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Absiroet

U he Commusnications Technology Satellte (C18) s -

n high power broadenst satellite Inunched by NASA on
January 17, 1976, CTS Is the [Trsi satolliie to operate
ut a frequenay of 12 gigahertz and incorporales new Lech-
nology- making possible new sutallite telecommunlentions
services, QTS {s a ceaperative program of the United

- States: and Cangdn, ‘This puper prosenis the resiills of

the Uniled Slates experiments netivity to date, Wide
segments of the populdation uy o involved in the Experi-
ments Program Ineluding e sclentific communlty,
other govemmment ageneies, Tndustry, und the education

“nnd health onlities. ‘The cxperiments are assvciated

with both tochnologienl objeetives and the demenstration

ol new aommunity and social serviees vin satellite,

I, Tniroduction

The need for communjeations services is incresing
worldwide, Communications satellites ure already play-
ing o signilieant role I providing naw and expanded tele-

communications services, Beenuse of the incroused use
o o[ the cumcnt. commelc[nl anteli[te fmrmenclus (4 and -

6 GII?) and the preat pntentlal of expanded servica with
small enrth mel_nuls, satellite power levels and sniel-
lite [requencios must incresse to meet tho demands,

The-trends in sntellite system-developmaiit, lherefore,

have heen clear - moving In the direction of higimr :

power,. higher.fr equencies, and incrensed lifetime,
"These trends provide exélting possibiilities for mote

econonifenl and expanded service world wide,

In 2 satellite resenrch and development sense,

“‘many activitics ard underwiy and additiond] effort is-

required to a\'plor.'e higher neqﬁency operation and to
demonstrate advanced satellite sysf:ems foi now applica~

uons

NASA for ncarly two dc.cudes hus puraucd the )
developmenL ol sdvanced communications satellite sys- -
tems. itinl efforts in the early 1960!5 culminated n”
the firsl successfil den1onstn:ation of n-synchronois
satellite called SYNCOM, (2) \which created anew

. im!ushy - the worldwide communications. satellite In- "~ ..

* dustry, - After SYNCOM; NASA pradually d[velted s '
_ activities from communications satellite pmgmms

: w}uch were lughly'scientiﬂt.ally oriented, to one of ap-

plicat[o_ns démongtpp_ti_qr_;s. These applications demon-

- strations, which are called expeviments, ‘manifested the .

STAR citegory 22,

cation) both {n the United States'™

praetiealily of ufilizing advanced sateliite tochnology for

. sutisfylng plobal neods, - NASA's Applications Techavlogy -

“Program (ATS) wits the key to this suceorsful endeavor,
Literally, hundreds of experiments have been performed
on these satellftes, The most visible =i buccesslst tp-
plicatfons dewonstrations of (hefte satellites have ecen’
nssocinted wilh wenthor, muritlma, and neronevilenl ap-"

. plicntions,. Pavtially s & roesult of L_‘hese _cxpi‘:Lme_nts,
“iveither and maritime satellites dre-nlready ojjcrational

and commerceinl satellites for neronautical uppﬂcutlons
wilk bo svailable Inter In this deeade,

. NASA's AT5-6 sutetlite, ) the worlds fivst broad- -

cast satollite, added n hew and exciting din.ension to the
experiments pro’gra'm. For the first time, television
could be received by small low-oost ground terminals,
A'TS-6 [s still-aetive and has successfully demonstrated
Lthe distribulion of socinl sorvieos (healih care and edi- -
). and India,
Geostatlonary satollifes, because of the vast geo—
graphle area they can view, arc global in naturé. - There-
fore, United Stales und NA.SA Policy hus enccumged {0~

_Communicntmns 'L‘echnology Sutellite (CTS) Progmm is

an outstanding example of this cooperation, Both the
United States and Canadn have extensive and similar

. communicaﬂuns needs. and the seceial:and acenomic de--

velopment of boih countrles is linked to telr_-communlc'l-

- flons,

The purpose of this paper is to describe the. United

* Btates needs for expanded satellite telecommunications
services and the velationship of the CTS Experimentis B
.Program to those needs, -The discussion is focused upon -

United States experiments, hownver, u ﬁﬁru]lal'expari--
ments program is being conducted in- Canada, (5.6

-Periodle meetings have heen held with CTS Onited,

" Stites expevithenters. Sﬁm'é of the material confained. .

herein was obtained fiomthe experimenters during

‘these meetings.  Where possible a ifeIei:un‘ce 16 cited.

