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FOREWORD
The 34-year period following the launch of the first communication satellite by the

United States has brought with it fundamental changes in the way we communicate. The
development of globally connected space-based communication and data relay systems
has changed the patterns of military, business, and national planners.

This document chronicles the evolution of commercial and national communications
satellites during this initial 34-year period. The primary focus is on the capabilty of the
communication payload: spacecraft details are included to convey a sense of growth in
size and power of the carrier spacecraft.

The data were collected from public sources and achieved as an extra effort by a limited
number of persons within The Aerospace Corporation. Earlier drafts have proven useful
and informative as source material to both experts and students. This document is being
provided by Aerospace as a public service to the rapidly increasing number of organiza-
tions involved with the satellite communciations systems.
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PREFACE
Each type of communication satellite that has been launched or will be launched by

1992 is described. Some presently proposed satellites that may be implemented after 1992
are addressed in brief. All information presented here is based on references that were
available by 20 May 1991. except that actual launch dates later in 1991 were added during
proofreading.

This report supersedes The Aerospace Corporation TR-0077(2790-01)- 1. Cominunica-
tion Satellites, 1958 to 1980. dated 1 February 1977 (SAMSO-TR-77-76): TR-0079(4417-
01)-I. Communication Satellites. 1958 to 1982. dated 10 September 1979 (SAMSO-TR-
79-078): TR-0084A(5417-03)- 1, Communication Satellites. 1958 to 1986. dated I October
1984 (SD-TR-85-76): and Communication Satellites. 1958 to 1988, dated 31 December
1986.
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INTRODUCTION
Communication satellites represent one of the most significant possible. these qualifying factors are stated. Somewhat less data

applications of space technology. Communication satellite exper- are given for a few of the earliest satellites and also for those sat-
iments began early in the space age and. since 1965. satellites ellites whose designs are yet to be completed.
have been used in operational communications systems. One in- This report covers all types of communication satellites that
dication of the growth of this field is that a new commmunication have been launched as well as those in development and planning
satellite has been launched almost every year since 1965. The that are relatively certain to be launched. Past studies that did not
usefulness of communication satellites is emphasized by applica- result in a launch and present proposals that will not be in;ple-
tions internationally, involving about 110 countries. and domesti- mented by 1992 are not described in detail, but in some cases they
cally, in over 40 countries, for communication services of all are mentioned in relation to more definitive programs. Although
types to both large and small terminals on land and on ships. Fur- the primary objective of this report is to describe communication
thermore. although some of these systems are government spon- satellites, each satellite is only a part of a larger communication
sored. others are commercial ventures that in some cases are in system. Therefore. for some systems. material on the earth termi-
competition with the terrestrial communications industry. nals and satellite operations is presented with the satellite descrip-

This report describes and summarizes the technical details of tion.
each type of communication satellite for the years 1958 to 1992. Likely communication satellite technology and applications of
An overview of the satellites covered by this report is shown. For the mid to late 1990s are briefly discussed. Information on inter-
each satellite type. the corresponding time line extends from the national frequency allocations applicable to communication satel-
first launch to the end of the operation of that type. Following a lites is given in Appendix A. The various telemetry. tracking. and
brief historical survey, each major section of the report covers one command subsystems used at the present time by communication
of the groups indicated in the overview. Within each section. the satellites are described in Appendix B. The use of satellite bea-
satellite types are ordered chronologically according to their mi- cons for atmospheric research, particularly in characterizing the
tial launch dates. Accompanying the description of each satellite atmosphere as a communications channel, is discussed in Appen-
is a graphic representation of the satellite, a block diagram of its dix C. Symbols common to the communication subsystem block
communication subsystem, and a summary of details. The values diagrams as well as abbreviations and acronyms used in the re-
given may differ from those in other documents because of the port are grouped in a glossary. An extended bibliography provides
variations in definitions of the parameters (e. g.. maximum versus references to literature on communication satellite systems. ex-
nominal), which are not always stated. Differences also arise periments and applications, ground terminals, transmission meth-
from the source of the value (design versus measurement) and the ods. spectrum use, network engineering, satellite hardware, legal
time point (i.e.. prelaunch. beginning of life, end of life). Where and economic issues. and other topics.



HISTORICAL BACKGROUND
The first well-known article on communication satellites was lay satellites and the synchronous-altitude Syncom satellites

published in 1945 1I1. The article discussed the synchronous orbit proved the analytical predictions about satellite communications
and the global coverage F.,ssible with three satellites in this orbit. and provided many convincing demonstrations. These programs
Some other subjects addresscd included earth coverage and spot- led to the beginning of operational satellite communications in
beam antennas. multiple-beam antennas, optical and radio 1965 as well as to a continuing experimental effort that is still ad-
crosslinks between the satellites. end solar arrays for a prime vancing the state of the art.
power source. An approximate calculation was given for a 4-GHz * * * * * *
downlink, concluding that 10 W of power is sufficient for a voice I. A. C. Clark. "Extra-Terrestrial Relays.Wireless World. Vol.
link with a 3-ft transmitting antenna and I-ft receiving antenna. In 51. No. 10 (October 1945). Reprinted in Communication Sat-
1949. another article 121 discussed the same issues and stated that ellite Systems Technology. Progress in Astronautics and Aero-
a g.-osynchronous communication satellite could be launched as nautics. Vol. 19. R. B. Marsten, ed. (1966).
early as the end of the I1950s.earl asthe nd f th 190s.2. E. Burgess. "'The Establishment and Use of Artificial Satel-

The first space communications activity can be traced back to 2E ues..enTheEtaben a U f ia t
1946. when the Army achieved radar contact with the moon. In lites," Aeronautics (September 1949).
1954. the Navy began communications experiments using the 3. J. R. Pierce. "Orbital Radio Relay." Jet Propulsion. Vol. 25
moon as a passive reflector. By 1959. an operational communica- (April 1955).
tion link was established between Hawaii and Washington, D.C. 4. J. R. Pierce and R. Kompfner. "'Transoceanic Communica-
This link was available 4 to 10 hr per day until 1963. when the tions by Means of Satellite." Proceedings of the IRE, Voi. 47,
program was stopped. apparently because of the progress in artifi- No. 3 (March 1959).
cial. active communication satellites. 5. Space Communications and Navigation 1958-1964. NASA

The first man-made communication satellite. Project SCORE. SP-93 (1966).
was launched in December 1958. Its operating life was limited to 6. L. E. Johnson. "Satellite Communications in the Navy." Pro-
12 days. when the batteries failed. By 1959. many articles on ceedings of the 6th Space Congress. Vol. 2 (March 1969).
communication satellite topics began to appear in the technical
journals 13-91. Typical subjects of discussion were the merits of 7 Spael I P dRV 4
passive versus active satellites, low versus synchronous altitude.
and random orbital positions versus stationkeeping. In 1960. two 8. U. S. Army Space Issue, IRE Transactions on Military Elec-
journals published special issues on space electronics with more tronics. Vol. MIL-4. No. 2-3 (April-July 1960).
than ten articles on communications satellites. In 1962 to 1964. 9. "Communicating by Satellite." Vectors (HughesAircraft Co.).
experimental programs using the medium-altitude Telstar and Re- Vol. 8. No. 4 (4th Quarter 1966).
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EXPERIMENTAL SATELLITES
Although the perlormance of commnunication satellites could were very brief beginnings, the Telstar, Relay. and Synconm satel-

be predicted theoreticallv, until 1962 or 1963 there was consider- lites laid definite foundations for the first operational satellites.
able doubt concernin- ,a hether or not their actuai performance Connmmnicatioh satellites have been in operational comnler-
"\\ould match the theory. This was one of the basic motivations cial and military service since 1965 and 1967. respectixely. Homk-
for the earh communication satellite experiments. Two other tin- ever. there wvas. and still is. the need for additional experimental
portant factors were the desire to prove the satellite hardware satellites. These are used to proe new% technolog ies for later in-
1 since ,pace technoll p in general was still in its infancyt and the troduction into operational satellites. The satellites that are strict-
need to test operational procedures and ground equipment. ly experimental are described here. Other satellites that ha e
Whereas the first tle% experiments (SCORE, Courier. and E-cho) :onibined experimental and operational objecti ,es are L:;-cussed

later- e.g.. the Japanese and European programs.

SCORE

The lirst artificial commulntlnication Sa!.2> it,,. .:acied Project Receiver
SCORE 1Sienal Communication b\ Orbiting Relay EquipnIent) 1I0 MHz. 10-dB noise tigure
1-41. \\it, launched ill December 1958. The primary objective of All transistors

the project "\ as to demonstrate that an Atlas missile could be put
into orbit. The secondar\ obiecti\xe was to demonstrate a comilltl- Antenna
ni cations repeater. Four slots (two transmit, two receive)

The entire coinmmunnicatiion subs\1teml \ as developed in six -- I dB gain
months by nmodif\ ing commercial equipment. T" o redundant
sets of equipment x\\ere riiounted in thie nose of the missile. Four Recorder
antennas were m1ounted flush with the missile surface. tM\o for 4-nitm capacity. 300- to 5000-Hz band
transmission aild two for reception. The SUbs\steml was designed Design life
to operate for the expected 2 I -da\ orbital life of the missile. Be-
cause of thi snort lifetime, batteries alone \were the power source T
thus. the complexity of solar cells and rechargeable batteries was Orbit
avoided. The details about SCORE are as fol lov, s: 100 x 800) nmi. 32-deg inclination

Satellite Orbital history
(Xniitnicatiomis equipnleit integral x, ith Atlas launch 'chicle Launched 18 December 1958. batter\ failed 30 December 1958

99-lb equiplmlent Decayed 21 January 1959
Sil\ele-/inc batteries. 56-W maximtumn load Atlas B laun,.h vehicle

Capacity Management
One \oice or" six telet\ pe channels Developed by ARPA: comnmunicationis equipment built b\ Arnm\

Real-time and store-dump nModes Signal Research and Development l~aboratory. Ft. Monmouth.

Transmitter New JerseN

132 M H/. 8-W output Each halt of the communication subs \stem had a tape recorder

All \acuumnn tubes with a 4-main capacity. Aln\ of the four grotnd slat ions iii the

x 7 X 7 SCORE,',,,,,,i,, d,,.t.

Receiver Control Recorder

Rn



souther-i United States Could command the satellite tinto) a plaý - I . S. P. Brow n and G. F.Senn. "Project SCORE." Prtwediiw ol
hack mode to transmit the stoivd niessage or into it record mode to the IRE. Vol. 48. No. 4 (April 1960).
receive and store a niew messaee. A real-tunle mlode \ý as also 2.S. P. Brown. **Pro ect SCORE: Si,2nal Comimunication h\ Or-
available in which the recorder%%~as bx passed. AboLot 8hr of actu.- biting Rela\ Equipment.'' IRE Tniii ',Sactilunr' o/ Mitiiar\ Ijh'
al operation Occurred bef'ore the batteries failed. During this time. rnnh'It . . Vol. MIL-4. No. 2-3 ( April-Jul\ 1960i).
voice. sinele-channel telet~ pe. and 1'reqlUenICý-mul.1tiplexed si"- 3. MI. 1. Da\ is, and G. N. Krassner. "SOE-First Cormnunica-
channel teletype signal" were transiiiitted to the satellite, record- tion Satellite.'' Journal tu/lihe A me,'ican R.'u-ket .Suietm. Vol. 4
ed. stored. and later retransmitted. One of the sienals handled in Na 99)

thi manerwasa Crismasmesacefro Prsidnt isehox - 4. S. P. Bro%\ ni. "The ATLAS-SCORE Communication S'~sten.-
er. Ini addition to the stored mode transmissions, there %%ere se\ - pi-meed~ills tft/ic 3rd.Vattioltill Cont entionl on Mj/jrorx Elet
eral real-time transmissions throuoh the satellite. rn*.iue19.

ECHO
DufriL, the ]late li 95ts and car)\ I1960s. the relatix e mnerits ot' Delta launch \chicle

palssive aiid active comnct" aeltsxere often discu~ssed. Mngmn
Passive satellites nierel\ reflect incident radiation. x% hereas actixe Mngmn

,satellites have equipment that receix Cs. processes (mia\ be onilx c lpdb .T cilah opn blon riia
amplification and f'requ~ency translation, or mia\ include addition- (dispenser) f'or NASA Langle\ Research Center I I ). NASA God-
ail operations). and retransmits incident radiation. A\t tile time of' dard Space Flight Center (2.
Project Echo. the mnain ad' antages gisen f'or passix e satellites, Echo I xxas, used f'or picture. data. atid x oice transmnissions be-

ex rc txxeen at number of g-round termfinals in the United States,. Ini ad-
"* Verx wýide band\\ idths. dition. somle transmissions from thc United States "~ere receix ed
"* Multiple access capability Iin Eneland. A\ numbe~hr of miodulation methods \\ere tested durine1L

"* No chatice fo(r deeradatio)IStistde to lailorlcs, of satellite CICC- thle Echo I experiments, and \.aluable experience "~as gained Iin
tronics. thle preparation and operation of the termninals. especialix Iin track-

The disad% antages \x cre inLc thle satellites. Ini addition to the communications experiments.
" The lack otl snignal amplification. Echo I "ias used f'or radar and optical measurements, and its or-

" Thereltkel , arg Orbt prturatins esulingfron soar bital data \%ere used to calculate atmospheric densiim_
* Te rlats e~ arg orho erurbtios rsuinefro soar Echo 2 had at slightl\ difkI'reiit desigmi ito pro\ ide a stif'ler and
and tmopherc efect (bcaus ofthe are suraceto- longer lasting spherical surface. It \\as, used % er\ little for comn-
xxeh raio. nlunicatiotis. although some one-"xax transmissions "c re made

"* The di fliculmx iii maintaining thle proper reflector shape. f'rom I-ngland to thle sox iet Union. but it %% as used Iin Other sin
The progress in) acti' e satellites soon oxershadoxxed tile po- i- titic insest i ations similar to those perf'ormed \k ith Echo 1.

Me ad' antages of* pa~ssie satellites, and interest III passi' sattel-
li tes, CC&ased iIl the 0 id - I 960 s . Ini tilie in id- I1970s5. there \xx as sonie I .~ Sint *C ( 01)1)11 lll i Xw itaioii ItO ') I l 64. NA.\S A
interest in paSSix e satellites conICerine11 their use inl a nuclear xx ar S P-9 3 1 90w.

eim ironiiiieit.2.SeilIseOlPoetF10 CS\\( C /11Project Echo I 1-8 1 produced t\\ o large spheric~al passi\ e satel- 2. Speia Iss. oN i ric Echo 4e/ 51 Jtfl ln 1t 1I961 1.
limes that xxere launched Iin 19601 and 1 904. The details of Echo -oix 4I. No.e 4n ReJiI\ I 9
are ats 1fo1loxx s: 31. Satellite C'ommunications N\imliimar\ -Ci lRoe n Rlton

ships). scLotid report h\ the C'ommittee onl Go' ermient ()per-
Satellite ationN. U.S. House of Representatix es. House Report No. FS"'

1:sphere.,(X ItW dma.. 160 lb 17 \Jllrchi 196S).
21 sphere. 1 35 f't dia. .547 lb 4. 11. S. Black. "Latest Results onl Ptoject Vcho'' ldoeh m 101

"Not stabi lied Ii IlI~Itl ~t, ~ o.816
Aluniini/ed nlix lar surface, inaxmnumm retlectm% It% 98', f'or fre- 5. 1. R. Burke. ''Passis e Satellite lDcs lopment and Tcchnloes,''
quelicies tip) to 20) Gli/ 1 %tlonaaiaiA \n :l'1.1rfIyma " Lnvne'1c ripll, \0l. I. No. S ) sep-

member 19631.
Frequencies used 6. 1. JAIaC. ''PrOiCct Lcho Results'% 1% 0rronaur %. \0l. 6. Noi i

1:960) and 2390) \I[, Ma'it I961 1
2: 162 \1l1/ 7. 10(.Nh~ee 'xermnst DeCerniline ('ommoica ion 11

Orbit ('apabtlmm\ of thle Echo II Satellite'' PMI/I( aflun' (,1 6,0(,10,

1:820) X 911 nmIIi. 48.6-de'g inclin1tion1 it itia 11 aloes)1 Spil 4 I-/ic/ (emrc/ /004. Voil. If.
2: 57 j( O~j XS~l~ i ~ ~S. V. Wilson. "'A Ilistor\ of Balloonl Saltellites.'' ./(?ittale/0 clilt

ithu,\1?hiltl y/w/cO(Ilan See(ict%. Vol. 314. No. I laiaxI 981
Orbital history

1:lauinched 12 Augost 1 960 . dcca.mxed 25 Max I 196-S

2: lauiiched 25 Janoar\ 1964. decax ed 7 lonte 1 969
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COURIER

S V
I ~ Courier .xatellit;

The objective of the Courier program 11-31 was to develop a Capacity
satellite of higher capacity and longer life than SCORE. which Real time: one voice channel
could be used for communication tests and assessments of traffic Store-dunp: 13.2 Mb/recorder digital. 4-rin voice
handling techniques. The concept was similar to SCORE in that
the primary operating mode was store-and-dump using on-board Transmitter
tape recorders. A real-time mode was also available. Unlike 17(X)- to 18(X)-MHz band
SCORE. Courier was a self-contained satellite and had both solar Two transmitters on. two standby
cells and rechargeable batteries for power supply. Except for theL_ Solid state except Output tubes
final amplifiers of the transmitters. the electronics were all solid
stale. The details of Courier are as follows: 2-W output per transmitter

