide variety of services carried on subcarriers of 
the transponder via the composite baseband output or from an on-board sub
carrier demodulator in addition to the audio associated with the video. The 
receiver has options which enable remote switching by a number of means; a 
full description of these options is found in a separate paper. 

"/101:0t.f...... NJi)ff) ~ (\,'(;j • • 

Figure 6. Model 6650 Video Receiver and Model 360 Low-Noise Converter 
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The LNC amplifies tije microwave signals at 4 GHz with minimal noise contribu
tion. A phase-loc~ed oscillator and mixer generates a band of frequencies 
from 270 to 770 MH~ corresponding exactly to the 3.7 to 4.2 GHz input fre
quencies. The sign~ls are carried via low-cost 75 ohm cable to conventional 
UHF splitters to f~ed the tuneable receivers. A power inserter enables de 
power to be transmi~ted from the receiver to the LNC for powering protected 
from atmospherically induced surges and eliminating the need for separate . 
cabling. In a dual ~polarized configuration, two cables and LNC's are neces
sary as the signals lfrom the two polarizations must be kept separate. 

One further advantage of the block conversion to low frequencies is the 
a~il ity to sep~rat~ t~e antenna from the recei~e electronics by a greater 
d1stance than 1s p~ss1ble ·at 4 GHz. If the distance to be run is a few 
hundred feet, then fATV distribution or trunk cable may be used. For longer 
distances an equali~er may be sufficient to handle the loss before requiring 
an inexpensive post 1ampl ifier. 

! 

Baseband video and ~udio from each receiver is introduced into a television 
modulator. This p1ece of equipment generates first a 4.5 MHz subcarrier 
containing the prog~am audio, and then an RF signal on a recognized TV chan
nel in conventional~format. Traditional CATV products have been extremely 
modular to be flexi le enough to be of use in the many diverse system con
figurations in use oday. Such flexiblity is seldom required in a mini-cable 
system, and instead lof selecting the Model 6350 Modulator (Figure 7), a mini
cable system is mor~ likely to use the modulator designed expressly for this 
application, the Mod:el 6330 (Figure 8). This represents the latest in a lon9 
tradition of designilng high-quality modulators. Surface Accoustic Wave (SAW) 
vestigial sideband filtering is standard, enabling an operator to fully use 
all the available c~annels without leaving guard bands to relieve spurious 
signal problems. Available in VHF (2-13), Midband (A-I) and Superband (J-W) 
channels, -this modu1

1

lator exceeds all performance expectations for smaller 
cable systems. Ut,ilizing integrated circuitry for reliability and cost 
savings, the 6330 Modulator includes the features necessary to enable a 
system operator to e:asily confirm optimum system performance. The 6330 Modu-
1 ator occupies only : one quarter of a rack width and shares rack space effi
ciently with the 66~0 Receiver, thus minimizing the space requirements for a 
multi-channel syste"'. Output levels of more than 60 dBmV reduces the need 
for much additional I amplification within the system. In systems using the 
mid-band range of <i:hannels, converters are often used in each household. 
While providing the~i operator with no security, they do allow the use of an 
additional nine cha nels at low cost. These low-cost converters invert the 
spectrum as they ranslate signals back to VHF and require a spectrum 
inversion option on ~he Model 6330, a factory-fitted inexpensive feature. 
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Figure 7. Model 6350 Video Modulator 

Figure 8. • Model 6330 Video Modulator 

The satellite portion of the mini-cable system is just a part of the whole. 
It must be combined with off-air signals from conventional UHF and VHF 
antennas. These signals are filtered and amplified, the UHF channels bein~ 
translated to a lower frequency. 

The Model 6130 Signal Processor (Figure 9), as a companion to the Model 6330 
Modulator, is al so designed to occupy one-quarter rack space. Important 
standard features include SAW filters, the ability to permit adjacent channel 
rejection, automatic gain control, adjustable sound carrier level and a high-
1 evel IF switch. Front-panel indicators and adjustments allow effective 
monitoring of unit operation and status of signal input. Extensive signal 
processing offers standard VHF, midband and superband output channels as well 
as VHF, midband, superband and UHF input channels. 
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Figure 9. Model 6130 Signal Processor 
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Off-air signals are tombined with the satellite signals and possibly signals 
from a character gen~rator or video tape player through a combining network 
or combining ampl if~er and, once on a single coaxial cable, distributed 
throughout the syste~. Further amplification may be provided by CATV line 
extenders or other low-cost broadband amplifiers. The 11 headend 11 electronics, 
as it is now known, ~s to be mounted in standard 19-inch racks with adequatA 
spacing for optimum !cooling and with ordered and labeled wiring. This will 
assist in an unders~anding of the system, as well as aiding in maintaining 
and troubleshooting ~he system. 

If the rackup is designed and configured in the factory, the benefit of years 
of design exper i enc~ may be ut i l i zed, and a record of the design is main
tained to aid in sy~tem expansion at a later date. In addition, the system 
is tested and calibrated as a complete unit requiring only the addition of ac 
power. 

The distribution system may take many forms. The older variety of daisy 
chain provides no s~curity and may not always be capable of handling more 
than the VHF channe l s. A simple form of security can be provided by using 
"home-run" cabling. In this scheme, the household may be turned off simply 
by disconnection, although the cable costs are higher. For extensive systems 
or those with many 1channels or tiers, a conventional CATV network is most 
applicable. 

A 36-channel converter is available from Scientific-Atlanta which provides 
security and flexiblity. For expanded needs, a 64-channel converter is also 
available in a progr1ammable or addressable model. The option of addressa
bility is open for pay-per-view and multi-tier systems. Thus, it is apparent 
that there are indeed similarities between the CATV and mini-cable network; 
the same quality of components, the same reliability backed by a vendor with 
extensive experience, technical expertise and a full field support program 
are required in both cases. 
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Economics of Mini-Cable Systems 

The economics of mini-cable are influenced primarily by the same variables 
found in the cable industry. The difference between the two is largely a 
matter of scale. 

The economic parameters for mini-cable systems are of three categories: 
system design/cost considerations, revenue projections and financial 
parameters. Each is discussed in detail below. 

a. System Design/Cost Considerations. Mini-cable systems generally 
consist of a single satellite antenna, a downsized headend (4 to 
12 channels) and a distribution system. For the purpose of this 
analysis, a distribution system is assumed to already be in place in 
the form of a master antenna system. 

The system configuration utilized to develop the economic models in 
this article consists of one Series 9000 Antenna, two Model 360-1 
Low-Noise Converters and five each Mode 1 6330 Madu 1 a tors and Mode 1 
6650 Receivers. 

b. Revenue Projections. Revenue projections for this model were based 
on the assumptions that appear listed in Table 1. This five-channel 
system consists of two pay channels and three other sateliite
delivered channels. 

Table 1. Mini-cable System Revenue Assumptions 

Subscriber Rates 

Basic - 50% 
Pay - 50% of Basic 

Expenses 

1. Programming Costs 

Two Pay Channels at $4.50 per subscriber 

Three Basic Services: 

CNN $0.15 per subscriber 

ESPN $0.04 per subscriber 

WTBS $0.10 per subscriber 

2. Franchise Fees/Owner Commissions 

5% of Programming Income 

3. General and Administrative Expenses 

5% of Programming Income 
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Subscriber Fees 

Basic - $9.00/month 
Pay - $14.00/month 



c. Financial !Parameters. The financial parameters used in the mini
cable econpm1c model are as follows: 

1. Tax rafe = 46% 

2. Invest~ent tax credit (first year only)= 10% 

3. Depree ~ at ion of p 1 ant and equipment was determined using the 
same Sfale allowed for cable operations. 

Economic llodel ~utpa.t 

The output of the milni-cable economic model provides for our analysis of net 
income, cash flow and return on investment. 

a. Net Income1. Monthly net income after the first year of operation 
for the mi:ni-cable system outlined earlier ranges from $66 for a 
150-unit service area to 1785 for an 800-unit service area. 
Figure 10 is hows the re 1 at i onsh i p of month 1 y net income to size of 
area serviced in units. Breakeven after the first year of opera
tion in terms of potential units serviced for the model system was 
70 units. 
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Figure 10. Mini-Cable Net Income/Break-Even Analysis 
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Cash Flow Analtsis. Figure 11 illustrates the number of months to 
positive cashlow relative to the number of potential units being 
serviced. This graph indicates that all mini-cable systems of 475 
potential subscribers or more reach a positive cash flow for the 
system o~ner in less than one year. 

SIZE OF COMPLEX UN UNITSI 

Figure 11. Mini-Cable Cash-Flow Model 
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c. Return on Investment. Net cash return on total investment for the 
first year of operation is graphically illustrated in Figure 12. 
Of partic~lar significance here is the fact that even small service 
areas hav~ a high ROI the first year, and larger systems (500+) are 
capable of regenerating the total investment in one year or less. 
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Figure 12. Mini-Cable Return-on Investment 

Conclusions 

The above model portrays a relatively conservative scenario of business 
opportunity in the jnini-cable system market. The relatively low breakeven 
point, prompt recover! y to positive cash flow and strong ROI performance indi
cates that mini-cable has a very good potential to generate substantial cash 
flow for its owners.! This opportunity becomes even more attractive when one 
considers the potential cash flow that may be generated from several mini
cable systems. 
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With the use of the high-speed broadband data modem. 
voice and data communications Jia CATV coaxial cable 
has become a reality. Coaxial cablle is a broadband 
rather than a narrowband mediu~. meaning that it has 
an inherent high information-carrying capacity or 
bandwidth, whereas data communications via conven
tional links are structured aroundIthe more limited 
voice-grade network. The broadb~nd data modem 
adapts voice and data signals intJ a format for trans
mission over this high-speed, higr-capacity medium. 

Broadband capacity is currently available close to 
many business locations in the foirm of cable television. 
Many of these systems have unused bandwidth on 
their entertainment network, and Isome have second 
cable systems called institutionalr or "B" cable, net
works. These second networks p~ovide two-way 
capacity for local interconnectio~ and offer ideal voice 
and data communications alternatives. 

. I 

To demonstrate how data commurications is accom
plished via a CATV system, refer 10 Figure 1. A modem 
located at business site "A" transmits data onto the 
cable where it travels to the head~ nd along the cable 
return path. At the headend, a tra('lslator changes fre
quency of the signal and sends it pack out onto the 
same cable along its forward path. The signal is 
received by an authorized modem at business site "B" 
and response from business "B" is transmitted back to 
the headend along the cable return path. The translator 
again redirects the signal along the forward path to 
business "A." The modem simultaneously transmits and 
receives information in a bandwidth efficient manner, 
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utilizing very little of the available cable spectrum, or 
bandwidth. One translator is sufficient for multiple 
transmission channels. 
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Figure 2. Sub-Split CATV System 

While most modern cable systems have anywhere from 
220 MHz to 450 MHz of bandwidth available on the 
cable. high-speed data communications may use only a 
little over one megahertz for transmission and recep
tion. For example, in this diagram of bandwidth in a 
sub-split cable television system (figure 2), communica
tions between Business "A" and Business "B" uses 
only 1.5 megahertz in the forward direction for a 1.544 
Mbps data stream and 1.5 megahertz in the reverse 
direction, as compared to the 6 megahertz needed for 
transmission of an entertainment program. A mid-split 
cable system offers even greater full duplex communi
cations capacity. 

A combination of CATV distribution products and 
coaxial cable coupled with broadband data products 
provide the high-speed, cost-effective communications 
network for optimum use by the CATV operator and the 
commercial user. 



Broad.band Data :Modem., :Model 8408 

The Model 6402 broadband data modem is a high
speed modem designed to facilitate point-to-point data 
communications via coaxial cable. It enables the cable 
operator to lease to businesses bandwidth on enter
tainment or institutional systems. Because of the 
modem's bandwidth efficiency, many businesses can 
be accommodated in a small amount of cable spectrum. 
The Model 6402 is frequency agile and can be manu
ally adjusted at the business site on both the transmit 
and receive frequencies. 

Features 
• High-Speed Standard T1 Data Rate 
• Point-to-Point Data Communications 
• Bandwidth Efficient 
• Synchronous, Full Duplex Operating Mode 

Specifications 
General 
Power 

115Vor 230V ac ±10% 
100watts, 50/60 Hz or -48V de 

Temperature 
+10°C to +50°C (+50°F to +122°F) 

Size 
Standard 19-inch rack mount chassis 
Optional stand alone package 

Modulation 
QASK-16 

Transmitter 
Level 

+20 dBmV to +50 dBmV 
Frequency Range 

Standard 5 to 120 MHz 
Optional 162 to 440 MHz 

Receiver 
Level 

-10 dBmV to +10 dBmV 

2 

Frequency Range 
Standard 162 to 440 MHz 
Optional 5 to 120 MHz 

Frequency Adjustment Resolution 
250 kHz (Permits transmission in both HRC and IRC 
formats) 

Performance 
Operational BER< 10·9 at C/N =:::: 33 dB (NCTA) 

Spectral Efficiency 
750 kHz spacing 

Operating Mode 
Synchronous, full-duplex 

CATV System Compatibility 
Operates with conventional 2-way systems 
(Sub-split or mid-split) 

Interface 
Standard Digital 

RS-442 (RS-449 OT) 
Optional Digital 

DS-1, V.35, RS-449 SR 
RF 

BNC connector, 75 O impedance 
Scrambling 

tn accordance with CCITT V.35 
Controls 

Power 
Baseband Loopback 
Local Loopback 

Indicators 
Power 
Baseband Loopback ON 
Local Loopback ON 
Lock Detect 

Data Rate 
Standard T1 (1.544 Mbps) 

Accessories 
Frequency synthesizer programmer 



The Model 6441 freQuency translator is designed to 
facilitate two-way communlications via standard CATV 
systems in a mid-split conf,guration. The translator 
enables the cable operator to utilize any unoccupied 
. I 

channel in the entertainment or institutional system in 
a highly reliable, bandwidth-efficient manner. The 
Model 6441 functions as aimodular headend unit which 
may be configured for the p perator's specific band
width and channel allocation. 

i 
Features ! 

I 

• Flexible FreQuency Trarlslation 
j 

• 1,2. or 3-Channel Capacity 
• FreQuency Agile • 
• HRC and IRC CompatiblF 
• Optional Fault Protectiolj'I 

Specifications 
General 
Power 

Standard 100V to 130V ac, 60 Hz 
Temperature Range (to m~intain specifications) 

0°C to +50°C (+32°F td +122°F) 
Dimensions I 

88.9H x 482.6W x 406.4[;) mm (3.5H x 19W x 16D in.) 

Operational 
Input FreQuency Range 

5 to 120 MHz 
Output FreQuency Range 

162 to 440 MHz 
FreQuency Adjustment Resolution 

250 kHz 

3 

Translation Channel Capacity 
1, 2, or 3 adjacent channels 

Effective Bandwidth 
5.5 MHz, 11 .5 MHz, or 17.5 MHz 

FreQuency Stability (over temperature range) 
±865 Hz 

Input Level 
-10 dBmV to +10 dBmV 

Output Level 
+20 dBmV to +50 dBmV 

Spurious Outputs 
<-60dBc 

Adjacent Channel Rejection 
60dB 

Input/Output Impedance 
750 nominal 

Connectors 
RF 

750 BNC 
Test 

25-pin D-type 
Controls 

Power 
Level adjust 

Indicators 
Power 
Input channel freQuency 
Output channel freQuency 

Accessories 
FreQuency synthesizer programmer 
1 :1 protection switch 





8801/8808 Power Bupply Kod.ules 878708 and. 878718 
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Power supply modules 2767p5 and 276715 are used in 
the 6501 /6502 distribution ap,plifier station to convert 
station ac input voltage to a tell-regulated de voltage 
for station powering. The swi~ching regulated supply 
(276715) provides improved ~fficiency over the 
standard linear power supplyl (276705) which results in 
cost savings in operating exRense. The switching 
regulated supply is a constarlt power device, meaning 
that it automatically adjusts ii s internal operating para
meters for most efficient use lof different levels of 
voltage and current within a ~ystem. The switching 
regulated supply automatically determines load power 
requirements and adjusts its f peration so that only that 
amount of power is provided.
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6801/8808 Power Bupply Modules 878708 and 876718 

Specifications 

Output Voltage 
AC Input Voltage (1) (2) 

Output Current 
Output Ripple 
Switching Frequency (3) 
Tsus (4) 
Efficiency at 60V /30V Input 

and full Load 
Output Fuse 
Output Overvoltage Protection 
Operational Temperature 
Weight 

Net 
Shipping 

Ordering Information 

Switching Regulated 276715 
24V ±1V 
60V - 37V min., 60V system typical 

30V -19V min., 30V system typical 
1.2A max 
10 mV p-p max 
5 kHz to 20 kHz 
20 ms min. 
64% min. 

1.5A 
32V threshold for SCR Crowbar 
-40°C to +60°C (-40°F to +140°F) 

0.34 kg (0.75 lb) 
0.68 kg (1.5 lb) 

Switching Regulated Power Supply Module Part No. 276715 
Linear Power Supply Module Part No. 276705 

NOTES: 
1 . Transformer selection for 30 or 60V operation made 

via switch 
2. 60 Hz or 50 Hz transformers available 
3. Load dependent 
4. Tsus = Minimum time that the supply can sustain 

stated output voltage when ac is interrupted 
at full load. 

2 

Linear 276705 
24V ±1V 
60V - 37V min., 60V system typical 

30V -19V min., 30V system typical 
1.2A max 
10 mV p-p max 
Not applicable 
20 ms min. 
50% min. 

1.5A 
32V threshold for SCR crowbar 
-40°C to +60°C (-40°F to +140°F) 

0.32 kg (0.7 lb) 
0.64 kg (1.4 lb) 



l»istri'bu'tion .Amplifier, Models 8801 and 8808 
I 

330 MHz Forward S~ecifications 
I 
I 

Forward 
Sub-Spltt 

Forward 
Mid-Split 

Frequency Response ( 1 ) 

Minimum Full Gain (1) (2) 1 

Model 6501 

5-30 MHz ±0.5 dB 174-330 MHz ±0.5dB 

Model 6502 

Gain Control Range 

Selectable (6) 

Equalization Range 

Selectable (7) 

Thermal Compensation 
Noise Figure (1) 
Hum Modulation (10) 
Output Level (5) 
Distortion Specifications (2 ! 

Channel Loading 

Cross Modulation 

Composite Triple Beat (3) (10) 

Second Order (4) (10) 

Return Loss 

Max. AC Thru Current 

Test Point 

Current Requirements at 24V de 
Operating Temperature i 

-40°C to +60°C (-40°R to +140°F) 
Weight 

Net: 0.34 kg (0.75 lb) 

Shipping: 0.68 kg (1 .50 lb j 

NOTES: 

24dB 

30dB 

0.to15dB 

Oto 30 dB 
(9) 

13dB 
70dB 

+46 dBmV 

40 

58dB 

58dB 

71 dB 

16dB 

6A 

-20 ±1 dB 

.35A 

1. Includes all losses with ar:nplifier in normal operating 
configuration and 2 dB ld,ss of interstage trim 

2. At 68°F (20°C) • 
3. Carrier to average compqsite triple beat . unmodu

lated carriers, falling on ar y channel 
4. Any f1 ± f2 falling on any1 channel 
5. Operational tilt = 7 dB forward only and sub-split, 

3.5 dB mid-split I . 
6. In 1 dB steps 
7. In 1.5 dB upper frequency cable equivalent steps 
8. Optional - Cable equivalent at upper frequency 
9. 10 dB of cable plus 10 taps 

10. Carrier to distortion ratio 

3 

24dB 

30dB 

0 to 15 dB 

0 to 30 dB 
(9) 

13 dB 
70dB 

+46 dBmV 

26 

61 dB 

61 dB 

71 dB 

16 dB 

6A 

-20 ±1 dB 

.35A 



Dinribution.Amplifier, Models 8801 and 8808 

450 MHz Forward Specifications 

Forward 
Sub-Split 

Frequency Response ( 1 ) 

Minimum Full Gain (1) (2) 

54-450 MHz ±0.5 dB 

Model 6501 

Model 6502M 

Model 6502A 
Gain Control Range 

Selectable (6) 

Equalization Range 

Selectable (7) 

Thermal Compensation 

Noise Figure ( 1 ) 

Model 6501 

Model 6502 
Hum Modulation (10) 

Output Level (5) 

Distortion Specifications (2) 

Channel Loading 

Cross Modulation 
Composite Triple Beat (3) (10) 

Second Order (4) (10) 

Return Loss 

Max. AC Thru Current 

Test Point 

Current Requirements at 24V de 

Model 6501 

Model 6502M 

Model 6502A 

Operating Temperature 

-40°.C to +60°C (-40°F to +140°F) 

Weight 
Net: 0.34 kg (0.75 lb) 

Shipping: 0.68 kg ( 1.50 lb) 

NOTES: 

27 dB 

33dB 

30dB 

0to15dB 

0 to 30 dB 

(9) 

8dB 

6.5 dB 

70 dB 

+46 dBmV 

62 

55 dB 
55 dB 
70dB 

16 dB 

6A 

-20 ±1 dB 

.43A 

.49A 

.58A 

1. Includes all losses with amplifier in normal operating 
configuration and 2 dB loss of interstage trim 

2. At 68°F (20°C) 
3. Carrier to average composite triple beat, unmodu

lated carriers, falling on any channel 
4. Any f1 ± f2 falling on any channel 
5. Operational tilt = 7 dB sub-split, 5 dB mid-split. 

4 dB high-split 
6. In 1 dB steps 
7. In 1.5 dB upper frequency cable equivalent steps 
8. Optional - Cable equivalent at upper frequency 
9. 10 dB of cable plus 10 taps 

10. Carrier to distortion ratio 

4 

Forward Forward 
Mid-Split High-Split 

174-450 MHz ±0.5 dB 243-450 MHz±0.5 dB 

27 dB 27 dB 
33dB 33 dB 
30dB 30dB 

0 to 15 dB 0to15dB 

0 to 30 dB 0 to 30 dB 
(9) (9) 

8dB 8dB 
6.5 dB 7 dB 
70dB 70 dB 

+46 dBmV +46 dBmV 

46 36 
56dB 59 dB 
56dB 59dB 

70dB 70 dB 

16 dB 16 dB 

6A 6A 
-20 ±1 dB -20 ±1 dB 

.43A .43A 

.49A .49A 

.58A .58A 



D:lstributionAm.pllfier, Models 8801 and 8808 

Reverse Specifications 

Reverse 
Low Gain 
Sub-Split 

Frequency Response (1) 

Minimum Full Gain (1) (2) 

5-30 MHz ±0.5 dB 

Gain Control Range 

Selectable (5) 

Equalization Range 

Selectable (6) 

Noise Figure (1) 

Hum Modulation (7) 

Input Level 

Distortion Specifications (2) 

Channel Loading 

Cross Modulation 

Composite Triple Beat (3) (7) i 
Second Order (4) (7) 

I 

Return Loss 

Test Point . 

Current Requirements at 24V df 

20dB 

20dB 

0to15dB 

0to15dB 

6dB 

70dB 

+17 dBmV, flat 

4 

57 dB 

73 dB 

16 dB 

-20 ±1 dB 

.11A 

Operating Temperature [ 

-40°C to +60°C (-40°F to Jt 140°F) 
Weight : 

Net: 0.34 kg (0.75 lb) 

Shipping: 0.68 kg (1.50 lb) 

NOTES: I 

1. Includes all losses with ampli~ier in normal operating 
configuration 

2. At 68°F (20°C) ' 
3. Carrier to average compositd triple beat , unmodu-

lated carriers . falling on any 4hannel 
4. Any f1 ± f2 falling on any ch, nnel 
5. In 1 dB steps ; 
6. In 1.5 dB upper frequency c, lble equivalent steps 
7. Carrier to distortion ratio 

I 

5 

Reverse 
High Gain Reverse Reverse 
Sub-Split Mid-Split High-Split 

5-30 MHz ±0.5 dB 5-108 MHz ±0.5 dB 5-174 MHz ±0.5 dB 

25dB 30dB 29dB 

25dB 30dB 29dB 

Oto15dB Oto 15 dB 0 to 15 dB 

0 to 15 dB 0 to 15 dB 0 to 15 dB 

5.5dB 7.5 dB 7 dB 

70dB 70dB 70dB 

+ 17 dBmV, flat +17 dBmV, flat +17 dBmV, flat 

4 12 22 

91 dB 87 dB 76dB 

87 dB 86dB 

73dB 70dB 75 dB 

16dB 16 dB 16 dB 

-20 ±1 dB -20 ±1 dB -20 ±1 dB 

.55A .46A .46A 



Distribution .Amplifier, Models 8B01 and 8B02 

Model 6501 /6502 Switching Regulated Power System 
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!Distribution .Amplifier, :Models 6801 and 6808 

Model 6501 /6502 Switching Rtulated Power System 
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Distribution Amplifier, Models 8801 and 8802 

Model 6501 /6502 Switching Regulated Power System 
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Ku-Band Beceive-Only System 

Scientific-Atlanta offers earth stations to receive satel
lite television transmissions from 11.7 to 12.2 GHz. 

A typical Ku-band video receive terminal consists of 
the following: 
• A Series 9000 Ku-band earth station antenna, with 

elevation-over-azimuth mount and single or dual 
polarized feed 

• A Series 361 low noise converter 
• A Model 6651 video receiver, with ANIK-C specifi

cations (similar configurations for SBS, OTS, aAd 
other satellites are available) • 

Each system also includes 100 feet of coaxial cable to 
connect the low noise converter (LNC) to the video 
receiver, and installation and operation instructions. 
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],)igital Frame Synchronizer, Phaser N,V, and VI 

i 
Scientific-Atlanta, through its sJbsidiary, Digital Video 
Systems, offers a complete line ~f frame synchronizers 
for use in cable TV, LPTV, and broadcast applications. 
The Phaser IV, V, and VI series qt synchronizers provide 
state-of-the-art technology in video synchronization. 

I 
The Phaser synchronizes input signals from an NTSC 
or black and white video source, including satellite, 
studio, network, remote camera; off-air, etc. 

I 

The Phaser lets the operator ignore time and distance, 
synchronizing signals automatid

1
ally-such as Electronic 

News Gathering (ENG) programming transmitted via 
microwave-as if they originate(! in-house. 

The Phaser eliminates complex fignal routing and tim
ing techniques. Signals from inaccessible cameras, 
remote vans, or moving vehicle~ are timed and synch
ronized into a fixed based control where they can be 
mixed, dissolved or used in chrdma key or special 
effects with other sources. ! 

I 
With the Phaser, the operator can easily mix any live 
video inputs with studio programming, microwave, 
satellite, and VTR signals to produce a completely syn
chronized output without gen-lofking. 

The Phaser replaces the comple~ system of delay lines 
and pulse delay compensators ~hich may now be used 
to time several studios through ,tiaster control. 

And for infinite switcher re-entry;, which previously 
required very costly equ ipment, the Phaser is a break
through. 

The Phaser IV with a 1.5 million bit RAM fieldstore 
memory is the basic "bu ilding blbck". Phaser V and 
Phaser VI employ the same mod~lar design concept. 

The Phaser V synchronizer builds onto the exceptional 
features of the Phaser IV. It has a framestore memory 
to provide double the memory capacity with half the 
number of components. 

The Phaser VI takes the concept of synchronizing a 
step further, incorporating a new picture adaptive 
digital comb filter to provide the highest quality NTSC 
chroma inversion ever. It ensures virtually perfect 
decoding of the NTSC color TV signal as required in 
freeze frame applications or for studio-to-studio synch
ronization and switcher re-entry. 

Rugged Packaging 
The Phaser synchronizers are compact and rugged. 
Measuring only 3-1 /2" high, they fit any surroundings, 
from studios and master control rooms to compact 
mobiles, and in standard headend equipment racks. 

Simplicity Designed-In 
Designed for ease of use, Phaser controls are conven
iently placed on the front louvres in a logical arrange
ment. Functional controls located on the circuit boards 
are easily accessed and work at the flick of a switch. 
Adjustments are rarely necessary as one of the main 
benefits of the Phaser is the reduced need for service. 
Signals are phased automatically. 

Easy Maintenance 
LED's on the Phaser front louvres indicate operational 
status and simplify fault identification. If service is 
required, boards are quickly replaced to reduce down
time to a minimum. 



Digital Frame Synchronizer, Phaser IV, v, and VI 

Reliability 
Digital Video Systems· units are checked for quality 
control and tested to ensure reliable service and long 
life. 

The Smart Synchronizers 
The Phaser IV has a 1.5 million bit 16K RAM fieldstore 
memory while the Phaser V and the Phaser VI have a 4 
million bit memory provided by 64K RAMs. 

Automatic Diagnostics 
Memory fault diagnostics and fault concealment is 
automatic and continuous. Memory chip failure is 
detected and hidden and an LED readout code on the 
board identifies which chip is faulty. 

Total Control 
The Phaser's unique integral digital processing ampli
fier ensures precision signal level control. It replaces 
sync, burst, and blanking anc adjusts video gain, black 
level, chroma gain and hue. All of the functions of a 
processing amplifier are obtained, plus a digital frame 
synchronizer, in a single compact unit. The Phaser eli
minates picture shifts in switching and editing by con
verting all incoming NTSC signals to RS-170A with a 
sync to burst relationship that doesn't vary. 

Automatic Hot-Switching 
The Phaser automatically hot-switches between unrelated 
non-synchronous signals, holding the last complete 
field until the next valid vertical interval appears at the 
input. An internal mode selection switch provides the 
alternatives of: passing the input video regardless of 
input signal status; hot-switch mode with freeze and 
drop to black after a few frames if the input is not 
restored; and hot-switch mode with freeze until the 
input is restored. 

Instant Performance Evaluation 
The internal digital calibration signal generator provides 
for precision alignment of the system analog output. 
This test signal can also be routed from analog output 
to analog input to verify system status by side-by-side 
comparison every 16 lines of system throughput 
against the digital test signal output. 

Any misalignment of the analog input is then easily and 
accurately corrected. This feature gives instant system 
performance evaluation and precision alignment. 

No Noise or Jitter 
The 5 TV line hysteresis function overrules the motion 
discontinuities which may occur when frames are 
deleted or inserted, even when the incoming signal is 
very noisy or has jitter. 
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Vldeotext/Teletext 
With full bandwidth and precise digital blanking the 
Phaser synchronizers pass VIRS. closed caption sub
titling, and teletext without degradation. 

Chroma Inversion 
For the first time, chroma inversion is a totally accept
able mode of operation, even for the highest quality 
prime time programming. The Phaser VI picture adapt
ive digital comb filter sets new standards for an NTSC 
decoder, with virtually undetectable chroma inversion. 

Wide Application 
The Phaser IV is primarily designed for use in broad
cast and industrial TV, cable systems and production 
houses which require basic, low-cost synchronizing 
capability. 

The Phaser V will meet the sophisticated requirements 
of those needing a full frame synchronizer while the 
Phaser VI meets the most stringent specifications, 
including an output picture that never shifts. 

Cable TV 
Using the Phaser in cable TV has measurable benefits. 
Synchronizing incoming demodulated feeds prior to 
cable distribution s·.Jbstantially reduces co-channel 
interference and improves the signal-to-noise ratio. 
With ·a synchronous system, the operator can insert 
commercials, key in messages, provide the viewer with 
stable channel changes. and reduce the cost of set-top 
data distribution equipment. 

The Phaser synchronizes signals from headend demod
ulators, satellite receivers, and microwave links to your 
local programming facility, providing highest quality 
processed video with new digitally-generated synch. 
burst, and blanking for your cable distribution system. 

Infinite Switcher Re-Entry 
When used for switcher re-entry, the Phaser VI gives 
your existing switcher a flexibility which was previously 
available only with the most expensive equipment. The 
Phaser makes it possible to feed the output of any mix 
effects buss into the input of any other. 

This infinite signal re-entry multiplies the capabilities of 
your switcher while providing a quality never before 
obtainable. (All analog timing delay lines can be elimi
nated if you choose.) This can be especially beneficial 
in local origination studios. 



D~ital J!'rame Synchronizer, Phaser IV, V, and VI 

Features 
• Digital Quality and Reliab!lity 
• Microprocessor Control 
• Integral Digital Processing Amplifier 
• Automatic Memory Fault Diagnostics and Conceal-

ment 
• Internal, Digital Calibration Generator 
• Modular Design Provides ifor Easy Maintenance 
• Instant Performance Evaluation 

The Phalerl - Multi-Functional Synchronizers 
Satellites 

Remote Cameras 

Microwave 

Off-Air Tuners 

Studios 

Networks 

INPUTS 

' 

Phaser Synchronizers 

..0.. 
Local Sync 

Mix 
Effects 1 

Mix 
Effects 2 

Mix 
Effects 3 
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H PhaserVI 

Local Studios 

Transmitter 

Master Control 

Cable Systems 



Digital Frame Synchronizer, Phaser IV, v, and VI 
Specifications 
Mainframe 
Digital Sampling 

Phaser IV 
8 bits at 14.3 MHz (256 levels at 4 times NTSC 
subcarrier) 

Phaser V 
8 bits at 14.3 MHz sampling on the R•Y, B-Y 
vectors (256 levels at 4 times NTSC subcarrier) 

Bandwidth 
±0.5 dB to 4.2 MHz. down 3 dB at 5.5 MHz 

Signal-to-Noise Ratio 
Better than 56 dB (rms noise referenced to peak-to
peak quantizing range from de to 4.5 MHz bandwidth) 

Differential Phase 
< 20 

Differential Gain 
<1% 

Processing Amplifier 
Digital sync, burst, and blanking are added to the 
output video RS-170A specification 

Front Panel Operating Controls 
Video·level, set-up, hue. chroma gain, systems hori
zontal phase, subcarrier phase, and bypass 

Input Signals 
Video 

1 .OV = 3 dB composite video at 75 ohms 
Reference Video 

High impedance loop-thru input 
Any color video signal with 40 IRE units of synch
ronization and burst= 3 dB, where burst.has a 
non-varying phase relationship to sync. 

Output Signals 
Outputs 1, 2, and 3 

1.0V composite analog at 75 ohms 
Bypass 

In the event of power failure, VIDEO IN is directly 
connected to VIDEO OUTPUT 1. Also switch 
activated. 

Calibration Generator 
1.0V co·mposite video switched into all three video 
outputs digitally generated 

Test Signals 
Full field color bars and multiramp 

In "wrap-around" mode, output and throughput are 
compared on a 16-line alternate basis 

Color/Black and White Operation 
Automatic burst sensing and switchover to black and 
white mode; burst is turned off on the output 

Oscilloscope Trigger 
Input source video and output video trigger at hori
zontal or vertical rates 
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Phaser IV 
Correction Range 

262.5 TV lines 
Hysteresis 

5 TV lines 
Dimension 

89H x 406W x 5720 mm (3.5H x 16W x 22.50 in.) 
Weight 

22.7 kg (50 lb) 
Power Requirements 

112V ac (nominal), 60 Hz, 250W max 
Operating Temperature Range 

0°C to +40°C ( +·32°F to +104°F) 

Phase V 
Correction Range 

512 TV lines 
Hysteresis 

5 TV lines 
Power Requirements 

115V ac (nominal), 60 Hz, 400W max 

Phaser VI 
Same as Phaser V, ptus 3-line adaptive comb filter 



The Series 8500 Scientific-Atlanta set-top terminals are 
available in three unique set-top models, all offering 
fully electronic, microprocessor-based control. Series 
8500 set-top terminals operate at frequencies up to 
440 MHz and can deliver 128 channels in a dual cable 
system. 

The Series 8500 Programmable set-top terminal 
includes a 1ong list of standard product line features, 
including programmable frequency allocation and a 
built-in remote control receiver. 

The Series 8500 Programmable set-top terminal with 
Descrambling uses dynamic switched sync suppres
sion for signal security. Dynamic switched sync sup
pression is an important Scientific-Atlanta innovation 
that provides economical security that is extremely 
difficult to defeat. 

The Series 8500 Addressable set-top terminal is an 
advanced electronic set-top terminal providing head
end control for service level authorizations and pay
per~view events. The addressable CATV system 
requires computer capability, software programs, 
several headend pieces, and personnel orientation. 
Scientific-Atlanta offers two versions of addressable 
control systems, with complete hardware and software, 
site preparation, and personnel training. 
• The System Manager II is a comprehensive, stand

alone computer system providing connections for 
multiple CRT's and disc memory with a data base for 
subscriber information and inventory control. The 
System Manager II can operat:e independently as a 
fully automated central computer system and can 

Set-'l'op 'l!erminaJ 1 Series 8800 

interface with a host billing system. 
• The Addressable Control Unit (ACU) is a microcom

puter-based, addressable headend system. The ACU 
data base is keyed to converters only, and is designed 
to interface with a host computer containing both 
business and billing software. It can also be used in a 
partially automated addressable control system 
where subscriber data base information is managed 
from a manual filing system. 

Control Key Functions - Both Set-Top Terminal and 
Series 8500 Remote Control Unit. 

Increment/Decrement Keys - Steps up or down con
secutively through all authorized channels. 

RCL Key - Steps through up to 20 favorite channels in 
memory. 

OFF Key - Switched ac feature permits on/off control 
of the television from the set-top unit. 

AUTH Key - To request channels subject to parental 
discretion, press this key and enter a 5-digit secret code. 
Program Key - To program favorite channel memory, 
press this key and enter desired channel number. 



Features 
Serles 8500 Set-Top Terminal 
• Handsome, High-Tech Exterior 
• Bright LED Display 
• Extra Surge Protection 
• Lightning Path Protection 
• Coded Serial Communications Protects Against 

Internal Tampering 
• Advanced Automatic Manufacturing Technique 
• Well Ventilated 
• UL Listed 
• Protective Pads 

Serles 8500 Remote Control Unit 
• Remote Control Receiver Standard on all Series 

8500 Set-Tops 
• Duplicates all Keypad Functions 
• Dual Message Pulse Infrared System Eliminates 

False Activation 
• Ultra Lightweight 

Serles 8500 Programmable 
The many standard features of the Series 8500 set-top 
terminals provide important operational benefits and 
subscriber conveniences. The Series 8500 Program
mable set-top terminal incorporates all of these stan
dard features, is totally electronic and authorization 
instructions are PROM controlled. Scientific-Atlanta 
also offers a PROM programmer which can be used 
routinely by non-technical personnel. Because all ter
minals include a remote control receiver, subscriber 
requests for hand-held remote control units can be 
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Set-Top Terminal, Series 8800 

easily filled by mail. A service call to replace converters 
is not necessary. 

A subscriber-preferred feature of the Series 8500 Pro
grammable is PROGRAMMABLE FREQUENCY ALLO
CATION which enables the set-top terminal to associate 
any carrier frequency with any channel number. This 
unique Scientific-Atlanta feature reduces subscriber 
confusion by simplifying in-home set-top usage and 
satisfies FCC requirements for carrying off-air stations 
on channel. 

Programmable frequency allocation can also be used 
to assign offsets wherever necessary, and to avoid 
"holes" in the channel lineup caused by FAA interfer
ence. By simply eliminating the frequencies of chan
nels that cannot be carried on a given CATV system, all 
remaining channels can be assigned consecutively. 

The Programmable set-top terminal can be configured 
-to tune to a predetermined DEFAULT FREQUENCY 
when a subscriber attempts to tune a channel that is 
not included in his service level. The subscriber, there
fore, neither sees.scrambled video nor hears unauthor
ized audio. The default frequency can be used as a 
"barker" channel to promote premium services or pay
per-view events. 

PARENTAL CONTROL can be applied to any channel 
on the Series 8500 set-top terminal. If a channel sub
ject to parental discretion is requested without entering 
the correct authorization code, the set-top terminal will 
tune to the "barker" channel frequency. No objection
able language will enter the home, since audio is also 
denied. Access is provided by a five-digit code. 

The Series 8500 set-top terminal offers an advantage 
in dual cable systems because the EXTERNAL DUAL 
CABLE SWITCH is located at the point the cable enters 
the home. Switching between the A and B cable is 
automatic. Channels can be numbered consecutively 
from 1 to 128, therefore subscribers do not have to dis
tinguish between A and B cables when changing 
channels. 

Subscriber convenience featur~s include INCREMENT 
and DECREMENT keys. The Series 8500 set-top ter
minal will step up or down, one at a time, through all 
authorized channels. The unit will skip over any 
unauthorized channels completely, showing neither 
blank screens nor snow. 

The FAVORITE CHANNEL MEMORY feature enables 
subscribers to program up to 20 frequently watched 
channels into the set-top terminal, and changed at any 
time. By pressing the recall key ( RCL), the unit will 
step ·through all favorite channels in the order they 
were stored in memory. 
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Series 8500 Programmable 
with Descrambling 
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The Scientific-Atlanta Series 8500 Programmable with 
Descrambling set-top terminal introduces virtually 
unbreakable signal security using broadband transmis
sion, while incorporating all standard Series 8500 
features. Scientific-Atlanta otters DYNAMIC 
SWITCHED SYNC SUPPRESSION, an innovative and 
now indispensible scrambling/~escrambling method to 
secure premium programming !and pay-per-view 
channels. • 

• 

Dynamic switched sync suppression increases signal 
security by introducing random timing elements into 
the scrambling process. Becau:se of the complexity of 
the scrambling technique, inte~nal tampering and 
reproducible scrambling defeats are extremely difficult. 

! 
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The Series 8500 descrambler uses a custom-manufac
tured timing chip to delay the restoration of the video 
sync tip a few microseconds after the reference pulse 
is received. The timing delay for every video frame is 
changed randomly. Because of this Scientific-Atlanta 
development, the CATV operator benefits from superior 
signal security. 

Features 
• Dynamic Switched Sync Suppression 
• Full Line Headend Scrambling Accessories 
• Custom-Manufactured Timing Chips that cannot be 

Purchased Commercially 
• All Series 8500 Standard Product Features 



Series 8500 Addressable 
The Scientific-Atlanta Series 8500 Addressable set-top 
terminal is part of an integrated addressable control 
system which automates both CATV business manage
ment and the way changes in subscriber service levels 
are carried out. The features of the Series 8500 
Addressable have been developed to maximize the 
benefits of addressability with user-friendly and effi
cient software, large capacity for premium 
programming and pay-per-view events, additional 
security measures, and an efficient interface with a 
business management system. 

CENTRAL CONTROL OF AUTHORIZATIONS is the 
basic function of addressability. All additions and dele
tions of program tiers, single channels, pay-per-view 
events, and program promotions can be accomplished 
from the headend without service calls, thus reducing 
tremendous overhead costs. Execution of pay-per-view 
events also eliminates costly field work to place and 
remove traps. 

GLOBAL AUTHORIZATION AND DEAUTHORIZA
TION of pay-per-view events is a far-reaching 
Scientific-Atlanta development for addressable sys
tems. A single command simultaneously authorizes or 
deauthorizes all Scientific-Atlanta set-top terminals 
entitled to receive a particular program event, enabling 
the cable operator to present back-to-back pay-per
view programs on the same channel. A global com
mand can also be used to authorize all addressable set
top terminals in a system, regardless of service level, 
for a pay-per-view preview or other promotional offer
ing. 

Global commands can also be applied to SERIES 
EVENTS. A customer might request all segments of a 
series of special programs, or only particular segments. 
A global command authorizes all set-top terminals at 
the outset of each segment and deauthorizes them at 
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the end. Instructions to authorize set-top terminals 
requesting additional segments are stored in memory 
until a series deauthorization command is issued. 

ADVANCE PAY-PER-VIEW PROGRAM LOADING 
makes the global command format practical. Authoriza
tion instructions for up to 25 pay-per-views, including 
multiple-segment series, can be entered at any time 
before a program begins. This capability eases the 
problem of handling last-minute order entry rushes. At 
the precise starting and ending time of a pay-per-view 
event, all pre-loaded set-top terminals are turned on or 
off simultaneously by a global command. 