. Technﬁlog'y E}.})efimﬂnt’s_ :

ment ageney in- cwilinn space communicut[ons Lcsenrch

“and development, NASA satellltes Yave al\vays incor-"

porated, demonstrated, and evalugted new Leclmoloh

: pnd CTS Is no exception “in ihiz light NASA for p-
: nu.mbﬂr of yen.rs has been engaged in.the detailcd
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© . in 1976

charavtorization of the radie-frequency spoctrum. A

. loxge part of this actlvily is direcied toward Unlied
States aetivitios rolated lo wont!::adc [xequenay ullocn-
tions, CTS, sinee it operates In n now [roquency bund
(14/12 Gilz), provides u unique opporiunity for the ‘char-
acterization of tImL poruon of llm spccl,rum. _

n mmlttnn {o the Spectrum related :mL[viLlus C'IS
provides the systum for the cvaluation of new sutellite
and ground staliontechnology, ‘Uhis evalustion is nlso
underway, “Traditionully, in-the early stagoes of com-
murifeations gatollife programs, the technologionl ex-
periment results lead {he apptication experiments,. This
pattern is being followed In C'IS,

Link Charsctervization

One of the primary objectives of the Commumicn~
tions Linlk Charncterization Experimenl (CLCE) is o
_-define uib'pfo_pagmbn ph_enumélm rili:'CTS ﬁ'c_q(mhb[és
(14/12 GHzj thot occur primurily during precipitntion
periods (rain or wet snow} and result in nitenuntioi,
depolarization and phase distortion of the hmlsmiu.ed
| .sigmﬂ ’ :

' 'l‘he [Jlim[lly purticip.mts in Lhe data eollection and
annlysis are as [ollows;

(1) Goddard Sp’ucéFLﬁﬁﬂ; Gpﬁtﬁr ~ Greenbaolt,
Maryland '
{2) NASA Rosman = Rosmun, North Caxvolina
(3) Ohfo State University - Columbus, Ohlo
- () Vivginia Poly‘lechmc Institute - Blsmkbhurg, -
' Virginia =
{8) University of Tems - Aushn Texas

The data gathering has been underway sitoe e'uly

Prelimindry regulis are shown in fipwre 1,

where slg'nul ﬂttenuat.ion is plotied agninst. rain raie, iy

The deta were callected at the NASA Goddard Space

~ Flight Ceonter in Greenbelt, Marvyland, Although the

“ drjount of dota 1o date is smiall, “the measired and
predicted data are in general agreement, '

Additional ‘itténuution mensurements will e made
thraughoit the United Statcs utf.lizing the CTS beacan

“and 200 iwatt mg‘nnls. Pliese results will be user.l to up— .

grade the eurrent: prechctlon moclels

- ‘Small Eau:th ’.L‘crminal Eva.luatlon

llmrc isa wnrld\\ude mteresL in tl:e use of s-1teuite
= systems with small: earth terminals (0.6 to 8'min diam)
for a 1nnge of social and co:m-nerciul services, Tora

o _number Jf years: NASA; in conjunuﬁon with thie ATS- -

- and CTS sntel]itcs has pursued the develupment. and

-gvaluation of small eayth terminals over a Tange of fres’

- ¢osey, 8

" -period of 1 yenr,

quencies, Dolh A'l'8-6 and C'1'S small earth terminnl
evaluntions hurve involved International 'coo_pernl.lon.

One fucol of this potivity hus concentrated upon the
development of relinble and low cost Yrecolve anly" tele-
vigion terminals, The joint NASA Goddard Spnoc Flight

" Cepter/dupan Broadeasting Gompuny oxporiment is an
-exnmplo of this Lype of exgarimont,

The dosign and de-
velopment of the recelvers we . dotie by dapan for use
wilh (he exporimental dppunese Broadoast Sutollite

¥ 'The ground recelvers are curiently undey )
evaluniion with C’IS “Twalva recefvers wilt be deployed
throughout the United Stetes and the performance and
rolinbilily of these recefvers will be eveluniod over
The nolse [hmuve of the receivers s
approximntely 4.1 - 4. 9 decibels, Antennn sizes nra 1,
1,6, and 2,4 moelers, Extensive preoperationnl check-
ouls have indicated that tho rocelvers ave performing
sntisietorily and will he sultablu Im the Jup'mcse

"By ondcnsl Snlclhte.