Satellite Receiver

Sphere. 51 in. dia. 18(X)- to 19(X)-MH, band

5(X) lb in orbit Tyro receivers on. two standby

Solar cells and NiCd batteries, 60)W All solid state

14-dB noise tigure
Antenna

T 7 T%(o slots at antipodal points, used for both transmit and receive

11 D • •, C('li'i"r "onumllcati('iion vuhv.• 1• m.

~~~Receiver cmie Transmitter

combiner

Recorders Transmitter



-4 dl B i This allo~s cd anm 2iouiid tel iuliiil to Ll', [like satejli[c tbr lianri'iis-

L inear p a ri ,at itin sioi of t'our separate digital mIUltiplcecd telers)C pet oSsal-Ce. ill,,:
to each of t*Our other terminals. IU pon command. at recorded rues-

Recorders save (or thle received signal inl the real-time mnodel would mlodu-
Four di-ital: each 4 rmin at 55 kbps ( 13.2 Mbh total) late two transtni it ers. one con nected to each antenna. The
One analo-: 4-mmn capacit\ 30(0 to 500181( Hiz satellite also had m~o spare transmitters. [he two carrier f'requenI-

lifeies wvere separated about 2(0 Ni'Hz. Various signal-combhining
Designtechniques w\ere used at the ,round to make use of these tv o sic-

One \ ear na Is.

Orbit The tirst Courier launch wka,, unsuccessfuLl because of* a hooster
525 x654 nni. 2-de,, incinatin I'il~ure. The second, inl October 1960, %%ias a Success. CoIInimui-
~25x 64 ni, 8-ee nclnatoncation tests were pertkirmied by tw,%o -,round termninals. located in

Orbital history New Jersey and Puerto Rico. The satellite perf'orned satisfactori-
I A: launch \ellude fai lure lx' until I 7 days al~ter the launch. when communications "ecre

I B: launched 4 October 1960. operated 17 days sopdb omn ytmfiue
Thor-Able Star launch vehicle

1. G. F Senn and P. W. Sit-lin. "Courier Satellite Communication
Management Sv'stern," IRE D-wxuisicti o h/my1/cinex Vol. MIL1-
lDe~eloped by Army~ Signal Research and lDevelopnient L-abora- 4. No. 4 (October 19601.
tor\ 2. P. W. Sieliii and G. I- Senn. -The Courier Satellite.- 'onmmi-

The Courier cormninuiicat ion suibsvste in had f~our receiv\ers. fIicatol ,Satel'i~tes. Procc'f'diIni4 01 t'fl'vnrpo.%iuln I/(,/( inl Lll,-
ts~o cnnetedtocaci atena.Siealsrcc'i d hrogh he wo don. L.. J. Car lter. ed. ki962).

antennas', c\rc unimed11CL illi a asebanld comlbinler. Th~e satellite 3. E. liiiholdi aiid D. Hcrshbere. "Courier Satellite Commu1 nLi Ca-
Could support at single1 h~a lt-dUplC\ %oice Circuit in thle real-time lionl S\ steml." A (h wll'.' inl tin' A.'.Innrtnviiticii sci ilen es Vol. 8
mode. One analoLc and t~our dicital recorders. each \\ itli a 4-ru1in (1961).
recordinrg capabi I itv, ý%ere use'd fOr the store-arid-dI~ump mode.

WEST FORD
'Fie West V -ord concept 11 -31 gre~k out( ot a 1958 summerICI siu~d\

onl secure, hard, reliable communications. The conclusions
reached %%crc tlie t(Idlowkill,-:

U .1se satellIi tes arid iiiicross a e t-eq uecric s f'or long di stanice
Coll mini iticat io%

*Putl all act i'C e CIiipili~ielt Oili lie groundt f'Or reIiabi lit \.

When thle concept \kas dctrined openl\. there s% as sonic adherse
react iton because ot the unrcertai n fleers oi inpt icalI anrd radio as -
trI nioni. A \fe r si inie t imre. tile project was allo%%ed to proceed u ii-
der ceit aiii restrictkions.

West l:ord arid lEcho ,\crc tile only t ~o passike comimunicatiorn
reflectors pilt into orbit. F~cho could ri-hitlv be called at satellite,
buit the West 1-ord retlector conisisted of'48(1 riilliori copper di-
poilcs. [he length was chosen to correspond to at halt '\\avelerigth
ot the 8-C;I/ trarnsmiission iirCqLIUCHCS Used iii tlie progr-ami. Oth-
er West For d details are as, filt m~ls:

Satellite
880 miillion copper dipoles,. cacti (1.72 iii. long.ý 7 x 10~ inl. dia.
88-lb dispenser pilus dipoles: 43-lb dipoles

Frequencies used
77501. 835(1 MII/

Orbit
19711-ririi nominiral altitude

Nearl\ circulrl.r ricarl- polar
D~ispersion: 8 ririi cross-orbit, I6 unitri radiall'. 130)0 ft aer-age
distanrce bei'm eri dipoles FWAI I- ipiiiioiii.



Orbital history 100 bps data were transmitted. Because of this low capacity ano
First: launched 21 October 1961. dispenser did not release di- the increasing performance of active satellites, no further experi-
poles ments of this type were attempted. The last transmission of sig-

Second: launched 9 May 1963, fully dispersed August 1963 nals was accomplished in 1965. and a combination of
measurements and analytic predictions indicated that all the di-

Atlas-Agena B launch vehicle poles would reenter the atmosphere before the end of the 19 6 0s.

Management * * * ; * .
Developed by MIT Lincoln Laboratory I. Special Issue on Project West Ford. Proceeding. ofthe IEEE.

The dipoles were dispensed from an orbiting container in May Vol. 52. No. 5 (May 1964).
1963. At first, all were concentrated in one portion of the orbit. 2. 1. 1. Shapiro. "Last of the West Ford Dipoles." Science. Vol.
During the first few weeks, voice and frequency shift keying 154 (16 December 1966).
(FSK) data tip to 20 kbps were transmitted from Camp Parks 3. W. W. Ward and F. W. Floyd. "Thirty Years of Research and
(Pleasanton, California) to Millstone Hill (Westford. Massachu- Development in Space Communications at Lincoln Laborato-
setts-the source of the project name). Four months later, when ry," The Lincoln Lahorwtorv Journal. Vol. 2. No. I (Spring
the belt was fully extended, the density was much lower, and only 1989).

TELSTAR

The Telstar experiment 11-71 grew out of the Bell Systems' in-
terest in overseas communication. Bell Telephone Laboratories ,-
was a major participant in communication experiments using .

Echo I. The positive results of those experiments strengthened if .
the interest in satellite communications generated by earlier ana- "W
Iytical papers. Therefore. American Telephone and Telegraph
Company (AT&T) decided to build an experimental active com-
munication satellite. The objectives of the Telstar program were: "

"* To look for the unexpected.
"• To demonstrate transmission of various types of information

via satellite.
" To build a large ground antenna and learn how to use it.
" To gain experience in satellite tracking and orbital predic-

tions.
"* To study Van Allen radiation belt effects. 0 ,
"* To face the design problems required for a spaceborne re-

peater.
An active satellite was decided on. because the required balloon
size for television bandwidths was much beyond the state of the
art. The choice of the Delta launch vehicle provided basic design
constraints such as size, weciht, and orbit. In accordance \with the Telstar satellite.
fifth objecti\e, the satellite contained a number of sensors to
make radiation measurements. The third objective was acconn-
plished by the construction and use of a ground station at An- Configuration
dover. Maine. One 50-MHz bandwidth double-conversion repeater

Two Telstar satellites were produced. The satellites were 34.5-
in. diameter spheres with solar cells covering most of the outer Capacity
surface. The solar array output alone could not support operation 600 one-w av voice circuits or one TV channel
of the communication subsystem, so batteries were used to supply 60 two-wa\ voice circuits (tes,,ts limited to 12 circuits b\ ground
the peak power requirements. The batteries were recharged dur- equipment)
ing the periods when the satellite w\as not in view of the ground
terminals and the communication subsystem was turned off. This Transmitter
subsystem had a single channel with a 50-MHz bandwidth. The 4170 MHz
program details are as follows: All solid state except T\WT

Satellite TWT operated linear at 3.3 W (saturated po\\er: 4.5 \V)

Sphere. 34.5-in. dia. Receiver
170 lb in orbit (I). 175 lb in orbit (2) 639() MHz
Solar cells and NiCd batteries. 15 W All solid state
Spin-stabili/ed. 2(X) rpm 12.5-dB noise figure
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multichannel telephone. telegraph. facsimile. and television 5i02-
nals. In addition, over 250 technical tests and measurements had
been performed. Stations, in the United States. Britain. and
France participated in these activities. In November 1962. the

0 command suhsystem on the satellite failed. The cause \was later
established as degradation of transistors due to Van Allen belt ra-
diation. Various operations effected a recovery that allowed the
satellite to be used for another nionth and a half early in 1963. at-

6300 4080 ter which the command subsystem failed again.
7"e.himar conlflmicaliot si/sV'te,. Telstar 2 w'as nearly identical to Telstar I'. The onl.y significant

design chance was the use of radiation-resistant transistors in the
Antenna command decoders. The Telstar 2 satellite orbit had a higher apo-
Transmit: 48 small ports equally spaced around satellite waist gee than Telstar I. which increased the time in view of the ground
Receive: 72 small ports stations and decreased the time in the Van Allen belts. TeLstar 2
Uniform pattern around waist and ±30 deg from waist plane was launched in May 1963 and operated successfully for two

Circular polarization years.

Design life I. Space Comn unications and Na vigation /9.5,'- 1964. NASA
Two-year goal SP-93 (1966).

Orbit 2. Special Telstar Issue. Bell S' .stent Technical Journal. Vol. 42.
I: 514 x 3051 nmi. 45-dec inclination No. 4 (July 1963). Reprinted as T'l.vtar I. NASA SP-32. Vols.
2: 525 x 5830 nmi. 43-deg inclination 1-3 (July 1963) and Vol. 4 (including Telstar II supplement)

(December 1965).
Orbital history 3. K. W. Galland. Te'h'•vmmnuni+'n Sa'/'lli/i'.%. Prentice Hall.
I: launched 10 July 1962. operated until 23 November 1962. and New York (1964).
4 January to 21 February 1963 4. I. Welber. "TELSTAR."' A.rronatic. aul .eroqwace Et gi-
2: launched 7 May 1963. operated until May 1965 t'eritng. Vol. I. No. 8 (September 1963).
Delta launch vehicle 5. I. Welber. "'Telstar Satellite System ." Paper 2618-62. ARS

Management 17th Atnnuual MM,,etintg and .Spa'e Flight E.spmition (No\ ember
Developed by Bell Telephone Laboratories for AT&T 1962.

6. *'Project Telstar." .S'pa*ce/'lig,,ht. Vol. 4. No. 5 (September 1962).
Telstar I was launched in June 1962. In the followving six 7. J. Holahan. "'Telstar. Toward Lonc-Term Colmmunication s

months, about 40)0 transmission sessions were conducted with Satellites." Sla''Aeronauti.. Vol. 37. No. 5 (Ma\ 1962).

RELAY

The Relay program 11-71 was undertaken by the National 172 lb in orbit
Aeronautics and Space Administration (NASA) to perform active Solar cells and NiCd batteries. 45 W
satellite communications and tc measure Van Allen bell radiation Spin-stabilized. 150 rpm
and its effect on satellite electronics. Basic objectives were to
transmit telephone and television signals across the Atlantic and Configuration
to transmit telephone signals between North and South America. Two double-conversion repeaters (one on1. one standby I. each
Durinc the time the satellite was being developed. foreign gos - \vith one v\ideband and two narrov\band channel,,
ernments vvere invited to participate in communications experi-
ments. Primary ground stations were in Maine. England, aund Capacity
France-the same stations thal conducted demonstrations wkith Wideband: 300 one-w\a\ voice circuit,, or one TV channel
Telstar I. Other ground stations were in California. New\ Jersey. Narro\wband: 12 t\vo-\\a\ te lephione circuiis (limited b\ ground
Germany. Italy. Brazil. and Japan. equipment. not satellite bandwidth)

The Relay satellit.- had a more complex conimulnlication sub-
sxstein than Telstar. with twvo identical redundant repeaters.
Either repeater could be connected to the common antennas by 4164.7. 4174.7 MH/ (NB). 4169.7 MH/ (\)B)
ground command. Each repeater had one 25-MH/ channel and All solid state except TWVT
tsso 2-MH/ channels. These channels allowed either one-wa\ I()-XV output
transmission of vs ideband signals orts -vNsay>' tlransimission of necelva
rossband sicnals. The communication subsystem block diacram Receiver
is shown: the satellite details are ats follows: 1723.3. 1726.7 Ml/i NB). 1725 kMill W\\'B)

Satellite All solid state

Octagonal prism. 35 in. long. 29 in. dia. (53 in. ovcrall lenigth) 14-13 noise figure

If)



Antenna
Two biconical horns (one transmit, one receive)

RelaY satellite. Approximately 0 dB gain normal to spin axis

Circular polarization

Design life
One year

Orbit
1: 712 x 4012 nmi, 47.5-deg inclination
2: 1130 x 40(0 nmi. 46-deg inclination

Orbital history
I: launched 13 December 1962, operated until February 1965
2: launched 21 January 1964. operated until May 1965
Delta launch vehicle

Management
Developed by RCA for NASA Goddard Space Flight Center

Relay I was launched in December 1962. Radiation experi-
ment data were obtained on the first day. That same day. difficul-
ties with communications transponder No. I that caused
excessive power consumption were noticed. The problem could
not be fully corrected. and from January 1963 transponder No. 2
was used for almost all the communication experiments. Relay I
operated until February 1965.

During 1963. several tests and demonstrations were conducted
including telephone and television transmissions. Network TV
broadcasts were transmitted from the United States to Europe and
to Japan. Several times, both television and telephone transmis-
sions were used for international medical consultations. In Octo-
ber 1964. television coverage of the Olympic Games was relayed
from Japan to the United States by Syncom 3 and then from the
United States to Europe by Relay I.

Relay 2 was modified slightly to provide increased reliabilit.
and radiation resistance. Relay 2 was launched in JanuarN 1964
and was used in a variety of communications tests similar to those
done with Relay 1. By July 1964. Relays I and 2 had been used
for 112 public demonstrations of telephone and television tran,,-
mission. Relay 2 was used until May 1965.

~ T Who coaymm unication sut,.,,v.t,'m.

W-1725.0 W-4169.7
NJ 1723.3 W 

N 4164.7

DX3H T C rW

I N
16655 LIM X3 95.*

N c

Identical redundant repeater
J N Narrowband mode

W Wideband mode
II



The Telstar and Relay programs were both considered success- 3. Final Rep7ort on the Relay 1 Program,. NASA SP-76. Goddard
f11l. The,, demonstrated that the technology at that time could Space Flight Center (1965).
produce a useful, rmediurn-altitude comnnmunication satellite. In 4. L. Jaffe, "The NASA Communications Satellite Program Re-
addition. ground station technology was proven, and routine op- suits and Status." Proceeding.% (fthe 1Sth InrernatiounalA.Sri-
eration of ground stations was demonstrated. Measurements of nautical Cnigre.s.% ( 1964). Vol. 2: Satellite Systems( 1965).
communications parameters indicated no significant deviations 5. S. Metzger and R. H. Pickard. "'Relay." Aaronautic.s and
from theoretically expected values. Finally. it was shown that Aerospace Engineering. Vol. 1. No. 8 (September 1963).
satellite communication systems could share frequencies with ter- At Genter 1963.

6. Publication.% of Godhhard Sluice Flight Centelr /1963. Vol. 11:
restrial microwave systems without mutual interference.

..:.. .: :k * , * a. S. Metiger and R. H. Pickard. "Relay" (reprint of Ref. 5).

1.Space mmuniuiandNaviation9b. R. H. Pickardi "iRelayN I Spacecraft Performance."

SP-93 (1966). c. R. Pickard. S. Roth. and J. Kiesling. "'Rela\. An Experi-
mental Satellite for TV and Multichannel Telephon\."NeK York ( 1964ta . 7. "Development of the Relay Communications Satellite." ItWOr-

avia. Vol. 17 (June 1962).

SYNCOM I to 3

In the early 1960s. both medium and synchronous altitude
communication satellites were of interest to planners. NASA
conducted experiments at both altitudes using the Relay and Syn- S sllite.

corn satellites. The Svncom program [1-91 had three major objec-
tives:

"* To place a satellite in synchronous orbit.
"* To demonstrate on-orbit stationkeeping.

"* To make engineering measurements on a synchronous alti-
tude cormmunication link.

The Synconi satellite had a short cylindrical body that was
spun about its axis to provide stabilization in orbit. The antennas
were mounted beyond one end of the body and were colinear with
the satellite axis. All the satellite equipment was contained within .
the body. This design formed the basis for several later synchro-
nous altitude satellites. The communication subsystem had two
receivers and two transmitters for redundancy: either receiver
could be operated with either transmitter. The channelization was
similar to Relay. with two 500-kHi channels for narrowband two-
way communications and one 5-MH/ channel for one-w.vay w\ide-
band transmissions. (These capabilities could not be used simul-
taneously.) The satellite details are as follows:

Satellite
Cylinder. 28-in. dia.. 15-in. height Transmitter
86 lb in orbit. beginning of life 1815 NIH/
Solar cells and NiCd batteries. 28 W initiallv. 19 W minimum Two TWTs (one on. one standb\)
after one year 2-W Output
Spin-stabili/ed Receiver
Solid rocket motor for apogee maneuv\er, cold gas propulsion for
on-orbit use 7363 MH/

lO-dB noise figure
Configuration

1. 2: two 500-ktt band\,\ idth double-conm ersion repeaters. or one
5-NIHz bandwidth double conmersion repeater Transmit: three-element colinear slotted arra\. 6-dB gain. 23- x

3: one 5-MH/ bandr,, idth and one s,%itchable (5)0-kH/ or 10- 360-deg beam

MNH/) bandw% idth double-con ersion repeater (some reference,, Receive: slotted dipole. 2-dB gain
say 13-MH/ instead of 10-MIH/) Orbit

Capacity I. 2: synchronous altitude. approximately 32-deg inclination
Severaal tmmo-, " \alice circuits or one TV channel 3: s\ nrchron mis eqtuatoriaIl

12



7363 1815 Svncom communication subs'stein.

LIM

C TW S

LIM H

Identical to above, redundant T

Coaxial slotted lite operated properly during the ascent, but all communication
array antenna Traveling-wave tube was lost when the apogee motor fired to inject the satellite into its

final orbit. The cause of the failure was the rupturing of a tank of
nitrogen that was part of the on-orbit control subsystem. Syncom
2 was successfully launched in July 1963. Like Syncom I. it was
not intended to achieve a stationary synchronous orbit because of
the extra propellant weight and control complexity required to at-

Lateral hydrogen tain 0-deg inclination. NASA conducted a number of tests using
peroxide jet this satellite, including voice, teletype. and facsimile. During its

first year, in addition to engineering tests. 110 public demonstra-
tions were conducted. Their purpose was to acquaint the public
with communication satellites and to gain a broader-based, sub-
jective appraisal of system performance.

Syncom 3 was launched in August 1964. By this time. launch
vehicle technology had progressed to the point where a true svn-
chronous equatorial (inclination <1 deg) orbit was possible. The
only major change in the communication equipment was a chan-

nel, with greater bandwidth than Syncom 2. to be used for televi-
sion transmissions.

Solar cells The Department of Defense (DoD) also conducted a number
of tests using Syncom 2 and 3. During 1965 and 1966. both were
used extensively. Five ground stations and one shipborne termi-

Solar sensor Solar sensor nal were in regular system use. Also. tests with aircraft terminals
Axial hydrogen were conducted using the very high frequency (VHF) command

Apogee motor peroxide jet and telemetry links. By February 1966, the Syncom 2 and 3 re-

Apogee motor nozzle Antenna peaters had a cumulative operational time of 27,000 hr. DoD use
electronics of Syncom diminished when the Initial Defense Communication

Satellite Program (IDCSP) satellites became operational.
S\u'v'o satellite &,thtils. While the Syncom satellites were being developed and tested.

an Advanced Syncom study was also being conducted. The Ad-
Orbital history vanced Syncom program was sometimes called Syncom Il.
I: launched 13 February 1963. all communications failed during which, in some references, is difficult to distinguish from the sec-
orbital insertion ond satellite of the original Syncom program (Syncom 2 in this

2: launched 26 July 1963. operated through 1966. final turn-off report). The conceptual satellite was larger than Syncom. gener-
April 1969 ated more prime power. had higher antenna gain, and had repeat-

3: launched 19 August 1964. operated through 1966. final turn-off ers of two different designs. This program grew beyond an

April 1969 advanced communications experiment and became the Applica-
Delta launch vehicle tions Technology Satellite (ATS) program.

Management I. Space Communications and Navigation 1958-1964. NASA

Developed by Hughes Aircraft Company for NASA Goddard SP-93 (1966).
Space Flight Center 2. L. Jaffe, "The NASA Communications Satellite Program Re-

Syncom I was launched in February 1963. The intended orbit suits and Status," Proceedings ofthe 15th InternationalAstro-
was at synchronous altitude with a 33-deg inclination. The satel- nautical Congress (1964), Vol. 2: Satellite Systems (1965).
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3. C. G. Murphy, -The Hughes Aircraft Company's Syncotm Sat- tion Satellite Svstems Technology. Progretv.s in A.Stronautics'
ellite Program,' Paper 2619-62, ARS 17th Annual Meeting and Aeronautics. Vol. 19. R. B. Marsten. ed. (1966).
and Space Flight Evposition (November 1962). 7. F P. Alder. "Syncom." Proceedings of the 14th hItertnational

4. R. M. Bentley and A. T. Owens. "'Syncom Satellite Program," Astronautical Congress (1963). Vol. 2: Satellite and Space-
,hoiirnial of Spacecraft. Vol. I. No. 4 (July-August 1964). craft (1965).

5. P. E. Norsell. "'Syncom.'" Astronautics and Aerospace E'ngi- 8. C. G. Murphy, "'A Syncom Satellite Program." Paper 63-264.
nee'ring. Vol. 1, No. 8 (September 1963). AIAA Summer Meeting (June 1963).

6. W. H. Edwards and J. S. Smith. "Experience of the Defense 9. D. D. Williams, "*Synchronous Satellite Communication Sys-
Communications Agency in Operating Pilot Satellite Comn- terns." Advances in Communication Systems. Vol. 2. A. V.
munications.- Paper 66-268, AIAA Communications Satellite Balakrishnan. ed. (1966).
Systeim Confeilrence (May 1966). Reprinted in Communica-

LINCOLN EXPERIMENTAL SATELLITES (LES) -1 to -7

tor and multiplier chain that was used for upconversion of the sig-
nal from intermediate frequency (IF). The X-band power was
200 mW.

The eight horns were mounted so as to provide omnidirection-
al coverage. Sensors were used to determine the direction of the

S)earth and the satellite spin rate. On-board logic then controlled
switches to use the antenna most closely pointed toward the cen-

ter of the earth. Other details of LES- I and -2 are as follows:

Satellite
26-sided polyhedron. approximatel, 24 in. in each dimensionS" ! 82 lb in orbit

v Solar cells. 25 W beginningof life. no batteries

Spin-stabilized with magnetic torquing. 18) rpmr

Configuration
\1 20-MHz bandwidth triple-conversion repeater

Transmitter
7750 MHz (continuous-wave beacon at 7740 MHz)

LES-I .atellite All solid state
200-11W output. 115 mW at antenna

The Massachusetts Institute of Technology (MIT) Lincoln
Laboratory has been active for a olog time in various aspects of LES-4 .atellite.
military communications. Early work in ionospheric and tropo-
spheric scatter communications evolved into the West Ford orbit-
al scatter program. At the conclusion of that program in 1963. 7
laboratory efforts were directed toward active communication
satellite techniques 11-71. The large West Ford ground stations
were to be used in the newk programs. In addition. smaller mobile77
terminals were to be developed. The basic goals of the program
included demonstration of

"* High-efticiency. all solid-state transmitters.
"* Electronically despun antennas.

"* Communications with small mobile terminals.

"* Techniques for stationkeeping and attitude control.
Experimental techniques were developed with a view& toward

eventual application in synchronous altitude military communica-
tion satellites.

,ES- I and -2 were essentially identical. They had small poly-
hedral bodies and were spin-stabilized. The primary experiment
was an all solid-state X-band repeater and an eight-horn electron-
ically switched antenna. The other experiments were in attitude
sensing and control. The transmitter source was a crystal oscilla-
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Receiver 1 965 anld operated as planned unltil it was, tUrnied ott in September

835(0 MH/ 1966.

I 6-dB noise ticuire LES-3 was not a commulnicat ion satellite: its, purpose was to
Gfl-~ dBK.mimxiiun tanlSimit anl u.1(~lti-ahil fi-equenc\ (UHF) signal for propagation

meIasureenirts. LES-3 is described later. The LES-4 satellite w\as
Antenna similar to LES- I and -2. The inlterior structure ý as theC samle. butl

I- iht hor ns. electronicall v swkitched onl1\ onle Used at a timie) the solar arra\ wkas mount1"led on at cylindrical shell rather than onl a
Appmoxiimatel l anPolyhedral shell. thle C\ I indricall arrmy heinu niore etlicient for the

s\ynchronou01s eIuatorial orbit of 1±FS-4. Thle satellite details are ýIs
Design life tollIo%\ s:
TIko w ars Satellite

Orbit I10-siddI C\ tinlder. 3 1 -inl. dia.. 25-in. heiehit
1500 x 8000) tnmi. 32-deu inclination 116 lb inl orbit

Orbital history Sotlar cells,36-\V initial in in inifLIim. no batteries

1:launched I I Februarv 1 965. launch wehicle tfii ure lef't satellite SpnsbiiedwtmaeicoqngIIrm
inl 1500) x I 500-nnmi orbit and tumbhling, Configuration

2:launched 6 kla\ 1965. operated until September 1966. fi nat 20-NI11-1/ ban~l dwidth tr~ipleC-conV erion0 repeater
ELuI o-(tf MNa\ 1 967
TItanl IlA la'unch ' eimete Transmitter

775(0 Ni H/ (C0IItinlItmis-\\imve beacon at 7740) NI H /
Management All solid statle
1)ex elopedl br %I IT I incoln amborator\ 30) IAV~ at antenna. 3-dBNV ERP

I .iS- I wa is klaunched ill FebruarIA 1965. A launch \chicle lii-Receiver
Lire left the satellite in thie %Nronge orbit. The restilts of* limited tests 835)) NIH/
ci )dumcted indicated t hat tilie repeater and thle sm~imc lied antmit nnas
%\crc operat ing propemt\. The satellite lien entered at turnibling, 9-dB3 noiseliir
miiode Iliat enided it,, Lisec'ti Iness. I 's- 2 w\as I at1cinchd inl kia\ GFV: -29) dR/K. maxirimiiu
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Antenna
Transmit: eight horns electronically
switched, I0-dB peak gain, circularly po- 255.1 228.2, 228.43
larized, each horn covered about 26 x 45
deg of a 26- x 360-deg toroid n
Receive: biconical horn, 26 x 360 deg. cir- 22 met55
cularly polarized

Design life
Three years

Orbit
Intended: synchronous equatorial
Actual: 105 x 18.200 nmi, 26-deg inclina-
tion

Orbital history 228.43
Launched 21 December 1965. Launch ve-
hicle failure resulted in wrong orbit and Beaco
orientation. By 26 December 1965, the
orientation changed enough to permit suffi-
cient solar cell output for operation. Decayed I August 1977. LES-5 (omflaication subsystem.
Titan IIIC launch vehicle

Management Satellite

Developed by MIT Lincoln Laboratory Cylinder, 48-in. dia.. 64-in. height
230 lb in orbit. beginning of life

The LES-4 repeater design was nearly the same as the LES-2 23 li
design. but improved components significantly lowered the re- Solar cells. 136-W initial maximum, no batteries
ceiver noise figure and increased the transmitter power. The Spin-stabilized with magnetic torquing, approximately 10 rpm
LES-4 transmitting antenna comprised eight horns uniformly Configuration
spaced in a plane normal to the satellite spin axis. Sun and earth Single 100- or 300-kHz bandwidth double-conversion repeater
sensors and logic circuits controlled the switches to despin the an-
tenna electronically. The difference in the antenna design from Transmitter
LES-2 was possible because LES-4 was intended for use in a syn- 228.2 MHz, beacon at 228.43 MHz
chronous equatorial orbit, where coverage could be limited to 26 Solid state
deg in the north-south plane. 35-W output. 16.3-dBW ERP beginning of life nominal in satel-

lite's equatorial plane

835L (ý ±0 91.4 750 Receiver
S1255.1 MHz

3.6-dB noise figure

8290 854.4 6835.6 G/T: -26 dB/K nominal in satellite's equatorial plane

LES-/. -2. and -4 (olntli('ttion stibstem. Antenna
Eight dipoles parallel to satellite axis. 2.5-dB gain circularly po-
larized (electronic despin logic tested on satellite, but not usedLES-3 and -4 were launched in December 1965. As the result with antennas)

of a launch vehicle malfunction, the satellites were placed in an

elliptical synchronous transfer orbit. Originally. the orientation Design life
of LES-4 was such that only enough power was available for op- Five years
eration of the telemetry system. Five days after launch. the spin
axis orientation had changed enough so that power was available Orbit
for the operation of all the satellite systems, From that time, the 18.(XX) x 18,180 nmi (30-deg drift per day). 7-deg initial inclina-
LES-4 repeater and antenna operated as expected. tion

The LES-5 and -6 satellites had cylindrical shapes with equip- Orbital history
ment mounted on a platform near the center of the cylinder and
normal to its axis. Both had multiple-element antennas mounted Launched I July 1967. operated until May 1971
around the cylindrical surface. In addition to their communica- Titan IIIC launch vehicle
tions, equipment. the satellites carried solar cell degradation and Management
radio frequency interference (RFI) experiments. LES-6 also had
a prototype autonomLotus stationkeeping subsystem. The detail of Developed by MIT Lincoln Laboratory
I,.FS-5 are as follows: The details of LES-6 are as follows:
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Antenna
switches

302.7 - 1 Bao 249.1

TT

T T T H S T T LIM T T**

333.8375 F2  280.2375 T

5kF 1 fo = 31.300
LES-6 communication subsi'stern. F2 to = 31.1375 *8-way hybrid power splitter and cormbiner

Satellite though the standard designation is VHF up to 300 MHz and UHF
Cylinder, 48-in. dia., 66-in. height above that.1 The LES-5 communication subsystem had a final

398 lb in orbit, beginning of life amplifier of conventional design and had very good efficiency-
68% direct current (dc) to radio frequency (RF). The LES-6 am-

Solar cells. 220-W initial maximum, limited battery capacity plifier was an experimental design in that it was directly connect-
Spin-stabilized with magnetic torquing, approximately 8 rpm ed to the solar array power bus without any intervening power
Cold gas propulsion for on-orbit use converters. In this design. all power not required by other satel-

Configuration lite systems was directly available to the transmitter, and the
transmitter power varied with the available prime power. It was

Single 100- or 500-kHz bandwidth double-conversion repeater claimed that this design provided an extra 3 dB of transmitted

Transmitter power initially and 0.5 dB extra at the end of satellite life. In-or-

249.1 MHz (500-kHz mode), 248.94 MHz (100-kHz mode), bea- bit measurements indicated that transmitter power was in the

con at 254.14 MHz range of 100 to 130 W. LES-5 did not have a despun antenna, but
it was used to test some logic that was used in LES-6. The despun
circuitry in LES-6 was based on LES-2 and -4 experience and

Variable output power, 120-W initial nominal (see text) used similar techniques involving earth and sun sensors.
ERP: 29.5 dBW at beginning of life, 21 dBW after five years LES-5 was launched in July 1967 with three IDCSP satellites

Receiver and was placed into a subsynchronous orbit similar to theirs.
Both Lincoln Laboratory and the military services conducted a

302.7 MHz (500-kHz mode), 302.54 MHz (l00-kHz mode) number of tests with LES-5. Aircraft, shipborne, and fixed and
3.6-dB noise figure mobile ground terminals were all involved in the tests. which

Antenna were considered very successful. LES-5 operated until May
1971.

Sixteen sets of dipoles and cavity-backed slots arranged in eight LES-6 was launched in September 1968 and was used in tests
colinear pairs. circularly polarized similar to those conducted with LES-5. The satellite operated sat-
Electronically despun. 9.5-dB gain, 34-deg (north-south) x 54- isfactorily. The communication subsystem continued in active
deg (equatorial plane) beamwidth use, although by 1975 the effective radiated power (ERP) had de-

Orbit creased 8 dB from its initial value. It was turned off early in 1976

Synchronous. 3-deg initial inclination to avoid any frequency conflict with the Marisat launched in Feb-
ruary 1976.

Orbital history The LES-7 satellite was intended to have an all solid state.
Launched 26 September 1968. operated until turned off in March 100-MHz bandwidth, single-conversion. X-band repeater and a
1976. still operable in 1978. 1983, and 1988 tests multibeam antenna. Although the program was canceled before

Titan IIIC launch vehicle the satellite was built, a prototype antenna was built and tested.
This antenna was a waveguide lens-type with a cluster of 19 feed

Management horns and was capable of generating beam sizes as small as 3 deg
Developed by MIT Lincoln Laboratory and as large as earth coverage.

LES-5 and -6 had all solid-state communications equipment
that operated in the military UHF band. IThis is called UHF, al-
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I . H. Sherman. et al.. "The Lincoln Experimental Satellite Pro- 4. R. Berg. R. Chick, and D. Snide. 'LFS-7 Transponder." Pa-
gramn (LES- 1, -2. -3. -4K .Iounrmd l;~acecralt and Rockets. per 70-511. AIA1I 3rdI Comflhiciaititiu. Satellite S..SVAICnt Con-
Vol. 4. No. I I (Novemnber 1967). l10enceu (April 1970).

2. H. Sherman. et al., "The Lincoln Experimental Satellite Pro- 5. A. R. Dion. "Vral-o'r~eComnmunications Antenna
gramn (LES- 1, -2. -3, -4)." Paper 66-27 1. AIAA Cnnnmunica- for LES-7."* Paper 70-423. AIAA 3rd ConinnunicationAs Satel-
tions Satellite Systems ConfeIrence (May 1966). lite Svv~em.% Cunl~ence (April 1970).

3. D. MacLellan, H. MacDonald, anid P. Waldron. "Lincoln Ex- 6. A. R. Dion and L. J. Ricardi. **A Variahle-Coveraige Satellite
perim-ental Satellites 5 anid 6." Paper 70-494, AIAA 3rd( Caom- Antenna System." Prcei74the IEEE. Vol. 59. No. 2
nmin ations Satellite S ' sltes Con ' erence (April 1970). (February 1971).
Reprinted in Communications Satellites for- the 70s: .S ' vsens. 7. W. W. Ward arid F. W. Flovd. "Thirty Y'ear,, of Research and
Progress in Astronautics and Aeronautics. Vol. 26. N. E. Developmnent in Space Comm~lunications at Lincoln L-ahorato-
Feldman and C. NI. Kelly. eds. (197 1). r\,' Tle Lincoln Lahoratorvj .ournal. Vol. 2. No. I (Spring

1989).

APPLICATIONS TECHNOLOGY SATELLITES (ATS) 1 to 5
The ATS program 11 1-71 evolved from the Advanced Syncomn Conduct tl ight test experirilents for a niunmber 01 t\ pes of sat-

study. The ATS series continued somne of the communications g-ellite applications onl each indi'% idual spacecraft.
perimlents planned for Advanced Synconi and also included miete- ATS I to 5 have sonic basic similarities. x\ hich are summia-
orological. attitude control arid stationkeepin-. anid space re nTbeI h andsicinbtseitedses~
environment expelilnients. ATS I through 5 (called ATS A. B. C. thz'aeltsi httsoue pnsaiiainai he s
D. and E before launch) constitute the first v'eneration of the pro- ,ra% itv-uradienit stabili/ation. Table I delineates the commuonca-
-rami: the second generation is the single ATS 6 satellite. The first loseprnnsi ahstlie okdarm fteeup

objectives of the ATS prograni \&ere to niient associated wkith each experiment are shoý\ ni graphically
Z, Ivtiaeadflght test techniology C011i1ii101 to a numb111er The C-band Conim11Unications experimient is the onl\ experi-

of satellite applications,. mient common to all five satellites. The transmit and receive Ire-

"* Investigate anid flight test technology for the geos\ nihro- quec11ies are inl the satellite commun1.11ication bands Used by the
rious orbit. Initelsat satellites. Three modes of operationi are possible ill each of'

* Cndut agraitYgra icit xpeimetthe two~ repealters. and the repeatlers ria operate sin-, ItaniCOinly,\

hilE .lS ('111r(act'rithi%.

1SATELLITEa8. b
CHRCEITC ATSi1(8) 1 ATS 2(A) ATS 3(C) ATS 4(D) ATS 5(E)

Cylinder
Diameter, in. 58 56 58 56 56
Height. in. 54 72 54 72 72

Initial orbital weight. lb 775 702 r 775 r 670 670
Solar cells and Ni~d batteries,

W initial 175 130 175 130 130
Stabilization Spin Gravity gradient Spin Gravity gradient Gravity gradient
Design life. yr 3 3 3 3 3
Actual orbit Synchronous 100 x 600 nmi Synchronous 130 x 480 nmi Synchronous

equatorial. 149 0W, req uatorial, 105 0W equatorial. 700W
moved to 1640W

in 1982
Intended orbit 6000 nmi1 Synchronous

equatorial
Launch date 7 Dec 1966 6 Apr 1967 8 Nov 1967 10 Aug 1968 12 Aug 1969

Decay date 2 Sep 1969 17 Oct 1968

Launch vehicle Atlas-Agena Atlas-Agena Atlas-Agera Atlas-Centaur Atlas-Centaur

Experiments
C-Band communications Yes Yes Yes Yes Yes
VHF communications Yes' Ye!ý
Millimeter wave propagation Yes
L-Band communications Yes

"aAphabetic designations were used before launch, numeric after.
b Satellites were developed by Hughes Aircraft Company for NASA, operated by NASA.



Receiver antenna

Phased array
t ransmi t t er an tenna~f

I VHF whipI~K~ antennas

0Nitrogen tank ' f 1
Af bl-ha

VHF transponder Hydrogien

'00 3600 cylinder
10solar panel Nutation dme

Forward shelf

T&G whip
antennas

Sun sensor

Apogee motor

;1NIT safehllitc. :ITS I .(I(lit('IiZ detals.

The ftreqIiellC\ translation iiiode is used for xxideband data relax Antenna
bet xeenl m xo uround stat ions. Inl thi, mode, only otie carrier is 1: Transmit: phased array. 16 sets of 4 col inear dipoles,. I 4-dB
present. and thte signaIlllt myOCCUpI the entire 225'-MH, t-epcatr cain, 17- deg (northn-south) x 211 -deg I equatorial planle beatn-
bandxx idthl. Se\ eRal t'requelnex\ di\ isioti multipleXed. single-side- xxidth. Receix e: six-elemnent colinlear arrax. 6-dB Laitn
bNdI tuo0dulated SiLena ls ae rLe:Cixed ill thle Miultiple accesso miode. 2:Horni. I t.5-dB cain
aind the cotnposite signall is used to phasew tuodulate the transmlitter 3: Mechanical l\ despUnl cvi indrical reflector xx ith linear feed on
iti the satelhIite. All tile groun11d statiotis receix e the traf~nsilttedsig- c\ylinder land ,pinl) axis. I S-dB gaitn. I17-deg bearmx idth
nal andI slctM thle channlels Of inlterest fromt the recoxered base- 4'. 5: Recel e: planar array, four s lots inl each of four w\ax euide
band, xxhich cotitaitis all thle channels in use. In thisl xx ax. al section". I 6.3-dB izain. 23-dee_ bearmx idth
iium11ber 0?cOunfiitd SLtatOtis can be connected sJimultanleously . Tile Transmit: si mi lar arrax. I 6.7-dB iainl
\\ idebantd daiti a m de is Used f.or transimiss ion of i n f rina Lt ionl c ti -

crated bx oti-boarl tmeteorological camreras. Various t\ypes of anl- Thle V HF experimient. xMiich ison .-TS I and 3. had the primia-
tetinas xx crc ttsed onl ATS I to *- xx ith thle ('-band commun1.11ications' rx obJectix e of exalluat inc commu11.nications betx" een croun,11d sta-
experinmerit. D)etailIs of' thle experiment are as (Ol loxx S: ti01ns aznd aircraft. Other ob 'jectix es \xxere (Ill to demlon~trate the

collection of' mnetorolouical data front remo0te termitials. 121 to
Configrationcommnlilicate xxitli ships,. and 13) to ex aluat1ie the feasibilitx ot a

,1x\x 25- NI- Hillbandxitth repeaters VVIIF tiax i atit - atellIite. The V H F equipment onl the txx 0satel -

Capacity lites, is simlilar. The anternta is, an eight-clemnent phased arra\ xx ith

I221M one-xx ax x oice circuits, or- otie color TV channel at reccix er and transmitter for each elementi. but xx ith a1 coturnlon IF
ampl ifIicr.

Transmitter It is possible to operalte only\ four trailsmlitters, to conserx C

4 120)- and 4 1 79-MI H/ prl-1C poxx ci. Or to equal i/c thle phase silifters to uencrate at toroi-

Ixxo JAV\ls pe eetr.ue g or.tgte dal antenna pattertn. Onl ATS 3 only - it is, possible to receix c a
epeaer. ued srtclx toceter \IF sitand atdranstnit it xx ith the ('-bhmd transtmitter. Details

4-\N output per [WI. except I12 W at 4 17'-) N111 Hiot ATS 3 of the experiment are as llxx:
FRFP: I: 19.5. 22.0) dIB\ f 1. 2 AAWIs : 3: 22.0). 25.1) dBW 1I. 2
4-WTWs 26.5 LIM\'i I 12-WATWT: 5: _22.5. 25.0) dBW 1l. 2 Configuration
TWA,") I(11-K H / band xxi dth Ii Uwb c -ci n cPrs i 1 repeater

Receiver Transmitter
6212- and 0301\111 1~ I ;.6 NiH/
"Tunnllel diode preatiphli~tiet 1: - W per clemnent. 40) W total. 22.5-dBWV FRP

6.2 -dI n3oise li cure 3: 6 25 W\ pet element. 50) W total. _25._2-dB\\ FRP
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accumulated about 35.()00 hr of use. Tests "ere run in all modes.

:TS 4 satellite. and numerous spacecraft parameters were measured. Various
tests were run to determine the values of system noise, delay, fre-
quency response. and intermodulation. In general. system perfor-
mance was satisfactory accordine to commercial standards. The
C-band communications equipment was also used a number of
times for international television broadcasts of public interest.

Engineering performance measurements were also performed
oon the VHF equipment. System performance ýkas evaluated for
ground-satellite-aircraft links using equipment installed on sever-
al commercial aircraft. The United States Coast Guard performed
tests using several shipborne terminals. In general. the results
kwith both aircraft and ships were fair to good communications.

and the quality of the satellite link was usually as good as. or bet-
ter than. alternative communication links. The VHF equipment
was also used for experiments in clock synchronization. naviga-

____ tion. and meteorological data collection and dissemination. Re-
suits were varied, often limited by available equipment or satellite
design. but the experiments did provide a database and recom-
mentdations for future work. Since April 1971. the VHF repeater
of ATS I has been used regularly about 20 hr a week as a single
channel international communication system called Project
PEACESAT (Pan Pacific Education and Communication Experi-
ments by Satellite). PEACESAT provides cultural and emergen-
cy communications to about 20 nations (mostly small island
nations) of the Pacific basin. ATS 3 is also providing communica-
tion services in the Pacitic basin. Both ATS I and ATS 3 have de-
graded in performance. but both continued in use of more than six
"times their three-year design lives. In 1985. ATS I failed to re-
spond to commands: therefore, it can no longer be kept at the cor-
rect location to serve all the Pacific basin users, even though its
electronics remain useable. ATS 3 was still functioning properly
hinto 1986.

modulates either the L-band or the C-band transmitter. An alter- ATS 5 was successfully placed into synchronous orbit. The
native frequencx tran,,lation mode ules the C-band receiver and satellite was to be spinning upon orbital injection and then
the l-band transmiitter. The transmitter may also he modulated despun. at which time the gravity-gradient stabilization would be-
by data from on-board experiments,, gin. During orbital injection. however. the satellite developed a

Configuration spin about an axis normal to the intended spin axis. In this orien-
25-NIH/ bandw idth repeater tation. the satellite could not be despun. Because of the spinning

condition, the satellite antennas pointed toward the earth only a
Transmitter small portion of each revolution. Hence. the communication ex-

1550-MH/ center frequentC periments were operated with limited success in a pulsed type of

T% o TWTs used singly or together operation synchronized with the periods of correct antenna orien-

12 W per TWT. 22.4-dBWk ERP (one TWT). 25.4-dBW ERP (two tation.

TWT,,)

Receiver I . Technica! Data Report.ifor the Applications 71'chnology Satel-

1651 -MH/ center l'requenC11C lite Progrant. Goddard Space Flight Center (3 March 1967T
revised periodically until 20 April 1971 ), six volumes.

8-dB noisec figure 2. R. H. Pickard. "The Applications Technology Satellite." Pro-

Antenna 'eedings of the /16th In1terna(tionUl/ Astronautical Congres.

17.2-dB gain (1965). Vol. 4: Meteorologic'al and Conmmnication Satellites
(1966).

Of the fi\e ATS launches, three satellites were successfully 3. Space/light. Vol. 27. No. 7-8 (July/August 1985). p. 295.
placed in orbit. ATS 2 and 4 did not achieve the desired orbit be-
cause of launch \chicle malfunctions, and few experimental data 4.Satellite Coninunications (January 1982). p. 22: (November

were obtained. The ATS 2 ('-band repeaters operated 12 and 626 1985). p. 45.

hr. and the ATS 4 repeater,, operated only 9 and 30 hr. ATS 4 was 5. NASA Semiannual Reports to Congress. Vols. 16 (July-Decem-
in orbit only two months. ATS, was in orbit over two years but ber 1966). 21 (January-June 1969).

was deactivated after six months,. 6. R. J. McCeney. "Applications Technology Satellite Program."
The experiments on both ATS I and ATS 3 were used extcn- Alcta Asrontautica. Vol. 5. No. 3-4 (March-April 1978).

sively after the satellites were in orbit. Through March 1971. the 7. "Space Systems Summaries.'" Atronauti.s and Aeronautics.
four microwva e comnmunication repeaters on these satellites had Vol. 13. No. 2 (February 1975).
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APPLICATIONS TECHNOLOGY SATELLITE (ATS) 6
The ATS' 6 satellite 1-261 %%a thie second geneiratrion of tilhe 'as Used ill conJtUncihll nillh seWeral I:uropean ground terminals.

NASA..\ Applications Technologp Satellite programll . Prior to After the one-vear Indian experiment, in the fall of 1976. the sat-
launch, tihe satellite \ as, dscignated ATS F. The program had in- ellite was slwl'ly returned to the Western Hemisphere. During the
Cluded a second. Xer\ similar satellite called A-TS (;. but it wkas transfer period, demonstrations of the social benetits possible
canceled for budcetar\ reasons. ATS I to 5. launched in 1966 ,with such a satellite \were made in 27 countries. ATS 6 was then
through 1969. constitutlicd the lirst generation. Fl ihl of the expet- located at 140'W longitude and used in several experimental pro-
imenls on ..A'S 6 \\ ere for CoilnmtLiictlion•S and prOpagation stud- crams. It wkas turned off in the summner of 1979.
ieS that co\eleCd a fre(quentc- iange l'romt 86(0 MH/Ito 3(t GHI.

ATIS 6 consisted of a 31-It diameter parabolic antenna, anl
earth-\ ie0s\ inl! module locatCd at the focus Of' thc parabola. two
"sOlar arrais. and the interconn'ecting structures. The antenna and
the solar arra\,s \\ere deplosed after the satellite \\as in orbit. All
the commllun11l.litcations exl•illellls were located in a sectioll of the
earth-\ ie\wrin1 Module. Feed horns for the large parabola wVere
Mounted on top of the module and other antennas, on the bottom1.
General satellite characteristics are as followrs:

Shape, size
3)-0l dia. parabolic rellector. 6.5-ft dia. hub section wkith copper-
coated dacron mesh supported by 48 aluminum ribs

Earth-viewinc module at antenna focus with experiment sections
and Support sUbSv StenlS. 54 x 54 X 65 in.
Tw\o solar arra\s (deployed in space). each half a cylinder. 54-in.
radius. 94 in. long
Maximum heicht. 27 ft. 6 in.

Maximum span. 51 ft. 8 in.

Initial orbital weight

2970 Ill

Power

Solar cells and NiCd batteries ,17TS 6 .atllit,.

645-W initial mnaxinmum

415-W minimum after li\e \ears

Stabilization
Three-aixis-stabili/cd w\ith inertia \wheels.
0. I -dec pointinc accuracy

Pointin- to any location on earth
Tracking of low%-altitude satellite o\er I I dec from local vertical

Design life
Txso years (required). li\e sears (coal)

Orbit The position location and aircraft communication experiment
(PLACE) was an extension of similar experiments conducted at

Synchronousequatorial: 94W hncitude until June 1975.350 E ATS I. 3. and 5. Like ATS 5. ATS 6 used frequencies near 1550
longilude from Juh 1975 to Jul\ 1976. 140 W longitudC until and 165(0 MHz (L-band) for transmissions to and from aircraft.
Jul\ 1979: movcd out of s\ nchronous orbit late 1979 or early Both voice and digital data transminssioins and a four tone ranging
1980 system for aircraft position determinatiot were part of the experi-

Orbital history mental program. The s\stem. \\as conligured to permit multiple