An ELECTRONICALLY ALTERABLE READ-ONLY 
MEMORY ( EAR OM) stores all authorization informa
tion. The EAROM stores all channel authorization and 
scrambled channel information, and it can be changed 
from the headend. It is not affected by power outages 
or by unplugging the set-top terminal in the home. This 
feature makes advance program loading possible by 
protecting stored information and by eliminating the 
need to readdress ~he units repeatedly. 

Two important security checks can be performed on 
the Series 8500 Addressable set-top terminal. The 
LEGAL TERMINAL TEST discourages theft of terminal 
units, migration of set-top terminals from one CATV 
system to another, and helps control delinquent 
accounts. The headend stores the digital address of all 
set-top terminals authorized in a particular system and 
instructs all unauthorized set-top terminals to shut down. 

The REFRESH TIMER SIGNAL prevents program 
theft by thwarting attempts to trap out deauthorization 
instructions from the headend. A software-based timer 
in each Series 8500 Addressable set-top terminal wiil 
expire and disable the unit unless it is periodically 
refreshed from the headend. The refresh signal can be 
set at the headend for various time intervals ranging 
from one-half hour to sixty-four hours, according to the 
CATV operator"s needs. This capability ensures that 
each home set-top terminal is operating at the service 
level for which it is billed. • 



Feature Summary 

Set-~~, Series 8800 

Programmable 
With 

Feature Programmable Descrambling Addresuble 

Programmable Frequency ;Allocation X X X 
Unauthorized Channel De~ault to Barker X X X 
Parental Control Function • X X X 
Automatic Dual Cable Swit_ching X X X 
Increment/Decrement X X X 
Favorite Channel Memory X X X 
Remote Control Receiver X X X 
Switched AC for TV X X X 
Dynamic Switched Sync Suppression Scrambling x x 
Central Control of Authorizations 
Central Execution of Pay-Per-View Functions 
Global Authorization and Deauthorization 
Pay-Per-View Preview 
Advance Pay-Per-View Pro1gram Load 
Non-Volatile Memory • 

System Security-Legal Terminal Test 
System Security-Refresh Timer Signal 
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Specifications 
Environmental 
Temperature 

0°C to 45°C (32°F to 113°F) 
Relative Humidity 

5 to 95% 

Electrical 
Bandwidth 

54 to 440 MHz 
Number of Channels 

64 with single cable 
128 with dual cable 

Output Channel 
3 or 4 

Flatness (over channel bandwidth) 
±2dB 

Gain 
0 to 9 dB 

Noise Figure 
13 dB typical 

Return Loss 
Input: 8 dB minimum on tuned channel 
Output: 12 dB minimum 

Isolation Input/Output 
60dB 

Spurious 
Input: -37 dBmV 
Output: -57 dBmV 

Frequency Accuracy 
±100 kHz 

Frequency Stability (0°C to +50°C) 
±100 kHz 

AC Input Range 
105V to 125V ac 

Power Consumption 
20 watts maximum 

Power Supply Surge Protection 
Yes 

Distortion at +15 dBmV; 60-Channel Load 
Flat Input 

Second Order Intermodulation: -57 dB 
Cross Modulation: -57 dB 
Compositie Triple Beat: -57 dB 

Input Level 
- 7 to +20 dBmV 

Mechanical 
Dimensions 

264.2L x 203.2W x 53.3H mm (10.4L x SW x 2.1 H in.) 
Weight 

2.5 kg (5.5 lb) 
Keyboard Type 

16-position, X-Y matrix 
Display Type 

LED. 12.7 x 6.6 mm ( 0.5 x 0.26 in.) 
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.Addressable Control Unit, Series 8888 

The Series 8552 Addressable Control Unit (ACU) offers 
the CATV operator reliable computer hardware and 
software for managing systems using Scientific•Atlanta 
Series 8500 set.top terminals. The ACU is a device 
controller. It can function as an intelligent peripheral to 
a host computer, integrating con~erter•based address
able commands with a data processing and billing sys
tem. It can also serve as a stand~alone system in which 
subscriber information is cross•r~ferenced in a manual 
filing system. 

Scientific•Atlanta will assist the cable operator in 
evaluating his needs for address~ble control systems. 
Extensive customer support inclµdes site preparation, 
hardware installation, personnel training, full documen-

' tation, user-friendly software, and an interface docu-
ment for a host computer systeni. 

The ACU is based on an Intel 8085 microprocessor. 
The ACU stores all information n~ cessary to control 
each Series 8500 Addressable set-top terminal indivi
dually, or to control addressable ~erminals in the cable 
system by global commands. The ACU has a non-vola
tile memory and retains all stored information until 
specifically updated. This preve~ts the loss of a data 

base in a power failure , or because the communica
tions link with a host computer is temporarily broken. 

The Addressable Control Unit can be configured to 
control up to 120,000 set-top units in a single cable 
system or up to 70,000 units in a dual cable system. 
The ACU uses a Digital Equipment Corporation (DEC) 
Series VT100 CRT and requires a standard RS-232C 
electrical interface. In stand-alone systems, all order 
entry is. accomplished on this keyboard. In a host com
puter system, a CRT is used primarily for system status 
checks and system redundancy. 

The ACU system also includes an Addressable Trans
mitter (ATX). The ATX, located at the headend, accepts 
converter control data from the ACU and transmits the 
data over the cable system. It operates at a standard 
frequency of 108.2 MHz. The unit also generates con
verter control signals needed to keep all legal Series 
8500 Addressable set-top terminals active. Output data 
is transmitted as an FSK•modulated digital signal at a 
data rate of 19,200 baud. The ACU can serve multiple 
headends, with one ATX required at each headend. 
Two ATX's can be installed in tandem for system redun
dancy at each site. 



Addressable control Unit, Series assa 

The Series 8500 addressable set-top terminal contains 
a non-volatile memory which can be changed only from 
the headend. Advance pay-per-view program authori
zation and global channel authorization functions are 
possible because the non-volatile memory can store 
authorization instructions indefinitely, even through 
power outages. 

A set-top terminal can be pre-authorized to receive a 
certain pay-per-view event at any time prior to the 
beginning of the program. This eases the problem of 
handling last minute order entry rushes. At the begin
ning and end of a pay event, all Series 8500 set-top 
terminals entitled to receive the program can be turned 
on or off simultaneously with one global command from 
the headend. A global command can be issued system
wide to authorize a channel temporarily for a pay-per
view preview or other program promotion. 

The Series 8552 ACU system provides an innovative 
format for central control of authorizations, pay-per
view management, and additional system security. The 
ACU data base is keyed to converter identification. pro
viding control of individual converters and of system 
parameters. Individual converters can be addressed to 
begin service, change service levels, authorize single 
channels or tiers, or to disable the set-top unit. 
Scientific-Atlanta's unique global command format 
increases the efficiency of its pay-per-view manage
ment system, enabling the cable operator to run back
to-back pay-per-view programs on the same channel. 

ACU software provides a legal terminal test, and ATX 
software provides a refresh timer signal for additional 
system security. These two security features are 

Addressable Control System 

Host 
I 

Computer 

designed to discourage theft of t~rminals and migration 
of set-top units from one CATV system to another, to 
help control delinquent accounts, and to thwart attempts 
to circumvent deauthorization instructions from the 
headend. 
The legal terminal test checks to see if converters are 
operating at the correct service level. This test is con
ducted system-wide using a global command. If a set
top unit does not respond correctly to the legal terminal 
test, it is automatically shut down. 

The refresh timer signal is an on-going function of the 
Addressable Transmitter. The ATX continually transmits 
an encrypted message which the set-top terminal must 
decode in order to stay active. Any attempt to interrupt 
commun·ications between the headend and the converter 
prevents the converter from receiving the refresh 
signal, and the unit will be disabled. The refresh signal 
can be set from the ACU for various time intervals 
ranging from one-half hour to sixty-four hours. 

Features 
• Individual Converter Enable/Disable 
• Individual Converter Channel Authorization/ 

Oeauthorization (change of service level) 
• Advance Pay-Per-View Event Loading 
• Global Authorization of a Pay-Per-View Event (only 

pre-loaded converters) 
• Refresh Timer Signal 
• Legal Terminal Test 
• Display Service Levels for Each Device 

Serlea8500 
Addresuble Set-Top 
Terminal TCRT 

,----r~ -.)-Cable 
r.,q4,111 Ceble . ' Modem System 

Trunk 

~ 
Link I I 

□ 
" . - I I Addr .... ble Addressable 

Control Unit Transmitters 0 .._ 

Installed In Tandem 

CABLE OFFICE HEADEND SUBSCRIBER RESIDENCE 
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ATX Specifications 
ATX Input 
Data Rates 

110,150,300.600, 1200, 2400, 4800, 9600 baud 
I 

ACU Interface 
Data Type i 

Asynchronous, Synchronous 
Transmission Mode ' 

Simplex 
Electrical Interface 

RS-232C 

ATX Output 
Carrier Frequency 

108.2 MHz standard-Other frequencies available by 
special order 

Frequency Accuracy 
.0010% 

Specifications 
ACU Computer Input 
D~aR~~ i 

110,150,300,600, 1200. 2too, 4800, 9600 baud 
Asynchronous Protocol , 

Custom 
Synchronous Protocol 

IBM Bi-sync (via protocol converter) 
Electrical Interface 

RS-232C 

ACU Local CRT Input 
Data Rates 

110, 150,300, 600,1200,2400,4800,9600baud 
Data Type 

ASCII Asynchronous 
CRT Type 

DEC VT-102 
Electrical Interface 

RS-232C 

ACU Output 
Data Rates 

110. 150, 300, 600,1200,2400, 4800, 9600baud 
Data Type 

Asynchronous. Synchronous 
Transmission Mode • 

Simplex 
Electrical Interface 

RS-232C 
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ACU Power Requirements 
Input Voltage 

115V ac nominal 
Power Consumption 

240 watts maximum 
Temperature Limits 

o0 c to so0 c (32°F to 122°ci 
Channel Spacing 

400 kHz 
Signal Level 

+25 dBmV to +45 dBmV (adjustable) 
Modulation 

FSK 
Peak Deviation 

20 kHz nominal 
Data Format 

Bi-phase coded 
Data Rate 

19,200 baud 

Power Requirements 
Input Voltage 

115 volts ac 
Power Consumption 

50 watts 
Temperature Limits 

o0 c to 50°C (32°F to 122°F) 





I 

HIIHIIIIDIIIIIIIIH111111111111111• • 
IIIIIIII0-1 
lllllllffllllllll-1D11111ffl811111111 

I 

The System Manager 11 offers the CATV operator a 
comprehensive, user friendly computer hardware and 
software package for managing systems using 
Scientific-Atlanta 8500 Addressable set-top terminals. 
The System Manager 11 features integrated device con
trol/subscriber information software and can perform 
subscriber management, pay-per-view management, 
inventory management, report, :and test functions. The 
software uses pre-formatted CRT display screens for 
efficient keyboard entries. ' 

The System Manager II can operate independently of a 
host billing computer or it can be linked to a host billing 
computer. As a stand-alone system, the System 
Manager II can generate subscriber reports that pro
vide organized information to be entered into a billing 
computer. When the System M~nager II is linked to a 
host computer, a single entry c, n be established. 

Scientific-Atlanta will assist the cable operator in 
evaluating his needs for addressable control systems. 
Extensive customer support inGludes site preparation, 
hardware installation, personn~I tra ining , fully
documented software program$, and software updates. 

System Manager II 

System Manager II Components 
The central component of the System Manager II is a 
Hewlett-Packard 1000 A600 disc-based computer. 
Subscriber disc capacity is determined by the cable 
operator's data base requirements. The disc storage 
can be backed up with a magnetic tape cartridge. The 
Hewlett-Packard 1000 A600 provides multiple-CRT 
ports for convenience and to help distribute work load 
effectively. These peripheral devices require a 
standard RS-232C electrical interface. 

An addressable converter system incorporating the 
System Manager II also includes an Addressable 
Transmitter (ATX). The ATX, located at the headend 
accepts control data from the System Manager II com
puter and transmits the data over the cable system. The 
unit also generates converter control signals needed to 
keep all Series 8500 Addressable set-top terminals 
active. Output data is transmitted as an FSK-modulated 
digital signal at a data rate of 19,200 baud. It operates 
at a standard frequency of 108.2 MHz. The System 
Manager II can serve multiple headends, with one ATX 
required at each headend. 



Two ATX's can be installed in tandem for system redun
dancy at each site. 

The Series 8500 System Manager II provides an inno
vative format for subscriber account management, pay
per-view management, converter inventory manage
ment, test and report functions, and additional system 
security. The System Manager II data base integrates 
device control data and subscriber information to pre
sent a logical and easy-to-operate. English-language 
software command structure. To safeguard the system, 
the System Manager II requires a password and code 
number for computer access. 

The System Manager II computer automatically asso
ciates subscriber account numbers with set-top terminal 
identification codes. Subscriber records can be easily 
retrieved by any of several access keys, including last 
name. street address. telephone number. and account 
number. Individual set-top terminals can be addressed 
to begin service, change service levels, authorize 
single channels or tiers, or to disable the set-top unit. 
Scientific-Atlanta's unique global command format in
creases the efficiency of its pay-per-view management 
structure, enabling the CATV operator to run back-to
back pay-per-view programs on the same channel. 

The System Manager II provides a flexible pay-per
view structure. An initial computer entry is made to 
define the date, start time, stop time, and event identifi
cation code for each program. Related programs can 
then be combined into tickets. A ticket is a marketable 
combination of program events which can be ordered 
individually or as a package. 

Subscriber orders can be taken any time after events 
and tickets are defined. easing the problem of last 
minute order entry rushes. All events and tickets are 
displayed on a CRT screen. To complete an order entry 
transaction. the clerk has only to enter a single character 
on the pre-formatted screen. The task of repeatedly 
entering lengthy coded information for each order is 
eliminated, reducing the incidence of clerical error. 

At the beginning and end of a pay event, the set-top 
terminals of all subscribers who have ordered the 
event are authorized or deauthorized simultaneously 
by an automatic global command. This is controlled by 
a real-time clock in the system. The global command 
can be conducted manually if desired. A global 
command can also be issued system-wide to authorize 
all set-top terminals to receive a channel temporarily 
for a pay-per-view preview or other promotional 
program. 

The System Manager II provides inventory manage
ment functions to track set-top terminals starting from 
the time they are received. The serial numbers and 
addresses of all new set-top units are transferred to the 
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inventory files from tape cartridges provided by the 
factory. The cable operator has the option to define 
location and status codes which give him appropriate 
information for his system. Examples of "locations" are: 
receiving dock, warehouse, with installer, or at a 
particular subscriber's residence. "Status" examples 
are: in stock, in service, being tested, or lost. 

The System Manager II provides the capability to test 
individual converters. Testing can be performed when 
the converters are received from the manufacturer or 
when the converters are installed in a subscriber's 
residence. This function contains a feature which 
allows the cable operator to define specific test 
sequences. 

The System Manager II can generate extensive printed 
reports of subscriber, converter, and pay-per-view infor
mation. These reports provide a valuable tool for 
efficiently operating an addressable converter system, 
monitoring and tracking converter resources. and mar
keting addressable services. The cable operator can 
select from a list of standard System Manager II 
reports, or he can easily define special reports to meet 
his own unique requirements. 
The System Manager II and ATX software provides a 
legal terminal test and a refresh timer signal for addi
tional system security. These two security features are 
designed to discourage theft of terminals and migration 
of set-top units from one CATV system to another, to 
help control delinquent accounts, and to thwart 
attempts to circumvent deauthorization instructions 
from the headend. 

The legal terminal test checks to see that only convert
ers recorded in the ACU or System Manager II data 
base are operational. This test is conducted system-
wide using a global command. If a set-top unit is installed 
in the cable system but is not included in the test of 
valid terminals, it is automatically shut down. 
The refresh timer signal is an on-going function of the 
Addressable Transmitter. The ATX continually transmits 
an encrypted message which the set-top terminal must 
decode in order to stay active. Any attempt to interrupt 
communications between the headend and the con
verter prevents the converter from receiving the 
refresh signal, and the unit will be disabled. The refresh 
signal can be set from the System Manager II for 
various time intervals ranging from one-half hour to 
sixty-four hours. 

Additional internal security is provided by a printed 
transaction summary which lists all changes in the data 
base and indicates which operators made the changes. 
The cable operator can trace illegal company entries 
and identify who might be tampering with the system. 



Features 
• Uses Hewlett-Packard 1000 A600 Computer 
• Software Automatically Integrates Subscriber Infor

mation and Device Control Data 
• Can be Interfaced with a Host Billing Computer 
• Software uses Pre-Formatted CRT Display Screen 

Format 
• Multiple-CRT Ports 
• Efficient Structure for Pay-Per-View Management 
• Inventory Control 
• Test and Report Capability 
• Added System Security 
• Extensive Customer Support 

Specifications 
AMS Hardware 

HP 1000 A600 Computer with 512 kbps memory 
28 Mbps or 64 Mbps Winchester disc with integral 
tape backup unit 

720 (28.35 in.) cabinet with 16 1/0 slots 

Electrical 
Power Input 

Line Voltage 
108V to 126V ac 

Line Frequency 
58 Hz to 62 Hz 

Power Requirements 
Minimum of dual 20A, grounded wall-mounted 
receptacle 

Power Consumption 
1500 watts maximum 

Physical 
Temperature 

10°c to 40°C (50°F to 104°F) 
Relative Humidity 

20% to 80%, non-condensing 
Dimensions 

718.BH x 635W x 812 .80 mm (28.3H x 25W x 320 in.) 
Weight 

163.6 kg (360 lb) 

Printer 
Dot-Matrix Serial Impact Printer 

180 characters per second 
68/136/227 characters per line 

Number of Copies 
One original and up to five copies with carbon-print 
paper 

3 

System Manager_U 

Console 
Interactive Character-Mode CRT Terminal 

960 characters per second 
80 characters x 24 lines per page 

Terminals 
Display CRT Terminal 

960 characters per second 
80 characters x 24 lines per page 

Addressable Transmitter 
ATX Input 

Data Rates 
110,150,300,600, 1200, 2400, 4800. 9600 baud 

AMS Interface 
Data Type 

Asynchronous, Synchronous 
Transmission Mode 

Half Duplex 
Protocol 

Custom 

ATX Output 
Carrier Frequency 

108 MHz standard. Other frequencies available by 
special-order 

Frequency Accuracy 
0.0010% 

Channel Spacing 
400 kHz 

Signal Level 
+25 dBmV to +45 dBmV (adjustable) 

Modulation 
FSK 

Peak Deviation 
20 kHz nominal 

Data Format 
Bi-phase coded 

Data Rate 
19,200 baud 

Power Requirements 
Input Voltage 

115V ac nominal 
Power Consumption 

50 watts maximum 
Temperature Limits 

0°c to 50°C (32°F to 122°F) 
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Series 90QO Antennas for C- and Ku-Band Operation 
Robert Fitzgerald 

Applications 

The Series 9000 Antenna is desiqned to be a hiqh-performance, low-cost 
antenna for audio, video and diqital receiv~-only applications. The product 
is specifically designed to meet the needs of Diqital Audio Broadcastinq, 
mini-c~ble systems, teleconferencinq, and the private earth-station owner. 

Within the contiguous United States, a carrier-to-noise (C/N) ratio of 
greater than 10.5 dB and a signal-to-noise (S/N) ratio of 48.5 dB is easily 
achievable for video receive-only applications. 

Introduction 

A major goal of the design of the Seri es 9000 antenna was to meet both the 
current and future needs of the Satellite Conmunications industry. To 
achieve this objective, the antenna was designed in a modular fashion which 
al lows a customer to configure an antenna to meet the specific needs of the 
application. In addition, retrofit kits will be available to allow modifica
tion of the antenna in the field as these requirements change. All modules 
are designed to meet possible future needs such as the sidelobe requirements 
for 2° satellite spacing. Below are some examples of the flexibility avail
able with the Series 9000 antenna. 

• 2.8-meter reflector with EL/AZ mount 

• 3.2-meter reflector with EL/AZ mount 

• Retrofit kit to upgrade 2.8-meter to 3.2-meter reflector 

• C-Band or Ku-Band operation 

1 Single or dual polarization 

• Polar mount with motorized option 

1 Electronic polarization option 

The Series 9000 antenna is truly the antenna of today and tomorrow. 



Antenna Design and Construction 

Another major goal of the design was to produce a very high-quality, low-cost 
product. To achieve this objective, a major investment in high-volume pro
duction tooling was required. This antenna is built using steel stampings, 
aluminum extrusions, plastic injection molds, aluminum die and investment 
castings, and steel roll-formed parts. The design of each part was function
ally optimized in conjunction with the constraints of the production process, 
resulting in high-quality, low-cost parts. 

The Series 9000 Antenna is a commercial-grade product designed to meet AISI, 
AISC and RS-222-C specifications, thereby meeting or eiceeding building code 
requirements. 

The Series 9000 antenna has four main subsystems, namely: 

1. Feed 

2. Reflector 

3. Mount 

4. Base 

Also available is a panel extending kit which extends the reflector diameter 
from 2.8 meters to 3.2 meters. 

Feed 

The feed subsystem for single polarization reception consists of four feed 
supports, a feed housing, a prime focus feed, a cover, and a rod and gear for 
polarization rotation (see Figure 1). An optional dual-polarized feed pro
vides simultaneous reception from both polarization transmissions. 

A unique feature of this subsystem is the polarization rotation mechanism. 
The feed can be manually rotated by an operator standing alongside the dish 
via the turn of a screwdriver. This feature simplifies the polarization 
rotation process, as there is no need to climb into the dish or to obtain a 
stepladder to reach the feed. Al so, the operator is kept out of the path of 
the satellite signal and, therefore, it is easier to peak the signal. 

There is also a Ku-band feed available for the American and European markets. 
In the near future, an electronic polarization rotator with a position con
tra 11 er, wi 11 be offered for remote pol ari zat ion rotation. 

Beflector 

The reflector subsystem consists of 8 panels, 8 braces, and a hub (see 
Figure 2). The surface tolerance of the panels allows for either C- or 
Ku-Band reception with a 0.025 inch rms maximum. The reflector panels and 
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the hub are steel ,stampings manufactured using techniques originally devel
oped by the automotive industry. These techniques were enhanced to provide 
very close surface :tolerances for the panels. 

Galvanized steel is used to provide corrosion protection and, in addition, a 
special, highly protective electroplate primer is applied. A finish coat of 
high-quality industrial paint is then applied to ensure a long-life protec
tive finish. 

Mount 
The first mount in the Series 9000 line to be produced is the EL/AZ mount. 
This mount consists of two pivot axis brackets, a beam, four beam supports, a 
cone, an actuator, actuator attachment brackets, and a clamp (see Figure 2). 

To point the antenna at a satellite, one simply sets the elevation angle as 
specified in a table based on antenna site location and the satellite to be 
viewed. He then rotates the antenna about the azimuth axis until a signal is 
received. 

In the near future a polar mount will be available which allows a customer to 
set up the antenna one time, and then, by adjusting one actuator, go from 
satellite to satellite. This one time setup is very simple because all 
adjustment axes are independent of each other. Therefore, adjusting one axis 
does not misalign ahother axis as is the case for most polar mounts· available 
today. Both the EL/AZ mount and polar mount can be installed without regard 
for foundation heading. 

Base 

There are two different styles of bases available--in-ground and surface. 
The difference between an in-ground base and a surface base is the method of 
interface with the · concrete foundation. The in-ground base is poured into 
the concrete and becomes a part of the foundation whereas the surface base 
has a flange with bolt holes on the bottom which allows the base to be bolted 
to eight anchor bolts which are embedded in the concrete. 

The flanged surface base is flexible in that the base can be removed from the 
foundation if it becomes desirable to relocate the antenna. The flanged 
base is easier to inst a 11 than the i n-qround base, whereas, the i n-qround 
base has the advantage of lower cost. 

Extending Panels 

The Extending Panel Kit consists of 16 extending panels, 16 extending panel 
braces, and 8 panel braces which are identical to the braces used for the 
2.8-meter confiquration. The extending panels are steel stampings manufac
tured using the same techniques as used on the main panels. The surface 
tolerance for 3.2-meter systems is 0.040 inches rms maximum. 
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IDstallation 

The Series 9000 Antenna was desiqned to m1n1m1ze the time required for assem
bly. A special effort was made to eliminate parts that are different but 
look similar, to make all parts easily identifiable by their shape. Also, 
wrench clearances were designed into each part to obviate the use of special 
tools. The antenna is desiqned to be assembled by two people with a small 
stepladder without the need for a crane. The antenna system assembles in a 
buildinq block fashion with one part following the next until the entire 
assembly is erected. Even the reflector is assembled on top of the mount one 
section {petal) at a time. 

Specifications 

The table below lists the main specifications for the Series 9000 Antenna 
with an EL/AZ mount. 

Table 1. Series 9000 Antenna Specifications 

Characteristic 

Surface Tolerance 

Pointing Accuracy 

Feed Type 

Wind Loadi nq 

Operational {mi/h) 

Survival {mi/h), 
No Ice 

Operational 
Temperature Range 

Shipping Weight 

Azimuth Range 

Elevation Range 

Specification 
2.8 Meter 

General 

0.025° rms Max 

0.12° rms@ 45 mi/h 
with qusts to 60 mi/h 

Prime Focus 

60 

100 

-40°F to +149°F 

350 lbs 

360° 

5° to 60° 

4 

3.2 Meter 

0.040° rms Max 

0.25° rms at 45 mi/h 
with qusts to 60 mi/h 

Prime Focus 

60 

100 

-40°F to +149°F 

440 lbs 

360° 

5° to 60° 



Tablet. Series 9000 Antenna Specifications (continued) 

Specification 
Characteristic 2.8 Meter 3.2 Meter 

Electrical 

Operating Frequency 3.7 to 4.2 GHz 3 .7 to 4.2 GHz 

Gain (Midband at 
OMT Port) 39.5 dBi 41.0 dBi 

VSWR (Max) 1.3: 1 1. 3: 1 

Polarization Linear Linear 

First Sidelobe Level, -20 dB -20 dB 

Cross Pol Discrimi--
nation (on Axis) 35 dB 35 dB 

Beamwidth 1.90 1. 70 
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-------Feed housing 

--------- Prime focus feed 

~------Feed supports 

Figure 1. Feed Subsystem 
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Figure 2. 
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SmaJJ Earth Station.Antennas for C-Band Operation 
G. C. Browning 

Introduction 

This paper addresses the subject of earth station antennas having a diameter 
of 5 meters or less. It includes descriptions of Scientific-Atlanta 4.6- and 
5-meter receive-transmit systems. 

General Design Considerations 

Small antennas of various sizes have distinct cost, electrical, and struc
tural advantages. These distinctions should be investigated thoroughly 
before a choice is made of one antenna size over another. All Scientific
Atlanta antennas are designed with certain objectives in mind. These include 
high electrical performance, structural integrity, quick and easy assembly 
without field adjustment, interchangeable parts, reduced shipping volume, 
minimum maintenance and low cost. 

Electrical performance and proper structural strength and rigidity in anten
nas is achieved by extensive analysis and testing. These subjects are 
reviewed in other papers and, therefore, will not be discussed at length 
here. The other common design features are very important, particularly in 
small antennas, and warrant further discussion. 

Shipping volume is important because, if the shipping container volume is 
kept small, shipping costs are reduced and the antenna can be transported to 
virtually any possible site. For example, small containers can be loaded in 
freight elevators for rooftop mounting or loaded in aircraft for remote site 
locations. 

The shipping container size dictates that the main antenna assemblies, such 
as, the reflector, mount, etc., be designed for assembly from smaller compo
nent parts. As a result all component parts of Scientific-Atlanta's small 
antennas can be carried by one person, and the entire antenna can be assem
bled readily by three people with no special equipment and with no special 
training or skills. All production parts are fabricated with specially
designed hard tooling which guarantees interchangeable parts. 

The reflector is made up of a reflector surface, a backing structure and a 
hub. The reflector surface is developed from assembled panels, and the back
ing structure which supports the panels is composed of various structural 
members. On the 4 .. 6- and 5-meter antennas, the hub is a circular or rec
tangular enclosure t r which the panels and backing structure attach. 



The number of panels making up the reflector surface varies from 12 to 24 
depending on the antenna size. Each panel is formed by matched metal
stamping dies using fully annealed aluminum sheet, ranging from 0.090 to 
0.125 inches thick. These sheets are sheared and notched in a precision 
blanking die and then formed to a paraboloidal contour in a large press. To 
ensure the consistency of the stamped panels during the stamping process, 
sample panels are periodically placed in a checking fixture to inspect the 
panel contour and side flange angles. After the panels are stamped, they are 
located in a drill fixture that accurately drills the side flange and hub 
mounting holes. The panels are dipped in an inhibitor (a chromate con
version) for corrosion protection and good paint adhesion. Finally, they are 
sprayed with a special high-reflectance paint that disperses infrared and 
optical radiation to protect the feed while leaving the RF energy unaffected. 
In addition, the paint is formulated to protect the panels and give the 
antenna extended life. 

All of the antenna parts including the backing structure are made with preci
sion tooling, including dri 11 and welding fixtures, punching and shearing 
dies and forming dies. 

As a final check to ensure that all reflector parts are made to the design 
specifications, random reflector panels and backing structure parts are peri
odically assembled and surface rms tests are performed to verify that the 
surface tolerance is within specification. These rms tests are made with a 
proprietary computer-controlled automatic surface measurement system (ASMS) 
developed at Scientific-Atlanta. 

Mount 

In any antenna system, the function of the mount is twofold; it must safely 
transfer all reflector loads to the foundation and permit the reflector to be 
pointed toward a desired location in space. These two functions form the 
basis for Scientific-Atlanta mount designs, although other considerations 
such as low cost and ease of pointing are also important design objectives. 

The 4.6-meter and 5-meter mounts are of the elevation-over-azimuth type. 
These mounts are designed to rigidly support a reflector at specified wind 
loads with low pointing errors. 

The 5-meter elevation-over-azimuth mount is easy to point since its azimuth 
angles are directly read from local true north and its elevation angles are 
read from the local horizon. One person can readily move the antenna in 
azimuth and elevation to direct the beam from one satellite to another. 

The 4.6-meter elevation-over-azimuth mount is engineered to provide continu
ous satellite arc coverage from any location in the contiguous United States. 
Pointing the antenna is rapid and accurate. Complete 360° azimuth coverage 
does not require alignment of the foundation to a specific heading, elimi
nating the possibility of installation errors associated with foundation 
centerlines. 
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4.6-Meter Barth Station .Antenna 

The 4.6-meter antenna is designed for receive or transmit applications in the 
4- to 6-GHz range serving video, audio or data circuits from any satellite 
located above 5° elevation. Like other small Scientific-Atlanta antennas, it 
can be easily installed in a wide variety of locations with a minimum of site 
preparation. 

Figure 1. Typical Model 8346 4.6-Meter Earth Station Antenna Installation 
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Beflector 

The 4.6-meter reflector surface is made up of twelve separate 5052-0 aluminum 
panels which are 0.090 inches thick. The panels bolt to each other and to a 
common hub through precisely located side-flange and hub .holes. 

The backing structure that supports the reflector is twelve steel tube struts 
which attach from the hub to panels. The struts are formed and punched with 
hard tooling designed to assure consistent surface tolerances and inter
changeable parts. The struts and hub are hot-dipped galvanized for maximum 
protection against corrosion. The design transmits reflector wind loads 
directly to the hub with negligible bending moments, resulting in a strong, 
low-compliance antenna structure. 
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Figure 2. 4,8-Meter Reflector Outline Drawing 
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The 4.6-meter elevation-over-azimuth mount is made up of an azimuth ring 
which is supported by six 1 egs and three cast feet. The feet are for use 
when the antenna is mounted on a monolithic slab. Atop the azimuth ring sits 
an A-frame which is the pivoting member in the azimuth direction and also the 
attaching point of the elevation screw. 

The mount is designed so that no one part weighs in excess of 100 pounds 
(45 kg). After a foundation has been prepared, two men can install the 
antenna in less than one day. 

All members of the mount are hot-dipped galvanized with the exception of the 
actuator screw and pins which are zinc-electroplated. 
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Feed System 

The 4. 6-meter antenna uses a standard economical prime focus Feed or an 
optional Cassegrain system where higher gain is required. 

Both the feed horn in the prime focus system and the subreflector in the 
Cassegrain system are accurately related to the main reflector by three 
support struts. 

The prime focus system meets the 29-25 log a sidelobe specification for 
reduced satellite spacing. 

The Cassegrain subreflector is a shaped quasi-hyperboloid which is formed on 
spinning equipment using a contoured template that maintains close surface 
to 1 erances. Each subrefl ector contour must conform to a checking temp 1 ate 
to within certain minimum tolerances. 

Polarization adjustment is easily accomplished in the receive-only prime 
focus system and is 360° continuous. 

The subreflector is accurately located relative to the main reflector by 
three spars that attach at three separate points on the reflector, and at a 
common junction connection behind the subreflector. The subreflector is 
fastened to each spar through a support stud. 

There is also a dual feed available for the 4.6-meter and 5-meter antennas. 

Mod.el 8008 B.0-Meter Barth Station.Antenna 

The 5-meter antenna is designed to provide receive or transmit capabilities 
in the 4/6-GHz range for applications using geosynchronous satellites. It is 
a high-performance antenna that offers an increase of 1 dB in gain over that 
of the 4.6-meter antenna. A shrouded version, Model 8008LS, is offered which 
provides low sidelobes and is recommended for sites experiencing heavy ter
restrial microwave congestion. Figures 5 and 6 show the two versions of the 
5-meter antenna. 

Beflector 

The 5-meter reflector employs a 24-pane 1, bolt-together design which mini -
mizes transportation and installation problems. The panels are fabricated 
utilizing a cost-effective die-stamping technique that ensures part inter
changeability. The panel blanks are made of 0.125-inch, 5052-0 aluminum
alloy sheet. Integral radial and rim flanges are formed when the panels are 
stamped. These are drilled in a tooling fixture to provide precise registra
tion and structural integrity when the panels are assembled. The 24 panels 
form a paraboloid of revolution with an f/0 of 0.375. A machined central hub 
provides an interface for each panel that precisely locates them radially 
with respect to the vertex. The hub is sufficient in size to house elec
tronic equipment and is enclosed to provide protection from the environment. 
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Mount 

The 5-meter mount features an elevation-over-azimuth configuration. A tripod 
design, utilizing the front leg as a kingpost for azimuth travel, provides 
independent adjustment of elevation and azimuth. Course and fine adjustment 
capability is built into each mechanism, making pointing and peaking easy. 
The standard mount provides continuous elevation coverage from 15° to 60°. 
Optional elevation adjustment mechanisms make it possible to achieve a maxi
mum of 0° to 70° total elevation travel in two sectors. The two rear corners 
of the mount serve as attachment points for the azimuth adjustment mecha
nisms, providing full arc coverage (70° to 135°W) in two sectors. Since the 
azimuth axis is vertical, there is no weight imbalance that would cause rota
tion. Sector change-over and azimuth adjustments are easily accomplished. 

Figure 4. Typical Model 8008 5.0 Meter Earth Station Antenna 
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The antenna loads are transferred by the mount to a three-point foundation 
that forms a 96-inch equilateral triangle. The mount utilizes structural 
steel and aluminum parts. For corrosion protection the steel parts are hot
dip galvanized, and the aluminum parts are iridited, primed with yellow zinc
chromate primer and painted. 

Feed System 

As with the 4.6-meter antenna, the 5-meter is available with a standard low
cost prime focus Feed or with an optional Cassegrain system. 

The prime focus Feed offers unusual economy in a mid-sized earth station 
antenna while meeting the 29-25 loge sidelobe specification for reduced 
satellite spacing. Typical first sidelobes are 22 dB below the beam peak. 

Several options are avail able in the high-gain, dual-reflector Cassegrain 
feed system. The dual-frequency band feed is designed to operate in the 3.7 
to 4.2 GHz receive band and the 5.925 to 6.425 GHz transmit band. A diagonal 
horn illuminates a shaped subreflector which provides efficient illumination 
of the 5-meter reflector aperture. 

' ,.-~~~4:~ 

,,.( 

Figure 5. Typical Model 8008LS 5.0 Meter Earth Station Antenna 
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An orthomode transducer provides the WR229 and WR137 waveguide feed outputs 
for the receive and transmit bands, respectively . A waveguide transition 
with WR229 waveguide output is used for the single-polarized receive-only 
feeds. A dual-polarized orthomode coupler with two WR229 waveguide outputs 
can be provided for simultaneous orthogonal receive requirements. 

The subreflector is structurally supported from the reflector by three 
equally-spaced spars which form a tripod. The location of the subreflector 
relative to the supporting structure is preset. All parts are made of alumi
num and are painted to provide protection and a pleasing appearance. 

Antmma 8pecifications 

The specifications for the 4.6-meter and 5-meter antennas are provided below 
in tabulated form for easy cross reference for comparing the antennas. 

Characteristic 

Feed System 

Mount Configuration 

Arc Coverage (Std.) 

Operating Frequency Range 
Receive {GHz) 
[Transmit (GHz)] 

Antenna Gain (dB) 3.95 GHz 

VSWR 

Po 1 ari zat ion 

Wind Loading 
Qperat1onal (mi/h) 
Survival (mi/h), No Ice 

Temperature Range 
Qperat ion al 
Survival (No Wind) 

Pointing Accuracy(60 mi/h Wind} 

Shipping Weight (lbs} 

Net Weight (lbs) 

Shipping Volume (ft3) 

[ J Indicates Cassegrain System 

4.6 Meter 

Prime Focus 
[Cassegrain] 

EL over AZ 

70° to 140°W 

3.7 to 4.2 
[5.925 to 6.425] 

43.0 
[43.5] 

1.3:1 

Li near, 360° 

60 
100 

-20°c to 55°c 
-~5°C to 65°C 

.20° rms 

2,300 

1,200 

200 

. 8 

5.0 Meter 

Prime Focus 
[Cassegrain] 

EL over AZ 

70° to 135°W 

3.7 to 4.2 
[5.925 to 6.425] 

44.1 
(44.5] 

1. 3: 1 

Linear, 360° 

60 
125 

-20°c to 55°C 
-35°C to ss 0 c 

.11 ° rms 

2,500 

1,500 

220 



7-Meter Barth Station Antenna for C-Band Operation 
Model 80100 

Thomas A. Akin and Carlton T. Ethridge 

Introduction 

The Scientific-Atlanta Model 8010C 7-Meter Earth Station Antenna has been 
designed for the TV broadcast industry's current and projected future satel- · 
1 ite TV relay service. Under average conditions using conservatively rated 
components, it will provide broadcast quality video reception from U.S. 
domestic satellites located anywhere within the FCC recolllTlended arc. Its 
radiation distribution envelope meets FCC requirements for transmitting to 
the satellite as well as receiving. The coverage is continuous, and provides 
for periodic minor adjustment for satellite drift. The Scientific-Atlanta 
8010C 7-meter Earth Terminal combines broadcast quality and broadcast rel i
abi l ity in a design which should well serve the TV broadcast industry. 

Scientific-At.lan:ta 7-llleter Antenna, Mod.el 8010 

The Scientific-Atlanta Model 8010CM 7-Meter Antenna is shown in Figures 1 
and 2. The antenna is a dual-shaped Cassegrain-type antenna with a high
efficiency corrugated conical horn feed illuminating the subreflector. The 
optics of the antenna are judiciously chosen to give a high efficiency opera
tion and low sidelobe performance. 

The reflector consists of eighteen match-metal die-stamped aluminum panels. 
The panels start as sheets of 1/8-inch-thick 5052-0 fully annealed aluminum. 
These sheets are sheared to the correct blank size and then notched in a 
100-ton press. The blanks are stamped in an 800-ton press, which simulta
neous 1 y forms the compound-curved surf ace, the two side flanges and the end 
flange. The stamped panel is placed in a combination checking and drilling 
fixture where an inspector verifies that the panel meets the surface and edge 
tolerances. Then it is drilled using drill bushings in the fixture as 
guides. This process ensures that all panels are alike within the tolerance 
est ab 1 i sh eel and that they can be assembled in any random sequence into a 
reflector. The use of eighteen panels was selected as a compromise between 
minimizing part size for handling ease and maximlJTI part size to minimize cost 
and tolerance build-up of any non-random errors. This choice was also based 
on satisfying the 120° symmetry required for the three-spar subrefl ector 
support system. 

The pane 1 s are supported by 18 a 1 umi num struts connected between the pane 1 
f 1 ange joints and the rear end of the hub. These struts are made from 
special extrusions to pro vi de effective structural support for the panels 
while being very easy to assemble into the antenna structure. The struts are 
anodized for protection and appearance; the hard surface ensures that the 
parts will not be marred in handling and assembly, and require no main
tenance. 



The antenna hub consists of two machined cast aluminum end pieces welded to 
either end of a cylindrical shell. The shell is 1/8-inch aluminum sheet, 
rolled to 37-inch diameter and seam welded. The hub provides a suitable 
housing for RF components and a motorized feed rotator when the antenna is so 
equipped. 

Figure 1 . Model 801 OC 7-Meter Earth Station Antenna 
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The hub is designed 1with covered access openings in the side and rear end. 
The rear cover prov jides suitable holes for passage of waveguide, RF and 
electrical cables. 

1 
This arrangement permits field assembly without the 

necessity for drillirllg holes. The side opening is designed for easy access 
to the hub for passage of components and for assembly work. This access is 
especially useful during antenna assembly, because it permits placement of 

I 

l 

Soenhfic 
A1l:mta 

Figute 2. Side View of Model 8010CM Antenna 
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the hub at the vertical (zenith) position as required for assembly of the 
reflector, while still allowing personnel access through the hub. This 
eliminates the necessity for climbing over the edge of the reflector during 
assembly. After completion of the installation, the side opening provides 
easy access for servicing the components within the hub. 

I 

The hub is produced using precision N/C machinery and specially-designed 
tooling, ensuring accuracy of manufacture and complete interchangeability. 

The feed assembly is mounted on the forward end of the hub assembly. 

The feed horn mounting ring is machined with respect to the aperture and rear 
waveguide of the horn so that the ring seating surface is perpendicular to 
the RF axis of the horn. The feed is supported by a series of bearings in 
the front hub ring casting to allow polarization rotation of the feed about 
the fixed RF axis. The precision extruded square section waveguide of the 
horn supports orthogonally polarized RF energy. 

The feed horn is terminated in one of several configurations. These include 
a single-polarized receive-only transition, a dual-polarized receive-only 
orthomode transducer (OMT), a transmit/receive OMT, or a three-port, dual
polarized receive, single-polarized transmit transducer. In operation as a 
receiving earth terminal, low-noise GaAs FET amplifiers are bolted to the 
OMT. This entire subsystem is easily rotatable by hand by removing the hub
access cover, loosening the feed-clamp screw inside the hub and turning the 
assembly. For the motorized version of the antenna, the feed polarization 
motion is 11otor driven and can be remotely programmed to turn to any pre
selected position. 

The motorized version of the antenna, designated Model 8010CM, features 
superior versatility and positioning accuracy. 

The elevation and azimuth motions are driven by dual-motor drive units which 
provide high-speed motion for rapid traverse of the arc, and low-speed motion 
for accurate control of the antenna stopping position. The drive unit con
sists of a main motor with an integral brake/clutch, a "micro-motor" with an 
integral brake, and a 10:1 ratio gearbox connecting the two motors. The unit 
is a self-contained, maintenance-free compact package in which the mechanical 
functions of braking and clutching occur automatically. 

The two drive units and the feed polarization drive system are controlled by 
an antenna controller consisting of a Model 8840A R~l!lote Control Unit and a 
Model 8841A Motor Control Unit. With this control system, the high-speed and 
low-speed motors on each axis, as well as the feed polarization drive motor, 
can be operated or II jogged" independently, or automatic operation may be 
selected. In the automatic operation mode, the antenna controller may be 
commanded to drive the antenna to point to any preselected satellite with a 
repeatable accuracy of 0.06°. Display resolution is 0.03°. 
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To achieve this high accuracy of pointing in the automatic mode, the antenna 
is driven at rapid ' speed to within 0. 3° of the target angle, at which point 
the slow-speed motor takes over to approach the stopping position. This 
design greatly reduces position errors normally caused by system dynamics, 
and results in highly accurate repeatable positioning. 