In nddition to the vidco receive terminals; NASA, In'
conjunclion with Uniled States mapufnoturers, have de-’
yeloped anarrow bamd rcéeeiver for audio and Tnegimile
applieations, This recetver-has heen evaluated with the

- gatellite end performed sutisfuctortly in an experiment
lhat was condueted in Alaska that will be descnbed later.

I_mv—cust wideband pnrmnetrlc ampl.lficr develop~
ment is nlso belng pmsucd. . The nolse figure of these
amplifiers will he approx'imatély 150K and demonstra-
ttons of the Imrdwaw with C'I‘S will be per[ormed in

1977

A Snll Earth Terminal Station {SETS) Is now .épar—
atfonal at the NASA Lewis Rescarch Center tn Clevelan, -
Oljo-and is-beiny utilized {or a variety of ground station.

. evaluations. . This atation has-the capability of narrow

band i.m'mlsmissions and 'i.'ecéption of tclevision, volce.
and-dota in both the 20 weil and 200 watt @TS bands, A
pleture of .the. fucihty is.shown in flgule 2, .Antepne

" sizes range from 0,6 Theter o 4, 6 melers. in dnmete:c

The lacility is utilized for expuriments and dnmonstra»
tions te all fiiterested pru.l:ies

Dlp;ztul Svstem 'I'echnnlogy

Digital {mplementetion of sutellito links when coms
pared to the annlog transmission - systems now in use,

can:olfer substantial sa.vmgs in both- sutellite power.and- - y

mdio«hequenuy bandwidth. - Power und bandwidth

' suavings, of course; svill result in lower distrlbution

costs.

", NASA Lewis Research Genter ond COMSAT Tabo=. -
ratories have under development a dig’ltﬂl communicas

- hons system’ which will be .capable of cotor television,
~ voige, mld da_l'l_ t_1_nns_n_usslons

This syr_stem __W11_1 b_u o




o 't“gnnsponder since Taunch.:.

demonstrated wlil e CIS antellite,. As o part of this

exporiment, the porformanee of the Unk will be ¢harae-

- terized, Tho practieality of redeang brndwidth and
safellite power requirements for video, volee, and datn
distribution wilt-be pursued, A varlety of bandwldéh
compression equipment will be uiilized as part of the

experiment, 'Fho dipltal modem which will be utitzed s
capable of yelecied BIT ratos from 1 lo 60 megabils per

seoond, ﬂ:bioc_:lt dingram of the system [s shown In [ig-

ura 3, One sot of terminal equipment will be loouted af
. -the NASA Lewis Reseavrch Center-in Cleveland, Chio

- and the other at COMSAT Laborntovies hi Clerksburg, .
Marylnd, - “The ground tarminal equipment will bo con-
figured such that it {s cnslly portable and, thorefore,
can be mnde available to other intarested experiments, -

- High Power Satellite Communfentions Sysiem .

The C'I8 satellite ({ig, 4) wna desiimed and Inle-
grated by the Commiunications-Research’ Centro in
. Cmnadn, . ‘The overall performance of the satellite hns
.been excellent, (10) “The: satcll[le l-ransponder lins two
hasie clements - a 200 wall systom and a 20 walt sys-
tem, Tlie 200 wall and 20 watlt systems can be operated

either individually or stmultanoousty by means of sepe- -

‘rate antennas on the spacemaﬂ. A footprint of either
Leam covoers '1pproximutcly ence-third of the 48 eontig-
. uous states'in the United States! 1 {fig, 5)

NASA Lewis Resenrch Center dcvcloped and pro-
vided thi¢ high cfficiency 200 watt Traveling Wave Libe
Ampliiier, iis power supply and thermal control device
whicli consisted of a variable conduclarige hieat plpe sys-
temn, 12). phig development has been fruly revolulionary
from a space .communications viewpoint in- that [¢ par-
mits very high radialed power iavels over large arens,

" This,  inturn, makes tb_cis_s'iblc,teleyiéion-'-x&eceptlpn with
small low-cost ground terminals, An extensive Inves- '

tigation has been conducted on Wie high pewer transmit: -

ter puckage and it:s [ntegration wlth the rest of the

_ A summary of the ml-orb[t .
- performanco is shown In table I, All transpoider oper-
" ating modes were thoroughly investigated including: -