Launched 301 Ma\ 1974 access \oice from I00 aircraft in I0-kH/ channels. At lirst. three
Titan II1(" launch vehicle cround terminals were used to simulate aircraft. wvith later exper-

iments inmolsinc actual aircraft. The ranging signal operation
lIn se until turned off tJuly 1979) had a transmission to all aircraft. with a coded data channel to

Management desicnate one aircraft at a time to return the signal. All frequen-
iNASA es were coh-renly related to the ground station transmitter fre-

quency so that range rate as sell as range could be determined.
NIS 6 \,%as launchcd in May 1974. It wkas originally positioned Experiments included multiple aircraft tracking. determination of

at 94 W honclitudc. %%here it was used with United States ground capacity limitations (ground equipment simulated most of the air-
station(s for melc year. During June 1975. it was moved to 351: craft). determination of mullipath eff'cts. and evaluation of
longitude for the instructional television experiment broadcasts to ground and aircraft terminals. Details of the experiment are as
India. At the same tiue. the NASA millimcter-wave experiment foll•1s:

,2
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Configuration ,tead of horn. 48.4-dB peak gain. 0.4-dec bcamv, idth. --13.7 dB/
Tkho-%, ay link through ATS 6 het',meen a ground terminal and air- K (G/T)
craft fr both voice and ranging functions The TRUST experiment (television rela\ usin simall termi-

Transmitter (ATS 6 to aircraft link) nals) %%as similar to SITE' and used the same equipment in ATS 6.
1550 MH/ SITE \A, as used in a sear-long instructional program kk ith eý alua-

40-W output. 40.3- or 5 1.0-dBW ERP tions ol that program. '. hereas the main objectik cs of TRUST
were hardware oriented. Systen performance v, as compared

Receiver (aircraft to ATS 6 link) Nxith design values, and ionospheric effects on system perfor-
1650 MHz mance w ere measured. Considerable emphasis %%as placed on the
G/T: -4.4 or +5.5 dB/Ksmall 860--MHz recei\er. A program goal %.as to develop a termi-

nal that wNould cost less than S20(0 in large-%olutne production.

Antenna The experiment details are the same a-, given f1r SITE.
30-ft parabola. 28- tot 29-dB cain %.ith 0.8- x 7.5-deg fan beam. The health/education experiment (fortnerh the educational-

38.5-dB Lain with 1.5-deg pencil beam, circular polarization television experiment) % as used to test .satellite distribution of ed-
ucational and medical programs. The educational procrams '.ere

Transmitter (ATIe 6 to ground link) primarily for children. and the medical programs covered both
One of 3750. 3950. or 4150 MHz professional education and consultation and ceneral health care.
12-W output. 28-dBW ERPon axis The recei\ing terminals for the experiment \were in area,, ',here

present television services are limited because of either geograph-
Receiver (ground to ATS 6 link) ical (Rocky Mountain states. Alaska) or social (Appalachia) fac-
One of 5950. 6150. or 6350 MIH tors. Two separate television channels could ha' e been
G/T: -17 dB/K peak transmitted by ATS 6 using separate antenna beams (produced b\

two feed horns and the 30-ft reflector). Since a I-deg beam'.%idth
Antenna was used, transmission to the various geographic areas occurred
Horn, 16.3- to 16.5-dB cain. 13- x 20-dec beamwidth. linear po- at different times. The transmissions from ATS 6 \%ere at 2570
larization and 2670 MHz iS-band). Some of the receiving terminals '.ere

equipped to provide an S-band return link through ATS 6. DetailsThe satellite instructional telefision experiment (SITE. or of the experiment are as follow&s:
sometimes ITV) %kas a cooperative effort by NASA and the gov-
ernment of India. The basic objectives were to demonstrate the Configuration
use of satellite television broadcasting for instructional purposes Forward link: two 3(- to 40-NH, band', idth repeaters (or tuo
and to evaluate the various techniques and equipment. The tele- FM-TV carriers with sound subcarriers plus separate telephone
vision programs were prepared by the Indian government and carriers
transmitted at 6 GHz to ATS 6 from one of three ground stationsZ. Return link: for telephone carriers
in India. The satellite retransmitted the sicnals at 860 MHz. The
860-MHz signal was directly received in 2000 villages by com- Transmitter
munity television receivers \\ ith simple 10-ft parabolic antennas. 2570 and 2670 MHz (also C-band for monitoring)
The sicnal was also received by recular television stations and re- 15-W output. 53.0-dBW peak ERP
broadcast to about 3000\ villaces in the standard VHF tele\ision
band. The television sicnal had tVo audio channels v\kith different Receiver
dialects. (Operational s~stems may have as many as 14 audio 5950 MHz
channels to cover the major dialects and languaces used in India.) G/T: - 17 dB/K peak
The one year of SITE operation provided experience for develop-
ment of a national television broadcast satellite system being Antenna
planned by India. Details of the experiment are as followvs: Transmit: 30-ft parabola. 41.5-dB peak gain. I-dec beam", idth.

Configuration circular polarization
Receive: horn. 16.3-dB peak ,ain. I 3- x 2)-dec field of vie'., lin-40-M Hz hand\% idth double-con\ ersion repeater t. Zear polarization (30-ft parabola micht be used for recei% ing in-

Transmitter stead of horn, 48.4-dB peak gain. (3.4-dec bandw idth. 13.7 dB/K
860 MHz (3750 MHz used occasionally to monitor signals) G/T)

80-W output, 5 1.0-dBW FRP peak In the tracking and data relay satellite experiment. ATS 6 .%,as
Receiver used to relay commands and tracking signals to. and data and

trackinc sicnals from. GEOS-3 and Nimbus 6. The returned data
5950 MH/ were compared wit data received from the spacecraft at a Stan-

G/T: -17 dB/K peak dard ground terminal. The orbit was computed from the range

Antenna and range rate data obtained through ATS 6 and the uncerlaint\ of
the orbit determination compared with theoretical predictions.

Transmit: 30r 1 parabola. 33-dB peak gain. 2.8-deg bean;\%idth. ATS 6 used S-band for communications \% ith the spacecraft and
circular polarization C-band for communications %kith the cround. An arra\ of feed
Receive: horn. 16.3-dB peak gain. 13- x 2(3-deg field of views, lin- horns under the 30-ft reflector w.as s\witched to alIlo\\ the antenna
ear polarization (30-ft parabola might be used for receiving in- beam to track the spacecraft along its orbit. The same equipment

was also used to provide a conmLunicanoitns relai. bet' cen the
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ground and an Apollo spacecraft during the Apollo-So'uiz Test cient power to accommodate fades as deep as 60 dB. whereas the
Project. Details of the experiment are as follows: communication mode was used with digital data rates up to 40
Configuration Mbps. A 4-GHz downlink was used wNith the millimeter-%kave

downlinks for comparisons. The objectives of the experimentTwo 12- or 40--MHz bandwidth channels were to measure the characteristics of the mnillimeter-wave links

Two-way link through ATS 6 between ground and a low-altitude and to compare directly measured propagation effects with indi-
satellite rect measurements such as radiomnetric sky temperature. radar

Transmitter (ATS 6 to satellite link) backscatter. and meteorological conditions. Details of the exper-
iment are as ftollows:

2063 MI-I
20-W output. 4,.0-dBW ERP i minimum Configuration

Propagation modes: contillUOUs-\\ a\e or multitone dowknlinks
Receiver (satellite to ATS 6 link) Commnications mode: 4t)-IH, handvidth repeater

2253 MHz
G/T: 7.0 dB/K minimum Transmitter (propagation modes)

Antenna 20.0 and 30.0 GH/Antenna Cointinuou.k axe : 2-W outputl. 3t)-dB W peak LzRP

30-ft parabola. 36.4-dB pain mlinimum . 13.2-dec overall field of Multhon ( nine : 0.06-W o-dBW peak ERP/
1..Mnltitone (nine tones): ().()6-\V Otlptlt/tOnC. 15-dBW peak ERP/

v iew using sý% itched Feeds. Circular polarization

Transmitter (ATS 6 to ground link) Transmitter (communications mode)
3753 MI-, primary (alternates 3953 or 4153 MHz 20.15 and 30.15 GHz and one of 3750. 3950. or 4150 MNH/
12-W output. 28.0-dBW ERP peak 20.15 GH/: 2-W output. 40-dBW peak LRP

Receiver (ground to ATS 6 link) 30.15 GHz: 2-W output. 42-dBW peak ERP
5938 MHz primary (alternates 6138 or 6338 MHz) C-hand: 12-W output, 28-dBW peak ERP
G/T: -17 dB/K peak Receiver (communications mode only)

Antenna One of 5950. 6150. or 6350 NIH,
Horn: 16.5-dB transmit gain (peak). 16.3-dB receive. 13- x 20- G/T: 13.7 dB/K (30-It parabola -17 dB/K horn)

dec field of\ ie%%. linear polarization

The frequencies from 5925 to 6425 MHz are shared by terres- V
trial and satellite communication services. The RFI experiment
x\as used to determine the extent of interference between these
t',o services. When the RFI experiment was operating. the entire S
500-MH bhand%\ idth of interest wvas received by ATS 6 and re-
transmitted to a ciround station. Data processing at the ground S
station wvas used to determine the power levels and geographic S
and frequency distribution of the terrestrial sources of noise. The
minimum detectable noise source ERP xwas 10 dBW. and the fre- 8 S
quencxy resolution xvas 10 kHz. A portable ground station was. S
used as a trackinc beacon for ATS 6 and as a system calibration
source. Details of the experiment are as follows: V isl sl sIsIS. sIssIsL j v
Receiver 860]

5925 to 6425 MHz ,"
G/T: + 17.0 dB/K (30-ft parabola) or - 17.0 dB/K (horn) peak.
mininmm detectable ground source is I0-dBW ERP L L I L L L

Antenna L
30-ft parabola. 48.4-dB gain peak. 0.4-deg beamwidth. circular or
linear polarizationil
Horn. 16.3-dB gain peak. 13- x 20-deg beamnwidth. linear polar-
ization V

ATS 6 had two millimeter-wave experiments. The NASA ex-
periment used a C-band uplink and 20- and 30-GH/ downlinks. Center C-band horn surrounded by 4-horn S-band

whereas the Communications Satellite (Comsat) Corporation cx- monopulse
S S-band cavity backed crossed dipoles

perinient used 13- and 18-GHZ uplinks and a C-band downlink. L L-band cavity backed crossed dipoles
In the NASA experiment, the 20- and 30-GH, downlinks could 860 860-MHz cavity backed crossed dipoles
have been unmodulated, modulated by an on-board tone genera- V VHF (130 to 150 MHz) dipoles
(or. or modulated by a communication signal received on the C-
band uplink. The continuous-wave propagation tests had suffi- F-ed .%trlf'tr•'flr the AT. 6 30-fP relh'cto:
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Antenna lanoenlent of the teed elemients M) thle top SUrface of the earth-
Propagation mode: horn. 27-dB peak gain, 5- x 7-dee beamn- viewking module is shownkl.
wvidth, linear polarization :

Commun icat ion Ilode: I . P. J. McCeney. 'ApiaonTeehnologN Satellite Proeraml.-
20.15 GHz: 1.5. tt parabola. 37-dB gain. 2.4-dleg beaniVA idth Acta Axii-oantica. Vol. 5. No. 3-4 (March-April I1978).
301). IS H/: 1.54tl parabola. 39-dB gain. I .6-dee bearm idth 2. "Space SVstemls Sumlmaries, .Aitnmauticx% and Aci . 'lautic.s..
C-band transmit: horn. I 6.5-dB -ain. 13- x 20-deey bearmwidth Vol. 13. No. 2 ( FebruaryN 1975).
C-band receive: horn. I 6.3-dB cain. 13- x 20-dee, beamwvidth or- 3. J. P. Corrigoan. *'Thle Next Steps inl Satellite Commnunications."
30-ft parabola. 48.4-dB gain. 0.4-dee beamnwidth Astronauti.% and Aeronautic.'.. Vol. 9, No. 9 (September

1971).
In the Comsat Corporation millimeter-wave experiment. 39 4. A. B. Sabelhaus, "Applications, Technoloev Satellites F and G

Unmodulated uplinks were received by ATS 6 and retransmitted Comnctnsubvte" j(*(/jl'ot/'IE.V.

to a -round station onl a C-band downlink. Fifteen stations scat- 99 o.ll~liain 2 ~ sse. Februarfn,. 1971).E, ol

tered throughout thle eastern part of the United States (>I1)00 miles -
sprto)ech rnmte 3 n 8-ý pik.Nn di 5. W. N. Rediseb and R. L. Hall. "ATS 6 Spacecraft Desien/Per-

tiotial stationls transmitting I18-GHZ Uplinks \xere placed in groups 0ilacA(ON7CodrueRodtctbr94.
of three near (<25 miles separation) three dulal-frequ~etiCv Stations. 6. W. A. Johnston, "ATS-6 Experimental Communications Sat-
The experiment operated onl a nearly continuous basis for about ellite: A Renort on Early Orbital Result,'."* National TeClecom-
one year. The results are Useful (or determining the required mulnocations Confterence: NTC '74 (December 1974).
weather margins f'or ft'ture commun1.11icationl links using" frequen0- 7. W. N. Redisch, "ATS-6 Description." hite-nati'nial Con/erll-
cies near 13 or 18 GHt. Data fromt the three groups (If stations, e'me on Commluni'ation.x: WC(''75 (June 1975): also.
with smaller separations. call be used to determine attenuation EASCON '75 Convention RecordI (September 1975).
correlat iotn and, hence. the upl ink improvement possible with 8. Special Issue on ATS 6. IEEE Tran.%actions on Atero.%acc and
space diversitv. Detajils of the experimientiare astfollows: Electronmic Sivxtea,nx Vol. 11. No. 6 (Nov ember 1975):

Configuration a. E. A. Wolff, "ATS-6-hltrodUCtiol.'"
Thirty-ninle Unlmodulated Uplink carriers received amnd retransmlit- b. R. B. Marsten, "ATS-6--Sienificance."
ted to a conltrol ground terminal in a 30-NIH/ band~k idth c. W. N. Redisch. "ATS-6--Description and Performance."

Transitterd. J. P. Corrigan. "ATS-6--Experimlent Surmamry"

4150 IH/, e. J. L. Boor, "ATS-6--Technical Aspects of the HealthlEdu-

0.2- tol 1.3-mlW oultput per carrier cationl TelecCon11ltuiCat ionts Experiment."
f'. J. E. Miller, "ATS-6--Satellite Instructional Telev ision Ex-- 13- to -2 1-dBW ERP per carrier periment..,

Receiver J. . E. Miller, "ATS-6--Televisioti Relay lUsinLe Small Ter-
Fif'teen carriers near 13.19 GH/ and 24 nlear 17.79 GH/ nllnals Experiment."
I 0-dB noise figure h. P. E. Schmid. B. J. Trudell. aild F. 0. Vitonun. "ATS-6--

Satellite to Satellite Trackin- and Data Relay Experi-
Antenna Ilns

Trnsit hrn I7-BZ.u i. V. F. Henlry. "'ATS-6--Radio Frequency Interfecrence NMea-
Receive: I -ft parabola. 26/28-dB peak gail ( 13/IS G Hi (. 4- x 8- suremlent Experimlent."*

deg beJith ierplrito . L. J. Ippolito. "ATS-6--MillIimeter Wave Propagation aild

The commiunications equipment onl ATS 6 included four re- Communications E-xperiments at 2t0 and 30) GH/."*
ceivers (C-. S-, L-band. and 13/18 GH/i, three IF: amplifiers. and k. G. Hyde. "ATS-6--Prelilllinarv Results fromt the 13/18
five transmitters (C-. S-. L-band. 861) MH/. and 20/30 (GH/. Thle (iHz COMSAT Propagation Experiment."
13/1 8-GH/, uplink was downconverted to C'-band. amplified, and 9. NI. Howard. "A'TS-6: The First TwelveMots"Sa/iht
routed to the C-band tranlSmlitter. The other uplinks were amlpli- Vol. 17. No. I I (November 1975).
tied and filtered bef'ore downconversion tol the I 50-MH/ illterme- 10. A. A. Whalen and W. A. Johnsonl. Jr.. "ATS-6-A Satellite for
diate frequency. Any receiver (except 13/18 GHz) coluld have Human Needs." Paper 75-900.-hIAl Coqf('rence onl Comm~it-
been connected to any one (If the three identical IF amplifiers. nication .Stlie o h~lhb~auzAilctm~(July
which could have provided either 12- or 40-MHz bandwidths. 1975).
The IF Outputs Could have beemn colnnected to atiy of the transmit- 1.7wASFmI-;DmBo.GdadSaeFih etl
ters. The transmitters icue povrrsdieramplifiers, (October 197 1: rev ised September 1972).and power amplifiers. miost of'these elements were redundant.
The C-band and 20/30 GH/. transmitters used traveling wave 12. "The Commun1.11ity Satellite'' tin three parts). ,Spacellight. Vol.
tubhes (TWTs). whereas the lower-frequency transmitters were ill 16. Nos. 9-Il (September. October, and Nov ember 1974).
transistori/ed. The primary comnintnication antenna was [he 30-f"t 13. "The ATS-6 Satellite,� " Tleunnutunication Iolormd., Vol. 41.
parabola. In addition, the satellite had at ('-band horn and two No. 10) (October 1974).
small parabolas and at horn for the millimeter-wave experinments. 14. L. H. Westerlund, "ATS-F- Comnsat Millimeter Wave Propaga-
The l'eed structure for the large reflector included 36 elements to tion Experiment." C'ommiat Ih'clmical Rev'iew. Vol. 3. No. 2
provide efficient performance for the various f requemncies and (Fall 1973).
bearn patterns used in the communications experiments. The ar-
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I5. A. L. Berman. "The ATS-F Comsat Propagation Experiment 21. A. A. Whalen, "Health Education Telecommunicat ion,, Fix-
Transponder," C'omsat liechnic al Revii iv. Vol. 3. No. 2 Wall pen ment." International ('onl~ience onl ('oinmnuliauion.s:
I1973). ICC '75 (June 1975).

16. J. L.. Lexatich and J. L. King, -ATS-F Comsat Millimeter 22. J. R. Burke, "Experimental Systems in Applications Technol-
Wave Propagation E~xperimientf- Paper 8A, National 7/- ogy Saitellite F and (G.- Paper 72-578. AMAA 4th Cunununica-
CnnOM nhiiation.\ (onfi'renc e: N7'C '72 (December 1972). thonis Satellite Sv~itcups Can/Pr-ene (April 1972).

17. J. L. Kinii and G. Hyde. "The Comsat 13 and 18 GH,. Propa- 23. W. A. Johnson. "ATS-6 Experimental Communications. Satel-
StinExperiment?. a l -nactihonal ('onht'rence oil ('illninli- flte - Report on Early Orbital Result-s.'" Joiti-nal ol S5pacecraft

atil~l .MIA/CC '75 (Jutne 1975). and RocketIN. Vol. 13. No. 2 ( February 1976).

18. L. J. Ippolito. "*The GSFC 20) and 3(0 GH/ Millimeter Wave 24. E. V. Chitnis and J. E. Miller. "Social Implications of Satellite
Propagation Experimnent,"' International Confii'rence onl Coln- Instructional Television Experiment." Initernational Con/er-'
,mntnicuiatnis: WC'( '75 (June 1975): also. EA4SC(N '75 (oin- ence onl Conmnunications: ICC '76 (June I1976).
vention Record (September 1975). 215. D. L. Brown and Y. P. G. Guerin. "*Aeronautical and Maritime

19. V. F. Henry and G. Schaefer. "Systemn Desion of the ATS-F Communications Experiments with the ATS-6 Satellite.� ESA
R~F Measurement Experiment.*' Paper 38D, Natiouild Tele(- Bulletin. No. 5 (Max' 1976).
commui~lnications Co'nU10'n',e: NTC '72 (December 1972). 26. F. 0. Von~bunl. P. D. Argentiero. and P. E. Schmid. "Orbit De-

"20. J. G. Potter and J. M. Janky. -The ATS-F Health-Education termi:,Jtion Accuracies UsinLe Satellite-to-Satellite Tracking.�
Technology Commu11Lnications System.", Internlational Colli~'r- IEEE Tran sa tians oin Aero~space and Electr-onic SYv'~enil%
ience on1 Communnicationis /CC '73 (June 1973). Vol. 14. No. 6 ( Nov ember I1978).

COMMUNICATIONS TECHNOLOGY SATELLITE (CTS)

The Communications, Technology Satellite (CTS ), formerly
called Cooperativ e Applications Satellite C (CAS-C). wais a joint
effort of.the Canadian Department Of Communications and CT.S' atellite.
NASA 11 - I191. The Main purpose of CTS was to demonstrate ad-
vanced spacecraft techniques that were applicable to higher pow-
er transnmissions in the 12- to 14-GHz band. includino at hig2h
power transmitter, a Iightw\eight extendable solar ar-ray

with an initial Output above I kW, and a three- '
ax is stabilIization system to maintain
accurate antenna poiniting ~.

03

Satellite
Body 72-in. dia.. 74-in. heieht with two solar arrays, 51I in. wide
and 20 ft. 4 in. lon,,: total satellite span 52 ft. 9 in.
738 lb iii orbit. beoinnintz, of life

Sun tracking solar array and NiCd batteries. 1360 W initially. ap-

Canada developed the satellite. NASA prov ided the primary ex- proximately 930 W mnlinimum11 during last yecar (1979)
perienirt. which wVas a 200-W output. 5014 efficient I 2-CHi Three-axis stabilization uIsingI at variable speed momentum w&heel.
TWT. NASA also had the responsibility for Ia'inching the satel- +0. I de,, about pitch (north-sou~th) and roll (v elocity v ector) axes.
lite. The European Space Research Organization (ESRO). no\w ±1.1 deg, about yaw% (radial)axis
known ats ESA (European Space Agency). participated in the CTS Solid rocket motor for apogee mianeuver. hydra/ine thrustersý for
progranm by supplying one of the TWTs. at parametric amplifier, on-orbit use
and some other items.Cofgrtn

The satellite body was roughly at cylinder 6 ft in height and di- Cofgrtn
ameter. which was injccted into at synchronous equatorial orbit iii Two 85-MI-I bandwidth single-conversion repeaters
a spinning condition. After it was despun.I two 5 I - x 244-in, solar Transmitter
panels were deployed from opposite sides of the body. The solar 11.843 to I1I.928 CH/ and 12.038 to I12.1I23 CH/
panels rotated about their long axis to track the Sun continually'.
The antennas were Mounted on oimbhals on the f'ront (earth-view- omlcniuaio 0WTTo o bn n ()WT_
ing) end of the body and required no deployment. Satellite details on high band. alternately both bands share the 20-W TWT tat re-
are as follows: duced capability)
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14205-14290 11843-11928

D

14010-14095 12038-12123

TD TO TT W

2167

c STD S S TW

2167 F > Field effect transistor amplifier

CTS (olmilmunli(cationl sullbsvse.

Receiver Orbit

14.010 to 14.095 GHz and 14.205 to 14.290 GHz Synchronous equatorial. 116"W longitude. (142 2 W last half of

Two preamplifier chains (one on. one standby) 1979) +0.2E-W stationkeeping. inclination <0.8 deg through

Noise temperature: mid 1979

Approximately 2000 K with tunnel diode preamplifier Orbital history

Approximately 1350 K with parametric amplifier Launched 17 January 1976

G/T: 6.4 dB/K on-axis wNith parametric amplifier Delta 2914 launch vehicle

Antennas In use until turned off (November 1979)

Two 28-in. dia. antennas. 36.2-dB cain on axis for transmit and Management
receive. 2.5-deg beamwidth. steerablc over ±7.25 deg, linear po- Developed by Canadian Department of Communications
larization

The communication equipment included 20- and 200-WA'
Design life TWTs. Tvo 85-MHz channels were available. Normall. one of
Two years the redundant 20-W TWTs was the pow\er amplitier for one

Table /. CTS Ground Terminals.

RECEIVER TYPE MAXIMUM

FUNCTION DIAMETER, AND NOISE dblK TRANSMITTERft PEAK BEAMWIDTH TEMPERATURE, K POWER, W
GAIN, dB deg

Control terminal
Transmit and receive TV and Uncooled
multiplexed voice signals 30 59 0.18 paramp, 425 32.9 1000

Remote terminals
TV transmission 10 50 0.54 TDA, 1150 19.5 1000
TV reception and two-way voice 8 48 0.67 TDA, 1150 16.5 1
Two-way voice 4 42 1.3 Mixer, 2660 7.8 1
Recieve FM sound broadcast 2 equivalent 35 2 x 4 Mixer, 2660 0.8
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channr Iit \e I5 lI as the lowk-levelI drix er for the 200-\VTWVT onl the Evaluation." Interunationral ContIre(ncilt' oil Commnicrratioins:
second channel. Inl at backup miode, the 200-W TWI \N as b\- ICC '76 (June 1976).
passed and the output 0) the 20-W TWT was di\ ided bet\\eenl the 5. L. D. Braun and NI. V. O'Donov an. -Characteristics of a Corn-
txx o channels. Somie characteristics of the 200-W TWT. as dciii- munications Sate!llite Transponder.' Microwave Journal. Vol.
onstrated durine, the first six month,, in orbit, wkere 17. No. I2 (December 1974).

" construction: Coupled Ca\ it\. Multistage depressed collec- 6.JDa.CTComnainsEpret."Per3BN-
tor. conduction cooling. 7o1niifcl'(onin oh Cc nih'n'nhcv: .\TC '72 (December

"* RE output atsaturationl: 200-W Continu 1Lous-wavt\e Inili niutIn 1972).
ox er the operating band. 2140-W peak. 30-dB gain. 3-dB 7. D. L. Wkrie-ht and J. W. B. Da\. "The Com municat ions Tech-
bandxs idthl Ž>8i IH,. noloo\ Sa-tellite and the Assoc .iated Ground Terminals for Ex-

"* Center f'requncyIC: 1-2.08)) GHi. perimients.''Paper 75-904. AIA.A Con/c renre onl
"* Efliciencx : 45"( at 224-W output (including pow~er suIpply CM1111 .ninCatli.oilsx Satellite~s for Health/Educatioi AIpp/ica-

The CTS had redundant receivers. one with at tunnel diode ti~ioi. (July 1975).
preamiplifier and the other xv ith a parametric amplifier. Both re- 8. E. F. Miller. J. L. Fiala. and 1. G. Hansen. "Performance Char-
ceiver chains were sinele conversion and had at tunnel diode am- acteristics of the 12 GH,. 20)) W\att Transmitter Experiment
plifier (TD.\) followin- the mixer. The receivers fed redundant Packace for CTS." EASCO.V 75 Convrention, Record (Septenm-
field effect transistor amplifiers that prov ided the input signals for ber I1975).
the TWTs. The satellite had txxo narrowkbeami antennas, one 9. G. H. Booth. "The Canadian/U.S. Hioh Power Coinmunica-
directed toxx ard at control terminal and the other toward retuote tions Technology Satellite."* Sat'llitel S *vsenisjor Mlobile
terminals. The tw~o channiel s xere used for txvo-xxa\ cool mun.1ica- Conninnic ation~S and Surveillanice. I EE Conference Pub! ica-
tions. The high-powNer TWT %.ias used for transmission to the re- tion No. 95 MNarch 1973 ).
mote terminalds that used relativelx smiall antennas,. 10. J. Kaiser. "*Experiments, in Satellite Communications- with

Canada, NASA. and other United States Gov ernmnent agencies SalErhTrias"Ppr8-55 IAS/ onui
started conduIctine2 commu1.n icat ion e xperi mernts w&ith the CTS fol - cations Satellite SYstems: Co~i ,frenre (April 1980).
lowinL, its, launch on 19 Januarý 1976. Canada had its control ter- I an."h omnctosTcnlg aelt
niinal at Ottawa and remote terminals in the north. The capability Flight Performance."' Arta Astronautica. Vol.-5. No. 5-6
of the CTS allowed the rernote terminals to be relatively small, ats

indiate bvthechaacteistcs kenin able1. he S culd (May-June 1978).
indicated~~~~~~~~~~~ bytecaatrsis-xni al .TeCScud 12. Joil'Urc of.the British Interplanetary Societv. Vol. 29. No. 9

support several simultaneous links xvith these terminals. For ex- (etm r17) .68
ample. the 8-ft terminal rnoted in Table I could receive a telev ision(Spebr97)p.68
sienal transmitted w ith only a quarter of the total CTS power. lIn 13. R. E. Alexov ich. "On-Orbit Performance of the 12 GHz. 200
Nkfav 1976. thc CTS was re'namied Hernmes in Caiiada. By mnid- Watt Transmitter Experiment Package for CTS." Paper 1.3.
197,8. thirty-twko experimental programs had been completed or lIiterniationial Con/ji'n'nce onl Commnunication~s: iCC 78 (June
were in progoress and seven imore were planned. These experi- 1978).
ments were in the fields of' propagation. commuII.nicationis engi- 14. N. G. Dav ies. J. W. B. Da\. and NM. V. Patriarche. "The Tran-
rieerrii ii. television broadcastirno. educat ion, medicine. sitmon from CTS/Hermnes Communications, Experiments to
government. and commuminit\ affairs. The operational viability of Anik-B Pilot Proliects." LASCON 7S Coniler'rei Record
man\ of these projects was 'studied further using the 12- and 14- (September 1978).
GH/ channels on Anik B. CTS xva, used until Novemiber 1979. at 15. A. Casex-Stahmner. "'From Satellite Experiments to Operation-
xshich ltime it wais turned off. al Applications: Canadian Experiences and Plans." t~l As-

:j :! *ý týý :ronautica. Vol. 8. No. I (January 1981).

I.C. Franklin and E. Dav ison. "A Hich Power Communications 16. N. G. Dav ies. et al.. "CTS/Herrnes - Experiments, to Explore
Techtiolouex Satellite for the 12 and 14 GI-I Bands.." Paper 72- the Applications of Advanced 14/12 GHz Communications
5X0_ 1 i,11 4th C ommunlicactions Saltellite .S vvsells Conlif'rc'nre Satellites. Proceedingxv of the XXIXth internationlal Astroc-
(April 1972). Reprinted in Communuiciation~s .S~aellite .S 'v- nautircil Cong/re~ss (October 1978).

tentsA. Proc~ress ill Astronautics andAeronauftics. Vol. 32. P. L. 17. C. A. Siocos. "Broadcasting-Satell ite Signal Reception Ex-
RarL'ellini. ed. ( 1974). perinlent in Canada Using the High-Powecr Satellite Hermes."

2. V. O'Donovan. "*Design (ifa 14/12 GH/. Transponder for the International Br-oadca sting Convenrtion. lEE Conference Pub-
C'ommunications TechnologY Satellite." Paper 72-734. CASI/ lication No. 166 (September 1978).
AIAA Meeting: Space-1972 Assessment (July 1972). 18. H. R. Raiiie and J. S. Matsushita. "*Hermes Satellite (CTS):

3. P. L. Donou~ghe. "*United States Societal Experiments via the Performance and Operations Surimary." Paper 80-0578.
Communications Technology Satellite." Inmternational C'oti- 1AMAA Sitl Communu~icationms Satellite SYsteni Confiren e
/Crencc onl Conilnioririations.: IWC 76 (June 1976). (April 1980).

4. L..1J. Ippolito. "Characteri/ation oif the CTS 12 arid 14 GH/. 19. J. W. B. Day. N. G. Davies. and R. J. Douville. "The Applica-
Communication Links-Prel i~i nary Measurements, anid tions of Lower Powker Satellites, for Direct Television Broad-

castine." Art a Astronautica. Vol. 7. No. 12 (Decemnber 19801).
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SIRIO

doxk nlink carrier amplitude was controlled to pro% ide a reference
level. This combination of uplinks and downlinks allowed all
measurements to be performed on the ground. The measurements,

','ijio sailelite. made were absolute attenuation at 11.6 and 17.4 GHz, and rela-
tive attenuation and phase delay over frequency interval, of 772
MHz and 532 MHz. In addition, multiple ground receivers were
used to measure space diversity improvement. Space di\ersity on
the uplink was achieved by having two sidetones transmitted
from different locations.

In the narrowhand communication mode. as many as 12 bi-
phase modulated carriers were transmitted to the satellite by fre-
quency division multiplexing. The data rate on each carrier was
70 kbps. and the satellite bandwidth was 2.5 MHz. In the satel-
lite, the combined signal was amplified at IF and then used to
modulate the downlink carrier. The wideband communication
mode was similar, except that the satellite bandwidth was 35
MHz. The uplink transmission was a single television channel or
high rate digital data.

The satellite was operated in any one of the three modes. The
satellite equipment was common for all the modes except for por-
tions of the IF section. The transmitter output power was 10 W
from either of two TWTs. The equipment details are as follows:

Satellite
Cylinder. 56-in. dia.. 34-in. height (78 in. overall)

480 lb in orbit, beginning of life
Solar cells, 135 W beginning of life. 100 W minimum after two
years

The Italian industrial research satellite (Sirio) [I -121 was de- Spin-stabilized. 90 rpm
veloped for use in propagation and communication experiments Solid rocket motor for apogee maneuver. hydrazine thrusters for
at 11.6 and 17.4 GHz. These frequencies were selected prior to on-orbit use
the 1971 World Administrative Radio Conference and, therefore. Configuration
do not exactly coincide with the satellite communication frequen-
cy bands defined at the conference. A large part of the Italian Communication experiment: 2.5-MHz bandwidth repeater with
aerospace industry participated in construction of the satellite un- as many as twelve 70-kbps carriers, or 35-MHt bandwidth re-
der direction of the Italian National Research Council (CNR). peater with one TV channel
Three ground stations in Italy plus stations in other European Propagation experiment: 40-kHz bandwidth repeater
countries participated in the Sirio experiments.

The satellite had a cylindrical,
spin-stabilized body with a despun an-
tenna on one end. All the equipment
was mounted on an internal platform.
The payload was primarily for support
of the three primary experiments:
propagation, narrowband communica- Propagation
tions. and wideband communica-
tions. Secondary experiments were 2
for measurements of the natural envi- 386 266
ronient at synchronous altitude.

In the propagation experiment, the
17.4-GHt uplink was amplitude-mod- 362 242
ulated at 386 MHz to produce two
sidetones 772 MHz apart. In the satel-
lite. they were converted to about 386 17395 270 11597
MHz with a separation of 20 kHz. and 292
a calibrated reference signal was in-
serted between them. This combined 362
signal was further converted to 266
MHz and used to amplitude-niodulate Communication
the ! 1.6-GH/ downlink carrier. The Sii (Phmlli(atifl ,SVlWU.
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Transmitter P1  C 17395 P2

11.597 GHz I
Received I

10-W output TWT (one on, one standby) uplinkI

ERP: propagation mode, 16 dBW, narrow- ' 1 MHz
band communication. 24 dBW: wideband -386.56 -292.4 +386.56
communication. 26 dBW: all at edge of cov-
erage (all 5 dB higher in central I deg of
bearm)

17395
Receiver I
17.395 GHz Local

G/r: -16 dB/K (-10 dB/K over central 3 x 5 oscillator
deg of beam) -0.01 * MHz

Antenna
Fixed feed horn with mechanically despun re-
flector. >22.5/23.5-dB gain on axis (11.6/17.4 P1  R P2

GHz), 6- x IO-deg beamwidth (6 deg is north- 386.56
south beamwidth), beam center 6.5 deg above
equatorial plane. steerable 3.5°W to 4.5°E of Propagation
satellite nadir, circular polarization IF I
Design life -0.01 +0.01
Two years

Orbit P2 R P1  11597 P1 R P2

er moved to 12E longitude: moved to 65°E
in early 1983 Transmitted
Orbital history downlink Filter

MHz
Launched 25 August 1977. in use until 1095 -265.76 -70 +265.76
Delta 2313 launch vehicle

Management P1 , P2 Propagation tones
R Reference level tone injected in satellite IF

Developed by Italian aerospace industry for C Communication signal
CNR (Consiglio Nazionale della Richerche) Filter removes upper communication sideband

The Sirio experiment was defined in 1968 P and C are never simultaneous

and was originally scheduled to be launched RF spectra in the Sirio satellite.
in 1972. A number of delays occurred as the
result of technical, political, and financial reasons. The satellite 2. P. Fanti and S. Tirro. "The Italian Sirio Experiments: Satellite
was launched 25 August 1977 and used in a variety of experi- and Ground Equipment." Paper 70-502. AIAA 3rd Conmunui-
ments. In 1983. it was moved to a position over the Indian Ocean cations Satellite S '.stems Con ference (April 1970). Reprinted
for cooperative Chinese-Italian experiments, which lasted until in Communication Satellites.f[r the 70s: S'vstewns. Progre.ý., in
October 1984. Sirio was turned off in 1985. Astronautics and Aeronautics, Vol. 26, N. E. Feldman and C.

The Sirio 2 satellite was an ESA program. The satellite was M. Kelly, eds. (1971).
primarily constructed with hardware left over from the basic Sirio 3. A viation Week & Space Technology (23 August 197 1. p. 92.
program. but the payloads were different. Sirio 2 had an S-band 4. "Space Programmes Around the World: 2. Italy." Interavia.
transponder for distribution of meteorological data between Vol. 26 (June 1971).
ground sites, and a detector and retroreflector for a laser clock 5. "The World of Aerospace."Ihnuravia. Vol. 29 (January 1974).
synchronization experiment.

The Sirio 2 program started in 1978. The satellite was 6. G. Perrotta. "The Italian Sirio 12-18 GHz Experiment: The
launched together with a Marecs satellite on an Ariane launch ve- Forerunner of 20-30 GHz Preoperational Satellites." Paper
hicle in September 1982. A failure in the Ariane third stage re- 78-631. AIAA 7th Comnmutnications Satellite SY.vtenis Comif'ri-
suited in the loss of both satellites. ence (April 1978).

* * , * , * 7. F. Carassa. "The Sirio Progranmme."Act' A.tronatmtica, Vol. 5.

I. F. Carassa. "The Italian Satellite Sirio.'" Paper 70-501. AIAA No. 5-6 (May-June 1978).

3rd Commnunicaftions Satellite S-s teins Confi'relce (April 8. Special Issue on the Sirio Programme. Alta Frequen''a. Vol.

1970). Reprinted in Co nunica'tion Satellit e sw flithe 70.v: 47. No. 4 (April 1978) (English Issue No. 2). Partial contents:190.Sten a.prnteridCoItsi Propagations ande 0.•

,-stems•, Progress in Astronautics and Aeronauttic.. Vol. 26. a.F Carassa, "The Sirio Prooramme and Its Propagation and

N. E. Feldman and C. M. Kelly, eds. (1971). Communication Experiment."
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b. A. (anciani. "S\stem and SUbs\ cleln I)esi en ('riteria of I. 1:. Sa!gc'c. "'In Orhit Perl'Oinance of the SIRIO SHF L\peri -
the Sirio Satellite." mnlc.'" .11a Ifrcqm'n:a, Vol. 48. N . 6 (June 1979).

c. G. Perrotta. "The SHF Experiment On-Board Equipment." II. P. Ramat. "�Propagation Measurements iln Circular Polari/a-
d. S. Tirro. "The System Design ofthe SHF Experiment." tion on a Satellile-Earth Path Through SIRIO Experimental

9. F. Carassa, et al.. "The Sirio SHE Experiment and its First Re- Satellitc." A/ta I-reip'ica. Vol. 4N. No. 6 (June 1979).
suits." Astronautics tar Peace ani ttI na P r r's'. Pr*e,- 12. P. Berlin. "'The Sirio-2 Programme." ESA B llhin,. No. 19

ing/ o/ I/itc XXIXIh Inlterwltional /A.srolaailtictal Colr(,.ls (Augit 1979).
(October 1978).

LINCOLN EXPERIMENTAL SATELLITES (LES)-8 and -9
LES-8 and -9 11-71 are the latest in a series of experimental

military communication satellites developed by the MIT Lincoln then demodulated. All sienal
Laboratory. They are operating with a variety of fixed and mobile routing is conrolled b\ ss itches
terminals with the use of both UHF and K-band (36 to 38 GHz) goen b\ cToe baic tnde from the

for uplinks and downlinks. A K-band crosslink between LES-8 ablendr sh e b lock a-able are shown in the block dia-

gratl.
LES-8 and -9 are practically

identical. Most of tI electronic
subsystenms are contained in the

satellite body, wNhich is 46 in. long
LES-9 satellite, and about 44 in. across. The two

radioisotope thermoelectric gen-
erators (RTGs) are mounted one
upon the other on the back end of
the satellite body These RT(Cs
provide all the electrical power
used b\ the satellite: no solar cells
are used. The UHF antenna is
also attached to the back end of
the satellite body. The K-band
antennas and some electronics.
plus earth sensors, are mounted
on the front end. The omerall
length of the satellite is about
10 ft. The satellite is three-axis-
stabilized b\ a ginbaled momcn-

and LES-9 is a significant part of the program. The communica- turn wheel and ten gas thrusters. The satellite details are as lol-
tions electronics are all solid state. Two K-band receivers and lows:
transmitters are on each satellite, one used with a horn antenna
and the other with an 18-in. parabolic reflector. The paraboloid Satellite
works \% ith a steerable flat plate and a five-horn feed to provide a Approximatel. 10 ft lonl
narrowbeam tracking antenna. This antenna is normally used for LES-9. 948 lb in orbit. beginning of life
crosslink communications but can also be used for uplink/down- LES-8. similar to LES-9
link traffic. The satellites can acquire the crosslink with initial Two RTGs. 152 Weach initially. 130 W each after five Nears Ide-
pointing uncertainties greater than ±1 deg and maintain trackiig sign goal was 145/125 W)
to better than 0. I deg at typical signal levels. The horn antenna is
fixed and is used only for uplinks and downlinks. The K-hand T e i
transmitters use parallel Impatt diode amplifiers to produce an ±0.1 deg about pitch and roll axes, ±0.6 deg about yaw axis

output power of 0.5 W. The crosslink bit rate is either 10 or 100 Cold gas propulsion for on-orbit use

kbps. using phase shift keying (PSK) modulation. The K-hand Transmitter
uplink,, use both eight-tone FSK and differential quadriphase UHF: 240- to 400-NIH, band. 32-W or X-W output. ERP 25
shift keying (DQPSK): the K-band downlinks use DPSK. All dBW (high power mode) or 18 dBW (low posscr mode)
UHF transmissions use eight-tone FSK. For transmissions ili K-baud: 36- to 3S-GH/ band: 0.5-W output. 21-dBW FRP
vohving UHF links, which are primarily for relatively simple mo- K-band: 0.5-W ot, tput. 1-B (RP
bile terminals. the basic data rate is 75 bps. The K-band links can (horn): 0.5-W output. 39-dBW tRP (dish)
handle selected ,ntormation rates up to 19.2W{) bps, which is ade- Receiver
quatc for computer data or digitized voice. Except f'or an optional UHF: 240- to 401)-NIH, band. s\sstem noise temperatuire approx-
UHF frequency translation mode with a bandwidth of 500 kH/. imately 1000 K. G/T -20 dB/K
all received uplinks are translated to intermediate frequencies and
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UHF ANTENNA K-BAND HORN K-BAND DISH LES-X and -9 were launched togeth-
er on a Titan IIIC booster on 14 March
1976. The first tests showed that all

D D D important comflmunfications paramtcer

Receive Transmit Receive Transmit F Receive Transmit the prelaunch measurements. Since
then, the satellites have been exercisecd
in a %ariely of modes, both for detailed
performance mneasurenments and for

I DPSK functionally oriented demonstraltions to
rr.od prove the operability of the various

links. These tests have in ol ed
S S ground and m,,bile terminals dc\el-

oped by Lincoln Laborator\. the Air
Antenna Force. and the Navy. The test result,,
-tcking have all been satisfactory and have

'Mi shown that the LES-8 and -9 communi-

Baseband MF cations features are operationall, use-
converter K-dish ful. The satellites \,ere still in good

pointing condition and being used in 1989.
control

Signal
processor 1. A. R. Dion. "'Satellite Crosslink K-

LES-8 anud -9 and (amnuijcati(I svth'te. Band Antenna." NEREM 72
Record.

K-band: 36- to 38-GH/ band. system noise temperature 1400 K. 2. F. W. Sarles. Jr.. "The Lincoln Experimental Satellites LES-"
G/T Ž-8 dB/K (horn). Ž_>10 dB/K (dish) and -9.- Paper 21 - I. EASCON '77 Coanlire-ee Re'orld (Sep-

Antenna tember 1977).
Antheena c3. L. J. Collins. "LES-8/9 Communications System Test Re-UHF: three crossed dipoles on a ground plane . 35-deg beam- sut"Pae7-9.AI thCnmntm StllE.V-

x idth. approximately 8-dB gain (edge of earth) its.- Paper7n59 Ail 78).
terns Conflren'e (April 1978).

K-band: horn. 10-de- beamwidth. 24-dB -ain (on axis): dish. 4. F. J. Solhan. "*The K-Band Systems of the Lincoln Experi-
18-in. paraboloid. 1. 15-deg beamnwidth. 42.6-dB gain (on axis). miental Satellites LES-8 and LES-9.'" Paper 78-562. A.11 7th
steerable ±+10 deg in elevation and 104 de- in azimuth by gim- C1nnuicatirns Satellite Systems Canferenc (April I978).
baled flat plate Revised version in Journal oqf Spacecrafi and Rockets. Vol. 16.

Orbit No. 3 (May-June 1979).

Synchronous. 25-deg inclination. 40'W and I 10W longitude. 5. D. M. Snider and D. B. Coomber. "Satellite-to-Satellite Data
later collocated near 106 2 VW longitude Transfer and Control." Paper 78-596. AIAA 7th Communica-

Orbital history tions Satellite Systems Con/ference (April 1978).
6. W. W. Ward. D. M. Snider, and R. F. Bauer. "A Re\ ie\, of Sev-

Launched 14 March 1976 en Years of Orbital Service by the LES-8/9 EHF Inter-satellite

Titan IIIC launch vehicle Links." Paper E I. I. International Canfrll'nce on CoaIniun ia-

In use (1989) tionfs: ICC '83 (June 1983).

Management 7. W. W. Ward and F. W. Floyd. "Thirty Years of Research and
Dexeloped by MIT Lincoln LaboralorN Development in Space ComunLnications at Lincoln taborato-

ry." The Lincoln laihoratorv Journal. Vol. 2. No. I (Spring

Operated by MIT Lincoln Laboratory 1989).

JAPANESE EXPERIMENTAL COMMUNICATIONS SATELLITE (JECS)

Although Japan had built and launched several low-altitude (JECS) that was also launched by the N rocket 11-41. The ob ec-
satellites, their first communications and broadcasting satellites tives of the JECS program were to develop techniques, for launch
"y~ere built in the United States and launched by NASA. At the and on-orbit control of synchronous satellites. propagation imca-
same time. Japan was developing smaller synchronous orbit satel- surements. and communications experiments.
lites and a launch vehicle for them. The launch vehicle %%as the N Both ETS-11 and JECS were based on the Skynet I desien. be-
rocket, which wkas based on the 1970 design of the United States cause the Skynet was siued to the Delta launch vehicle from
Thir-Delta. An improved version. the N-2. was based on the mid- which the N rocket was developed: all three satellites \\ere built
1970s Delta. The first synchronous orbit mission for this launcher by the same manufacturer. L.ike Sk\net and ETS-II. JECS \% as
was the Engineering Test Satellite-Il (ETS-Il). the direct prede- spin-stabilized with a mechanically despun antenna. The solar ar-
cessor of' the Japanese Ex peri mental Comminunicalion Satellite ray was mounted around the outside of the spinning bod \. and
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Receiver
('-hand: 6.305-GH/ center frequency, tunnel diode preamplilier.
-12 dB/K G/T

K-hand: 34.83-GHz center lrequencN. mixer followed hb transis-
tor amplifier, -5 dB/K i/T

Antennas
C-hand: narrowbeani parabola. 22-in. dia.. measured minimum

1- I . gain with rotary joint loss 20.5/23.6 dB (transinit/receik c. -eam-

wkidth approximately 9/6.5 deg

Array composed of" 128 cavity-backed crossed dipole,, mounted
in a hand around the satellite body. pattern nearly uniform in ar-
ray plane and ±45 deg from the plane

C K-hand: narrowheani parabola. I 2-in. dia.. measured mninimnum
gain with rotary Joint loss 34.7/34.9 dB (transmit/receive i. beam-
wkidth approximately 2.5 de,,

All antennas use circular polarization

The two narrowbeamn antennas are despun together

Design life
Approximately 1.5 years

Orbit

Japa /',w l-ivwrilental Comm(mi atii n Satellite. Synchronous equatorial. 145ýE longitude planned. both satellites
actually are drifting in near synchronous elliptical orbit

other subsystems were attached inside the spinning body on both Orbital history
sides of an equipment platform. The desptun ection had two par- A: launched 6 February 1979. destroyed by collision with launch
abolic antennas whose beamwidth wkas siued to cover Japan while vehicle third stage during apogee motor frinr
minimizing radiation on adjacent nation,,. The larger antenna was B: launched 22 February 1980. destroyed by apogee motor failure
for C-band (4 and 6 (H/). and the smaller was for K-hand (31
and 34 GHzi. There was also a 128-elenent C-band array miount-

ed around the top end of the satellite body. which provided nearly Management
onmidirectional coverage. The C-band equipment could be Developed by Mitsubishi (prime). Ford Aerospace and Comiu-
swkitched betv, een the two C-band antennas. Technical details( of nications Corporation (spacecraft and antennas), and Nippon
the satellite are as follow',:

Satellite
Cylinder. 55.7-in. dia.. 37-in. height
(64.8 in. overall) D 4020-4140 ,

Approxirnately 290 lb in orbit, begin- 6245-6365
ning of life

Solar cells and NiCd batteries. I I W
maximum at beginning of life. 99 W 128 element array

minimum after one year
Spin-stabili/ed. 80) to 115 rpm

Configuration
Single transponder A ith selectable
bandwAidth of I0. 40. or 120) MFi,. input
and output independenll\ s, itchable to
either C-band or K-band

Transmitter 30,750

C-band: 4 )8-GH/ center frequency. T T
redundant 5-\V "TVl's rone on. one TO T H S C
standby). 23-dBW F.RP

K-band: 31.65-G(H/ center frequentc. 2225
single 2.5-W TWT. 34-dBW FRP

( o \ 1b SI 1. 3940
4Beacon
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Electric Company (transponder) for National Space Development * * * * * *
Agency ofJapai I. M. Hirai, et al.. Development of Experimental and Applica-

Tre communication subsystem of the JECS had five basic sec- tions Satellites," A'ta Astronautica. Vol. 7, No. 8-9 (August-
tions: C- and K-hand receivers (left side of the figure), an inter- September 1980).
mediate frequency section (middle), and C- and K-band 2. T. Ishida, "Program of Experimental Communication Satellite
transmitters (right side). The IF section handled only one signal (ECS) of Japan." Paper 78-614. AIAA 7th Communications
at a time. Bly round commands, either transmitter and either re- Satellite Sy.stems Contrence (April 1978).
ceier could be connected to the IF section, giving a total of four 3. M. Ohara. "The Satellite Transponder Performance for the
possible configurations. The bandwidth of the IF section could be Experimental Communications Satellite (ECS)," Paper 78-
sw%.itched to 10. 40, or 120 MHl. The I0-MHz option was intend- 563, AJAA 7th Colboti'ation. Satellite S'stems Couni-rene
ed for range and ranee rate Measurements and the A ider band- (April 1978).

widths for the communications experiments. 4. E. W. Matthews, L. F Brokish. and G. F. Will. "The Commu-
JECS was launched in early February 1979 but was destroyed nications Antenna System on the Japanese Experimental

during apogee motor firing, apparently due to a collision with the Communications Satellite." Paper 78-584, AJAA 7th Comu-
launch vehicle third stage. The spare JECS was launched a year nications Satellite Svstenis Con/tren'e (April 1978).
later and \was destroyed by a failure of the apocee motor.

ENGINEERING TEST SATELLITE (ETS)-V