7-lVIeter EL/il Mount 
The mount is of the 1torque tube or king post type. Because of the large ver
tical tube which is ·the dominant structural member, the mount is structurally 
and mechanically very efficient, as is evident from the following list of 
features, many of which are characteristic of the vertical post design: 

a. The entire mount is exceptionally rigid. The pointing error in 
45 mph winds gusting to 60 mph is 0.08° rms. This value was 
established by full-scale load tests in which the worst possible 
wind direction and pointing angles were simulated. 

b. The manual (non-motorized) version of the mount will survive winds 
in excess of 125 mph regardless of antenna pointing angles. This 
capabi 1 ity was confirmed by actual load tests on the prototype 
mount. In the motorized version, column load capability of the 
azimuth ball screw actuator limits the survival wind to 80 mph with 
the antenna pointed at any angle (unstowed). However, by driving 
the antenna a few degrees at most in either elevation or azimuth the 
antenna can be placed in the 11 stowed 11 pointing angle envelope where 
the survival wind speed is 125 mph. Refer to Figure 3. 

c. The mount may be converted from manual to motorized configuration by 
replacement of actuators. Four pin joints are involved in the con
version. 

d. Installation of the mount is not site-sensitive: Foundation heading 
accuracy is not critical with an elevation-over-azimuth mount, and 
the 180° az1muth coverage in 110° overlapping sectors affords a wide 
variation in foundation heading for coverage of a given satellite 
arc. 

e. The pointing procedure is greatly simplified by use of continuously
threaded rods as the positioning struts for elevation and azimuth 
antenna angles. Hand nuts running on these rods provide fine 
adjustment and rigid locking at any angular position when tightened 
on both sides of the pivot trunnion. Angular position indicators at 
both elevation and azimuth pivot axes provide a ready reference for 
pointing. 

f. The mount install at ion will tolerate a reasonably unlevel or rough 
foundation without loss of structural integrity because the mounting 
feet are "grouted in" to the foundation when installed. The 
required grout is supplied with the antenna. 
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To stow the antenna move the mount in azimuth and/or elevation until a configuration within 
the 125 mph survivability envelope on the chart is achieved. 1 

Figure 3. Stowing Chart 

g. Assembly and installation procedures have bee~ simplified greatly. 
All critical or difficult assembly operatio~s are done prior to 
shipment, and no holes are required to be drilled in the field. 
Only 20 fasteners (all standard) are required to completely assemble 
the mount in the field, exclusive of foundation attachments. 
Spherical bearings at the azimuth pivots pr:eclude necessity for 
precise · alignment of the structure when the mount is erected. No 
special tools or equipment are required for ,assembly and ..;instal-
lation. • 

h. Required maintenance is minimal. For the manual mount, which uses 
self-1 ubricated bearings at all moving points, no periodic mainte
nance is required; it is necessary only to 

1
control corrosion at 

critical points and replace damaged components if required. The 
only additional requirement for the motorizedi version is an annual 
inspection of the drive units with lubricant ; replenishment in the 
jackscrew assembly as required. 
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Model 80100 7-Meter .Antenna Specifications 

Technical Characteristics 

Ch aracteri st i c Specification 

Antenna Type 

Antenna Diameter 

Mount Type 

Coverage 
Azimuth 

Elevation 

General 

Cassegrain, dual-reflector, shaped 

7 meters (23 feet) 

Elevation-over-Azimuth 

180° in 3 overlapping 
110° sectors 
0 degrees to 90 degrees 

Antenna Travel Rate (motorized option)* Azimuth Elevation 
1.0° /s 
0.10°/s 

High Speed 1.9°/s 
Low Speed 0.18°/s 

Operating Frequency · 
Receive 
Transmit 

-3 dB Beamwidth 
Receive 
Transmit 

Gain at OMT Output (midband) 
Receive 
Transmit 

Voltage Standing Wave Ratio 
Receive and Transmit 

Polarization 

Polarization Adjustment 
Manual 
Motorized 

Isolation between Ports 
Transmit/Receive 
Receive/Receive 

Cross-Polarized Suppression 

Electrical 

3. 7 to 4. 2 GHz 
5.925 to 6.425 GHz 

0.7° Nominal 
0.46° Nominal 

47.5 dBi 
50. 5 dB 

1. 3: 1 Max 

Linear 

360° continuous 
180° reversible 

35 dB Min 
30 dB Min 

35 dB Min on axis 

*Two-speed drive is standard with motorized option. 
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Technical Characteristics (continued) 

Characteristic Specification 

Electrical - Continued 

Radiation Pattern 
Sidelobe Envelope per 
FCC RFG 25-209 

29-25 log a dBi 
+8 dBi 

32-25 1 og e dBi 
-10 dBi 

1°<6<7° 
7° <a< 9.2° 
9. 2° < a < 48° 
48° < a 

Noise Temperature at Elevation Angle EL-Angle 
so 

Kelvin 
45 

Wind Resistance 
Survival 

Operating 

Ice 

100 

15° 
20° 

Environmental 
(Manual option) 

30 
25 
22 

125 mph any direction or 87 mph with 
2-inch radial ice at -40°F and above 

Holds pointing to within 0.08° rms in 
45 mph winds gusting to 60 mph 

2-inch radial ice with 87 mph wind 

Environmental 
(Motorized Option) 

Wind Resistance at 0° (+32°F) 
Air Temperature 

Operational 
Survival with Antenna Stowed 1 

Winds to 60 mph 
125 mph with no ice 

Survival with Antenna at 1 

Any Position (not stowed) 

Temperature Range 
Operational 
Survival 

Weight (approximate) 
Shipping 
Net 

Shipping Volume (approximate) 

87 mph with 2-inch radial ice 

80 mph with no ice; 

~29°C to +65°C (-20°F to +150°F) 
-40°C to +93°C (-40°F to +200°F} 

Shipping 

5,000 lbs 
3,750 lbs 

600 cu ft 

1 For definition of "stowing", see Figure 5. 
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Introduction 

10 and 11-Meter Earth Station 
An:tennas for C-Band Operation 

Nathan Knutson 

The antenna system is one of the important parts of an earth station. In a 
receive-only application, the antenna receives the desired signals trans
mitted from the satellite and must provide sufficient discrimination to 
unwanted signals which occupy the same congested frequency bands. In a 
transmit and receive broadcast application, the antenna not only receives 
signals, but also must transmit signals in a different frequency band and 
sometimes do both simultaneously. It must be highly reliable and capable of 
withstanding and operating under severe environmental conditions. 

Earth station antenna requirements are dependent on many factors such as 
channel capacity, receiving equipment, signal modulation, reliability 
requirements, geographical location relative to the satellite, site inter
ference profiles, and site environmental conditions. This discussion will be 
limited to the characteristics and specifications of 10- and 11-meter earth 
terminals with one or two video downlinks and/or uplinks. 

Series 8000 10- and 11-Meter .Antennas 

The Scientific-Atlanta Series 8000 10- and 11-meter earth station antennas 
are presently being used in hundreds of installations throughout the world to 
meet the requirement~ of high-reliability and high-quality service for tele
vision, voice and data communications. This accumulated experience in 
design, manufacturing, installation, and continuing reliability of operation 
has proven the concepts and the hardware. 

The Model 8002A-HP 10-meter earth station antenna provides receive/transmit 
and receive-only capabilities in the 4/6-GHz bands to fulfill voice, message, 
and video requirements in communications systems. This earth station antenna 
is a dual-reflector, Cassegrain system that exhibits highly efficient RF 
performance as well as low sidelobes making it suitable· for use in congested 
terrestrial microwave areas. 

Designed specifically for INTELSAT-B applications, the Model 8007 11-meter 
earth station antenna is a cost-effective, high-efficiency antenna that 
exhibits high G/T ~nd low sidelobes. This antenna, capable of receive/ 
transmit operation in the 4/6-GHz range, is also well suited for use in areas 
of low satellite signal strength such as Puerto Rico, Hawaii, and Alaska . 
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Figure 1. Scientific-Atlanta 10-Meter-Diameter Earth Station for Video 
Transmitting and Receiving 
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WCIX-TV Miami, Florida 

■.- · .. . . . ·· --- - • ··z TT 
Trinity Broadcasting Network Santa Ana, California 

Figure 2. Scientific-Atlanta Satellite Earth Stations for Television 
Broadcasters 
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WTOG-TV St. Petersburg, Florida 

Christian Broadcasting Network Virginia Beach, Virginia 

Figure 3. Scientific-Atlanta Satellite Earth Stations for Television 
Broadcasters 
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Shaped B.eflectors 

The Scientific-Atlanta Series 8000 dual-shaped Cassegrain reflector systems 
are optically designed to yield high-aperture efficiency. 

The reflector assembly used in all configurations consists of a machined . 
central hub, to which are attached the radial trusses and the reflector 
panels. Ample space is provided inside the hub for the mounting of redundant 
low-noise amplifiers and switching equipment. Each reflector panel is a 
single piece manufactured on precision tooling to ensure accuracy and to 
allow interchangeability. Machined tabs on the radial trusses support the 
panels and lock-in the overall shape and antenna surface tolerance. Optical 
alignment of panels during installation is not required. 

The reflector assemblies are made entirely of aluminum. The choice of a 
single material for the structure has the advantage of having a single coef
ficient of thermal expansion for all parts. Aluminum has a thermal conduc
tivity that is approximately three times that of steel. An all-aluminum 
antenna will more quickly reach thermal equilibrium when differentially 
heated by the sun or wind chill. Differential expansion or contraction is 
then a transient condition which is minimized by high thermal conductivity of 
the all-aluminum antenna reflector. 

The reflector is produced on precision jigs and fixtures. All attachment 
points are machined or set on precision tooJing. The 6-foot-di ·ameter hub has 
48 machined attachment pads for the 24 structural backup rib/trusses. The 
rib/trusses each have six machined mounting bars which locate the reflector 
surface panels. Each panel is fabricated on a special shaping fixture that 
consists of a number of aluminum templates manufactured on a numerically 
controlled machine. This fixture creates the desired surface shape in the 
reflector panels and locates reference attachment holes and edges to within 
0.003 inch of the desired surface. 

The panels are reinforced by a number of serrated rib members which are both 
welded and riveted to the panel facings in a manner developed by Scientific
Atlanta to minimize shrinkage and distortions which would occur in an all
welded assembly. The reflector has no field adjustments for locating 
discrete points into difficult-to-establish proper position. 

The reflector needs no expansion joints or compliant attachment points to 
accommodate differential expansion of dissimilar materials. The Series 8000 
10- and 11-meter reflectors have substituted machining accuracy at the fac
tory for correctional assembly in the field. When assembled, the reflectors 
are a strong, rigid structure that is ready for operation. 

Analytical procedures (including computer simulations) and load tests were 
both employed in the design of the reflector and mount. Assembled reflectors 
were load tested and the deflections recorded with the measurements to con
firm the calculations. 
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I 
The Seri es 8000 reflector designs have been proven in some of the most 
extreme environmental conditions recorded, and the teliability achieved 
continues to demonstrate the strength, stiffness, accuracy, and thermal 
stability of the design. 

Figure 4. Installation of Serles 8000 Earth Termln~I Reflector 

Feed Systems 
I 

The 10- and 11-meter feed systems consist of three major iparts: (1) a radiat
ing horn, (2) a diplexer or orthomode transducer (OMT), :and (3) a specially
shaped subreflector which complements the shaped reflec~or. The feed system 
design is directed toward achieving high efficiency while maintaining an 
average sidelobe envelope beneath the 32-25 log a gain curve in both fre
quency bands. 
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The feed system employed on the 10- and 11-meter antennas is similar to a 
conventional Cassegrain type which uses a directional feed element and a 
hyperboloidal subreflector to illuminate a paraboloidal reflector. The basic 
difference results from the use of specially-shaped reflectors and subreflec
tors to increase aperture efficiency without degrading sidelobe performance. 

The radiating feed horn of a shaped Cassegrain configuration is designed to 
have a large amplitude taper across the subreflector in order to reduce 
spillover energy which affects the sidelobe performance. The subreflector is 
then shaped to redistribute the energy to provide a near uniform amplitude 
distribution across the main reflector for high aperture efficiency. The 
shape of the main reflector is designed to be complementary to the 
subreflector and corrects the quadratic phase error of the illuminating 
function. The result is efficiency exceeding 70%. 

The Model 8002A-HP, high-performance 10-meter antenna and the Model 8007 
11-meter antenna utilize corrugated conical horns as the radiating feed ele
ment (see Figure 6). Although more costly to produce, these horns provide 
optimum radiation patterns for high efficiency-low sidelobe performance and 
exhibit excellent cross-polarization characteristics needed for frequency
reuse operation. 

The 10-meter high-performance antenna and the 11-meter antenna use a pre
cision machined aluminum cast subreflector. They are 56 inches and 60 inches 
in diameter, respectively. They are supported by a tripod spar arrangement 
made from aluminum extrusions which minimize the effect on sidelobe per
formance. 

The 10- and 11-meter antennas may be equipped with diplexers or orthomode 
transducers to meet the requirements of any application. The available 
options are as follows: 

a. Receive-Only 

• Single polarization 

• Dual orthogonal polarization, linear/circular. 

b. Transmit/Receive 

• One transmit port, one receive port with orthogonal polarization, 
linear/circular. 

• One transmit port, one receive port with coplanar polarization, 
linear. 

• One transmit port, two orthogonal receive ports, linear. 

1 Two orthogonal transmit ports and two orthogonal receive ports 
(fixed), linear/circular. 

1 Two orthogonal transmit ports and two orthogonal receive ports 
(4-GHz and 6-GHz ports independently adjustable), linear/ 
circular. 
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The waveguide interfaces are CPR 229G and CPR 137G flarhges for receive and 
transmit, respectively. The waveguide interface is con veniently located on 
the inside of the reflector hub, thus providing a weather-resistant enclosure 
with ample space for redundant amplifiers with switching and filtering, as 
shown in Figure 7. 

The feed horn is covered with a 0.005-inch-thick LLUMA~® or polyester film · 
material which allows pressurization of the horn/trans1ucer assembly up to 
1 psig. 

66.7.-J 

., 
C .. 
ii: ., 
~ ., 
C. 

<( 

Feed Phase 
Center 

Subreflector 

79.2 

Figure 5. Model 8002, 10-Meter Earth Terminal Antenna Basic Antenna 
Geometry 

8 



Figure 6. Corrugated Horn for 4- and 6-GHz In 10-Meter Antenna System 
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Figure 7. Redundant 4-GHz Parametric Amplifier Systep, Installed In the 
Model 8111 10-Meter Hub (hub access cover~ removed) 

... 

Mount and Positioning System i 

I 
I 

The Models 8002A-HP and 8007 antennas use the conventional elevation-over-
azimuth mounting configuration. The advantages of this Fonfiguration are the 
following: I 

• Easily understood coordinate system 

• Tolerance of foundation sighting errors 

I 
I 
I 

I 
I 

I 

• Applicable for use at any latitude and longitud~ 

• One standard design with one foundation interface plan 

• Capable of self-erection and assembly of reflector in place on mount 

• Capable of having a horizontal work platform to conveniently servic~ 
antenna hub mounted equipment. 
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Two mounts are available to support and position the 10-meter antennas. 
Constructed of structural steel, the principal difference between the two 
mounts is their height; the Model 8024 is 3.7m (12 ft.) high, while the Model 
8021 is 5.2m (17 ft'.) high. The taller mount permits the reflector to be 
depressed below +15° elevation to enable boresighting geostationary satel
lites from high northern latitudes. 

The Model 8025 11-meter mount is generally simi 1 ar to the Model 8021 except 
that heavier structural members are used throughout. 

The Scientific-Atlanta elevation-over-azimuth mount is an equilateral 
triangular tower structure. The triangular tower rises to a height of 17-
feet (or 12 feet) and terminates in a horizontal top which is triangular in 
shape and 10 feet on a side. The tower has three vertical legs, each 
perpendicular to the local horizontal. The design objective of the tower is 
to obtain maximum torsional stiffness to resist windup caused by azimuth wind 
moments acting on the reflector. 

An optimization study was performed to determine the most efficient method to 
carry shear loads across the three vertical faces of the tower. The X-brace 
structure which ties two upper nodes of the tower to two lower nodes was 
found to give maximum stiffness per pound of material. The azimuth jack 
reaction force forming a couple with the upper-azimuth bearing housing 
( attached to the top of the front leg) is resisted primarily by the three 
sets of X-braces of the tower. One may visualize the structure as a three
sided prism having walls 12 or 17 feet high and 10 feet wide. The 10-foot 
width of the three walls gives the required-degree of torsional stiffness. 

The 10-foot spread between the three mounting feet of the tower eases the 
alignment problems of the azimuth axis of the mount. Shims are provided to 
go over the foundation anchor bolts and space between the concrete and the 
mounting feet of the mount. Bringing the height of the three mounting feet 
to within 1/16 of an inch of each other is an easy installation task. When 
this is done, the peak tilt of the azimuth axis is less than 0.04 degrees and 
the attendant cross-coupling in elevation for motion in azimuth becomes 
negligible in acquisition of the satellite from tabulated data. There is no 
further alignment or shimming required. All members of the mount are bolted 
together in an orderly sequence. Because of the close tolerance in hole 
locations of the various members, successful assembly is assured, giving a 
square, precise structure. 

The mounts are made with ASTM A-36 steel throughout. All parts are hot
dip galvanized, except for the lower azimuth bearing housing and the azimuth 
turntable which are cadmium plated with a chromate-conversion coating. All 
hardware is A325 per AISC and is also hot-dip galvanized. 

Antenna positioning about two axes is provided by two precision jackscrew 
assemblies. These units permit rapid reorientation of the antenna during 
chanqeover from one satel 1 ite to another. The standard manual 10-meter 
configuration, consisting of Models 8035A Azimuth and 8036A Elevation 
Actuators, can also be driven by a hand-held drill motor. 
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Positioning of the 11-meter antenna is provided by st~ndard motor-driven 
azimuth and elevation jackscrews. Digital position readout, automatic 
position programming, remote polarization adjustment, and local control are 
included in the available optional control equipment. 

Currently available satellites now span an orbital arc of from 67° to 143° 
west longitude. For most of the U.S., this equates to a requirement of 110° 
of azimuth cover age for an elev at ion-azimuth configured ~ntenn a mount. The 
Scientific-Atlanta 10- and 11-meter antennas have the 110° azimuth coverage 
capability in either the manual or motorized actuator options. For the 
manual actuators this coverage is accomplished by two ove~lapping 57° sectors 
which require repositioning the azimuth actuator for th~ respective sector 
coverage. 

To reposition the antenna quickly and efficiently, it may be desirable to 
have a motor-actuated antenna to take full advantage of ~11 the programming 
available on the various geosynchronous satellites. Scientific-Atlanta has 
introduced a 110°-continuous coverage motorized azimuth actuator. Designated 
the Model 8031-110 for the 10- and 11-meter antennas, th~se actuator options 
are offered on new antennas and also offered as retrofi't kits for current 
owners of Scientific-Atlanta 10- and 11-meter antennas. 

Recently introduced is an actuator system for high-speed antenna rotation. 
Models 8031SHS-110 azimuth and 8032SHS elevation actuators will reposition 
the 10- or 11-meter antennas along 110° of orbital arc · within one minute. 
With the recent surge in available programming on various satellites, this 
rapid satellite change capability greatly increases the :value of the earth 
station. Now, tight programming schedules need not be 1 imited by the time 
constraints of satellite switching as before. These high-speed systems are 
also offered as retrofit kits to current owners of Scientific-Atlanta 10- and 
11-meter antennas. i 

A wide variety of options is available for providing motorized actuators and 
remote position control for the Series 8000 10- and 11-meter antennas. 

Each of the combinations of actuators and control units requires a Model 
8841A Local Contactor at the antenna mount for independent but simultaneous 
control of all axes. These units are housed in weatherproof NEMA enclosures 
and provide the interface between primary power, actuator motors, position 
data potentiometers, and the Model 8840A progra1T1Tiable rem0te control unit. 

System electrical grounding is ensured by a ground strap between the reflec
tor and mount (therefore across the mount bearings). :The mount has high
conductivity metal joints throughout. Holes are provided in the mount rear 
legs for attachment to suitable ground. 
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Figure 8. 11-Meter INTELSAT Standard B Earth Station 

13 



Figure 9. 11-Meter Intelsat Standard B Earth Station In Nigeria, Africa. 
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Shipping and Installation 

The design parameters of the Series 8000 antennas and the manufacturing 
processes employed were chosen to minimize costs of shipping and instal
lation. The antenna, when crated, weighs less than 22,000 pounds and 
occupies volume of less than 2,600 cubic feet. They can be conveniently 
loaded on a 40-foot trailer for transportation to the installation site. 

The installation procedures, as mentioned previously, require no field 
alignment of panels, trusses, or feed, which greatly simplifies the task. An 
erection kit is also optionally available for installation of the antenna 
without the use of a. crane. 

The typical foundation requires approximately 44 cubic yards of concrete. 
Scientific-Atlanta recorrmends that a professional engineer be employed to 
evaluate foundation requirements at each site, based on local soil 
conditions. 
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Figure 10. Scientific-Atlanta 10-Meter Antenna Installed 
Without Using Crane 
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Figure 11. Installation of Series 8000 Earth Terminal Mount 

Industry Standards 

The antenna systems were designed to meet or exceed the following industry 
standards: 

American National Standards Institute 
American National Standards Institute 
Electronic Industries Association 
American Institute of Steel Construction 
The Aluminum Association 
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Models 8002A-HP and 8007 Earth Station Antennas 

Technical Characteristics 

Characteristic Spec If I cation 

GENERAL 

hltenna Type 

hltenna Diameter 

Pointing Pange 

Azlnuth Standard 
and Optional Motorized 

Azlnuth, Standard M:>torlzed 

Az I nuth, ~t Iona I extended 
Coverage Motorized 

Elevation 

Polarization /ldjustrnent 

hltenna Travel Rate (motorized version) 
Azl~th 

Standard 
High Speed 
Super High Speed 

Elevation 
Standard 
High Speed 
Super High Speed 

Power Requirements (actuators only)** 

Surface Tolerance 

Pointing Pccuracy 

ELECTRICAL 

~eratlng Frequency 
Receive 
Transmit 

Feed Type 

G!s In (Ref. Off Port) 
Receive 
Transmit 

8002A-,,lf 

Cassegraln, llJal 
Shaped Reflector 

10 meter (32.8 feet) 

110° In 2 overlapping 
57° sectors 

110° In one continuous 
sector 

Ta I I M:>unt, 0° to +90° 
Short Mount, +15° to +90° 

360° Manual Standard 
±90• Motor I zed Remote* 

0.01° /s 
0.1° /s 
1.87° /s 

0.01 ° /s 
0.07° /s 
1.1°/s 

208V ac, 311>, 4-wlre, 60 Hz 

1 mm (0.040 Inch) static 

0.041° rms In 48-km/h 
(30-ml/h) wind gusting 
to 72-km/h (45-ml/h) 

0.091° rms In 72-km/h 
(45-ml/h) wind gusting 
to 105-km/h (65-1111/h) 

3.7 to 4.2 GHz 
5.925 to 6.425 GHz 

Corrugated 1-brn 

50.85 dBi 
53.50 dBi 
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11 meter (37 feet) 

110° In 2 overlapping 
60° sectors 

+5° to +90° 

Sarne 

0.03°/s 
Same 
Sarne 

Sarne 

Same 

Same 

Same 

Same 

Same 
Same 

Corrugated 1-br n 

52.00 dBi 
54.80 dBi 



Models 8002A-H P and 8007 Earth Station Antennas 

Technical Characteristics (continued) 

Characteristic Speclflc8tlon 

VSWR 

Pol8rlzatlon 

Axl81 Ratio (on-exl s) 
LI nel!lr 
Clrcul8r 

Isolation (port-to-port) 
LI near Race I ve 
Transmit-Receive 

1-e I f..Power Beanwl dth (noml na I) 
Receive 
Tr8nsmlt 

First Sldelobe Level 

ENVIRONMENTAL 

~eratlon81 
Survival*** 

Wind loading at o• Air Temperature 
Operational 

Survival*** 

Solar Radiation 

Atmospheric O:>ndltlons 

SHIPPING 

Weight (approximate) 
Shipping 
tet 

9ilpplng Volume (approximate) 

8002A-t-P 

1.30: 1 Max 

LlnNr C~tlonal Circular) 

35 dB Min (standard) 
3 dB lex 
o.5 dB Max (optional) 

30 dB Min 
35 dB Min 

-14 dB 

-2o•c to +55•c 
-35-C to +60°C 

72-km/h (45-1111/h) gusting 
to 105-km/h (65-1111/h) 

200-km/h (125-1111/h) with 
no Ice; 140-km/h (87-ml/h) 
with 51 mm (2 In.) radlaJ Ice 

1.1 mW/mm2 (350 Btu/tt2-hr) 

Salt, Pollutants, and 
corrosive contaminants 
encountered In coastal 
8nd Industrial are8s 

17,500 lbs. 
11,000 lbs. 

1,900 tt3 

*Optional remote control, motor-driven polarization drive. 
**other voltages/frequencies aval I able. 

!2QL 

Same 

Same 

581118 
Same 

Same 
Same 

Same 

Same 
Same 

21,500 lbs. 
15,000 lbs. 

2,600 tt3 

***Survival conditions considered separately. Adjustable components securely clamped. Antennas 
are to be driven to favorable stowing orientations tor survival wind conditions. 
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Models 8002A-HP and 8007 Earth Station Antennas 

Technical Characteristics (continued) 

Characteristic Specification 

VSWR 

Polarization 

/1\l<lal Ratio (on-exls) 
Linear 
Circular 

Isolation (port-to-port) 
LI near Rece I ve 
Transmit-Receive 

Half-Power Beanwldth (nominal) 
Receive 
Transmit 

First Sldelobe Level 

ENVIRONMENTAL 

~erattonal 
Survival*** 

Wind Loading at 0° Air Temperature 
Operational 

Survival*** 

!olar Rad lat I on 

Atmospheric Conditions 

SHIPPING 

Weight (approximate) 
Shipping 
Net 

Sl I pp Ing Vo I ume (approx I mate) 

8002A-f-P 

1.30:1 Max 

Linear (~ttonal Circular) 

35 dB Min (standard) 
3 dB Max 
0.5 dB Max (optional) 

30 dB Min 
35 dB Min 

-14 dB 

-20°c to +55°C 
-35°C to +60°C 

72-km/h (45-ml/h) gusting 
to 105-km/h (65-ml/h) 

200-km/h (125-ml/h) with 
no Ice; 140-km/h (87-ml/h) 
with 51 mm (2 In.) radial Ice 

1.1 mW/mm2 (350 Btu/tt2-hr) 

Salt, Pollutants, and 
corrosive contaminants 
encountered In coastal 
and Industrial areas 

17,500 lbs. 
11,000 lbs. 

1,900 ft3 

*Optional remote control, motor-driven polarization drive. 
**Other voltages/frequencies available. 

8007 

Same 

Same 

Same 
Same 

Same 
Same 

Same 

Same 
Same 

Same 

Same 

21,500 lbs. 
15,000 I bs. 

2,600 tt3 

***Survival conditions considered separately. Adjustable components securely clamped. Antennas 
are to be driven to favorable stowing orientations for survival wind conditions. 
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B'.:lgh Perfo :e Eu-Band.An •• 
Melvin K. Cooker, Jr. 

Raymon A. Heaton 

Abstract 

Two high performance Ku-band antennas have been developed by Scientific
Atlanta as a new line of standard products. The first application of these 
antennas was for SBS earth stations. Dual-shaped Cassegrain designs were 
chosen to achieve the very high gain, low sidelobes and precise pointing 
accuracy required. Measurements and analysis of RF efficiency, reflector 
surface accuracy and pointing error are presented. Mechanical design and 
manufacturing techniques which produce precision and interchangeable reflec
tor components in high volumes are described. RF and mechanical tradeoffs 
are discussed. 

Introduction . 

Satellite Business Systems (SBS), a partnership of IBM, Comsat General, and 
Aetna Life & Casualty, is a specialized common carrier which offers large 
U.S. corporations a total communications service via satellite. The SBS 
network requires unattended Ku-band earth terminals on the customers' 
premises which can handle high data rate traffic with very high availability 
during a wide range of severe environmental conditions. 

For this system, the earth station antenna must provide very high gain with 
low side lobes, precise pointing accuracy and precision remote cont ro 1 . In 
addition, the antennas must be nearly maintenance-free and designed for high 
production volumes. 

Scientific-Atlanta has supplied antennas to Hughes Aircraft Company. which is 
producing an initial order of 102 SBS earth terminals. More than twelve 
months were required to design, develop and test the new state-of-the-art Ku
band earth station antennas. 

Two high-performance antenna configurations with motor drives are now in 
production. A 5.5-meter-diameter version (see Figure 1) is suitable for 
rooftop installations where size and wind loading are important considera
tions. A larger, 7.7-meter-diameter reflector (see Figure 2) is preferable 
for applications in extreme northern or southern latitudes of the continental 
U.S. where illumination by the satellite will be lower. The 7.7-meter 
antenna is also applicable in areas that are otherwise difficult to 
frequency-coordinate. 



Figure 1. 5.5 Meter Earth Station Antenna 
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Table 1. Antenna Technical Characteristics 

Characteristic 

General 

Antenn21 Type 

Antenna Size 

Reflector Construction 

Mount Configuration 

Electrical 

Operating Frequency Band 
Transmit 
Receive 

Antenna Gain (Ref. OMT port) 
Transmit 
Receive 

VSWR (Ref. OMT port) 

Polarization 

Isolation 

Polarization Adjustment 

Power Capabl llty 

First Sidelobe Suppression 

R21dlatlon Patterns* 
Transmit Band and 
Receive Band 

Cross-Polarized Suppression 

5.5-Meter 7.7-Meter 

Dual-shaped C21ssegraln system 
with corrugated feed horn. 

5.5"'1118ter-dlameter shaped main 
reflector and 0.58"'1118ter
dlameter shaped subreflector 

Al I aluminum 24 precision 
die stamped panels, truss 
supports, central hub 

7.7"'1118ter-dlameter 
shaped main reflector 
and 0.81-meter-dlemeter 
shaped subreflector 

Al I aluminum, 24 
faceted panels, truss 
supports, central hub 

Elevation-over-azimuth 

14.0 to 14.5 GHz 
11.7 to 12.2 GHz 

56.0 dBi at 14.25 GHz 
54.8 dBi at 11.95 GHz 

1.3:1 Max 

59.0 dBi at 14.25 GHz 
57.8 dBi at 11.95 GHz 

Linear; transmit-receive 
orthogonal 

35 dB Min (transmit 
to receive) 

360° 

3 kW CW 

-15 dB 

(32-25 log 9) dBi 
-10 dBi 
-15 dBi 

35 dB or better on 
boreslght axis and 
30 dB within 3-dB 
beamwldth 

1° <:0 <:4s 0 

48° <:9 (120° 
120° <:e (1so 0 

*Average Sldelobe Envelope (per FCC Reg. 25-209 and CCIR Report 391-2) 
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Table 1. Antenna Technical Characteristics (continued) 

Characteristic 

Antenna Noise Temperature 

Mechanical 

M3ln Reflector Surface Accuracy 

Antenna Pointing Accuracy 
(per EIA STD. RS-411) 

Antenna Point Ing Range 

Azimuth 

Elevation 

Antenna SI ew Rate 

Env I ronmenta I 

WI nd loads 
Operational 
Survival, no Ice 

5.5-Meter 7 .7-Meter 

Elevation 
5• 

10° 
15° 
20° 
30° 
40° 

0.029° rms 

"K EI evat ion 
75 5• 
46 10° 
34 15" 
27 20° 
20 30° 
17 40° 

0.028 inches (0.H mm) 
rms normal to sur~ace; 
measured static (~.25-inch 
rms effective electrical) 

0.035 inches C0.89! mm) rms 
normal to surface; i dynamic, 
operational envlrorment 
(0.31-inch rms et ~ective 
electrlcall 

0.020° rms 

"K 
74 
45 
33 
26 
19 
16 

55° in one sector; 
87° In two over
lapping sectors 

64° in one sector; 
110° in two over
lapping sectors 

4.5° to 64.5° 4.5° to 90° 

0.01° per second 

75 Km/h gusting to: 100 Km/h 
200 km/h 

Survival with 25 mm radial ice 110 km/h 

Temperature Range 

Ice 

Operational 
Survival 

Operational 
Survival 

Solar 

Se i sm I c Load I ng s 
Survival 

4 

i 
-30°C to 50°C (-22~F to t22°F) 
-40°C to 60°C (-40:•F to 140°F) 

6 mm radial 
25 mm rad la I 

t.t mW/rrvn2 (710 mW/tn2) 

Mercal Ii VI I I C0.3, g horl
zonta I and vertlca il with 
50 km/h winds gustling to 
75 km/h) 



Figure 2. 7.7 Meter Earth Station 
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Scientific-Atlanta considered many technical approaches for the 5.5- and 
7.7-meter antennas. Among these were offset-fed reflectors, focal-point-fed 
reflectors, and axisymmetric dual-reflector geometries. 1 Each of these con
figurations has particular advantages, but the axisymmetric, shaped dual
reflector geometry provides the most flexibility in design and is the most 
effective compromise. 

The offset-fed, dual-reflector approach offers signific1nt sidelobe improve
ment in the azimuth plane over axisyrmietric antennas since this plane does 
not have blockage from the feed or subreflector. Overshadowing this advan
tage, however are the disadvantages of high fabrication! cost, and the possi
bility of decreased off-axis cross-polarization discrimiration. 

The advantages of a focal point design are feed cost and a moderate reduction 
in blockage and sidelobe levels. However, the design has relatively low 
aperture efficiency compared to a shaped Cassegrain antenna. Thus, for 
equivalent gain a larger reflector is required which offsets the lower feed 
cost. In addition, the focal point feed interface : is inconvenient and 
results in additional loss, particularly for transmit applications. 

For this application the dual-shaped, Cassegrain design offered the best 
combination of performance and cost. Using computer-aid~d design techniques, 
the primary feed pattern and shaping of the reflectors was optimized for gain 
and sidelobe performance. 

A corrugated conical horn was chosen as the feed element for its pattern sym
metry, cross-polarization characteristics, and nearly constant beamwidth over 
the operating frequency band. Using a technique developed by Scientific
Atlanta for 4/6-GHz corrugated horns, the horn was impedance-matched to 
achieve a VSWR less than 1.04:1 in both transmit and receive frequency bands. 
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The prec1s1on machined subref1ectors for the 5.5-meter and 7.7-meter antennas 
are 23 inches and 32 inches in diameter, respectively. The relatively large 
diameter-to-wavelength ratios provide well-behaved scatter patterns which 
contribute to the excellent gain and sidelobe performance. A three-spar 
subref l ector support pro vi des the rigidity required for dynamic wind condi
tions while minimizing blockage effects. 

Mechanical Considerations 

The main reflectors of both antennas consist of 24 panels attached to a central 
hub and supported by 24 trusses. Aluminum is used for all the reflector compo
nents to minimize weight and corrosion and obtain maximum strength and rigidity. 
The use of a single material with high thermal conductivity also minimizes panel 
surface distortion due to unequal thermal expansion. 

The 0.035-inch rms surface deviation due to dynamic conditions is based on com
puter analysis and deflections obtained by sand bag loading prototype antenna 
panels. The re.sults confirm that the reflectors have the mechanical integrity 
required for both surface accuracy and beam pointing during severe weather con
ditions. 

Achieving high surface accuracy on routine production units is essential to the 
design. The precision of the antenna hub is key to obtaining surface accuracy. 
The hub is an aluminum cylinder capped by front and rear diaphragms. The dia
phragms are precisely machined for attachment of the 24 trusses. 
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Reflector panels are held in place by the radial trusses attached to the hub. 
The trusses are fabricated from special aluminum extrusions and welded in a 
fixture to maintain overall dimensions. Panel mounting tabs on the truss are 
then drilled and routed in a precision hard tool to ensure accuracy and inter
changeability of the trusses. The truss tabs provide support and proper align
ment of the panels. 

The 5.5-meter panels are prec1s1on die stamped from 0.125-inch aluminum sheet. 
The edges of each panel formed during the stamping process act as stiffeners to 
retain the pane 1 's contour. After stamping, the panels are positioned in a 
drill fixture which precisely locates assembly holes in the panel edge that mate 
with mounting holes on the truss tabs. The die-stamping production process 
assures repeatable panel dimensions and complete panel ~nterchangeability. The 
technique is also very cost-effective for the planned h~gh volume production of 
the 5.5-meter antenna. A faceted panel fabrication process is used for the 
7.7-meter antenna since it is being produced in smaller quantities. Both manu
facturing processes used by Scientific-Atlanta produce a~curate and interchange
able antenna panels. 

The factory production techniques used for the 5.5- and 7.7-meter reflectors 
eliminate time-consuming -panel alignment during field installation. The surface 
precision is tooled into the interlocking reflector components. In the field a 
highly accurate surface of revolution is produced by simply assembling the 
reflector without special tools or highly skilled personnel. 

The ease of assemb 1 y, surf ace accuracy, and interchangeability of reflector 
components were verified during acceptance tests of the antennas. The process 
involved assembling the 7.7-meter reflector twice and making a surface measure
ment after each assembly. A manual clinometer bar measurement technique was 
used to survey 511 points on the reflector surface. RMS surface accuracy was 
calculated from the clinometer data. 

For the first measurement, the panels and trusses of the! reflector were arranged 
with out any prior considerations. The measured rms of the configuration was 
0.027 inches normal to the surface. The reflector i was disassembled, the 
arrangement of the panels and trusses was randomized and the reflector reassem
b 1 ed for the second rms measurement. The randomized reflector configuration 
measured 0.028 inches rms normal to the surface. The difference between the two 
measurement results are statistically insignificant, confirming that reflector 
components are interchangeable and that an accurate surface is produced without 
panel alignment. 

The same tests were performed on the 5.5-meter reflector. The first surface 
measurement was 0.020. After disassembly and random reassembly, the reflector 
surface measured 0.023, again confirming the tooled-in precision of the antenna 
components. 

Very precise antenna pointing accuracy even during severe weather conditions is 
required for Ku-band operations. The rms pointing accuracy of the 5.5- and 
7.7-meter antennas is better than 0.1 beamwidth, 0.029° and 0.020°, respec
tively. 
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Computer-aided design and analysis were utilized extensively to obtain the 
necessary mount and reflector stiffness for the required pointing accuracy. 
Truss-tab · pick-up points for the reflector panels were computer-located to 
achieve the best stiffness in regions of maximum wind load. Similarly, special 
truss extrusions were contoured radially from the hub to achieve the best trade
off of weight and stiffness. 

Backlash contribution to pointing error also received special attention. Trade
offs of manufacturing tolerance versus ease of field assembly were made. 
Special rod end caps were designed for the actuator connections and the antenna 
clevis joints. 

In summary, the Scientific-Atlanta 5.5- and 7.7-meter earth station antennas 
satisfy the demanding Ku-band performance requirements. They are cost
effective, producible in high volume, and are easily assembled in the field 
without requiring critical alignment procedures. Many of the antennas have been 
installed and are currently demonstrating performance exceeding the design 
objectives. 
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LA1l'DSM D Tracking Antenna 
W. K. Dishman 

The LANDSAT-D antenna can receive and autotrack a source transmitting in both 
S-Band (2.2 to 2.3 GHz) and X-Band (8.0 to 8.4 GHz). The antenna configura
tion is a 10-meter , reflector with a Cassegrain subreflector and feed. A 
dual-frequency monopulse feed is used which consists of four square X-Band 
horns surrounded by four diagonal S-Band horns. Normally, the feed receives 
right-hand circularly-polarized (RHCP) signals, however conversion to left
hand circular polari:zation (LHCP) or vertical polarization is possible. This 
system is normally equipped with a 50°K S-Band parametric amplifier and a 
90°K X-Band parametric amplifier. System G/T measurements averaged 21 dB/°K 
at S-Band and 31.5 dB/°K at X-Band. Antenna range tests show that the 
antenna has excellent sum and difference patterns suitable for LANDSAT-D and 
similar satellite data acquisition applications. • 

Description of 10 Meter .Antenna 

The optics of the antenna design were chosen to optimize the overall perform
ance of the dual-frequency band feed. Illumination efficiency and spillover 
efficiency design tradeoffs were made to yield acceptable gain, sidelobe and 
tracking performance. The dimensions of the optics are shown in figure 1. 

Antenna Optics /10Diomete, 

•-~ 
15.8° 

0.54 

, ... --3.05 

----3.92----· 

Figure 1. LANDSAT D Antenna Optics 

Dimensions in Meters 



The main reflector is a 10-meter-diameter paraboloidal surface with a focal
to-diameter (F/0) ratio of .0.39. The reflector fabrication techniques are 
the same as described in the 11 10- and 11-Meter Antenna" paper. 

The subreflector is a 1.524-meter-diameter hyperboloidal surface with an 
eccentricity of 1.55 and a surface tolerance of 0.18 mm rrns. The subreflec
tor is supported by four 7.6 x 12.7 cm ogival cross-section spars which are 
attached directly to the reflector truss members. This allows the loads from 
the subreflector to be transferred through the truss members into the central 
hub without applying these forces to the main reflector surface. 

LANDSAT-D Feed 

The LANOSAT-0 feed assembly, shown in figure 2, consists of four X-Band wave
guide horns surrounded by four S-Band horns. • The X-Band horns are 5 .16 cm 
square apertures which taper to 2.85 cm square waveguide. A dielectric slab 
polarizer is placed diagonally across a section of the square waveguide fol
lowed by a horizontal resistive card and a square-to-rectangular waveguide 
transition. The dielectric polarizer converts a RHCP wave to a vertically 
polarized wave. Any residual horizontally polarized signal that would 
reflect off the transition is attenuated by the resistiye card. The square
to-rectangular waveguide transition is a 4-step Tchebyschef transformer which 
produces a broadband impedance match. The ouput from each feed is a standard 
WR112 waveguide flange (UG 138 cover). 

The four feed output flanges are in a square pattern and mate to the wave
guide monopulse comparator located directly to the rear of the X-Band horns. 
This comparator provides a sum output by combining the four horn signals in 
phase and difference outputs by combining signals from each side of boresite 
180° out-of-phase in the elevation and ~he azimuth planes. 
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The S-Band feed horns function identically to the X-Band horns except that 
they are di agona 1 waveguide horns arranged in a diamond-configured array 
instead of a square-configured array. The S-Band apertures are approximately 
18.8 cm square, and they taper to a 8.64 cm square waveguide. The X-Band 
horns occupy only a small corner of the S-Band aperture and therefore do not 
seriously effect its radiation properties. The polarizers and transitions 
are identical in function to the X-Band units. A WR340 waveguide comparator 
is used to combine the diamond-array output ports. This large comparator 
bolts to the horn outputs which lie in the plane of the reflector vertex, so 
the comparator occupies the centra 1 area of the reflector hub. Enclosures 
for RF electronics components are located on the hub wall around the compara
tor. 

The feed unit is contained within a square feed can which attaches to the 
reflector hub. A LUMAR® radome seals the waveguide apertures. Thermostati
cally controlled heating pads on the S-Band horns prevent ice accumulation on 
the radome. The feed and components are pressurized with dry air to prevent 
the ingress of moisture, therefore maintaining overall antenna performance. 

BF Electronics 

There is a set of functionally identical RF electronics for each frequency 
band. They produce .both a low-noise data channel output and a psuedo-mono
pulse tracking channel output. Each channel is downconverted to an IF fre
quency by multiple downconverter units. A feed block diagram is shown in 
figure 3. 