(1) Single channel videb (In both 200 and 20 'W bands)
{2} Dual chinnel video (2° Ty chmmels in the 200 W

“band) o
('3) Dual band videu (51mu1taneou5 operatlon of 270V
. chammels ~ one in edch band)

The porformince of the system hus been exseilent, All
. spamﬁcahon requxremcnts have heen ;met ‘and lntenmod-

ulatioti and cross-modilation pmb‘mms lidie been mini-

mal..  Over 2500 houvs of on-ot:blt operations hive been .-
accumulated to Septemhel 1976; Mo dagradation in per— '

formanca has occurred sinch luum.h

Shacecraft Charging

" 1078,

" like a'rigid body. (4) _ __
during attitude, momentumn dumping or st._z_}.ﬁp_r_xkeqplx_agr .

. As 2 result of perjodie anomalous behavior of many
militaxy and commercinl communieations Wppeeoraft,

attributed to clectromagnetic phenomena In geostationuyy

orbit, NASA provided instramentation on-hesrd the CTS
spaceernft capnble of counling any strong statle eleciri-
cal discharges on or in the vielnity of the 2 salitta,

“This instrument, the livst salellite clectrien] harness .
" transient deteetor,” is called o Translent Event Counter

(TEC), The TEC scuses and counts clectrienl transjenis
having n volinge rise of greater than § volts in three
sopavate wive harnesses: the attitude control harness,

““the solar ariny instrumentation harness, and the soliy . . .

nrray power hm ncss

The data from thc TEC hns shown thut the saf.olllte
is Leing chorged Lo the point that discharges ooeur fn-
dueing transients in the sitellitc electrienl system,
Hundreds of dischurges have been regorded.to Septembar_.
Imwever these tronstents have not caused any

anomalous events in the satellite operation, The date

'in:nc:it'd that dischrrges ean ocour at any time during the '
. doy without preference Lo any loonl time quadrant,

This
information will be collected throughout the spneecraft.
lifetime und an sttempt will be mnde lo correlate 1t with
elettromagnetic phenomenn thal occurs in the vieinity af
the Bpncucraﬂ, : C

Spucecra.ft Dynmnics

The CTS apncecrnﬂ. is shown in figum 4 Tlle pre—
dominant, fenture of the:spacceraft is the large Hexible
golur arrays, which extend approximately 16 meters

. Irom tp to_{ip,. On-orbit, the arrays are in motion be-

cause thoy track the sun, They also move s a result of |
attitude. changes in the- spxmecmft There, of course,

+was.¢ohsiderable interest in the array dynamics .md in
-parti Jul'u' .in the internction between Lhe array motion..

and the qpncecmft movoments, The e*{pemence to'date
indicates that the array, lor all pruuhcnl_purpnsus, acts
“MNo srrdy motion can Be detected

mmm‘ﬂri\ﬂs " Sun tiacking which normally oeurs i a .

sten tuwk mode results in bwist deformations of 1::?5 S ‘

thian-1/2% andl well-within the design’ cnt:erm.

1L A‘p’pli'cﬁtion’s Experiments .

-Experiments using CTS are also. nssoomted wiil .

“both public service (unstions (cducatlon health care,

_etery and mdustmn.'l/commerr.ial demonstrationa,

‘The Teations of CTS experiments dare shown in fxgnrp By
. United States cperhments ove listed.in table 1L Ground.
station locations ih Cannda are sssociated with Cansdinh .

experlrnents _Sevar_al cxperimenters are cur:ently in -

GRIG]N AL, PAG 10 IS
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tho procoss of preoperntionnl cheekouts. These expoeri-
ments wlll lwt:omc operationul lator 1hlu yuu or (n 1977,

‘I digcussion herein is limiled Lo tllusu experi-

-ments £rat hove hoen active with the satellite, . The ro-

gults Lo date are summnrized,

Publie Sorvige P.'xpnri monts

© A publie gorvice function in which satellites could
play a significant vole In the fuiure Is In the aren of
emergency communications, For this upplicat[on,

COMEAT Laboratories hus developed ¢ small lightweight

transportable earth termingl which éan be moved to o
disaster aroa by sun aulomoblle, bmnll nirpinne or Loal,