The Japanese national space program has used Engineering The communications payload of ETS-V. which was used in satis-
Test Satellites lETS) as a means of proving basic equipment and fying the third and fourth objectives. is called the Aeronautical
techniques for satellites, launch vehicles, and satellite control and Maritime Experiment Transponder. It is the space segment of the
operations. ETS-V I I -I I is the first of this series to incorporate Experimental Mobile Satellite System.
a commuunications payload. The ETS-V satellite has four objec- The ETS-V satellite body. the solar arrays. and the antennas
tives: are shown. ETS-V is the first Japanese-built three-axis-stabilized

"* To scr\e ais a test payload or- the Japanese H- I launch vehi- satellite and serves as a test of the stabilization subsystem as well
cle and high-energy tipper stage.

"* To establish three-axis stabilization technology for synchro-
nous orbit satellites.

"* To be used in experiments in maritime commun1ications with
Japanese fishing \essels.

"* To be used in experiments in aeronautical communi-
cation and nay i-ation and air traffic control.

E17 -VS .atllit,.

ias of the deployable. sun-tracking solar arrays. It is the first com-
.munication satellite of any nation to use GaAs solar cells, which
are being produced in Japan. The satellite stabilization accuracy

. ~ ii~ is equail to the state of the art achieved by other nations. The st-
ellite and payload details are as follows:

S~Satellite
Rectangular body about 55 x 65 x 69 in., 137-in. height to top of

antenna. 32 I't across tips of deployed solar arrays

Approximately II 60) lb in orbit, end of life
Solar cells and NiCd batteries. 1067 W maximum, beginning of
life: 820 W minimum, end of life
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1644, 1648.5 1540.5, 1546.5

5960 i 5230

ETS- V ('mtlmllI~i(atiol suIb~systeI.

Thrce-axi, stabilized. _+0.08 deg 3t5 (pitch and roll). _+0.45 deg 3o Orbit
(y'aw) Synchronous equatorial. 1 50°E longitude. stationkeepi ng to

Configuration _+0. I °N-S and E-W

C/l,-band for fixed to mobile terminals. 3-MHz bandwidth Orbital history
IJC-hand for mobiles to fixed, 3-MI-l bandwidth Launched 27 August 1987. still operating in 1990

C/C-hand tor fixed to fixed. 3-MI-l bandwidth Japanese H-I launch vehicle

IJiL-band (or mobiles to mobiles. 300-kHz bandwidth Management

Transmitter Developed by Mitsubishi Electric Company (prime contractor)
1: 1540.5 to 1543.5 MHi and 1545 to 1548 MHz and NEC (communication subsystem) for NASDA. Ministry of
Tw'o 25-W FET amplifiers Posts and Telecommunications, and Ministry of Transport

35.5-dBW, per channel ERP on axis Operated by NASDA

C': 5218.75 to 5241.25 MHi The payload uses C-band to communicate with fixed ground
rwo X-w FET amplifiers terminals in Japan and L-band to communicate with mobile ter-
25-dBW ERPon axis minals, i.e.. ships and airplanes. Both antennas as well as an S

band telemetry and command antenna can be seen in the satellite
Receiver figure. The l,-band antenna generates two independent beams.
F.: 1642.5 to 1645.5 M Hz and 1647 to 1650 MHz which provide coverage of all Asian coastal waters and seas and
F:H" prcailps. 1 .65-dB nos figure~ about half of the Pacific Ocean. The two beams provide higher
-4 d/minimum G/T naxsgain than a single beam with broader coverage: this gain is neces-

on 94.5to57 axisM sary to limit the antenna size required on the mobiles.
C: 548.5 t 597.25M~zBecause ETS-V is a test satklite, rather than an operational

FET preamps. 2. I -dB noise figure one, the communication subsysteim has only partial redundancy.

-X dB/K GflT on axi~s There are four paths through the subsystem, for communication

Antennasbetween fixed terminals (C-band receiver/C-band transmit), fromAntennasfixed to mobile terminals (C/L-band). from mobile to fixed termi-
I,: one 59-in. dia. parabolic reflector, offset fed by two helices to nals (L/C-band). and between mobile terminals (L/L-band). The
pro)du~c two beanm, each with approximately 9-deg beamwidth path is determined by the uplink frequency. which causes the IF
and 25 tdB: on axis, gain, circular polarization filte:r network to route the signal to the proper downlink. The IF

C: one earth coverage horn with approximately 20 dB on axis filters are constructed with surface acoustic wave devices.
gain. circular polarization The ETS-V satellite development began in 1983. The satellite

Design life was launched in 1987. Initial testing showed that the satellite and
the payload were operating properly. The primary mobile comn-

Five years (I1.5-year fuel load planned) munications experiments were conducted between earth stations

in Japan and a ship and a 747 aircraft. Signal quality was meca-
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sured in many conditions, and fading countermeasures were test- per 86-0647, AIAA 11th Communication Satellite Sx.%temn.s
ed. Landmobile communications were conducted with vehicles Cont 'erence (March 1986).
and trains: three modulation formats were tried. 5. T. Mori and T. lida, "Japan's Space Development Programs for

Following the basic mobile communications experiments, 5ev- Communications: An Overview," IEEE Journal on Selected

eral supplementary experiments have been started. One is a posi- Areas in Communications, Vol. 5, No. 4 (May 1987).
tion location test using signals from a mobile station transmitted 6. M. Miura, "Perspective of Satellite Communications in Ja-
through both ETS-V and the Pacific Inmarsat. In another experi- pan." Telecommunication Journal, Vol. 56. No. 8 (August
ment. nongovernlnent organizations used the satellite for mobile 1989).
conmmunications demonstrations. In addition. Aussat conductedcommnictios deon t rtios. II aditon.Ausst cnduted 7. K. Kondo, et al., "'Aeronautical Maritime Experimental Tran-
landmobile experiments through the southern L-band antenna 7 .ondon e eron atilMite Experintal oran-
beam. The experience gained through the ETS-V experiments sponder on Engineering Test Satellite-V." Proceeding Aothe

will be applied in the future design of an operational mobile om- 18th European Microwave Cference (September 1988.
mnunications satellite system. 8. K. Kondo, Y. Hashimoto, and T. Ide, "Routing and Filtering in

, * * * * * the ETS-V Transponder for Mobile Communication Experi-
ments," hiternational Journal of Satellite Comunications. Vol.

I. S. Miura. et al., "Aeronautical Maritime Satellite Communi- 7, No. 4 (October-November 1989).
catZion Experiments Program." Satellite Systems fr Mobile 9. K. Kondo, et al.. "CRL's Mobile Satellite Communication Ex-
Communication and Navigmationm. lEE Conference Publication periments Using ETS-V," Paper 90-0775. 13th AIAA Interna-
No. 222 (June 1983). tional Communication Satellite Systems Conference (March

2. S. Miura. M. Wakao. and N. Futagawa, "L-Band Transponder 1990).
of ETS-V for Experimental Mobile Satellite System," Paper 10. N. Hamamoto. K. Kondo. and S. Ohmori. "Results on CRL's
24.2, Intermnational Coml'erence on Communications: ICC '85 Mobile Satellite Communication Experiments Using ETS-V
(June 1985). Satellite," Space Communications. Vol. 7. No. 4-6 (November

3. H. Murayama. et al.. "ETS-V System," Paper 86-0723, AIAA 1990).
11th Communication Satellite Systems Conference (March 1I. Aviation Week & Space Technology (21 October 1985). p. 127:
1986). (28 October 1985). p. 47: (10 March 1986). p. 139: (28 July

4. K. Kondo. et al.. "Development of Aeronautical Maritime Ex- 1986), p. 43; (25 August 1986). p. 83: (11 May 1987). p. 142.
perimental Transponder on Engineering Test Satellite-W" Pa-

ENGINEERING TEST SATELLITE (ETS)-VI
ETS-VI 11 - 191 is the largest in a series of Experimental Test these beams are required to cover the main island of Japan. To re-

Satellites developed and launched by Japan. The project has duce the payload weight in order to accommodate other payloads.
three broad objectives. One is spacecraft technology: to develop only four beams are used. Two of these point at Tokyo and Osa-
and opeiate a three-axis-stabilized satellite weighing over 4000 ka, which are the largest metropolitan areas; the same frequencies
lb. Another is to verify the capability of the Japanese H-Il launch are used independently in both beams. This frequency reuse, in
vehicle by launching ETS-VI on the second flight of the H-Il se- addition to dual polarization frequency reuse, will demonstrate
ries. A third is to build, and demonstrate in orbit, several commu- the techniques necessary for a very high capacity commnications
nications payloads incorporating new technologies appropriate to satellite. Being an experiment, this payload does not have as
future operational missions, many 20/30 GHz transponders as the spectrum can support.

The development aspect of the spacecraft technology objec- However, it also has one transponder using the 4- and 6-GH/
tive is carried out both by the basic design features of ETS-VI and bands. This transponder shares the 30-GHz reflector and has one
by several experiments. The spacecraft body is a rectangular box, beam that covers most of Japan. Its purpose is to be an alternate
with solar arrays. two large antenna reflectors, and one smaller to any of the 20- and 30-GHz transponders and beams, if the traf-
antenna compartment which deploy from it in orbit. The struc- fic exceeds their capacity or if they are temporarily unavailable
ture is made of composite materials. A bipropellant system is due to attenuation cause by heavy rain.
used for the apogee maneuver and in-orbit control, augmented by The mobile communications payload shares the 20-GH, re-
ion thrusters for north-south stationkeeping. A nickel-cadium flector and has five beams which cover all of Japan plus the ocean
battery is the primary power storage. but ETS-VI also has a nick- areas to 200 miles offshore. The main demonstration % ith this
el-hydrogen battery. The latter is new for Japan, although corn- payload will be communications between small fishing vessels
mon in other satellites: whereas the ion thrusters are a new and shore stations. The one transmitter of this payload amplifies
technology for a ten-year life satellite. Other aspects of the ETS- the signals for all five beams, dividing its power automatically in
VI attitude control and power use techniques are new to Japan. In proportion to the number of signals in each beam. This feature is
addition, the satellite carries a variety of sensors to measure the important. because the traffic patterns for mobile terminals are
launch environment and the internal and external environments in variable.
orbit. The fixed and mobile communications payloads are connected

ETS-VI has six communications payloads. The largest is the through an IF switch. This allows signals from any of the 10 up-
fixed commnications payload, which will demonstrate high-ca- link beams to be routed to any of the 10 downlink beams. The
pacity services between lixed-site ground terminals. The primary switch is fast enough to route individual time division multiple
frequency bands are 20 and 30 GHz. Each is associated with one access (TDMA) bursts to different beams. Within the fixed coin-
of the large reflectors, which form very narrow beams. 'welve of munications payload. the TDMA rate will be as high as 20)0
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link fromn ETS-VI and 26 GHi for a return link. This pah load is
ETS-VI Satellite. similar to one planned hx the United States for the Ad\ anced

TDRS. Its purpose is to prepare for the Japanese rela\ satellite in
a manner compatible with TDRS land % ith the planned

European rela\ satellite). Like the S-band intersat-
ellite pay load. this pay load is coupled sý ith 201

30-GH/ feeder links betvkeen ETS-VI and the
"ground. Data rates up to about 1I. Mbps %ill be
tested. Testina ofboth intersatellite pa\ loads \ý ill

begin *'ith a -round-based user satellite simulator.
Testing is also planned with communications pay-

launched in 1995.loads on an earth observation satellite planned to be

Another ETS-VI payload is for millimeter
\k ae communications. The primary

purpose of this pay load is to

Mbps: rates s\ithin the mobile
communications payload are limited
by its 5-M-Hz bandwidth. The IF switch
is supplemented b\ a 20-GH, RF routineg '
switch. Both switches share an on-board con-
troller. which communicates wkith the ground via
separate 20/30-GH, control and status links.

Another payload is the S-band intersatel lite link-. Its perfor-

mance is similar to that of the S-band multiple access portion of
the United States Tracking and Data Relay Satellite (TDRS). The
reason is that the Japanese plan to de\elop their o\wn relay satel-
lite that will be compatible with the United States TDRS. The an-
tenna uses a 19-element phased array to form one transmit and
two receive beams steerable to any satellite at altitudes up to 1000
km (540 nmi). In the satellite draw\ ing. the phased array is the flat
hexagonal panel to one side of the antenna tower. These S-band demonstrate communications wxith very small earth terminals.
intersatellite links are coupled with 20- and 30-GHz feeder links e.o.. as small as a I-ft diameter antenna and 0.5-W transmitter.
to and from the ground: together they will provide two-way corn- Another application is for an intersatellite link, w\hich can be
munications bet"een ground stations and lost orbit satellites, demonstrated with a ground-based simulator. This pasload uses
Transmissions will be PSK with code division multiple access. 38 GHz for transmissions from ETS-VI and 43 GHz to ETS-VI.
Bit rates up to 1.5 Mbps are possible. but rates Under 300 kbps The data rate wiith small earth terminals will he about 64 to 512
"svill be used most of the time. kbps: for intersatellite demonstrations it w\ill be 10 .Mbps. The at-

Another intersatellite link pay load uses Ka-band: 23 GHi for a tenuation due to rain is very high at these frequencies. but many

ETS-cm nafixet communication.mmunalood.ns

position position

Poin3ing Pointing
control control

, Receiver Control I• Transmitter

Sreceverstransmitters

6 G~zswitch

Sreceivers tasitr

From mobile To mobile
communications communications

payload payload
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of the applications postulated for the small earth terminals do not Unified liquid bipropellant propulsion for apogee maneuver and
require continuous communications and are able to tolerate out- on-orbit use, plus ion propulsion for north-south stationkeeping
ages during storms. The millimeter wave payload is small-a 16- Configuration
in. antenna and a weight of 22 lb. It is mounted on the same plat-
form as the Ka-band intersatellite payload. A single pointing Fixed communications payload (FC): multiple 200-MHz band-

mechanism steers the platform and will provide the antenna width transponders at C-band (4/6 GHz) and Ka-band (18/30
pointing control for both payloads. These payloads are mounted GHz) connecting multiple beams through an IF switch, dual-po-

on the side of the antenna tower opposite the S-band phased array. larization and dual-beam frequency reuse
The millimeter wave payload is also connected to the 20/30-GHz Mobile communciations payload (MC): five beams connected
feeder links for communications with the primary experiment through a single 5-MHz bandwidth S-band (2.5/2.6 GHz) trans-
ground terminals, ponder

ETS-VI also has an optical communications payload. The aim S-band Intersatellite Link payload (S-ISL): one forward transpon-
of this payload is to demonstrate technology for an intersatellite der with 5-MHz bandwidth, one return transponder with 5-MHz
link, but it will be tested only with a ground terminal. The pay- bandwidth
load has a 3-in. diameter telescope: the ground telescope diameter Ka-band Intersatellite Link payload (K-ISL): one forward tran-

is 60 in. The uplink will use an argon laser, the downlink a sponder and one return transponder
GaAIAs diode laser. The data rate will be I Mbps. The payload Millimeter Wave payload (MMW): one forward transponder and
uses a two-stage control loop. A charge-coupled device array de-
tector provides coarse pointing information to the outer loop, one return transponder
which controls a gimballed flat mirror. A quandrant detector pro- Optical payload (Opt): duplex communications. 1 Mbps data rate
vides fine pointing information to an inner loop. which controls S-ISL. K-ISL. and MMW are each connected with 30-GHz (up-
the fine pointing mechanism. Pointing accuracy while autotrack- link) and 20-GHz (downlink) feeder links through a 2-GHz IF
ing the uplink is expected to be 2 prad (one ten-thousandth of a switch network: the two transponders within each of these pay-
degree). loads can be connected to each other as an alternative to the feed-

Development of ETS-VI began in 1987. Structural and ther- er link connections
mal tests of satellite engineering models were conducted in 1989 Transmitter
and 1990. Launch is planned for 1993. Additional details are as FC: 3.82 GHz (H polarization). 4.08 GHz (H). 17.885 GHz V
follows: and H). 18.365 GHz (V)

Satellite 7-W SSPAs at 4 GHz
Rectangular body 6.6 x 9.8 x 9.2 ft. 100 ft across the deployed so- 10-W TWTAs at 18 GHz, plus 4-W SSPA near 20 GHz for a
lar arrays. 26-ft height of body plus antenna tower downlink associated with the ISL and MMW payloads
4400 lb in orbit, beginning of life MC: 2502.5 MHz
Sun-tracking solar arrays. NiCd battery (operations), NiH, bat- 8 GaAs FET power amplifiers
tery (test). approximately 4500 W beginning of life. 4100 Wmin- 100-W total output power flexibly shared among beams
imum end of life S-ISL: 2108.4 MHz
Three-axis-stabilized. ±0.05-deg accuracy in pitch and roll.±0. 5-dg acuray inyaw0.9-W SSPA for each of 16 antenna elements

au34.2 dBW minimum total ERP

ETS- Vi mohile communIica('tionls payvloa.

IF switch shared with
fixed communications IMPAI Multiport amplifier

payload
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ET7'S-V'/ millimeter wave payhmd.

43 GHzF 38 GHz

feeder links T

K-ISL: 23 GH2 Antenna

3-W SSPA FC and MC: One 8.2-ft dia. reflector for 4, 6, and 27-31 GHz: one

36.2 dBW minimum ERP 4/6-GHz feed horn produces one beam with 33/35 dB gain at

MMW: 38 GHz edge of coverage, linear polarization- about two dozen 27-31
GHz feed horns form tour 0.3-deg beams with 48-dB gain at edge

Two 0.8-W SSPAs, each with four parallel GaAs FETs in the of coverage, dual linear polarizations- the two frequency bands
final stage, one active, one spare share the antenna via a frequency selective surface- 0.0 15-deg an-

Opt: 0.83 micron tenna pointing accuracy at 27-31 GHz using a steerable subreflec-

Two GaAIAs laser diodes. 14 mW average power, one ac- tor. One 11.5-ft dia. reflector for 2 and 18 GHz: twelve 2-GHz
tive, one spare feed horns produce five beams with 31 -dB gain at edge of cover-

Receiver age, circular polarization, about two dozen 18-GHz feed horns
form four 0.3-deg beams with 48-dB gain at edge of coverage.

FC: 6.045 GHz (V polarization). 6.305 GHz (V), 27.685 GHz (V dual linear polarizations: the two frequency bands share the an-
and H). 28.165 GHz (V). 30.805 GHz (V). tenna via a frequency selective surface: 0.015-deg antenna point-

3.5-dB receiver noise figure at 6 GHz ing accuracy at 18 GHz using a steerable subreflector

5-dB receiver noise figure with HEMT preamplifiers at 27 to S-ISL: 19-element phased array. elements arranged in a hexago-
31 GHz nal pattern, 5.8 ft across corners; all 19 elements used to form two

MC: 2657.5 MHz receive beams, 16 elements used to form one transmit beam: ele-

2.5-dB receiver noise figure ment gain >14.8/14.5 dB (receive/transmit): total gain >27.3/26.2

S-ISL: 2287.5 MHz dB (receive/transmit): beams steerable ±10 deg. pointing error
1.5-dB receiver noise figure <<1. 1 deg: circular polarization

-4 dB/K minimumn G/T

K-ISL: 26 GHz 26 GHz 23 GHz

5-dB receiver noise figure with HEMT preamplifier D

6.4 dB/K minimum Gf-r
MMW: 43 GHz

<6-dB receiver noise figure with HEMT preamplifier

Opt: 0.51 micron 2GHZ t
Avalanche photo diode 24 GHz To From 21 GHz

feeder links

ETS- VI K-hand intersatellite link payvload.

ETS- VI S-band intersatellite link pavload. 3 elements 16 elements

2.3 GHz T •2.1 GHz

L Phase shifter feeder links
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K-ISL: 31.5-in. dia. parabola. +0.2-deg pointing accuracy with ings (fthe 18th European Microwave Conjerence (September
autotracking. steerable ±9.8 deg. circular polarization 1988).

MMW: 16-in. dia. parabola, 37/41 dB gain (transmit/receive), 8. K. Nakamaru. et al.. "An Overview of Japan's Engineering
mounted on same steerable platformn as Ka-ISL antenna, circular Test Satellite VI (ETS-VI) Project," Paper 52.3. International
polarization Confierence on Comimniunations: ICC '89 (June 1989).
Opt: 3-in. dia. gimnballed telescope, 30 or 60 trad ( 1.7 or 3.4 9. M. Tanaka. et al., "'Experimental Fixed and Mobile Satellite
mdeg) transmit beamwidth. two-stage pointing with autotrack. Communications System." Paper 52.4. International Confi',r-
coarse pointing accuracy 32 prad. tine pointing accuracy 2 prad ence on Comunnications: ICC" '89 (June 1989).

Design life 10. S. Okubo. "ETS-VI Experimental S-Band Inter-Satellite

Ten \Communications System." Paper 52.5. International Coniii'r-
ence on Comnmunications: ICC '89 (June 1989).

Orbit II. M. Shikatani. "ETS-VI Experimental Optical Inter-Satellite
Synchronous equatorial. stationkeeping to ±0. I 'N-S and E-W Communication Systems," Paper 52.6. International Confil'r-

Orbital history ence on Conununicationx: ICC '89 (June 1989).
Orbitaunch schedud S12. M. Kawai, et al., "Multibealn Satellite Communications Sys-Launch scheduled sumnmer 1993. will go to 1540 E longitudetefoFidanMbleCmuctosExrmns.e- tern for Fixed and Mobile Colmmunications Experiments.**

Japanese H-I1 launch vehicle Space Technology. Vol. 9, No. 4 (1989).

Management 13. H. Kamnazawa. 1. Ohtomo, and Y. Kawakami. "Fixed/Mobile

Developed for NASDA by Toshiba (spacecraft). NTT (FC and Multi-Beamn Communication Antenna for ETS-VI Satellite."

MC payloads), and others 1989 IEEE International Symposium on Antennas and Propa-
gation (June 1989).

* * * * * * 14. K. Nakamnaru, et al., "Design and Development Status of the

I. T. lida. et al., "Japan's Large Experimental Communications Engineering Test Satellite-VI (ETS-VI)b," Paper 90-0874. 13th
Satellite (ACTS-E): Its Mission Model and Technology," In- AIAA International Conunnication Satellite S\'stens Confier-
ternational Conl/,rence on Communications: ICC '84 (May ence (March 1990).
1984). 15. I. Ohtomno. "Development of the On-Board Fixed and Mobile

2. T. Mori and T. lida. "Japan's Space Developmnent Programs Multibeam Antenna for ETS-VI Satellite." Paper 90-0805.
for Communications: An Overview." IEEE Journal on Select- 13th AIAA International Communication Satellite SYstemns
ed Areas in Comnmnuications. Vol. 5, No. 4 (May 1987). Con fi'rence (March 1990).

3. M. Miura. "'Perspective of Satellite Communications in Ja- 16. M. Tanaka. et al., "Experimental Intersatellite Data Relay and
pan." Telecommunication Journal. Vol. 56. No. 8 (August Tracking System lor ETS-VI." Paper 90-0887. 13th AIAA In-
1989). ternational Comnnnication Satellite Systenis Confierence

4. Y. Kawakami. et al.. "On-Board Ka-Band Multibeam Antenna (March 1990).

System with High-Pointing Accuracy for ETS-VI.*" Paper 17. Y. Suzuki. et al., "'Experimental Millimeter-Wave Satellite
24.8. Global Telecommunications Con ference: Globecom '87 Communications System." Paper 90-0813. 13th AIAA Inter-
(November 1987). miational Communication Satellite Systems Conllerence

5. K. Nakagawa. M. Kawai. and M. Tanaka. "Fixed and Mobile (March 1990).

Satellite Communication Systems for ETS-VI." Paper 88- 18. M. Kawai. M. Tanaka. and I. Ohtomo. "ETS-VI Multibeam
0866, AIAA 12th International Communication Satellite Svs- Satellite Communications Systems." Paper 89-520. 40th Con-
temns Confiremt'e (March 1988). gress of the International Astronautical Federation (October

6. 1. Yasaka. et al., "Multi-Band Multi-Beam Antenna Complex 1989).

for Orbit Experiment." Acta Astronautica. Vol. 18 (1988). 19. T. Ono and M. Mori. "On-board Satellite Switch Controller

7. I. Ohtomo and H. Kumnazawa. "On-Board Multibeam Antenna for Multi-beamn Commllunication Satellite." Paper 326.6. Inter-

Technologies for Future Communuication Satellite," Proceed- niational ComWtmrence oil Communictltions: ICC'90 (July
1990).

ADVANCED COMMUNICATIONS
TECHNOLOGY %f 1TELLITE (ACTS)

In 1973. NASA greatly reduced its efforts in communications The major item in tihc new program is a high-capacity domes-
technology. primarily because of budget restrictions. Private in- tic communications satellite in the 30- and 20-GHz bands. This
dustry supported some developments with short-term (e.g.. a few became known as the 30/20-GHz program Il-Il 1. Market analy-
years) potential for commercial success. However, private indus- ses and system studies were carried out first. Then in 1980. sev-
try could not support the higher risk. higher potential develop- eral hardware developments were undertaken. These included a
ments which require about a decade to bring to commercial multibealn antenna with both fixed and scanned beams. a base-
usefulness. Because of this. and with urgings from many direc- band processor. an IF switch matrix, a traveling wave tube alnpli-
tions. NASA was able to resume its support of communications tier (TWTA). and a low noise receiver. The initial phases of these
technology in 1978. developments were completed by 1984.
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Advanced Communication Technology Satellite.

In 1983. NASA defined an Advanced Communication
Technology Satellite (ACTS) 112-391. which incorporates
the results of the hardware developments. ACTS will demon-
strate all the critical communication technologies necessary for
high-capacity operational satellites in the 1990s. but on a reduced
scale. An operational satellite will probably have six to twelve
times the number of beams, channels, and total capacity as ACTS.
The ACTS program includes the following:

* Demonstration of the new technology items on the space- Capacity
craft (multibeam antenna. IF switch matrix, baseband pro- 220 Mbps per fxed beam
cessor. high-power TWTA, and low-noise receiver). --

* TDMA network control and operations experiments. 110 Mbps or 2 × 27.5 Mbps per scanned beam

* Tests of ground terminal hardware. Transmitter

* Tests of error correction and power control to minimize deg- 19.2 to 20.2 GHz
radations caused by atmospheric attenuation. Four 46-W TWTAs. three active, each switched to one fixed or

* Propagation measurements, scanned beam or to the mechanically steerable beam

The ACTS support subsystem within the central body of the ERP: 59 to 61 dBW per fixed or scanned beam. 53 dBW on steer-
satellite and the deployed solar arrays are based on flight-proven able beam
designs. The two large reflectors are attached to the central body Propagation beacons to 20.185. 20.195. and 27.505 GHz: solid-
of the spacecraft and are deployed in orbit. The smaller subre- state amplifiers. 0.18 W (20.185. 20.195 GHz). 0.08 W (27.5
flectors are mounted on a mast extending forward of the central GHz): ERP over CONUS 17.5 dBW (20.185. 20.195 GHIz). 14.2
body and do not require deployment. The feed arrays for the two dBW (27.5 GHz)
antennas are mounted on the front fIace of the central body. Other
communications equipment is mounted within the body. Satellite Receiver
and communication subsystem details are as follows: 29 to 30 GHz
Satellite Three active receivers plus one spare

HEMT preamplifiers
Rectangular body 80 x 84 x 75 in.. 47 ft across deployed solar ar- 3.5-dB receiver noise figure

rays. 30 ft across deployed reflectors 35d eevrniefgr
ray.730 ft aross depledinng efliets G/T: 15 to 19 dB/K (multibearn antenna). II dB/K (mechanically
3270 lb in orbit, beginning of life steered antenna)

Sun-tracking solar arrays, batteries, 1770 W maximum, begin-
ning of life: 140W W minimum, after four years Antennas
Three-axis-stabilized using momentum wheels, antenna pointing Two offset-fed Gregorian multibeam antennas with 130-in. (20-
accuracy ±0.025 deg GHz) and 87-in. (30-GHt) dia. main reflectors. 0.3-deg beam-
Solid rocket motor for apogee maneuver. hydrazine thrusters for width, orthogonal linear polarizations used on each antenna: each
on-orbit use reflector has 47 feed horns split between the two polarizations:

three for the fixed spots, 13 for the isolated scanning poitions.
Configuration and 31 for the sector scan: 25-dB cross-polarization isolation be-
Three fixed beams interconnected by a 3 x 3 IF switch matrix tween beams. 25-dB co-polarization isolation between beams
Two scanned beams interconnected by a baseband processor separated by more than one beamwidth
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s BBP Baseband processor
Control MSM BFN Beam forming network

SMBA Multibeaa antenna
MSA Mechanically steered antenna
MSM Microwave switch matrix

BASEBAND PROCESSOR DETAILS 1. gem s Tf atplel

hSmitch 2. Memories and decoders
3. Memories and coders Summing

ctl 4. Modulators amplifier

RECEIVER DETAILSTRNMTEDTAL
MSM

From e Trl, pBBP MSM a-4 f a ThTo antennaantenna 
BBP >A T

t signal

6.48 GHz 5.4 GHz

ACTS comSmticvati he sucssc esatem.

One 43-in. dit. offset-fed parabolic steerable antennao 44-dB gain five beams. Three beams are fixedf pointed at Cleveland. Atlanta.
(receive). 42-dB gain (transmit): I-deg beamwidth: linear polar- and Tampa. The Cleveland uplink beam is used by the ACTS au-
ization: one feed horn each for transmit and receive, feed horns totracking receiver to keep the antennas accurately pointed. The
are coupled to beam forming networks of multibearo antennasA other two beams are scanning beams. Each scans one contiguous
antenna steerable ±10 deg in azimuth and elevation area in the northeast United States and either six or seven specific

intmetropolitan areas in other parts of the country. The scanning isDesig lifecontrolled by bearn-fornling networks which switch among the

Four years multiple teed horns for eacht canning beam: the switching can ve
Orbit accomplished in less than one microsecond. Uplink and down-

Syncronus euatria. plnne loatio I 0'Wlink scanning patterns are independent. A separate. mechanically

steerable antenna forms a single beam that can be steered towarm
Orbital history any point in the 50 states. This antenna is operated as part of the

Launch scheduled February 1993 scanned beam capability.

Shuttle launch vehicle The communications electronics can process signals from any
three of the five beams. three fixed and two scanned. The elec-

Management tronics have two separate paths. corresponding to two operating
Developed by GE Astro-Space (formerly RCA) for NASA modes for the communication links. The high burst rate mode is

Operated by GE Astro-Space (spacecraft control). NASA (corn- associated with the microwave sw'itch matrix. This 4 x 4 matrix

munications control) operates at ail intermediate frequency slightly above 3 GHz and
interconnects the four receivers and four transmitters. Only three

The ACTS communication subsystem is composed of multi- are active at a time. the fourth is redundant. The microwave
beam antennas and multimode electronics. The two large anten- switch matrix will usually be operated with the three fixed beamns.
nas, one for transmission and one for reception. each can form but one or two can be replaced by scanned beams. Signals are
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typically serial minimum shift keyed (SMSK) at 220 Mbps. but 7. H. G. Raymond and W. M. Holmes. "An Advanced Mixed
other modulation formats will be tested. The matrix switches in User Domestic Satellite System Architecture." Paper 80-
synchronism with TDMA burst transmissions from as many as 10 0494, AIAA 8th Communications Satellite SYs.tem.s Cni(tlr-
-round terminals. The TDMA framelength is I resec. and the ence (April 1980).
burst switching pattern can be changed as often as once a minute. 8. D. E. Santarpia and J. W. Bagwell. "Status of NASA's Multi-
Uplink power control is used to counter the effects of variable beam Communications Technology Program." EASCON '83
propagation losses. Comzfrence Record (September 1983).

The low burst rate mode is associated with the baseband pro- 9. 1. T. Shaneyfelt. S. W. Attwood, and D. R. Carroll. "Satellite
cessor portion of the communication subsystem. The processor Baseband Processor Test Performance Summary." EASCON

accepts either one 110 Mbps or two 27.5 Mbps inputs from each '83 Cand erence Record (September 1983).

scanned beam. The inputs are at approximately 3.3 GHz: the two 10 A. L Sa nde Te NS ASte lie C m i o 0 2

lower rate inputs are at separate frequencies. During increased MAtrix Switces." EASC 'aoerene Recor (0ete0

propagation losses, the data rate can be reduced by a factor of ber 983).

four and rate 1/2 coding applied to produce symbol rates of 110

Msps or 13.75 Msps. The transmission format is TDMA with I1. C. C. Chen and W. A. Minnin. "Advanced 30/20 GHz Multi-

SMSK modulation. The input bursts are demodulated, and de- ple Beam Antenna for Future Communication Satellite."

coded if necessary: the resulting 64-bit words are routed through EASCON '83 Confrence Record (September 1983).

buffer memories to a data routing switch. The switch sends the 12. W. M. Holmes. "The ACTS Multibeam Communications
64-bit words through output buffer memories to two modulators. Package," IEEE National Telesystents ConA'rence (November
The downlink burst transmission rate is, independently in each 1983).
beam, either 110 Mbps uncoded or 27 Mbps encoded to 55 Msps. 13. W. M. Holmes and G. A. Beck. "The ACTS Flight System:

The satellite also has two propagation beacons at 20 GHz and Cost-Effective Advanced Communications Technology." Pa-
one at 27.5 GHz. The 20-GHz beacons have telemetry subcarri- per 84-0683. AIAA 10th Communication Satellite Systems
ers. All three beacons can be used for power monitoring for pow- Conference (March 1984).
er control or coding decisions for fade compensation on the main 14. T. lnukai and S. J. Campanella. "ACTS TDMA Network Con-
links, and for propagation research. trol," Paper 84-0682. AIAA 10th Communication Satellite

The ACTS spacecraft control center is in New Jersey. but com- SY.tems Conference (March 1984).
mand and telemetry links are routed via terrestrial lines between 15. R. R. Lovell, "Giant Step for Communication Satellite Tech-
this center and NASA's master ground station in Cleveland. This nology." Aerospace America, Vol. 22. No. 3 (March 1984).
station handles the satellte command and telemetry transmis- n6. g." ALoerlsandC Aerica. V -ol. 2 o. march tio4 s
sions, controls the communications payload and the network of 1 R ovlnd, c uncia, 18NASA's Communca
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27. R. L. Moat, ACTS Baseband Processing," Paper 16.4, Global Conference on Communications: ICC "89 (June 1989).
Telecommunications Conference: Globecom '86 (December 34. C. W. Bostian, et al., "Communications and Propagation Ex-
1986). periments for the Olympus and ACTS Satellites.� Paper 52.2.
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ber 1986). 35. J. C. Graebner and W. F. Cashman. "ACTS Multibeam Com-

29. Y. C. Choung, et al., "Design and Development of NASA munications Package: Technology for the 1990s," Paper 90-
ACTS MBA." 1987 International Symposiun on Antennas 0835, AIAA 13th hIternational Communication Satellite S's-
and Progagation (June 1987). temns Conference (March 1990).

30. L. Palmer and L. White, "Demand Assignment in the ACTS 36. D. A. Olmstead, "Advanced Communications Technology
LBR System," Paper 16.3, International Coqflrence on Comn- Satellite (ACTS)." Paper 90-0839, AIAA 13th hIternational
/lunicatijos: ICC '88 (June 1988). Communication Satellite S'stems Conlerence (March 1990).

31. F. M. Naderi and S. J. Campanella, "NASA's Advanced Corn- 37. F. Gargione, "ACTS Hardware-A Pictorial." Paper 90-0834.
munications Technology Satellite (ACTS): An Overview of AIAA 13th International Communication Satellite SYstems
the Satellite, the Network, and the Underlying Technologies," Conference (March 1990).
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ADVANCED RELAY AND TECHNOLOGY MISSION

The Advanced Relay and Technology Mission (Artemis) [I I is The mobile services technology is a demonstration of spot
an ESA communications technology satellite. Its purpose is to beams and frequency reuse with a large L-band reflector antenna.
demonstrate new technologies in orbit, which can then be trans- The spacecraft technology items are ion propulsion, a European-
ferred to operational satellites later in the 1990s. This purpose, built nickel-hydrogen battery, a new star sensor, a gyro. and a di-
and some of the specific technologies, are similar to the NASA agnostics package. The last item will measure spacecraft vibra-
ACTS and Japan's ETS-VI. The Artemis satellite will demon- tions, contamination, and charging. The satellite is also planned
strate new technology in three categories: data relay. mobile ser- to have propagation beacons at 45. 90. and 135 GHz.
vices. and spacecraft subsystems. Spacecraft configuration and payload definition studies were

The data relay technologies are lasercom and an S-band high conducted in 1989 to 1990. The spacecraft weight in orbit is ex-
gain multiple access payload. The lasercom is to operate at 65 pected to be approximately 2000 lb. Spacecraft development be-
Mbps using solid-state laser diodes. The eventual goal is a gan in 1990. and it will probably be launched in 1995.
crosslink demonstration from the French Spot 4 earth resources • * • * • •
satellite in low orbit to the geosynchronous Artemis satellite. The 1. H. Lechte. et al., "ESA's Advanced Relay and Technology
S-band payload is similar to the one on NASA's TDRS but canaccomodte hghe dat raes.Mission." ESA Bulletin. No. 62 (May 1990).
accommodate higher data rates.
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INTERNATIONAL SATELLITES
International satellites are of three types. The first, described example of the commercial application of space technology, an

here, is part of the global communication networks of Intelsal and overall system description is included.
Inmlarsat. Both networks have at least one satellite over each of Inhiarsat took much longer to come into being than Intelsat.
the three major oceans (Atlantic. Indian, Pacific) to provide near- At the start of the 1960s. there were demonstrations of' satellite
lv universal coverage (except in polar regions). Both networks communications with ships. Demonstrations with aircraft fol-
also are open to use by all nations. Another type of international lowed later in that decade. Through the 1960s and 1970s. there
satellite is called a regional satellite. Each is designed for and were many studies of satellite systems for maritime and aeronlau-
used by a group of countries that have either geographical prox- tical communications. However, it was not until 1979 that the In-
imity or cultural ties. or both. These regional satellites are de- marsat organi/ation was formed. It began operations in 1982
scribed later. A third type of international satellite is used by with leased capacity. In 1990. the first of its second-generation
private international systems. These systems are operated by pri- satellites was launched and de\elopment of the third generation
vate businesses in contrast to the other systems, which are operat- began. The himarsat system and satellite characteristics are de-
ed by consortia of governments or goernminent-designated scribed.
organizat ions. Proposals for pri\ate international systems were made in the

Intelsat began developing satellites for international public use mid- 1980s by several United States companies. Intelsat opposed
as soon as the early experimental commlunication satellites had them., but eventually the United States GoVfi iment allowed them
proven the technology. Starting from a single satellite, the Intel- to dev'elop their systems subject to stated restrictions. The first of
sat system has grown to a global network using many satellites, these systems is in operation and the second is developing its sat-
Six generations of satellites have been brought into service, and a ellites. The policy issues concerning these systems are discussed
seventh is in development. Each of these satellites is described, and their satellites are described.
In addition, since Intelsat is an outstanding. continually growing

EARLY BIRD (INTELSAT I)
In August 1964, the International Telecommunication Satellite

Consortium (now called Intelsat) was formed with the goals of
production. ownership, management, aix! use of a global commt,-
nication satellite system. The feasibility of satellite communica-
tions had already been proven, and Intelsat decided to launch a
satellite to gain information in four areas: ,

"* Rain margins required at ground stations

"* Reaction of telephone users to the transmission delay

"* Long-term operation of the stationkeeping control valves

"* Applicability of communication satellites for commercial
telephone use

The satellite was basically experimental to provide some re-
suits in these areas of uncertaint\. If the results were favorable,
the satellite would be put into operational use. Because of the
success of Syncom. Intelsat decided to use a satellite of similar
design. However. at the same time. three design studies were ini-
tiated, covering the three possible orbital modes for a fully opera-
tional system. The three choices were: randomly spaced medium
altitude satellites, gravity-gradient-stabili/ed medium altitude
satellites with controlled phasing. and larger satellites in synchro-
nous equatorial orbits.

The Early Bird design II - It)0 basically followed the Syncom 3
design. The bandwidth and radiated power were increased to pro-
vide better service, including two-way television. Larger solar lar Rird .satellite.

cell panels were used. increasing the satellite height. Since the
satellite was to be used for transmission bet\ ceen North America 85 lb in orbit, beginning oflife
and Europe. the antenna pattern was shaped to service the North-
ern Hemisphere. Maximum gain occurred at 45<N latitude, rather Solar cells. 45-W maximum. 33-W mlininmuml after three Wears

than at the equator. The satellite had two independent repeaters: NiCd batteries are not used bN the communication subsystem
one for transmissions from Europe to North America and the oth- Spin-stabilized
er for the opposite direction. The satellite details are as follows: Solid rocket motor for apogee mlanetuver

Satellite Configuration
Cylinder. 28-in. dia.. 23-in. height Two 25-MIH/ bandwidth double conversion repe-aters
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Capacity T
240 two-way voice circuits or one two- 6301. 4081,
way TV circuit 6390 4161

Transmitter 6
4081 MHz to United States, 4161 MHz
to Europe

Two TWTs (one on, one standby) H '
6-W output, 10- to I I -dBW ERP per re-
peater 6330 4221 I
Receiver 60 LI
6390 MHz from United States, 6301 6390
MHz from Europe
9-dB noise figure Ear/y Bird mmlninit'at)n subs "stem.

Antenna
Transmit: six-element colinear slot array. 9-dB gain, II- x 360-
deg beam tilted 7 deg above equatorial plane (maximum gain at * , , , ,
about 450N latitude)Receiebo Tree-lemet 4lov. S. Metzger. "The Commercial Communications Satellite Sys-R eceive: T hree-elem ent cloverleaf array. 4-dB gain , 40- x 360- t m 1 6 o 6 . A t -n ui s a ~ ~ r n ui s o .6 otem-I1963 to 68,." A.srroizciutic~s and Aeronntitics., Vol. 6. No.
deg beam 4 (April 1968).

Design life 2. J. Alper and J. N. Pelion, eds.. The Intelsat Global System.
1.5 years Progress in Astronautics and Aeronautics. Vol. 93. AIAA.

Orbit New York (1984).
S hro s e3. R. M. Bentley. "Early Bird." Astronautics and Aeronantics.
Synchronous equatorial Vol. 3. No. 3 (March 1965).

Orbital history 4. R. M. Bentley, "Early Bird Experimental Results." Proceed-
Launched 6 April 1965 ings of the 16th International Astronautical Congress (1965).

Commercial service use from 28 June 1965 to January 1969 and Vol. 4: Meteorological and Comnnuication Satellites (1966).

from 29 June to 13 August 1969 (to till coverage gap caused by 5. J. M. Barstow. "Satellite Communication Systems." Micro-
Intelsat I1IB outage) wav'e Journal, Vol. 9. No. 10 (November 1966).

Delta launch vehicle 6. M. J. Votaw. "The Early Bird Project." IEEE Transactions on
Communications Technology. Vol. 14, No. 4 (August 1966).

Management 7. A. T. Owens. "The Early Bird Communications System."
Developed by Hughes Aircraft Company for Comsat Corpora- Space Electronics SYmposium. AAS Science and Techn, ogy
tion/Intelsat Series. Vol. 6 (1965).
Operated by Comsat Corporation for Intelsat 8. S. B. Bennett, "Early Bird I Communications Parameters,"

Early Bird (also called Intelsat I) was launched in April 1965. Paper 66-263. AIAA Conintunications Satellite Sy'stems Con-
Extensive tests were conducted using stations in Maine, England, firence (May 1966). Reprinted in Communication Satellite
France. and Germany, which had also operated with Telstar and Systems Teclmology. Progress in Astronautics and Aeronall-

Relay. Noise. intern odulation, and frequency response measure- tics, Vol. 19. R. B. Marsten. ed. (1966).
ments were made with single and multiple carriers with voice and 9. L. F. Gray. *'Experimental Performance of the Early Bird
television signals. Optimal operating points for ground equip- Communication System." AIAA Paper 66-264. AIAA Coin-
ment were determined. The tests indicated that operation to com- munications Satellite Sy'.stems Con ' rence (May 1966). Re-
mercial standards could be maintained. DoD also conducted printed in Communication Satellite S'xstems Technology.
limited tests using Early Bird. Progress in Ast.ronautics and Aeronataics. Vol. 19. R. B.

Early Bird was put into regular commercial service in June Marsten, ed. (1966).
1965 and operated regularly until January 1969. In July and Au- 10. E. J. Martin and W. S. McKee. "Commercial Satellite Corn-
gust 1969, it "as used again during a temporary outage of intelsat munications Experience." IEEE Spectrmn. Vol. 4. No. 7 (July
IIIB. 1967).
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INTELSAT111

liiteIsiat Ili 1 -01 ~ ' l\eti1 \alid Io\ -onI to Far I\ Iiid
littek~at It. A- prime lactor. ill thle tinlineip of thle luteil 11a pII 'iil

~thle NASA\ need fort multichiannel coimnintinictoip, %kitl) \CI*
"C&Ia' erlli(tdl~ and ,hiphornie track inc ',Lt1a1t 10n' to d thle Apoll hNW
I'll'0l'iril. l-0lIriiiel\ tIe'-.eC Commuiniuicatlion liniks depended oli high!l
freqoeUC)AIil~rdio. hitl thle IIICrea&e ill manneIId SpaeIMC 1i~lIV, rel.ItirCd
ilinpro~ceil (flil\ and rIhilhilit\. The liitel~at II '"aleIitie'. \%ereC
deicncd it) satisl'\ NASA- reillcIIirinent and to Imli~c additijonal
capacit\ for tother Commercial traffic.
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Coin) I anid Lark Bilrd de~sicmi', %leCChIIIiaIII\, dll threeC 'iatellite'
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(\ under. 56-in. dia.. 26.5 -in. height (45 Iin. oxerall
it)-" lb Iin orbit. beCinnine111 of Ife
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The first Intelsat iI satellite (0A) was launched in October 2. J. Alper and J. N. Pelton. eds.. The Intelsat Global Sv. ',tem.
19660 but, because of an apogee motor malfunction, its final orbit Progre.ss in As.tronautics and Aeronautics. Vol. 93, AIAA.
was elliptical with a synchronous altitude apogee. It was used for New York (1984).
communications in the Pacific area a few hours a day until Satel- 3. E. J. Martin and W. S. McKee. "'Commercial Satellite Com-
lite 1iB was launched. After that. it was used occasionally for munications Experience." IEEE Spetirtuni. Vol. 4. No. 7 (July
ground station tests. Satellites 1iB, IIC, and lID were launched 1967).
successfully and operated properly. They were used both in regu- 4. I. Shinkawa. "Satellite Communication." Eh'cironis and