The sum channel output from the monopulse comparator is sent to a parametric 
amplifier through a 30-dB test coupler and a 5-pole bandpass filter. The 
test coupler allows injecting a test signal for system evaluation. Amplified 
signal from the paramp is divided into a data channel and a tracking channel. 
To' minimize losses, most components preceding the amplifiers are waveguide 
type. Azimuth and elevation difference channel outputs from the monopulse 
comparator are diplexed into one line by a MONOSCAN® converter. The 
MONOSCAN® converter a 11 ows a reduction in the comp 1 exi ty of the feed by 
requiring only one receiving channel for both the azimuth and elevation 
tracking error signals. In addition, the MONOSCAN® converter has a phase 
shifter section that allows the insertion of a 0° phase shift or a 180° phase 
shift in the selected channel. 

Output signal from the MONOSCAN® converter is amplified by a 35-dB gain GaAs 
FET preamplifier. This signal is sent through a remote-controlled phase 
shifter and coupled into the tracking portion of the sum channel through a 
10-dB directional coupler. 

The sum and difference channels are carefully phase-matched through this 
directional coupler output. This allows the coupled difference channel to 
amplitude-modulate the sum channel as the MONOSCAN® converter is switched 
between the two azimuth/elevation inputs and the two phase states. The scan 
sequence (AZ 0°, EL 0°, AZ 180°, EL 180°) is generated by the antenna control 
unit. The effect of the scan sequence produces a small deflection of the 
tracking channel antenna beam into four positions around the antenna bore
site at the scan rate. The antenna control unit utilizes the relative ampli-

MONOSCAN® is a registered trademark of Scientific-Atlanta, Inc. 
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Figure 3. S and X Band Feed Block Diagram 

tude information of the four beam positions to reposition the antenna bore
site at the signal source (the amplitude difference is nulled by the control 
unit). The remote-controlled phase shifter is included to allow sum and 
difference channel phase-match readjustment in case any components change 
phase length with age . 

.Antenna Efficiency Calculations and. Gain Budget 

The antenna aperture illuminations are optimized for S- and X-Band sum 
patterns. The feed horns and subreflector are designed for an amplitude 
taper between -10 and -12 dB over the operating frequency bands. Measured 
feed patterns for mid-frequency S- and X-Band are shown in figures 4 and 5. 
The subreflector half-angle from the feed phase center is approximately 
15 .8°. As is well known, a four-element monopul se feed requires uniform 
excitation of the elements and results in rather high sidelobes in some 
planes. This yeilds rather high subreflector spillover losses. The sub
reflector scatter patterns were computed using the Geometrical Theory of 
Diffraction (GTD) analysis technique; the reflector illumination efficiency 
was then computed from these patterns. A typical gain budget was tabulated 
from these computed values for each band (Table 1). The gain budget includes 
estimates for all expected losses. Average values for measured antenna gain 
at the comparator sum port are listed for comparison. 
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Table 1. Gain Budget 

Item . Gain/Loss (dB) 
2.25 GHz 8.2 GHz 

Gain of 100% efficient aperture 47.50 58.50 
Feed Efficiency -3.82 -3.46 
Surface tolerance -0.04 -0.51 
VSWR (1.3:1) -0.07 -0.07 
Feed resistive loss -0.05 -0.05 
Polarizer -0.05 -0.05 
Comparator Network : -0.20 -0.20 

Gain at the sum port of the 43.27 · 54.16 
monopulse comparator 

Average measured gain at the sum 43.9 dBi 55.3 dBi 
port of the monopulse comparator 
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System G/T .ADalysis 

The GIT analyses for the X- and S-Band systems are shown in tables 2 and 3. 
The calculations required are described in a previous section of the symposium. 
The loss and gain numbers are obtained from component specifications and worst
case estimates for manufactured parts. 

Table 2. System G/T Analysis - S-Band (5° Elevation, 290°K Ambient Temperature) 

Ju net ion 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Device 

Antenna 

Feed 

Polarizer 

Comparator 

Waveguide 

Loop Coupler 

Filter 

Paramp 

Power Divider 

Down converter 

Cable Run 

Power Divider 

Isolation 
Amplifier 

Receiver 

Type 

Passive 

Passive 

Passive 

Passive 

Passive 

Passive 

Active 

Passive 

Active 

Passive 

Distribution 
Amplifier 

Distribution 
Amplifier 

Gain/Loss 
(dB) 

43.6 

-.05 

-.05 

-.20 

-.10 

-.03 

-.15 

35.0 

-3.26 

20.9 

-14.1 

-3.26 

o. 
o. 

System G/T: 20.7 dB/K 

Noise System 
Temperature Temperature 

(K) (K) 

85.0 

13.36 

3.36 

13. 67 

6.76 

2.01 

10.19 

55.0 

324.33 

4099.33 

7164.15 

324.33 

2610.0 

5496.0 

195 

193 

191 

182 

178 

177 

171 

540638 

255215 

3.1 X 107 

1.2 X 106 

576642 

576642 

576642 

GIT measurements were made using an extraterrestrial source (solar flux) and an 
injected signal technique. Effort was taken to minimize the sources of error. 
Reasonable accuracy was achieved at S-Band (±0.4 dB) and X-Band (±0.75). The 
higher uncertainty at X-Band was due to the flux density uncertainty. 
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Measured Antenna Performance 

The LANDSAT-D antenna performance was measured on a 1500 foot elevated range. 
Typical patterns are shown in figures 6 through 9 and data is summarized in 
table 5. 

Table 3. System G/T Analysis - X-Band (5° Elevation, 290°K Ambient Temperature) 

Junction 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Device Type 

Antenna 

Gain/Loss 
(dB) 

54.3 

Feed Passive -.05 

Polarizer Passive -.05 

Comparator Passive -.13 

Waveguide Passive -.05 

Loop Coupler Passive -.03 

Filter Passive -.15 

Paramp Active 35.0 

Power Divider Passive -3.16 

Downconverter Active 20.4 

Cable Run Passive -16.6 

Power Divider Distribution 
Amplifier -3.26 

Isolation Distribution 
Amplifier Amplifier 0. 

Receiver Active 0. 

System G/T: 31.1 dB/K 
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Noise System 
Temperature Temperature 

(K) (K) 

80.0 

3.36 

3.36 

8.81 

3.36 

2.01 

10.19 

90.0 

310.34 

4201.57 

12965.56 

324.33 

2610. 0 

5496.0 

221 

218 

216 

210 

207 

206 

199 

628680 

303689 

3.3 X 10 

728500 

343898 

343898 

343898 



Table 4. G/T Calculations and Measurements 

Calculated System 
G/T (Indirect) 
(Elevation Angle= 5°) 

Measured Using 
Solar Flux Technique 

Measured Using 
Injected Signal 
Level Technique 

S-Band 

20.7 dB/K 

21.23 dB/K 

20. 7 dB/K 

1

1, l i I I I ! I I I I; I II I .µ' '... --! '. " ' ... \ 
i i I I I I ·, ! I ' • , I · \ 

X-Band 

31.1 dB/K 

31.26 dB/K 

32.96 dB/K 

.! ! _[1
1
_ il l I I , I I 1 •;_.c,~-~- . ... . ' \ ' ... i,.r'\ 

! 1 1 I I J i I I I I i! 1 l 1 ' : I , • ;:; \ ,- -1. 

Figure 4. S-Band, 2.25 GHz Sum Channel Feed Pattern 

8 



iHlH H ++H-+++·ltt~ H+ -H- : u ~ ti+H 
l·Jl [ ·1 f 
, 11 , 

i L ! i I I I ~ I I i '-r: l ' ' I ' ! ! i .L I ' ' ! i.: ~ nr 1 1 1 1 1 1 ! n 1 ~•7Tl! Tr;: : 1 ; 1 1 

'• ':.·'I , '! j T'' ... J..~ 

:, r', l, i,-, r, I ,.1. i + J I i I _LJ ! i~ i I ' I! :!: ' ' ' -. '. Fl: 1 1 1 i" , 1 , 1 1 1 1 TTT 1 , 1 1 1 1, 

l'I ! II I 1 I 
I I I I ! 
,,1·, 

' 
I 7 1' . I 

ttt1·ttt-1ft;t,1-rl.11i-t-rtttt-t1-t-'H-' H'ti '+M-' 'Ti t\" I .'~•-,-' : •J:b+.~ t ,.;.j.h·•) - ~ • ' ' ' I''' ___ .:JTI 
! 1 i 1 ; ! 1 , : 1 11;7 , ·1\ : · 1 ; • • 1 -- ••• - ,.. i :· ; ·: : l 1 1 1 1 ' ' : l 

I 
I ~ 
I 

' I I 

.i, 0 ·:-tt.'11Mffirtt-tttti11lti11-tt-H•i.L: -~.Li~:', I 1'~ ' +, 1'·', I' i 1'!., ' : -iJ I i I' ! z I ' ! I ' 
1 : ! : :r- ! : !ft · 1· TT 1 - •.!. II I 

!:: I I , I ! I , I 1 11 ! 11 ' "'
2

1 I ! 
I I i I · i ! , I I I ii c I ! ! 

H++++-H-H-++++-!l:"':~H++++-!-l..w:.'1-¥1 ....... i+++++H-l'+++++-1+1++-l++i++++,1+;.'~ ,·. H'+1-i-: -111HH-1r+-+-' 1-t1+µ.+•~~1 .... ' .... • 1 LH1' ~E...4tHm+t-H-f!"~' 7 : ' 1 1 
E Ii I i I 1 , i I 1111 ~- 1 i ! I 

: j ! I ! I I : ' I I ' ' ! ~ ! '. : r.- JJ~ t ' ,xi I I l : I : l I 

I I I i 11 i II I I 'I ! 11 ,L I 777 · I , I' ; I, : i --··-·. __ ;ti 
l+t-t-H-t+ttt+Ht-t-t,Qi-ili'-~-t-H-H-ttt+HH+t+-t+t-l+t+rH-H-ttt+HH++tt-t+l+t-t-H* +-H-++r-tt++-t-++tttffiltt-.-++~ tt-lH---+30-'-.. ' ----, ""1 

I 
I ! ii II !:l l 1 1Ji J. l,:,.l,,~ l.:,+-,1.,:, ~,L! .. ,, 1;,,, ;,.:, _ 

~ ' I l l; ! I ! , I t I ! j i I ~ t·: · · -; • :· 

I :i 

Hi. 
I ; ill ,,Ji -

11 

rrH+ 1 I I 

I I I. 

Wltro1 ~k I i 
-~ 1, r12t 13·~· · i 

'' 
I I 

Figure 5. X-Band, 8.20 GHz Sum Channel Feed Pattern 

9 



I -

I 

! ! ~ "'[\ J/\0 
----~-T--,o -r---- I I \ I \ : - ••C 

__ ---::---.--,-~./ I \ / \ \ _ ----[ __ ;_::-~)- --, 
1/7 \ f\ I 

1 

/' /R\ i ' 
-K:_j; '-~v \ -, I !\, { '.'. ::- ... 
----!-•• l J J • I --i,,- : -- -~ 

---+--+ .... ~- V _l __ j; 10--L _J 
i-,40 ~.::-~- I ; t- I 1 

~ I ! ~! I i 
---+--+""'2:· -•• i ----------+---+--__ +_.--_-:-_: ___ '.+--+--+--+--+ '1-·~t"- --1---~ 
---+----+-w~-50+--+--+1 ______________ ...._-_---------__ ______ }/ 5:,----~-- '. ·-: 

ii; - ------ ----=::.=.:.·:::=:--::::..:,_ ! °'i I : 
-----11-------1-••+--+-- +---+---+----+----+--+--+--+--+--+--+--+--~:---1-sc,---L--- - -

I , ! , 
---··-i---··. t' )- - ·i--· 

! 
i 

- - I 
- --

--+--+--+--+--+--+--+----+------+-~--+-----+-----+-----+---·-t•r,5 

I 
70 

I 

I 

-75 
. ·-·-Z'· 

----r--
't 'f ! 

I(\:'; 7z·• 

12 

), 
80 

ANGLE 

Figure 6. 2.25 GHz Sum and Azimuth Difference Pattern, ±5° 

-------o--------,--,---,---,---,,-----,-----,-----,-----,---,----,----,---0--I 

i 
: 

- -- l 
10 ----+--+--+--+----------+----+---·- ---r-· 

15 +--+--+--+---+----ttt--1-------11-------1---,--~--+---+- --·--7'1~- .. 
-

20 
_,___ 

.; A .-. 

' r, - 'l !_\ :· r I ------· ---

i ' -
-Ill-

n ··-·· ri- ·1 

Figure 7. 2.25 GHz Sum and Azimuth Difference Pattern, ±180° 

10 



i r·- -- -to+--.-_+-;-.-, -+---+--~-+--1--#.-1-+-~--+---+----l--

1 
~--+---le--15+--+-~f----1--+--+----14+---ll-l----l-l---l---+--1-----l-

( \ I 
! 

f\ A ! 
-5--

7· 1 

I 
-- 1 

l 
I 1-·- -- -2.0 

1
1---+----1---25+--t-

1 

·__,..., +--,-+-+..c1""<"~ft'-ttl'--+-+1+++---,-+--f--

...___.._-"-, i-•o+---t-t--t----+----lf-~tt-H-+ll--ttlt---t-----!f.!!-IIH+il-+-+-~"l:--i--·-+--+

i----l----+-:L.-1-,,..·1-r. +~::.--~·· ·.:..i· __ ..:,q=l\. ,f.."\-l-l--+µ\:IJ-..IJ.-+--u..-i.AJ'""-l,J..jl.\-l.l+--1--1 

.. .J 
,/\ 

~ 3 

I\ ' I \,. > 

I I "' 3: 
"' 3 z "v, ~rf' t; ,~f) -- \I V I\ J,. '\~ ~/\0 ,.. " 

\ 
·A 

C .. ::·: = _:~ Jl::: -
1-11-,A-1-1.....u---1-,1w~~•oi-\-__:f:f:i-..:.:.H-----f+:.......\-H----+---+-+---+----+..:----+...:.t--.:HJ-..:4H--41--H--

···.-~ ..... • .. · ... :·. J-. 
~ ...... __.__.,__.,+--+--11-M---+...L..--4---+---1----i----1--+--.i-:----1---1:il-..µ.---1-:ii-

...... --
I· .. 

--·-··----

I 
v 

"' 

•• 

Figure 8. 8.212 GHz Sum and Azimuth Difference Pattern, ±5° 

1---

"'V\ 

N 

l---+--5+---+-----+--~--i------1---1------1-----l-~-+ --J.---J.-----"--"----"---" 

I 

l-----l--10+--t-----,f---+--+--+---l---+---i--+--+---I------+--+ 

1-----1--,s+--t----'f---+--+--+---l---+---i---l--+---l----l---+--+----l-l ,._...1...--1 

l---+-:,e JI0----1------< 
> 
< 

+--t--f--t---t--+-+-•-+--+--+--11--+--i---+-!•--I----< 
z 
0 

--ffi .;o--+----1 
3: 
0 .. 
> ;:: .. 
...J_ 50 
er. 

Figure 9. 8.212 GHz Sum and Azimuth Difference Pattern, ±180° 

11 



• I 

I 

Table 5. Measurement Summary GE/NASA LANDSAT D Antenna Y401 

S-Band X-Band 
PARAMETER 

2.20 GHz 2.25 GHz 2.30 GHz 8.025 GHz 8.213 GHz 8.40 GHz 

Gain at comparator 
output (dBi) 42.52 43.6 43.1 , 55 .8 55.5 54.7 

First sidelobe AZ cut 18.0 18.5 18.2 :i:9.5 18.8 20 
suppression ' 

I 

(dB below I:-peak) EL cut 18.2 18.0 18.8 ,19.2 18.8 20 

Null depth AZ cut 51 42 36 '. 47 47 44 
(dB below 
~>peak} EL cut 34 37 36 '44 43 45 

Axial Ratio {dB) 0.2 0.1 0.3 0.6 0.7 0.9 

AZ cut 0.90° 0.89° 0.88° 0.26° 0.24° 0.25° 
Beamwidth 

EL cut 0.90° 0.91° 0.88° :o.25° 0.24° 0.25° 

AZ cut <0.03° <0.03° <0.02° ~0.01° <0.01° <0.01° 
r. /I!. 
misalignment EL cut <0.02° <0.03° <0.03° <0.01° <0.01° <0.01° 

Max. in-band system VSWR 
at comparator output 1. 25: 1 1. 20: 1 

Note: 
Pattern checks of S-Band and X-Band patterns after focus at 00 show s 1 i ght 

improvement in sidelobes at X-Band (-19.2 dB @ 8.212 GHz) and significant 
improvement of S-Band sidelobes {-21 dB@ 2.25 GHz) 
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Frequency B.aase Feeds 
R.M. Barker 

Frequency Beus«;t Feeds 

Scientific-Atlanta has implemented the most advanced technology into the 
Series 8230 Frequency-Reuse Feeds for applications with earth stations 
operating in the INTELSAT or domestic conmunications systems. The feeds can 
be supplied with li1near or circular polarization and are available for use 
with the Model 8007 11-Meter, the 8002 10-Meter, or the 8010C 7-Meter 
Antennas. The feed package is compact and can be purchased separately for 
upgrading existing stations. 

CoDStra.ction and Operation 

The heart of the feed (conmon to all models) is the unique directional junc
tion or diplexer (Figure 1). A circular waveguide section is coupled to a 
coaxial waveguide by using a corrugated waveguide section between the two. 
The circular waveguide supports both transmit and receive frequencies in the 
TE 11 mode. The coaxial waveguide supports the TE 11 mode in coaxial guide, 
and the combination center conduct er and 6-GHz waveguide supports the TE 11 
6-GHz mode. The corrugated section is used to direct the 4-GHz fields into 
the coaxial guide while also coupling the transmit fields from the 6-GHz 
guide to the common circular waveguide. When the frequency separation is 
complete, the 4-GHz fields are coupled to orthogonal waveguide ports attached 

6 G.Hz Circular Waveguide 

4 GHz Horizontal Polarization 
Output Port 

6 GHz Horizontal Polarization 
Input Port 

Polarization 
Input Port 

4 GHz Vertical Polarization 
Output Port 

4 GHz Coaxial Mode Waveguide 

Corrugated Waveguide Mode Transducer 

Common Circular Waveguide Port 
Supporting 6 and 4 GHz Modes. 

Figure 1. Cutaway View of Frequency Reuse Diplexer 



to the outer conductor of the coaxial section. The 6-GHz signals are 
obtained through an orthomode transducer attached to 1 the central waveguide. 
Keeping the 4-GHz sigr:,als from interfering with the 6-GHz signals is not a· 
problem, since the 6-GHz waveguide is below cut-off at 4 GHz. However, the 6 
GHz could be coupled into the 4-GHz ports. Isolation is offered first by the 
corrugated section it se 1 f, and then by 6-GHz band reject filters which are 
attached to the 4-GHz output ports. 

Finally, there are eight inductive posts surrounded by capacitive irises 
which in combination act as additional filtering to t~e 6-GHz si9nals. These 
posts are also used to support the center waveguide to the outer conductor of 
the coaxial section. 1, 3, 1 

Model 8830 l!'eed 

The 8230 Feed is the most basic of the reuse feeds and consists of a corru
gated horn attached directly to the diplexer unit.! A 6-GHz OMT is then 
attached to the back of the diplexer at the 6-GHz circular waveguide flange. 
The 4- and 6-GHz waveguide ports are positioned so that they are fixed in-
1 ine with each other and the entire feed can be rotated manually or by motor
ized drive to compensate for the correct polarization angle. Technical 
characteristics and a typical feed arrangement of tihe Model 8230 Feed are 
listed in Table 1 and Figure 2. • 

Table 1. Model 8230 Reuse Feed Technical Characteristics 

Characteristic 

Frequency of Operation 
Receive 
Transmit 

Voltage Standing Wave Ratio (Antenna) 
Receive 
Transmit 

Axial Ratio (On-axis) 
Insertion Loss 

Receive 
Transmit 

Isolation 
Receive to Receive 
Transmit to Transmit 
Transmit to Receive 

Power Handling Capability 
Polarization Adjustment 

(Manual or Remote Control) 
Radiator Type 
Pressure (Dry Air) 
Feed Interface Flanges 

Receive 
Transmit 

2 

Specification 

3700 to 4200 MHz 
5925 to 6425 MHz 

1. 3: 1 Max 
1. 25: 1 Max 
35 dB Min 

0.20 dB typical, 0.25 dB Max 
0.20 dB typical, 0.25 dB Max 

35 dB Min 
35 dB Min 
75 dB Min 
5 kW CW, 20 kW peak 
±90°, receive and transmit 
polarization rotate together 
Corrugated horn 
Pressurizable to 0.5 psig 

CPR-229-G 
CPR-137-G 
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Model 88300 Feed 

The circularly polarized version of the four-port frequency reuse feed has 
been specifically designed for the very low axial ratio requirements of the 
INTELSAT Global Communication System and other similar circular applications. 

The mechanical layout and structural integrity of the feed is similar to its 
1 inear co-part with the exception of two polarizing devices. In the 4 GHz 
coaxial waveguide section, a precision-tuned 90° pin polarizer is added to 
provide the proper phase shift necessary to create left- and right-hand cir
cular polarization, respectfully, at the orthogonal 4 GHz output ports. 
Similarly, a 6 GHz 90° pin polarizer is used in the common-round transmit 
waveguide section to provide left- and right-hand eircular polarization 
transmit when the signal is input at the orthogonal waveguide ports. 

As with all Scientific-Atlanta feeds developed. for C-Band, standard CPR-229-G 
and CPR-137G interface flanges are used making field retrofits feasible. 

Circular feed versions are available for the 7-meter and 11-meter antennas 
but can also be implemented easily into other antennas with specific require
ments. 

Feeds are pressure-sealed, primed, and painted for maximum corrosion resis
tance in most world environments. (See technical characteristics and outline 
drawings in Table 2 and Figure 3, respectfully.) 

Table 2. Scientific-Atlanta Model 8230C Circularly Polarized 
Frequency Reuse Feed 

Characteristic 

Operating Frequency 
VSWR (Antenna) 
Axial Ratio (On-axis) 
I sol at ion 

Port-Port 
Transmit-Receive 

Insertion Loss 
Power Handling (Each Port) 

Feed Interface 

Receive 

3.7 to 4.2 GHz 
1. 3: 1 
0.5 dB 

20 dB 

0.25 dB Max 

CPR-229-G 

Transmit 

5.925 to 6.425 GHz 
1.25:1 
0. 5 dB 

20 dB 
75 dB 
0.25 dB Max 
5 kW cw 
20 kW peak 
CPR-137G 

--------------------------------
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Figure 4. Model 8231 Frequency Reuse Feed Simplified Block Diagram 

Model 8831 Feed 

The 8231 Feed allows independent rotation of the polarization angle in the 
transmit and receive ports (Figures 4 and 5). This allows a means of compen
sation for Faraday effects which rotate the polarization angle of the 4 and 6 
GHz in opposite directions. Each feed component is mechanically isolated 
from the others by rotary joints. A 6-GHz half-wave, linear-polarizer 
section is added between the diplexer body and the 6-GHz OMT. This component 
provides 180 degrees more phase shift for one polarization than it does for 
the orthogonal polarization. When rotated, it effectively matches the 
polarization angle of the 6-GHz OMT with the incoming polarization angle. 
The advantage of using this component is that the 6-GHz OMT which is rigidly 
mounted with waveguide need not be rotated. Also, the half-wave polarizer 
only needs to be rotated physically 45 degrees to go from horizontal to ver
tical polarization. Both the diplexer body (4 GHz) and the polarizer (6 GHz) 
are internally motor-driven and controlled remotely with the Model 8045 
Control Unit. Limit switch protection is provided to prevent over-rotation 
and allows ±90° polarization rotation at both 4 and 6 GHz. Technical charac
teristics of the Model 8231 Reuse Feed are listed in Table 3. 
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Table 3. Model 8231 Reuse Feed Technical Chatacteristics 

Characteristic 

Frequency of operation 
Receive 
Transmit 

Voltage Standing Wave Ratio 
Receive 
Transmit 

Axial Ratio (On-axis) 
Insertion Loss 

Receive 
Transmit 

Isolation 
Receive to Receive 
Tranmsit to Transmit 
Transmit to Receive 

Power Handling Capability 
Polarization Adjustment 

(Remote controlled)* 

Radiator Type 
Pressure (Dry air) 
Waveguide Output (2 each) 

Receive 
Transmit 

Specification 

3700 to 4200 MHz 
5925 to 6425 MHz , 

1. 25: 1 Max 
1. 20: 1 Max 
35 dB Min 

0.20 dB typical, 0.25 dB Max 
0.20 dB typical, 0.25 dB Max 

I 

35 dB Min 
35 dB Min 
75 dB Min 
5 kW CW, 20 kW peak 
±90° in both bands, receive and trans
mit polarization independently adjust
able 
Corrugated horn 1 

Pressurizable to 0.5 psig 

WR-229 
WR-137 

*The Model 8231 Frequency Reuse Feed includes a Model 1 8045 Remote Control 
Unit. 
------------------------------------

Testing 

Each component of every feed is electrically tested before assembly and again 
after as semb 1 y to ensure proper performance. Tests such as VSWR, i so 1 at ion 
between ports, cross-polarization isolation, insertion loss and pressuriza
tion are all recorded and maintained in permanent files. 
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Introduction 

Plann1:ng a Beceive - Only 
Barth Station 

Mike Smith 

A formal written plan is recommended when undertaking the installation of an 
earth station. Such. a plan aids in identifying all tasks that must be accom
plished, and then facilitates accomplishing them in the most effective man
ner . Parallel acti~ities will then be identified as well as items that must 
follow sequentially. A good plan will provide an accurate assessment of 
total project costs as well as estimates of the time it will take to complete 
the project. Items to be addressed herein are those necessary for the plan
ning process as well as an identification of major tasks that must be per
formed as part of an earth station project. 

The first step in any project is to determine the business purpose of the 
project. There are many questions to be answered, such as: 

• Will the earth station be used for video, voice, or data service? 
Perhaps all three? 

• Will the station be receive-only or transmit/receive? 

• Are the current plans for the earth station valid for the foresee
able future~ or is it known now that in one or two years additional 
uses (e.g., i receive-only now; transmit later) will be made of the 
station? If the answer is yes to future uses, plan for it now. 

• For cable television video, is pay television being added? Are non
premium video services being added? Perhaps both? At the same time 
or time phased? Is a subscriber rate increase to be tied to the 
addition of satellite-delivered signals? 

Site Selection 
Naturally, the first consideration in selecting an earth station site is 
locating the required amount of space in a location convenient to the rest of 
one ' s operation. for a broadcaster--next to the studio; for a cable tele
vision operator--next to the head-end. Several other factors influence what 
is a good site: 

• Wi 11 the site be free of interference from existing terrest i al 
microwave systems? 

, Is the site already owned or available for purchase or lease? 

, If not on existing premises, how close is the proposed site, and is 
• interconnect possible via cable or microwave? 

1 Is the site accessible in varying weather conditions all hours of 
the day, etc? 



Generally, several desired sites are selected according to the preceding 
criteria and then checked for frequency coordination to determine which are 
operationally feasible. Site selection is a local function done primarily by 
the earth station owner/operator, with suitability confirmed by the frequency 
coordination process. Note that site elevation over mean terrain is not of 
particular advantage in earth station operation. Path loss between the sat
ellite and earth station is not significantly reduced by a mountain top site 
as compared to a lower elevation. Usually, a higher elevation results in 
increased exposure to interfering terrestrial signals. 

Frequency Coordination 

Frequency coordination is an outside service that is purchased by the owner/ 
operator of the proposed earth station. The process consists of computer 
analyses of a data base containing the transmi_ssion paths of all terrestrial 
microwave systems within a given radius. Many times an actual on-site RF 
measurement of interfering signals is required before a site is cleared as 
suitable for formal coordination with other carriers, for licensing with the 
FCC for protection from future interference, and for actual operation. 

Performance standards 

At some time early in the project, a technical and economic decision must be 
made concerning the level of technical performance that must be met by the 
earth station. Technical performance must be sufficient to provide reliable 
quality transmission and/or reception of planned services now and in the 
future. However, it must be pointed out that valuable investment funds can 
be wasted by designing into an earth station an excessive operating margin 
that will never be used. 

Even though there are many parameters that describe the operation of the 
earth station and its components, for video receive-only stations the 
parameters most often considered are the carrier-to-noise ratio (C/N) and 
signal-to-noise ratio (S/N). For a cable TV operator the carrier-to-noise 
ratio desired is that which will allow operation at an RF level sufficiently 
above the FM threshold level of the video receiver so as to deliver impulse 
noise-free pictures at the required reliability (expre:ssed as a percent of 
time). The signal-to-noise ratio desired is that which will deliver quality 
video signals free of noticeable thermal noise. For a broadcaster, tighter 
RS250B or NTC-7 specifications apply. 

Barth Station Configuration 

All the preceding considerations have an effect on what equipment will be 
used in the earth station. These deci s i ans are made either with or with out 
the help of an equipment manufacturer or frequency coordinator. Equipment 
decisions to be made are: 

• LNA with cable interconnect at 4 GHz or LNC (block downconverter) 
with cable interconnect at UHF. 
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• Antenna size: 2.8M, 3.2M, 4.6M, SM, 5.5M, 7M, 7.7M, lOM, UM 
(Scientific-Atlanta.antenna sizes). 

• LNA or LNC : gain: 50 dB, 55 dB, 60 dB. 

t LNA or LNC noise temperature: SOK, 90K, lOOK, 120K. 

• Length, size (7/8 11
, 1/211 RG6) and type (foam or air dielectric) of 

coax between LNA or LNC and receiver. 

• For video applications, the number of video receivers needed, as 
well as a choice between grades of receiver (cable TV grade or 
broadcast grade). 

• Automatic failure protection of LNAs and/or video receivers. 

• Remote control of the earth station. 

• Any other interface electronics such as RF modulator, microwave 
transmission equipment, etc. 

• This is a good time to be thinking about test equipment needed for 
maintaining the earth station. 

P:IJi:ng 1'or and B.eceivmg· Proper Authorizations 

For receive-only earth stations, FCC construction permits are no longer 
required and FCC licensing is optional. However, it is pointed out that 
licensing does protect the frequency-coordinated earth station against 
interference from new terrestri a 1 mi crow ave paths. Therefore, 1 i cens i ng is 
recommended in order to protect the investment in pl ace and to prevent 
operating difficulties in the future. 

Other concerns are local zoning restrictions and electrical and building 
permits as appropriate. 

Procurement of Equipment 

In general, this is done at about the time that results of the frequency 
coordinations are known and the FCC application (if applicable) is being 
prepared. 
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Site Layout 

In general, the site layout is determined by the size of the earth station 
and the amount of available space for the earth station site. The antenna 
and electronics equipment should be co-located, if possible, to prevent long 
cable runs. If it is not possible to locate the electronics equipment with 
the antenna, it is advisable to run larger-diameter RF cable from the LNA 
or LNC located in the antenna hub to the receiver rack located in the equip
ment shelter. 

For excessively long cable runs, amplifiers must be placed in line with the 
cable and spaced at regular intervals. Failure to do this will result in 
receiver performance degradation (G/T). Placement of the amplifiers is 
extremely critical if this problem is to be avoided. 

The antenna should be located such that no objects (trees, buildings, etc.) 
are positioned in the look angle of the antenn·a. If the RF path to the sat
ellite arc is not clear, signals will be reduced and cross-polarization 

. alignment may be affected. 

Figure 1 shows a typical site layout for a small TV receive-only 5-meter 
earth station. Generally, the TV R/0 electronics include only video 
receivers, an antenna motor controller, and possibly protection switches. 
Thus, the equipment shelter size can be kept to a minimum. 

If it becomes necessary to operate with more than one satellite simultane
ously, two antennas may be necessary. Spacing between the antennas should be 
sufficient to ensure that one antenna does not block the view of the other 
antenna. The separation used will depend on the possible look angles of the 
two antennas. The equipment shelter should be located approximately between 
the antennas to provide as short a coaxial run as possible. 

16' 

Antenna 
& Mount 

Equipment 
Shelter 

□-!, 
_! 

'+-a·-..! 
I 
I 

!.. 
l 2' 

,/◄1------11·---

Figure 1. Typical TV R/O Site Layout 
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Plann11'g a Transm1t/B.eceive 
Barth Station. 

J. Hebert 

Introduction 

The critical areas and design considerations involved in the installation of 
a transmit/receive earth station must be determined and solutions identified 
prior to the actual installation. The purpose of this paper is to provide 
some insight into the design and installation of a transmit/receive earth 
station. Related topics to be discussed are radiation hazards of the antenna 
and periodic maintenance of all equipment. 

To avoid any confusion between message systems and video systems, only 
equipment types will be discussed. Any special item pertinent to either 
system to aid in the installation effort will .be noted. 

General 
The basic transmit/receive earth stations consist of the following sub
systems: 

1 Antenna subsystem 

1 Low-noise amplifier subsystem 

1 Downlink •subsystem 

1 Uplink subsystem 

1 Earth station controller (optional) 

Associated with the planning and installation of the transmit/receive earth 
station are many details, attention to which should provide safe and profit
able operation of the earth station for many years. Many considerations 
associated with receive-only earth stations are applicable to transmit/ 
receive earth stations. Items such as foundation centerline, antenna-motion 
clearance, low-noise amplifier subsystems, air-dielectric cable, power drives 
and video receivers are installed and operated in the same manner in both 
stations. Since these are covered in a separate paper, their discussion will 
not be repeated here. 

Several other items must be considered when planning and installing the 
transmit/receive earth station that would not normally apply to the receive
only station. The purpose of this paper is to discuss some of the installa
tion details of these items. 
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Frequency Coordi3'a:tt.on and Licensing 

Unlike receive-only earth stations, which may be installed at the owner's 
risk, uplink stations require complete frequency coordination and FCC licens
ing because of their potent i a 1 for interfering with other services. A for
mal, detailed request must be made to the Federal Communications Commission. 
The request should inc)ude the following: 

• Nature of the : request and public interest consideration 

• Legal, technical and financial qualifications 
I 

• Construction proposal and schedule 

• Environmental considerations 

• Technical proposal 

• Applicant's c~rtification 

• Frequency coordination and interference analysis report 

The interference analysis report should include the following: 

• Conclusion of the study 

• Sunmary of the results 

• Earth station: coordination data 

• Certification: of the applicant 

Other i terns to be included with the proposa 1 are as fo 11 ows: 

• Recent finance balance sheet 

• Description and quotation on proposed earth station 

• FCC Form 40i - Application for Radio Station License or Modifica
tions thereof 

• List of officers and directors of the applicant 

• Copies of th~ applicant's radio/TV station licenses and permits 

Site Selection and Layout 

For obvious reason, si
1
te selection is an important consideration in the earth 

station plan. Due to :the physical size of the antenna, usually ten or eleven 
meters, the terrain m~st be able to withstand the heavy construction equip
ment needed for the antenna erection, and· soil bearing pressure must be ade
quate to meet the requirement of the antenna. 

Access to remote ant~nna locations during adverse weather conditions is a 
consideration t .hat may require construction of an access road prior to site 
construction. Adequate area surrounding the antenna must be available for 
antenna motion. The ]equipment shelter must be located at a point where it 
does not hamper antenn'a motion and where the transmit waveguide length can be 
kept to a minimum. 
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Design of the antenna foundation is covered in detail in the following paper, 
"Antenna Foundations for a Satellite Earth Station." 

The foundation should be designed and approved by a local engineering firm 
before the date of installation. 

The antenna foundation can be installed and allowed to set before the antenna 
parts are received. To allow adequate time for installation and curing of 
the foundation, Scientific-Atlanta will ship antenna anchor bolts and tem
plate, foundation drawings, and foundation centerline heading information to 
customers. If an equipment shelter is planned for the site, the shelter 
foundation should be poured at this time according to plans agreed upon by 
the customer and Scientific-Atlanta. 

Power B.equirements 

The ac power requirements of a transmit/receive earth station are substan
tially greater than the requirements of a receive-only station. Typical ac 
requirements for a receive-only station include video receivers, low-noise 
amplifiers, compressor-dehydrator and control. The total power required to 
operate this equipment is less than 10 kW. 

The major power consumer of a transmit/receive station is the high-power 
amplifier (HPA). Video uplink stations typically have one or more 3 kW 
HPA's, each requiring 12 kW of three-phase, ac power. Message earth station 
typically use HPA 1 s in the 125 to 400 watt range, requiring up to 3 kW of 
single phase power. Most transmit stations are configured for automatic 
protection with a hot standby HPA protecting one or more on-line units. The 
3 kW HPA I s require 208V ac, 3-phase, 4-wire primary power with ±10% line 
voltage regulation and phase imbalance less than 2%. 

Another large power consumer, although used seasonally, is the antenna deic
ing equipment. Feed/subreflector deicing requires up to 3 kW. Half
reflector deicing requires up to 27 kW of power. Full reflector deicing 
requires up to 51 kW. In areas where severe icing or snow does not occur, 
feed/ subreflector deicing is usually sufficient. 

Additional uplinks add approximately 13 kW each, including power required for 
the HPA, exciter and additional switching equipment. Other options such as 
high-speed antenna drives and auto or steptracking on the. antenna drives add 
further to the power requirements, and must be considered in planning the 
primary power subsystem. 

Air conditioning is usually needed in a transmit station~ This may require 
substantial power at southern sites. 

In applications where prolonged service interruptions due to primary power 
failure cannot be tolerated, an engine-generator set is provided. These sets 
are usually diesel or gas (natural or bottled) powered. Since the duration 
of the outage may range from minutes to days, the engine-generator must 
be rated to carry the entire earth station load, including air-conditioning 
and deicing (though not necessarily both simultaneously) and antenna drives. 
Fuel capacity must be adequate to allow continuous operation during any 
period when bad weather or other conditions may delay replenishment. 
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Applications requiring continouous operation during even brief power inter
ruptions will require an uninterruptible power system (UPS) consisting of 
storage batteries, a charger, and an inverter to produce the required ac 
power. UPS cape i ty is governed by e 1 ectr i cal 1 oad and required operating 
time. To minimize cost, the capacity should be limited to carrying only the 
critical loads, i.e., electronics, through a period long enough for the 
engine-generator to start and take the load. A time of five minutes is 
usually sufficient. 

A sunnnary table of typical power requirements is included as Appendix A. 

Shelter Requirements 

The equipment space needed for a complete transmit/receive earth station is 
much greater than that for a receive-only statjon. Each 3.35 kW HPA requires 
shelter space that is approximately 28 inches wide by 32 inches deep by 78 
inches high. For the typical earth station with redundant up/downlinks and 
options such as motorized antenna positioning and deicing, two standard 
19-i nch equipment racks are normally required to accommodate the GCE and 
control electronics. Additionally, space for waveguide runs and switching 
must be provided in the shelter. A typical shelter layout is shown in 
Figure 3, with a typical rack installation shown in Figure 4. 

The above size requirements suggest that the minimum shelter size for a 
redundant transmit/receive earth station is approximately 10 feet by 18 feet. 
Smaller sizes may be used, but they are quite cramped, especially when test
ing and maintenance of the earth station are in progress. 

In the same manner as an equipment room layout is developed before an instal
lation, a shelter layout must be developed and submitted to the shelter manu
facturer. Manufacturers of shelters usually offer standard shelter con
figurations, but some customization is usually required. Some items to con
sider when laying out equipment in a shelter are door opening and location, 
cable tray placement, power panel location, waveguide penetration and wave
guide switch location, air-conditioning and venting, HPA exhaust and air 
intake panels, lighting type, ac outlet placement and various security fea
tures such as protection and alarm for fire and entry. 

If the exciters are to be housed separately from the HPA's, the distance 
between HPA and exciter should be kept to a mrn,mum to avoide excessive RF 
1 asses. If the di stance is over 30 feet, it may be necessary to add addi
tional amplification to the exciter output. 

TJ-ansmit Waveguide and BF SWitcb1ng 

Other major components used in the transmit/receive earth station are the 
transmit waveguide and the RF switching matrix. Both are unique to transmit 
stations and will be discussed separately. 
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The transmit waveguide is a low-loss transmission path or line connecting the 
output of the HPA to .the transmit port of the antenna. The attenuation of 
the transmission path ishould be less than 1 dB. The 1 dB requirement speci
fies that overall len:gth and number of connectors or switches be kept to a 
minimum. 

When designed properly, the transmit waveguide system shou 1 d fit together 
exactly with little or no air leaks. If a system is poorly designed, it will 
be a plumbing nightmare. Normally, rigid waveguide is used between the HPA 
and RF switch matrix. Proper planning should guarantee precise connections. 
From the switch matrix, a short piece of twistable-flexible waveguide is used 
for connection to the semi-rigid elliptical waveguide run out to a point on 
the antenna. Another twistable-flexible waveguide section is used to connect 
the elliptical waveguide to the antenna port. This should provide flexi
bility to allow for any rotation in the polarization or antenna motion (azi
muth or elevation) without damaging the wavegu~de. 

The waveguide is firmly secured using various techniques. Inside the shelter 
or equipment room it is either braced to a cable tray or suspended from the 
ceiling using cable hangers. From the equipment area to the antenna, either 
a cable tray or large diameter conduit is used. The minimum bend radius of 
the elliptical waveguide is 12 inches in the E-plane and 32 inches in the 
H-plane. If conduit is used to house the waveguide, it .should be at least 
four inches inside diameter and have no more than two 90° bends. 

Due to the enormous · power differences at the feed between transmit and 
receive ports, a transmit reject filter must be used between the receive feed 
port and the input to the LNA. This filter will minimize any transmit power 
leaking into the LNA package and cause out-of-band saturation. 

The RF switching matr -ix is an integral part of the waveguide runs and allows 
protection of HPA 1s. , By switching a backup HPA to an antenna port during a 
failure of the normal iHPA, earth station operation is only interrupted momen
tarily. Existing waveguide runs to the antenna port are used since the 
switching occurs as close to the HPA output as possible. In some appli
cations the backup is kept in transmit mode with the output of the HPA into a 
3 kW dummy load. This method allows for hot standby switching if both HPA's 
are tuned to the same frequency. It is sometimes useful for individual 3 kW 
dummy loads to be dedicated to each HPA through a waveguide switch for ease 
in testing and alignment as well as immediate uplink capability. Some 
typical switch and load panels are shown in Figure 5. 

Cooling and Ventilation 

Air-conditioning req4irements should be tailored to the size of the earth 
station and the partkular configuration at the site. The total number of 
HPA's (both in trans~it and hot standby), exciters, receivers, any UPS con
trol equipment and any other large heat-generating equipment should be 
included in the cooling budget. 

I 
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The HPA I s and associated equipment represent the largest single source of 
heat in a transmit station. Each HPA is vented through the rear wall of the 
equipment shelter. :Two 8-inch-diameter vents are provided: one for fresh 
air (input), the ·other to exhaust the heated air from the equipment shelter. 
Each HPA has two bloWers to accomplish this task. Approximately 8 kW of heat 
are removed from each HPA in this manner. This equates to approximately 
27,000 BTU/hr. 

Using the guidelines specified in the above paragraphs, approximately 1 kW of 
heat per HPA will remain in the shelter to be cooled by the air-conditioning 
system. AdditionallJY, the air-conditioner must handle the heat released by 
the dummy load to which a hot standby HPA is connected. 

As a safety precaution, the shelter or equipment room where the transmitters 
are to be located should also contain a fresh-air system to circulate outside 
air into and out of the shelter in the eve_nt the normal air-conditioning 
system fails. This system can be fully automatic with a temperature switch 
to activate the air Circulator, or a manual switch control. 