On arrival, -the: terminal ean he set up “and- upcrnl[umﬂ n -
~less than 1 hour,

On duly 29, 1‘17() COMSA’I‘ Lubmﬂtolics in :.onjunc.-

" tion with the Amerienn Red Cross tronsporled he termi-

nal by means of o small van to & remote aren in the Bluo

. Ridgo Mountains In Virginin, - In a very short Llni_e tele-
‘phone communications were ¢siablished via OTS to the

COMSAT Laboraiorles in Marylund, 'This demonstra-
Lion proved the concept of rnpldly cshlﬂial:{ng commu-
nleations vin sutell[tc in areas of the world where no

other commtmlualions exist, Throughout tho Hie of the
_ satellite, ofher _clemonstmtinns«gtll be performed asgo-

cluted with-hoth simulated and real emergencies. The
effectiveness ol the communications link will be avalu~

. nted by United Stntcs ‘Disaster Reliaf agencfes,

In u._:unul_umerguncjr situation, offective emergency
communications vin CTS was also demonstrated by the

" Canadians in 4 remote aren of Northern Quebee. CTS

cperimenters meéde asc of a CTs ierminal 1o nseist in
planning for the evacuation of a survey cump threatencd
by a forest five. e sulellite linl-. was very effectiva in
ihis. situntion,

’l‘wo other Public Servu.t. Experiments are sched— '

itled to. eommence following tho cclipse season wluch
ends in mid- Ociober,  'The Southicrn Educationnl Com-

i .municutmns Assocmtion (SECA) iitends to evalunte ﬂle

feasib:lity of sntcllite networking for education and pub—
lic hrqndcusl. applieations.. Teleyvision programming 6.
member stations in the southeastern United States has

. a.heacly been successfully d:stﬂbuted in the preopem-

ttonal phase, '

In addltlon the: preopemtmnal checkouts have been -
completed ot fhe Digital College Curriculum Sharing

B ‘Experimont via satelhle. ‘in“which:students in: ‘one. univel—
" sity will take courses in znother, uppro\h'nalely 2a00 '

miles away. Slanford Umversﬂ:y in California and

" Garleton University In Otlawa, Canzuln. are the unwer—

sitias invalved, [15) NASA ‘Ames Resenrch Cunler 15

: utﬂ.ized as the Wcsl. con,st earth stahon NASA Ames 1s

nlso providing di'p;itul beendvelclth uomprusalo’h oquipment.
for the experiment,

Industrinl/Commorcial Applientions

One of the primary ohjectives of the Uniied States
experiments progrum is to develop new ecommercirl -
satellite 'uppllcnuons. Over the past several years, the
market for yolee and date communientions has greatly
oxpanded, ‘Tho murket for television services vin satol-

- 11 has Iagged the volee and datn markets primarily be-

eause of the high cosl of television digtribution. At the
gamo-iime thers hits been o recognition of ihe great
valiie that Inieractive television con provide; |mrucu}ar-
ly for industrint applications, = As our soclely betomes
moro globul in nature, the necd for real fime informs-
tion transfor increnses and those companies whose busi-
ness is multinational in najure must spénd an incrensing
amount of thelr vesoureds [or 1apld Information transfer.

TEIs folt that video teleconforencing is orie technigue for

[Ltlfilling _tl:ose nceds.

Vldz.u 'I‘talecun[eunclng

CTS 18 nuruculnrly v.mll uﬂ.ed for intoractive vldco

+-upplieations and ne-a reaulf, fwy teleconferencing expor- '

{mients mre fn pragress.  The Westinghouse Blecirle

. Co::pomtlon( ) g5 conducting une of the cxperlmenta m:d
" “NASA'is conducting the other, -

.There ara .thrc':e'f;tc__el‘s of video teleconferencing -
which are being addressed, The inltlal evaluations have

- beon of a ‘technical nature asspeinted with the establish-

moent of the snatellita link; ‘This evaluation is cssentizilly' E
gomplete, Results have indieated that o satellite (CTS)
is a very cffeetive vehicla for interactive video telecon-

Aeréneing, - No major pmblams have been uncountnred

'with pither the satellite or g—round stuttons.

’l‘he sqdond tjlx_%isé'df _telecon[ercncing acl;[vitie's'ls
eurrently underway. Tliis phase is directed toward the

" 'hhavioral aspects of ieldeonfevencitig, - itinl evalua-
'tton&- have nddrcssed efl‘ectlveness 1ssues such as; .