lar commercial service and in the NASA communications net- Communications in Japan. Vol. 50. No. 10 (October 1967).
work. These three satellites,, along with Early Bird. were retired 5. "lntelsat 2 Communications Satellite." Teleurmnunicaion
bN' 197 1.5'*nest2CmuiainSaelt.Teeomncin"b "971. Jot-ral. Vol. 34, No. 2 (February 1967).

6. J. Arnaud. "Progress in Intelsat," IEEE International Colfelr-
1. S. Metzger, "The Commercial Communications Satellite Sys- en'e on Comnunications: ICC '68 (June 1968).

temn- 1963 to 68.'" Astronawuicst and Aeronautics. Vol. 6. No.
4 (April 1968).

INTELSAT III

nmized for earth coverage and provided significantly more gain
than the antennas on earlier satellites. Increased gain was the ma-
jor reason the Intelsat II communication capacity was five times

hitel.vat Illsatellite. that of Intelsat iI. The communication subsystem had two inde-
pendent repeaters. each with a bandwidth of 225 MHz. The satel-

lite details are as follows:

Satellite

,K Cylinder. 56-in. dia., 4 1-in. height (78 in. overall)
Approximately 330 lb in orbit, beginning of life

Solar cells and NiCd batteries. 160 W at beginning of life, 130 W
minimum after five years

Spin-stabilized, 90 rpm
Solid rocket motor for apogee maneuver. hydrazine monopropel-

lant for on-orbit use

Configuration
Two 225-MHz bandwidth single-conversion repeaters

Capacity
1200 two-way voice circuits or four TV circuits

S5930- T

65 S W W 370 930

[./ 2225
Work on the Intclsat IlI satellites 1-71 started in 1966 about

the time the first Intelsat II was launched. The objective of the In-
telsat III program was to develop satellites. with greater capacity
than the pre\ iouS satellites, which had a multiple access capabili-
ty allowing commntications between any pair of terminals within
view of the satellite. The Intelsat III program was the lirst to pro-
vide global ser\ ice. with satellite,, scr\ ing each of the three ocean 6195- TD

areas of the wkorld. This fulfilled a goal defined in the original -H T 3 -
charter of the Intelsat organi/ation.

The Intelsat III satellites \%ere larger than the Intelsat II satel-
liites. The basic design %%as similar. %\ ith equIipmCnt mounted on a
platform within a spinning, cylindrical body on which solar cells 'Spare TD and switching not in tirst 3 satellites
" ere Mounted. A de,,pUn antenna x. as the major nev, feature of
the Intelsat III design. The beamni\idth of the antenna \,\as opti- hallAt III c (inlhtni.'1lion .tVIC)1•1 I.
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Transmitter Management
3705 to 3930 MHz and 3970 to 4195 MHz Developed by TRW Systems Group (6/4 subcontracted in West-
Each repeater has a low-level TWT driving a high-level TWT ern Europe and Japan) for Comsat Corporation/Intelsat

It)-W output. 27-dBW ERP each repeater (22-dBW minimum at Operated by Comsat Corporation for Intelsat
edge of earth) Originally, the Intelsat III program was to include six launch-

Receiver es. During the course of the program, however, partially because

5930 to 6155 MHz and 6195 to 6420 MHz of the failure of the first launch, the program was extended to

Two tunnel diode amplifiers in each repeater (one on. one stand- eight launches. The seventh satellite was fabricated from avail-
Tw (stunnedibde apliirs not oeafirstthrepesaterllines) nnable spare parts, and the eighth was the refurbished prototype.

Between December 1968 and April 1970, five of the eight satel-
<7-dB noise figure lites were successfully placed into synchronous orbit, and all five

Antenna operated satisfactorily. A component failure reduced the capacity
of Intelsat IIIC. but it was moved from the Pacific to the Indian

Desp conicalhornwith firculat polare tior 45deOcean area, where it provided acceptable service in view of the

19.3-deg beaimwidth, circular polarization lower traffic density. Beginning in 1972. the Intelsat IlI satellites

Transmit: 18-dB peak gain were removed from service as the Intelsat IV satellites became

Receive: 2 1-dB peak gain available.

Design life
Five years I. S. Metzger. "The Commercial Communications Satellite Sys-

tern-1963 to 68." Astronautics and Aeronautics. Vol. 6. No.
Orbit 4 (April 1968).
Synchronous equatorial 2. J. Alper and J. N. Pelton. eds.. The Intelsat Global Sy.stem.

Orbital history Progress in Astronautics and Aeronautics, Vol. 93. AIAA.
New York (1984).

Satellite, launch date, service area, and comments. (Dates in pa- N Yorn P sa E n t C

rentheses indicate end of active service. The Intelsat Ill satellites 3. J. Arnaud. "Progress in Intelsat." IEEE International Conj•'r-

are no longer available for service.): ence on Communicatiions: ICC '68 (June 1968).

lilA. 18 September 1968, failed to achieve proper orbit 4. C. 0. Meredith. "Lessons Learned from the Intelsat Ill Satel-

111B. 18 December 1968. Atlantic (March 197(0) lite Program." Paper 72-534, AIAA 4th Contununications Sat-
ellite Systems Conference (April 1972). Reprinted in

IIIC. 5 February 1969. Pacific. Indian (April 1979) ('mm, ,il/mions Satellite SYstemns. Progress in A~sronautic(.s

IIID, 21 May 1969, Pacific (November 1972) andAeronautics. Vol. 32, P. L. Bargellini. ed. (1974).

IIIE. 25 July 1969. failed to achieve proper orbit, reentered the at- 5. M. Feigen. "The Intelsat Ill Satellite." IEEE International
mosphere 14 October 1988 Con ference on Comnnnnications: ICC '68 (June 1968).

IIIF 14 January 1970, Atlantic (March 1972). Indian. Pacific. De- 6. W. L. Glomb and L. Feit. "'Overall System." Electrical Com-
cember 1974) mntnication. Vol. 45, No. 4 (1970).
I1lG. 22 April 1970, Atlantic (failed in March 1972) 7. A. J. Grey, "Communication. Telemetry, and Command Sub-

IIIH. 23 July 1970. failed to achieve proper orbit systeni." Electrical Communication. Vol. 45. No. 4 (1970).

Delta launch vehicle

INTELSAT IV

The Intelsat Ill satellites were a significant improvement over but unlike other previous satellites, the spin axis was not the axis
the pre\ious Intelsat satellites. However. prior to the first Intelsat of the mnaximiurm moment of inertia, and special attitude control
Ill launch, it was recognized that the continually increasing de- devices were required to maintaini stability. The Intelsat IV solar
mand for comiiiuiiication satellite services would shortly require array was much larger than that of Intelsat 111. thereby allowing a
even larger satellites in orbit. Therefore. design work was begun sienificant increase in total transmitter power. Additional details
on Intelsat IV 11-71 about the time the first Intelsat Ill satellites are as follows:
were brought into service. The main requiremients for the Intelsat
IV satellites %%ere to provide increased capacity and operational Cylite
flexibility while remaining compatible with existing ground ter- Cyliider. 94-in. dia.. Il -in. height 121t in. 17.5 ft)overalll
ininals. Approximately 1600 lb in orbit. beginning of life

The design of Intclsat IV differed significantly from that of In- Solar cells and NiCd batteries, 570 W initially, 460 W at end of
telsat Ill and \%ias based onl the Tactical o(')mmtnnicatioris Satellite life
(Iacsal) design. The antennas and communications electronic,, Spin-stabiliied. gyrostat. 50 to 60 rpii, antenna pointing error
wAere all iiiouiited on a platformn that was despuii relative to the <±0.35 deg (each axis)
main bodyv of the satellite in order to remain pointed al the earth. lr

Solid rocket motor for apogee inanlu\er. h~xdra/ine monopropel-
All other equipment were mounted witlhin the large cl indrical hpnt por on-orbit use
satellite body. which spun to provide stabili/ation. Like Tacsat,
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Initelsat IV satellite. Receiver

5932 to 6418 MHz

Four complete units (one on, three standby), tunnel diode pream-
plifiers
8.2-dB noise figure

GUT: -18.7 dB/K minimum, - 17.2 dB/K nominal

Antenna

Four earth coverage horns. 20.5-dB gain. 17-deg beamwidth
(two for transmit and two for receive)
Two narrowbeam parabolas, 50-in. dia., 31.7-dB gain, 4.5-deg
beamwidth, steerable in the 17-deg earth coverage cone

All six antennas mounted on a despun platform and circularly po-
larized

Design life

Seven years

Orbit
Synchronous equatorial, stationkeeping to ±0. I0N-S and E-W

Orbital history
Satellite, launch date, service area, and comments:
F-2. 25 January 1971, service life about nine years, then moved
above synchronous orbit
F-3, 19 December 1971, service life about 10 years. then moved
above synchronous orbit

Telemetry and
command antennas

Earth-coverage transmit Nutation dampers
and receive antennas-'% Z•.f•

Narrowbeam

Forward
sun shield Telemetry horn

Bearing and power
transfer assembly

ElectronicConfiguration •equipment
Twelve 36-MHz bandwidth single-conversion repeaters Propellant

tanks (4)
Capacity Radial let
Total of 3000 to 90W{) two-way telephone circuits depending on Battery pack

use of earth coverage or narrowbeam antennas, number of carri- Earth sensor --- Sun sensor
ers per repeater. and modulation formats

One color TV channel per repeater
Transmitter Apogee motor Af tera

3707 to 4193 MHz barerAxial lets

Two TWTs per repeater (one on. one standby) --- _Solar array

6-W output per repeater Booster adapter

ERP per repeater: 22.0 dBW (earth coverage antennal. 33.7 dBW
(narrowbeam antenna). both at -3 dB points of antenna pattern Inte/sat IV satellite detail.%.
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5932- __________________ hne
6418 Canl

Receiver 1S

TS 
NB EC

5932- 3707-

"6418 EC

FC Earth coverage antenna

NB Narrowbeam antenna * Redundant TWT for each channel not shown

hitelsat IV communication subsystem.

F-4. 23 January 1972, service life about I I years, then moved earth coverage antennas was 3000 telephone circuits-2.5 times

above synchronous orbit the capacity of Intelsat Ill.

F-5, 13 June 1972, service life about nine years, then moved Intelsat IV was the first satellite to have narrowbeam antennas.

above synchronous orbit It had two transmitting antennas with 4.5-deg beamwidths in ad-

F-7. 23 August 1973. service life about I I years, then moved dition to the earth coverage (approximately 17-deg beamwidth)

above synchronous orbit receiving and transmitting antennas. Up to four repeaters were
connected to each narrowbeam antenna, providing a maximum

F-8. 21 November 1974. service life about 10 years, then moved satellite capacity of 9000 telephone circuits. Under normal oper-

above synchronous orbit ating conditions, each Intelsat IV provided a capacity of 4000 to

F-6. 20 February 1975. launch vehicle failure 6000 circuits. The maximum capacity was not realized because of

F-I. 22 May 1975. service life about 12 years, then moved above the inefficiencies incurred when several transmissions shared a

synchronous orbit repeater.

Atlas-Centaur launch vehicle All eight Intelsat IV satellites have been launched, with only
one unsuccessful launch. The first launch was in January 1971

Management and the last in May 1975. All the satellites, except for one lost in

Developed by Hughes Aircraft Company for Comsat Corpora- a launch failure, had service lives of 9 to 12 years. Generally. the
tion/Intelsat. approximately 2 0 11 subcontracted to companies in service life began with a period of active service, followed by a
Western Europe. Japan, and Canada period as a spare or used for leased service. All have been turned

Operated by Intelsat off and moved above synchronous orbit, the last in 1987. so that
they cannot interfere with active satellites.

Previous Intelsat satellites all had one or two communication y t r h *v

channels; with each new design. increased capacity was achieved
by increasing the channel bandwidth. The resulting capacity was I. J. Alper and J. N. Pelton, eds., The hitelsat Global System.

always limited by the available transmitter power. Since the In- Progress in Astronautics and Aeronautics, Vol. 93, AIAA,

telsat Ill design used 450 MHz of the 5(X)-MHz allocation, the In- New York (1984).

telsat IV design was bandwidth-limited, and 12 separate repeaters 2. Special Issue on Intelsat IV, Comsat Technical Review. Vol. 2.
were used to achieve more efficient spectrum utilization. The to- No. 2 (Fall 1972).
tal repeater bandwidth was 432 MHz, but the total capacity using
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3. S. B. Bennett and I. Dostis, "Design of the Intelsat IV Tran- 5. W. L. Pritchard and P. L. Bargellini, 'Trends in Technology
sponder," Paper 72-535. AIAA 4th Communications Satellite for Communications Satellites." Astronautics and Apronau-
Svsteins Confierence (April 1972). Reprinted in Communica- tics, Vol. 10. No. 4 (April 1972).
lions Satellite Technolog., Progress in Astronautics and Aero- 6. A. A. McKenzie. "'Special Report--Communications: What's
nautics, Vol. 33, P. L. Bargellini, ed. (1974). Up in Satellites., IEEE Spectrum. Vol. 9, No. 5 (May 1972).

4. C. A. Blackwell and M. P. Brown. Jr., "Communication Satel- 7. T. Wilding-While.lsat IV.'" F1hJhu Internatiomal (18 Feb-
lite System Design." IEEE Communoication Sv'stelns and Tech- ruary 1971).
nology ('ontrerce ( %pril 1974).

INTELSAT IV-A
The North Atlantic area has always had the largest volume of

Communications traffic and is the area that paces the introduction
of higher capacity satellites into the Intelsat system. By 1972,
two Intelsat IV satellites operating together were required in this Intelvat IV-A satellite.
area. According to the projections of capacity demand, these two
satellites would have been saturated by the end of 1975. Provid-
ing more capacity would require either a third Intelsat IV or a new
satellite of larger capacity. Since the first alternative would force
several ground stations to construct another antenna, Intelsat
elected to develop Intelsat IV-A I I-101.

The support subsystems and satellite body of Intelsat IV-A are
the same as for Intelsat IV except for more efficient solar cells. It
has five communication antennas: global coverage receive, global
co\erage transmit, spot beam receive, and two spot beam trans-
mit. The new antennas and communication electronics allow an
increase to twenty 36-MHz channels from the twelve on Intelsat
IV. The satellite details are as follows:

Satellite
Cylinder, 94-in. dia.. I I -in. height 1275 in. (23 ft) overallf

1820 lb in orbit. beginning of life
Solar cells and NiCd batteries. 590 W at beginning of life. 525 W
at end of life
Spin-stabilized. gyrostat. approximately 50 rpm. antenna pointing
error <±0.25° (N-S axis) and <_±0.2° (E-W axis)

Solid rocket motor for apogee maneuver. hydrazine monopropel-
lant for on-orbit use

Configuration
Twenty 36-MH, bandwidth single-conversion repeaters. dual
beam frequency reuse

Capacity
Maximum capacity approximately 15.000 two-wNay voice cir-
cuits: nominal capacity in a typical operational configuration is
approximately 6000 two-way voice circuits plus two transpon-
ders for SPADE and TV transmissions

Transmitter

3707 to 4193 MHz

Tvo 6-W TWTs (one of, one standby) for each of the four global
coverage channels

One 5-W TWT for each of the 16 spot-beam channels, with one
spare TWT for every two channels

Minimum ERP per repeater at edge of" coverage 29 dBW (spot
beam). 26 dBW (hemispheric bcam). 22 dBW (global beam)

Receiver
5932 to 6-418 MH/
Four hemispheric beam receivers (two on. two standby)
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Two global beam receivers lone on, one standby) F-1, 25 September 1975, service life exceeded design life, then
8-dB noise figure, -I 1.6 dB/K GiT (hemispheric beam). -17.6 moved above synchronous orbit

dB/K G/T (global beam) F-2, 29 January 1976, service life exceeded design life, then
Antenna moved above synchronous orbit

F-4, 26 May 1977, service life exceeded design life. then moved
Two earth coverage horns (one transmit, one receive) above synchronous orbit

Three spot-beam antennas with multiple leeds to generate cover- F-5, 29 September 1977, launch vehicle failure
age patterns approximating continental shapes (two transmit, one
receive): at least 27-dB isolation between eastern and western F-3, 6 January 1978, service life exceeded design life. then

lobes of each antenna: each antenna is approximately square ex- moved above synchronous orbit
cept for rounded corners. 54 in. across for transmit, 35 in. for re- F-6, 31 March 1978, service life exceeded design life, then
ceive moved above synchronous orbit

All antennas mounted on a despan platform and circularly polar- Atlas-Centaur launch vehicle

ized Management

Design life Developed by Hughes Aircraft Company and subcontractors in
Seven years Western Europe, Japan, and Canada for Comsat Corporation/in-

telsat
Orbit Operated by lntelsat

Synchronous equatorial, stationkeeping to +0.1 °N-S and E-W
Four of the twenty channels on lntelsat IV-A are devoted to

Orbital history global coverage. All tour channels pass through one of the redun-

Satellite. launch date, service area, and comments: dant global coverage receivers. Each channel has redundant 6-W
TWTs. Sixteen channels are connected to the spot-beam antennas

F.: 5932-6418 Fr: 3707-4193
NE SE NW SW,yl'i'

•iB

Receiver 1 C•annel

__ 7A&B, 9A&B, 11A&B)Channel•

• •{ Receiver 3 F '• < Y ,

i S• Receiver4 ].•€ ,,• "• , ,I •.•

, (Same for 4A&B) •7

Global receiver 1 • i,ChannelGlobal receiver 2 I,-•t' "•'[• ;• "

(Same for 8, 10, 12)
!"• Splits power between outputs any proportion

Sin
hfte/,wtl /V-A COItlllllllli('fltiOll .•'ltb.•'\','*'t•'ltl,
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and are divided into A and B groups, each with eight channels. west transmit beam to provide adequate coverage of New Zeal-
All the channels within a group use separate frequencies, but the and from an Intelsat IV-A in the Pacific region.
corresponding channels of the two groups (e.g., I A and I B) use At first, three Intelsat IV-A satellites were ordered, followed
the same frequencies. There are four receivers for these channels, by a second order for three more in 1974. All six were launched
but only two are used at a time (one for each group). The spot- between September 1975 and March 1978. The first three were
beam channels use 5-W TWTs. with one spare TWT available for placed into service in the Atlantic region: they were turned off
every two channels. and moved above synchronous orbit in the mid-1980s. The

The spot-beam antennas have east and west beams to prevent fourth was lost as the result of a launch vehicle failure. The last
interference between overlapping channels; the A channel of each two were in the Indian Ocean region for several years. then
pair uses one beam. and the B channel uses the other beam. The moved to the Pacific region when replaced by two Intelsat V sat-
satellites are positioned over oceans, with the spot beams serving ellites. They were in use until 1989.
the continental areas on either side of the ocean. (Any terminals • • * • • •
near the satellite longitude are between the two beams and must I . Al and J N. P1 d Ti 1o
use the global coverage channels.) There is at least 27-dB isola- . per ielton. eds., and Inteat Global System.lio bewen te wo eam. he eciveantnn ha to stsof Progress in Astronautics and Aeronautics. Vol. 93. AIAA.
tion between the two beams. The receive antenna has two sets oNew York (1984).
feed horns that produce the two beams (east and west). One
transmit antenna has four sets of feed horns that produce north- 2. L. S. Pilcher, "Intelsat IV-A as a Communication Capability.�

east. northwest, southwest, and southeast beams. The eastern pair Paper 74-473. AIAA 5th Commtunications Satellite Svstents

of beams is isolated from the western pair. but the north and south Confirrence (April 1974).

members of a pair are not isolated, since they carry no overlap- 3. J. Dicks and M. Brown. "Intelsat IV-A Transmission System
ping channels. Six channels are connected to the west beams of Design," Comsat Technical Review, Vol. 5. No. I (Spring
this antenna and six to the east beams. Each of the channels con- 1975).
nected to the east side mav have its power split in any proportion 4. J. L. Dicks and M. P. Brown. "Intelsat IV-A Satellite Trans-
between the northeast and southeast beams and similarly for mission Design." Paper 74-474. AIAA 5th Communications
channels connected to the west side. The other transmit antenna Satellite Systems Conlference (April 1974).
has two sets of feed horns that produce northeast and northwest 5. F. Taormina. D. K. McCarty. T. Crail. and D. Nakatani. "'Intel-
beams, and two channels are connected to each of these beams. sat IVA Communications Antenna-Frequency Reuse
In an optional mode. two of these channels may be switched to a through Spatial Separation." International Conference on
global coverage antenna, in which case the other two must be Communications: ICC 76 (June 1976).

turned off. A considerable number of switches in the communi- 6. G. E. LaVean and E. J. Martin, "Communication Satellites:
cation subsystem allow great flexibility in routing signals, subject The Second Decade." Astronautics and Aeronautics. Vol. 12.
only to the constraint that the A and B channels of any one pair No. 4 (April 1974).
are not simultaneously on the same beam.

Each beam on both the receive and transmit antennas is 7. B. 1. Edelson and R. W. Rostron, "Technolo2ical Trends in

formed by a set of feed horns that shapes the beams for coverage Commercial Satellite Design." Spaccflight. Vol. 15. No. 8

of the proper land masses. The coverage being used is adequate (August 1973).

for Atlantic. Pacific. and Indian Ocean areas with fixed feed horns 8. "First Intelsat-IVA Launched." Telecommunication Journal.
and fixed reflectors, with only one exception. This fact simplifies Vol. 42. No. 10 (October 1975).

the satellites, since no antenna gimbaling is required: it also al- 9. Flight International (24 October 1974). p. 581.
lows the flexibility to move a satellite from one ocean area to an- 10. Aviation Week & Space Technology (I I September 1972).
other. The exception to the general coverage is an additional feed p. 19: (1 January 1973). p. 20:(2 December 1974), p. 26:

horn that must be switched into the west receive beam and south- (10 October 1977). p. 24.

INTELSAT V

Forecasts of Intelsat traffic project steady increases and. con- sure isolation between the two polarizations. The dual polariza-
sequently. new model satellites must be introduced into the sys- tions are combined with the two independent beams (east and
tern at intervals of about four to five years. The Intelsat IV-A west) introduced on Intelsat IV-A. Together. these techniques tri-
satellites were first used in 1975. These satellites provided a pie the satellite capacity in the 4- and 6-GHz bands, compared
moderate capacity increase without requiring significant ground with the Intelsat IV design. The second new feature is the use of
terminal changes. Hoý%c\er. further capacity increases were not the II- and 14-GHz bands, and two independent beams are used
practical with a simple stretching of the Intelsat IV/IV-A design. with these bands also. The nations with the largest traffic vol-
so development of a new satellite was begun in 1976. The new umes will use these new frequencies and must construct new ler-
satellite (Intelsat V) is in use in all three ocean regions. minals for them.

The Intelsat V satellites 11-211 have two new design features The Intelsat V satellites have a rectangular body about 6 ft
that require significant ground terminal changes. The first feature across. The sun-tracking solar arrays. composed of three panels
is the use of dual-polarization uplinks and downlinks in the 4- and each. are deployed in orbit. On the earth-viewing face of the
6-GH, bands. All previous Intelsat satellites used one polariza- body is an antenna tower on which are mounted both the commu-
tion for uplinks and the orthogonal polarization for downlinks. nications and telemetry, tracking, and command (TT&C) anten-
This change requires improvements at all ground terminals to en- nas and the feed networks for the large reflectors. The tower is
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fixed to the satellite body, but the three largest reflectors deploy in
orbit. The tower is abou: 15 ft tall and is constructed almost en-
tirely of graphite fiber/epoxy materials for strength, light weight,
and thermal stability. The entire satellite weighs about 2200 lb in I 11/14-GHz spot beams are formed by parabolic reflectors that are
orbit and spans about 5 1 ft across the solar arrays. each steerable over a limited portion of the Northern Hemisphere.

The communication subsystem operates at the 4- and 6-GHz The initial Intelsat V contract was for seven satellites: later an
frequencies used by all previous Intelsat satellites as well as at II eighth and then a ninth were added to the contract. (The satellites
and 14 GHz. The 4- and 6-GHz bands have twenty-one transpon- called Intelsat V F- 10 to F- 15 are the Intelsat V-A series.) The
ders. sixteen with 72- or 77-MHz bandwidths and five with 36- or first launch was in December 1980: the last. the only failure, in
41-MHz bandwidths. The sixteen wider transponders are operat- 1985. The eight satellites successfully launched have operated
ed with fourfold frequency reuse: there are foir separate frequen- properly and all were still in use at the end of 1990. The Intelsat
cies. each with four transponders. Within each co-frequency set, V characteristics are summarized as follows:
two transponders are assigned to west beams and two to east Satellite
beams. Thus, these transponder pairs are kept independent by the
angular separation of the beams-the same technique used on In- Rectangular body 5.4 x 5.8 6.6 ft. 51o ft across tips of deployed
telsat IV-A. The pairs that share a common frequency and direc- solar arrays. 21.7-ft height to top of antenna tower
tion are kept independent by the assignment of one to a Approximately 2280 lb in orbit, beginning of life; approximately
hemispheric beam and one to a smaller zone beam. These beams 1820 lb end of life (satellites with the maritime subsystem are
are separated. not by direction, but by orthogonal polarizations, about 80 lb more)
Of the five narrower transponders, two use the east and west Sun-tracking solar arrays and NiCd (NiH, for F-5 to F-9) batter-
beams for twofold frequency reuse and the other three are global ies. approximately 1800 W beginning of Jife. 1290 W minimum
beams. The pair of narrow reuse transponders and/or one pair of after seven years
hemispheric beam reuse transponders can be switched to use one Three-axis stabilization using momentum wheels, antenna point-
of each pair for additional global service with the other turned off. ing accuracy ±0.2 deg in pitch and roll. ±0.5 deg in yaw
For all of tihe reuse transponders. several possible transmit and re- Solid rocket motor for apogee maneuver. hydrazine monopropel-
ceive connections are possible. as shown in the communication lant for on-orbit use
subsystem block diagram.

The II - and 14-GHz bands have six transponders, two each of Configuration
72-, 77-. and 241-MHz bandwidths. They are used in twofold 4/6 GHz: twenty-one single-conversion repeaters with band-
frequency reuse through east and west spot beams. These tran- widths of 36 to 77 MHz. dual-beam and dual-polarization fre-
sponders may be operated only at I I and 14 GHz or may be cross quency reuse
connected with the other frequencies. For example, one tran- 11/14 GHz: six double-conversion repeaters with bandwidths of
sponder may be switched to 14-GHz receive and 4-GHz transmit 72 to 241 MHz. dual-beam frequency reuse
and another to 6-GHz receive and I I-GHz transmit. The 4- and
6-GHz signals pass through the satellite with a single frequency Capacity
conversion, whereas all II- and 14-GHz signals use a 4-GHz in- Nominal capacity in a typical operation configuration is 12.0(X)
termediate frequency so that all interconnections can be done at a two-way voice circuits plus two TV transmissions
common frequency. Transmitter

The 4/6-GHz hemispheric and zone beams are formed by one
transmit and one receive antenna. Each is composed of a parabol- 4/6 GHz: 3704 to 4198 MHz

ic reflector and an 88-horn feed. These beams are not steerable. Global beam: one 8.5-W TWT per repeater plus one spare
but there are switches in the zone beam feed matrices, because the per repeater
pattern required for the satellite serving the Indian Ocean is dif- Hemispheric beam: one 8.5-W TWT per repeater plus one
ferent from that required for the Atlantic and Pacific regions. The spare per two repeaters
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Intelsat V antenna patterns. (a) Atlantic Ocean: (b) Indian Ocean.

Zone beam: one 4.5-W TWT per repeater plus one spare per 11/14 GHz: two reflectors (one east, one west), each generating
two repeaters one beam for transmission and reception: west beam is 1.6 deg
ERP (specified minimum): 23.5 dBW (global beam): 26 with minimum gain of 36 dB, east beam is 1.8 deg x 3.2 deg with
dBW (hemispheric or zone beam, 36-MHz repeaters): 29 minimum gain of 33 dB: each beam steerable over a limited por-
dBW (hemispheric or zone beam, 72- to 77-MHz repeaters) tion of the earth, linear polarization: minimum interbeam spatial

11/14 GHz: 10.954 to 11.191 GHz. and 11.459 to 11.698 GHz isolation 33 dB

One 10-W TWT per repeater (one for one redundancy for Design life
241-MHz repeaters, one for two redundancy for 72- to 77- Ten years
MHz repeaters)
ERP (specified minimums): 41.1 dBW (east spot), 44.4 dBW Orbit
(west spot) Synchronous equatorial. stationkeeping to ±). I °N-S and E-W

Receiver Orbital history

4/6 GHz: 5929 to 6423 MHz Satellite, launch date, service area, and comments:

Five active receivers with six spares. bipolar preamplifiers F-2, II December 1980. Atlantic, 22°W longitude
(F-I to F-4), FET preamplifiers (F-5 to F-9) F-I. 23 May 1981. Pacific. 177°E longitude
G/T: -18.6 dB/K (global beam). -11.6 dB/K (hemispheric F-3. 15 December 1981. Pacific. 177°E longitude
beam). -8.6 dB/K (zone beam), all minimum values (all ira- F-4. 5 March 1982, Atlantic. 34.5°W longitude
prove 2.6 dB for F-5 to F-9). F-5. 28 September 1982. Indian, 66°E longitude

11/14 GHz: 14.004 to 14.498 GHz F-6. 19 May 1983, Atlantic, 18.5°W longitude
Two active receivers with two spares. tunnel diode preampli- F-7, 19 October 1983. moved out of synchronous orbit in 1990
tiers (F-I to F-6). FET preamplifiers (F-7 to F-9) F-8. 4 March 1984. Pacific. 180°W longitude
G/T: 0.0 dB/K (east spot). +3.3 dB/K (west spot). both rnini- F-9. launch vehicle failure. Juiic 1985. left satellite in low orbit.
mum values from which it decayed October 1985

Antenna Atlas-Centaur launch vehicle (F-I to F-6. F-9)
4/6 GHz: two earth coverage horns (one transmit, one receive): Ariane launch vehicle (F-7 to F-8)
18-deg/22-deg beainwidths. 16.5-dB/14.5-dB minimum gains:
two reflectors (96-in. dia. transmit, 61-in. dia. receive), each with Management
88-horn feeds, each generating two hemispheric beams (21.5-dB Developed by Ford Aerospace and Communications Corporation
minimum gain) and two smaller zone beams (24.5-dB minimum for Comsat Corporation/Intelsat. approximately 23"4 subcon-
gain): zone beams each overlap a portion of one of the hemi- tracted to companies in France. West Germany. United Kingdom.
spheric beams and are separated by orthogonal polarizations: Japan. and Canada
beam shapes are optimized to cover specified terminal locations: Operated by Intelsat
circular polarization: minimum interbearn spatial or polarization
isolation 27 dB
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hilelsati V intritime COmmlulnicltionl subsystem.

In mid-1978, Intelsat began a detailed study of the addition of ERP: 20 dBW at edge of coverage
a maritime communication subsystem (MCS) to some of the In- Receiver
telsat V satellites. This subsystem has been developed for use as
part of the Inmarsat system space segment. It was added to Satel- L-band: 1636.5 to 1644.5 MHz: two receivers (one active, one

lite 5 launched in September 1982 and also Satellites 6 through 9. spare)

The maritime subsystem makes use of some of the global G/T: >-15 dB/K
beam equipment of the basic communications payload. An L- C-band: 6417.5 to 6425 MHz; four receivers (two active, two
band (1.5/! .6-GHz) antenna and some communications equip- spare) shared with global coverage beam of basic payload
ment have been added, as shown in the MCS block diagram. Sev- G/T: >- 17.6 dB/K
eral other modifications were added to the satellite beginning
with the fifth flight model. These modifications were primarily to Antenna
increase reliability and reduce weight, the latter partially compen- L-band: one quad helix array. earth coverage. 14-dB gain at edge
sating for the maritime subsystem addition. Because of power of coverage. 18-deg beamwidth. steerable +2°E-W. circular po-
subsystem limitations, not all the maritime and I I-GHz capacity larization
can be used simultaneously. This is acceptable to Intelsat, be- C-band: uses earth coverage horns of the basic payload
cause the I 1-GHz transponders are not expected to be used on all * * ***

of the satellites. The maritime subsystem performance details are
as follows: I . J. Alper and J. N. Pelton. eds.. The Intelvat Global System.

Progress in Astronautics and Ae-onautics. Vol. 93, AIAA.
Configuration New York (1984).

Coast to ship: one double conversion repeater with a 7.5-MHz 2. E, A. Robertson, "'Planning for the Intelsat V System." Na-
bandwidth tional Telecommunications Con frence: NTC 74 (December

Ship to coast: one single conversion repeater with an 8-MHz 1974).
bandwidth 3. Flight International (19 July 1973). p. 107: (19 Seplemler

Capacity 1974). p. 362; (24 October 1974). p. 581: (24 July 1975),
Thirty voice circuits (high power mode) or fifteen voice circuits p. 134: (27 March 1976). p. 792: (7 August 1976). p. 317: (25
lo ih power mode) oSeptember 1976). p. 892.

(low power mode) 4. Aviation Week & Space Technology (29 October 1973). p. 55:

Transmitter (24 February 1975). p. 62: (21 July 1975). p. 23: (17 Novem-

L-band: 1535.0 to 1542.5 MH/: two transistor amplifiers (one ac- her 1975). p. 55: (5 January 1976). p. 36: (27 September
tive. one spare) 70- or 35-W output 1976). p. 45: (18 October 1976). p. 21: (14 February 1977).

ERP: Ž_32.6 dBW at edge of coverage (high power mode) or p. 17: (17 October 1977). p. 161: (6 August 1984). p. 26.

Ž>29.6 dBW (low power mode) 5. R. J. Rusch. J. T. Johnson. and W. Baer. "Intelsat V Spacecraft

('-band: 4192.5 to 4200.5 MH/: two 4.5-W TWTs (one active. Design Summary." Paper 78-528, AIAA 7th Communications

one spare) Satellite Svstems Conflerence (April 1978).
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6. G. T. Hayes, N. I. Totah, and J. W. Young, "Design of the An- 15. G. H. Schennum and H. T. Ward, "Intelsat V Spacecraft An-
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INTELSAT V-A
Intelsat V-A 11-41 is a modification of the Intelsat V design. Capacity

Development started late in 1979. As with previous changes to Nominal capacity in a typical operation confl-I-ration is 15,000
Intelsat satellites, the primary goal is to increase satellite capacity two-way voice circuits plus two TV transmissions
to keep ahead of traffic growth in the Atlantic region.

Externally. the satellite appears almost identical to Intelsat V: Transmitter

internally, several changes were made to improve performance, 4/6 GHz: 3704 to 4198 MHz
reliability, and communications capacity. Several weight-saving Global beam: one 8.5-W TWT per repeater plus one spare
measures were taken to compensate for the additional communi- per repeater
cations hardware. The internal arrangement of the communica- Hemispheric beam: one 8.5-W TWT per repeater plus one
tions hardware was modified for thermal balance. The satellite spare per two repeaters
details given here are in many cases identical to those fbr Intelsat Zone beam: one 4.5-W TWT per repeater plus one spare per
V. Intelsat V-A satellites do not have the MCS. two repeaters

Satellite ERP (specified minimum): 23.5 dBW (global beam) (3 dB
Rectangular body 5.4 x 5.8 x 6.6 ft. 51 ft across tips of deployed larger for Channel 7-8. I26 dBW (hemispheric or zone beam,
solar arrays, 21.7-ft height to top of antenna tower 36-MHz repeaters): 29 dBW (hemispheric or zone beam. 72-

Approximately 2420 lb in orbit, beginning of life to 77-MHz repeaters): 32.5 dBW (spot) (3 dB larger tor
Channel 7-8)

Sun-tracking solar arrays and NiHl- batteries, approximately
1800 W beginning of life. 1280 W minimum after seven years 11/14 GHz: 10.954 to 11.191 GHz. and 11.459 to 11.698 GHz

Three-axis stabilization using momentum wheels, antenna point- (plus option to switch from the lower band to 11.7 to 11.95 GH,'
or 12.5 to 12.75 GHi, on F-4 to F-6)

in, accuracy ±0.2 deg in pitch and roll. ±0.4 deg in yaw

Solid rocket motor for apogee maneuver, hydrazine monopropel- One I0-W TWT per repeater (one fr one redundancy for
241-MHi repeaters, one for t1%o redundancy for 72- to 77-

lant for on-orbit use MHz repeaters)
Configuration ERP (specified minimums): 41.1 dBW (east spot ). 14.4 dBW
4/6 (;tt/: twenty-six single-conversion repLters with bandwidths (west spot)
of 36 to 77 MHz. dual-beam and dual-polarization frequency re- Receiver
Used
11/14 G(Hz: six double-conversion repeaters with bandwidths of 4/6 GH/: 5929 to 6423 MH,/

72 to 241 MHz. dual-beam frequency reuse
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Six active receix crs xxiti six spares. FF1T prcarnplitiers. 4.3 Management
dB receiver noise fiuuie IDexeloped by Ford Aerospace and Commun1111ications Corporation
G/T: - 1 6.(0 !B/K Iloal rcam -9.0) dB/K (hemispheric and subcontractors I'rorn France. West Germnany, the United Kinl,-,
beam .ý -6.0 d B/K (/zone heamn). all ini u \alueCs, HVET dorn. htaly. Japan, and Canada. tar Intelsat
preamlpifielci Operated by Intelsat

14 GH,: 1.(H) to 1.498GH/ In the communications subsystem,. three Lflobal beamn iran-
Issoactve ecex c5 x it tw spres FF prampifirs.6.8 sponlders were added. They use the samne lrequencý as the exist-
dB rceier ois liureinu,. dedicated clobal beamn transponders but use the opposite

C/i: +1 d13/K (east spot). +4.3 dB/K (xxest spot). both inini- po'larization. Two Channel 9 /one beamn transponders xxere also
mum.11 \alties, added. Thev are separated ftrom each other by the spatial discrinii-

Antenna itlation between the east and xxest /one beamls. They are separat-

4/6 GH/: txx o earth coverace horns (one transmrit, one receive): dtrr h xsi,-,Canl9tasodr yopst
I 8-ec/2-dc bamwiths I .5-B/ I4.5dB m ~polarizations. Another communications subsy stemn chanoe is the

diat ( addition of 4-CHi Ieed horns to the steerable east and west spot-
txxo reflectors (96-in. di.transmnit. I1-in. dia. receiv e), each wAith beamn antennas, wAhich were prev iously used only at I I and 14
88-horn feeds, each cenerat ingi txo hemispheric beamns (21.5-dB z.Tecanlrciedo t'-,blbaisane

Illillill~t.G1z. Then chnnl recixe on th snlobal beams canrn be.-d iminium ait ) nd xxosmalerzon bems 24.-dBminmum switched, in groups.. between global transmit beamis and these
"ainil): /oile beamis each overlap at portion of' oiie of' the hem i- Z
sphri beam an areaated by orthogonal polari/zations niew% 5- deg beamns. These beamns are intended tor use w\ith tran-

sponders leased bý Intelsat f~or domnestic communications s
beamn shapes are optimiz/ed to cover speciflied terminal locations.
one Iced horn is associated %% ith each of the I I/ I4-CHz. reflectors terns. The last three satellites have the capability to switch

t'ortrasmisiononh.5-dL, eari idh. 2.2-B rnninurnchannels ( 1-2) and (5-6) betwecen the 10.95- to I l.2-GHz. band.
available onl all Intelsat Vs and V-As, and the 11.7- to II .95-GP-!circular polarization: mInImum111.11 interbeamn spatial or- polarization or 12.5- to I 2.75-GHz bands. These latter bands wkill alloxx Intel-

isolaion 7 dBsat mlore Ilexibilitv in the use of' international frequency alloca-
II /14 ~z:tworelec rs oneeas, oe wst)eac geeraing tions and are specilically intended f'or a newA Intelsat Business
one eamfortrasmm sio an reepton:westbea is1.6deg Service to smaller ground terminals. (Satellites with the business

wýith mlinlimum11 gain of 36 dB1. east beamn is 1.8 deg, x 3.2 dec, 5ith serv ices, moditication are occasionally called Intelsat V-AB or V
mlinlimum.11 gainl of 33 dB: each beamn steerable over a Ilimited por- B)
tion of' the earth: linear polarization: mlinlimumt.1 interbeani spatial The first Intelsat V-A was launched in March 1985. Txxo oth-
isolation 27 dB ers were launched later inl 1985. A fourth was lost in a launch e

Design life hidec failure in 1986 The last two w\ere launched in 1988 and
Tell 1989. All live satellites are in use.

Orbit I.1J. Alper and J. N. Pelton. eds.. Dhe Inteh~al Global S.sv1reM.
S\ nchronous equatorial. stationkeepi ng to ±0). I N-S arid ELW P)i'esxi 4Arnum> n Ae1atc .Vl 3A

Orbital history New% York ( 1984).
Intelsat V-A satellites, are Often called Intelsat V F- 10 to F- 15 2. N. J. Barberis and C. F. Hoeber. ''Design1 Summnnary of the Ad-

Sait]llite. launch (kite. serv ice area. and comments: v anced Intelsat V Spacecraf~t." Paper 821-0537.-ILA. 9th Comn-

F- 1. 22Mrhonc ailc 7 1 0itude 111ii!icatwions Satellite SvA u'ms Con f~rence. March I1982.
I 22Marh 195. aci ie.174Reprinted in Journal of .Spacccraft andl Rockers. Vol. 20. No.

F2. 3)) June1 1985. Indian. 63 EF loncitude 4j -iiw 93

F-3 229 Septembher 19X5. Atlantic, I \X loncitude, leased serv ice 3. Aiation Ucek &- Space Thchnologm' 128 September 198 1
F-5. Launch vChicle falilure M\la 1986 p. 75: (21 December 1981 ). p. 20; (4 April 1983). p. 48: ( 10
F-4. 17 Ma\ 1988. Atlantic, 53 W lonciiude, leased serv ice October 1983). p. 77.
F-6. 26 Januars 1989, Indian. 601) L loncitudeI 4. J. Martin. 1). Arnstein. and C. Adamis, "Communtications Per-

Atlas-('cntaur launch schicle ([V- to) F3) tornianee Specifications of the Intelsat V-A."\' Commai 7(cloii-
Arian lauch chcle F-4 o (-(Ica Reviewi. Vol. 13, No. I ( Spring 1983).

PAN AMERICAN SATELLITE

In1 1984. P)an American Satellite 11 -71 \.%as one of sex eral corn- A\merica and betxxeen the United States and Lit in .merica. The\
pantics reque~stingL Federal ('otumun.Ilications ('omin11ission (FCC) receix ed prelimlinar\ [('(' approx al in 1985.
permission to operate a prix ate international s-itellite commuitnica- Pan American Satellite's first customer xxas in Peru. Thisl, ser-
tions s steml.l InI contrast to the other applications. xx ich \\cre x i,ýe %%as coordinated technicall\ and economnicallx \% ith Intelsat

for transillissions bctxeen thle (nited States and xxesterl IEurope. in 1987. L~ater that \ear, the emna ec e t inlR u
Pan Ame~rican SaI11tell ite pplicatlion %%ias for Sersices xx ithin L~atin thorizationl and launched its, satellite in 1988. I-ossces e. the satel-

lite that \\ as launiched \% as not limfited to thle L~atin A.\mericanl
Ow i ,1hc lhi 11"11, dtch.jc, Oll,~I~ ii. uhwuo '.iL. (IkC,0hd Ill II, Sets\ ice or2iciallx ens% isioned. It also has the capabilit\ to pro\ ide

t,itcr w,~ iwnm div 0twn (ii i wrm sers ices be[t\xcn thle I nited States and Furope.
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Pan American Satellite.

SConfiguration

4/6 GHz: twelve 36-MHz bandwidth and six 72-MHz bandwidth
single conversion repeaters. dual -polarization frequency reuse

12/14 GHz: six 72-MHz bandwidth repeaters

Transmitter

4/6 GHz: 3700 to 4200 MHz

This change was the result of two business deals. The first was 8.5-W transistor amplifiers for 36-MHz transponders in two

the purchase, in 1985. of a partially built but unwanted satellite sets of seven amplifiers for six transponders

ordered by American Satellite Corporation (ASC). This satellite. 16.2-W TWTAs for 72-MHz transponders in two sets of four
which was completed for Pan American Satellite, had 12/14-GHz amplifiers for three transponders

transponders in addition to 4/6-GHz transponders. The latter al- Beam center ERPs: 37.5/39.5 dBW for Latin beam, 40/42.5
ready had been planned for Latin American service- the former dBW for spot North and Central beams (36/72-MHz tran-
were well suited to transatlantic service. The primary change in sponders). 1.5 dB lower for South beam
the satellite was an antenna redesign to provide the beam shapes 12/14 GHz: 11.45 to 11.7 GHz (to Europe), 1 .7 to 11.95 GHz (to
and locations required by Pan American Satellite. This technical United States)
capability to serve Europe was complimented by the second busi- Seven 16.2-W TWTAs for six transponders
ness deal: the purchase, in 1987. of Cygnus Satellite Corporation Beam center ERPs: 45.5 dBW (United States). 47.5 dBW
which had preliminary FCC approval for transatlantic services.

Except for its antenna beam patterns, the satellite is similar to
many built for United States domestic communication systems. Receiver
It has a box-shaped body with solar panels that deploy in orbit. 4/6 GHz: 5925 to 6425 MHz
The antennas are fixed on the earth-viewing face of the satellite. Two active receivers plus two spares
The 4/6-GHz part of the communication subsystem is used for Toac rer plus topr
Latin American service. The transponders can be switched be- Peak G/T'-0.5 dB/K
tween a broad Latin beam, which covers Central and South 12/14 GHz: 14.0 to 14.5 GHz
America and the Caribbean. and three spot beams, which together One active receiver plus one spare
cover the same parts of the globe. The 12/14-GHz part of the Peak G/T 0 dB K
communication subsystem is for transatlantic service. For trans-
mission, three transponders are connected to the European beam Antenna

and three to the United States beam. Uplinks from either conti- 4/6 GHz: Latin beam covers Central and South America and the
nent can be routed to any transponder. Additional satellite and Caribbean: North spot beam covers northwestern South America,
payload details are as follows: Central America, and the Caribbean: Central spot beam covers

central and west-central South America. South spot beam covers
Satellite southern South America
Box body. about 5 ft on a side: height including antenna and feeds 12/14 GHz: United States beam covers the United States. except
about 10 ft: 52-fl span across deployed solar panels for the Pacific time /one. plus southeastern Canada: European

1560 lb in orbit, beginning of life beam covers west and east Europe except northern Scandinavia

Sun-tracking solar arrays and NiH, batteries, approximately I 3(X) Design life
W after ten yearsDeinlfW aftr tenyearsTen years nomninal, thirteen years expected
Three-axis stabilization, approximately +0.2-deg accuracy

Solid rocket motor for apogee maneuver, liquid propulsion for Orbit
on-orbit use Synchronous equatoial. slationkeeping to ±0. '-N-S and E-W
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Orbital history (a)-(- -
I: launched 15 June 1988. 45°W longi- 0 0 10

tude

Ariane launch vehicle

Management
Developed by RCA Astro Electronics
(now GE Astro-Space) for Pan American

Satellite

Satellite control and monitoring by Con- -6 dB
tel ASC for Pan American Satellite-3d

Since i•, satellite launch in 1988. Pan 40.
American Satellite, through its marketing.0- 0-
and managing corporate alter ego. Alpha
Lyracom Space Communications. has
reached agreements with customers in
many nations. In addition to these com- 5" (C)

mercial agreements. the ground station
operator in each country had to receive
approval from its government, and the
service had to pass through the Intelsat
coordination process. The successes in
these arenas between mid-1988 and the

end of 1990 was a sharp contrast with the
near total lack of success in prior years.

Pan American Satellite now provides -,d
both public and private domestic com- ,0

munications in many Central and South dB

American countries. The communica- _ _2:
tions are primarily television. It also has A~tios ae pimailytelvison.It lsohas Pan Americant Satellite antenlna patternts. (at) Latinl beani: (h) United
many customers for international televi- St at (c) an beam Un
sion distribution and exchange of televi- S

sion programs between broadcasters in