Safety 

When designing, operating and maintaining a transmit earth station, safety 
precautions should always be considered. Video transmit earth stations fre
quently exceed EIRP levels of 80 dBW. This produces a microwave radiation 
hazard in the area di r.ect 1 y in front of the main reflector. Si nee the beam
widths of the 10-meter and 11-meter antennas are extremely narrow, the major
ity of the radiated microwave energy is confined to the area within an 
imaginary cylinder extending from the front of the main reflector. Locations 
wi.th high elevation look angles experience little or no real hazard from 
microwave radiation. Although U.S. locations on domestic satellites have 
high elevation angl~s, care should be taken in site planning to ensure that 
any nearby tall buildings are well out of the main beam. 

The main beam should not be blocked by any object. Blocking the path wi 11 
affect earth station performance (G/T) and cross-polarization rejection, as 
well as safety. Precautions taken to keep this area clear include enclosing 
at least the area surrounding the antenna and mount within a fence. This 
enclosure protects the antenna from vandals and from people (i.e., children) 
who like to climb. Climbing on the main reflector when the station is trans
mitting is extremely dangerous. The area between the subreflector and main 
reflector has a very high microwave radiation density. 
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Appendix A 
TYPICAL EARTH STATION POWER REQUIREMENTS 

Antenna Motor Drives 
(Full Load/Run Condition 

7-Meter: High Speed 
10-Meter: Standard 

High Speed 
11-Meter: Standard 60° 

Standard 110° 
High Speed 110° 

8840A Remote Control 

Antenna Deicing 
7-Meter: Feed and Sub 

Ha1f Main 
Full Main 

10-Meter: Feed and Sub 
Half Main 
Full Main 

11-Meter Feed and Sub 
Half Main 
Full Main 

Single Electronic Units 
(Double for Redundant Systems) 

3.35 kW HPA 
7500 Receiver 
7550 Exciter 

Other Electronics 
7630 LNA Protection Switch 
7620 Receiver Protection Switch 
7640 Uplink Protection Switch 
7600 Earth Station Controller 
7605 Earth Station Interface 
Test Equipment, Rack, Misc. 

Shelter: A/C, Heat, Lights 

Full Load Current = 
(Per Leg) 

*For: 
U ~ P = 1 

3t P = ff 

VA 
P*x Voltage 

10 

208V/30~ 
( k VA) 

9 
5 

10 
8 
6.5 

12 

1 
10 
19 
2 

26 
50 

3 
27 
51 

12 

2-9 

ll0V/1~ 
(VA) 

50 

100 
100 

100 
100 
100 
300 
100 

2,000 

600-1,800 



Antenna Foundations for 
Satellite Earth Station 

Roger A. Peirce 

Introduction 

A satellite earth terminal antenna typically utilizes a concave, sol id-sur
f ace reflector, which must be maintained in a fixed position while being 
subjected to wind loads. The forces imposed on an antenna by a survival wind 
loading are significant because of the reflector's large surface area. 
Because the center of the reflector may be many feet above the ground, the 
foun~ation must resist not only horizontal drag forces but also large over
turning moments as well. The foundation must safely transfer these forces 
and moments into the ground, providing a stable base that wi 11 keep antenna 
deflections within allowable limits. 

This paper will describe foundation types which are suitable for earth ter
mi na 1 antennas and wi 11 discuss the effect of soil types on foundation capa
city. Site requirements and construction techniques are also presented. All 
information included is for reference and is not intended to be a recorm1enda
tion for a particular site. 

Fcnmdation Loadings 

A satellite earth terminal antenna must be designed to safely withstand any 
load which could reasonably be expected to occur during its useful life. The 
weight of the antenna will always have to be supported. It is called the 
dead load. The antenna will be exposed to all local weather phenomena during 
its operation. Conditions may occur which allow the formation of a sheet of 
ice on the antenna. This additional weight of ice is called the ice load. 
The antenna will also be subjected to wind forces called the wind load. Due 
to the large surface area of the reflector, forces generated by wind will be 
considerable. The design wind speed should be based upon the 50-year mean 
recurrence interval at the site. These wind speeds may be obtained from the 
American National Standards Institute (ANSI) publication A58.1 - 1972, which 
also defines a method for computing the magnitude of wind forces. Design 
wind forces may also be obtained from Electronic Industries Association (EIA) 
Standard RS-222-C, which is a structural code for antenna supporting struc
tures. From the mq.p in Figure 1 it can be seen that the maximum SO-year 
recurring wind in ttie continental United States is 110 mph. It is recom-
mended that 80 mph be used as a minimum design wind speed, using a higher 
speed if required by• site location. 

Wind load should be included in all loading combinations because of its rela
tive magnitude. Suggested load cases are as follows: 

i 
1 Case 1 - De~d Load+ Wind Load 
1 Case 2 - De~d Load+ Ice Load - 1/2 Wind Load 
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All possible antenna orientations with respect to the foundation should be 
considered to ensure that maximum wind-force reactions are calculated. Th e 
horizontal forces caused by wind vary as the square of the wind speed. As an 
example, if 110 mph was used in calculating the force in equation 1, appro xi -
mately 80 mph ( 110 + /2.) should be used in equation 2. For most site local i -
ties, load-case 1 will control the foundation size. 

Site Bequirements 

Selection of a suitable site for an earth terminal antenna will help ensure 
trouble-free operation. The following are some of the guidelines which 
should be used in selecting a site. 

a. The site should have a clear line of sight to the satellite. The 
antenna should be clear of any trees, buildings, or any other 
obstructions which might interfere with satellite signals. 

b. The site should be relatively level. 

c. The site should be free of underground obstructions that would 
interfere with foundation construction. 

d. The site should be in a well-drained area. Do not select a location 
that is damp or subject to drainage runoff. 

e. The site should conform to all local building codes. 

Local Soil Conditions 

Before selecting a foundation for an earth station antenna, a soil investiga
tion should be made at the intended site. Soil is a general term used to 
describe any unconsolidated material composed of discrete solid particles 
with gases or liquids between. Soil can be made up of any number of differ
ent substances, and as a consequence, its engineering properties can vary 
considerably. 

For the purpose of engineering study, soi ls are usually classified into two 
general groups. Soils in which absorbed water and particle attraction form a 
mass which holds together and deforms plastically are known as cohesi.ve or 
clay soils. Soils that do not exhibit the ability to stick together (dry 
sands and gravel) are called cohesionless soils. Many soils are mixtures of 
bulky grains and clay minerals and exhibit some degree of varying consistency 
with changes in moisture. These too are termed cohesive soils if the effect 
is significant. Typical soil properties are shown in Figures 2 and 3. 

Given an exact loading, the use of a single standard antenna foundation in 
a variety of soil types may not be economical. Before selecting a foundation 
type, the soil conditions at the site must be identified. Although there is 
no sharp dividing line between cohesionless and cohesive soils, most soils 
can be safely classified as being either one or the other. Proper engineer
ing values can then be selected. There are, however, some cases in which 
these two groups cannot accurately describe actual conditions, and anyone 
planning to erect an antenna should check with a local authority who is know
ledgeable concerning any special soil problems at the site. If unusual con
ditions exist, a proper foundation can then be specially designed. 
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Figure 1. 
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The results of a soil investigation will provide the foundation engineer with 
the necessary soil properties to complete a proper foundation design. 

Frost penetration is a special problem which must be evaluated at each site. 
Freezing of water in soil can result in upward expansion of the overlying 
ground. Any foundation whose base does not extend below this frozen zone may 
be subject to upheaval. To prevent this, the bottom of the antenna foun
dation should be at least as deep as the maximum anticipated frost pene
tration. Frost depth will be the determining factor for foundation depth at 
most northern United _States sites. Frost penetration varies from 5 inches of 
the Gulf and Pacific coasts to 100 inches in Minnesota and Main. Frost pene
tration for the United States is shown in Figure 4. 

All earth station antennas should be provided with a suitable grounding 
system that meets the requirements of local codes. This system should be 
designed by a local engineer, since the grounding system required will depend 
on the resistive characteristics of the soil. Scientific-Atlanta provides 
all necessary grounding straps required on the mount. 

Typical Soil Properties llalating to J'OUDdaticm. Design 

Massive Crystalline Bedrock: Granite, Gneiss 
Foliated Rock: Schist, Slate 
Sedimentary Rock: Hard Shales, Siltstones, Sandstones 
Exceptionally Compacted Gravels or Sands 
Compact Gravel or Sand-Gravel Mixtures 
Loose Gravel: Compact Coarse Sand 
Loose Coarse Sand or Sand-Gravel Mixtures: 

Loose Fine Sand or Wet, Confined Fine Sand 
Stiff Clay 
Medium Stiff Clay 
Soft Clay 

200,000 
80,000 
30,000 
20,000 
12,000 
8,000 

4,000 
8,000 
4,000 
2,000 

Figure 2. Allowable Bearing Capacity on Soils, Pounds per Square 
Foot (PSF) • 

Soil Type 

Silts, Wet 
Sand, Dry 
Sand, Inrnersed 
Clay, Liquid 
Clay, Very Soft 
Clay, Soft 
Clay, Farily Stiff 
Clay, Very Stiff 
Cemented Sand & Gravel 
Cemented Sand & Gravel, Wet 

Cohesion (PSF) 

0 
0 
0 

100 
200 
400 

1000 
2000 

500 
1000 

it> (Degrees) 

100 

34° 
34° 

00 
20 

40 

60 

12° 
34° 
34° 

Figure 3. Typical Cohesion and Angle of Internal Friction Values for Soil 
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Figure 4. Maximum .Depth of Frost Penetration In the United 
States 

Foundation Typ. 

Two different types1 of foundations are co1T111only used for earth terminal 
antennas. The firs~ is the mat or spread footing which utilizes a single 
monolithic reinforced concrete mat to resist all loadings (see Figure 5). 
Mat footings have t~e advantage of distributing downward forces over a large 
surface area, resulting in low soil bearing pressures. Overturning forces 
due to wind loads are resisted by the weight of the mat. Antennas which 
produce significant overturning moments will require sizeable mats for stabi-
1 i ty. The second type of footing is the drilled pi er which utilizes rein
forced concrete cyHnders which are placed in auger-drilled holes. Downward 
loads are resisted through end bearing and by friction between the pi er and 
surrounding soil. Overturning forces will produce additional downward loads 
on some piers and uplift on others, depending on wind direction. Uplift 
forces are resisted , by friction between the pier and soil and by the weight 
of the pier. The tops of the piers are attached to a rigid triangular frame. 
This enables them to act as a unit to resist horizontal forces. Pier foun
dations require muc~ less concrete than do mat footings because overturning 
moments are not res 1sted by concrete weight alone. This saving of concrete 
makes dri 11 ed piers ; economically attractive where soil conditions are favor
able for their cons~ruction. The following section describes elements of the 
design theory for bo:th foundation types. 

Foundation Theqry 
I 

The load-carrying capacity of a given foundation depends upon the properties 
of the soil in whidh it rests. In order to design an adequate foundation, 
one must understand I the different effects of cohesive and cohesionless soils 
on both mat and drq led pier foundations. 

! 
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MAT FOUNDATION 

, - Concrete Mat 

[] [J .____ _ ____. 7 
_ Base Plate 

Anchor Bolt 

;· .• '·- T~p Reinforcing 

' , -- Bottom Reinforcing 

DRILLED PIER FOUNDATION 

-- Concrete Pier 

- Shear Beam 

7 
Antenna Mount 

.---.... ~. ·------··-·-•...-fl-II...---------·--~ ... --------

Pier Reinforcing 

Figure 5. Typical Antenna Foundations . 
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The load capac·ty of :a mat foundation depends on the bearing capacity of the 
soil. Compres ive loads are distributed over the entire footing bearing area 
as shown in Fi ure 6-~. Dense sands and stiff clays have a bearing capacity, 
of about 8000 pounds : per square foot (PSF). Most soils (both cohesive and 
cohesionless) ave a : bearing capacity of at least 3000 PSF and wi 11 safely 
support a mat oundation. 

When the foot ng is subjected to overturning wind loads, as in Figure 6-8, 
some piers may have an upward load. Soil pressure is no longer uniform, and 
care must be aken not to exceed the allowable soil bearing capacity. Also, 
the overturning moments should be checked at point A. Stabilizing moments 
caused by P2 nd the . footing and the soil weights must be 1.5 times greater 
than the over urning , moment caused by P1 . Lateral forces are resisted by 
friction bet we n the footing and soi 1 and to a 1 esser extent by the passive 
resistance of he soil. 

Drilled Piers 

P=P1 +P2 

Ftg. Area 

(A), 

---

Figure 6. 

P=P1 +P2 
Ftg. Area 

'8) 

M 
+s 

Drilled piers resist downward loads with skin friction acting on the sides of 
the piers and with e1nd bearing acting at the base. Wind uplift is resisted 
by skin friction and pier weight. The amount of skin friction resistance 
which can be developed for a given foundation is dependent on the shear 
strength prop rties of the soil. 

Cohesive soil resist pier pullout by the direct cohesion of the soil to the 
pier. Simply put, dlay soils act as a glue, sticking to the pier surface. 
This strength is measured by the undrained shear strength or cohesion of the 
soil. A sti f clay may have a cohesive strength of 2000 PSF, while an 
average clay will hdve a cohesion of about 1000 PSF. Thus, skin friction 
resistance of a giveh pier equals its side area multiplied by the soil cohe
sion. This f gure should be reduced by a factor of 2/3 to 1/2 for safety. 
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Cohesionless soils resist pullout in a different manner. The bulky grains of 
sandy soil do not stick to the pier surface. The frictional resistance of 
sandy soils on the pier is analogous to sliding a block along a horizontal 
surface. 

The frictional resistance of the block in Figure 7-A with the horizontal 
force Pis equal to the weight of the block times the coefficient of friction 
that is effective between the block and the surface. In Figure 7-B the pier 
is analogous to the friction surface in Figure 7-A. The horizontal soil 
pressure on the pier (which increases with depth) is analogous to the weight 
of the block in Figure 7-A. The coefficient of friction between the soil and 
the pi er is given by a property of the soil ca 11 ed the angle of internal 
friction (q,). The useable coefficient value is equal to Tan q,. The resis
tance to the vertical force Pin Figure 7-B is equal to the sum of the hori
zontal soil weight times pier side area times Tan q,. From this relationship 
it can be seen that pullout resistance in cohesionless soils increases with 
depth. Shallow piers in sand have little pullout capacity, while deeper 
piers will begin to develop sizeable tension capacities. 

p 

F = WT x Coefficient of Friction 

(A) 

Figure 7. 

Horiz. 
·soil 
Press. 

p 

F = Horizontal Soil Press x 
Angle of Internal Friction 
x Area 

(Bl 

Empi ri cal equat i ans have been developed for the deep-bearing capacities of 
both conesive and cohesionless soils. These capacities increase with depth 
and may be considerably larger than surface bearing capacities for the same 
soil (used in mat foundation design). This increase in bearing capacity 
along with skin friction resistance explain why a drilled pier can be smaller 
than an equivalent mat foundation. 

Resistance to lateral forces on piers in cohesionless soils is a function of 
the passive resistance of the soi 1. Later a 1 1 oad resistance in cohesive 
soils is a function of cohesion. Empirical design methods are available 
which make the determination of lateral pier capacity a simple matter. 

The main advantage of pier foundations is their economy. Quite often the 
factor which determines the required pier size is resistance to uplift. This 
resistance may be increased or by belling out (enlarging) the bottom of the 
piers. This will require drilling a deeper hole and using more concrete. 
Another way in which pier uplift capacity can be increased is by the use of 
earth anchors. Anchors can usually be installed quickly if soil conditions 
are norma 1. In some cases it may be more economical to use shorter piers 
with earth anchors than to use deeper piers (see Figure 8). 
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Earth 
Anchor 

(A) 

1'-3 
/Dia. 

' 

3'-6 

6' 

(B) 

Figure 8. These Two Piers Have Equivalent Uplift Capacities 

Foundation Headings 

Foundation headings are very important to proper antenna operation. 
considerations and recommendations for aligning the foundation and 
the reflector at satellites are treated in detail in the article 
"Earth Terminal Geometry." 

., .. 

2'-0 Dia. 

Generic 
pointing 
entitled 

Many earth station antennas can only scan a certain portion of the sky 
(typically 110° in azimuth) because of mechanical limitations. If the 
foundation heading is established incorrectly, the antenna will not be able 
to scan the portion of sky originally intended. An inaccurate foundation 
heading may require the construction of another foundation to point the 
antenna at the desired satellite. The installer of an earth station should 
be sure that his foundation contractor is aware of the importance of 
foundation heading. 

There are several methods that can be used to establish a foundation heading. 
A known reference survey line near the antenna site can be transferred to the 
foundation by normal surveying techniques. The accuracy of the existing 
survey line should Qe established. If there is no convenient reference line 
existing, one can be established by a polaris (North Star) observation made 
by a competent surveyor. Alternatively, the heading can be established by 
using a compass. A compass does not point to true north but to magnetic 
north. The angle between true north and magnetic north at a given place is 
called the magnetic declination. The magnetic declination for any point in 
the United States can be determined from the Magnetic Declination Map 1 pub-
1 ished by the U.S. ffieological Survey and from other reliable maps. The mag-

. netic declination 1hould be added or subtracted, depending on the local 

--------1 

1 Maps are published every five years, most recently in 1980. 
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dir~ction of declination, when a compass direction is used 
foundation heading. Magnetic disturbances caused by large 
and electrical fields will affect compass reading accuracy. 
should not be used when these disturbances are present. 

to detennine the 
metal structures 
Compass readings 

The heading accuracy required for a particular foundation depends on the 
following factors: 

• The range and domain of the satellites considered. 

• The latitude and longitude of the earth station. 

• The type of earth station mount. 

Once a particular type of antenna and look angles are selected at a given 
site location, the allowable foundation heading error can be determined . The 
allowable heading error is defined as the maximum misalignment of the foun
dation that will still allow the antenna to function as planned. 

Foundation heading errors can be caused by: 

• Survey errors. 

• Misalignment of anchor bolts. 

• Improper definition of 11 heading 11 resulting in 180° misalignment. 

• Other construction errors such as tilt, etc. 

As an example, if an allowable foundation heading error is 6°, some error 
should be budgeted to survey inaccuracy and some to construction errors. 
Thus, the allowable survey error would be less than 6°, as would the allow
able construction error with the sum of the two equal to 6°. If a total 
heading error of ±5° or less is required for a foundation, it is recommended 
that a reliable existing survey or a polaris observation be used in estab-
1 ishing the foundation heading. If the contractor or surveyor elects to use 
a compass, the reading should be made with a high-quality compass using the 
best possible techniques. 

Foundation heading accuracy requirements may become more stringent when a 
satellite is placed at one of the extremes of the antenna arc coverage. In 
this case, a slight heading error may place the desired satellite out of the 
arc of coverage. For this reason it is good practice to 1 eave adequate 
allowance for foundation error between a desired satellite and the end-of
the-arc of coverage. 

Correct foundation headings are very important, and mistakes in orientation 
can result in lost time and additional construction. 
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Construction lVI~ods 

Pier FOUDdation 

The following are two methods by which pier foundations can be constructed. 
The first method shows the usual building methods for a pier foundation while 
the second method shows the Scientific-Atlanta Pier Foundation Kit (available 
for the 4.6-meter and 5-meter antennas) which is easier to construct. 

:Method.A - Pier Foundation Constru.ction 

Step 1 - Ho 1 es are dri 11 ed by either a truck-mounted or hand-he 1 d power 
auger. The bottom of the hole should be tamped. The bottom of the 
hole should also be enlarged if possible. 

Step 2 - Pier reinforcement is lowered into drilled holes and anchor bolts 
are positidned using a template . 

Support Block 

I 

..... 

/ Anchor Bolt Template 

Pier 
""'la-- Reinforcing 

Bars 

, _____ j 

11 

I 

Anchor Bolts 



Step 3 - Concrete is placed into drilled hole, template is removed and con
crete is allowed to set. The pier is then ready for base plate and 
antenna mount . 

... ... ~ :·: ~/~}- : ~ ~--; ~ -: __ ·_<f ::><~. :.-:· ;.-: :-~· <-~_:· ~: ::: ~--4: : ~ ::-:::..· .. ~' ____ _.,. 
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Method B - Pier Kit Installation for 3-Meter and 4.8-lVleter .Antennas 

A unique steel pier foundation kit is available for the 4.6- and 5-meter 
earth stations that provides cost savings and reduced installation times, as 
compared to a monolithic pad. This foundation kit utilizes a design concept 
that incorporates steel pier members which are inserted into cylindrical 
holes augered into the earth. Savings are realized by the decreased concrete 
requirement (about one-tenth of typical pad requirements) and the limited 
site preparation (a concrete form is not required). 

Step 1 - Holes are dilled by either a truck mounted or handheld auger. The 
bottom of the hole should be tamped and enlarged if possible. 

~ t, 

-- -------

c::::> 
Step 2 - After the holes are dri 1 led and tamped, a preassembled load frame 

consisting of w-sections, shear beams and antenna mounts is posi
tioned in the holes and supported by leveling blocks. 

Shear 
Seam 

Step 3 Concrete is placed into the holes. 

Antenna 
Mount 

Pier Reinforcing 
(W-Sections) 

Step 4 - Once the concrete has hardened, the antenna may be erected. 
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~ General Ba1awlr8lma:lldi8 for Pier Ccmstructicm 

• The pier s ould always be reinforced 9 as it is subject to tension 
and bend i ng as we 11 as compression . 

• Pier should extend below frost depth. 

• Pi er ho le s oul d be free of loose di rt and bottom should be tamped 
before plac ng concrete. 

lllatJ'oQndaticms 

Mat foundations hav been used. to support many earth terminal antennas. The 
following is a general procedure for mat construction. 

Step 1. - Soil is ex avated down to the elevation of the bottom of the mat. 
Loose dirt hould be removed. 

Step 2 - Reinforcin bars and anchor bolts are positioned in excavation. 
Anchor bol s are supported by a template. 

.,r Top Reinforcing 

Anchor Bolt Template 

Anchor Bol 

Bottom Reinforcing 

Step 3 - Concrete i placed and allowed to set. The mat is then ready for 
base plates and antenna mounts. 

. ... •,· ·": :,,, 
• • .:., . ' .. '6 • • : • '··. : . . . . . ..... . 

D ;;a,, Maf imum Frost Penetration 
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Selection of Foundation Type 

The selection of a foundation type is sometimes influenced by special prob
lems at the site. If the soil is very rocky or if the site is solid rock, 
pier holes cannot be drilled by lightweight equipment. In this case, a mat 
foundation can be placed directly on the rock, thereby reducing construction 
time and costs. In some cases pier holes cannot be drilled because the soil 
is so loose that the holes collapse before concrete can be placed. Again, a 
mat foundation can be used because it would require a shallower excavation. 
Piers are often used at sites with deep frost pen et ration because they 
require less excavation than an equivalent mat constructed at the same'.depth. 

Several factors may influence the cost effectiveness of different foundation 
designs. Sometimes the economical advantages of a pier foundation are offset 
because of the cost required to bring in special drilling equipment to a 
remote or inaccessible site. If the owner is planning to install many earth 
stations, it may be cheaper to buy his own drilling equipment and install 
pier foundations using his own trained crew. Many small contractors are 
better equipped to construct mat foundations than they are to build piers, 
which means they will build a mat for a lower cost. If no soil problems are 
present at the site, either type can be used, and the selection of the type 
of foundation can be based on cost. 

In some locations the foundation design must bear the seal of a professional 
engineer registered in the state in which the earth station will be built. 

Considerations for Rooftop Mounts 

Buyers of earth stations may want to locate the antenna on the roof of an 
existing structure. There are many potential problems associated with roof
top mounts that must be investigated for each installatiqn. 

The building must be strong enough to support the large wind loads generated 
by the antenna. A review should be performed of the design of the structure 
upon -which the antenna wi 11 be mounted. Many small er structures such as 
motels and small office buildings will not support the wind loads of an 
antenna. Tall buildings are subject to differential thermal expansion and 
swaying due to wind loads. Movements due to these two cases could exceed the 
maximum allowable pointing deviation of the antenna. 

In most cases a special load frame must be designed to connect the antenna 
mount to building columns. The load frame must be sufficiently rigid that 
its added deflection will not cause pointing problems. Most rooftop instal
lations are expected to be considerably more costly than a typical ground 
installation. 

The antenna wind survival capability will have to be progressively derated as 
the antenna is moved higher above the ground. The American National Standard 
Institute publication A58.l - 1972 gives information on effect of height on 
wind velocity pressures affecting buildings shown in Table 6. A wind of a 
given velocity (which is measured at ground level) will produce a certain 
pressure against a resisting surface. To account for less ground surface 
resistance to wind flow, this design pressure is increased as the height of 
the-resisting surface is increased. The design wind pressure exerted by a 
120 mi /h wind varies from 34 pounds per suare foot at ground 1 eve 1 to 96 
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pounds per square f,ot at a height of 800 feet. The increase in wind pres
sure on tall buildi6gs will result in larger design loads on rooftop mounts 
than on correspondi "i-' ground-level foundations. 

Rooftop mounts for 1antennas are much more expensive than are conventional 
ground-level founda~ions and are subject to additonal deflections and sur
vival deratings. Th~ use of rooftop mounts is not recorrmended in most appli
cations, although ~s satellite communications become more widespread, an 
increasing number o[ew buildings may have antenna mounting areas included 
in their designs. 

:Material llequir :ts 
Materials used in e! rth terminal antenna foundation construction should con
form to the foll ow,1ng specifications: 

a. Concrete. All concrete should have a minimum 28-day compressive 
strength o~ 3000 psi. When pier foundations are used, concrete 
slump shou1d be six or seven inches. This will ensure that the 
concrete w·11 flow freely around reinforcing bars and completely 
fill the s ace outside the cage. Maximum aggregate size should be 
one inch. 

b. Rei Bars. All reinforcing steel should be intermediate 
gra ars with 40,000 psi minimum yield strength. Reinforc-
ing ould be deformed. The deformations should conform to 
specificati ns for deformations of deformed steel bars for concrete 
reinforcemer t (ASTM-A615-75): 

c. Anchor Bolt Anchor bolts should be sized to safely carry tension, 
shear, 1 oads. Anchor bolt templates should be used. 

d. Grout. non-shrink type of grout for grouting base plates. 

e. Capacity. The minimum recommended soil bearing capa-
city ,s or pier foundations in cohesive soils, the m1n1-
mum recomm nded cohesion is 1000 PSF. For pier foundations in 
cohesionles soils, the minimum recommended angle of internal fric
tion is 30°. 

Exact Design 

This article has attempted to explain some of the basic principles involved 
in earth terminal ~ntenna foundation design and construction. For a more 
complete understanding, the reader is directed to the following sources: 

Foundation Engineer1ng, edited by G.A. Leonards, McGraw-Hill Book Company, 
1962 • ; 

American National Standards Institute (ANSE), Publication A58.5 - 1972. 

Electronic Industries Associated (EIA) Standard RS-222-C Structural Standards 
for Steel Antenna To~ers and Antenna Supporting Structures. 

I 
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Introduction 

Beceive Only Barth Station Installation 
Stephen E. Havey 

This paper outlines I he general considerations and procedures for the instal
lation of Scientifi -Atlanta receive-only earth stations. Routine mainte
nance and fault isol tion is also discussed. 

Site Location 

Location of a suitab e site is discussed in the previous article, "Planning a 
Receive-Only (or Tr nsmit/Receive) Earth Station." As a reminder, some of 
the considerations a e: 

1. Is the land available for lease or purchase? 

2. Is the site free from potential terrestrial microwave interference? 

3. Is the lin of sight to the desired satellite(s) clear of obstruc
tions such s trees and buildings? 

Foundations . 

The foundation is a ritical element of the earth station installation. Each 
antenna offered by S ientific-Alanta is designed to cover the compl~te satel
lite arc of 67° to 43° west longitude from the continental U.S. (except for 
the southern tip o Texas) without modification to the foundation. The 
foundation must withstand the specified maximum wind loads while maintaining 
the proper pointing ngle. 

The instruction ma ual for each Scientific-Atlanta earth station antenna 
contains wind loading data and typical foundation drawings. Refer to these 
drawings and to the previous paper, "Antenna Foundations for Satellite Earth 
Stations." 

It is imperative tha the owner of an antenna satisfy himself through the use 
of competent engine ring assistance that the foundation is properly designed 
for his particular a plication and the local building codes. Typical founda
tion plans are pro ided by Scientific-Atlanta; however, Scientific-Atlanta 
does not represent r warrant that a particular design or size of foundation 
is appropriate for a y locality or installation. 

For any selected ea th station site, a foundation heading (pad center line) 
is supplied by Sci ntific-Atlanta that allows the antenna to access any 
satellite within 67° 1 to 143° west longitude geostationary arc without a foun
dation change. Thi~ foundation heading is given in degrees from true north. 
It is unique for each site and for each antenna type. A change in either 
location or antenna type will~ter the foundation heading. 



Prior to pouring the pad or foundation, prov1s1ons should be made for provid
ing ac voltage at the pad (if applicable) and an RF cable interface between 
the pad and the headend building. This can easily be accomplished through 
the use of 4-inch conduit. 

Establishing the Centerline 

Scientific-Atlanta provides pointing information consisting of the foundation 
heading (centerline) and look angles. For most locations and antenna types, 
the foundation heading may be established through the use of a good quality 
magnetic compass. When using a magnetic compass, you must correct for the 
local magnetic declination; that is, the difference between true north and 
magnetic north. On most Scientific-Atlanta earth station foundations, the 
centerline heading is on a line which evenly bisects the two rear mounting 
feet and passes directly through the front mounting foot (Figure 1). 

I 
I 

Rear 
1 Foot 

I 
I 

I 

I 
I 

I 

I 

I 
I 

Front Foot 

\ 
\ 

\ 
\ 

\ 
G. \ 

\ 
\ 

\ 
~ . \ 
t:. is on azimuth __ 
heading specified 
for site. 

Rear 
Foot 

Figure 1. Typical Antenna Foundation Heading 
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.Antenna 0 
I 

Each model of earth ! station antenna manufactured by Scientific-Atlanta con-
tains parts and con~truction procedures which are unique to that model. For 
that reason, we wil not attempt to provide detailed instructions for each 
antenna. Each ante na comes with a detailed instruction manual containing 
step-by-step instructions, a complete parts listing and a full set of draw
ings. Refer to the espective manual for your antenna and read it thoroughly 
before attempting to construct the antenna. 

es 

This section is inte ded to assist in the installation of those earth station 
components 1 ocated etween the earth station antenna and the video receiver 
or receivers. In ddition, there are instructions for antenna pointing, 
polarization, satell 'te acquisition and troubleshooting guidelines. 

Introduction 

Figure 2 illustrate a typical TVR0 (television receive-only) earth station. 
This particular system is equipped for operation on both polarizations, with 
outputs for four (4 receivers on each polarization. In sequential order, 
from the antenna to he receiver, we will cover the following items: 

1. Po 1 ar i z at i o 

2. LNA (Low-No'se Amplifier) or LNC (Low-Noise Converters) 

3. Coaxial 

4. Coaxial 

5. 

e and Connectors 

rs 

6. Automatic olarization Relay (for 6602, 7500, and 414 Receivers 
only) 

7. Pressurization Unit 

8. Signal Atte uation 

9. Antenna Poi ting 

10. Satellite A quisition 
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0rtho1onal Mode 
Transducer 

Earth Station Antenna 

Polarization 

LNA 
Horizontally Polarized Si nal s 

LNA 
Vtrtically Polarized Sicnals 

RF Out 
To Trunk Cable 

Figure 2. Earth Station Block Diagram 

All signals from current DomSats (domestic satellites) are polarized in 
either the horizontal or vertical plane (as referenced to the equator). Most 
satellites transmit in both polarizations, thereby achieving a 24-video
channel capacity in the 500 MHz bandwidth available (3.7 to 4.2 GHz). Figure 
3 lists the frequencies, transponder number and services for the three satel
lites currently providing video programming to the cable TV industry. In 
planning to carry programming from each polarization simultaneously, it is 
necessary to install two (2) LNAs and run two (2) separate cable runs to the 
receiver location. 

The signals from each polarization may be neither combined nor mixed. 
Separate inputs to the two (2) LNAs are provided by the 0MT (orthogonal mode 
transducer) available as standard equipment on all Scientific-Atlanta earth 
station antennas and assembled to the feed horn of the antenna. Figure 4 is 
a photograph of an 0MT properly oriented for maximum signal on each polar
ization. This position will vary slightly for other locations in the United 
States and a small amount of "peaking" will be required for optimum perfor
mance at each site. 
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SATCOM 111 R SATCOM IV WESTAR V GALAXY I 
131° W LONGITlJCl• 83° W LONGITOOE 123° W LONGITUDE 134° W LONGITUDE 

Frequency 
(MHz) TRPI Program TRPI Program TRPI Program TRPI Program 

3720 1 Nickelodeon/A RTS 1 SIN 1D Bluemax 1 HBO 
3740 2 PTL 2 Eravo IX CBS/Fox 2 0-oup W/ 

FNN Westinghouse 
3760 3 WGN 3 SPN 2D WOR-TV 3 HBO 
3780 4 Spot I lght 4 1-bme Sports Ent. 2X 4 
3800 5 The lobvl e Cha ~nel 5 30 5 Times Mirror 
3820 6 WTBS 6 Eros 3X Cbw Jones 6 SIN 
3840 7 ESPN 7 NCN 4D CBS Television Nllt. 7 Turner Eroadcastlng 
3860 8 CBN Cable Net. 8 4X SNC (A) 8 Q-oup W/ 

Westl nghouse 
3880 9 USA Cable Nllt. 9 5D 9 

3900 10 Showtlme CW) 10 5X DI sney Channe I (W) 10 Times Mirror 
3920 11 MTV fl 6D SNC (Netlonel) 11 
3940 12 Showtlme (E) 12 lhe Playboy Chan. 6X DI sney Channe I (E) 12 13-oup W/ 

Westinghouse 
3960 13 HBO CW) 13 7D .. 13 
3980 14 CNN 14 7X SNC (B) 14 Viacom International 
4000 15 CNN Head 11 ne Nllws 15 Blznet 8D SNC 2 15 
4020 16 ASCN 16 ax SNC (Backhand) 16 Viacom lnternetlonel 

HTN Plus/NJT 
4040 17 Cable Hea Ith Net, 17 TBN 9D The Nashvll le Nllt. 17 HBO 
4060 18 Reuters lobn I tor 18 Time Video Into. 9X SNC CC) 18 Turner Eroadcestlng 

Sarv I ce/EWTN Services 
4080 19 C-SPAN 19 10D 19 HBO 
4100 20 Clnemax CE) 20 10X The Amer I can Nllt, 20 SIN 
4120 21 lhe Weather 21 11D Spotl lght CW) 21 HBO 
4140 22 MSN/Daytlme 22 ABC Remote Feeds 11X Salee TV 22 Q-oup W/ 

West I nghouse 
4160 23 Clnemax CW) • 23 0!i I avl s Ion 120 Dsyt I me/ARTS 23 HBO 
4180 24 HBO (El 24 NBC Remote Feeds 12X B.E. T. 24 

NOTE: Polarlzetlon on SATCOM IIIR end IV: 
Odd transponders are vertical; even transponders ere horizontal. 

Polarization on Westar V or 0!ilaxy I ls opposite ot above: 
Odd or 11011 transponders ere horizontal; even or nxn transponders ere vertical. 

Figure 3. Transponder Assignments 

Ll\TA (Low-Noise Aln.pUfier) 

NOTE: Scientific-Atlanta, Inc. manufactures both low-noise ampli
fiers (LNAs) an! low-noise converters (LNCs). The coaxial cable, 
coaxial connect rs, and power dividers discussed in this chapter 
apply to system using LNAs. For specific information regarding 
LNCs and the coaxial cable, connectors and signal splitters used 
with them, refe to the section on low-noise converters later in 
this paper. 

Purpose. The purpose of the LNA is to amplify the signal from the antenna 
to a level adequate to overcome attenuation from cable and splitter losses 
and still be within he input range of the video receiver. At the same time, 
it must introduce a ~jnimum level of noise to the system. Therefore, the two 
main specifications ror a LNA are gain and noise figure. The standard LNA 
provided by Scientif,c-Atlanta has a gain of 50 dB (±3 dB) and a noise figure 
of 1.5 dB (also expressed as a noise temperature of 120K). Optional LNAs are 
also available with lhe following no_ise characteristics: lOOK (1.3 dB) 90K 
(1.2 dB) and BOK (1.1 dB). All LNAs manufactured by Scientific-Atlanta are 
available in either 0-dB or 60-dB gain versions. 
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Installation. The LNA is bolted directly to the OMT, with no "right side 
up 11 ortentation necessary. All Scientific-Atlanta antennas with a Cassegrain 
feed system are equipped with a feed horn which must be pressurized. Because 
the feed cavity of the LNA is airtight, there is no need for a mylar "window" 
between the LNA and the OMT. The LNA gasket supplied must be properly 
installed in order to achieve a proper seal. Figure 5 shows two (2) LNAs 
being installed on a 3M feed equipped with an OMT. 

Figure 4. OMT Oriented for Maximum Signal at a Particular Site 

Figure 5. Two LNAs Installed on 3-Meter Feed 
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LNA Power. urrentl there are two methods for powering the LNAs. They 
are 11 DC only" and 11T i-Power. 11 The 11 DC only" LNA is the simplest and most 
commonly used method 1 The LNA is powered by +15V de which is introduced 
through the RF coaxi~ cable. A Power Inserter is placed in-line with the RF 
output of the LNA (g. nerally inside the headend building) and on the antenna 
side of any po er div·ders and/or coax switches. The Power Inserter is wired 
into the AUX! !ARY c nnector on the back of any Scientific-Atlanta 6602 or 
7500 Series Vi eo Rec iver (PIN 2:15V de, PIN 3: GND). The receiver provides 
the +15V de t power the LNA through this connection. If desired, the Power 
Inserter may e connected directly to an external power supply. Figure 6 is 
a detailed sch matic fa 11 DC only11 wiring configuration. 

Tri-Powered L As. T e tri-powered LNA is powered by either 110V ac, +15 to 
+ 28V de, or -15 to -28V de. The se 1 ected vo 1 tage is introduced to the LNA 
through a sep rate p wer connector on the LNA. This necessitates the instal
lation of as parate power cable. 

The RG-214 4 5-foot coaxial jumpers illustrated in Figure 6 are used to 
interconnect he RF signal from the LNA to the various parts of the system 
such as them in coa ial cables, power dividers, etc. They permit increased 
flexibility o er the low-loss coaxial cables and facilitate the wiring of 
multiple receivers. While Scientific-Atlanta also offers these jumper 
cables in len ths of 9 feet and 15 feet, it is important to note that the 
signal attenu tion as high as 25 dB per 100 feet at the 4 GHz frequency 
being used. 

Purpose of C ble. he coaxial cable is used to transport the signal from 
the LNA to th recei er location (such as a CATV headend). The two types of 
cable current y supp ied by Scientific-Atlanta are 7/8-inch 0.D. air dielec
tric coaxial able ad 1/2-inch 0.D. foam core coaxial cable. Both of these 
cables have a imped nee of 50 ohms. The attenuation of the 7/8-inch cable 
is 3 dB per 00 feet, while the 1/2-inch cable has a loss of 8.5 dB per 100 
feet. Keepin in mi d that combined cable/splitter losses should not exceed 
20 dB, 1/2-in h coax is not recommended for cable runs in excess of 100 feet. 
When using 7 8-inch cable, which has an air dielectric, the cable must be 
pressurized u ing a uitable unit such as Scientific-Atlanta's pressurization 
unit (describ d lat r). The 7/8-inch coaxial cable may be used for cable 
runs of up to 250 fe tin most circumstances before additional amplifiers are 
required. 

Purpose of C nnecto s. The coaxial connectors provide a transition from 
the coaxial c ble to1 an 11 N11 type female connector which matches the 11 N11 type 
male connecto s on the 4.5-foot coaxial jumper cables. In the case of 7/8-
inch air diel ctric coax, the connector also has provision for a 1/8-inch NPT 
air fitting t permit pressurization of the cable. 
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Installation of able. The cable may be installed using standard instal
lation te hnique, with the following precautions. Due to the high frequen
cies invo ved, e treme caution is required to avoid any sharp bends, kinks, 
dents, or other tlamage to the cable. A minimum bending radius of 10 inches 
for 7/8-i ch cabile and 5 inches for 1/2-inch cable must be observed. For 
these rea ans we ecommend that the cable be instal~ed in 4-inch diameter PVC 
conduit a d that regardless of conduit diameter,· only wide sweep bends be 
used. 

Installation of Connectors. Install at ion instru<:tions are provided with 
each conn ctor. Please read these instructions carefully before attempting 
to install the connector. Due to the high frequenc·es being utilized, proper 
connector installation is essential for optimum sys em performance. 

PowerDt rs 

Purpose. The ower divider for your earth station is basically a RF 
splitter. Despi e its name, a "power divider" is ot a power-passing device 
in that n ac or de voltage should be fed into or through the device. The 
purpose o the divider is to provide inputs to multiple receivers from one 
LNA. If ou are planning to operate more than onle receiver on each polar
ization, ou will need a separate power divider on each polarization. Power 
dividers re available from Scientific-Atlanta int ree configurations. 

P/N 

1430 6 
1430 5 
1430 4 

Description 

4-Port Power Divider 
8-Port Power Divider 

16-Port Power Divider 

Signal 
Attenuation 

7.5 dB 
10.5 dB 
13.5 dB 

These devices p ovide outputs for 4, 8 and 16 receivers, respectively. 
Figure 7 is a pho ograph of a 4-port power divider. 

Inst a 11 at· on. F 1 gure 2 shows the 1 ocat ion of the power divider in the TVR0 
system. he i npult and output connections are 11N11 t pe f ema 1 e and accommodate 
the 4.5-f ot coa ial jumper cable. The power di ider should be secured in 
such a ma ner as to provide a minimum of strain to the coax jumpers attached 
to it. ue to the high isolation between ports on the power divider, no 
terminati cessary for any unused ports. 

Automa: 

The autom tic poj arization relay will operate witij Scientific-Atlanta Model 
6602 and 500 Vi~eo Receivers, providing automatic Switching between horizon
tal and v rtical I polarization feeds. The unit has three 11 N11 -type female RF 
connectio s and 1comes pre-wired to a multi-pin plug that connects to the 
10-pin pr gram pl~g on the rear of the receiver. 
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Figure 7. Four-Port Power Divider 

Figure 8 illustrates the switch and identifies the proper c nnections. 

Feed From \ 
Horizontal Polarization ~ 

To Input 
of 6602 or 7500 RX 

T Program Plug 
o 6602 or 7500 RX 

L Feed Fro 
Vertical olarization 

Figure 8. Relay Connections 

In operation the switch selects between the two polarizat on feeds alterna
tively and in accordance with the frequency selecting di 1 on the front of 
the receiver, thus providing the correct input for the f equency selected. 
In the case of the 6602· and 7500 receivers, the appropriate input is also 
provided for a frequency selected via the remote interface. 
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RitJ,al Attenuation 

Due to the extremely low signal levels involved in earth station applica
tions and the high f,' ttenuation at the frequencies used, care must be exer
cised to avoid exces ive signal losses. As a general rule of thumb, signal 
losses should not ex eed 20 dB between LNA and receiver, when using a 50-dB 
gain LNA. Using the schematic in Figure 2 and assigning the 7/8-inch cable a 
length of 100 feet, ~e can calculate our signal losses as follows: 

Qty 

1 
100 feet 

1 
1 
1 

Item 

4.5-foot Coax Jumper (25 dB per 100 feet) 
7/8-inch Coax Cable (3 dB per 100 feet) 
4. 5-foot Jumper 
4-Port P wer Divider 
4.5-foot Jumper 

Total Loss 

Attenuation Loss 

1.125 dB 
3 dB 
1.125 dB 
7.5 dB 
1.125 dB 

13.875 dB 

As can be seen, the osses add up rapidly. As a matter of fact, just placing 
a 16-port power div· der in the system instead of a 4-port power divider 
will put us just ove our 11 General 11 20-dB maximum permitted loss. 