(B 1s Lr..lc\nslon telecuni‘erencmg an eﬂ.‘ecf:ive sub—

: .5L1tute Ear [uce—to—face mcet[ngs?

¢4 What is the hest conf{gura{.ion [or a video tele—

: conferencing fumhty” . .

{8) Can teleconferencmg be used asan af[ectlve sub- -

i summ Ior t1:1ve] '

The Tesults &6 dste trovn 1 sample of 100 fo 200 ‘people -

.. indicate ihat telccon{elenclng capability is useful, effee-
" tive, ‘anid convenient, "One of-the [acilities utilzed in the -

expeument. (\&’esthlghouse—l.imu Oluo) is shown in ﬁg—
ure 7. c o




) elei’neht'i's that tha récéphoﬁ at Barrow was achieved .

The knst (and most imporiant; issve of video Ltale-
conferencing that is bolng addressed i8 tho economie
vigbility of such a system, Currently television tele-
conferencing from Now York to Los Angelos costs
savernl thousad dollars per hour, 1L is bolioved, how-
ever, that now tochnelopy under developmenl by NASA

. and othars will permil television distribution via satel-

1ie for teleconfmenclng with preatly reduced brindwidths
and therefore subsianiial cost savings, . Plans for 1977
ineludo the demonstration and svaluntion of this new

t{oehnolopy,

Alnaka North Shove lee Information (ANSIN

Anather experiment with CTS fu the dissemination
of fee Inforination along the Alaskan North Shove, This
experiment, Leing conduoted fn conjunclion with the
United States Const Guard and the Uniied States Nationnl

. Weathor Sorvice should demonstrale the capability and
-usefulness -of proyiding near rel tlme rador fee Image -
information to ships operating along the Alnskan Neovth

Shore, - Thig experiment is an extension of the aclivity
that was conducted on fhe Great Lakes, (") 'Phe expori-
ment concept is shown on figure 8. . The jce information
along the Alnshan North Shove (Chukehi and Beaufoxt |
Seas) is gathered by a Coast Guard nlrerafi equipped
with sido-looking raday (SLAR). The rvaw dala js then

by landline to Clevelund, Ohio whore it is ninelated ix; i1
form-that illustraies the lce coverage and thickness,
The annotated information is then transmitted [rom

" Cleveland, Ohio.to. Barrow, Alnske via ¢ TS, The- Co}ii{t

Guard disseminates the infor mation to the ahlps along
ihe Alaskan North Shove.
vionsly avatlable lo the ships in the area, should prove

1o be 2 valugble navigation afd-in the Northern Alaskan '

watcrs where ice [lows are ulways present

' The equlpment af: B.umw, Amska for the ANSII
experiment and the cquipmont ot NASA Lowis for the

~teleconforencing esperiment were combined on August

25, 1996. . The combination vesulted in-the first Hve .

s colnr TV tclcconl‘erence to an avdience at Barrow

{71,2° W, 156, 5° ‘.V] from f.hc lower 48 statos (NASA in.
Claviland - 41, 5° N, 81.7°°W). Barrow is the novth-
arrimost city on thie North American coniinent, A key

th.h 2 small, luw-cust terminu.l w[f.h 4 1, 2-meter {4—[1,)

> antenna,

) 'N.i. shnﬁ.wérm Appuc‘atio'ns':nemcns&aﬁons:-.

In 'u!chtwn to the ﬁpproved experiments a serles
of sutellite demonétrations has been successfully con-

_c_:u_c_:_l.ed._ The damqnsh_n.i;i_ons that have boen complated .. .

are summuarized i table O - Icluded fre conduet of

""Thie fee information,; ot pre-

. technienl soclety meetings, support for the United Stales

Bicontennial, Publie Broadeast Networking, Teleconfer-

© eneing Demonstrations, and demonstrations lor other.

. :_L'clny_c;d from the airoraft via GOES.(Geostallonary Opoer-.. .
ational Envivenmental Satellite), - The data is then sent -

5,

-1

spucinl evenis, For these specinl demonstrations NABA
provides the entire satelliie link tneluding the ground
rocolver/transmittor, The fnoflliles available for spe-
einl demonstrations are shown in figuro 0.