various countries. Other services are international business net- 2. B. Lacoste. "APEX-Ariane 4: Les Passagers du Premier
works and international data distribution. Either full-time or oc- Vol." ESA Bulletin. No. 56 (November 1988).
casional-use services have linked or will link almost all Latin and 3. C. Bulloch. "PAS: A Punchy Privateer." Space Market.N. Vol.
European nations. Links between Latin and European nations are 5. No. 3 (July-August 1989).
not possible directly through the satellite, but they are realized by 4. W. L. Morgan. "Pan American Satellite (PAS- ).'" Satellite
double-hop transmission through a Pan American Satellite Comnimunicationts (August 1990).
ground station in Florida.

In August 1991. Pan American Satellite awarded a contract for 5lM.tepheni"anins Fighting tGdh).of thee ne . .ellite Communications (November 1990).
the development of three new satellites, each with forty-eight 6. Aviation Week & Space Technology (1-0 June 1988). p. IS: (27
transponders. The first launch is planned for 1994. June 1988). p. 36., , ,, , ,June 1988 ). p. 36.

7. Satellite Communications. (January 1987). p. I1: (September
I. R. Rodriguez. "Pan American Satellite Corporation: New Op- 1987). p. 12: (December 1987). pp. 15. 47: (March 1988).

ponrunities for Latin American Telecommunications Develop- p. 12: (August 1988). p. 8: (April 1989). p. 36: (May 1989).
ment." New Directions in Satellite Communications. H. E. p. 8: (June 1989). p. 48: (October 1989). p. 42: (September
Hudson, ed.. Artech House. Dedham. MA (1985). 1989). p. 8: (December 1989). p. 8: (October 1991)). p. 13:

(November 1990), pp. 8. 64.

INTELSAT VI

The Intelsat V satellites were introduced into the Intelsat sys- The actual Intelsat VI design 11-151 incorporates all esxepl the
tern in 1981. However, studies of higher capacity satellites using last.
new or improved technologies had begun several years earlier. The satellite is a ne\% design but incorporates feature'. froin the
The major technologies considered were increased frequency re- Leasat and HS-376 designs. (The latter is used for SBS. Anik C.
use. use of newly allocated portions of spectrum adjacent to exist- and many other domestic communications satellites.) The basic
ing 4/6-GH/ and 11 /14-GHz bands, active switching on-twoard the satellite body is about I I ft in diameter and about 6-1/2 ft hich.
satellite, increased ERP in some channels, and intersatellite links. The tipper portion of the cylindrical surface of this section i, a
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thermal radiator: the lower portion is part of the solar array. The
remainder of the solar array is a drum about 12-1/2 ft high, which
lits around the main body during launch and is deployed in orbit
to the configuration shown in the satellite figure. Small adjust-
ments to the deployed position can be made
to maintain the in-orbit balance of the
satellite. The main body includes a -
liquid propellant system, which
is used for both the apogee boost
maneuver and for on-orbit sta-
tionkeeping and attitude con-
trol adjustments. Satellite and
communication subsystem de-
tails are as follows: / Intelsat VI satellite.

Satellite
Cylinder, 142-in. (I 1.8-ft) dia.,.
stowed height 210 in. (1 7.5 ft). main[- -
section approximately 86-in. height. de-
ployed section approximately 149-in. height
1464 in. (38.7 ft) overallI

Approximately 4600 lb in orbit, beginning of life, 4130 lb
at end of life
Solar cells and NiH, batteries, more than 2600 W begin-
ning of life. approximately 2200 W at end of life

Spin-stabilized, gyrostat, approximately 30 rpm. antenna pointing
accuracy ±0.05 deg

Bipropellant liquid propulsion for apogee maneuver and on-orbit
use

Configuration

4/6 GHz: Thirty-eight single-conversion repeaters with band-
widths of 36 to 72 MHz. sixfold frequency reuse except in global
beams

11/14 GHz: Ten double-conversion repeaters with bandwidths of
72 to 159 MHz: dual-beam frequency reuse

Capacity
Nominal capacity approximately 24,000 two-way voice circuits
(capacity approximately 120.000 circuits with full use of digital
circuit multiplication techniques) plus three TV transmissions

Transmitter
4/6 GHz: 3629 to 4198 MHz

Global beam: one 16-W TWT per repeater
Hemispheric beam: eight repeaters have 20-W TWTs. two
have 40-W TWTs
Zone beam: one 5.5-W TWT per SE and SW repeater, one 2-
W FET amplifier per NE and NW .epeater G/T (minimum): -16 dB/K (global beam). -9 dB/K (hemi-
All amplifiers have one spare per two repeaters Gospheric bean)). -6 dB/K (/one beam). typical perlformance
Minimum ERP: 26 dBW (global beam). 34-37 dBW (hemi- spheram dB o b ) i p r
spheric beams). 31 dBW (zone beams): channel (9) 1 to 2 dB up to se.era dbtlower 11/14 GH,: 14.00)4 to 14.498 GH,lower

Two active receivers plus two spares. FET preamplifiers. 5.0-1 1/14 GHz: 10).954 to 11.191 GHz. and 11.459 to 1 1.698 GHz d eevrniefgr
One .5- TW pls oe spre er epeterdB receiver noise figure

One 8.5-W TWT plus one spare per repeater G/T (minimum): +1 dB/K (cast spot). +4 dB/K (west spot):
ERP (minimum): 41 dBW (cast spot). 44 dBW (west spot) typical performance a few dB better

Receiver Antenna
4/6 GHz: 5854 to 6423 MHz 4/6 GHz: two earth coverage horns: two reflectors (126-in. dia.

Eight active receivers plus eight spares, FET preamplitiers. transmit. 79-in. dia. receive), each with 147 feed horns, each gen-
3.2-dB receiver noise figure crating two hemispheric beam% and four smaller reconfigurable
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L.Zone,"
Zone 3

SZ)On4/ • •)•'•Zo•ne 4•

(a) (b)

zone beams: zone beams overlap parts of the hemispheric beams
and are separated by orthogonal polarizations: beam shapes are
optimized to cover specified terminal locations: each array of
feed horns has four distribution networks: one for hemispheric Z
beams and three (switchable between Atlantic. Indian. and Pacific
coverage patterns) for the zone beams: circular polarization: min-
imum interbeam spatial or polarization isolation 27 dB
11/14 GHz: two reflectors (one west. one east) each generating
one beam for transmission and reception: 43- and 39-in. dia.-. Zone 2
west beam is 1.6 dec with minimumn gain of 36 dB, east beam is
1.8 x 3.2 deg with minimum gain of 33 dB: each beam is steer-
able over a limited portion of the earth: linear polarization: mini-
mum interbeam spatial isolation 33 dB Zone 4

Design life
Thirteen years

Orbit
Synchronous equatorial. stationkeeping to ±0. I°N-S and E-W

Orbital history
Satellite, launch date. service area, comments:

F-2. 27 October 1989. Atlantic, 24.5'W loni•tude (C)

F-3. 14 March 1990. stabilized in low earth orbit after launch ve-
hicle malfunction, transfer to operational orbit expected after ad- Intelsai VI ant'nna patterns. (a) Atlantic Ocean: (h) Indian
dition of new propulsion by May 1992 Shuttle flight Ocean: (c) Pacific Ocean.
F-4. 23 JLune 1990. Atlantic. 27.50 W lon-itude The communications equipment is mounted on a despun shelf
F-5. launched 19 August 1991. in test within the spinning main body. (The deployed array spins with

F-1. launched 29 October 1991. in test the body.) The antenna feed arrays and reflectors are also mount-

Arianc (F-I. F-2. [-4. F-5). Titan ([-3) ed to the despun shell'. There are six communications antennas.
The global coveragce transmnission and reception beams each have

Management a dual-polarized horn. The largest deployed reflector produces
Developed by Hughe, Aircraft Company for Intelsat. Approxi- six 4-GH/ transmit beams. The second deployed reflector pro-
mately 2214 subcontracted to companies in the United Kingdom. vides the corresponding 6-GH/ receive beams. Two of the beams
France. Italy. Japan, West (Germany. and Canada provide east and we\st hemispheric coverage. They' share a coin-

Operated by Intelsat mon polarization and frequency plan. their signals kept separate
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widths. p36 MHz, e §. (1-2) is a f. Channel 9 may be used on both EN
channel occupying the spectrum and WH or on the co-polarized
used by channels 1 and 2 on global beam. It may aLso be used in
Intelsat IV all 4 zones or on the co-polarized

b. 11-2 (occupies the Spectrum luSt global beam

below (1-2) g. Spot.beam antennas have 11114 GHz IhltCI.h.t VI ('•flhlttE~iC('liOf SL• S'lh.h'l.•tm
C. Each switch matrix can form any diplexers (not shown)

one-to-one combination of inputs It. 7 25 GHz for (1-2). (3-41. 15-61.and outputs 7R50 G1z or (7-8). 9-12)

d. The SWitch matrices tsarked FT can iCombiners alter transmitters
be used for SS/TOMA also have inputs from

unRllustrated transmitters
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by the directions of the two beams. The other four are zone 3. R. Colby, G. Forcina, and B. A. Pontano. "SS/TDMA Opera-
beams. They use the same frequencies as the hemispheric beams tion Using Intelsat VI Spacecraft," Paper F7.2, National Tele-
but the opposite polarization. The four are separated from each communications Conference: NTC '81 (December 1981).
other by their directions, which are nominally northeast, north- 4. W. R. Schnicke, J. B. Binckes, and J. E. Martin. "Ten-Year
west, southeast, and southwest. The southern zone beams are Life Intelsat VI Spacecraft." Paper 82-0517, AIAA 9th Comn-
larger than the northern zone beams, because they serve popula- munications Satellite Systems Conference (March 1982).
tion centers in the equatorial and southern parts of the globe, 5. 5. B. Bennett and D. J. Braverman. "Intelsat VI Technology,"

which are more dispersed than those in the northern part of the IAF-82-68, 33rd Congress of the International Astronautical
globe. The hemispheric beam patterns are fixed, but the zone Federation (September 1982).
beams have three patterns, one for each ocean region, which can 6. A. Ghais. et al., "Summary of Intelsat VI Communications
be switched in orbit. Examples of the hemispheric and zone
beams are shown. The two smaller reflectors provide steerable 12, No. rC (Fall 1982V
east and west spot beams for I I-GHz transmission and 14-GHz
reception. The large hatbox-shaped objects behind these two re- 7. G. Forcina and B. Pontano, "Fault Detection/Diagnostics for

flectors contain the more than one hundred feed horns for the 4- the Intelsat VI SS-TDMA Subsystem," Sixth International

and 6-GHz reflectors. These complex feed arrays allow the Conference on Digital Satellite Communications (September

beams to be shaped to a reasonable match to the geographic areas 1983).

they serve. The feed arrays can be switched to different configu- 8. M. F. Caulfield, S. 0. Lane, and F. A. Taormina, "intelsat VI
rations depending on the ocean region where the satellite is locat- Antenna System," Paper 47.6, Global Telecommunications
ed. Conference: Globecom '83 (November 1983).

The switch matrices in the center column of the communica- 9. K. Jarett, "Operational Aspects of Intelsat VI Satellite-
tion subsystem diagram allow many different interconnections Switched TDMA Communication System," Paper 84-0669,
between the various beams. This flexibility allows the satellite to AIAA 10th Communication Satellite Systems Conference
be in a configuration that is best suited to the traffic pattern that it (March 1984).
is handling. Most of the switch matrices are changed infrequently 10. S. Kitazume and H. Ogawa. "'14/4 GHz Receiver, Upconvert-
by ground command. Two may be switched, according to a er and Solid State Power Amplifier for Intelsat VI.*" Paper 84-
ground-controllable pattern stored on the satellite, through sever- 0745. AIAA 10th Communication Satellite Systems Confer-

al states within a 2-msec frame. This capability will be used in a ence (March 1984).
satellite-switched TDMA (SS/TDMA) mode which will signifi- 1I. N. M. F. Wong. "Intelsat VI - A 50-Channel Communication
cantly increase the satellite's capacity relative to frequency divi- Satellite with SS-TDMA," Paper 20.1, First 'anadian Do-
sion multiple access (FDMA) operation. mestic and International Satellite Communications Confer-

Development of the satellites started in March 1982. Critical esce (Juns Co83erence (June 1983).
new technology feasibility had been proved earlier through sever- 12. P. T. Thompson and E. C. Johnston, "Intelsat VI - A New Sat-
al studies sponsored by Intelsat and others. The present contract 12. P T nean Eo C.8Johston. Intersat VI AN S
covers five satellites with options for more. The first satellite was ellite Generation for 1 986-2000," International Journal ol
launched in October 1989 and began full operational service in Satellite Co1munications, Vol. 1. No. 1 (July-September
spring 1990, although it had been used as early as December 1983).
1989. The second satellite could not be separated from the launch 13. S. B. Bennett and D. J. Braverman, "Intelsat VI - A Continu-

vehicle and was put into a stable low orbit by use of on-board pro- ing Evolution," Proceedings of the IEEE. Vol. 72, No. I I (No-
pulsion. after separation from its perigee motor. A shuttle repair vember 1984).
mission is being planned for 1992 to install a new perigee motor 14. E. J. Lerner, "Designing Communications Satellites: Intelsat
on the satellite. The third satellite was launched successfully and VI and Aussat." Aerospace America. Vol. 23, No. 5 (May
is operating with the first. One more launch is scheduled: it is un- 1985).
likely that options for additional satellites will be exercised. 15. Aviation Week & Space Technology (18 August 1980). p. 57:

* * * * * * (31 August 1981), p. 25; (22 February 1982). p. 20: (5 April

I. J. Alper and J. N. Pelton, eds., The Intel.sat Global System. 1982), p. 27: (3 May 1982). p. 59; (24 March 1984). p. 71:

Progress in Astronautics and Aeronautics, Vol. 93. AIAA. (2 April 1984), p. 23: (25 August 1986), p. 101: (22 Septem-

New York (1984). ber 1986), p. 29; (17 August 1987), p. 22: (19 March 1990).

"2. G. P. Cantarella and P. Nadkarni. "Intelsat VI Spacecraft Con- p. 212: (18 June 1990), p. 25; (2 July 1990), p. 25: (16 July

cepts.' Intternational Telemetering Conlference Proceedings 1990), p. 24.

(November 1980).

ASIASAT
Asia Satellite Telecommunications Company. based in Hong The Asiasat is the refurbished Westar VI. It was launched in

Kong. offers domestic and international communications in Asia 1984 but was. stranded in low orbit by a rocket motor failure. The
through its Asiasat satellite 11-21. The company is an equal part- satellite was retrieved by the Shuttle later that same year and re-
nership of a prominent Hong Kong trading conglomerate, an or- turned to earth. Lloyds of London made an insurance payment to
ganization set up by the Peoples Republic of China, and a large the original owners to cover their loss and took possession of the
British telecommunications company. satellite. The satellite was purchased from them by Asia Satellite
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Telecommunications and refurbished by its manufacturer. The
key items of the refurbishments were replacement of the batteries,
the failed motor, and some small thrusters: and antenna feed mod-
ification to provide a beam pattern suitable for Asia. Details of Asiasat satellite.
the satellite are:

Satellite

Cylinder. 85-in. dia.. 269-in. height (22.4 ft) when deployed

1340 lb in orbit. beginning of life

Solar cells and NiCd batteries, 840 W at beginning of life, 700 W
at end of life
Spin-stabilized. gyrostat, 55 to 60 rpm

Solid rocket motor for apogee maneuver, liquid propulsion for
on-orbit use

Configuration
Twenty-four 36-MHz bandwidth single-conversion transponders,
dual-polarization frequency reuse

Transmitter

3702 to 4198 MHz

Six sets of five 8-W TWTAs for four transponders
Peak ERP approximately 37 dBW per transponder

Receiver

5927 to 6423 MHz
Two active plus two spare receivers

Antenna
Two 72-in. dia. paraboloids with polarizing grids, one behind the
other: one north beam covering China, Mongolia, Korea. Japan.
and Taiwan: one south beam covering Turkey through India to the
Philippines: beams on orthogonal linear polarizations

Design life

Ten years

Orbit
Synchronous equatorial. stationkeeping to ±0.1 N-S and E-W

Orbital history

Launched 7 April 1990. in use

Long March III launch vehicle

Management

Dex eloped by Hughes Aircraft Company

Operated by Cable and Wireless for Asia Satellite Telecommuni-
cations

The satellite was launched from China, which required ap-
proval from the United States Government. which was concerned
about satellite technology transfer to China. A condition of the
approval was that the satellite remain under constant supervision
by United States nationals while in China. Prior to launch, there
was interest in the satellite within many nations, but few commit- addition, it is working with Thailand to develop a concept for a
ments. However. after launch, many transponder leases were national satellite system. which would evolve from Thailand's use
quickly signed. of Asiasat.

The satellite is now being used for domestic and international
communicat ions by Thailand, South Korea. Burma. Mongolia.
China. and Hong Kong. Other customers could include Pakistan. I. Aviation lVeek & Space T7chnologv (5 December 1988). p. 34:
Nepal. and Bangladesh. Uses vary from basic telephone service (7 August 1989). p. 16: (16April 1()90). p. 25: (23 April 1990).
to television distribution to international business data networks. p. 25: ( 15 October 1990). p. 13: (25 March 1991 ), p. 13.

Because most of the Asiasat capacity is leased, the company is 2. B. Long. "Westar VI Resurfacing in Asia." Satellite Commu-
planning for a second satellite to be launched in 1993 or 1994. In ni'ation.v (October 1988).
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INMARSAT II

In order to begin operating as early as possible. Inmarsat II -
I I I leased capacity on three separate types of satellites: Marisat.
Intelsat V. and Marecs. These satellites constitute the first-gener- I/iiicirisat I1 satellite.

ation Inmarsat space segment. The Intelsat V and Marecs satel-
lites, which are the primary operating satellites, will reach both
capacity (in the Atlantic) and lifetime limitations beginning in
1988. Hence, Inmarsat made plans for a second-generation space
segment with the first satellite launch in 1988.

Inmarsat sent requirements to a large number of European,
United States, and Japanese companies in the fall of 1983. Be-
sides basic satellite characteristics, compatibility with at least two
of six specified launch vehicles (four United States, one
European, one Soviet) was required. Inmarsat was
willing to consider either lease or purchase of
the satellites. Bids were received from
two contractor teams, both with

Transmitter

C/L: 1530 to 1546 MHz

Six TWTs. about 30 W each. four active summed together.
two spare. 39 dBW at edge of earth

L/C: 3600 to 3604.5 MHz. 3605 to 3609.5 MHz, 3610 to 3617.3
MHz. and 3617.8 to 3621 MHz

24 dBW per channel at edge of earth

Receiver
C/L: 6425 to 6441 MHz

-14 dB/K G/T
British prime contractors. in April 1984. and a contract was C 16 to 633

signed with one a year later. L/C: 1626.5 to 1631 MHz. 1631.5 to 1636 MHz, 1636.5 to

The Inmarsat II satellites are derived from the same basic de- 1643.8 MHz. and 1644.3 to 1647.5 MHz
sign used for the European Communication Satellite (ECS) and -12.5 dB/K G/T

Marecs. The rectangular body houses all the satellite equipment. Antenna
except for the solar arrays and the antennas. The solar arrays are ped to give increasing gain from
deployed in orbit, but the large L-band transmit array. visible in Z

the figure as a hexagonal plate. is fixed to the satellite body. The center to edge of earth (transmit): nine-element array treceive)
satellite and payload details are as follows: C: two seven-element arrays (one transmit, one receive)

All antenna elements are cup-backed crossed dipoles
SateliteAll antennas are earth coverage, circular polarization

Rectangular body. with antenna 8.4 x 5.2 x 4.9 ft. 50 ft across tips

of deployed solar array Design life

Approximately 1500 lb in orbit. beginning of life Ten years

Sun-tracking solar arrays and NiCd batteries. approximately 1000 Orbit
W after ten years Synchronous equatorial

Three-axis stabilization
Orbital history

Configuration I: launched 30 October 1990. in use. 56\W longitude
One C/L-band channel for shore to ship: 16-MH/ bandwidth 2: launched 8 March 1991. in use. 15.5'W longitude

Four L./C-band channels for ship to shore: 4.5-. 4.5-. 7.3-, and 3e
3.2-~z bndwiths3: launch scheduled December 1991 or earl\ 1992

3.2-MIIbandwidths 4: launch scheduled first half 1992

Capacity Delta 2 launch vehicle ( 1. 2)

250 two-way voice circuits Ariane launch v-chicle (3. 4)
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C-BAND TO L-BAND

6425-
6441 23 T32130-

146

L-BAND TO C-BAND

1626.5- ver• Reeie -0.Chnel•

Receiver T, hne

a. Receivers include downconverters
b. Channel filters' center frequencies near 60 MHz
c. Driver amplifiers include predistortion circuits

Management er transmit and receive antennas use smaller arrays of similar
Developed for Inmarsat by British Aerospace (prime) with cup-dipole elements.
Hughes Aircraft Company (payload) and other subcontractors in The Inmarsat II contract includes three satellites and options
France. Japan, West Germany. and Canada for six more. One of these options was converted to a firm order

Operated by Inmarsat in 1988. The first two satellites were launched in October 1990
and March 1991. Both are in service over the Atlantic Ocean.

The support subsystems are similar or identical in design to The other two will be launched at the end of 1991 and the begin-
flight-proven hardware, but the payload is a new design. Relative ning of 1992. One will be positioned over the Indian Ocean and
to the first-ueneration satellites, the payload provides a significant one over the Pacific Ocean.
capacity increase and operation on frequencies allocated for dis- * * * * * *

tress and for aircraft communications. The payload has one chan-
nel for shore-to-ship transmission and four channels for ship-to- I. D. W. Lipke. "Inmarsat Second Generation Space Segment."
shore transmission. The four channels allow a better matching of IEEE National Teles\vstem Con •'rem'e ( November 1983).

each channel to the characteristics of different classes of ship sta- 2. A. E Ghais. "Future Development of the Inmarsat System."
tions, all of which are moderately to severely limited in radiated Paper 84-0750. AIAA 10th Comnunict'tion Satellite SYstemns
power. The first ship-to-shore channel is for high-speed data, the Coileren'e (March 1984).
second for low-power ship stations, the third for standard A ship 3. 0. Lundberg. "The Inmarsat System and Its Future." Space
stations, and the fourth for very-low-power stations. including Communication and Browvdcasting. Vol. 2. No. 3 (September
standard C. emergency beacons, and aircraft. Standard stations 1984).
are described later in the Inmarsat System discussion. 4. T. Pirard. "'On Land. In the Air. On the Seas." Satellite Conm-

The satellite uses L-band (1.5 to 1.6 GHz) for communication mtunica'tions. Vol. 9. No. I I (October 1985).
with ships and C-band (4/6 GHz) for communication with shore 5. Aviation lWek & Space Technology (8 August 1983). p. 20:
stations. The L-band transmit antenna is a hexagonal array of 61 (30 July I984). p. 18:111 March 1985). p. 27:(22 April 1985).

elements. The array is designed so that the gain is lower toward p30 Ju ly 1984). p. 24: (7 Oct 1985). p. 27:( 2 July

the subsatellite point and increases toward the edge of earth. This 1986). p. 25.

gain taper compensates for losses, which increase as the ship ter-

ininal elevation to the satellite decreases. The L-band transmitter 6.Spac'flight, Vol. 27. No. 7/8 (July/August 1985). p. 295.
uses any four of six available TWTs. Lincariiers precede each 7. Flight International (13 August 1983). p. 422: (10 August
TWT to increase channel capacity by reducing distortions: the 1985). p. 34.
outputs of the four active TWTs are coherently sulmmed. The oth- 8. P. Berlin. "Innmarsat's Second Generation Satellites." lEE Pro-

ceedings. Vol. 133. Part F. No. 4 (July 1986).
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9. J. Williamson, "The Links in the Chain," Journal ofthe Brit- II. C. C. Huang and C. A. McDonach. "Antenna Design for the
ish InterplanetarY Society, Vol. 42, No. 7 (June 1989). Inmarsat Second Generation Communication Satellites," Mi-

10. P. Berlin, "A New Satellite for Shipping," Journal ofthe Brit- cro wave Journal, Vol. 33, No. 2 (February 1990).

is/ Interplanetarv Society, Vol. 42, No. 7 (June 1989).

COLUMBIA COMMUNICATIONS

The NASA Tracking and Data Relay Satellite (TDRS), which Transmitter
is described in a later section, has a C-band (4/6 GHz) communi- 3702 to 4178 MHz
cation payload. This payload was designed into the satellite from One 5.5-W TWT per transponder
the beginning, as part of the joint TDRS and Advanced Westar4- ERP 36 dBW per transponder maximum. approximately 29 dBW
mission. Later. NASA and Western Union. the owner of the We- minimum over coverage area
star system. decided that shared use of the TDRS was no longer a
beneficial idea, and the Advanced Westar mission was terminat- Receiver
ed. However. the C-band equipment was not removed from the 5927 to 6403 MHz
satellites. One active and one spare receiver

The C-band equipment can operate simultaneously with the G/T -2.7 dB/K maximum, approximately -12 dB/K minimum
NASA TDRS equipment without any interference. The original
C-band design had an antenna pattern which covered the United over coverage area
States from a satellite longitude near 100°W. The operational
TDRS locations are near 41°W and 171°W longitude, where the
original antenna pattern was not useful. The pattern was modi-
fied. beginning with the third TDRS, to provide east and west
beams. These beams allow use of the C-band equipment for com-
munications between the United States and Europe (from the At- D
lantic TDRS) and between the United States and Asia (from the
Pacific TDRS).

Given this capability, NASA looked for the best way to use it.
The challenge to Intelsat from the initial private international sys-
tems made it possible to offer the C-band service to private com-
panies. In mid- 1989, NASA requested bids for a six-year C-band
lease on one satellite over each ocean. Later that year, NASA
awarded the lease to Intelsat. but a protest was lodged by another
bidder. In 1990, the protest was judged valid, and the lease award
was turned to Columbia Communication I 1. C

Columbia began the Intelsat coordination process in the fall of
1990 and expected to be finished by fall 1991, whereupon the -. t~w
FCC should grant final authorization and the six-year lease period
will begin. Columbia is marketing the satellite capacity for inter-
national video, voice, and data services, with the restriction that
they not be connected to the public switched networks. T.T

The Atlantic satellite coverage is approximately east of the
Rocky Mountains from mid-Mexico and Cuba through the mid- S 2225 H
die latitudes of Canada and all of Europe plus part of North Afri-
ca. The Pacific satellite coverage is approximately the United
States and Canada west of the Mississippi River, as well as Ko-
rea, Japan, Taiwan, Hong Kong, and the coastal parts of China. .0T ..
Satellite details, as they apply to this use. and C-band perfor-
mance are as follows:

Satellite 4
Hexagonal prism body. 8 ft across, 5 It in height: 57-ft span ."TW
across solar arrays

Approximately 50X)0 lb in orbit, beginning of life

Sun-tracking solar arrays and NiCd batteries. 1700 W end of life

Three-axis-stabili/ed. +0. 10 in pitch and roll. + 0.25' in yaw

Configuration
Twelve 36-MHH bandwidth, single-conversion transponders Columbia (TDRS C-band) cominunication .gh.by.stein.
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Antenna TDRS 4: launched 13 March 1989. 171 -W longitude
One 58- x 65-in. reflector with multiple offset feed horns to form Shuttle/IUS launch vehicle
east and west beams in the northern hemisphere. linear polariza- Management
tion

Developed by TRW for NASA
Design life Operated by Contel Federal Systems for NASA

Ten years *

Orbit I. SUt'llite COHnno1itil n (July 1990). p. 11: <Augu',t 1990).
Synchronous equatorial, stationkeeping to +0. I N-S and F-W p. 1I.

Orbital history
TDRS 3: launched 29 September 1988. 41 `W longitude

INTELSAT K
The Intelsat K satellite is a supplement to the regular series of'

Intelsat satellites. It is a single satellite which wkill be used over
the Atlantic Ocean to provide additional capacity for leased ser-
vices. The primary uses of Intelsat K are expected to be televi- Intel/sat K saellite.
sion transmissions and business communications (voice. data.
videoconferencing).

Intelsat K was originally being developed as GE Satcom K-4
for the United States company Crimson Satellite. About two
years before launch, Crimson dropped its plans for United
States domestic service. and two partially built satel-
lites were sold. One became Astra I B. the other In-
tclsat K. The change of satellite ownership. in July
1989, required changes in the antenna beam pat-
terns, the switches connecting the transmit-
ters to the antennas, and the transmitter
I requencies.

form the North American and European beams. A smaller retlec-
tor fixed on the body formns the South Amecrican beamns. Addi-
tional satellite description is its followks:

Satellite
Rectangular body. 112 x 89 x 86 in.: height including antenna
tower. 8.5 fl: span of solar arrays. 78 It
3400 lb in orbit. becginning of life. 27()0 lb end of life
Sun-tracking solar arrays and NiH- batteries. 48010 W at begin-

ning of lift'e,3500 W after ten years
Three-axis-stabilized using a pivoted m11om0enltulml \wheel and mag-

Intelsat K has sixteen transponders. Eight are p netotorquers. pm. I-dee atyccac in roll an
connected to the European beam. Four may be indiv idually coin- 0 d pitch. 035 deg in

nected to either the North American beam or the two South Bipropellant propulsion for apogee maneuver, m1onopropellant
hydrauine for oii-orbit useAmerican beams, or both North and South beams. The other four d-

transponderrs have the same liexibility for North anld South Amer- Configuration
ica but may also be idindidually switched to the European beam. Sixteen 54-MHI hand%%idth transponders,. single conversion,
The South American beams are used only for transmittingg: the dual-polarization frequie nc\v re use
North American and European beams are for both receiving and
transmitting. Capacity

Intelsat K has a rectangutlar body with deployed solar arrays. Maximum of 65.000 \vice circuits using digital circuit multipli-
A large reflector deployed from one side of the body is used to cation or 32 TV transmissions,
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""ielsat K aItellnl, pattern.

-. "

Receiver

Downlink only 14.0 to 14.5 GHz

Two active. two spare receivers

Antenna
One 7-ft dia. offset fed parabolic reflec-
tor with multiple feed horns to form

Downlink only beams for North America and Europe:
one 32- x 36-in. offset-fed parabolic re-
flector with multiple feed horns to form
two beam, for South America: orthogo-
nal linear polarizations

Design life

Ten years

Orbit
Synchronous equatorial. 21.5°W longi-
tude. stationkeeping to +0.050 N-S and
E-W

Transmitter Orbital history
11.45 to 11.95 GHz (to North and South America). 11.45 to 11.7 Launch scheduled February 1992
GHz and 12.5 to 12.75 GHz (to Europe) Atlas 11 launch vehicle
62.5-W TWTA per transponder. three spares for each group of Management
eight transponders
ERP 50 dBW near centers of coverages, 47 dBW (North Ameri- Developed for Intelsat by GE Astro Space
ca). 45 dBW (South America). 42.7 dBW (North and South Operated by Intelsat

America). 47 dBW (Europe) at edge of coverage * * * * * *

E NA Intelsat K conmmunication subsvstem.

STransmitter 1 s SA

(4 transponders)

NAANA --0 Transmitter 11 P- SA

- _Rec~iver 2 I-0i • _ (4 transponders)

--10ý Receiver3 • ,
E.• Transmitter 12

SRecelver4

( 18 transponders)

NA North American beam . Transmitter 22
SA South American beam
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ORION
Since I965, Intelsat has provided international satellite com-

mun.tications. By the early 1980s, other international satellite
communltlniCationlS were inior expansions of domlestic systems.
For example. United States and Canadian domestic satellites pro-
vided some transborder services, and the Indonesian Palapa satel-
lite ,>as used by neighboring nations. However. no satellite
s\ystem besides Intelsat was focused on international conMmunica-
tions. Against this background. in 1983 Orion Satellite
Corporation 11-51 submitted an application to the
FCC for a private tranw,:tlantic system.

sr i tOrion T atellite.

Thlarge antennas deployed from the east and west faces. The feed
horns for the antennas are fixed on the satellite body. Within the
body is a central cylinder, which is she primary structure. and se -
eral panels between the cylinder and the external aralls. Equip-
ment is mounted within the cylinder, on the panelsr and on the
iener surface of the walls. The satellite is designed so that it cane
be assewbled and tested in two edodules-ocommunications and
service-nprior to final integration. Tentative satellite characteris-

The Orion application was followed by several others. The re- tics are listed belodw:
action wichin Intelsat This stron, oppositioni based on the expec-' = Satellite
tersat Sagemuch systeds Would divert traffic frot the most
profitable Intelsat Moues, thts reducing its ability to offer eco- Rectangular body approximately 5 x 5 x 8 ft. span across solar ar-

nomical services worldwide. The concern ,vwis particunhrly strong rays >60 ft

athon the lest de\ eloped nations, which are the majority ofI ntel- 1500 to 20M ur eb in orbit
sat alembers. Within the United States. there rias et debate in both an-tracking solar arrayst approximately 20c W: NiH, batteries
tie executive branch of the government and tha Coniress. The de- foure-xitchableb

bate was between free enterprise and the obligationm as an Intelsas
member (even more. the leading founder and biggest investor Cf h Configuration
Intelsat). not to do anything that hould Cause technical or ewo- Thirty-four o-ansponders. tenty-eight with 54-MH/bandwidth
nontic harm to Intelsat. This obligation is clearly stated il the In- and six Aith 36-MHS bandwidth dual-polari/ation and dual-
telsat Agreements signed by every member. beam frequency reuse

Ba the start coft 1985. the United States policy had been settledar.
in [a\( Cr offree enterpriseo yela n ith soper rsirictlites on wha ser-9ice,, the private systems could eopir. The FCuo also reuired that- 1.0 to 14.5 (;H,
they complete the technical and economic coordination with Ion- 12.75 GHz (to Eurrpeai 11.45 to 11.7 GH/(to Africa)
telsat, although the United States did not promise to refuse al.luth- Thirteen transponder; to North America. seventeen to Europe.

rization to systes te lsat claimed that it \\ould sffr four s/itchable between North America and Africa
economic harni.1 15-W solid-state anipliliers, seven sets of five for four redtndanl-

In mid-1It85. the first three private ,,ystcnl,ý wcc given FCC( cy for the 54-Milz transponders. se\en foi six re-Jtndancy !i*or the
at~thori/ation to proceed. Orion's at, hori/ationl %%as granted it few~ 36-MHz. transponders

months later. Orion completed cootrdination eih Intelsat ini :989 Approximately 50 dBW ERP per transponuar
and awarded ri contrecte. for satellite construction in the same year.Final FCC'( appr0%ail. to launch and operate satellites. wais gi\'en ill Receiver
1990. Ironically. to begin de\eloping a customer base for this ,sal- 14.0 to 14.5 GH/
cllitc, in 1989J Orion hlegan offering international commun1.11icationls HEMIT preamplifiers
serv ices using Inle!sal satellite ,,. G/T \aries bel%%reen 6 and 12 dB/K m e\tr co\'erait" mane.l

The Orio~nl salellitL s aire being built in IFurope h\, at uinloriiy ill_

\cslor in Orion Sateilite. The satellite is based ofin the sanleL de- Antenna

sign used in seveia. other satellites,. including Inillarsat II and T\>o 7-ft dia. parabolic reflectors. each \\ ith multiple feed hoins.
Telecom 2. Extern: Ily. the satellite hody is a rectangular box with one receive beam and two to four transmit beams per content.
solar array'1 depli,yed from the north and south faces and two dual linear polari/ations

iAtldiluioni intor, imoin i, in Rclcrcncti 52 IhrLu'h 55 'I ih1  Ink'ls.i Sick nm Design life
'i Twelve years
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Orbit nliie the ,round antenna Ni/es. TN pical dianieters %k ill be 4 to 6 It.
S\ iichr'10.1 nous eqatorial. 37.5 and 47 W long1-itude although. for very high data rates. size., tip to 33 ft are possible.

The primary market for satellite capacity is expected to he
Orbital history business serv ices. inclUdine- interactiv e data circuits.voice. fax.
1: launch scheduled late 1992 and teleconlerencing. Data rates between 56 kbps and 8 Nlhps
2: launch scheduled 1993 will be commnon. All signal linue willI be digital. and sorme net-
At las II lauinch \chic'e works will operate with TDMA. The secondary market is thin

route domestic services. principally in Africa. Television distri-
Management bution is another possibility' and could be the exception to all-dig-

)C\ elopeCd fkn Oirion b\ Biritish Aerospace (with subcontractors ital signaling.
im France. Holland. the LUnited States, Japan. Germany. Canada) Satellite development began in 1989. The dev.elopmient con-

The communication SUbs~ stemi design is the result of a trade- tract includes delivery of the satellites in orbit. so the satellite and
offbetween miaximii/ing performance v ia narrow beamis and inm- launch vehicle contractors bear the risks in launchine-. The two
imii/ing s\\itchiiig comlplexitN v ia at few broad beamis, and \keight launches are scheduled for late 1992 and mlid- 1993.
and pow er considerations. Fourfold frequency reuse maximizes . .

capacity \\ ith good spectral efticienc\. The desiun is eieht 54 1 . C. J. Vizas and W. L. Mor-an. "Advanced Transoceanic Sat-
NIH/ transponders onl one polarizatiori and six 54-IH pus three ezi7SsesESO a/'nm wed~, etm
3,6-NiH / transponders onl the other polarization of each of two aiiP ber 1986).
tennas. One antenna pro\ ides beamis for North America. the oth- 2.A. Hill and S. Shaw\. "Orion Stalks Big Gamne?' Space Afar-
er for- Europe and portions, of Africa. The Uplinks all use the same Z
frequencies. but the dowo links use different frequencies. because ketA.s Vol. 5. No. 5 (Novernber/Deerniber 1989).
allocations differ betx een Europe aiid the Americas (see Appen- 3. D. J. Curtin and S. B. Salamloff. "The Orion Satellite Ssstem."
di\ A). [our 54-NIHi transponders can be switched betw-eenl Paper 90-0821. 13th AIAA Int'rnationa/ Commnunication, Sat-
North Amecrica and ,frica. efl/ie Sse Catf,r/encne ( March 1990).

The commiiuiiicat ion subsysteml incorporates, considerable 4.Sate/lite Commiiunicationis (February 1984). p. 40: (March
s\% itchim-e to afford llexibilitv in routineL sienlal~s. Commun1.11iCa- 19841. p. 20: (Septemnber 1989). p. 13: (December 1989).
tionls caný be intercontinentil or intracontin-ental. Sienals from p. 1(0: (October 1990). p. 19.
several Uplink beamis cu:n be combined in one downilink beam". 5. Aviation Wieek &. Space Teclun/oliv (21 Mlarch 1983). p. 28:
and a singleC Upl ink can be routed to Multiple downrl ink beamns. (30 September 1985). p. 21.
t he high (rFV and ERP in each of the beamis is iiiteiided to iliiii-

INTELSAT VII
Satellites, in the Intelsat systeni have two roles. Thle primar\ loads. The solar arrays are deployed fromt the north and south

satellite inl each occail region, prov ides the basic Intelsat sers ices faces of the satellite. The two larmest antennas are attached to the
bs'l connecting, all nations in the region. The primary satellite is east and wkest faces. and are deployed in orbit: the other anteimnas
complemented by a spare satellite. s\ hich is used for preemiptible are miounted onl the earth-viewine, face. The Commn I~licat ions and
ser% ices. Other Intelsat satellites proide speciali/ed services, in- spacecraft equipnient is mnounted on the insides, of the satellite's
elUdingL major path common 1111cat ions (hi eh-densitv international bod\ panels, and onl a tfeN% seconldar\ panels,. Details of the satel-
traffic renios ed fromt the primiary satellIite. so that tile primiar\ will l ite and its payload are as follow\s:
has e capacit\ to serve all international paths regardless of traflic Saelt
density ). busi ness Lr111LnCaton to smlall antennas, cable resto-
rat ion. and doniest ic leased sers ices. Rectaneuular bod\. 8.8 x 8.6 x 7.9 ft. 7 1.7-It solar arra\ span. 15.3

Es ers eerierat io o if In tel sat satellites thrm ug h In tel sat V I had ft tall incIUid i rig' h d\ anrd ante ninas. 26.1I ft acro ss I aree antennas
beenl desiLnedL to acconimodate Lros~th in the Atlantic region pri - Approximiatels 4200 lb in orbit. beginnine of life. 32))) lb ss ith-
mnars role, the most derrandiriLe in the Intelsat ss stein. When orut fuel
planni ng becan for1 Inrie Isat VII iin 1985. a ries% Course evol ed. Su~n-track ing solar arras s and Ni H. batteries. 397)) W mlilinimum
[he lrrcl~sat \vI satlclitcs to be launched. becinninue about 1990. alter I (.9 eLars

s%()tuld fulfill tile derrr1aidiliig primlary roles, until alter thle \ ear TVhree-axis stabili/ationl usilne rilorileritM 1 "heels and mnaicnetic
2000)). 'The requiremient for Intelsat VII 11 -131 became replace- torquters. antenna Pointing acetiracs ±O.25 dlee-
litent( 4) Intelsat V arid V-A satellites inl thle Pacific eC~ionl Primars\

I. Unified bipropellant propuilsion for apogee Irtaneumer arnd on-roleC anrd ill the specialiied sers 'ces 101c fit all revimris. This re- orbit us
qnriretirreir led to at saftellie srrraller thanl Intelsat VI. but x\ ith in-
creased tliesibi lit \ to sers e a s arret\ of ge'og'raphic locations Configuration
thrromrgl an iricrelised set of arienna bealirs rttecoirrliected b\ 4/6G/ (lTlhirt\ ilikcanl obndit set sxds i
nriam. ssk itches. Thle sa[[telite designl also emlphaisries highl perltrr- link channels, \% fill 34. to 77-NiII, bandk\ idth. sinele cons~ersiori.l
rri,1riCe. ito imu.:cris thle mrsefrlrlics, (if simaller earth11 stationls, arid( dual-beami artndl-pliito ficquieic\ use
hilLhiei obital reliabrlil, arid irttrlirres. 11 -12/14 GHl,: lselse uplink channels comlbinled into tenl dos~i-

fle saitellite rlspgi is prilmirar dens ed fromr Initelsat V\'aInd V link chianinels s itlh 34- tol 112-Ni I bands% iddis. double coinser-
A .irfrlre 11CLapannese uperbird. 'Ihei satellite ý'ods Is al rctiarliclar i i ul eri nqirc es
hbns.\ Within) tIre bnx. a cs Irrimlrcal srirliktmre carrie ls t1e r1Crr
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CapacitydB/K (hemispheric beam 2). -6/-6/-9 dB/K (zone beamn I
Capaity ith zone Wzone 6/tones (x + 8). -4/-4/-7.5 dB/K (/one

Nominal capacitN in at ty pical operational contilcuration 5is X8.000)ba ihtn 3tn jin ~+Y
two-k aNv Voice circuits (90).t000 with I'u!I use of digital circuit 1-21 ~:1.0 o1.9 ~
Multiplication technique',) plus three TV trallsllissions Five receivers with three active. FET prearnpl itiers. 3.5-dB
Transmitter receiver noise tieure
4/6 GHz: 3704 to 4198 MHz CIT (specified mnininium): +4.5/+1.5 dR/K (Spot i . +2.5/-

Global and spot beamis: six 10-WV solid-state amplifiers lor 1.0) dR/K (Spot 2). -H).5/-3.0) dR/K (Spot 2 + 2A). +3.8/-c-0.X
f'our 36-NIH/ bandwidth repeaters. three 30-W solid-state dR/K (Spot 3). each for inner/outer co\verace
amplifiers Im t%%o 41 -NIH, bandwidth repeaters Antenna
H-emispheric beamis: seven 30/20)-W solid-state amplifiers 4/6 CHz: Two global coverage horns. omý transmit, one receive:

for~~~~~~~ ivreetr ba I/em218-dete bearmwidth: 16.8-dR gatin: dual Circular polarizations
Zone beamis: seven 16/I10-W solid-state ampliftiers for Ii \L One 28-in. dia. parabolic reflector fo)r the spot beamn: 6-deg beam-

repetcrs(tcmc 1/t m 2)width: 24.5-dB transmnit uain. 24.8-dR recei , : Jual circular
7R ~s~ei led i ii mu): 6/2 dR ( eoba bems.36/ polarit/at ions: steerable to any point on the . h

41 -MH/ bandwkidth). 33/36 dBW (spot beams. 36/41-NIlH/ One 96-in dia. (transmit) and one 62-in. diiu ,-,, parabolic
band%ý idth). 33 dBW (hemispheric and zone beams) reflector for hemispheric and zone beamns: 110) ticd horns (tranls-

11-12 GH,: I10.9,54 to 11.191 GH/ (band A). 11 .458 to 11.694 mnitt. 114 f'eed horns (receive): wkhen the satellite is Upright. hcmni-
GHt (hand B). 11 .704 to 11.941 GHi (band C0. 121.504 ito 12.741 spheric beam I is w~est and beami 2 is east, tone beaml (X is
(iHt (band D)): repeaters l .2). t3.4). (5.6) independently sw\itch- northwecst, beam 1.1 is northeast, beam" 7is southw1-est, and beami 6
able to bands A or C onl ojie of'Spots I and 2. ito bands A or 1) oil is sout11heast (tonle I is (t + 6. Mone 2 is (3) + 7t: w\hen the spacecraft
the other. to bands A. C. or 1) onl Spot 3: repeaters ( 7-9), (I W, 12) is inverted. each compass dlie ction is replacedI b\ its comlple-
ailska\ s onl band B nieilt : /ones (t and 7 ovrlap hemisphere I and lones 11 and 6

Se'cn 35-\V TWTAs f'or fix repeaters interconneicted %% ith ov erlap heinisphere 2. [lie tones and hemispheres are onl orthoco-
ewilh 50-W TWTAs lor lIve repeaters to f'orm fifteen Ibr tenl nal Circular polari/ations. the hemisphere beamis are spatiall\ Sep-
redundancy arate. ats are the /one beamis: min miliumn i nterbeam isolation is
FIRP tspecified minimiium): 45.4/43.4/46.7/44.6 dIBW (Spot 27 L1B

1.44.5/4 1.41/45.8/ 42.6 dION (Spot 2). 44-44.1/4 1.2, d1BW 11 - 12/14 Gil/: three circular parabolic reflector,,. mV o (S I and
(Spot 2 + 2A). 46.0/43 .0/47.5/44.5 dM1W (Spot 3). each for S2) shaped to gencraic elliptical beams: eachl ued for both tranls-
-35 W. in ner coc era ee/3 5 W. ru ter cc eiagec/5( W. inn ter cm v- Minssi on aind reception: ome bcatii and o me teed hor n i S I1. S3 (. m o
eraue/50 W. outer covecrace (35 W' rot used %% it h Spot 2 + beams' arnd t mo I'ced horns (S2, with the secondL sxx itched( ill (2, +
"2A) "A) or out: 1. 3 x 2.7 deg/l 1.9 x 4.3 deg' (S I) 2.0) x 3.5 dee/3.t) x

Receiver5.4 dJee (S2). 2.0) x 2.8 deu, (S3t iniler/outercoverace bealm"idill:
33.7/31.5/34.6/31.3 LIB gain ISI . 31 .0/28.4/3.0)/2S.5 dl13 t-ain

4/0 (111/: 591)29 t o 64 231 N 111, S2 l. 3 4.2/ 321.4/ 34.832.2_ 13- dit ain iS 3 i nii c r c ox \era Le I ran11smIIIitI/
Six reccixers xx ith louir acrixe for- global and spi)) beams, six outer kccrvcraee Itrarslsit/irlier ~o\ erai-c e cci\ c/outer cccx crace rc-
recmer'es xxiii fccrr_ actixC c or hemlispheric arnd tone beams:l, ccix e: ealch antenna transmIlits arid receix es cisimnc orthoecirla) Ilni-
I 1L-liT prearurpliftiers. I .8-d iI receix er no ise Iipr Cii ar polaritaiccirls. S I and S2 use, oppcosite pcclat1,'a1n101s. S53 is the
(if! (specilmed Irinimniumn : - 11.5 d11/K I globa) becmrrs . -3.)0 saMie as SI onl Satellite,, F- I and F-2 and sx\ itchablle oin later sat-

dB/K spot beams). -8.5 dB/K lituheiisphecric beam 1). --7.5 ellites: eCdh beaiir steerable1 10 ill] poinrt o)il C.11h1



Design life peaters between the antenna beams. a third K-band spot beam.

1(0.9 ears. wN ith fuel for 12.5 Nears (AtlaN launch \ehicle) or 19 and the ability to steer each spot beam independentfl over the en-

Nears (:\Ariane launch \ehicle) tire earth. Compared to Intelsat VI. the communication sub-
system is simplified by not including the fast swkitch matrices for

Orbit SS/TDMA. by reusing the frequency band only twice in the /one

S\ nchronous equatorial. stationkeeping to ±0.05'N-S and E-W beams (rather than four times). and by not having reconfigurable
Orbital history beam shapes for hemispheric or zone beam's. The latter simplifi-

cation is compensated for by the ability of the spacecraft to in\ert
F- I. launch scheduled 1993 itself in orbit, thereby reversing the unequal hemispheric beams

F-2. launch scheduled 1993 and zone beams to optimize ground terminal coverage from \ari-