If excessive losses • are unavoidable due to physical requirements such as 
antenna location, a 1post amplifier may be installed with minimum . effect on 
system performance. 

LBC (Low Boise c;t;:;I ) · 
Purpose. The purpo e of the LNC subsystem is identical to that of an LNA 
system, yet with adv ntages for cable TV operators. 

The principal advant~ge of a block conversion system is lower cost. Convert
ing from a microwave frequency to UHF at the antenna• significantly reduces 
the use of expensivel microwave components and cable. i A conventional system 
requires a separate microwave downconverter for each channel received. In 
the block downconversion system, this process is performed only once for all 
twelve channels of a~ given polarization, resulting in r educed microwave com
ponent costs. Les expensive UHF cab 1 e and 11F11 cc;mnectors can be used 
between the LNC and he 6650 Receiver, resulting in sybstantial cost savings 
in this area also. i 

I 

I 

Installation. The Lr C and 6650 Receivers are installe:.d in much the same way 
as the LNA subsystem A block diagram is shown in Figure 9. 

I 

I 
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Pressurization. Unit 

12MIO 
IIECEIVEIIS 

Purpose. The pressurization unit is used to prevent moisture from accumu-
1 ating in the feed hon and, if applicable, the air dielectric cable in the 
earth station system. This is accomplished by first drying the air and 
second by maintaining . a positive pressure of 1 PSIG in the system. Due to 
the low signal levels involved, a small amount of moisture can have a signif
icant effect on systemperformance. Care should be taken to ensure that your 
pressurization system ,is operating properly. Pressurization is not required 
for antennas with pr1·me focus feed systems unless air dielectric coax is 
used. 

Operation. Figure 1: illustrates the pressurization unit available from 
Scientific-Atlanta. ~iris introduced to the system via the compressor unit 
and stored in the hoUing tank, Item 2. The pressure in the holding tank is 
maintained at between ! 20 PSIG and 40 PSIG by means of the pressure switch, 
Item 20, which activates the compressor motor. Pressurized air is then fed 
from the holding tank 1rito the desiccant tank, Item 3. The desiccant crystals 
remove the moisture f om the air and should be replaced or dried as neces
sary. A color chart located on the desiccant bowl indicates when desiccant 
replacement becomes necessary. From·the desiccant bowl, dried air is passed 
through the adjustable pressure regulator, Item 4, and into the system. 

12 
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Installation. Remove the unit from the shipping carton and check for any 
visible damage. Should any damage be evident, notify the carrier and save 
the shipping carton. 

1. Remove the desiccant bowl from holder and fill with the desiccant 
packed separately in a one-pound can. (There is more than enough 
desiccant supplied so care should be taken to avoid overfilling the 
container.) 

2. Replace bowl after making sure that the 11 011 ring, · located on the 
holder, is clean and correctly seated. 

3. Close the check valve, Item 14, and insert the ac power cord into a 
110V ac, 60-Hz outlet. The compressor motor should activate and 
fill the storage tank to a pressure of approximately 40 PSIG. This 
can be monitored by observing the pressure gauge, Item 16. The 
compressor should shut down at this point. 

4. Establish a temporary seal by placing a finger over the output of 
the regulator (Item 4) and open the check valve. Adjust the pres
sure, as indicated on the regulator pressure gauge, to 1 PSIG by 
means of the adjustment screw. 

5. Remove and replace the finger several times and make sure that 
pressure returns to 1 PSIG. 

6. Lock down the adjustment screw by means of the lock nut and connect 
the regulator output to the cable and/or feed horn with the air 
line and connectors provided. Figure 11 shows a. connection diagram 
for a dual earth station installation. Connections for a single 
antenna would be identical, with the omission of the connections to 
the second earth station. 

7. Check the system for leaks and repair as necessary. Compressor 
pump should cycle no more frequently than once every four hours. 

8. Approximately once a month, drain the holding tank of accumulated 
moisture by means of the pet cock, Item 15 . 

.Antenna Pointing 

Having installed the items described, one is now ready to align the antenna 
to the satellite. This can be a simple operation as long as some basic steps 
are followed. Keep in mind that one is trying to "aim" at a target over 
23,000 miles away, and that a "hit or miss" approach will be frustrating at 
best. For additional information on antenna pointing, refer to the paper, 
11 Earth St at ion Geometry. 11 
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7/8 Coaxial 
Connectors 
(TYP) 

To Power Divider 
or Receiver / 

EXISTING EARTH STATION 

7/8 Coaxial 
Cable • 

SECOND EARTH STATION 

7/8 Coaxial 
Connectors -{ HE DEND 
(TYP) \ 

I 
I 

/ 
7/8 Coaxial 
Cable-<, 

\ 
\ 

I 

I 
I 
I 
I 
I 
I 
I 

-To LNA 

.r "T" Connector 

ANTENNA -

NOTES: 

¼ Tubing 
(TYP) 

To Feed Horn 

¼ Air Connectors 
(TYP) 

1. Items listed in parts list are for second 
earth station kit only. 

I ANTENNA 
I 

To Feed Horn 

I 
I 
I 
I 
I 

I 
I 

Figure 11. Pressurization Interconnection Diagram 
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From the Computers of: 
SCIENTIFIC-ATLANTA, INC. 

Video Communications Division 

22-Jul-82 17:54 
Look angle and centerline calculation for a 5-meter 

antenna to be installed in: Atlanta, Georgia. 

Site Coordinates: 33 deg 45 min 0 sec latitude 
84 deg 25 min 0 sec longitude 

Earth station look angles for: Atlanta, Georgia 

Sate 11 ite Satellite Elevation 
Name Longitude Angle 

SPACENET 1 70 47.82 
GALAXY 2 74 49.2 
ADV. WESTAR 79 50.33 
SATCOM 4 83 50.73 
COMSTAR 03 87 50.67 
WESTAR 3 91 50.13 
COMSTAR 02 95 49.14 
SBS 2 97 48.49 
WESTAR 4 99 47.74 
ANIK-1 104 45.49 
SBS 1 106 44.44 
ANIK-2 109 42.75 
ANIK-3 114 39.62 
F2/SPACENET 2 119 36.19 
WESTAR 5/2 123 33.28 
COMSTAR 04 127 30.24 
SATCOM 3 131 27.12 
Fl/Galaxy 1 135 23.92 
SATCOM 1-R 139 20.67 
SATCOM 2-R 143 17.39 

Azimuth 
Heading 
True 

155.18 
161.7 
170.32 
177 .46 
184.65 
191. 74 
198.59 
201.9 
205.1 
212.64 
215.46 
219.47 
225.62 
231.14 
235.15 
238.85 
242.27 
245.46 
248.44 
251.26 

5-METER FOUNDATION CENTER LINE IS 213.22 DEGREES FROM TRUE NORTH. 

Figure 12. Look Angles 

Look Angles. Regardless of the type of mount on your antenna, the desired 
result is to have the antenna pointing correctly at the satellite. This 
direction is known as the look angle and is expressed by two coordinates: 
elevation angle, in degrees above the horizon; and azimuth angle (compass 
heading), in degrees from true north. These look angles are provided for 
each earth station order and are usually mailed separately and in advance of 
the antenna. From any one location and for any one satellite, these look 
angles remain the same for any type of antenna and can therefore be used to 
cross-check other types of pointing information which may have been supplied 
for a particular antenna. Figure 12 shows a computer run for the look angles 
in Atlanta, Georgia. 

16: 



Specific pointing information for each antenna is provided in the manual for 
that particular antenna. However, the following 11 tips 11 may prove useful. 

C 
.2 
ai 
> 
CD w 

1. 

2. 

3. 

4. 

Any pointer,s, counters, indicators, etc., i provided with your 
antenna wilJ only be as accurate as the center:r line of your founda- ; 
tion. Ther fore, you should use care to make sure that the founda
tion center line for your site as provided by Sci'entific-Atlanta is 
determined 

1

s accurately as possible. 

A gravity-otjerated device for determining elevation above the hori
zon will g eatly facilitate setting the elevation angle. (This 
device can range from a protractor with a piece of string and a 
rock, to an inclinometer available at most hardware stores.) 

If the pad center 1 i ne is being determined by a surveyor, he can 
also identi y and mark the azimuth headings for various satellites, 
given the 1 ok angle information available from Scientific-Atlanta. 
This usuallf adds little, if any, cost to his service and will aid 
in initial 

1
ointing. 

Figure 13 i · a chart for determining the look angles from any given 
location. nstructions for the chart follow. 

:I :1 
, 11 ' • I 

•··. 'i ::: : 1 

20 30 so 60 70 80 90 

Difference Between Satellite and Site Longitudes 

Figure 13. Universal Azimuth-Elevation Lofk Angles 
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Instructions. 

1) Subtract site longitude from desired satellite longitude and plot 
this value (A) on the bottom scale of the chart. 

2) Plot the site latitude (B) using the scale on the right side of the 
chart. 

3) At the point where A and B intersect, determine the elevation angle 
and difference in azimuth using their respective graphs (the curved 
lines are us~d for this process). 

4) If the value obtained in step 1 is a positive number, add the dif
ference in azimuth from step 3 to 180° to obtain the azimuth heading 
from true north. If the value is a negative number, subtract the 
difference in step 3 from 180°. 

Satellite Acquisitimt 

If the antenna has . been correctly pointed and all components have been 
properly installed, one should be receiving signals from the satellite. In 
practice, a small amount of a_ntenna adjustment will be necessary to achieve 
optimum performance. 

Presence of signal from the satellite may be observed on the C/N meter on the 
front of any 6600 or 7500 Seri es Receiver. In order for this meter to 
respond to variations in signal strength, the AGC/MGC switch on the receiver 
must be in the AGC position. 

Presence of video on the sate 11 i te can be detected by connecting a video 
monitor to the video :output of the receiver or by connecting a TV set via an 
RF modulator to the receiver. 

I 

Adjust the antenna as necessary for maximum signal using the instructions 
provided with each antenna. 

Troubleshooting 

This chapter is intended to provide assistance if there is little or no 
signal from the satellite-installed equipment in accordance with the instruc
tions described herein. It is assumed that a 6600 Series Receiver is used 
and that it is in the; AGC mode; al so needed are a video monitor, or a modul a
tor and TV set for viewing the actual picture. 

Symptom 

No Signal 
No Picture 

a. Check polarization of feed horn and ensure that 
frequency selected is on same polarization as 

input from the antenna. 

b. Check the ac input to receiver and de input to 
LNA. 

18 



I 
I 

Positive Signal Leve1 
No Picture 

I 

Positive Signal LeveJ 
Noisy Picture 

c. Adjust zero on noise contnol on front of 6600 RX 
for a positive indication I (e.g., +5), and remove 
input to down converter. Meter should then move 
full scale to left (less' than "0"). If meter 
remains at +5 or cannot be set at +5, check the 
IF amplifier module in the receiver and make sure 
it is properly seated. If condition persists, 
replace LNA and/or check all cable connections 
from LNA to receiver. 

a. If using a 6602 RX with only one No Picture 
polarization input to the receiver, change fre
quency to a transponder on the opposite polar
; zat ion. If C/N meter d~ops 7 to 10 dB, check 
connections to TV, modul~tor or video monitor. 
If little change occurs ir signal strength, pan 
antenna and check again for change in signal 
1 evel. If no change is ~etected, it is 1 ikely 
the antenna is not peaked on the satellite. 
Check antenna 1 ook angle :and/or pan the antenna 
while observing for increase in signal level. 
(Note: Make sure AGC/MGC selector switch on 
receiver is in AGC position.) 

a. Make sure AGC/MGC switch is in AGC position and 
adjust zero on noise control for a reading of 10 
to 12 dB on C/N meter. 

b. Check to ensure that antenna is positioned for 
maximum signal level. As I antenna is panned, the 
change in C/N meter le*el should indicate a 
single main beam with smal~ peaks on either side. 
If two equal beams are ind!icated, polarization is 
incorrectly adjusted, or ~ntenna is peaked on a 
sidelobe. : 

c. Peak polarization adjustm~nt for maximum signal 
level. ' 

I 

d. Change receiver (if avail~ble) and repeat step a. 
I 

e. Check all cable connectiors. (If cable becomes 
suspect, move receiver and monitor to the LNA via 
a 4.5-foot jumper.) ! 

I 

I f. Change LNA (if available) !and repeat step a. 
I . 

For additional troulbleshooting guides, consult the instruction manual for 
your receiver. 
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Abstract 

Video B.eceive-Only Earth Station 
Performance Verification 

Alex Best 

The proof of perforJllance of a typical satellite video receive station con
sists of a series o~ RF and video tests which-are compared to the specified 
parameters. The pr~bf-of-performance test records provide a valuable guide
line for routine ma,1ntenance and troubleshooting. Troubleshooting a satel
lite video receive station requires a basic understanding of the operation of 
the system component~, receiver, LNA, etc., and how the component parameters 
affect the system performance. This paper discusses the performance evalua
tion tests, troubleslooting and maintenance. 

Performance V]erif:l.cation 
I 

Introduction 
i 

Once the antenna is ~ssembled, the LNA and cable installed, the system turned 
on, and the satellit~ located, the system engineer is faced with the task of 
determining that the system is operating properly; in other words, evaluating 
the performance of tihe station. This evaluation can be as simple as looking 
at the receiver output on a TV monitor or as complex as available test equip-
ment will allow. • 

The procedures whith follow describe the tests currently performed by 
Scientific-Atlanta f~eld personnel to evaluate the performance of a satellite 
video receive statiop. 

Test Waveforms 

All waveform measure~ent techniques described in this paper are based on the 
IRE scale units of ~easurement (see Figure 1). The waveform technology used 
throughout this pape is in accordance with the definition shown in Figure 2, 
wherein the standard composite color video signal is defined. 
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Waveform Terminology 

A - The peak-to-peak amplitude of the composite color video signal 
B - The difference between black level and blanking level (set-up) 
C - The peak-to-peak amplitude of the color burst 
L - Luminance signal • nominal value 
M - Monochrome video signal peak-to-peak amplitude (M=L +S) 
S - Synchronizing signal • amplitude 
Tb - Duration of breezeway . 
Tsi - Duration of line blanking period 
T sy - Duration of line synchronizing pulse 
Tu - Duration of active line period 

Figure 1. The IRE Scale Units 

Tu 

-40W!.....Ji...ii:.,_ _ ___J:.,_ _________ .J....---l~--..L. 

~ n-
Tsy 

Figure 2~j The Standard Composite Color Video Signal 
I 

The two principal te~t signals that are required to conduct the various 
measurements describedi in this report are: 

a. The composite test signal shown in Figure 3, which consists of a 
line bar, a 2T pulse, a modulated 12.ST pulse, and a 5-riser modu
lated staircase signal . 
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Figure 4. The Combination Test Signal 
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It should b noted .that except where full-field test : signals are essential to 
the measure ent of a particular parameter, the meas!uri ng technique for each 
parameter is the same for both vertical interval /test signals (VITS) and 
full-field test signals. Furthermore, the performance objectives apply 
irrespectiv of the average picture level (APL) wit!hin the APL range of 10% 
to 90%. T is is jan important point to remember wren making VITS measure
ments, particularly during program transmission periods where control cannot 
be exercis d over !the APL value of picture signal. j Many of the parameters 
can be mar edly afl fected by APL vari"ations, and accordingly, the operator 
should allo sufficient time when making VITS meas~rements to ensure a good 
portion of he APL

1
range is explored by the picture Fignal. 

! 

PllUmjt llequired 

Tektronix 20A Vedtor Scope or, equivalent 
Tektronix 480 Wa~eform Monitor, or equivalent 
Tektronix 47A NT~C Signal Generator, or equivalent 
Tektronix CIR Raridom Noise tow Pass Filter, or equivalent 
Hewlett-Pa kard 4~5A RMS Power Meter, or equiv~lent [ 
Hewlett-Pa kard 8558 Spectrum Analyzer, or equivalent 
Hewlett-Pa kard 334A Audio Distortion Analyzer, or equivalent 

I • ! 

Main IF Ca rier-to-Noise Ratio 
CCIR Weighed Sig~al-to-Noise Ratio 

litude lVideb Response 
"K" Factor (K2T) i 

Luminance- hrominance Delay 
Differenti l Gain l 
Differenti l Phase 
Audio Test Tone S1gnal-to-Noise Ratio 
Audio Test Tone Distortion 

I 

Test Pr edurJs 
I 
! 

Main IF C rri er-to-Noise Ratio. This test veri f; es the 
RF and IF portiops of the system; this is apparen~ from 
C/N: ' I 

C/N = (EIRP j - LP + G/T - D) - 10 log BIF 
! 

5 

I 

i 

performance of the 
the expression for 

[dB] 



where: 

EIRP = Satellite effective isotropic radiated power in dBW 
Ls = Path loss (free space) in dB 
K = Boltzmann's constant= -168.6 dBW/MHz/K 
BIF = Effective IF Noise Bandwidth in MHz 
GIT = System figure of merit dB/K = Gain -10 log ts 

Ga = Antenna gain in dB 
ts = system noise temperature in K 
ts = ta+ t1 + tc/gt + tr/(91 x 9c) 
ta = Antenna noise emperature in K 
tl = LNA noise temperature in K 
tc = Cable noise temperature in K 
tr = Receiver noise temperature in K 
9c = Cable gain ratio 
91 = LNA gain ratio 

Examining the parameters which affect C/N, it becomes obvious that this is 
perhaps the single. most important measurement to be cons dered. The C/N 
ratio is measured as follows: 

a. Set the receiver AGC/MGC switch to MGC p~sition. 

b. Connect spectrum analyzer to filtered 70-MHz IF man tor port. 

c. Raise antenna elevation until there is no inpu signal to the 
receiver as shown by the spectrum analyzer. 

d. Connect the HP435 power meter to the 70-MHz filte ed monitor port. 
Measure the noise power at this port and record it. 

e. Lower the antenna elevation until an absolute pe k is reached as 
shown on the power meter, and record this readin as carrier plus 
noise power. 

f. (Carrier + Noise Power) - (Noise Power), where ach quantity in 
parenthesis is in dBW is the (carrier + nois )-to-noise ratio 
C+N/N in dB. 

g. Compute carrier-to-noise ratio (C/N) as shown n the following 
example: 

C+N/N = 16 dB 

C/N = 10 log ((log - 1(16/10) - 1] 

C/N = 15.89 dB 

Equipment set up for C/N measurement: 
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~>>--------t 
Receiver 

6602, 6650, 
7500,or414 

Spectrum Analyze Display 1 

70 MHz Center Fr quency 
Showing Received FM Signal 

Spectrum Analyzer Display 
70 MHz Center Frequency 
Showing No Received Signal 

CCIR Weighted Video Signal-to-Noise. This test verifies the performance of 
the up- and ownlink , video equipment and that of the program data 17 VITS--
vertical int rnal test signals are not inserted at the uplink. The · 
expression us d for CCIR signal-to-noise (FM) is: 

where: 

C = arrier power in watts. 

= Noise power density at that point in the system where C is 
easurecj. 

= Half t~e peak-to-peak deviation caused by that portion of the 

i
ideo w~veform defined as the "signal". 

= oise b~ndwidth of the baseband filter function which represents 
he combination of the deemphasis network. measurement bandlimit 
ng filter, and wei~hting network with .respect to triangular 
oise. 
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Examining the parameters which affect video signal-to-noise --atio, one can 
readily see that the uplink operating parameters EIRP, deviation, etc., and 
the receive station equipment performance--antenna through video amplifiers-
are verified. The video signal-to-noise ratio (CCIR) is measured as follows: 

a. Interconnect the receiver and test gear as shown in ~he b 1 ock di a
gram. 

b. 

Receiver Video 1 or 2 
6602, 6650, 
7500, or 414 

CCIR 
Weighting 
Network 

I 
1-----.f Progr; m IN 

75.Q 

P,ognlm Out 

J!rGen. 

A IN 4.2 MHz Previe 
1480 Waveform.,...-~-----. Random Noise ..---1 Monitrr 
Monitor Low Pass Filter OUT I 

Set 147A controls as listed 
Function Switch 
Local-Remote 
Gain-Variable/Unity 
Program/Preview 
Noise Attenuators 
Delete half line/full line 

below: 
-
-
-
---

Noise 
Local 
Unity 
Preview 
40 dB 

I 

half lin~ 

c. Program 147A to insert noise on line 17 both :ields - see 
147A Operation Manual for details. 

d. Adjust 1480 waveform monitor to display line 17, field 1. 

e. AdJust pedestal height (147A) until the inserted noise is at the 
same APL as the BAR in the composite test waveform. I 

f. Adjust the noise attenuators until the inserted noise is the same 
amplitude as the noise on the BAR. I 

g. Read and record the S/N ratio from the noise attenuators on the 147A 
Signal generator. 
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Waveform Monitor Display Showing Flatfield & Random Noise Test Signal. 

Reduced plitude Video Response. This . -test verifies the frequency 
response o the i- and downlink video processing circuitry at six discrete 
frequencie from .5 MHz. 

A subject ve indication of phase response is shown by the degree of 
distortion or 11 roundi ng off" of the discrete frequency bursts. Reduced 
amplitude ideo rasponse is measured as follows: 

a. tercon~ect the receiver and test equipment as shown in the block 
agram. 

I 

Receiver 
6602. 6650, 
7500,or414 

I 

I 

Video 1 or 2 

Chan A IN 

1485 
Waveform 
Monitor 

Channel A OUT 

b. A just waveform monitor to display the multiburst test waveform 
( ine 17, field 2 on HBO programming). 

c. A just the "volts per full scale" control and "calibrate" control 
a po1nt such that the highest amplitude burst covers the area 

tween O and 100 on the display graticule. This sets the amplitude 
o the higher amplitude burst at 20 11 units 11

• 
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\. · 

d. Count the number of units covered by the lowest amplitude burst. 

e. Reduced amplitude video response in 
dB= (20 log highest burst amplitude f lowest burst amplitude) 

EXAMPLE: 
highest burst = 20 11 units 11 

lowest burst = 16.5 11 units 11 

reduced amplitude video response= 20 log 20 
16.5 

= 1.67 dB 

20 Div. 16.5 Div. 

"K" Factor K2t • K factor is a measure of the short time response of 
the up- and downlink video processing circuitry. This measurement also gives 
subjective indications of phase and delay distortions as indicated by the 
distortion of the 2t pulse's height and width. 11K11 factor is measured as 
fo 11 ows: 

a. Interconnect receiver and test equipment as shown for reduced ampli
tude video response. 

b. Obtain composite video test waveform on waveform monitor display. 
Center 2t pulse in the 11K11 factor window on the display graticule 
and adjust volts per full scale calibrate control so that the 2t 
pulse covers the area between the O or baseline point to the 100 
unit. 

c. Set mag. control to X25 and center the 2t pulse in the 11K11 factor 
window. 

d. When volts per full scale = 
= 
= 

1 volt, the window is 5% 
0.5 volt, the window is 2.5% 
0.2 volt, the window is 1% 

e. Adjust volts per full scale until the ringing after and before the 
2t pulse is just contained in the window limits, or the 2t pulse 
reaches the window shape factor limits. Interpolate and record the 
results as 11K11 factor (K2t). 

10 



Luminance-Chrominan :e Delay. Luminance-chrominance ldelay is a measure of 
the system delay characteristics at chrominance freq~encies with respect to 
luminance frequencies. L/C delay is measured as follows: 

a. Interconnect equipment as shown for reduced amplitude video 
response. I 

I 

b. Obtain the composite video test waveform oh the waveform monitor 
display. 

c. Adust mag. control for best resolution of 12.ST modulated sine2 

pulse. 

d. Measure th peak-to-peak amplitude of the sinusoidal base line dis
tortion of he 12.ST pulse in IRE units. 

e. For 12.ST p~lse delay nsec = 10 x peak-to-peak IRE from above. 
I 

H x 10 = ns delay 

Differential Gain. •Differential gain is defined as the change in amplitude 
of the sub~arrier _p~rti~n of the modul~ted staircase ~ •. s the lumina~ce port~on 
of the staircase is vaned from blanking level to white level. Differential 
gain's most notable effect is observed as misregistered shade in the color 
television picture. ; Differential gain is measured as !follows: • 

a. Interconnect the equipment as shown in the block diagram. 

!Receiver 
6602, 6650, 
7500,or414 

Video 1 

1sn 

11 

520A 
Vectorscope 



b. Set the vector scope line selector switch for the line number which 
contains the composite video test signal. 

c. Depress the Channel A, vector, and VITS Field 1 or VITS Field 2 
selectors as appropriate. 

d. Adjust channel gain and phase controls until the vectors lie on the 
180° line and coincide with the outer circle on the graticule. 

e. Depress the differential gain selector and read differential gain in 
% from the vectorscope graticule. 
Differential Gain Cal Factor 
0.1 dB 1.2% 
0.2 dB 2.3% 
0.3 dB 3.4% 
0.4 dB 4.5% 
0.5 dB 5.6% 
0.6 dB 6.7% 
0.7 dB 7.8% 
0.8 dB 8.8% 
0.9 dB 9.8% 
1.0 dB 10.9% 
1.1 dB 11.9% 
1.2 dB 12.9% 
1.3 dB 13.9% 
1.4 dB 14.9% 
1.5 dB 15.8% 
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Differential Phase. Differential phase is defined as the change in phase 
of the subcarrier portion of the modulated stairca.se as the luminance portion 
of the modulate~ staircase is varied from blanking level to white level. 
Differential phi:se's most notable effect is observ.ed as misregistered hue in 
the color televi ion picture. Differential phase is measured as follows: 

I 

a. Interc ,nnect equipment as shown in the block diagram for 
differer tial gain. 

b. Set veJtor scope line se 1 ector switch for the line number which 
contain1s the composite video test signal.: 

c. Depress the Channel A, vector, and VITS Field 1 or Field 2 selectors 
as app opriate. 

d. Set calibrated phase to 0°. 

e. Adjust channel gain and phase until the vectors lie on the 180° line 
and coincide with the outer circle on the graticule. 

f. Depres the differential phase button and adjust the channel phase 
contro unt i1 either the 1 eft extremity or the right extremity of 
the do ble phase display is made to coincide. Now, using the cali
brated phase shifter, bring together the extremities of the double 
phase display which were not made to coincide in the previous 
adjust,ent. Note the calibrated phase control reading and record as 
differential phase. 

I 
I 

Audio Test Tone Signal/Noise. Audio test tone signal/noise is measured as 
follows: 

i 
a. Inter1onnect the equipment as shown in the block diagram. 

Balanced 
,-..-----, ..... Audio Output 

Receiver 
6602, 6650, 
7500,or414 

334A Audio 
Dist. Analyzer 

&RMS 
Voltmeter 



b. Obtain 1-kHz audio test tone from source. 

c. Set 334A for rms voltmeter mode of operation. Record signal+ noise 
power from eter. Have the test tone removed and the input ter
minated at the source. Record the noise power indicated on the 
meter. The fr udio signal/noise ratio in dB is the signal plus noise 
power 1n dBW 

1

minus the noise power 1n dBW. 

Audio Test Tone Distortion. Audio test tone distortion is measured as 
follows: 1 

a. Interconnect the equipment as shown for audio signal/noise measure-
ment. 

b. Set 334A for distortion analyzer mode of operation. 

c. Obtain 1-kHz audio test tone from source. 

d. Adjust and optimize analyzer notch filter for the lowest % reading 
on the meter 

Maintenance 

Periodically inspect the receiver mainframe for signs of damage from mechani
cal abuse. Also, lodk for evidence of overheating, especially in the power 
supply. An accumulat~on of dust on the power supply heat sink will have an 
insulating effect and prevent efficient heat dissipation. Keep both the 
inside and the outside of the mainframe clean. A low pressure air hose and a 
small paint brush ca~ be used to clean connectors. The module edgeboard 
connectors can be cle~ned with an art gum eraser. Spare modules should not 
be subjected to excessive heat, humidity or vibration. The antenna feed and 
coaxial cable pressurrzation unit should be checked periodically for proper 
operation. If a "dr air" system is used, the desiccant should be changed 
when two-thirds of th cylinder shows moisture contamination. 

Fault Isolation 

The information provided in this section will aid the operator in locating a 
faulty module so tha~ he may replace it with a spare and resume operation. 
These module-level f ault-isolation procedures are performed primarily with 
the receiver's front-~anel meter and a volt-ohm meter. IF measurements, when 
necessary, can be made with a power meter such as the Hewlett/Packard Power 
Meter Model 435A. ] 

If a spectrum analyze~ is available, RF input measurements as well as more 
precise IF measurement s can be made. The extender module which is included 
in the optional servicb kit is not required for module isolation. 
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The more detailed trpubleshooting information in the module sections of the 
appropriate "Instruction Manual" will permit an experienced technician to 
further isolate a prtjblem and make repairs. The equipment required for those 
procedures is 1 i sted :in the "Instruction Manual." I 

CAUTION 

Scientific-Atl Jnta recommends that, during t e warranty 
period, any ma~functioning module be returned to the factory 
for repair. Damages sustained during the cours of repair 
may void thew rranty. 

I I 

In the event of an a 1parent malfunction, the operator Jhould make the follow-
ing preliminary chec s before tracing signals: I 

a. If the POWE switch does not i 11 umi nate, tHe input fuse may have 
blown or th ac power line may not be properly connected. 

b. Using the f~ont-panel meter, or voltmeter, chJck for the presence of 
the plus an minus de supplies. I 

c. Make sure all modules are firmly inserted in the proper locations. 

d. Make sure r~ar panel connections are complete I 

e. Make sure the down converter frequency determ • ni ng e 1 ements (Switch 
X'tal, etc.} are set to the proper frequency. 

f. Check the antenna for proper orientation. 

g. Check the level and modulation settings of : ~ternal equipment con
nected at ti1 e receiver's output. Incorrect 1ettings can cause dis-
tortion of he video signal. , 

I 

If there are other r~ceivers at the site, problems whilch are external to the 
receiver may be idenltified by comparing the video output of the apparently 
faulty receiver to one which is operating properly. [o do this, adjust the 
channel selector on I the receiver which is operating properly to the same 
channel being viewed. on the faulty unit. If this c~annel also appears to 
have problems on th~ good unit, then there is a hig~ probability tha_t the 
problem is not with : either receiver but with the i 11coming signal on that 
particular channel. • ! 

If, however, the ma 1 function persists, it wi 11 be wJrthwhil e to check the 
external equipment cqnnected at the output of the sus~ected receiver against 
equipment performing~satisfactorily with another .recei~er. With the channel 
selector still set o the frequency known to be operat~onal, connect the good 
output signal proces ing equipment to the receiver's O4tput connector(s). If 
the resulting output

1 
is still unacceptable, the receiver itself must be at 

fault. 

Many apparent receiver failures, especially those i "volving a noisy video 
signal, can be traced to a poor quality uplink signal, improper antenna 
orientation, or a malfunction in station equipment ext!ernal to the receiver. 
These items should Jbe checked very carefully before tests involving the 
receiver are undertalen. 
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Video Uplink llarth Station 
Perfol'!Dance Veriflcation 

L. S. Hermann 

Scope 
I 

The following sections describe seven tests which may be performed on a video 
uplink station to1 verify the performance of the equipment and ensure 
providing the high-quality signals required in video systems. 

Output Power 

1. Connect the test equipment as shown in Figure 1. 

2. Check exciter frequency for mid-HPA channel. 

3. Set Exciter for -10 dBm output. 

4. Adjust HPA input attenuator for maximum output. 
i 

5. HPA output: power may be calculated from output power meter reading 
by adding coupler value plus any attenuation between coupler and 
power meter. 

Specification >34.4 dBW. 

Exciter 

Power 
Meter 

_J 
Coupler 

HPA 

Power 
Meter 

_J 

Coupler 

Figure 1. Output Power - HPA Gain 

EDIP 

High 
Power 
Termination 

EIRP may be calcul6ted by measuring the output power at the OMT flange and 
adding the known antenna gain. 

If the waveguide and switching system losses are knownt then: 

EIRP = GAntenna + PHPA - LwG - Lsw 

1 ' 



BPAGain 

1. Connect the test equipment as shown in Figure 1. 

2. Check exciter frequency for mid-HPA channel. 

3. Set HPA input attenuator for nominal output power. 

4. HPA gain is HPA output power (dBW) - exciter output power (dBW) 

Specification >70 dB. 

IF-BF Gain and Gain Flatness 

1. Connect the equipment as shown in Figure 2. 

2. Adjust the sweep oscillator for 70 MHz ±20 MHz. 

3. Check the exciter output for correct HPA channel output. 

4. Calibrate scope output level and gain using attenuation and known 
input. 

5. Measure IF-RF gain and gain flatness directly from scope display 
(Figure 3). 

Specification: Total of 0.5 dB in center third of BW. 
Total of 1 dB over remaining two-thirds of BW. 

XTAL Attenuator D1t1ctor 
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Group Delay 

1. Connect test equipment as shown in Figure 4. 

2. Check the exciter frequency for correct HPA channel. 

3. Calibrate ~he MLA for 1 ns/cm group delay reading. 

4. Measure the group delay across the channel {Figure 5). 

Specification:, Linear - 0.25 ns/MHz 
Parabolic - 0.05 ns/MHz 
Ripple - 2 ns/peak-to-peak 

3 

1-



0 

Coupler 

I 
!RF 

HPA Test 
Downconv erter 

RF 170 MHz 

Exciter A~enuator 
70MHz 

l 
Transmit Section I Receiver Section 

Microwave Link Analyzer 

Figure 4. Group Delay 

\ 

' 

High 
Power 
Termination 

1---R_ip_pl_e_-+-__ P_ar_a_bo_l_ic ___________ , ____________ -1 

·a 
z 
~ 
Cl. 

I 

Linear 

<:1------+-----------------------------1 

100MHz 200 MHz 300 MHz 400MHz 500 MHz 

Frequency GHz 
Figure 5. Typical Group Delay Measurement 



Interm.od 

"' .. 
·E 
"' u .. 
.i: ... 
::: 
0 
"ii 
al 
al 
"C 
c; 

c; 
0 ·.: 
"' :i 
"C 
0 

E .. ... 
.E .. .. 
"E 
0 
"E 
:.c ... 

1. Connect the test equipment as shown in Figure 6. 

2. The. Exciter
1 

is driven by two in-band signals spaced such that the 
third-order intermodulation products are shown on the spectrum 
analyzer. ' 

3. Measure the intermodulation performance per the graph shown in 
Figure 7. ' 
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Video Tests 

1. Connect test equipment as shown in Figure 8. 

2. With all equipment set up for lV peak-to-peak levels, measure 
baseband flatness using baseband signal generator and rms voltmeter 
or calibrated display. 

3. Using video signal generator and waveform monitor with vector scope, 
measure all video parameters. 

Video 
Signal 
Generator 

Video EDU Input RF RF RF 
Out~--__, In Outa----

Baseband 
Signal 
Generator 

RMS 
Voltmeter 

Waveform 
Monitor 

Vector 
Scope 

Oscilloscope 

I 
I 

_J BB 
-- Flatness 

7ea 
I Flatness 

I De
Emphasis 
Network 

75ohm 
Termination 

Exciter 

Down
Converter 
Demodulator 

HPA 

Attenuator 

T Figure 8. Video Test Set-Up 

Typical measurements are: 

• Differential Phase <±0.5° 

• Differential Gain <±2% 

• Field Time Distortion <l.0% 

• Short Time Distortion <0.5% 

• Chrominance to Luminance Delay <30 ns 

• Non-Linear Distortion <3% 
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OpenddJIC • ~nam1t/Beoeive BuU18LatJ.cm. 
L. S. Hermann 

Introduoticm 

The major aspects of operating a satel 1 ite transmit/receive earth stat ion 
wi 11 be address~d in this paper. Costs and revenues will be covered in a 
general sense, ~ith particular emphasis on personnel as the major cost com
ponent. Transponder acquisition w.ill then be discussed. Finally, equipment 
operation, troub~eshooting, and maintenance of the station will be covered. 

Transmit/receive operations fall into three categories: full-time operators, 
intermittent transmitters, and transportables. Aspects peculiar to each 
category will be addressed as necessary. 

Oo8'ta 

The costs of operating an earth station may be listed in the following order 
of relative magn~tude: 

• Personnel 

• Depreciation of fixed assets 

• Utilities 

• Maintenance hardware 

• Insurance 

• Taxes 

The first four of these will be discussed in detail. 

In addition, the cost of the satellite transponder may be very large. This 
cost may be incurred as part of the transmission package (e.g., for a dedi
cated user), or may be billed separately to the end-user (e.g., with a resale 
operator). Transponder acquisition and costs are considered under a separate 
section of this paper. 

The personnel required to operate an earth station fall in these categories: 

• Engineer 

• Technician(s) 



• Sales 

t Accounting 

• Legal 

• Custodial 

A full-time operator ~sually employs a full-time engineer and several techni
cians depending on the number of shifts and transmitters. An intermittent 
operator would use the part-time services of an engineer and full-time 
services of one or more technicians. A transportable operator requires a 
combination technician/engineer and usually a driver who may also be part 
technician. 

These technical personnel should be first and foremost skilled in the media 
in which they operate, and secondly in RF microwave. The operators for a 
video station should be skilled in video technology; digital operators should 
be skilled in computer operation; SCPC/message operators should be skilled in 
telephony. 

A technician familiar with the operating media may be trained in the RF 
operation of the station. He should soon be able to handle normal operation 
as well as minor troubleshooting and repair. 

A person with engineering qualifications is needed to manage the technical 
aspects of an earth station. While being most familiar with the operating 
media, he would also have experience with microwave RF (e.g., terrestrial 
microwave). He whould then have little trouble learning satellite RF opera
tion. This person should be capable of handling all major emergencies. As 
the engineer•s time may only be partially used in operating the earth sta
tion, he may also manage other technical areas (e.g., a TV station or com
puter center), or manage the business side of the earth station. 

A transportable earth station operator should be equally familiar with his 
media as with satelli:te RF operation. His customers will be specialists in 
the media they are broadcasting, and the operator must deal effectively with 
them. Yet, the operator must be self-sufficient and capable of handling any 
RF emergency. He should have extensive field training in satellite RF, 
preferably having been involved in a previous earth station installation and 
proof-of-performance. 

The remaining personnel wi 11 be needed in various degrees depending on the 
nature of the service provided. An accounting staff is required to bill 
customers for usage. Legal help would be required for new FCC filings (e.g., 
for a chan~e in tariff, or for an increase in power from an additional uplink 
or antenna). 
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Depnc1a1;1cmofl'iza4.Auata 

Building space and support equipment (e.g. air conditioners) should be 
included along with the cost of the earth station in determining fixed 
assets. Otherwise, standard accounting procedures apply. 

utilities 

Electricity wil 1 be the 1 argest utility expense. The electrical load will 
depend on the configuration of the earth station as well as its use. Power 
requirements are 1 isted in the previous paper, "Planning a Transmit/Receive 
Earth Station." Power required during various HPA usage cycles is discussed 
later in this paper under Equipment Operation. . 

Telephone charges may be substantial for an intermittent or transportable 
operator who must check with the satellite Technical Operations Center 
(TOC). 

Water and other facility charges must be considered, especially in the case 
of a remote site. 

Maintenance Hardware 

Spare parts may be either stocked or purchased as needed. This measure of 
insurance is determined by the level of reliability required and the level of 
redundancy installed in the system. 

A good rule-of-thumb is that maintenance hardware will cost three to five 
percent of the system cost per year. The power amplifier wi 11 ·require the 
greatest amount of maintenance, as it operates- at high voltage and high 
temperatures. In the case of a Klystron power amplifier, the Klystron tube 
wi 11 need to be rebuilt every two to three years. A third tube is usually 
purchased when the first one fails to allow the operator to rotate the tubes 
for refurbishment. 

Bevenues 

The most important decision in determining price levels is whether or ·not to 
apply for corrmon carrier status. In order to charge specifically for the 
satellite uplink service, a corrmon carrier 1 icense is needed. Tarriffed 
rates must then be filed with the FCC. Most intermittent or resale operators 
are licensed as common carriers. 

If you are providing an end-to-end service of which the sate 11 i te up 1 ink is 
only a part, you need not apply for common carrier status. Dedicated uplink 
operators would fall into this category. 
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Another determinant of the prices charged is the amount of backup protection 
offered the customer. As with satellite rates, uplink rates may be billed 
as: 

- Fully protected (with a hot backup) 

- Unprotected (single uplink) 

- Unprotected and preemptible (if another uplink fails) 

The type of service has an effect on HPA operating costs, as discussed later 
in this paper under Equipment Operation. 

'Er&DSpond.er Acquiai'tion 

Full-time operators will either purchase or lease a full or partial tran
sponder. Full transponders may sell for ten million dollars and up. Lease 
rates for a full transponder would depend on the kind of service and the 
length of the lease. Typical tariffs are listed in Table 1 . 

. Table 1. • Typical Full Transponder Lease Rates 

Type of Service 

Protected 

Unprotected 

Unprotected and Interruptible 

Monthly Lease 

$150,000 to $230,000 

$83,500 to $149,500 

$66,000 to $115,000 

Source: Western Union Telegraph Co.; Tariff FCC No. 261; Satel 1 ite Trans
mission Service, page 33, effective June 10, 1982. 

Full transponder service is also available in segments of as short as a half 
hour •through numerous resellers. Charges for this transponder time vary 
according to time of day and volume. Typical charges run $300 to $700 per 
hour. 

There are a number of companies which own tranponders and which resell time 
on various satellites. A representative sample of these resellers are shown 
in Table 2. 

4 



. Table 2. Transponder Space Brokers 

Argo Communications 
100 Long Island Place, NW 
Atlanta, GA 30328 
Bi 11 Papa 

ASN, Inc. 
310 14th Ave. S. 
St. Petersburg, FL 33701 

Bonneville Satellite Corp. 
179 Social Hall Ave. 
Salt Lake City, UT 84111 
(801) 237-2450 
Bruce Hal 1 

Compact Video, Inc./ 
NETCOM Enterprises 

Dept. of Satellite Services 
2901 W. Alameda Ave. 
Burbank, CA 91505 
(213) 841-8887 
Pri sci 11 a Davis 

Equatorial Conmunications Service 
300 Ferguson Dr. 
Mountain View, CA 94043 
Ed Parker 

General Conmunications, Inc. 
2550 Danali St. 
Suite 505 
Anchorage, AK 99503 
(907) 338-6888 
Bill Walp 
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Metropolitan Communications 
Network Co. 

P.O. Box 915 
6861 Elm St. 
McLean, VA 22101 
(703) 734-2724 
Dean Popps • 

Southern Satellite Systems 
P.O. Box 45684 
Tulsa, OK 74145 
(918) 481-3275 
Ruben Gant 

United Video, Inc. 
3801 S. Sheridan Rd. 
Tulsa, OK 74145 
(800) 331-4806 
Tom McKeenzy 

Western Teleconwnunications·, Inc. 
Box 22595 
Wellshire Station 
Denver, CO 80222 
(303) 771-820Q 

Wold Communications, Inc. 
10880 Wilshire Blvd. 
Los Angeles, CA 90024 
(213) 474-3500 
Robert Wold 



Partial transponder time is usually required for digital or voice transmis
sion. This service is leased on the basis of number of carriers, bandwidth, 
and power required, as shown in Table 3. 

These parameters are dependent on the system configuration and are determined 
by a system link analysis. A typical duplex voice FM-SCPC channel may cost 
$2,500 per month. 

Table 3. Typical Partial Transponder Lease Rates 

Basic 

Per Carrier (channel) 

Per Watt of Power 

Per kHz of Bandwidth 

Monthly Lease 
(Sum) 

$390 

$131 

$ 3 

Source: Western Union Telegraph Co.; Tariff FCC No. 261; Satellite Trans
mission Service; page 38; effective May 11, 1982. 

Equipment Operation 

InittatiDg a Satellite '.rl'an•m1Mion. 