V, Concluding Hemarks

The C'l‘S Sniollite, whoee utlluullon Is just begin-
ning, has alvendy domonstrated the practienlity of an
advanced high-power communicniions satellite system
which operates in a now {requency band (14/ 12 GHz) und
Is offeetively able Lo utllize small low-cost earih lermi-
nuls with nntennns o€ 4 meters oiless,” Early experi-
ment results have indiented thnt the series ol applica-

. tiong experiments in progress will lead to new markets

for commarcial servines in the future,
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TABLE i - O'TS COMMUNICATIONS OPERATING SUMMARY

Requiroment

200 watt channel
Transponder gain, 122 dB
Trangpondor EIRP, 68 dDW

20 watt channel
.. Teansponder galn, 107 dB
Transponder EIRP, 49, 6 dBW
Single chatnel video
400 watt per chinnel
* 20:wald per channol

il channel video (f.\\ro TV channels ln ane hnml)
70 watt per channel

“Tiiree channel video
(Ewo TV channels fn 200 W-band)
(Crie TV channel in 20 W band)
Tal band video (one TV channgl in ench band)

Opernting summary

126 dR
59 dBW

119.4B -
48,7 dBW

8/ 46 dB amwelghted)
B/NASAR :

No intorference

No Inferaction between bands ~

Video interforence havely porecptible

TABLU lI - UNETED STATJ:.S E"CPE“[T\'TI:N'I‘S
_ . Cal.egory o Y Tulu Organiz:ilfc.
[fenlth Care " Biomedieal Communications 1.5, Dept of Healih,

“Health Communieations -

Eduention & Welfare
* ‘Votérans Administration .

‘Communicatioiis Support for WAMI
Decentralized Edueation

Education " Qollege Currioulim Shuring ~ NASA-Ames; Stanford Unfv. =

- Projéct thterchange

Cavletos Unlv.
Aréhdiocese San Franelsco

CommunityServices ‘Pransportable Earth Torminal  COMSAT'

‘Satellite Libriicy nform
. tlon Network
Salcllite Dlst'nbut[on

A SALINET

o SECA. i

Tndustrial/Commereinl Communicnticms in Liou of ' Westinghouse
Applications ‘ Transporiation i . : : B :
. "Aluskn North Shere lce NASA/Coast Guard/NWS
I'u'ormution L R

" Digitally implemionted &
Comimunications Experimenl

Technolegy - Link Chutaclerization
Ceino o Advaneed Ground Hcceivin

" Equipiment :

200 Walt Tibe

Transtent Event Counter

Solar Arraoy Experiment

 PRECEDING PAGE BLANK NOT FILMID

T NASA/COMSAT
NASA

g . NASA/NUK -

NASA

NASA -
CRC/NASA
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ATTENUATION (DB)

O MEASURED

| l | | | e il
0 2 Ly 60 8 10 120 140
RAIN RATE, (MMWHR)

Figure 1. - 11.7 GHz Beacon measurements summary - Green
Belt, MD. May-July 76,

e ——— T —

Figure 2, - NASA LeRC small earth terminal station,
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ARRAY TRACKING | !
SUN SENSOR ~ L=

16,1 m

r 5 LBF CATALYTIC THRUSTER

.~ 150-250 MLBF HYDRAZINE
CATALYTIC THRUSTERS

kE-891¢

\ "~ SUN SENSOR (S PINNING)

"~ SUN SENSORS
EARTH SENSOR (NONSPINNING)
(NONS PINNING) -/

~ EXTENDIBLE SOLAR ARRAY
r
PITCH
AGE L5 ;b
1y PAGY & j
OIE(?}(N}O%\- Qt:. "’\LT:W

Figure 4, - CTS Spacecraft,
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« ANCHORAGE
l° JUNEAU
BORESIGHT AXIS; LATITUDE
63. 67 N; LONGITUDE, 153.0° W
Il | | |

| |
180 170 160 150 140 130 120
LONGITUDE, DEGREES WEST

(b) ALASKA,

Figure 5. - Thrae-decibel contours for U, S. from CTS SHF antenna
(ref. 11).
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Figure 6. - CTS Earth terminal iocations.
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Figure 7. - Video teleconferencing facility operating with CTS,

(_ SMS/GOES w
SATELLITE |

CTS
SATELLITE

‘ ALASKAW
‘“/ )
m
ARTIC
CIRCLE - /

14 gHz /

"~ WALLOPS ISLAND
NOAA-CDA STATION

CD-11930-17

Figure 8. - CG/INWS/NASA - Alaska north shore ice information.
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