F-3. launch date uncertain ous orbital locations, as shown in the figure. Intelsat VII is the

F-4, launch date uncertain first Intelsat to have command security.
:-5. launch date uncertain} Because of the attitude inversion capability, new beam dcsig-

Ariane launch vehicle for three satellites nations are required. The two hemispheric beams are Numbers I
and 2. which correspond to the earlier satellites' west and east

Atlas-Centaur launch vehicle for two satellites hemispheric beams in normal satellite attitude, but become east

Management and west, respectively. when the satellite is inverted. The four

De\eloped ft(r Intelsat by Space Systems Loral (formerly Ford zones are designated c. B. y. and 5 and are northwest, northeast.
Aerospace Corporation) %% ith Subcontractors from France, Japan. southwest, and southeast when the satellite is in normal attitude.
Germano . Itace the Nethi n d t he United Kinrs domrn. Canada. Zones (x and 8 are combined into zone beam I zones B and I are
the r Inited States combined into zone beam 2. Each zone beam repeater is assigned

to a zone beam and can be switched to either zone \vithin ihe
Operated by Intelsat beam. The tmo zones in each zone beam are diagonally opposed.

The communications subsystem is similar to those of Intelsat rather than in the same hemisphere. so that both zone beams can
V-A and VI. It has more flexibility in switching individual re- support the same hemisphere. The reason for this is that ground

Thruster S3 spot antenna
Shunt C-spot antenna Command 6 GHz antenna module

Comm module /Digital sun sensor
Arra S1 spot antenna -\

yoeEarth S2 spo~m t ai•a

sensors 
antenna

Global horns .

U (East panel access

C-band 1•. 1* <r
beacon . panel (4) Comm module

orns C-spotFi'N- Web (2)/

Feed/struct 's feed "N.,
assml

4 GH z acc ssaro
antenna West panel Momentum , Apogee thruster drive

assembly wheelsdrive

Solar array panels

Anti-earth
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numbers indicate channel bandwidths >36 MHza e.g0G (1b2)is a (o11.)

channel occupying the spectrum used by Channels t and 2 on Inp fo
Intelsat IV. n2d 3/2 Gt3 (

b. Channel 9 may be used on both hemispheric and zone beams or on 1 and .

the global and spot beams. Note f A a ht
c. See text for geographic coverage of hemispheric and zone beams.anSame(6forobie(3-4), (5) T po

d. LHC/RHC - left-/right-hand circular polarization; into (5-6), (7-9), C
LIN . linear polarization. (10-12) Note I

e. K-band antennas (Spots 1, 2, and 3) have diplexers that are not =-
shown. -- So

The LO input for (7-9) and (10- 12) is fixed at 7.50 GHz (band B). For (1 -2),r
(3-4), and (5-6) the LOs may each be switched to 7.25 GHz (band A), 8.005 Inputs from
GHz (band C), or 8.805 GHz (band D). The output combiner for Spot 3 can (3-4), (5-6),
accomodate channels on all four bands. One output combiner for Spots 1 and (7-9), (10-12)
2 can accomodate channels on bands A, B, and C; the other can accomodate

channels on bands A. B. and D.
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3070 E longitude (upright spacecraft attitude)
station traffic is not balanced between east and west for most pro-
spective Intelsat VII orbital locations. The switch matrices in the
center of the communication subsystem allow most repeaters to
be connected to any one of six beams for reception and indepen-
dently to any of the six beams for transmission. The six are the
two hemispheric beams, the two zone beams, and two K-band
spot beams. Further switching in the K-band receiver and trans-
mitter sections allows switching of any repeater to a third K-band
beam. The remaining repeaters may each be connected to the C-
band global coverage antenna or spot-beam antenna for reception
and transmission. K-band Spot beam 2 has an auxiliary feed
which may be used to form an additional beam 2A, this capability
will be used only when beam 2 is centered on Japan, which will
aim beam 2A at the southeast part of Australia.

The basic frequency plan is the same as other Intelsats. One
difference is the repeaters for channel (5,6). which operate as two
separate uplink channels (5). (6) of 34-MHz bandwidth for recep-
tion and switching, but are combined into one channel of 72-MHz (a)
bandwidth for transmission. The other difference is the regroup-
ing of the upper half of the K-band into two equal channels, each
of 112-MHz bandwidth. These repeaters are fixed in the 10.95- to
I 1.2-GHz downlink band. The repeaters in the lower half of the
K-band are switchable between two or three 250-MHz downlink
bands to accommodate all available frequency allocations around
the world.

The Intelsat VII contract was awarded in October 1988 and
covers five satellites. The contract makes a distinction between
design life and maneuvering life. The former, specified as 10
years minimum, was negotiated as 10.9 years. The latter, depend-
ing on the launch vehicle and the amount of fuel carried on the
satellite, can be as long as 19 years. This recognizes the fact that
significant capabilities have existed on almost all Intelsats beyond
their design life. and that these capabilities are available to all

ground terminals if fuel is available for stationkeeping. Further-
more. Intelsat VII is designed to operate beyond stationkeeping
life. at up to 3 deg inclination, where it will be useful to ground
terminals with tracking capabilities.

The first satellite will be ready for launch by the end of 1992.
The remaining four satellites are to be ready at five-month inter- (b)
vals. To guard against launch system failures and outages. Intel-
sat specified that the satellites be compatible with several launch 1740 E longitude (upright spacecraft attitude)
vehicles. Of the four possibilities, Intelsat then chose two and di-
vided the satellites between them. Satellite growth for payload
enhancements is being studied for satellites which might be or-
dered beyond the five-satellite contract (see the Intelsat VII-A
section).

I. L. Ersoy and G. H. Schennum, "'Intelsat VII Spacecraft Anten- H2
nas." 1989 IEEE International SYmpositim on Antennas and
Propagation (June 1989).

2. Inetelat VII-Anotlu'r Step, in the Evolution of the Global/It-
tel.sat Communnications ,S '. vnt, Proceeding.s ofa Colboqlin Ilkn

ofthe Institution o!'Electrical ELngineerv (23 March 1989).
3. P. J. Madon. "Intelsat VII Spacecraft." Space Thchnohogy. Vol. C

9. No. 4 (1989).
4. C. J. Lilly. "Intel,,at's New Generation." lEE Review, Vol. 36.

No. 3 (March 1990).

5. P. T. Thompson and R. Silk. "Intelsat VII: Another Step in the (C)
Developnicnt of (ilobal Communnications.*" .Iou,'nal o' the
Briti.h InterplanetarY Society.% Vol. 43, No. 8 (August 1990). MIntesa V/I t a at'rns. (a) /Alantic Ocean. wext('rn loca-

tion; (h) Atlantic Ocean, eatern location: (W) Pacific Ocean.
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6. P. J. Madon and D. K. Sachdev, "Intelsat VII Program and the peater." Paper 90-0790. 13thlAIAA International Communica-
Future," Paper 90-0785, 13th AIAA International Comiuni- tion Satellite Sv'stems Conkerence (March 1990).
cation Satellite S'stems Cotif'erence (March 1990). 10. G. Schennum. et al.. "'The Intelsat VII Antenna Farm." Paper

7. T. Abdel-Nabi. E. Koh, and D. Kennedy. "Intelsat VII Corn- 90-0791, 13lth AIAA International Communicatin Satellite
munications Capabilities and Performance." Paper 90-0787, SN'stems Cnfeirence (March 1990).
13th AIAA International Communication Satellite S'stems II. D. K. Sachdev. et al.. "Intelsat VII: A Flexible Spacecraft for
Con.erence (March 1990). the 1990s and Beyond." Proceedings aifhe IEEE. Vol. 78. No.

8. P. Neyret, et al.. "The Intelsat VII Spacecraft," Paper 90-0788. 7 (July 1990).
13th AIAA International Communication Satellite SYstenis 12. S. Chenard. "Intelsat VII, Small but Smarter." Space Markets,
Conif'rence (March 1990). Vol. 5. No. 3 (July-August 1989).

9. M. Eldridge and F. Dietrich. "Features of the Intelsat VII Re- 13. Aviation Week & Space Technology (9 November 1987). p. 31:
(27 March 1989). p. 34.

INMARSAT III
The Inmarsat II satellites, launched hrst in 1990, will operate radiated power in each beam will be about twenty times more

into the early years of the next century. The Inmarsat Ill develop- than the radiated power in the Inmarsat I1 global beam.
ment is not paced by a lifetime limitation of Inmarsat 11, but by its Inmarsat III will have an L-band receive. L-band transmit tran-
capacity limitation. The number of ships using Inmarsat increas- sponder to allow mobiles to communicate directly with each oth-
es every year. both by choice and gradually due to governments' er. Such a transponder is not on earlier satellites, requiring
requirements that ships be equipped for satellite communications. mobile-to-mobile communications to be routed through a shore
In addition, since 1990, Inmarsat has provided service to air- station. Another new payload on Inmarsat IlI will be a navigation
planes as well as ships. Besides requiring increased satellite ca- signal transmitter. Its frequency and signal structure will be like
pacity. the airplanes also require more of the satellites' power those of the United States' Global Positioning Satellite (GPS) and
because of their smaller antennas. the Soviet Union's Glonass navigation satellites.

Inmarsat III will answer the needs for increased capacity and Inmarsat II proposals were evaluated in the spring of 1990. In
power. Since the spectrum for mobile satellite communications is the summer, negotiations with a contractor began in parallel with
limited, the capacity increase will come from the use of five spot a tive-month technology validation program. The formal contract
beams, in addition to the global beam used on Inmarsat II. The was signed in February 1991. and the first inmarsat Ill launch

probably will occur in 1995.

INTELSAT VII-A
At the end of 1990. Intelsat made a decision to develop Intelsat spot-beam uplink and a C-band global-beam downlink. The

VII-A satellites as a growth version of Intelsat VII. The growth in changes in the K-band part of the subsystem are more extensive.
the communication subsystem includes higher transmitter powers The primary architectural change in the K-band communica-
in both C-band (4 GHz) and K-band (I 1-12 GH/). four more K- tions equipment is the addition of dual-polari/ation capabilit\ to
band channels which are accommodate(' by dual polarization fre- Spot Beams I and 2. to form Spots IX and 2X. Each of the new
~t'ency reuse on two spot-beam antennas. and greater flexibility spots requires a receiver, and another spare receiver is being add-

in the K-band doxnflinks. ed. so that the total complement is five acti\e plus three spare re-
The satellite desigii is based upon Intelsat VII: the changes are ceivers. Additional upConverters. switches, filters. and amplifiers

those necessary to support the higher weight and power of the allow each new spot to handle two channels, increasing the total
modified communication subsystem. A fourth panel is being add- number from ten to fourteen. Considerable switchinc exists to al-
ed to each win- ,f the solar array, which already had been de- low several choices of frequencies for these additional channels.
siened to accommodate the fourth panel, and battery capacity is Seven TWTAs have been added. and all the TWTAs have been
being increased. These changes increase satellite power by about regrouped into two groups of six TWTAs for four channels and
I kW. The basic structure is being lengthened. as are the north two groups of five for three. One group of six and one group of
and south faces of the body. This change will provide space for five have 73-W TWTAs: the other groups have 49-W TWTAS.
the additional communications hardware, and for larger fuel and This is an increase from the 51 W and 35 W on Intelsat VII. re-
oxidizer lanks. The larger tanks will allow the satellite lifetime to sulting in about I to 2 dB more radiated power. Furthermore. t1"o
match that of Intelsat VII. Larger heat pipes are being added and TWTAs can be combined on commanid to oive 2.2- to 2.5-dB ad-
other minor changes are being made. The appearance of the sat- ditional output. Another change in the K-band equipment alloss s
ellite will be the same as fntelsal VII except for the slightly longer channels ( 1-2). (3-4). and (5-6) to be s\%itched to an\ of the three
body and the fourth solar panel on each side. do%% nlink bands for Spot Beams I and 2 instead of onl\ Ists o

The only changes in the ('-band part of the communication choices per beam on Intelsat VII. All three choices are as\ailable
Subsystem are an increase in the solid-state amplifier power from on Spot Beams I X and 2X.
16 to 30 W for four global beam repeaters. newk redundancy Other aspect,, of the Satellite and communication Subs Steil
sw\itching. and ai switch to allo\w connection between at K-band are as described earlier for Intelsat VII. T\\o Intelsat VII-.\ salel-

lites are on contract. The\ \\ ill be launched aiboul I95,
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INTELSAT SYSTEM

Intelsat (the International Telecommunication Satellite Orca- some countries have separate terminals operating with different
ni/ation) is an organization comprising 120 member nations I - regions of the s stem, and some terminals use two or three anten-
69 1. Its structuie is detlned in the Definitive Agreemenl.t that went naS for sinlultaneous communications through the several active
into effect in Februlailry 1973. replacing the Inlerim Aggreemenl.s Atlantic recion satellites. Only those antennas used in Intelsat's
thai had been in use since the inception of Intelsat in 1964. This public international network are shownii. Many countries also use
change was accomplished by a change from (½/.'ot jul11 to Ot'a- leased Intelsat satellite capacity for domestic networks. The
oic.Ul.0 in the full nulle of Intelsat. Intelsat policy and long-term number of antennas used in these networks increased rapidly
plans are formulated by the Assembly of Parties. which meets since the late 1970s and. by 1983. exceeded the number of anten-
about once every two \'ears and is composed of all governments has show n in the figure. The overall yearly Intelsat systenil reli-
that are members of1 Intelsat. Each -overnment has one vote. Ba- ability is typically above 99.9(/(.
sic financial. technical. and operational matters are decided at Some basic characteristics of the Intelsat ground terminals are
yearl\ meetings of telecolnnmnications representatives (either a ,iven in Table I. Nearly all the terminals now, in use correspond
Uovernmental or a private agency) of the member governments. to one of these standard types. The standard A terminals have
The Board of Governors meets about live times a year to make been in use since the 1960)s. Although certain features are stan-
decisions on the design, development. operation, and mainte- dard. the terminals ha\e significant differences in the amloIunt of
nance of the satellites. The Board of Governors is composed of electronic equipment they have. wvhich depends on the number.
about 28 members. Most members represent countries or groups type. and capacity of the communication links, that must be han-
ofcountries with relatively large ownership percentages. The re- died simultaneously. Their larce antenna si/e w-as necessary. be-
mainine memin bers are representatives of geographic regions cause the early satellites (through Intelsat 111) were power limited.
"'here countries do not have large ownership percentages: this en- Thus. system capacity was a function of ,round antenna gain. so
snrcs a w orldw ide distribution of the board members. larce antennas were used. Becinning w ith Intelsat IV. the satellite

Ownership percentages reflect national investments in Intelsat: power limitation decreased. Therefore. Intelsat adopted a specifi-
these percentages are adjusted to approximate each country"s use cation for the smaller standard B terminal. The objective of stan-
of the system. When Intelsat began. the United States ownership dard B is to provide a lower cost terminal for nations with"tas over 6O0',. As more nations becan usinc the system, this per- moderate traffic requirements (typically not more than 24 voice

centage dropped and has been 22•4 to 27 14 since the late 1970s. circuits). Although the termina! cost is lower, the per circuit sat-
Australia. Canada. France. Germany. Italy. Japan. South Korea. cllite usage charge is hicher for standard B. because of its lower
and the United Kingdom are the other large owners, with percent- gain. Standard B terminals have been in use for over a decade.
ages betwcen 21_4 to 14'4. but they number only one-third as many as standard A. In 1986.

The Intelsat communication system includes the satellites de- because of the continuinc increase in satellite performance. lIntel-
scribed earlier, a larce nUllber of "round terminals, and a control sat reduced the standard A gain requirements. allowting a smaller
center. Intelsat ow ns the satellites, but each member owns its antenna diameter.
o\ n terminals. The system is composed of Atlantic. Pacific. and The standard C terminals communicate "• ith the II - and 14-
Indian Ocean regions. The number of ground terminals has in- GH/ transponders tirst used on Intelsat V satellites. At these fre-
creased yearly since the system became operational in 1965. The quencies, rain attenuation is sigtiificant and is accounted for in the
number of countries with terminals and the total number of anten- terminal specification. Some standard C terminals use two anten-
nas are shomin in the licure. The litter numbers are larcer. since nas separated by ten to tw•enty miles in order to overcome rain
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Tible I. Intelsat Standard Terminal Characteristics

TERMINAL TYPE A B C DI, D2 El, E2, E3 PI, F2, F3 G, Z

Use International International International International Business Business G: International
public public public public services services private

communications communications communications communications (domestic or (domestic or networks
(medium to high (low to medium (medium to high (very low to low international) international) (via leased

capacity) capacity) capacity) capacity) transponders)
Z. Domestic

networks
(via leased or
purchased
transponders)

Frequency band Ca C Kub C Extended Kuc C C or Ku

Antenna diameter 15-18m 10-12m 17-18m 4.5-5, 11-13m 3.5, 5.5, 8m 4.5-5, 7-8, 9-10m
(49-59 ft)d (33-39 ft) (56-59 ft)d (15-16.5,36-44 ft) (11.5, 18, 26 ft) (15-16.5, 23-26,

29.5-33 ft)

G/T (minimum) 35 dB/Kd 31.7 dB/K greater of 22.7 dBIK, 25, 29, 34 dB/K 22.7, 27, 29 dB/K Selected by
37 dB/K + Le or 31.7 dB/K network operator
29.5 dB/K +

Types of FDM/FM, CFDM/ CFDMIFM, FDM/FM, CFOMI SCPC/CFM OPSK/FDMA QPSK/FDMA Selected by
transmissions FM, SCPC/ SCPCIQPSK, FM, TDMA network operator

QPSK, SCPC/ TV/FM, QPSK/
CFM, TV/FM, FDMA

TMDA

Sidelobes -32-25 log 8 dBf Same Same Sameg Same Sameg Sameg
(10 :; 0 < 480)

< -10 dB
(6> 480)

Polarizationh Circular Circular Linear Circular Linear Circular Circular (C-band)
Uinear (K-band)

e..L, clear sky attenuation; L2= attenuation exceeded 0.017% ofa
aTransmit 5.925 to 6.425 GHz, receive 3.7 to 4.2 GHz (through Intelsat V)y- ear• s
transmit 5.85 to 6.425 GHz, receive 3.625 to 4.2 GHz (Intelsat VI); not all
terminals will be equipped for the entire band of frequencies. f Will probably be reduced to 29-25 log 0 dB.

b Transmit 14.0 to 14.5 GHz, receive 10.95 to 11.7 GHz. 9 If 100 > (D/X) (antenna diameter to wavelength ratio), then the 10 limit
c Transmit 14.0 to 14.25 GHz, receive 10.95 to 11.7 GHz, and 11.7 to 11.95 is changed to 100 (C/D).

GHz (Western Hemisphere) or 12.5 to 12.75 GHz (Eastern Hemisphere). _Axial ratio for C-band is <1.06 (except 1.3 for D1); for Ku-band >31.6.
d Prior to 1986 the A size was 95-105 ft, the C size was 56-59 ft, and the

G/T values were higher.

attenuation by space diversity. The standard C terminals are only Intelsat satellite capacity. The network operator is free to deter-
used by nations with major communication requirements. which mine most design and operating characteristics. Intelsat specifies
already have one or more standard A terminals, what is necessary to ensure that these terminals do not interfere

Standard D is a move in the opposite direction. The objective with other users of the satellite. Many standard Z terminals are in
is to provide a terminal of lower cost than standard B for places use in domestic networks. Most have relatively small antennas.
with very low communications requirements: perhaps only one or However, there are some standard A and B terminals that handle
two voice circuits per terminal. Standard D came into use in the communication links in domestic and binational networks in ad-
mid-1980s and has been applied by small island nations in the Pa- dition to their regular Intelsat links.
cific, and by some African nations. for communications between The Intelsat system also has six TT&C terminals and four
their capitals and small cities in rural areas. TDMA reference and monitoring terminals. These ierminals con-

The standard E and F terminals also date from the mid- 1980s. tinually monitor all communication downlinks for satellite prob-
The difference between E and F is only the frequency band used lemIs or evidence of out-of-specification conditions in any
and the frequency-dependent specifications. Both are for use transmission. The TT&C terminals monitor satellite health \ia
with Intelsat Business Service (IBS). These terminals are either the telemetry they receive, gather data to be used in orbit predic-
located at a specific customer location, or serve multiple custom- tions. and transit commands. They are located in Maryland. Ha-
ers in a relatively small area. such as one metropolis. This type of waii, Australia. Italy. Germany. and China. They are under the
customer-specific siting is in contrast to the earlier terminals, direction of Ihe Intelsat Operations Center in Washington. D.C.
which typically serve a whole nation, and are linked with it via Intelsat satellites.

Standard G and Z terminals are not used with the Intelsat glo- Intelsat handles telephone, telegraph, data, and telev\ision traf-
bal. public communications network. Rather, they are used in do- tic. Telephone is the major portion of the iraftic. In the carl\
mestic or binational networks that use leased or purchased years, almost all the Intelsat traffic was voice; but with the growth
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of television transmissions and more recently with a surge in non-
voice digital services, revenues from voice traffic are down to
about 65%/( of total revenue. Television accounts for about 10%
of the revenues, except in months with events of worldwide inter-
est. e.g.. Olympic Games. The Atlantic region has always had the 102
majority of all Intelsat traffic, almost 70r/( in the early years de- 65 70 75 80 85 90 95
creasing to about 60(4 at present. The Pacific region began earli- YEAR END
er than the Indian Ocean region because of earlier satellite Intelsat traffic.
availability. However. Indian Ocean traffic rose above Pacific
traffic when considerable Hawaiian and Alaskan traffic was trans- Operations Center for long-duration use, and preassigned links
ferred to United States domestic systems. In recent years, Pacific are either single channel per carrier (SCPC) or multiplexed voice
traftic has grown quickly. as many small nations have begun to circuits in certain standard sizes between 24 and 972 circuits.
use the system. Television transmissions are preassigned also. Demand assign-

This traffic is the international use of the Intelsat satellites. ment. introduced in 1971. uses the SPADE technique (single
Beginning in 1974. Intelsat leased spare satellite capacity for use channel per carrier, pulse code modulation, multiple access. de-
in domestic satellite communication systems. Since the end of mand-assigned equipment). With this technique. a satellite tran-
the 1970s. this service has rapidly increased in popularity. By sponder is divided into 4(X) channel pairs, each pair handling one
1985. over two dozen countries were leasing Intelsat capacity, voice conversation by means of two SCPC transmissions. Each
and about a dozen others had plans to do so. Because of this rapid SPADE terminal has a small computer that selects a channel pair
growth. the 1982 Intelsat changed its policy from providing this at the time a link is required. Immediately after use. the pair is re-
service by means of excess satellite capacity to planning future leased and returned to the pool of channels available to all termi-
satellite capacity to meet the expected demand, and in 1985 Intel- nals. Demand assignment is used for traffic peaks above
sat authori/ed satellite transponder sales to member nations. preassigned capacity or between terminals with no preassigned
(Leased and purchased satellte capacity is described in a later sec- circuits.
tion.) In addition, in 1982. Intelsat began leasing satellite capaci- A number of transmission techniques are used in the Intelsat
tv for international television transmission. Eight nations now network. The choice depends primarily on the type and quantity
participate in these binational transmissions and others are plan- of information to be transmitted, and secondarily on the types of
ninZ new links. ground terminals used. When Intelsat began, the only links were

Satellite capacity is allocated to the terminals by preassign- between a few large ground terminals in developed countries.
ment and demand assignmelt. Preassiognments arc made by the Each link handled multiple voice circuits. Because of the
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equipment and experience developed in terrestrial microwave imum data rate is 8.4 Mbps. The difference is that IBS is for
systems. frequency division multiplexing (FDM)/FM became the private communications via earth terminals at customer sites or in
early Intelsat tranmission standard and is still used on many links, a nearby city, whereas IDR is for public comnlnications via mul-
FDM/FM transmissions occur at one of several specified capaci- tiuse earth terminals at one or a few locations per country. The
ties (e.g., 24, 60.. .792. 972 voice circuits), each with a satellite standard E and F terminals are primarily for IBS: IDR is used by
bandwidth allocation. All except the largest transmission share standard A. B. and C terminals as well as E and F.
satellite transponders by FDMA. Intelnet is another digital service set up in the mid- 1980s. It is

SPADE transmissions are SCPC/QPSK/FDMA. The same for low rate (1.2 to 128 kbps) transmissions to or from small ter-
transmission format, except with preassignment, is commonly minals (2- to 8-ft dia.). These small terminals communicate with
used by standard B terminals, which usually do not have suffi- larger terminals, called hubs. The modulation is either BPSK or
cient traffic for the multiple voice circuit FDM transmissions. QPSK, and the multiple access is either by FDMA or code di i-
The SCPC data rate is 64 kbps. conveying either a single voice sion multiple access (CDMAI.
circuit or a single digital data circuit or multiplexed lower rate Vista is a service for very low capacity voice requirements.
data circuits. typically one or two circuits per location. It uses standard D ter-

With increasing traffic. some standard B terminals were out- minals with SCPC/companded FM/FDMA signalling.
"growing the SCPC technique on some links. FDM/FM with coin- Intelsat was conceived as a single. global communications net-
panding (CFDM/FM) has been introduced. beginning in 1983. oti work open to use by all nations, and this principle is included in
selected links between both standard A and B terminals. The sig- its fundamental Agreements. Everyone agrees that Intelsat has
nal quality improvement due to companding partially offsets the been successful in accomplishing this. Up to 1988. its only coin-
lower gain of standard B terminals, petition had been Intersputnik. a Soviet bloc system that uses So-

Television transmissions use FM. At first, and continuing at viet satellites. In addition, intercontinental telephone calls, but
present, a single TV/FM signal was assigned to a 36-MHz satel- not television or high-speed data. may be routed by means of ei-
lite transponder. More recently, for more efficient use of satellite ther Intelsat or undersea cables.
capacity. two TV/FM signals may share a transponder. Along with the deregulation of United States domestic coin-

As the number of countries that use Intelsat increased, the di- munications in the 1980s. advocates of free enterprise and coin-
versity of routings multiplied. As a result, the percentage of links petition called for alternative satellite systems for intercontinental
requiring high-capacity FDM/FM carriers decreised. and the communications. Besides a basic free enterprise philosophy.
number of low-capacity carriers increased. This reduced the ef- these advocates say that there are communication needs not ful-
fective satellite capacity. which drops as the number of FDMA tilled by Intelsat. In response. Intelsat developed a number of nevw
carriers per transponder grows. Therefore, in 1978. Intelsat be- services. More fundamentally. Intelsat argues that the proposed
gan field tests with TDMA, which provides more capacity than competitive satellites would .N'kihn the cream from the largest
FDMA for the projected traffic loading oii many Intelsat tran- links. which would have consequent negative economic impacts
sponders. on the many lesser developed countries that use Intelsat. The fo-

Since 1981. there has been limited operational use of TDMA CUs of the debate was several satellite systems proposed in appli-
on Intelsat V satellites. The transmission rate is 120.8 Mbps and cations filed with the FCC in 1983 and 1984.
uses 72-MHz bandwidth transponders. Intelsat V-A satellites Intelsat's Definitive Agreements specify that all member na-
have some changes to provide better response to TDMA trails- tions must coordinate international satellite links with Intelsat to
mission as system use increases. Full operational use of TDMA ensure that they pose no technical or economic harm to the s\s-
began in 1985. Its effectiveness will increase as the Intelsat VI tem. Many international links have been coordinated with Intel-
satellites are launched, because these satellites have a dynamic sat. Examples are United States-Canadian links by means of the
switching capacity. which can reconticure the antenna beam in- domestic satellites of the two countries. and the Eutelsat system
terconnections on a TDMA burst-to-burst basis (SS/TDMA) to for intra-European communications. However, the reaction %N ith-
maintain a high level of connectivity between TI)MA ground sta- in the Intelsat staff and membership to these proposals was that
tions in different beams. With these satellites, about half of Intel- they have the potential for significant economic harm and thus
sat's traffic will use TI)MA by the early 1990s. Digital speech could not pass the test for coordination. The United States Go\-
interpolation (DSI) will be used on TDMA voice circuits to pro- erminent. aware of its oblication as an Intelsat member, and under
vide Lip to 2-1/2 times more circuits per transponder than non-DSI pressure from Intelsat, studied the situation. The conclusion, in
FDMA transmissions. 1985. was a policy that private systelns could be allowked to coin-

In addition. the data rate per voice circuit is being reduced pete with Intelsat, but only for certain types of communications
from 64 kbps to 32 kbps using ,,. adaptive voice encoding tech- and \, ith certain conditions.
nique: this provides another factor of 2 improvement in efficiency Oil the basis of this policy. between mid- 1985 and early 1986.
of transponder use. the FCC granted conditional authorization,, to six applicants.

To make use of these benefits of digital transmission oil links These conditional authorizations required the applicanits to coin-
not requiring the very high TDMA rate. Intelsat introduced the plete an agreement with a comulniications entity (usually a go\ -
Intermediate Data Rate ODR service in 1084. The IDR links use ernilent agency) in at least one foreign counltry and to compllte
QPSK modulation. information rates between 64 kbps and 44.7 the Intelsat coordination process. In addition, these private inter-
Mbps. error correction encoding, and share transponders by national systems were restricted to serving private couIllilluica-
means of FDMA. The IDR is used by both large and small lernli- tions links' not interconnected with the public switched netmork
nals. and to providing all services under long-term leases. The first of

lIntelsat Bu]siness Service (I BS) also began in 1984. The trans- these systemlls began operation in 1988 in the Atlantic region.
mission characteristics are the same as IDR. except that the ilax- They are described in foregoing sectionis.

86



I. J. Alper and J. N. Pelhon. eds.. The Intelsat (;lhal S stenm. the 28th International Astronautical Congrv.s, Vol. 2 (Sep-
Prongrv.s.s ihi Astronautics and Aeronautics, Vol. 93, AIAA. temnber 1977).
New York (1984). 22. L. F. Gray and M. P. Brown, "Transmission Planning for the

2. C. A. Blackwell and M. P. Brown. Jr.. "Communication Sat- First U.S. Standard C ( 14/1 1 GHz) Intelsat Earth Station,"
ellite System Design." IEEE Communication S'stems and Comnsat Technical Review. Vol. 9. No. I (Spring 1979).
Technoogy Conf'ren'e (April 1974). 23. J. N. Pelion. "Global Satellite Communications: Intelsat Fac-

3. S. B. Bennett and D. J. Braverman, "Intelsat VI - A Continu- es the Challenges and Opportunities of the 1980s and 1990s."
inZ Evolution," Proceedings ofihe IEEE, Vol. 72. No. II (No- Paper 52. 1. National Telecommunications Confirence: NTC
%ember 1984). '79 (November 1979).

4. Comnsat Guide to the Intelsat. Marisat, and Comstar Satellite 24. L. Perillan and R. Eftekhari, "System Considerations in Intel-
S'vstent.s. Communications Satellite Corp. (c. 1981). sat Domestic Network." Paper 30.2, National hlelconmunni-

5. S. Browne, "The Intelsat Global Satellite Communication cations Con/frence: NTC '80 (Nov\ember 1980).
System." Comnsat Technical Review, Vol. 4, No. 2 (Fall 1974). 25. J. L. McLucas and F. W. Weber. "Control of Communications

6. D. J. Withers. "The Problem of Growth in the Intelsat Sys- Satellites.- Signal. Vol. 34. No. 3 (Noxember/December
tern.' Journal of the British InteT7)lanetarv Society. Vol. 29. 1979).
No. I (January 1976). 26. 1. A. Feigenbaum. "Intelsat System Reliabilit,' Proceedinm%

7. E. Podraczky and S. B. Bennett. "Intelsat Planning for the Annual Reliahilit" t and Maintainability S.n;po.siumn (January
Next Decade." WESCON Technical Papers (September 1980).
1975). 27. G. Quaglione. "Evolution of the Intelsat System from Intelsat

8. S. Astrain, "Early Bird to Intelsat-IVA (a decade of growth)." IV to Intelsat V." Journal olSpacecraft and Rocketr. Vol. 17.
Telecommunication Journal, Vol. 42, No. 10 (October 1975). No. 2 (March-April 1980).

9. J. G. Puente and A. M. Werth, "Demand-Assigned Service for 28. F. W. Weber. "Multiple Satellite Operations and Manage-
the Intelsat Global Network," IEEE Spectrum. Vol. 8. No. I ment." Paper 80-0575. AIAA 8th Comnmications Satellite

(January 1971 ). Sv.wtems Cotnilrence (April 1980).

10. R. B. McClure, "Status and Progress of the Intelsat SCPC 29. A. L. Marsh. R. Parthasarathy. and J. P. CaseN. -The Adapta-
System." hIternatlional Cont'rence oil Communlcllai'tiolns: ICC tion of Earth Stations in the Intelsat System for Frequency Re-
'75 (June 1975). use Through Dual Polarization." ('Conifrcme on Radio

11. J. R. Owens and W. L. Morgan, "In-orbit Operating Experi- SPectraint Conservatiomi Techliqu'e.. lEE Confelrence Publica-

ence with the Intelsat Satellites." Acta Astronautica. Vol. 5. tion No. 188 (July 1980).
No. 3-4 (March-April 1978). 30. P. Nadkarni. L. Perillan. and H. Chasia. "Planning for Grov th

12. D. V. Neill, "Spacecraft Technical Control Network." Coimsat in Satellite Systems-The Intelsat Experience." Paper 58. I.

Technical Review. Vol. 2. No. 2 (Fall 1972). hIternational Collf'wrem'e oi Comnnmnication.s: I(( 'S/ (June

13. R. Parthasarathy and W. Lee. "Utilization of the Intelsat Net- 1981).
work." International Conference on Co untications: ICC 31. S. E. Magnusson. "Evolution of TelemcltrN and Command
'78 (June 1978). Systems from Early Bird to Intelsat V," International Ieh'me-

14. J. B. Potts and F. J. Burkitt. "Operational Planning for the Uti- tering Colnf'rence Procmediny,% (No\ember 1981 (.

lization of Intelsat V Satellites." Paper 78-529. A/AA 7th 2. M. J. Rohusto. "'ntelsat V Transmission System Models Used
Communication.v Satellite S\'stems Coi-rence (April 1978). for Analysis. Optimization. and Operational Control." Paper

Comn94.nunicationsnl Satellite ellieSS\vttemnsn ,r
15. D. E. W. Rees, "Operational Transitions to a New Satellite Se- 82-0494. AIAA 9th Communications Satellite Systenis

ries." Paper 13-4. EASCON '77 Conlferemce Record (Septem- ence (March 1982).
her 1977). 33. D. J. Kennedy. J. A. Jankowski. and C. A. King. "TDMA

Burst Scheduline Within the Intelsat System,' Paper F5.2.16. J. N. Pelton, "New Managernent Arrangements for Intelsat,."
Global Telecommunications• Coq10-'ence: Glohecont 'S2• (No-

Paper 78-527. AIAA 7th Communnications Satellite Sys'.temns Globe c C n: b '(Con/'ren' .vember 1982).Confilrence (April 1978).
34. P. R. Moss, "The Development of Global Satellite Telecom-

17. W. C. Wells. "Computer Aided Frequency Planning. Trans-L_ mniucations,' Journal o/l the British lnterplanletar\"V Societ\.v
mission Impairment. and Performance Analysis in the Intelsat Vol. 36. No. 2 (February 19,3).
System," Paper 13-2. EIASCON '77 Con ference Record (Sep- 35. R. L. Graneer. "Intelsat: The Next Ten Years." Paper C1.8.
tember 1977).

18. B. 1. Edelson and A. M. Werth. "SPADE System Progress and hitunatiomud Con ierence on Communications: ICC '83 (June18. . I Edesonand1983).
Application." ('op.sat Technical Review. Vol. 2. No. I (Spring 1.

1972). 36. J. N. Pelton, "Intelsat: Making the Future Happen.* Space

19. J. L. Dicks and S. H. Schachne. "The Use of Single Channel Comhuiation and Broadcasting. Vol. I. No. I (April I983).

per Carrier (SCPC) Within the Intelsat System." Paper 13-3, 37. J. V. Evans. "Twenty Years of International Satellite Commu-

EASCON '77 Conft'rence Record (September 1977). nications." Radio Sc'ience. Vol. 2 1. No. 4 (July-August 1986).

20. R. N. Benedict and J. E. Kolsrud. "Digital Service in the In- 38. P. P. Tan. "Technical Developments in International Satellite

telsat Network.'" EASC'ON '76 Confe'rence Record (September Business Services." Paper 13. 1, First Canadian I)omnestic and

1976). International Satellite ('onuntonicatiom.% Con.11'ren~ c (Junc

21. S. Astrain. "Growth of the Intelsat System." Proceetfinlg.v o 1983).

87



39. B. A. Pontano. et al., "The Intelsat TDMA/DSI System," Communications: U.S. Policy and the Intelsat Response."
IEEE Journal on Selected Areas in Communications, Vol. I. Space Communication and Broadcasting, Vol. 3. No. I
No. I (January 1983). (March 1985).

40. G. Forcina and B. A. Pontano. "Network Timing and Control 55. A. Kavanaugh. "An Analysis of U.S. International Satellite
in the Intelsat VI SS-TDMA System," Sixth International Policy Formation." Telecommunications Polic.v Vol. 10, No.
Conltierence on Digital Satellite Communications (September 2 (June 1986).
1983). 56. Satellite Communications (December 1983). p. 10: (April

41. J. Lee, et al., "Intelsat Business Services," Sixth International 1984). p. 12: (February 1984), p. 40: (March 1984). p. 20:
Contfierence on Digital Satellite Communications (September (August 1986). p. 12: (May 1987). p. 41. (September 1987).
1983). p. 41: (October 1987). p. 14: (May 1988). p. 8: (February

42. R. J. Colby and B. A. Pontano. "The Intelsat TDMA Opera- 1989). pp. 8. 46: (January 1990), p. 25: (November 1990).
lions Center," IEEE Global Telecommunications Coi 'errence: p. 8.
Globecom '83 (November 1983). 57. S. Jamshidi and L. N. Nguyen. "Intelnet Services-A Global

43. W. Hagman, S. Rhodes, and R. Fang. "International Business Data Distribution and Collection Scheme." International
Communications via Intelsat K-Band Transponders," IEEE Journal of Satellite Communications, Vol. 4. No. 2 (April-
Global Telecommunications Con!i'erence: Glohecomn '83 (No- June 1986).
vember 1983). 58. L. Buchsbaum and M. Robusto. "Intelsat Business Services

44. B. A. Pontano and G. G. Szarvas. "Introduction of Compand- (IBS) Transmission Engineering," 7th International Confer-
ed FDM/FM Operation into the Intelsat System," Internation- ence on Digital Satellite Communications (1986).
al Journal olfSatellite Communications. Vol. 1, No. 2 (July- 59. R. J. Colby. R. Parthasarathy. and J. F. Phiel. "'The Intelsat
September 1983). TDMA System-Conception to Operation." 7th intem-nation-

45. J. G. Walker. "A Condensed Orbital History of Intelsat Satel- al Conk'rence on Digital Satellite Communications (1986).
lites." Jnternationtal .Iournal of Satellite Communications. 60. D. K. Sachdev. "The New Intelsat: Facing Future Global
Vol. 2. No. I (January-March 1984). Communications Requirements." Aerospace Centurv XXI:

46. S. Lynn. "The Intelsat SPADE System-Ten Years of De- Space Sciences. Applications, and Commercial Development.
mand Assigned Operation." International Jour'nal offSatellite Advances in the Astronautical Sciences. Vol. 64. Part III (Oc-
Commmunications. Vol. 2. No. 4 (October-December 1984). tober 1986).

47. B. Pontano. ed.. Special Issue on the Intelsat TDMA/DSI Sys- 61. L. M. Buchsbaum. "System Design for Vista-The Intelsat
tenm. International Jouronal ofSatellite Communoic'ations, Vol. Service for Low Density Traffice Routes." Paper 88-0766.
3. No. 1-2 (January-June 1985). AIAA 12th International Commnunication Satellite Sy.stemns

48. P. T. Thompson and L. M. Buchsbaum. "Intelsat Earth-Station Comference (March 1988).

Standards - A Newk Look To An Old Theme." International 62. P. W. Roach, "The Role of the Intermediate Data Rate (IDR)
.Ihm'nal ofSatellite Comnunications. Vol. 3, No. 4 (October- Carriers in the Intelsat System and Their Impact Upon Opera-
December 1985). tional Planning." Inter'national Journal of Satellite Communi-

49. "Intcl.,,at News" in most issues of Space Communication an(d cations, Vol. 6. No. 4 (October-December 1988).

Broatica'stin. 63. M. J. Robusto, "The Development of Intermediate Data Rate

50. S. Astrain. "Intelsat: New Frontiers. New Challenges," Earth- (IDR) Digital Transmission Performance Characteristics," hi-

(griented Applications of "Space Technology. Vol. 3, No. 2 ternational Journal of Satellite Communications, Vol. 6. No.

(1983). 4 (October-December 1988).

5I. W. R. Hinchman and L. Perillan. "lntelsat New Services." Pa- 64. P. Nadkarni. et al.. "Intelsat VII Planning and Evolution," Pa-

per 86-0625. AIAA 11th Communnic'ation Satellite Sy'stemls per 90-0786,13th AIAA ilnternational Commiun iation Satel-
con1 r'ne ( March 1986). lite Si'stems Comt erence (March 1990).

52. Aviation Week & Space Te7chnology (9 March 1981). p. 95: 65. D. K. Sachdev. "Historical Overview of the Intelsat System."

(22 November 1982). p. 70: (21 March 1983). p. 28: (5 Sep- Journal of the Briitish Interplanetary Society. Vol. 43. No. 8

tember 1983). p. 76: (10 October 1983), p. 77: (7 November (August 1990).

1983). p. 56: (25 June 1984). p. 171: (9 July 1984). p. 18: 66. S. L. Gordon, "The Intelsat Services: Past. Present, and Fu-
(7 January 1985). p. 24: (1l February 1985). p. 29: (25 March ture." Journal of the British Interplanetatr" Society. Vol. 43.
1985). p. 26: (15 April 1985). p. 17: (13 May 1985), p. 75: No. 8 (August 1990).
(17 June 1985). p. 24: (29July 1985). p. 24: (26August 1985). 67. J. F. Phiel. "The Intelsat Digital Communication Systems."
p. 63: (30 September 1985). pp. 21. 56W (4 November 1985). Journal of the British Interplanetary" Soc-iety., Vol. 43. No. 8
p. 69: (2 December 1985). p. 63: (6 January 1986). p. 13: (August 1990).
(3 February 1986). p. 45: (14 April 1986). p. 126: (27 October 68. P. McDougal, "VSATs and Developmental Communica-
1986). p. 61: (22 December 1986). pp. 13. 29: (5 October tions." Space Communication aid Broa•h'asting. Vol. 6. No. 6
1987), p. 48. (September 1989).

53. L. McKnight. "The Deregulation of International Satellite 69. R. L. Turner, "Impact of Intelsat VII on Services and Earth
Communications." Paper 43.2, IEEE National Teles\vstem Stations." lEE Colloquium, Intelsat VI! - Another Step in the
Confi'rence (May 1984). Evolution of the Global Intelsat Comnmuni(-ations Systeim

54. L. McKnight. "The Deregulation of International Satellite (March 1989).



INMARSAT SYSTEM

In 1972. the Intergo\ernmnental Maritime Organi/ation (IMO) September 1982 and became the primary Inniarsat satellite in the
began serious studies of an international maritime satellite system Indian Ocean in January 1983. Marecs B x, as lost due to a launch
for ý, hich it had issued a statement of requirements in 1970 1 1- vehicle failure. Marecs B2 was launched in late 1984 and became
301. These studies co\cred institutional, operational. technical, the primary Pacilic Ocean satellite in January 1985. In the spring
and economic aspects of the system. The primary benetits of of 1986. the positions ot the two Marecs satellites were reversed
such a svytem, relative to terrestrial radio links. are higher quality, to place the older satellite in the ocean area with less traftic. Intel-
f' er delay s, more reliability• and privacy, and higher data rates sat V satellites ha\e the primar\ and spare roles in the Indian
for communications between commercial ships and the intcrna- Ocean. There is also one Intelsat V in each of the other oceao
tional public Coil)Munication networks. Provisions for handling areas. Inmarsat still has the Marisats available in reser\e, and it
distress messagces are included. In addition, the possibility of pro- has leased capacity on one for use by land mobile terminals in
\ iding a position determination ser\ice was Studied. North America.

IMO has about 80 member nations, of which about 20( were In 1990. Innarsat switched to a tour-region system. The oper-
acti\e in the initial studies. In April 1975. INIO convened an in- ational satellites were Marecs B2 (Atlantic West). Intelsat Vs (At-
ternational conference to begin establishing the system: 48 na- lantic East and Indian). Marecs A (until June 1991 ) and an
tions \vere represented. It Was unanimously agreed that such a Intelsat (Pacific). The three Marisats remained available as
svsteln is necessary and that a new ormanization-the Internation- spares. At the end of 1990. the first Inmarsat II satellite was
al Maritime Satellite Organization (Inmarsat)-should be formed launched. Three more will be launched by the start of 1992 to
to operate the system. In 1976. the Inmarsat Convention and Op- pro\ ide one for each region. with the older satellites as spares.
crating Agreement were opened for ratitication by interested gov- The growth in shore and ship station population is shown
ernmneits. and an international preparatory committee was graphically. Numbers prior to 1982 reter to the Marisat system.
established to work oil technical, economic. marketing. and orga- Shore station locations include the United States. Japan. Norwkay.
niational matters. the United Kingdom. Singapore. France. Brazil. the Soviet

The Inmarsat Convention entered into force in July' 1979. The Union. Kuwkait. Italy. Denmark. and Greece.
tirst membership of Inmarsat included 26 nations: that number in- Ship stations are manufactured in various countries and type-
creased to 64 by spring 1991. The investment share of each na- certified by Inmarsat. The majority of the standard A type are on
tion is related to both the tonnage of ships registered with it and large oil tankers, container ships. and bulk cargo ships. Smaller
the voltme of communications to and from it. (For the United numbers are on research ships. yachts. lishing vessels, and pas-