Having secured transponder space, standard procedure for any operator when 
first transmitting is as follows: 

a. Position the antenna on the satellite (if different than the pre
vious transmission). 

b. Using the receivers, check the null on adjacent transponders to 
assure the feed polarization angle is correct. 

c. Tune exciter(s), HPA(s), and receiver(s) to the desired transponder 
frequency. On 6- or 12-channel klystron power amplifiers, this may 
require retuning the klystron tube. 

d. Run power amplifier into a dummy load to check power levels. 

e. Telephone the Satellite Technical Operations Center (TOC). This 
may be either the transponder owner or the satel 1 ite TT&C earth 
station. Ask for the Communications Technician (ComTech). 
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f. Transmit a CW carrier at a low power level. The TOC wi 11 check 
cross polarization and may ask you to adjust your feed polariza
tion. 

g. The TOC will give permission for full transmission. 

h. Increase power to saturation. 

i. Add deviation/modulation. 

j. The TDC will check for adjacent transponder interference, then hang 
up. 

k. Add the source. 

Full-time operators who are continually going up and down on the same tran
sponder need not repeat all these steps. Yet any operator who changes 
frequency and/or satellite should follow this procedure to avoid double
i 11 umination of the wrong transponder. 

When ceasing a transmission, the operator of an intermittent station should 
inform the TOC that he has done so for record and billing purposes. 

It should also be noted that transponder costs will be incurred for both pre
broadcast testing and for other maintenance testing. 

Time Bequ1n4 to IDitiate a ':rransmieairm. 

Approximate times required' in the various stages 1 isted above are shown in 
Table 4. 

Table 4. Time Required to Initiate a Transmission 

Procedure 

Change Satellites 

Retune HPA Frequency 
(klystron PAs only) 

Preset frequency 

Requiring tuning 

TOC Verification 

7 

Approximate Time 
(Minutes) 

1 to 40 (depending on antenna motor 
speeds) 

1 to 5 

10 to 60 (depending on test equipment 
setup) 

5 to 20 



Power Am.p11fier Operating Mod.es 

Of the three kinds of power amplifiers currently available, the solid-state 
and TWT amplifiers with large bandwidths and long life spans are the most 
simple to operate. In addition, they are generally used in dedicated systems 
where they are seldom turned off. 

Conversely, the Klystron High-Power Amplifier (HPA or KPA), is usually much 
larger, requires retuning to change transponders, and may experience inter
mittent operation. These conditions pose an interesting set of operating 
parameters. 

Table 5 outlines the major characteristics of four HPA operating states. 
There are tradeoffs between the speed at which an HPA can be turned on, the 
amount of energy consumed (and heat given off), and the 1 ife expectancy of 
the tube. 

Table 5. Major HPA Operating States 

Life Expectancy Power Time to 
of Required Heat Power Up 

State Klystron Tube (kVA) Released (Minutes) 

Full Fi 1 ament/ 100% 12 100% 0 
High-Voltage 

Cold 90%* · o 0% 7 to 10 

Filament Foldback/ Intermittent use: 95% 1 3% 2 to 3 
No High Voltage Continuous use: 2 hrs 
(newer models) 

Full Filament/ Intermittent use: 95% 1 3% 2 to 3 
No High Voltage Continuous use: 30 min 
(older models) 

*Cold HPAs should be run with full load four times per year, at minimum, to 
prevent gas buildup inside the klystron tube. During long cold periods, the 
tube should also be stored externally on a Degassing Test Bed. 

The normal operating mode of both the active and backup HPA is in the full
filament/high-voltage state. This provides the quickest transmission with 
the longest life. When an intermittent station is not in use, the cold state 
is normally used (provided no transmission is needed in less than ten 
minutes). However, if a station is used consistently more than a few hours 
each day, it becomes economic to leave all HPAs fully powered; this lengthens 
the tube life even though it uses more power. 
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The rema1n1ng two states of filament with no high voltage are used only when 
changing frequencies or performing internal tests. These states are used as 
infrequently as possible due to the severe impact on tube life. 

Tnmsportable Operat:l.cm. 

Operation of a transportable earth station differs from that of a fixed 
station mostly in the area of setup. At least half a day should be allowed 
for the operator to position his vehicle, 1 ink in to his source, find the 
satellite, and fully test his . system. 

An added consideration with transportable earth stations is the frequency 
coordination required prior to each transmission. The frequency coordination 
companies provide a package for this service which allows multiple site 
clearings at a lower cost. 

~bleahooting 

All earth station electronics include alarms in one or more forms, usually 
lights or LEDs. These should be monitored continuously during operation by 
the technician. In a system with automatic redundancy, a failure wi 11 cause 
the transmission to shift to the backup link. 

The technician on duty should be capable of diagnosing the failure down to 
the board level, correcting the failure if possible, and bringing the system 
back on-line. If further troubleshooting is required, the engineer should be 
called in. With proper training, the engineer should be able to troubleshoot 
most failures down to the component level. 

Preventive Maimenance 

The amount of time and money invested in a transmit/receive earth station 
justifies the establishment of a preventive maintenance schedule. Weekly or 
monthly preventive maintenance inspections, depending on earth station size, 
should alert the technical or operations staff to any impending component 
degradation or failures. 

Routine inspections wil 1 point out the blower about to experience bearing 
failure, air filters that are clogged, antenna motors that are noisy, and 
meter readings approaching out-of-tolerance conditions. Once discovered, 
impending problems can be corrected, and the chance for failure is reduced. 

All operational manuals provided by Scientific-Atlanta specify the level of 
maintenance on each item. Motorized antennas require periodic lubrication 
and tightening of bolts; all should be checked to ensure no binding areas nor 
rust spots are obvious or that the feed window is not cracked and leaking. 
The transmit waveguide should be checked periodically to ensure that no ai~ 
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leaks have occured and no sections have been kinked or crimped. Positive 
pressure using dry air should be maintained in both the transmit and receive 
waveguide at all times to reduce line losses and prevent possible arcing in 
the transmit waveguide. 

The HPAs are the most sensitive part of the system due to the high-power 
levels at which they operate. 

The HPAs should be checked daily if they are operated continuously. The air 
circulation in the HPA cabinet is critical for operation. Loss of a blower 
will alarm the system, and the HPA will shut down until the fault is cor
rected. The design of most HPAs is such that a potentially self-destructive 
fault results in shutdown. 

Maintenance cannot be overemphasized in owning and operating a transmit/
receive earth station. 
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/ Glossary 

A/Dor ADC - Analog to digital. Analog-to-digital converter. 

AFC - Automatic frequency control. 

AGC - Automatic gain control. 

AISC - American Institute of Steel Construction. 

ALC - Automatic level control. 

ANSI - American National Standards Institute. 

Aperture - (directive antenna) 1. The clear diameter of the parabolic 
reflector of a microwave antenna. 2. A surface, near or on a directive 
antenna, through which most of the radiated energy passes and to make 
assumptions regarding the field values for the purpose of computing fields 
at external points. 

Aperture Efficiency - The ratio of the directivity of an antenna to that 
which would be obtained if the aperture illumination were uniform. 
(See Aperture, Directivity.) 

APL - 1. (television) Average picture level. Average value of the picture 
signal, integrated over one frame. The picture signal does not include 
blanking signals. 2. (audio) Average program level. 

ASCII - American Standard Code for Information Interchange. 

ASMS - Automatic surface measuring system. 

ASTM - American Society for Testing and Materials. 

Asynchronous Conmunications - Transmission and reception of data in a mode 
where there is no continuous synchronization between the terminals. 

AZ - Azimuth angle ( of an object) . The arc of the horizon, between true 
north and the vertical plane passing through the object, usually measured 
toward east. 

Baud - A unit of signal speed equal to the number of signal elements or 
symbols transferred in each second; a unit of transmission rate of digital 
signals. It is the reciprocal of the length in seconds of the shortest 
element of the digital code. 

BER - Bit error rate. The probability that a bit will be received in 
error, numerically equal to the number of bit errors divided by the number 
of bits transmitted. 

Bit - Binary digit. 

Bits per Second - The number of bits of data transferred in each second. 



Blanking - The process of cutting off the electron beam in a camera or 
picture tube during the retrace period. 

Blanking Level - 1. That level of a composite picture signal which 
separates the range containing picture information from the range contain
ing synchronizing information. 2. The level of the front and back porches 
of the composite video signal. 

BPSK - Bi-phase shift keying. Carrier modulation technique in which the 
phase of the transmitted carrier is shifted ±180 degrees with respect to a 
reference. 

Byte - A group of adjacent binary digits operated on as a unit and usually 
shorter than a computer word. By currently accepted definitions, a bjte is 
8 bits. 

CATV - Cable television ,or community antenna television. 

CCIR - International Ratio Consultative Committee. 

Chrominance - That property of light which produces a sensation of color · in 
the human eye apart from any variation in luminance that may be present. 

C/1 - Carrier-to-interference ratio. The power in the desired carrier 
divided by the power in the interfering signal or signals. 

C/N - Carrier-to-noise iratio. Ratio of carrier power to noise power in a 
defined frequency band. 

C/N0 - Carrier-to-noise-power-density ratio. 
si ty.) 

(See C/N, Noise Power Den-

Color-Bar Signal - A test signal, typically containing six basic colors: 
yellow, cyan, green, magenta, red, and blue, which is used to check certain 
functions of color TV systems. 

Color Burst - In NTSC color systems, this normally refers to a burst of 
approximately 10 eye 1 es of 3. 5 79545-MHz s ubc arr i er frequency on the back 
porch of the composite video signal. It serves as a color synchronizing 
signal to establish ;a frequency and phase reference for a chrominance 
signal. 

Color Phase - The phase, with respect to the chrominance-carrier reference, 
of the component of the carrier-chrominance signal which corresponds to one 
of the chrominance primaries. 

Color Signal - The chrominance and luminance components of the NTSC color 
television signal. 

Color Subcarrier - In color systems, this is the carrier signal whose 
modulation sidebands are added to the monochrome signals to convey color 
information; in NTSC, it is a 3.579545-MHz sinewave. 
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Composite Baseband - For color video satellite links1, this consists of the 
Composite Video, Energy Dispersal, and Audio Subcarr~er signals. _ 

Composite Video 
synchronizing 
information. 
signal. 

- For color, this consists of blanking, field, and line 
signals, color burst, chrominance, and luminance picture 
These are all combined to form the complete color video 

Contrast - The ratio between the maximum and minimum brightness values in a 
picture. 

CONUS - Contiguous (48) United States. 

Crosstalk - Undesired energy appearing in one signal path as a result of 
coupling from other signal paths. 

CVSD - Continuous variable slope delta modulation. 

D/A or DAC - Digital to analog. Digital-to-analog converter. 

Data - 1. Any representations, such as characters or analog quantities, to 
which meaning might be assigned. 2. Information in a form which can be 
transmitted by a communications link or processed by computers or machines; 
e.g., analog data or digital data. 

DEC - 1. Declination angle. Angle between the celestial equator and an 
extra-terrestrial object, measured in a plane which is normal to the 
celestial equator. 2. Digital Equipment Corporation. 

Decibel (dB) - A number denoting 'the ratio of the two amounts of power, 
being ten times the logarithm to the base 10 of this ratio. 
The abbreviation dB is commonly used for the term decibel. With P1 and P2 
designating two amounts of power and n the number of d.ecibels denoting 
their ratio, 

n = 10 log 10 (P 1/P 2 ) decibels. 

When the conditions are such that ratios of currents or ratios of voltages 
(or analogous quantities) are the square roots of the corresponding power 
ratios, the number of decibels by which the corresponding powers differ is 
expressed by the following equations: 

n = 20 log 10 (I 1/I 2 ) decibel 

n = 20 log 10 (V 1/V 2 ) decibel 

where I/I 2 and VJ/V 2 are the given current and voltage ratios, respec
tively. See Appen ix A of paper 1-2. 

Deemphasis - The restoration of a preemphasized frequency spectrum to its 
original form. The introduction of loss at the higher frequenc.ies in the 
receiver of a communication system to compensate for earlier preemphasis in 
the transmitter. (See Preemphasis.) 
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Delay Distortion - That form of distortion which occurs when the envelope 
delay of a circuit q,r system is not constant over the frequency range 
required for transmission. 

Differential Gain - A form of non-linear distortion. As applied to NTSC or 
PAL color television, it is the change in the amplitude of a small sinusoid 
at the color subcarri ~er frequency caused by variation in the accompanying 
l U11inance level. It ; is expressed as the difference in amplitude between 
the maximllni ampl itudej and the minimum amplitude of the sinusoid when the 
maximum amplitude is normalized to 100 percent. The luminance signal shall 
explore the range from black to white. 

Differential Phase - A1 form of non-linear distortion. As applied to NTSC 
or PAL color television, it is the change in the phase of a small sinusoid 
at the color subcarrier frequency caused by variation in the accompanying 
luminance level. It is expressed as the greatest difference in phase 
observed for luminance levels between black and white. 

' 
Digital Data - Information coded in digital electronic form from analysis 

or computation. Any data which is expressed in digits. Binary digits are 
usually implied. 

Directional Coupler - i 1. A transmission coupling device for separately 
sampling the forward !(incident) and/or the backward (reflected) wave in a 
transmission line. 2. A device which can be inserted in a 75 ohm CATV 
cable to tap off the signal for local use. 

! 

Directivity - (antenna!) The directivity of an antenna in a specified 
direction is 4n times i the ratio of the power radiated per unit solid angle 
in that direction to I the total power radiated by the antenna. This term 
differs from power gain in that it does not include antenna dissipation 
losses. : 

DMUX - Demultiplexer. ;Demultiplex. Equipment for or process of separating 
two or more messages t,1hi ch are interleaved in frequency or time for trans
mission on a single channel. (See FDM, TOM.) 

Downlink - The circuit ! between a satellite and a receiving earth station, 
including the satelli ~e transmitter and antenna, the satellite-earth pro
pagation path, and the earth station anten~a and receiver. 

Eb/N0 - Energy-per-bi~-to-noise-power-density ratio. Signal-to-noise ratio 
normalized with respect to bit rate. 

p /R 
E /N = _s_ 
b o N

0 

where: 

Ps = signal power 

R = bit rate 

No= noise power density 
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Echo - 1. A signal which has been reflected at on~ or more points during 
transmission. 2. A wave that has been reflected or otherwise returned 
with sufficient magnitude and delay to be perceived in some manner as a 
wave distinct from that directly transmitted. 3. An attenuated reflection 
of a talker 1 s voice, separated from the primary wave by reflection at an 
electrical discontinuity in the circuit, and returned to him over the 
circuit on which he is talking and listening. 

Effective Area - 1. In a given direction, the ratio of the power Pr 
available at the terminals of a receiving antenna to the power density S 
per unit area of a plane wave incident on the antenna from that direction, 
the incident wave being polarization matched to the receiving antenna: 

p 
A =--1'.:. , 
E S 

where AE is the effective area. (See Partial Effective Area, Realized 
Effective Area.) 

EIA - Electronic Industries Association. 

EIRP - Effective isotropic radiated power. Product of transmitted power 
times transmitting-antenna gain, usually expressed in dBW. 

EL - Elevation angle. (of an object) The vertical angle from the local 
horizon to the object. 

EMI - Electromagnetic interference. 

End-to-End - Reference to the totality of the circuitry, devices and trans
mission media from input terminals to the output terminals of a communi
cations link. 

Energy Dispersal Waveform - For video satellite links, a triangular wave
form with apexes ~ located at the vertical sync intervals which is modulated 
onto the RF carrier to avoid concentration of energy at one frequency. 

Energy Dispersal Scrambling - A method of making the output power spectrum 
of a PSK modulator independent of the data stream by scrambling the data at 
the transmit end and descrambling it at the receiver. Energy dispersal 
scrambling is required by the FCC to avoid interference with other 
signals. 

EPROM - Erasable programmable read-only memory. 

Equatorial (Polar) Coordinate System - A spherical coordinate system whose 
polar axis is aligned with the earth 1 s poles. 

ES - Earth station. 

ET - Earth terminal. Extra-terrestrial. 
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FDM - Frequency-Divisiqn Multiplex - A method of multiplexing or combining 
more than one (usually many) voic,e or data channels for transmission on a 
single RF carrier. The channels are separated in frequency and are 
carried on subcarriers. 

FDMA - Frequency-division multiple access (of a satellite transponder by 
different earth stations). 

FEC - Forward error cprrection. An encoding t~chnique for improving the 
BER in a data systemj. In a typi ca 1 rate 3/4 FEC system, the BER may be 
·imp roved by a factor ~f ten thous and. 

Feed - That portion of an antenna which is coupled to the terminal_s and 
which functions to produce the aperture· i 11 umi nation on transmission or to 
couple energy concentrated at the focal point to the antenna terminals on 
receiving. 

Field - One half of a complete picture (or frame) interval, containing 
all of the odd, or all of the even, lines of the picture. One of the two 
(or more) equal pa~ts into which a frame is divided in interlaced 
scanning. 

Field Frequency The irate at which one complete field is scanned, 59.54 
times a second in the'NTSC color system. 

I 

Figure of Merit - (rece1ving system). (See G/T.) 

Flux Density - Power density. Power per unit area norma 1 to the di rec-
ti on of propagation of a propagating electromagnetic field. 

Frame - One complete: television picture, consisting of two fields of 
interlaced scanning lines. (See Field.) 

Frequ_ency Modulation (FM) - Angle modulation in which the instantaneous 
frequency of a sine-wave carrier is caused to depart from the carrier fre
quency by an amount :proportional to the instantaneous value of the modu
lating wave. 

I 
Frequency Response - :In a linear system, the frequency-dependent rela-

tion, in both gain ~nd phase difference, between steady-state sinusoidal 
inputs and the resul1iant steady-state sinusoidal outputs. A plot of gain 
in decibels and phase angle in degrees versus logarithmic frequency is 
common 1 y ca 11 ed a Bode di agr am. 

Frequency Reuse - 1. A technique in which independent information is 
transmitted on orthogonal polarizations to 11reuse 11 a given band of fre
quencies. 2. A technique in which independent information transmitted to 
different areas by the use of "spot II beams to 11reuse 11 a given band of fre
quencies. Note: The techniques of 1 and 2 are sometimes clarified by 
addition of the phrases 11 by polarization diversity" and "by space diver
sity." 
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FSK - Frequency shift keying. 

Full Duplex - The simultaneous 2-way flow of data between data terminals. 
A method of operation which provides simultaneous 2-way communications 
between two points. 

Gain - (antenna) 1. The power gain of an antenna, in a specified direc
tion, is 4~ times the ratio of the power radiated per unit solid angle in 
that direction to the net power accepted by the antenna from its generator. 
The terms "gain" and "power gain" are synonymous. See: directivity; power 
gain; partial effective area (gain); realized gain. 2. The ratio of the 
signal level received (or transmitted) by an antenna to the signal level 
which would be received ( or transmitted) by an isotropic antenna at the 
same location and under the same conditions, and with each antenna 
conjugately matched to the receiver (transmitter). 

Gain - (amplifier) (See Power Gain.) 

Gain Stability - Variation of the gain of a device, cascade of devices or 
system as a function of the family of possible causes of gain perturbation, 
such as temperature, humidity, line voltage and agei-ng of components. 
Ageing results in long-term changes in gain caused · by gradual changes of 
components. Gain stability can be categorized into short-period {e.g., 
1 second), medium-period (e.g., 1 hour), and longer variations. 
Gain stability is often specified as the maximum variation in decibels 
which a device experiences in a 24-hour test period. To avoid confusion it 
should be specifically stated whether the variation is the peak-to-peak 
variation, the peak plus-minus variation from a mean value, the rms 
variation from the mean, etc. 

GCE - Ground communications equipment. This term relates to the earth 
station electronic equipment, such .as receivers and exciters. 

GIT - Figure of merit of a receiving system, expressed in dB/K. G/T is 
defined as the ratio of the receiving system gain, including the antenna 
gain, at a specified reference point in the receiving system (preceding the 
demodulator) to the receiving system noise temperature in Kelvins referred 
to the same point. For a given system and a given antenna elevation look 
angle, the value of G/T is independent of the point in the receiving system 
at which it is measured. In relation to its sensitivity of detecting the 
signal s from a sate 11 i te, the higher the figure of mer it the higher the 
sensitivity of the receiving system in detecting satellite signals. 

HA - Hour angle. Angles about the polar axis of an equatorial coordinate 
system, traditionally measured in hours, minutes and seconds. The hour 
angle of an object is the polar angle between the meridian of the observer 
and the hour circle passing through the object. (See Hour Circles.) 
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Half Duplex - The non-simultaneous 2-way flow of data between communi
cations terminals. Description of a system in which communication can be 
in either direction, but in only one way at a time. 

Hour Circles - Great circles of the celestial sphere passing through the 
poles. 

HPA - High-power ampliifier. In a transmitting earth station, this is the 
final RF amplifier between the modulator/exciter and the antenna. 

I 

Idle Channel Noise - The total rms noise measured at the output of a 
channel with the i11put to the channel terminated with system reference 
impedance. 

Insertion Gain - On insertion of a transducer in a transmission system, the 
insertion gain is the ratio of (1) the power delivered to the port of the 
system following the transducer to (2) the power delivered to the same port 
before insertion. The insertion gain may be equal to, more than or less 
than unity. It can be expressed as a power ratio or in decibels. 

K - Kelvin. Temperature of a device in Kelvins. Zero K equals -273.lS"C. 
The Kelvin scale is !the same as the Celsius scale except for the offset of 
273.15°C. ' 

lNA - low-noise amplifier. This is the preamplifier between the antenna 
and the earth station receiver. For maximum effectiveness, it must be 
located as near the antenna as possible, and is usually attached directly 
to the antenna receive port. 

lNC - Low noise converter. Integrated LNA and downconverter. 

luminance - An attribute of light or color. Luminous intensity or bright
ness as measured by a photometer instead of by the human eye. 

MATV - Master antenna television. 

Modem - A contractioh of modulator/demodulator. Usually a device that 
combines the modulat1on and demodulation functions in a single unit. 

MTBF - Mean time between failure. A statistical determination of the time 
in hours-of-use betw~en failures. 

Multipoint (or Multi-drop) - A method of connecting several voice or data 
terminals to a single channel in a communications system. 

MUX - Multiplexer or multiplex. Equivalent for or process of interleaving 
in frequency or time two or more messages for transmission on a single 
channel. 
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NF - Noise Figure. A figure of merit of a device, such as an LNA or 
receiver, which compares the device with a perfect device. NF is the ratio 
of (a) the noise power output of a matched transducer to (b) the portion of 
that noise which is attributable to thermal noise if the input port of the 
transducer is at the standard noise temperature of 2~0 Kelvins. 
The noise figure of a device, expressed in dB, is related to its noise tem
perature TE by 

NF(dB) = 10 log (1 + TE/290) 

where TE is measured in Kelvins. 

Noise Power (Spectral) Density - Noise power per unit bf bandwidth. 

Noise Temperature - More correctly cal led 11 effectiVe noise temperature 11
, 

this is a measure of the noise power referred to a gjven reference point of 
a matched receiving system, normalized with respect to bandwidth. 

where 

T = 
E 

N = N0 -- -kB k 

N is the noise power at the reference point in the noise bandwidth B, k is 
Boltzman 1 s constant, and N0 is the noise power density. 

NTSC - National Television Systems Committee. An industry-wide engineering 
group which, during 1950-1953, developed the col@r television specifi-
cations now established in the United States. • 

OMT - Orthomode transducer. A waveguide device attached to an antenna feed 
that permits using the antenna for simultaneous tral'!lsmission and ·reception 
or orthogonal polarizations. 

Orthogonal Polarization(s) - (See Polarizations, Orthogonal.) 

Parity Check - A simple test for detecting errors in the transmission of 
ASCII characters. 1. (electronic computation) A summation check in which 
the bits in a character or block are added (modulo :2) and the sum checked 
against a single, previously computed parity digit; that is, a check that 
tests whether the number of ones is odd or even. 2. A method of checking 
the accuracy of transmission of digital data by adding a 11 parity bit 11 so 
that the total number of 11 ones 11 in each character is always odd. 

I 

Partial Effective Area (Gain) - That part of the effective area (gain) of 
an antenna which is in a specified polarization. The effective area (gain) 
of an antenna is the sum of two partial effective areas (gains) which are 
defined with respect to two orthogonal but otherwise arbitrary polari
zations: e.g.: the effective area (gain) of any linearly polarized antenna 
is the sum of two equal partial effective areas (gains) which are respec
tively right-hand and left-hand circularly polarized. (See Polarizations, 
Orthogonal.) 
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Peak Unaffected Signal - (audio) The maximum sinewave input level which 
will be passed through a channel without clipping or limiting. 

Polar Coordinate System - (See Equatorial Coordinate System.) 

Polarization - 1. (wave) The polarization in a given direction of a 
single-frequency propagating electromagnetic wave is described by the 
amplitude and direction of its electric field (normal to the direction of 
propagation) is called the plane of polarization. The tip of the electric 
vector representing the field describes an elliptical locus called the 

801arization ellipse. Circular ~olarization and linear polarization are 
egenerate cases of elliptical po arization. The polarization is defined 

by the shape of the polarization ellipse (axial ratio), its orientation 
(tilt angle) and the direction in which the locus is traversed (sense). 
The sense of polarization is defined to be right-handed or left-handed. It 
is right handed if the electric vector rotates in a clockwise direction as 
viewed from behind the outgoing wave. 
2. (antenna) The polarization of an antenna .is defined by the polari-
zation of the wave it radiates. 

Polarization Efficiency - (of an antenna with respect to an incident wave) 
The polarization efficiency is the ratio of the incident power of a wave 
which is received by an antenna to the power which would be received if the 
wave and the antenna were polarization matched. A reciprocal antenna is 
polarization matched to an incident wave if the axial ratio, tilt angle 
and sense of polarization of the incident wave are coincident with those of 
the wave which would be radiated by the antenna. 

Polarizations, Orthogonal - Any single-frequency propagating wave can be 
separated into orthogonal polarization components. The polarization com
ponents are orthogonal if at a point the total power density in the wave is 
equal to the sum of the power densities in the two components. Two polari
zations are orthogonal if their tilt angles are mutually perpendicular, the 
magnitude of their axial ratios are equal and their senses are opposite. 
(See Polarization.) 

Power Density - 1. (free-space propagating wave) Power per square meter 
in a plane normal to the direction of propagation (watts/meter2). 
2. (circuit) Power per unit bandwidth (usually in watts/Hz or watts/MHz). 

Power Gain - 1. (antenna) See Gain. 2. (amplifier or transducer) The 
power gain (usually called the ga,in) is the ratio of the output power to 
the input power. The available gain is the gain realized under conjugately 
matched conditions. The gain can be expressed as a numerical ratio or in 
decibels. The numerical gain of a transducer can be less than, equal to or 
greater than unity. If it is less than unity, the numerical gain (frac
tion) is sometimes inverted and called a loss. The gain is called the 
saturated gain if the output power is constant with increasing input power. 
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Preemphasis - The intentional alteration of the spectrum of a signal by 
emphasizing one range of frequencies with respect to another, usually to 
gain an advantage with respect to noise or non-linear distortion. (See 
Deemphasis.) 

Protocol - (data communications) A formal set of conventions which 
governs the flow and timing of data between communication devices. 

PSK - Phase shift keying. 

PWB - Printed wiring board. 

QPSK - Quadriphase shift keying. A carrier modulation technique in which 
the phase of the carrier is shifted to any of 4 phases, whose separations 
are multiples of 90 degrees. 

RAM - Random access memory. 

RCVR - Receiver. 

Realized Gain (Effective Area) - (antenna or transducer) The realized 
gain is the gain reduced by the losses due to mismatoh. 

I 

Reflector - ( aperture antennas) A conducting surf ace ( or one of a set of 
such surfaces) which is (are) shaped to collimate a transmitted wave into a 
beam or focus an incident wave onto a feed for coup1ing to a transmission 
line. 

ROM - Read only memory. 

RMS - Root mean square. 

RS232C - A standard created by the Electronic Industries Association (EIA) 
for the transmission of data by wire over short : distances (less than 
50 feet). 

SAbus - A serial data bus developed by Scientific-Atlanta for monitor and 
control of earth station equipment. 

SCPC - Single channel per carrier. A satellite transmission system that 
employs a separate carrier for each channel. This method is usually used 
at earth stations that have a low volume of traffic compared to that which 
can be carried by a full transponder. 

Signal-to-Quantization Noise Ratio - (digital audio) .The ratio (dB) of the 
amplitude of a single frequency output signal to the-rms quantizing noise 
appearing at the terminated channel output. 

Simplex - Data or voice transmission in one direction only at all times. 
I 
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Sinewave Overload - (digital audio) The sinewave input signal level which 
causes the converter saturation codes (all l's or all O's) to occur on the 
peaks of the signal. 

SMATV - Satellite master antenna television. A master antenna distribution 
system that distributes satellite delivered signals as well as off-air 
signals and locally originated programming. SMATV systems are mainly found 
in multi-unit dwellings and lodging establishments. 

SMPTE - Society of Motion Picture and Television Engineers. 

SIN - Signal-to-noise ratio. The ratio of signal power and noise power. 
A video S/N (Signal-to-Noise Ratio) of 54 to 56 dB is considered to be an 
excellent S/N, that is, of best broadcast quality. A video S/N of 48 to 
52 dB is considered to be a good S/N at the headend for Cable TV. 

Sync. - An abbreviation for the words "synchronization," "synchronizing," 
etc. Applies to the synchronization signals, or timing pulses, which, for 
example, lock the electron beam of the picture monitors in step, both hori
zontally and vertically, with the e--lectron beam of the pickup tube. The 
color sync signal (NTSC) is known as the color burst. 

Synchronous Comnunication - Transmission and reception in a mode where 
there is continuous synchronization between the terminals. 

TOM - Time division multiplex. The process or device in which each modu-
1 ati ng wave modulates a separate pulse subcarri er, the pulse subcarri ers 
being spaced in time so that no two pulses occupy the same time interval. 
Time division permits the transmission of two or more signals over a common 
path by using different time intervals for the transmission of the intelli
gence of each message signal. (See also FDM.) 

TOMA - Time-division multiple access (of a satellite transponder by diff
erent earth stations). 

TED - Threshold extension demodulator. A circuit designed to lower the 
threshold of FM (frequency-modulation) demodulators, permitting operation 
of the system with a lower C/N without impulse noise showing on the pic
ture. 

Termination - A one-port load that terminates a transmission line in a 
specified manner, usually to prevent reflection. 

THO - Total harmonic distortion. The ratio of therms energy contained in 
all harmonic components of a single-frequency input signal to the fundamen
tal component amplitude. 

TYRO - Television receive-only (earth station). 

TX - Transmit or transmitter. 
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Uplink - The circuit between a transmitting earth station and a satellite, 
including the earth transmitter and antenna, the .earth-satellite propaga
tion path, and the satellite antenna and receiver. 

Vestigial Sideband - 1. Reference to a type of amplitude-modulated ratio 
or television signal in which most of one sideband is eliminated, leaving 
the other sideband intact. 2. The transmitted portion of the sideband 
which has been largely suppressed by a transducer having a gradual cutoff 
in the neighborhood of the carrier frequency. 

Video - A term pertaining to the bandwidth and spectrum position of the 
signal resulting from television scanning. 

Video Plus - A technique whereby SCPC carriers (analog or digital) share a 
transponder with a full-transponder video signal without mutual interfer
ence. 

VSWR - Voltage standing-wave ratio (in a waveguide or transmission line). 
The ratio of the magnitude of the transverse electric field in a plane of 
maximum strength to the magnitude at the equivalent point in an adjacent 
plane of minimum field strength. 

zenith - The zenith of an observer is the point of the celestial sphere 
which is vertically overhead. The nadir is the point vertically beneath. 
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Bval:aation of lntrlnsic Boise in FDM/PJ/I. Systems 
B.W. Brinegar 

The evaluatiqn of FDM/FM message systems can be greatly enhanced by comparing 
theoretical ~alculations versus empirical data. This paper presents equa
tions requi ~ed to calculate the conventional signal-to-noise curves for 
FDM/FM systerjis using a limiter/discriminator as a demodulator. Also, equa
tions used fqr occupied bandwidth and linearity bandwidth are presented. 

Examples of $everal message configurations utilizing these calculations are 
included. Si gnal-to-noise curves are calculated by the equation: 

S/Npwp = (S/N Normalda - S/N ThresholddB) pwp + S/Nl/Fpwp 

This equatiorll has three distict areas: the S/N 1/F region, the S/N normal 
region and the S/N threshold region. Observing the ·equations on the follow
ing pages, it becomes obvious which parts of the curve are affected by the 
different f_u~ctional elements of the FDM/FM system (see Figure 1). 

a. The il/F noise region is generally degraded by power supply noise, 
stat~on equipment noise, ground loops, baseband noise figure versus 
the discriminator constant, noise figure of the modu 1 a tor baseband 
amplifier and various other man-made noise. 

b. The S/N norm a 1 region is defined by the system's parameters and the 
noise figure of the receiver. 

c. The ;s/N thresho 1 d is dependent on the IF noise bandwidth and the 
syst¢m parameters; however, the purity of the limiting and demodula
tion 1 process can adversely affect this portion of the curve. 

! 
I 

The S/N curve~ were calculated with the following parameters: 

• .1/F ~oise floor= -110 dBm 

• Base~and test tone= -25 dBm per channel 

• Rece1ver noise figure= 13 dB 

• Other parameters as shown on the curves 

In actual pr~ctice satellite FDM/FM systems operate in the low C/N region, 
thereby allownng the modulator and demodulator to be optimized for a wider . 
linearity ban~width. Therefore, the 1/F noise floor as shown in the attached 
curves is set to -110 dBm for clarity and is not achieved in actual practice. 
The 1/F nois floor in practice runs approximately -87 dBm for 12-channel 
operation. . • 



z -0 

THRESHOLD 
S/N REGION 

NORMAL 
S/N REGION 

C/N 

1/F S/N REGION 

Figure 1. Conventional .S/N vs. C/N Curve for FDM/FM Messa e Systems 
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The columns labeled NPR are actually NPR residual and do not include the 
intermodulation distortions generally associated with NPR measurements. 

f&:lgnal-to-lfoise Calculations 

S/Nnormal =(10 log10 (2"""BW/1E-3) + 10*log10 Tk/290-CdBm + NfdB 

- 20 log10 (Dp/BW) - PE(X) - PW - 174) 

[ c/n (Bif j 2_ / (s,CJ.fr (NC :i 2 + 1.] S/Nthreshold = 10 log l/3e- f ch7 V 1 + 24 7 

(
87 .5 - S/NdB) _ 

S/Npwp = 10 lO 

S/NdB = 87.5 - 10 log S/Npwp 

C/N = C/KTB;f Nf 

CJ= 10 ( ~~R ). D 

/cdBm) 
C _ 10 \--ro: 

- 1000 

N - 10 ( NfdB\ 
f - \ 1o / 

CJ = RMS Composite Deviation 

C = Received Carrier in Watts 

CdBm = Received Carrier in dBm 

K = 1.3804 x 10-23 
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Tk = Temperature in Kelvin 

fch = Notch Frequency 

Log 10 = Ln (X)/Ln (10) 

PW = Psophometric Weighting 

Op = Peak Deviation of the Channel 

1 6.90 
+ 1 + 5.25 PE= Preemphasis = 5 - 10 log 10 

fmax = Highest B/B Frequency 

flow= Lowest B/B Frequency 

fch = Notch Frequency 

S/N = NPR + BWR - NLR 

f f 
BWR = 10 log max - low 

3100 

f f ~2 r ch r.--rch r 

NLR = 2.6 + 2 log N for O through 48 channels 

NLR = -1 + 4 log N for 49 through 239 channels 

NLR = -15 + 10 log N for 240 through 3600 channels 

S/N 
BWif D 

= C/N + 10 log 6200 + 20 log t!h 
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Bandwidth C&lculati.ons 

BW0 = Occupied bandwidth 

BW.11. = Linearity/delay bandwidth 

fm = Upper test cahnnel in MHz 

Dv = Test tone rms deviation in MHz 

Fp = Peak factor; 12 dB normally accepted 

BW
0 

= 2 fm + log-1 B~j Dv log- 1 ~N~~) 
BW.11. = ±1/2 BWO setting Fp = 0 (log- 1 Fp = 1) 
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~ Figure 7. S/N vs. C/N for 60 Channel Loading 

11 

-25.11 

75.98 

72.00 

-92.62 



PWP NPR S/N 

5.GE-002 87.22 100.00 

5.6E+0OO 67.22 80.00 

5.6E+002 47.22 60.00 

5.6E+004 27 .22 40.00 

5.6E+006 7.22 20.00 

,, 
II 

LIIJ , 
I~ 

II 

5.6E+000 -12.78 0.00 

C(dBM) 

C/No(1 MHz) 

C/N 
C/T 

-105.11 

-4.02 

-11.01 
-172.62 

.,. 

, .. 
,, 

" 

NOTCH 1 .. -
' L"' "" 

I,; "' ~ 1 .. 

NOTCH 2 Loi 

"' i,j ,, ' 
f'I , 

~ ' "' II' L,,11 

I.ii I' 

i., NOTCH 3 
L,,11 .. 

"" 
~ 

11,j 
11,j 

Lil 

I 

,, 
'I 
'j 

,, 

-85.11 -65.11 -45.11 

15.98 35.98 55.98 

8.99 28.99 48.99 

-152.62 -132.62 -112.62 

N. F. (dB) 13 
BW (I. F.) 5000000 
CHANNEL LOADING 60 
NOTCH 1 16000 
NOTCH 2 120000 
NOTCH 3 240000 
OCCUPIEDBW 4849430.61 
LINEARITY B\N 1595500.68 
T. T. DEVIATION (RMS) 270000 
P. E. YES 
P.S. NO 

Figure 8. S/N vs. C/N for 60 Channel Loading 
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Figure 10. S/N vs. C/N for 72 Channel Loading 
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Figure 16. S/N·vs. C/N for 192 Channel Loading 
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Video Uplink Barth Station 
Performance Verification 

L. S. Hermann 

Scope 

The following sections describe seven tests which may be performed on a video 
uplink stati n to verify the performance of the equipment and ensure 
providing the high-quality signals required in video systems. 

1. Conn1•ct the test equipment as shown in Figure 1. 
I 

2. Checl exciter frequency for mid-HPA channel. 

3. Set xciter for -10 dBm output. 

4. Adju t HPA input attenuator for maximum output. 

5. HPA ~utput power may be calculated from output power meter reading 
by a:iding coupler value plus any attenuation between coupler and 
powe, meter. 

: 

Specifii ~at ion 

, 
! 

I 

I 

E, 1:iter 

EIBP 

>34.4 dBW. 

Power Power 
Meter Meter 

HPA 

Coupler Coupler 

Figure 1. Output Power - HPA Gain 

High 
Power 
Termination 

EIRP may be I alculated by measuring the output power at the OMT flange and 
adding the kn1 wn antenna gain. 

If the wavegu de and switching system losses are known, then: 

EIRP = Antenna+ PHPA - LwG - Lsw 

1 . 



HPAGain 

1. Connect the test equipment as shown in Figure 1. 

2. Check exciter frequency for mid-HPA channel. 

3. Set HPA input attenuator for nominal output power. 

4. HPA gain is HPA output power (dBW) - exciter output ~ower (dBW) 

Specification >70 dB. 

IF-BF Gain and Gain Flatness 

1. Connect the equipment as shown in Figure 2. 

2. Adjust the sweep oscillator for 70 MHz ±20 MHz. 

3. Check the exciter output for correct HPA channel out1ut. 

4. Calibrate scope output level and gain using attenu ltion and known 
input. 

5. Measure IF-RF gain and gain flatness directly fro,, scope display 
(Figure 3). 

Specification: Total of 0.5 dB in center third of BW. 

Sweep 
Oscillator 

1 
Vert 
In 

Scope 

Total of 1 dB over remaining two-thirds of BW. 

Oemod 
In 

RF 
Out 

l 
Horz 
In 

XTAL 
Qetector 

ligh 
ower 
oad 

J_ 
- Attenuator - 7 Coupler ---- --1 

' IF In 

Exciter 

RF RF 
Output - In 

HPA 

RF 
Out 

Figure 2. IF-RF Gain -·Gain Flatness 

2 



ft-----+---1~--+----1----+----f.--+----+-----I 

i I ''-......___ 
·;; 
·;: 
g • \ 

i ~H-----t------t-----t---t----t------...---+-----t ,, ... 

' 
-18 MHz +18 MHz 

Figure 3. Typical HPA Channel 

Group DelaJ • 

1. Connect test equipment as shown in Figure 4. 

2. Check the exciter frequency for correct HPA channel. 

3. Calib--ate the MLA for 1 ns/cm group delay reading. 

4. Measu~e the group delay across the channel (Figure 5). 

Specification: Linear - 0.25 ns/MHz 
Parabolic - 0.05 ns/MHz 
Ripple - 2 ns/peak-to-peak 
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Coupler 
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- Power 

Termination 

!RF 

HPA Test 
Downconverter 

RF 170MHz 

Exciter A~enuator 
70MHz 

l 
Transmit Section I Receiver Section 

Microwave Link Analyzer 

Figure 4. Group Delay 
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Intermod. 

.,, .. 
·! 
~ 

1. Conne,t the test equipment as shown in Figure 6. 

2. The. EKciter is driven by two in-band signals spaced such that the 
third order intermodulation products are shown on the spectrum 
analy~er. 

3. Measu·e the intermodulation performance per the graph shown in 
Figur ~ 7. 

High 
Power 
Termination 

J_ 
r Spectrum 

Ccl ~pier i-----~ Analyzer 

--
RF Out 

HPA RF 70 Signal 
RF,.__ Out 14-- Combiner ...,_ Generator 

.._ ___ in_ Exciter MHz .._____ __, __ 

Signal 
---"""'"4 Generator 

Figure 6. lntermod 
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Figure 7. Third Order Intermodulation Distortion Under Two Equal 
Carrier Conditions 
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Video Testa 

1. Connect test equipment ~s shown in Figure 8. 

2. With all equipment set up for lV peak-to-peak l vels, measure 
baseband flatness using baseband signal generator anc rms voltmeter 
or calibrated display. 

3. Using video signal generator and waveform monitor witl vector scope, 
measure all video parameters. 

Video 
Signal 
Generator 

Baseband 
Signal 
Generator 

RMS 
Voltmeter 

Video EDU Input 
& 

I 
I 
188 

--~Flatness 

I 7ee 
,> I Flatness 

i I D• 

RF RF RF 
Out~-----1 In Out..,__.._ 

HPA 
Exciter 

--
.l Emphasis Waveform 

Down- j 
i- Converter i.-- Attenuator - - Coupler 

Monitor Network Demodulator 

Video 
Out 

Vector 
Scope -

---~ Oscilloscope i ► 75 ohm 
:► Termination 
> 

-~ Figure 8. Video Test Set-Up 

Typical measurements are: 

• Differential Phase <±0.5° 

• Differential Gain <±2% 

• Field Time Distortion <1.0% 

• Short Time Distortion <0.5% 

• Chrominance to Luminance Delay <30 ns 

• Non-Linear Distortion <3% 
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Operettllfl • ~namjt/Baoeive Jlanh Blaaion 
L. S. Hermann 

The major aspects of operating a satellite transmit/receive earth station 
wi 11 be a dressed in this paper. Costs and revenues wi 11 be covered in a 
general s se, with particular emphasis on personnel as the major cost com
ponent. ansponder acquisition wJll then be discussed. Finally, equipment 
operation, troubleshooting, and maintenance of the station will be covered. 

Transmit/r ceive operations fall into three categories: full-time operators, 
intermitte t transmitters, and transportables. Aspects pecul 1ar to each 
category w 11 be addressed as necessary. 

Ooa1a 

The costs f operating an earth station may be listed in the following order 
of relativ magnitude: 

• 
• 

preciation of fixed assets 

ilities 

• M intenance hardware 

• I surance 

• T xes 

The first our of these will be discussed in detail. 

In additio, the cost of the satellite transponder may be very large. This 
cost may incurred as part of the transmission package (e.g., for a dedi
cated user, or may be billed separately to the end-user (e.g., with a resale 
operator). Transponder acquisition and costs are considered under a separate 
section of this paper. 

The person el required to operate an earth station fall in these categories: 

• T chnician(s) 



• Sales 

• Accounting 

• Legal 

• Custodial 

A full-time operator usually employs a full-time engineer an several techni
cians depending on the number of shifts and transmitters. An intermittent 
operator would use the part-time services of an enginee and full-time 
services of one or more technicians. A transportable ope ator requires a 
combination technician/engineer and usually a driver who my also be part 
technician. 

These technical personnel should be first and foremost skil ed in the media 
in which they operate, and secondly in RF microwave. The operators for a 
video station should be skilled in video technology; digital perators should 
be skilled in computer operation; SCPC/message operators shou d be skilled in 
telephony. 

A technician familiar with the operating media may be tr ined in the RF 
operation of the station. He should soon be able to handle ormal operation 
as well as minor troubleshooting and repair. 

A person with engineering qualifications is technical 
aspects of an earth station. While being most familiar wi h the operating 
media, he would also have experience with microwave RF (e g., terrestrial 
microwave). He whould then have little trouble learning sat llite RF opera
tion. This person should be capable of handling all major mergencies. As 
the engineer's time may only be partially used in operatin the earth sta
tion, he may also manage other technical areas (e.g., a TV station or com
puter center), or manage the business side of the earth stati n. 

A transportable earth station operator should be equally f miliar with his 
media as with satellite RF operation. His customers will b specialists in 
the media they are broadcasting, and the operator must deal ffectively with 
them. Yet, the operator must be self-sufficient and capable of handling any 
RF emergency. He should have extensive field training i satellite RF, 
preferably having been involved in a previous earth station 'nstallation and 
proof-of-performance. 

The remaining personnel will be needed in various degrees 
nature of the service provided. An accounting staff is 
customers for usage. Legal help would be required for new F 
for a chan~e in tariff, or for an increase in power from an 
or antenna). 
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Building s ace and support equipment {e.g. air conditioners) should be 
included al ng with the cost of the earth station in determining fixed 
assets. erwise, standard accounting procedures apply. 

Utilities 

Electricity will be the largest utility expense. The electrical load will 
depend on t e configuration of the earth station as well as its use. Power 
requirement are listed in the previous paper, "Planning a Transmit/Receive 
Earth Stati n. 11 Power required during various HPA usage cycles is discussed 
later in th s paper under Equipment Operation. 

Telephone c arges may be substantial for an intermittent or transportable 
operator w must check with the satellite Technical Operations Center 
{TOC). 

Water and o her facility charges must be considered, especially in the case 
of a remote site. 

1V11L1n:11i8D•te Hard.ware 

Spare parts may be either stocked or purchased as needed. This measure of 
insurance i determined by the level of reliability required and the level of 
redundancy nstalled in the system. 

A good rul of-thumb is that maintenance hardware will cost three to five 
percent of he system cost per year. The power amplifier will ·require the 
greatest a unt of maintenance, as it operates at high voltage and high 
temperature . In the case of a Klystron power amplifier, the Klystron tube 
will need t be rebuilt every two to three years. A third tube is usually 
purchased wen the first one fails to allow the operator to rotate the tubes 
for refurbi hment. 

Bevenues 

decision in determining price levels is whether or ·not to 
apply for rrmon carrier status. In order to charge specifically for the 
satellite u link service, a common carrier license is needed. Tarriffed 
rates must hen be filed with the FCC. Most intermittent or resale operators 
are license as common carriers. 

If you are roviding an end-to-end service of which the satellite uplink is 
only a part you need not apply for corrmon carrier status. Dedicated uplink 
operators w uld fall into this category. 
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Another determinant of the prices charged is the amount of ackup protection 
offered the customer. As with satellite rates, uplink rats may be billed 
as: 

- Fully protected (with a hot backup) 

- Unprotected (single uplink) 

- Unprotected and preemptible (if another uplink fail 

The type of service has an effect on HPA operating costs, a discussed later 
in this paper under Equipment Operation. 

'1'.ranspond.er .Acquisition 

Full-time operators will either purchase or lease a full r partial tran
sponder. Full transponders may sell for ten million dollar and up. Lease 
rates for a full transponder would depend on the kind of service and the 
length of the lease. Typical tariffs are listed in Table 1 . 

. Table 1. • Typical Full Transponder Lease Rates 

Type of Service Monthly Lese 

Protected 

Unprotected 

Unprotected and Interruptible 

$150,000 to $230,000 

$83,500 to $149,500 

$66,000 to $115,000 

Source: Western Union Telegraph Co.; Tariff FCC No. 261; 
mission Service, page 33, effective June 10, 1982. 

Full transponder service is also available in segments of a 
hour through numerous resellers. Charges for this trans 
according to time of day and volume. Typical charges run 
hour. 

atel lite Trans-

short as a half 
nder time vary 
300 to $700 per 

There are a number of companies which own tranponders and ich resell time 
on various satellites. A representative sample of these re llers are shown 
in Table 2. 
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. Table 2. Transponder Space Brokers 

Argo Communic tions 
100 Long Isla d Place, NW 
Atlanta, GA 0328 
Bi 11 Papa 

ASN, Inc. 
310 14th Ave. S. 
St. Petersbur, FL 33701 

Bonneville S ellite Corp. 
179 Social Ha 1 Ave. 
Salt Lake Cit, UT 84111 
(801) 237-24 
Bruce Hall 

Compact Video Inc./ 
NETCOM Ent prises 

Dept. of Sat lite Services 
2901 W. Ala a Ave. 
Burbank, CA 1505 
(213) 841-88 
Priscilla Da 

Equatorial C unications Service 
300 Ferguson r. 
Mountain Vie, CA 94043 
Ed Parker 

General Comm ications, Inc. 
2550 Danali 
Suite 505 
Anchorage, A 99503 
(907) 338-68 8 
Bill Walp 

Metropolitan Communications 
Network Co. 

P.O. Box 915 
6861 Elm St. 
McLean, VA 22101 
(703) 734-2724 
Dean Popps 

Southern Satellite Systems 
P.O. Box 45684 
Tulsa, OK 74145 
(918) 481-3275 
Ruben Gant 

United Video, Inc. 
3801 S. Sheridan Rd. 
Tulsa, OK 74145 
{800) 331-4806 
Tom McKeenzy 

Western Teleconwnunications·, Inc. 
Box 22595 
Wellshire Station 
Denver, CO 80222 
(303) 771-8200 

Wold Communications, Inc. 
10880 Wilshire Blvd. 
Los Angeles, CA 90024 
(213) 474-3500 
Robert Wold 
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Partial transponder time is usually required for digital or voice transmis
sion. This service is leased on the basis of number of arriers, bandwidth, 
and power required, as shown in Table 3. 

These parameters are dependent on the system configuratio and are determined 
by a system link analysis. A typical duplex voice FM-S C channel may cost 
$2,500 per month. 

Table 3. Typical Partial Transponder Lease tes 

Basic 

Per Carrier (channel) 

Per Watt of Power 

Per kHz of Bandwidth 

$390 

$131 

$ 3 

Source: Western Union Telegraph Co.; Tariff FCC No. 26, Satellite Trans
mission Service; page 38; effective May 11, 1982. 

Bquipment Operation 

Initiatblg a Satellite '.rraDamill8icm 

Having secured transponder space, standard procedure fo any operator when 
first transmitting is as follows: 

a. Position the antenna on the satellite (if diff rent than the pre
vious transmission). 

b. Using the receivers, check the null on adjac nt transponders to 
assure the feed polarization angle is correct. 

c. Tune exciter(s), HPA(s), and receiver(s) to the esired transponder 
frequency. On 6- or 12-channel klystron power plifiers, this may 
require retuning the klystron tube. 

d. Run power amplifier into a dunmy load to check wer levels. 

e. Telephone the Satellite Technical Operations nter (TOC). This 
may be either the transponder owner or the s tell ite TT&C earth 
station. Ask for the Communications Technician (ComTech). 
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f. Tra smit a CW carrier at a low power level. The TOC wi 11 check 
cro s polarization and may ask you to adjust your feed polariza
tio. 

g. The OC will give permission for full transmission. 

h. Inc ase power to saturation. 

i . Add eviation/modulation. 

j. The OC will check for adjacent transponder interference, then hang 
up. 

k. Add 

Full-time ope ators who are continually going up and down on the same tran
sponder need ot repeat a 11 these steps. Yet any operator who changes 
frequency and or satellite should follow this procedure to avoid double
illumination o the wrong transponder. 

When ceasing transmission, the operator of an intermittent station should 
inform the TOC that he has done so for record and billing purposes. 

It should also be noted that transponder costs will be incurred for both pre
broadcast test ng and for other maintenance testing. 

Approximate 
Table 4. 

es required ' in the various stages listed above are shown in 

able 4. Time Required to Initiate a Transmission 

Proced re 

Change Satelli es 

Retune HPA Fre uency 
(klystron PAs . nly) 

Preset f equency 

Requirin tuning 

TOC Verificati n 

7 

Apprpximate Time 
(Minutes) 

1 to 40 (depending on antenna motor 
speeds) 

1 to 5 

10 to 60 (depending on test equipment 
setup) 

5 to 20 



Power Amplifier Operating Modes 

Of the three kinds of power amplifiers currently available, 
and TWT amplifiers with large bandwidths and long life span 
simple to operate. In addition, they are generally used in de 
where they are seldom turned off. 

Conversely, the Klystron High-Power Amplifier {HPA or KPA}, i 
larger, requires retuning to change transponders, and may ex 
mittent operation. These conditions pose an interesting se 
parameters. 

Table 5 outlines the major characteristics of four HPA op 
There are tradeoffs between the speed at which an HPA can be 
amount of energy consumed ( and heat given off), and the l if 
the tube. 

Table 5. Major HPA Operating States 

Life Expectancy Power 
of Required Heat 

State Klystron Tube (kVA) Released 

Full Filament/ 100% 12 100% 
High-Voltage 

Cold 90%* · o 0% 

Filament Foldback/ Intermittent use: 95% 1 3% 
No High Voltage Continuous use: 2 hrs 
(newer models) 

Full Filament/ Intermittent use: 95% 1 3% 
No High Voltage Continuous use: 30 min 
{older models) 

e solid-state 
are the most 

icated systems 

usu a 11 y much 
rience inter
of operating 

at i ng states. 
turned on, the 
expectancy of 

Time to 
Power Up 
(Minutes) 

0 

7 to 10 

2 to 3 

2 to 3 

*Cold HPAs should be run with full load four times per year, at minimum, to 
prevent gas buildup inside the klystron tube. During long c ld periods, the 
tube should also be stored externally on a Degassing Test Be. 

The normal operating mode of both the active and backup HPA 
filament/high-voltage state. This provides the quickest t 
the longest life. When an intermittent station is not in use 
is normally used (provided no transmission is needed in 
minutes). However, if a station is used consistently more 
each day, it becomes economic to leave all HPAs fully powered 
the tube life even though it uses more power. 
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The rema1n1n two states of filament with no high voltage are used only when 
changing fre uencies or performing internal tests. These states are used as 
infrequently s possible due to the severe impact .on tube 1 ife. 

Tnnaportab 

Operation of a transportable earth station differs from that of a fixed 
station most in the area of setup. At least half a day should be allowed 
for the oper tor to position his vehicle, 1 ink in to his source, find the 
satellite, a fully test his . system. 

An added co 
coordination 
companies pr 
clearings at 

ideration with transportable earth stations is the frequency 
equired prior to each transmission. The frequency coordination 
vide a package for this service which al lows multiple site 

lower cost. 

All earth st tion electronics include alarms in one or more forms, usually 
1 ights or LE s. These should be monitored continuously during operation by 
the technici . In a system with automatic redundancy, a failure will cause 
the transmiss on to shift to the backup link. 

on duty should be capable of diagnosing the failure down to 
1, correcting the failure if possible, and bringing the system 

back on-line. If further troubleshooting is required, the engineer should be 
called in. W th proper training, the engineer should be able to troubleshoot 
most failures down to the component level. 

Preventive Ma:ln"tenance 

The amount o time and money invested in a transmit/receive earth station 
justifies the establishment of a preventive maintenance schedule. Weekly or 
monthly preve tive maintenance inspections, depending on earth station size, 
should alert the technical or operations staff to any impending component 
degradation o failures. 

Routine insp tions will point out the blower about to experience bearing 
failure, air filters that are clogged, antenna motors that are noisy, and 
meter readin s approaching out-of-tolerance conditions. Once discovered, 
impending pro lems can be corrected, and the chance for failure is reduced. 

All operation 1 manuals provided by Scientific-Atlanta specify the level of 
maintenance each item. Motorized antennas require periodic lubrication 
and tightenin of bolts; all should be checked to ensure no binding areas nor 
rust spots a e obvious or that the feed window is not cracked and leaking. 
The transmit aveguide should be checked periodically to ensure that no aif 
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leaks have occured and no sections have been kinked or cri ped. Positive 
pressure using dry air should be maintained in both the tran it and receive 
waveguide at all times to reduce line losses and prevent pos ible arcing in 
the transmit waveguide. 

The HPAs are the most sensitive part of the system due to the high-power 
levels at which they operate. 

The HPAs should be checked daily if they are operated contin 
circulation in the HPA cabinet is critical for operation. L 
will alarm the system, and the HPA will shut down until th 
rected. The design of most HPAs is such that a potentially 
fault results in shutdown. 

usly. The air 
ss of a blower 
fault is cor
lf-destructive 

Maintenance cannot be overemphasized in owning and operati g a transmit/
receive earth station. 
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,,-- Glossary 

A/Dor ADC - A alog to digital. Analog-to-digital converter. 

AFC - Automati frequency control. 

AGC - Automat c gain control. 

AISC - America Institute of Steel Construction. 

ALC - Automati level control. 

ANSI - America National Standards Institute. 

Aperture - (d rective antenna) 1. The clear diameter of the parabolic 
reflector of a microwave antenna. 2. A surface, near or on a directive 
antenna, thr ugh which most of the radiated energy passes and to make 
assumptions egarding the field values for the purpose of computing fields 
at external oints. 

Aperture Effie ency - The ratio of the directivity iof an antenna to that 
which would e obtained if the aperture illumination were uniform. 
(See Apertur, Directivity.) 

APL - 1. (tel vision) Average picture level. Average value of the picture 
signal, inte rated over one frame. The picture signal does not include 
blanking sig als. 2. (audio) Average program level. 

ASCII - Americ n Standard Code for Information Interchange. 

ASMS - Automat c surface measuring system. 

ASTM - America Society for Testing and Materials. 

Asynchronous C mmunications - Transmission and reception of data in a mode 
where there s no continuous synchronization between the terminals. 

AZ - Azimuth ngle (of an object). The arc of the horizon, between true 
north and th vertical plane passing through the ol:>ject, usually measured 
toward east. 

Baud - A unit of signal speed equal to the number of signal elements or 
symbols tran ferred in each second; a unit of transmission rate of digital 
signals. I is the reciprocal of the length in s'econds of the shortest 
element oft e digital code. 

BER - Bit er or rate. The probability that a bit will be received in 
error, numer cally equal to the number of bit errors divided by the number 
of bits tran mitted. 

Bit - Binary d git. 

Bits per Secon - The number of bits of data transferred in each second. 



Blanking - The process of cutting off the electron beam i a camera or 
picture tube during the retrace period. 

Blanking Level - 1. That level of a composite picture signal which 
separates the range containing picture information from the ange contain
ing synchronizing information. 2. The level of the front an back porches 
of the composite video signal. 

BPSK - Bi-phase shift keying. Carrier modulation technique in which the 
phase of the transmitted carrier is shifted ±180 degrees wit respect to a 
reference. 

Byte - A group of adjacent binary digits operated on as aunt and usually 
shorter than a computer word. By currently accepted definiti ns, a byte is 
8 bits. 

CATV - Cable television or community antenna television. 

CCIR - International Ratio Consultative Committee. 

Chrominance - That property of light which produces a sensati n of color · in 
the human eye apart from any variation in luminance that may e present. 

C/I - Carrier-to-interference ratio. The power in the d ired carrier 
divided by the power in the interfering signal or signals. 

C/N - Carrier-to-noise ratio. Ratio of carrier power to 
defined frequency band. 

C/N9 - Carrier-to-noise-power-density ratio. 
s, ty.} 

(See C/N, 

power in a 

Power Den-

Color-Bar Signal - A test signal, typically containing six basic colors: 
yellow, cyan; green, magenta, red, and blue, which is used to check certain 
functions of color TV systems. 

Color Burst - In NTSC color systems, this normally refers o a burst of 
approximately 10 cycles of 3.579545-MHz subcarrier frequenc on the back 
porch of the composite video signal. It serves as a color synchronizing 
sign a 1 to establish a frequency and phase reference for chromi n ance 
si gna 1. 

Color Phase - The phase, with respect to the chrominance-carr er reference, 
of the component of the carrier-chrominance signal which corr spends to one 
of the chrominance primaries. 

Color Signal - The chrominance and luminance components of e NTSC color 
television signal. 

Color Subcarrier - In color systems, this is the carrier signal whose 
modulation sidebands are added to the monochrome signals t convey color 
information; in NTSC, it is a 3.579545-MHz sinewave. 
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_,,. Composite Bas band - For color video satellite links, this consists of the 
Composite V deo, Energy Dispersal, and Audio Subcarrier signals. 

Composite Vi 
synchronizi 
information 
si gna 1. 

Contrast - Th 
picture. 

- For color, this consists of blanking, field, and line 
signals, color burst, chrominance, and luminance picture 
These are all combined to form the complete color video 

ratio between the maximum and minimum brightness values in a. 

CONUS - Conti uous (48) United States. 

Crosstalk - ndesired energy appearing in one signal path as a result of 
coupling fr mother signal paths. 

CVSD - Cantin ous variable slope delta modulation. 

D/A or DAC - Digital-to-analog converter. 

Data - 1. An representations, such as characters or analog quantities, to 
which meani g might be assigned. 2. Information in a form which can be 
transmitted by a communications link or processed by computers or machines; 
e.g., analo. data or digital data. 

DEC - 1. De lination angle. Angle between the celestial equator and an 
extra-terre trial object, measured in a plane which is normal to the 
celestial e uator. 2. Digital Equipment Corporation. 

Decibel (dB) A number denoting ·the ratio of the two amounts of power, 
being ten ti es the logarithm to the base 10 of this ratio. 
The abbrevi tion dB is commonly used for the term decibel. With P and P2 
designating two amounts of power and n the number of d.ecibels denoting 
their ratio, 

n 10 log 10 (P 1/P 2 ) decibels. 

When the co ditions are such that ratios of currents or ratios of voltages 
(or analogo s quantities) are the square roots of the corresponding power 
ratios, the number of decibels by which the corresponding powers differ is 
expressed b the following equations: 

n 20 log 10 (I 1/I 2 ) decibel 

n 20 log 10 (V 1/V 2 ) decibel 

where I /I 2 and VJ/V 2 are the given current and voltage ratios, respec
tively. See Appen ix A of paper 1-2. 

Deemphasis - he restoration of a preemphasized frequency spectrum to its 
original fo . The introduction of loss at the higher frequenc.ies in the 
receiver of communication system to compensate for earlier preemphasis in 
the transmit er. (See Preemphasis.) 
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Delay Distortion - Tha~ form of distortion which occurs whe the envelope 
delay of a circuit or system is not constant over 'the f equency range 
required for transmission. 

! 

Differential Gain - A form of non-linear distortion. As appl ed to NTSC or 
PAL color television, 1 it is the change in the amplitude of a small sinusoid 
at the color subcarrier frequency caused by variation in th accompanying 
l tJTiinance level. It: is expressed as the difference in amp itude between 
the maximum ampl itud~ and the minimum amplitude of the sin said when the 
maximum amplitude is ~ormalized to 100 percent. The luminan signal shall 
explore the range from black to white. 

Differential Phase - Aj form of non-linear distortion. As a plied to NTSC 
or PAL color television, it is the change in the phase of a mall sinusoid 
at the color subcarriler frequency caused by variation in th accompanying 
luminance 1 evel. It is expressed as the greatest diffe nee in phase 
observed for luminance levels between black and white. 

Digital Data - Informa~ion coded in digital electronic form from analysis 
or computation. Any ldata which is expressed in digits. Bin ry digits are 
usually implied. 

Directional Coupler - 1. A transmission coupling device 
sampling the forward (incident) and/or the backward (reflec 
transmission line. 2. A device which can be inserted in 
cable to tap off the Signal for local use. 

I 

or separately 
ed) wave in a 
a 75 ohm CATV 

Directivity - (antennJ) The directivity of an antenna i a specified 
direction is 4~ times! the ratio of the power radiated per un·t solid angle 
in that direction to! the total power radiated by the anten a. This term 
differs from power gain in that it does not include anten a dissipation 
losses. 1 

DMUX - Demultiplexer. ,Demultiplex. Equipment for or process of separating 
two or more messages iwhi ch are interleaved in frequency or me for trans-
mission on a single channel. (See FDM, TDM.) 

Downlink - The circuit! between a satellite and a receiving arth station, 
including the satellilte transmitter and antenna, the satell te-earth pro
pagation path, and th~ earth station anten~a and receiver. 

Eb/N0 - Energy-per-bit-to-noise-power-density ratio. Signal- o-noi se ratio 
normalized with respect to bit rate. 

_ P/R 
Eb/No -~ 

where: 

Ps = signal power! 

R = bit rate 

No= noise power ~ensity 
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Echo - 1. A signal which has been reflected at one or more points during 
transmission 2. A wave that has been reflected or otherwise returned 
with suffici nt magnitude and delay to be perceived in some manner as a 
wave distinc from that directly transmitted. 3. An attenuated reflection 
of a talkers voice, separated from the primary wave by reflection at an 
electrical iscontinuity in the circuit, and returned to him over the 
circuit on w ich he is talking and listening. 

Effective Are 1. In a given direction, the ratio of the power Pr 
available at the terminals of a receiving antenna to the power density S 
per unit are of a plane wave incident on the antenna from that direction, 
the incident wave being polarization matched to the receiving antenna: 

p 
A = _! , 
E S 

where AE is the effective area. 
Effective Ar a.) 

(See Partial Effective Area, Realized 

EIA - Electron c Industries Association. 

EIRP - Effect ve isotropic radiated power. Product of transmitted power 
times transm tting-antenna gain, usually expressed in dBW. 

EL - Elevatio angle. (of an object) The vertical angle from the local 
horizon tote object. 

EMI - Electrom gnetic interference. 

End-to-End - R ference to the totality of the circuitry, devices and trans-
mission medi from input terminals to the output terminals of a communi-
cations link 

Energy Dispers l Waveform - For video satellite links, a triangular wave
form with ap xes . located at the vertical sync intervals which is modulated 
onto the RF arrier to avoid concentration of energy at one frequency. 

Energy Dispers l Scrambling - A method of making the output power spectrum 
of a PSK mod lator independent of the data stream by scrambling the data at 
the transmit end and descrambling it at the receiver. Energy dispersal 
scrambling s required by the FCC to avoid interference with other 
signals. 

EPROM - Erasab e programmable read-only memory. 

Equatorial {Po ar) Coordinate System - A spherical coordinate system whose 
polar axis i aligned with the earth's poles. 

ET - Earth ter inal. Extra-terrestrial. 
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FDM - Frequency-DivisiQn Multiplex - A method of multiplexin 
more than one (usuall!y many) voic.e or data channels for tr 
single RF carrier. , The channels are separated in freq 
carried on subcarriers. 

FDMA - Frequency-divisiion multiple access (of a satellite 
different earth stations). 

or combining 
smission on a 
ency and are 

ransponder by 

FEC - Forward error correction. An encoding t~chnique for improving the 
BER in a data system;. In a typi ca 1 rate 3/4 FEC system, he BER may be 
improved by a factor of ten thousand. 

Feed - That portion of an antenna which is coupled to the 
which functions to produce the aperture· illumination on tran 
couple energy concentrated at the focal point to the anten 
receiving. 

Field - One half of a complete picture (or frame) interv 
a 11 of the odd, or a 11 of the even, 1 ines of the picture. 
(or more) equal parts into which a frame is divided 
scanning. 

termi na 1. s and 
mission or to 

termi na 1 s on 

containing 
of the two 
interlaced 

Field Frequency The rate at which one complete fiel,d is canned, 59.54 
times a second in the NTSC color system. 

Figure of Merit - (receiving system). (See G/T.) 

Flux Density - Power density. Power per unit area normal to the direc-
tion of propagation of a propagating electromagnetic field. 

i 
I 

Frame - One complete : television picture, consisting of wo fields of 
interlaced scanning lines. (See Field.) 

Frequ.ency Modulation ([FM} - Angle modulation in which the instantaneous 
frequency of a sine-wave carrier is caused to depart from t e carrier fre
quency by an amount proportional to the instantaneous valu of the modu-
1 ating wave. 

Frequency Response - In a linear system, the frequency-d pendent rel a
ti on, in both gain and phase difference, between steady-st te sinusoidal 
inputs and the resultant steady-state sinusoidal outputs. plot of gain 
in decibels and phaSie angle in degrees versus logarithmi frequency is 
commonly called a Bode di.agram. 

Frequency Reuse - 1. A technique in which independent ' nformation is 
transmitted on orthogonal polarizations to 11 reuse 11 a, give band of fre
quencies. 2. A technique in which independent information transmitted to 
different areas by the use of "spot II beams to 11 reuse 11 a gi v n band of fre
quencies. Note: The techniques of 1 and 2 are sometime clarified by 
addition of the phrases "by polarization diversity" and 11 b space diver
sity." 
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FSK - Frequency shift keying. 

Full Duplex - he simultaneous 2-way flow of data between data terminals. 
A method of operation which provides simultaneous 2-way communications 
between two pints. 

Gain - (anten a) 1. The power gain of an antenna, in a specified direc
tion, is 4~ imes the ratio of the power radiated per unit solid angle in 
that directio to the net power accepted by the antenna from its generator. 
The terms 11 g ·n 11 and "power gain" are synonymous. See: directivity; power 
gain; partial effective area (gain); realized gain. 2. The ratio of the 
signal level received (or transmitted) by an antenna to the signal level 
which would e received (or transmitted) by an isotropic antenna at the 
same locatio and under the same conditions, and with each antenna 
conjugately tched to the receiver (transmitter). 

Gain - (ampli ·er) (See Power Gain.) 

Gain Stability - Variation of the gain of a device, cascade of devices or 
system as a nction of the family of possible causes of gain perturbation, 
such as tern rature, humidity, line voltage and ageing of components. 
Ageing resul s in long-term changes in gain caused by gradual changes of 
components. Gain stability can be categorized into short-period (e.g., 
1 second), m ium-period (e.g., 1 hour), and longer variations. 
Gain stabili y is often specified as the maximum variation in decibels 
which a devi experiences in a 24-hour test period. To avoid confusion it 
should bes cifically stated whether the variation is the peak-to-peak 
variation, t e peak plus-minus variation from a mean value, the rms 
variation fr the mean, etc. 

GCE - Ground communications equipment. This term relates to the earth 
station elec ronic equipment, such .as receivers and exciters. 

G/T - Figure f merit of a receiving system, expressed in dB/K. G/T is 
defined as t e ratio of the receiving system gain, including the antenna 
gain, at as ecified reference point in the receiving system (preceding the 
demodulator) to the receiving system noise temperature in Kelvins referred 
to the same oint. For a given system and a given antenna elevation look 
angle, the v lue of G/T is independent of the point in the receiving system 
at which it ·s measured. In relation to its sensitivity of detecting the 
signals from a satellite, the higher the figure of merit the higher the 
sensitivity· f the receiving system in detecting satellite signals. 

HA - Hour ang e. Angles about the polar axis of an equatorial coordinate 
system, trad tional ly measured in hours, minutes and seconds. The hour 
angle of an bject is the polar angle between the meridian of the observer 
and the hour circle passing through the object. (See Hour Circles.) 

7 



Half Duplex - The non-simultaneous 2-way flow of data b tween communi
cations terminals. Description of a system in which commu ication can be 
in either direction, but in only one way at a time. 

Hour Circles - Great circles of the celestial sphere 
poles. 

g through the 

HPA - High-power amplifier. In a transmitting earth statio , this is the 
final RF amplifier between the modulator/exciter and the ant nna. 

Idle Channel Noise - The total rms noise measured at th output of a 
channel with the input to the channel terminated with s stem reference 
impedance. 

Insertion Gain - On insertion of a transducer in a transmiss on system, the 
insertion gain is the ratio of (1) the power delivered to he port of the 
system following the transducer to (2) the power del iv:ered t the same port 
before insertion. The insertion gain may be equal to, mo e than or less 
than unity. It can be expressed as a power ratio or in deci els. 

K - Kelvin. Temperature of a device in Kelvins. Zero K eq als -273.lSUC. 
The Kelvin scale is the same as the Celsius scale except fo the offset of 
273.15°C. 

LNA - Low-noise amplifier. This is the preamplifier betw n the antenna 
and the earth station receiver. For maximum effectivene s, it must be 
located as near the antenna as possible, and is usually at ached directly 
to the antenna receive port. 

LNC - Low noise converter. Integrated LNA and downconverter. 

Luminance - An attribute of light or color. Luminous inten ity or bright
ness as measured by a photometer instead of by the human eye. 

MATV - Master antenna television. 

Modem - A contraction of modulator/demodulator. Us 1ually a device that 
combines the modulation and demodulation functions in a singe unit. 

MTBF - Mean time between failure. A statistical deteri-minat on of the time 
in hours-of-use between failures. 

Multipoint (or Multi-drop) - A method of connecting several voice or data 
terminals to a single channel in a communications system. 

MUX - Multiplexer or multiplex. Equivalent for or process f interleaving 
in frequency or time two or more messages for transmi ssi n on a single 
channel. 
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NF - Noise Fi ure. A figure of merit of a device, such as an LNA or 
receiver, wh ch compares the device with a perfect device. NF is the ratio 
of (a) then ise power output of a matched transducer to (b) the portion of 
that noise w ich is attributable to thermal noise if the input port of the 
transducer i at the standard noise temperature of 290 Kelvins. 
The noise fi ure of a device, expressed in dB, is related to its noise tem
perature TE y 

NF(dB = 10 log (1 + TE/290) 

where TE is in Kelvins. 

Noise Power (S ectral) Density - Noise power per unit of bandwidth. 

Noise Tempera re - More correctly called "effective noise temperature", 
this is a me sure of the noise power referred to a given reference point of 
a matched re eiving system, normalized with respect to bandwidth. 

where 

T = 
E 

N is the noi e power at the reference point in the noise bandwidth B, k is 
Boltzman's c nstant, and N0 is the noise power density. 

NTSC - Nati ona Tel evi si on Systems Committee. An industry-wide engineering 
group which, during 1950-1953, developed the color television specifi
cations now stablished in the United States. 

OMT - Orthomod transducer. A waveguide device attached to an antenna feed 
that permits using the antenna for simultaneous transmission and ·reception 
or orthogona polarizations. 

Orthogonal Pol rization(s) - (See Polarizations, Orthogonal.) 

Parity Check A simple test for detecting errors in the transmission of 
ASCII charac ers. 1. (electronic computation) A summation check in which 
the bits in character or block are added (modulo 2) and the sum checked 
against a si gie, previously computed parit_y digit; that is, a check that 
tests whethe the number of ones is odd or even. 2. A method of checking 
the accuracy of transmission of digital data by adding a "parity bit 11 so 
that the tot l number of 11 ones 11 in each character is always odd. 

Partial Effect ve Area (Gain) - That part of the effective area (gain) of 
an antenna w ich is in a specified polarization. The effective area (gain) 
of an antenn is the sum of two partial effective areas (gains) which are 
defined with respect to two orthogonal but otherwise arbitrary polari
zations: e ... : the effective area (gain) of any linearly polarized antenna 
is the sumo two equal partial effective areas (gains) which are respec
tively right hand and left-hand circularly polarized. (See Polarizations, 
Orthogonal.) 
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Peak Unaffected Signal - (audio) The maximum sinewave inp t level which 
will be passed through a channel without clipping or l~mitin 

Polar Coordinate System - (See Equatorial Coordinate System.) 

Polarization - 1. (wave) The polarization in a given d rection of a 
single-frequency propagating electromagnetic wave is des ribed by the 
amplitude and direction of its electric field (normal to t direction of 
propagation) is called the plane of polarization. The tip f the electric 
vector representing the field describes an elliptic~l lo us called the 
polarization ellipse. Circular polarization and linear po arization are 
degenerate cases of elliptical polarization. The polarizat·on is de ined 
by the shape of the polarization ellipse (axial ratio), i s orientation 
(tilt angle) and the direction in which the locus is trav rsed (sense). 
The sense of polarization is defined to be right-handeq or l ft-handed. It 
is right handed if the electric vector rotates in a cllockwi e direction as 
viewed from behind the outgoing wave. 
2. (antenna) The polarization of an antenna .is defined y the polari-
zation of the wave it radiates. 

Polarization Efficiency - (of an antenna with respect to an incident wave) 
The polarization efficiency is the ratio of the incident p wer of a wave 
which is received by an antenna to the power which would be eceived if the 
wave and the antenna were pol ari zat ion matched. A reci pro al antenna is 
polarization matched to an incident wave if the axi~l rat o, tilt angle 
and sense of polarization of the incident wave are coi~ciden with those of 
the wave which would be radiated by the antenna. • 

Polarizations, Orthogonal - Any single-frequency propagatin wave can be 
separated into orthogonal polarization components. The polarization com
ponents are orthogonal if at a point the total power density in the wave is 
equal to the sum of the power densities in the two component . Two polari
zations are orthogonal if their tilt angles are mutually per endicular, the 
magnitude of their axial ratios are equal and their senses are opposite. 
(See Polarization.) 

Power Density - 1. (free-space propagating wave) Power pe square meter 
in a plane normal to the direction of propagation (watts/met r2). 
2. (circuit) Power per unit bandwidth (usually in wat1s/Hz r watts/MHz). 

Power Gain - 1. (antenna) See Gain. 2. (amplifier or tr nsducer) The 
power gain (usually called the gain) is the ratio of' the tput power to 
the input power. The available gain is the gain reali~ed un er conjugately 
matched conditions. The gain can be expressed as a rlumeri 1 ratio or in 
decibels. The numerical gain of a transducer can be less th n, equal to or 
greater than unity. If it is less than unity, the numeric l gain (frac
tion) is sometimes inverted and ca 11 ed a loss. The gain is ca 11 ed the 
saturated gain if the output power is constant with increasi g input power. 
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Preemphasis - he intentional alteration of the spectrum of a signal by 
emphasizing e range of frequencies with respect to another, usually to 
gain an adva tage with respect to noise or non-linear distortion. (See 
Deemphasis.) 

Protocol - data communications) A formal set of conventions which 
governs the f ow and timing of data between communication devices. 

PSK - Phase shit keying. 

PWB - Printed wring board. 

QPSK - Quadrip ase shift keying. A carrier modulation technique in which 
the phase of the carrier is shifted to any of 4 phases, whose separations 
are multiples of 90 degrees. 

RAM - Random ac ess memory. 

RCVR - Receiver 

Realized Gain Effective Area) - (antenna or transducer) The realized 
~ is the gin reduced by the losses due to mismatch. 

Reflector - ( perture antennas) A conducting surface (or one of a set of 
such surfaces which is (are) shaped to collimate a transmitted wave into a 
beam or focus an incident wave onto a feed for coupling to a transmission 
line. 

ROM - Read only memory. 

RMS - Root mean square. 

RS232C - Asta dard created by the Electronic Industries Association (EIA) 
for the tran mission of data by wire over short distances (less than 
50 feet). 

SAbus - A seri l data bus developed by Scientific-Atlanta for monitor and 
control of ea th station equipment. 

SCPC - Single hannel per carrier. A satellite transmission system that 
employs a sep rate carrier for each channel. This method is usually used 
at earth stat ons that have a low volume of traffic compared to that which 
can be carrie by a full transponder. 

Signal-to-Quant zation Noise Ratio - (digital audio) The ratio (dB) of the 
amplitude of single frequency output signal to the-rms quantizing noise 
appearing at he terminated channel output. 

Simplex - Data r voice transmission in one direction only at all times. 
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Sinewave Overload - (digital audio) The sinewave inAut si nal level which 
causes the converter saturation codes (all l's or all O's) to occur on the 
peaks of the signal. 

SMATV - Satellite master antenna television. A master ante 
system that distributes satellite delivered signals as 
signals and locally originated programming. SMATV systems 
in multi-unit dwellings and lodging establishments. 

SMPTE - Society of Motion Picture and Television Engineers. 

S/N - Signal-to-noise ratio. The ratio of signal power 
A video S/N (Signal-to-Noise Ratio) of 54 to 56 dB is con 
excellent S/N, that is, of best broadcast quality . . A vi 
52 dB is considered to be a good S/N at the headend for Cab 

na distribution 
ell as off-air 
re mainly found 

d noise power. 
i dered to be an 
o S/N of 48 to 
e TV. 

Sync. - An abbreviation for the words "synchronization," 'synchronizing," 
etc. Applies to the synchronization signals, or timing puses, which, for 
example, lock the electron beam of the picture monitors in tep, both hori
zontally and vertically, with the e-lectron beam of the p ckup tube. The 
color sync signal (NTSC) is known as the color burst. , 

Synchronous Col'IITlunication - Transmission and reception i a mode where 
there is continuous synchronization between the termi nals. 

TOM - Time division multiplex. The process or device in hich each modu-
1 ati ng wave modulates a separate pulse subcarri er, the o l se subcarri ers 
being spaced in time so that no two pulses occupy the sam time interval. 
Time division permits the transmission of two or more sign s over a common 
path by using different time intervals for the transmissio of the intelli
gence of each message signal. (See also FDM.) 

TOMA - Time-division multiple access (of a satellite tran ponder by diff
erent earth stations). 

TED - Threshold extension demodulator. A circuit design d to lower the 
threshold of FM (frequency-modulation) demodulators ► perm'tting operation 
of the system with a lower C/N without impulse noi$e sho ing on the pic
ture. 

Termination A one-port load that terminates a t f ansmi sion line in a 
specified manner, usually to prevent reflection. 

THO - Total harmonic distortion. The ratio of therms ene gy contained in 
all harmonic components of a single-frequency input $ignal to the fundamen
tal component amplitude. 

TYRO - Television receive-only (earth station). 

TX - Transmit or transmitter. 
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Uplink - The circuit between a transmitting earth $tation and a satellite, 
including t e earth transmitter and antenna, the earth-satellite propaga
tion path, nd the satellite antenna and receiver. 

Vestigial Sid band - 1. Reference to a type of amplitude-modulated ratio 
or televisi n signal in which most of one sideband is eliminated, leaving 
the other ideband intact. 2. The transmitted portion of the sideband 
which has b en largely suppressed by a transducer having a gradual cutoff 
in the neig borhood of the carrier frequency. 

Video - A te m pertaining to the bandwidth and spectrum position of the 
signal resu ting from television scanning. 

Video Plus - A technique whereby SCPC carriers (analog or digital) share a 
transponder with a full-transponder video signal without mutual interfer
ence. 

VSWR - Volta 
The ratio o 
maximum str 
plane of mi 

standing-wave ratio 
the magnitude of the 

ngth to the magnitude 
imum field strength. 

(in a waveguide or transmission line). 
transverse electric field in a plane of 
at the equivalent point in an adjacent 

zenith of an observer is the point of the celestial sphere 
tically overhead. The nadir is the point vertically beneath. 
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.......... on of Intrinsic Boise in PDM./PM Syswnns 
B.W. Brinegar 

The evaluation of FDM/FM message systems can be greatly enhanced by comparing 
theoretical c lculations versus empirical data. This paper presents equa
tions require to calculate the conventional signal-to-noise curves for 
FDM/FM systems using a limiter/discriminator as a demodulator. Also, equa
tions used for occupied bandwidth and linearity bandwidth are presented. 

Examples of s veral message configurations utilizing these calculations are 
included. Sig al-to-noise curves are calculated by the equation: 

S/Npwp = (S/N Normalda - S/N ThresholddB) pwp + S/Nl/Fpwp 

This equation has three distict areas: the S/N 1/F region, the S/N normal 
region and th S/N threshold region. Observing the ~quations on the follow
ing pages, it becomes obvious which parts of the curve are affected by the 
different f_unc ional elements of the FDM/FM system (see Figure 1). 

a. The 1 F noise region is generally degraded by power supply noise, 
stati n equipment noise, ground loops, baseband noise figure versus 
the ·scriminator constant, noise figure of the modulator baseband 
ampli ier and various other man-made noise. 

b. The SN normal region is defined by the system's parameters and the 
noise figure of the receiver. 

c. The /N thresho 1 d is dependent on the IF noise bandwidth and the 
syste parameters; however, the purity of the limiting and demodula

The S/N 

tion rocess can adversely affect this portion of the curve. 

were calculated with the following parameters: 

ise floor= -110 dBm 

nd test tone= -25 dBm per channel 

, Recei er noise figure= 13 dB 

• Other parameters as shown on the curves 

In actual pra tice satellite FDM/FM systems operate in the low C/N region, 
thereby allowi g the modulator and demodulator to be optimized for a wider . 
linearity band idth. Therefore, the 1/F noise floor as shown in the attached 
curves is set o -110 dBm for clarity and is not achieved in actual practice. 
The 1/F noise floor in practice runs approximately -87 dBm for 12-channel 
operation. 
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THRESHOLD 
S/N REGION 

NORMAL 
S/N REGION 

C/N 

1/F S/N REGION 

Figure 1. Conventional .S/N vs. C/N Curve for FDM/FM r,,essa e Systems 
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The columns la el ed NPR are actua 11 y NPR residual and do not include the 
intermodulation distortions generally associated with NPR measurements. 

fHgnal-to-Bo e 0a1calaticms 
S/Nnormal =(10 log10 (2*BW/1E-3) + 10*log10 Tk/290-CdBm + NfdB 

- 20 log10 (Dp/BW) - PE(X) - PW - 174) 

[ c/n (Bif \ 2_ / (saifr (NC\ 2 + 1.] S/Nthres ld = 10 log 1/3e- fch7 yl + 24 7 

(
87. 5 - S/NdB) _ 

S/Npwp = 10 lO 

S/NdB = 7.5 - 10 log S/Npwp 

C/N = C/ TBif Nf 

a= 10 ( ~~R ). D 

a = RMS Composite Deviation 

C = Received Carrier in Watts 

CdBm = Received Carrier in dBm 

K = 1.3804 x 10-23 
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Tk = Temperature in Kelvin 

f ch = Notch Frequency 

L0910 = Ln (X)/Ln (10) 

PW = Psophomet ri c Wei1ght i ng 

Op = Peak Deviation af the Channe 1 

1 6.90 
+ 1 + 5.25 PE= Preemphasis = 5 - 10 log 10 

fmax = Highest 8/8 Frequency 

flow= Lowest 8/8 Frequency 

fch = Notch Frequency 

S/N = NPR + 8WR NLR 

f f 
8WR = 10 log max - low 

3100 

f. f ~
2 

r ch r.--r
ch r 

NLR = 2.6 + 2 log N for 0 through 48 channels 

NLR = -1 + 4 log N for 49 through 239 channels 

NLR = -15 + 10 log N for 240 through 3600 channels 

S/N 
8Wif D 

= C/N + 10 log 6200 + 20 log t!h 
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Band.width ions 

BW0 = bandwidth 

BW.e, = arity/delay bandwidth 

fm = 

Dv tone rms deviation in MHz 

Fp = factor; 12 dB normally accepted 

BW
0 

+ l og-1 B~ Dv l og- 1 ~N~~) 
BWO setting Fp = 0 ( l og- 1 Fp = 1) 
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