States,. these factors are far f'romn equal. as many ships registered senger liners. Non-ship applications include antarctic surve\
in other countries are United States-owned and communicate
mostly with the United States.) The investment shares are adjust- 25
ed yearly to reflect actual use of the system. Ini recent years. the
major shares have been about 25c/ for the United States. 141/c for z 20-
the United Kiniwdom. I "12 for Norway. and 9c/( fer Japan. Coin- 0

sat Corporation is the United States representati\e in Imniarsat. < 15 -
The Iimarsat organization is very similar to that of Intelsat.

t. - W10-
The assembly. composed of representatives from all member Er

0
.states•, reviews activities and considers long-term policies. The = 5i _
assembly meets once every two years. and each member has one W

v.otc. The council maeets three times per year and is composed of 0 75 8 8 9
tile eighteen largest members and four representatives of the other 75 80 85 90 95
members. It provides direction to the Directorate. which carries
O(ut the day-to-day acti\itics of Intmarsat. Voting in the council is 100M000
weighted accordingi to investment percentages.

The Inmarsat systeim is composed of four segments. Satellites
are either leased or owned by Inmarsat. Coast earth stations are 10000-
owned and operated by Inmnarsat members. Some of them pro- 1,-
vide TT'&(' facilities for inmarsat satellites. Ship earth stations U)
are o()n ied (or leased) and operated hy shipowners. Network Coli- 0)
trol is exercised from the Inmarsat Operations Control Center in H< 1.000 -

LIondon. HU)
F(r its initial ,pace segment. Inmarsat chose to lease satellites q.

alread\ existinmg or in development in order to begin operations as ( 100
early a', possible. Several configurations were studied. The one
chosen is a combination of' Marisat and Marecs satellites and a
maritime communication suhsysteii (MCS) oii the lifth through
ninth Intelsat \, satellites. Oii I February 1982. Innmarsat took 10 -

o\er the use of the three Marisat satellites and began providing 8 9
ser\ ice. A few months later. tie first Marecs satellite was added YA END

to the system and became the primary Atlantic region satell.e. YEAR END

The first Intelsat V with the maritime subsystem was launched in /hM11ttr.ll . 1nd .\h1hi .•taliMn.
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Tab/l I. iunuai sat Stani )n C/tuailetei-ivic

PARMETR f SHORE SHIP EARTH STATIONS
PRMTRSTATIONS A. ______a___

Transmit frequencies, MHz 6409 -6425 b 1696- 1648 Same Same
Receive frequencies, MHz 4179 -4200' 1530 -1546 Same Sm

Transmit ERP, dBW :s 70 36-37 -26 - 19
Receive GIT, dB/K Ž32 -4 -- 12 -- 19
Typical antenna diameter, ft 32-42 3-4 - 1-1/2 <1
Ship station capacity 1 -)ice channel or 1 voice channel (reduced Telegraphy or

2400 bps datac quality) or 2400 bps data 1000 bps data

a Tentative data Modified stations transmit up to 1 Mops dlat.. Other modifications
tShore stations also have L-band (1650/1550 MHz) transmission and are being considered to permit multiple cimultaneous voice channels.
reception for network control and test signals.

teamis, arctic %%Lather stations. oil production platforms. land mo- 6. R. E. Fenton, "Operational Marisat-An E\volving Concept."
bile onits, and a bal loon. The terminals are composed of' anl Paper 75-282. A!..I lit/Hil Alnnual Mu'ting' anil Tec/inwail fli.-
above-deck unit with a stabilized antenna atid some electronics. p/a/U (February 19751.
mounted in a radomie. and a below-deck unit with most oflý t- 7. T. M. Zinner and T. 0. Cakx it. "A Fulure Global Satellite S\ ~
electronics. (Characteristics are Liven in Table 1.) temi for Commercial Maritimec Ser\ ice,,." E"COX 75ý Coll-

The commnon Inmiarsat services are voice, telex. and data. ventian Recoi-d (September 19751.
Data may be transmitted at 2400 bps inl voice channels. at 56 8. Aviationt Week & Space 7eC/thnuh'ov (27 No~cember 19721.
kbps. or at rates up to I Mbps by specially equipped ships. Data p. 16.:(1 January 19731. p. 22:111)0 Febr-uarý 19751. p. 63: (21
rates of 56 kbps and above are ship-to-shore only. Modulation April 19751. p.'26: 126 Ma\ 1975). p. 46:1(1 March 19761.
formats include companded FM. QPSI(. atid FSK. p. 23: (8 March 19761. p. 15: 17 Februiary 1977). p. 23 : 117

1In 1989. use of standard C terminals began. They arc smaller. October- 1977). pp. 138. 139: 114 Nov ember 1977). p.5ý1: 101
allowing" use on smaller ships, trucks, and aircraft. The data rate Api198..1:22My97.P.119 ctb 17.
does nlot suIpport voice transmissions but is adequate for mnessages p.2:8Jnay111 .1:2 ~y19791. p. 63: (15 Feb-
to and from the mobile user, and position determination and per- ruarv 1982). p. 1'32: (15 Nov ember 1982. 1n p. 25. 79; (2(1 June
foumnance monitoring. The transmissions are all BPSK w.%ith er-ror 1983 P. p. 18: ( I Augul~st 1983). p. 16: (I I February 19851.
correction coding. p I7: I March 19815). p. 13; (26 AuguLst 1985). p. I5S: (7 Oc-

In 1982. Inmiarsat began investigating service to airciaft'. liii- tQe 95.p 5 2 ~vme 95.p 2 2 pi
tial tests were conducted in 1985. and further demonstrahions con- 19861. p. 133: (8 Decemhei 19861. pp. 86. 87. 89:1(7 1)ecern-
tinued throUgh 1988. In1 1989. operational serv ice was beun" for he187.p4712Dcebr971p.8:9inur
appropriately equipped planes. The high-speed service accom- 199.p 411Ats 991 .8:1 oebr191
modates voice or data, while a l ow- speed serv ice has the standard p. 76.
C capabilities. 9. W. T. Adamis. "Inmnarsat: Thle International Maritime Satellite

After considerable testing- and demonstrations of' service to Oruanization - Its Genesis. Developmnilt and StatUs.7 Paper
land 11obile users. operatioinal ser-vice waLs au.thori/ed in 1989. 79-552.A/fl 7t/h Communication.% Saill/hh Ceml/Ue(n/t-
The primary application is for long-distance trucking comiPanies. (Arl17.
although the service is not limited to themi. Land mobile uIsers 10J.B II)rde lStinUp a Worldwide Maritime S\vstcIm.**
will have the standard C terminal anld will Communicate with ex- .J .Lgre etn
isting fixed termninals or wkith new terminals dedicatld to launch h onna ahet Brfi-iih lh'/li'.rvSocietY. Vol. 30. No. 4

mobile services. (April 19771.
11 . "Inmiarsat: A Global TlcommunIIIlIication! J-('ni T/CcWaI-

inunicalioin .hmorna. Vol. 44. No. 3 ( March 1977).
1.D. W. Lipkc. "Inmiarsat Second Generation Space Segment.'' I2 .E ol.Imra.Te cntoa aim aelt

IEE6E Nationtal 7PC/esxvcviu CoilfiPrence I Novemh -r 19831. Organi/atIion-Origins, and StruCtrIIc. ./oW~tia Ot spine L~aw.
2. A. F. Ghais. Fu~ture Developmient of the himarsat Sy~steml." Vol. I5. No. 1-2 I Spring-Fall 1977).

Paper 84-0750. Al-lA /0th (autnnymthationl Sate'llite S.vs*An.A 13. 0. J. Hagai. -Inmarsat:Al .\nLanI~ple of Global Intcrnlational
(io/iner Mach 98 1.Cooperation in tilie FielId of Teclecom n iitim i calt~ions." TIcc 'i-

3. 0. ILundberg. "The Inii arsat Syste mu and It', Eu t IreI."* .Slhla municatio alum1 'i rio. Vold. 47. No. 8 (AI , i t 1980).
(inlillific atio-n and Bi'ta/ta.tihiit, Vol. 2. No. 3 (September 14. T. Satoh. A. Oglawa. and Y~. H irata. "A SurI\C\ onl the Tech-
1984). niuzApial'oh -lreNaiieStlieCmui

4. T. FPirard. (Oi ).n avd. InI the Air. On the Seas." Satil/ite' Coln- cations Applcate it). Paper 62.ILV Ma\ tilI S,,uc/ it ( / cn'mn'ic a tic 'i

itinpic at a at. Vol'. 9. No . II I (Otob'er 19851. caion/s 'rejut': . Pape ' 62t .IN ox ioia ember 198thi(lj

5. G. Hi. M. (;leadlc. "Maritimec Satellite-A Surve~y.'' .l'tiiiia/ I5. T. Takahashi. 'The I nmar-sat Sx stern and( its. Futurc Dcx clop-
aft/lu( Wrii/u liteplcruautlar-Y Society.v Vol. 27. No. 10) (October ilicit." Paper 82-01472. A IA- Vil (Co 'cninunlicl11, -ats: ate/itc
1974). C'c.'clI'CI enut i' cu I MIarch 1I9821).
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16. K. K0111.11o. et aL.. "The K[)D Ibaraki Coast Earth Station and JOU,'ia/11 0)"l .Sttllhr COM11n1iunua01Non. Vol. 2. No. 2 ( April-
Network Coordination Station tor the Inmiarsat System." Pat- June 1984).
per 82-0511. U.1.1A 9t/i (Comnmunications. Satellite .5Vt,naiv 27. A. F. Chais. P. Branch. and A. DaSilva CurieL. Broadening
('on f'rowe ( March 1 982). Inmarsat Serx'ices." Aevpe nru.Vol. 23. No. 6 (June

17. F. N icolaidis. I nmarsat: A Nexx Global Maritime Satellite 1985).
(ommunications Sy.stem.''Swellite ('onmnomicantuniov. Vol. 6. 218. "Inmarsat Newks.* in most issues of Sluice Comilmumeanoni
No. 7 (Jul\ 1982ý. and Bminladctotii, (through 1989) and Space C'omnmnunicationi

18. ViI. H. Ml. Sondaal. "The Current Situation in the Field of'Mar- (f-rom 1990).
itinie Communication Satellite,,: I art.'hnri/of Space 2 9. P. Wood and K. Smith. "World-Wide Aeronautical Satellite
Ian'. Vo~l. 8. .N . I ( 1980)(. Comun ications."' Paper 88-0865. AIAA,1 12th International

19. YU. S. .\t/erox. "The Inmnarsat International Maritime Satel- Commnnaication .Satellite S 'vsu',n.' (o~iiA renice (March 1988).
lite Co111Inniuncatio~n S\vtenll)./" innioieto~ andn Radio 30). K. Smith. "Inmiarsat Satellite Communication Services. for
Elhil'iectring,. Vol. 36/37. No. 12 ( December 1982). Aircraft." Paper 34.7. Inter-muitiona Con/er-enee onl Conununi-

"20. A. IDaSilxa CUriel. "Thle First Generation Inmnarsat Systemn. eatiOlNs: ICC '88 tJune 1988).
.siitef/it( Y.S\st'lni.() Ne obil(' (omiiivmiu Utioll% inim1ni Nniiiga- 31. K. Phillips. "The Inmiarsat Standard-C Communications S\xs-
tion. I FE Conference Publ ication No. 222 (June 1983). temi."* Paper 34.6. Internationial ConA'renee o~i Comlninianica-

21. J. ... ('hambers. -Prox iding" and Operating an Inmiarsat Coast tuiols: ICC'88 (June 1988).
Earth Station." Satellite Sysýtemls fir AMo/'ilfe Comilnill itatio'nis 32. 0. Lundberg. "Mobile Satellite Comnmun icat ions. An Over-
and N\a'igation. lIEE Conf~erence Publication No. 222 (June view%." Jour-nal of the W~itis/i Int'rp/anetarY SocietY. Vol. 42.
1983). No. 6 (June 1989).

22. P.A. Noeklebx. ''Inmnarsat System l-imitations."' Satellite .SYS- 33. E. Staftki. "The hinmarsat Mobile Satellite Systemn-An Eco-
temns ~ ~ ~ il /i, Aoil('ammvn /ions% and Navigiatiomi. I EE Con- nomic Perspective." Journal oft/ic Br-itisvh hiterplaniletalrv So-

tereCe_~L Publication No. 222 (June 1983). cietv. Vol. 42. No. 6 (June 1989).
23. A.. Ghais and P. Branch. ''Future Development ot. the Inmiarsat 34. J. Williamson. "The Links in the Chain." Joiu'na/ (?ft/u' Brit-

Sx stern'' .Satellite' SYvtelim Mi~Nobile ('onlmnilnicationls andii is/ i ter-p/amutarv .SocietY. Vol. 42. No. 6 (Junle 1989).
1\'Iavigm.ioni. lEE_ Conference Publication No. 222 (June 1 983). 35. K. Owen. "Inmiarsat Diversification Raises, Questions." Aelv-

24. R. Khademi. "Plannin-, the Inmiarsat System.," Paper 13.4, space Amierica. Vol. 27. No. 10 (October 1989).
fi-evt C('laduiali Ionu'stic (ill/i Initenationaiil Satellite Coliminni- 3 6. Satellite Commnaincations (September 1983). p. 26: ( Deceni-
Imii Otioli.% Col('On/o'n (June 1983). ber 1983). p. 10: (January 1984). p. 12: (June 19,-4). p. 8: (Oc-

25. 0. Lundberg~. -Inmarsat: The First Year and Next Decade." tober 1985). p. 20: (October 1987). p. 54: (March 1988). p. 20:
Thheo~nniinaturnItirnl.Vol. 50. No. 9) September 1983). (February 1989). p. 8: (March 1989). pp 12. 20. ~May 1989).

26. 0. Lundberg. "Inmiarsat Expands Its i-ori-ioiis." it(/Inter tiomudl p. 8: (August 1989). p. 36: (September 1989). p. 44: (October
1989). p. 42.

INTELSAT LEASES AND SALES

The Intelsat Detinitixe Agreements. w~hich camne into torce in terminals canl be delivered Much miore quickly than satellites. Ilii-
February 1973. made pro\ ision br)I leasine satellite capacity (or telsat leases a specific bandwidth with ceitain gu.aranteed satellite
domlestic s\stenis I I - 15 1. The Agreements state that lntelsat Performance pi:-ameters: ERP is the most sieniticant. Subject to
"sPace segmnent capacit\ not reqluired for the primie Intelsat obec several constraints to prevent interference to other satelliteurs
ti xC (a g'lobal Public network) ,hall be ax ai lable (or doinlestic 5cr-- the leasint, couiurv is free to control its ow n use of the leased ca-
v ices bcetwen areas separated by oceans or within area~s not pacity.
linked b\ terrestrial flacilIities %\ here there are natural barriers that Prior to the availability of the Intelsat leases,, some Countries
hinder the establishment ot such f~acilities. The early leases satis- used the regular Intelsat service for domiestic links, treating, themn
tied this condition, but it sceems to have been wai xed f~or many ats international links. Examples \\ere the use ofIntelsat f"or links
leases of- recent yecars. withinl Australia and between the Continental United States (CO-

Interest iii this use of' I utesat satelites wkas sm1all for a f'ew NUS ) and Hawaii. Alaska. and Puerto Rico. 111 Februarx 1974.
\ears but began to groN rapidl\ iii 1977. Many couintries need to the United States transferred CONUS-Hawaii traffic to a leased
improxe internal commu11Lnications and hawe situations well suited transponder. which was the first use of an I ntelsat lease. This

to the use of satellites. I-ox cx er. imost do ilot haw the finances lease was terminated in 1976 when the traffic wAas transf'erred to
necessary to obtain at satellite nor enough traf'lic to wkarrant tile use thle AT&T domestic satellite. The links to Alaska and Puerto Rico
of a %% hole satellite. .eaS~ili of satellite capacityr has been the anl- were also transferred to domestic satellites,.
svwer to these needs,. Inutelsat pro\vides almost all the leased capac- Intelsat leases space segment capacity in increments of"9. 18.
it\ because of, their manN satellites and global deploy ment. Aside 36. 54. or 72 MH,. Television requires at least IS MI-z. The ser-
1mrm Inutelsat. Il~ndonesia has leased soilie capacity to its neighubors xice is av ailable onl a preemptible or nonpreemptible basis. xv hich
Ii n a niumib er if x ears, and, in I1985, the FI ti tlsat anil ANrabsat or- relates to thle priorityv of' restoration in case of' satellite t'ail tre.
,eani/at i ms bev.an leasing ito their membhers. U se of'such a lease Nearly all [he current leases are ('or preemptible serv ice because
is a loxx-cost %% ax to estabilish a domestic satellite systemi. T1his of'the proven reliability' of'the satellites, (<3 hir Otitage/vr) and the
arrmanig eimeniit alIsoi leads, to a qutick i mpleminc itat ion. sinice giround lo\xxem co st ( abournt one -lhalf'the non piee mpt ible rate). The actual
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leases are as small as 9 MIl,, and as large as several transponders. to maintain communications between Newv York. Geneva. and its
Several countries began \%ith a lease of one transponder or less peacekeeping forces.
and added capacity oMer several \ears as they expanded their sys- The Intelsat leased and purchased capacity is used for tele\ i-
tems. Over 40 transponders, are leased. Some are transponders sion and radio distribution or broadcast. telephony, and telegra-
connected to global coverae antennas, others to hemispheric or phy. In some cases. only one type of traffic is used: in others it is
spot-beam antennas. The atller have more radiated power. and a mix of several or all of these. Capacit. per transponder is typi-
the lease rate is somew\hat higher. Most leased transponders are caltk 200 to 500 voice circuits, or one television signal alone or
in the 4/6-GH/ band. but the use of I 1/14-GH, leases is growing. with 50 to 100 voice circuits. Ground antenna sizes. signal qual-

Aloeria \was the tirst country to use an Intelsat lease for a na- ity. and satellite power are three main factors that determine the
tionm•ide s\stem. Operations started in 1975 with 15 terminals actual capacity. Ground antenna sizes are between 1t) and 45 ft.
and greatly improved the a\ailability and reliability of coIlniuntli- The choice is up to each country to determine its ow n balance he-
cations in the 801 of Algeria that lies in the Sahara. Three other tween cost and capacity. The number of ground terminals in a
conntries started using Intelsat leases in 1975. Seven others had country varies f'roni 2 to more than 100. Iii total, over I 0(1W ter-
started by the end of i977. and the ntumber has grown since then. minals are in use with leased Intelsat transponders, of' \% hich
Current leases are to: about 400 have the capability for transmitting and receiving: the

Algeria Nigeria others are for television reception only.
Chile Pakistan Voice transmissions between larger terminals are usually
China (P.R.C.) Peru FDM/FM/FDMA: QPSK/TDMA is also possible. Voice trans-
Colombia South Africa missions to or from srmaller terminals are SCPC/FM or S('PC/
Cote d'voire Spain PSK. Companding is often used. Television transmissions are
Denmark Sudan FM.
France Thailand Beginning in 1982. Intelsat started leasing capacity tor ftull-
India United Kingdom time international television transmission. The most common use
Libya United Nations of this service is for transmission from one countr\ to another: the
Malaysia Veneinela first use %kas the United States to Australia. There are also one
Moiamlbique Zaire country-to-ml[tiple-country transmissions and a United States-
New Zealand to-United Kinuedom use where the direction ot 'transmnission alter-

A fe\w countries had leases inl the past but terminated them nates. The countries using Intelsat. for international tele\ision are
\\hen their traftic was transferred to ne\v domestic satellite ss- the following:
tenis. Australia Philippines

In 1985. Intelsat announced that it would sell transponders that Iceland Portugal
constitute excess capacity on some of their satellites. The pur- Japan United Kingdom
chaser o\ns the transponder for the remainder of its life. while Korea United States
Intelsat continues to provide satellite control and maintenance. Originally. Intelsat provided tile leased transponders from ex-
Transponder sales grew\ quickly: transponders are owned by: cess capacity on its spare satellites. This is still true: hut iii addi-

Argentina Israel tion. some older satellites not needed as spares ha\e been devoted
Bolivia Italy to leased service. Because of the rapid gro\\th of leases and pur-
Central African Republic Japan chases. Intelsat has now included themn in its traffic forecasts to
Chad Niger ensure that adequate satellite capacit\ %%ill continue to he axail-
Chile Nor\\ay able. In addition. Intelsat has studied the possibility of develop-
China I P.R.C.) Portugal ing satellites optimiied for leased ser\ices.
Ethiopia Sweden'
Gabon TurIkey
Gain Turk e s I. L. Perillan and R. Eftekhari. "Sy'slemn Considerations in Intel-

ermany Vnit tat sat Domestic Network." Paper 30.2. Nationmal Tehomt tmui-IranVC1CAI~a ations Confi'rence: NTC 'SO (November 19,v,).'
About 60 transponders have been purchased. Most arc 72-

MH/ bandwidth: about half are in the 4/6-GHz band and half in 2. J. N. Pelton. "Intelsat: Making the Future Happen.'" Space

the II /14-GHz band. Countries have purchased one to six tran- Commtlnication and Broadctiting. Vol. I. No. I (April 1983).

sponders: sevral countries ha\e s, itchled from leased to pnr- 3. P. H. Schhultze. S. Itohara. and J. L. Dicks. "Use of the Intelsat
chased transponders. Gabon. Chad. and the Central African Space Segment for Domestic Sy sterns,- Paper 76-31)5. Al-.-l
Republic jointly purchased a transponder for shared Use. (C1S/ 61/1 (Con In tin ca I iol.s Satellite Sv.stel'nt Cont ' r'Cn

The reasons for using an Intelsat leae or purchase are varied. (April 1976).
Sle c Countries use the satellite to open ctmmulnnication Is to rde- 4. R. Parthasaratliv and T. M. Kelle\. "L'easing of hilteat Tran-
\eloped areas \where it w\ould be diflicult to install terrestrial facil- sponders for Domestic Services.� FAS('ON '7S ('Con't'nTO
ities. Examples are Algeria I desert) and Bra/il hJU1nglc). Other Record (Septenmber 1978).
countries use the satellite to communicate \\ithi points separated 5. T. M. Kelley. "Domestic Satellite Communications I'sing
by oceans. Examples are Colombia (off-shore island) arid Nor- Leased Ihtelsat Transponders.� Paper 2.3. hIttrmntioital ('o,-
\kaN Woil-drilling platforms and Arctic islands). Some countries. l'',rec'c on ('nCommntttiotn.\i I/('( 7S .lurc I 978,).

e.Bra/il arid Mexico) used thle Intelsat capacity as i step to- 6. '. M. Kelley. "Tle Present Status and Future Dev\elopmCnt of
wkard a national satellite s sternt. Other countries have selected tile Intelsat L~eased System?" Paper 80-0)546. .. L.'A Sthr ('ou-
leasing as the quickest or lo\est-cost w\ay to expand the national (
cM nniniicat liols network. The United Nations is leasing capacil\
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7. A. K. Bairi, "The Algerian Domestic System," Paper 74-493. Journal qf Satellite Communications. Vol. 2. No. I (January-
AIAA 5th Communications Satellite SYstems Conference March 1984).
(April 1974). 12. Satellite Communications (September 1979). p. 28: (July

8. A. Bairi and J. Leonhard, "A Domestic Satellite Communica- 1981). pp. 10.40: (June 1982), p. II: (December 1982). p. 10.
tions System for Algeria." International Con f'rence on Comt- 13. Aviation Week & Space Technology: (3 June 1974), p. 18: (23
munications: ICC '75 (June 1975). September 1974). p. 23: (30 September 1974). p. 22: (17

9. J. R. Veastad. "The Norwegian Domestic Communication March 1975). p. 61: (24 March 1975). p. I1: (18 August
Satellite System.'* Paper 78-615, AIAA 7th Communications 1975). p. 17: (29 March 1976). p. 19: (6 December 1976).
Satellite Systems Con/'erence (April 1978). p. 9: (21 February 1977). p. 48: (1 7 October 1977). p. 93.

10. W. P. Osborne, "Sudosat - The National Domestic Satellite 14. S. L. Gordon. "Meeting Requirements at Home: Intelsat's Do-
Communications System for the Government of the Demo- mestic Service Offerings." Journal of the British Interplane-
cratic Republic of the Sudan," Paper 13-5. EASCON '77 Con- tarv Society. Vol. 43. No. 8 (August 1990).
.ihrence Record (September 1977). 15. J. I. Geiling and K. E. Rasmussen. "Cote dlvoire Satellite

1 I. T. M. Kelley, "Leased Services on the Intelsat System: Do- Transmission System." Paper 90-0820. 13th AIAA Interna-
mestic Service and International Television." International tionad Communication Satellite SYstems Conference (March

1990).
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MILITARY SATELLITES
The first communication satellite experiments %%ere conducted satisfy unique and vital national security needs thai cannot be mee

b, the Army' in 1958. Since then. the Department of Defense by commercial facilities. On the other hand. the goxernment ý ill
<DoD) has continued to develop technology and deploy opera- use commercial satellites whenever links of the required type and
tional satellites. The various conmmnication satellites developed quality can be obtained in a timely manner at reasonable cost. In
b\ DoD are described as are programs of the North Atlantic Trea- general. military command and control circuits are routed
tv Organi/ation (NATO) and the British Ministry of Defence (the through military satellites. but administrative and logistics cir-
Sky net satellites). The Defense Satellite Communications System cuits may use commercial satellites. Differences between militar\
(DSCS) is also described. The satellites developed b\ the MIT and commercial systems occur because of unique mnilitary re-
Lincoln Laboratory for DoD (the LES series) were described ear- qUirements such as protection against jamming, secure command
lier. The French and Spanish military satellite communications and telemetry links, flexibility to rapidly extend ser\ ice to ne%\
programs are described later. since they share satellite resources regions of the -lobe and to reallocate system assets. hardening of
w\ith commercial programs. Also, several of the Soviet satellites satellites and terminals to resist attacks, and satellite operation
described later are used for military communications. continuing through lengthy periods (e.g.. several w\eeks) \ ithout

Within the United States. government policy is to establish command and telemetry support.
and maintain distinct military communication satellite systems to

IDCSP

No United States military communication satellites w\ere IIlCSP satlie..
launched between October 1960 (Courier I B) and June 1966.
Courier was a relati\ely simple program for early experimental
use. Concurrentl\. in April 1960. the Advanced Research Projects
Agetcv ARPA undertook the Advent progra 11 -31 to proide
an operational military communication satellite. Advent was to be
a three-axis-stabilized. stationkeepin'. synchrontious altitude sat- ,
ellite w ith sun-oriented solar arrays and an earth coverage anten-- "
na. The communications equipment was to have four repeaters. 4
each with a capacity for 12 one-wýay vvoice links or one spread-
spectrum voice link. In addition, a secure commnland system was\"-tsX,

intended. A number of problems resulted because the concept wias
far beynd available technology. The satellite weight grew while
the Centaur launch \chicle program slipped. After several major
reviec\\s. the program \was canceled in May 1962. At that time.
two programs wkere recommended. One \was to use proven tech-
nology to develop simple satellites to be placed in random polar
orbits at an altitude of about 500(0 miles. The satellites were to be
launched seven at a time by means of the proven Atlas-Agena
launch \chicle. The second program w\as for later deployment of'
synchronous altitude stationkeeping satellites. The programs later
were referred to as the Initial and Advanced Defense Communi-
cation Satellite Programs dIDCSP and ADCSP) 14-7 1.

IDCSP did not proceed quickly because of several nontechni- mand system \was used because of previous experiences-
cal factors. One delay \\as caused by lenethy' discussions xvith command system failures terminated Courier and Telstar I opera-
Comsat Corporation concerning whether or not they could pro- (ions. and command system problems contributed to the cancella-
Side the satellite serviccs required by DoD. By the fall of 1964. (ion of Advent. Telemetry w\as not required but \itas added since
"hen IDCSP entered the final design and fabrication phase. the performance data \vould be \ery useful. Each satellite had txmo

Titan IIC appeared to be a feasible launch vehicle. Therefore, the TWTs. and an onboard sensor sw\itched from one to the other
satellite designs were made compatible wkith either a medium-alti- upon detecting a failure. The two TWTs \were of different designs
tude polar orbit (Atlas-Agcena launch \chicle) or a near-synchro- to reduce the chance of a common failure mode. The satellite de-
nous altitude equatorial orbit ITitan launch vehicle). The sign details are its follovx s:
commonality requirement was dropped after the first successful Satellite
Titan IIIC launch in June 1965. when it was selected as the IDC- Polyhedron. 36-in. dia.. 32-in. hei-hi
SP launch \chicle. Zd

The basic design principle for IDCSP \ias simplicity. By tsing 100 lb. GGTS (gra\ity \radient test satellite 104 lb. l)ATS
spin-stabili,,ed satellites in subsynchronous orbits,. neither sta- (despun antenna test satellite) 150 lb
tionkeeping nor actiwe altitude control was required. The random Solar cells. approximately 40 W initiall\ (no batteries, no opera-
nature of the individual satellite orbits pro\ ided automatic re- lion during eclips ,
placement Of •ailCd satellites %kith acceptable outages. No comn- Spin-stabili/ed. 150 rpm
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2: four- to five-year operation before failure

2: five- to six-year operation before failure

85 7266- 2: six- to seven-year operation before failure
-90 ]: seven- to eight-year operation before failure

TS 6: turned off by the on-board timer after six- to eight-year opera-

tion
3: operated nine to ten years

Overall MTBF about six years
IDCS (Yfflfl~ffi((J~fll~ ~Titan IJIC launch vehicleIDCSP communication ,mbsi-stenm.Tia ICluchce

Management

Developed by Philco (later Ford Aerospace and Communications
Configuration Corporation) for Air Force Space and Missile Systems Organiza-

One 20-MHz bandwidth double-conversion repeater tion (now Air Force Space Systems Division)

Capacity Operated by Defense Communications Agency (now Defense In-

Two-way circuits: up to five commercial quality voice, or eleven formation Systems Agency)

tactical quality voice, or 1550 teletype The first IDCSP satellites were launched in June 1966. Addl

Approximately I Mbps digital data tional satellites were launched in 1967 and 1968: two launches

Transmitter had a full load of eight IDCSP satellites and the other had three in
addition to three other satellites. In 1967. increasing military ac-

7266.4 to 7286.4 MHz tivity in Vietnam led to the establishment of an operational com-
Two TWTs (one on, one standby) munication link using IDCSP. In this link. high-speed digital data
3-W output, 7-dBW ERP maximum were transmitted from Vietnam to Hawaii through one satellite

and from there to Washington. D.C. through another satellite.
Receiver By the time of the 1968 launch, the system was declared oper-
7985.1 to 8(X)5. I MHz ational and the name changed to Initial Defense Satellite Comnmu-

10-dB noise figure nication System (IDSCS). The satellites operated for periods

Antenna ranging from a few thousand to more than 70.0(X) hr (eight vears).
The satellites each had a device that was supposed to deactivate

Two biconical horns (one transmit, one receive) them approximately six years after launch. Several satellites wvere
28 x 360 deg. 5-dB gain, circular polarization turned off in this manner, although others continued to operate

DATS: electronically despun, antenna elements are mounted on a well beyond six years. The overall satellite reliability was much
cylinder placed along the spin axis at one end of the satellite. w0- beyond the original expectations: specifically. the actual mean
dB additional gain time before failure (MTBF) achieved was more than double the

three-year goal for design life. Three of the satellites were still be-
Design life ing used in early 1976 to supplement the DSCS ii satellites. By
1.5 years required, three-year goal mid-1977, only one was still useable.

Orbit
17.800- to 18.700-nmi altitude range I . Satellite Communicatfihs (Militarn-Civil Roles anid Relation-

Inclination <1 deg for most satellites ships). second report by the Committee on Government Oper-

Approximately 30 deg per day longitude drift ations. U.S. House of Representatives. House Report No. 178
(17 March 1968).

Orbital history 2. 'The Advent Stationary Communications Relay Satellite."
I to 7: launched 16 June 1966 Inieravia. Vol. 17 (June 1962).

Eight unnumbered satellites lost in a launch vehicle failure 3. W. M. Thames. "The Advent Communication Satellite Pro-
26 August 1966 gram," ARS Paper 2177-6 1. American Rocket Society Space-

8 to 15: launched 18 January 1967 flight Report to the Nation (a conference). October 1961.

16 to 18: launched I July 1967 4. W. L. Pritchard. "The Initial Defense Communications Satel-

19 to 26: launched 13 June 1968 lite." Microwave Journal. Vol. 9. No. II (November 1966).

GGTS: launched with I to 7 5. V. W. Wall. "Military Communication Satellites." Asronanu-

DATS: launched with 16 to 18 tia.s and Aeronautics, Vol. 6. No. 4 (April 1968).

Operating lifetimes (excluding GGTS and DATS): 6. J. W. O'Neill. "Military Communication and Navigation Sat-
5:opeyeara lfertimnese(excluding GGTandellites." TRW Space Log. Vol. 9. No. 2 (Sunimer/Fall 1969).
5: one-year operation before failure 7 H, B. Kucheman. W. L. Pritchard. and V. W. Wall. "The Initial

I: one- to two-year operation before failure Defense Communication Satellite Program." Paper 66-267,

2: two- to three-year operation before failure A/AA C/ t tiiiition. Satellite Systems C'on!i'rence ( May
2: three- to four-year operation before failure 1966).
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TACSAT

The I IXSP satellite., Zind thle ald-vanced Saltellites thalt were to-
l'ollowk lDCSl' wecre all[ intended lor stratec, ic communications.
St rate e c com inn n i cat ion terminals basical i ' inc lode laree aneIMI-
nil lixed 01- transportable grouind .stations~ or- large shiipborne
equ~ipmentl. ikicsat 11-41 "ias deCSgaed b'r a complementary tutilC-

borne tactical terminals.

The Lincoln Ixperimiental Satellites I LE.S- I to -6) \\ere prede-
cessors to Tacsat and %\ere used to investigate VZ'ario1 s aSPects Ot
actica icoin in ii ii 11iCat ionS. Strateg~ici Illit~l- axcomm 1.111~tin icationst!-Ilites t\ picallx\ Use frleq.uenlcies between 7.2 and 8.5 (iH/. At these

1brequ~enCieS. directional antennas are required: these antennas'\
have seea draw backs in tactical use. One drawback is the prob-
lent of accurate pointing, especially from aircraft. The LES satel-
l ites proved that 1UHF (approximately 30(0 NH/.) communication
is posi ble wfith terminals thatl have~ simple. low-gain (wide-
beainm idth I anternnas. Tacsat was desituned with both UjHF and
N-banld O's Gl-i capabilities and crossover modes (UHF receive
anid N-band transmit, or- \ice versa) to permit operation with at

Side \variet\ of, terminrals.
The requ~iremenlts f'or Tacsat resulted inl at 1number of desien

Iifeatures nlot foundlk inl Prev ious com111.1inumnetionl satellites. Nearly
I kW of primec povx r was required for thle high-powmer transmnit-
ters, wMich necessitated af very large cylindrical body ito provide
thle required solar cell area. Tacsatl \%as spin-stabili/.ed like all pre-
vious1 cminunl~licat ion satellites. However, because of' the larce

anl"tennal stru1cture- and launch vehicle fitirin- const rainfts, it did not
spini about the axis with the maximumni mioment of* inertia. This
waIs at potential l\ unstable condition that was conti olled by spe-
cial stalbili/iin"C elements. The stabili/ation worked in orbit. al-
th1ough ati timeIsia I -dee. nuLtation occurr-ied. appatrentl\ the resuh ifto
destabiliiing f'orces that wýere greater than expeced. Thle stabili-
/ation techniqueIs deCveloped For Tacsat a~nd calle~d cyrostat by the
mnanufamcturer w\ere refi ned and applied to manyl\ su~bsequenC~t sate!-
lites. Other desi-n features 'ffTacsat are ats f'ollows:

Satellite
C\ylinder. 9-ft dia.. Il-f4t heiocht (25 ft overall)
1600) lb fin orbit. betzinnin- oft lifec
Solar cellIs and Ni(d b Iatteries. 98(0 A'

Spin-stabi li/ed. gyrostat. 54 rpmn
(Cold gas propulsion for on-orbit use

Configuration 7nstafie
Multiple channels. 5(1-k Hi to 10- NI Hi bandwidths IU(tI(Uf'

Capacity Receiver
H[F: abouto forts vocoded voice or several hundred teletype cir- 303.4. 307.5. and 7982.5 MH/

cuits to af terminal wkith t)-dB antenna gai LIHF tr ansistor atupliliers. 3.7-dB noise ti&cure
N-banld: about.1 f'ort\ vocoded voice or 7(0( tleletxpe circuits to a N-ndtnedieprapiir6.dRoseice
term inal " wit ita 3-ft antenn iihnd tunldoenamlitir . Bniefgr

TransmitterAne a

249.6and 257.5MII/UI1E: five bifilar helices. 17.1 -dB transmit gain, I 7.6-dRB receive

U.H F: all solid state. s.ixteen parallel transistor amflplifiers, tip to N-band transmit: horn. I 8.4-dRB gain, 19-dec. beamwidth
si xteei on al t aitile ( nominal thirteen onl. 18.5 W per amnplifier. Nbn ee~e on .- Rci.1-e emit
2301 W ina xiinuimn oit ib comni iner -adrciehon 93B&i.17egbamdt

N-band: three TW'Is. two onl atl a tune. 2(0 W per T\W'Tf 3(0 W out Design life
if com nbi ncr 2.4 years estimated life
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SKYNET I AND NATO II

The Sk\net (United Kingdom ) and NATO satellite progranls"
1I-0 \`ere both a resul of a U nited States invitation to certain na-
lions to participate in the use of United States defense Coiliiuni- "
cat ion satellites. In 1966, the U nited Ki nedoml indicated all
interest in participation. but the IDCSP satellites could not satisfy
their requi,'emnents. The prinmary difference \\vas the need to ser-
vice both ground stations with large antennas and shipbornle ter-
minals \ ith smaller antennas. In late 1966. the United States and
I'nited K'ncdom signed an agreement w\hereby the United States
\\ould de elop satellites that %Wlould satisfy United Kingdom
needs. The satellites w\ere to be interoperable wNith the IDCSP svs-
tern. and the program was initially called IDCSP/A (for augmen-
tation . This program is nom called Skynet. NATO decided to
participate directl\ in the use of IDCSP satellites and operated
tx`.o IDCSP ground stations from 1967 to 1970. That period w,,as
used to gain experience prior to operation of a NATO satellite. $,0.

The Skv net and NATO satellites were nearly identical and
were deri\ed fromn the IDCSP design. but there were certain nota-
ble improvements from IDCSP. The Skynet and NATO satellites
\\ere placed into a svnchronous orbit and had a stationkeeping ca-
pability. They had a despun antenna that provided increased gain.
relative to IDCSP. and both 2- and 20-MHz channels. These fea- Skvnct I satel/i'e.
lures permitted operation Nvith both large and small terminals.
Also. the satellites w.ere larger than IDCSP satellites and had a Transmittercommand system. The only signiticant difference betwTeen the
command anThens ana aenceten p- 7257.3 to 7259.3 MHz and 7266.4 to 7286.4 MHz
t%\o satellites x\as the antenna pattern. The Skvnet antenna pro-
vided a relati\ely uniform earth coverage pattern centered at the T\wo TWTs (one on. one standby. 3.5-W output

equator. The NATO antenna pattern vvas shaped to cover only the Skynet: 14.4-dBW ERP per channel, edge of earth
NATO nations., from the eastern coast of North America to Tur- NATO: I I-dBW (2-MHz channel) and 19-dBW (20-MHz chan-
key. Skvnet I and NATO I I details are as follows: nel) ERR edge of coverage

Satellite Receiver
Cylinder. 54-in. dia.. 32-in. height (62 in. o\erall) 7976 to 7978 MHz and 7985.1 to 8(X05.1 MHz
285 lb in orbit Redundant receivers (one on. one standby)
Solar cells and NiCd batteries. 78 W 8.8-dB noise figure

Spin-stabili/ed. 90 rpm Antenna
Solid rocket motor for apogee maneuver. hvdrazine propulsion S coverage I8.5-dB pek

(o nobi s kv net: miechanically despun horn. earthcoeaeI.-Bpkor o-orbit usegai

Configuration NATO: mechanically despun horn. NATO area coverage (North
One 2-MH/ and one 20-NIH/ handwkidth double-conversion re- American east coast to eastern Turkey)
peater Design life

7976.0-7978.0 7257.3-7259.3 Fixe \ears (three-year mean mission du-

7985.1-8005.1 7266.4-7286.4 ration)

Orbit

120 MIIz S rinchronous equatorial (inclination •3

LIM deg
Skynet: 49 ±3-E lonhitude

C LIM NATO: 18 +3\W longitude (i0A). 26

LIM Tw±3W long"itude (1113
2Orbital history

S Skynet IA: launched 21 November
1969. operated 36 months

Tw Skynet IB: launched 19 August 1970).
dtla ,e dapogee motor failure left satellite in
"Encoavr- sy nchronou, s transfer orbit

NATO IIA: launched 20 March 1970.
SA .w• • ('1mulnllliUtl(liotll en. operated 26 mlontIths
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NATO 1iB: launched 3 February 1971. operated until August used in tests of new ground stations. The communications traffic
1976 was transferred to it after NATO IIA failed. Communications traf-

Delta launch vehicle tic was tra f rred to NATO IlIA in April 1976. and NATO IIB
was turner, Off in August 1976.

Management :,. :- ::.
Developed by Philco (later Ford Aerospace and Communications
Corporation) for Air Force Space and Missile Systems Organi/a- I.V.W. Wall. 'Military Communication Satellite,
tion i1now Air Force Space S- ms Div ision). acting for the Unit- li's and ,liero(naltjics. Vol. 6. No. 4 (April 1968).

ed Kingdom and NATO 2. J. W. O'Neill. "Military Communication and Navigation Sat-

Operated by United States/United Kingdom and United States/ ellites'" TRW .Spa'e Log. Vol. 9. No. 2 (Summner/Fall 1969).

NATO 3. Prn,'tedilng.v •,/f•' Skyn'; M,'eting. lEE Conference Publica-
tion No. 63 (April 1970).

The (irst Skynet satellite was launched in November 1969 and 4. D. G. Dwvre. 'IDCSP/A Satellite: Concept and Perfor-
operated for several years with a variety of terminals. Antenna 'ance." Paper 70-492 AJAA 3rd Cainnti'ttian.% Satellite'
sizes \aried from 42 ft at the master ground station to 3.5-ft ship- Sv.% rens Cetn/.'renue (April 17970. Reprinted in Catnio ntiat-

borne terminals. The second Skynet satellite did not achieve the : Sditet'.101- the 7QN: SvStelnx. Prv'N.ý il Axtroltir%
intended s\nchronous orbit because of failure of the apogee o- andAronautics. Vol. 26. N. E. Feldman and C. N1. Kell,. eds.
tor..(1 71)

The NATO satellites were designated NATO IIA and 1iB. with (1971).
durin. N. Simmons. "The United Kinadom Prot-,raminme of Commiu-

NATO I referring to the period of operations during which the CK

IDCSP satellites were used. NATO IIA and 1ib were launched in niction Satellites Paper 72-548. AIAA 4th Canununjiatian.'
March 1970 and February 197 1. The former was used for com- Satellite Sy.tens Can,'n',' I April 1972). Reprinted in Cai-
munications between NATO headquarters and the capitals of nlunications S•at]//itS' Sv•tems. Pr•gr'.s.s ill Arlonamili.% atnd

NATO member countries. Planned use with shipborne terminals Aeronautics. Vol.32. P. L. Bargellini. ed. (1974).
sas delayed, because other traffic occupied nearly all of the satel- 6. D. R. Valentine. "'NATO's Communications Satellite System."

lite capacity. NATO 1B was originally an orbiting spare that was NATO'.s Ft'feen Nahions. Vol. 15. No. 5 (October-No\ember
1970).

DSCS II

The IDCSP satellites were the Phase I space segment of the Spin-stabilized. 60 rpm. 0.2-deg antenna pointing accuracy

D)efense Satellite Communication System (DSCS). System test- Hydra/ine propulsion for on-orbit use
ing was undertaken immediately after the first launch in 1966. Configuration
and the Pacific part of the DSCS was switched to operational sta-
tus a year later. The experiences, of Phase I demonstrated that sat- Four channels, with 50- to 185-MH- bandwidths. single coner-

ellite communications could satisfy certain DoD needs. sion (see text)

Therefore, in June 1968. DoD decided to proceed with develop-
ment of advanced satellites for DSCS Phase 1111-101.

The DSCS 11 satellites (formerhy called the 777 satellites be-
cause their development wNas called Program 7771 are signiticant-
lh different from the IDCSP satellites. The DSCS If satellites
have a comnn. id subsystem, attitude control and stationkeeping
capability'. and multiple communication channels with multiple
access capability: IDCSP had none of these features. However.
the DSCS II design is compatible with modified Phase I ground
terminals as well as new terminals specifically built for Phase II.

The Phase 11 satellites have a dual spin configuration. The out-
er section (which includes the cylindrical solar arraN. much of the
structure. and an equipment platform) is spun to stabilize the sat-
ellite. The inner section (containing all the communications
equipment and antennas) is isolated from the outer Section by a
motor an(l bearing assembly. The motor despins the inner section
so that the antennas are always pointed at the earth. The satellite
has four antennas: two parabolic reflectors and two horn anten-
nas. The satellite details are as follows:

Satellite
Cylindcr. 9-ft dia.. 6-ft height ( 13 It overall)

1350 lb in orbit, beginning of life

Solar cells and NiCd batieries. 520 W initially. 388 W minimum
at jive years )S('S II vW.llitc.
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Capacity Antenna
13(W) two-way voice circuits, or approximately 100 Mbps digital Two earth coverage horns (one transmit and one recei'e). 16.8-
data dB gain at edge of earth

Transmitter Two narrovbeamn parabolas. 44-in. dia.. 2.5-deg beain, idth.
36.5-dB gain on axis. steerable ±_10 deg each axis: on Satellites 7

to7750 to 7 l )to 16. one antenna has been defocused to a 6-deg beamr, idth for
to 770 MH/area coverage

Twýo independent transmitters, one for the two earth coverage All antennas mounted on a despun platgerm and circularly polar-

channels, one for the two•o narrowmbeanm channels. 20P-W output per iAed

transmitter (40 W for Satellites 13-I 6)

ERP per transmitter: Satellites I to 6: Design life
28 dBW. earth coverage Five years (three-year MMD)

43 dBW. one narro\wbeam antenna Orbit

40 dBW. each of two narrowbeam antennas Synchronous equatorial, inclination <3 deg

Satellites 7 to 12: Orbital history

28 dBW. earth coveraoe I. 2: launched together 2 November 1971. operated 20 and
43 dBW. narrowbeam antenna 8 months

31 dBW. area coverage antenna 3.4: launched together 13 December 1973. 3 operated 30 months.

401/28 dBW. using both narro• beam and area coverage (50(4 moved above synchronous orbit: 4 is experimental. 56-W longi-
Of powýer to each) tude

Satellites 13 to 16: 5. 6: launched together 20 May 1975. left in lew orbit by launch

31 dBW. earth coverage vehicle failure, reentered 26 May 1975

46 dBW. narrow beam antenna 7. 8: launched together 12 May 1977. 7 taken out of service May

34 dBW. area co\rerage antenna 1979. 8 taken out of service by 1988. both moved above synchro-

40/33 dBW. using both narrowbeam and area coverace (751r nous orbit
of po,•cr to area coverage) 9. 10: launched together 25 March 1978. launch vehicle failure

Earth coverage specified at _>7.5 deg earth terminal elevation I I. 12: launched together 13 December 1978. 11 was retired.

angle: narrowvbeam and area coverage anywhere within beam- 79'W longitude: 12 is a spare. 72-E longitude

%% idth 13. 14: launched together 21 November 1979. 13 is a spare.

Receiver 180'E longitude: 14 is a spare. 65 0E longitude

7900 to 7950 MHz. 7975 to 8 1(W MHz. 8125 to 8175 NIHz. 8215 15: launched 1989 with DSCS Ill-A2. is operational

to 84(W) M"f 16: launched 30 October 1982 with DSCS Ill-Al. is operational,

Tunnel diode preamnplifiers and Iimi t/anip i tiers 59°E longitude
T nneo disde pircpir aTitan IIIC launch vehicle (1-14)

Titan 34D/Transtage (1 5)
Titan 34D/IUS launch vehicle (16)

NB NB

7980-7950L- A 200 7250-73

82975-8010D0 7400-7450

LA Limiter/amplifier

725 HH

EC Earth coverage

•Redundant units not shown NB Narrow beam
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Management These tlln satellites "ere launched to establish and maintain an
D~e\ eloped h\ TRW~ S\ stemis Group f'or Air Force Space Systerls orbital system) of'f"our actixe and tw~o spare satellIites. The first pair
D~i\ isin otit'Oini l\ Air Force Space and Missile Sy temis Organi- (satellite~s 7 and 8) was lauinchcd in May 1977. '1 )e next pair \kas
,at ion 1 launched in Mlarch 1978 hut wvas lost as, the result of a launch \e-

Operated b\ IDefense Inf~orimatioi. ( sem eec ornerlk De- hicle mialf'unction. Satellites I I and 12 \\ecre launched tin Decemn-
fense ~ ~ ~ ~ ~ ~ Z .onniiain bic~- Ar10C er 1978. and Satellites 13 and 14 "~ere launched in Noxemnber

Saellit Commntrlcaion it cl TTCspor \Ai oc 1979. Satellite 16 \%ias launched in October 1 982 x% ith the tirst
DSCS Ill. and Satellite 15 %kas launched tin 1989 %A ith the second

The l)SCS 11 comnmuniiicat ion SUbs~ stem has fo0ur chainnels DSCS Ill. Some of the older satellites haw been iox ed abow the
xxit h thle 1'011i ing.1 chiaracteri st ics : s\ nich ronous orbit.

Channel 1: hand\% idth. I 25 \,Ili/: reccix e antenna, earth cm er- ** .

ace trnsit ntnna erthco erceI -. A.I. Finne\. '-A Phase 11 Satellite fo0r the Defense Satellite
(h.,1.nel 2: handxx idth. 5,0 \iIH/,: recci e antenna. narroxx eam Commun1.11ications Sx steini. Paper 7(1-493. .11.- 3rd ouuimu-

Or area et~xera cc (i m Satellites, 7 16 I: t iansinlit arit tl c1j/A.Siii 'S e nn,'u- pi I91I.R r l
na. earth cox era~c ed tin (ti,,,,ici t at itol Sat'Ilite\.fur tli 70s: .S ei'ns. PnLirmtr

Channel 3: bandxx idth. I 85 NI H,: receive antenna. narroxxbeamn in ;AI/(')iatfijt-y and Acronawia \x. Vol. 26. N. IL. Feldmian and
ort area coxerac (onl Satellites 7-16): transmnit anten- C. Mi. Kel k. eds. ( 1971 1
nai. narroxx beam or area coxerace (onl Satellites, 7-161 2 W. D. [)elart. ''Defense Satellite Commu11.nication S~ stiin-

Channel 4: hzandxxidthl. 51) \i H/: recci xc antenna. earth cox er- Phase Il." EASCO.V'7 Com (Tneniun Rt -ord (October 1970).
ace: tiransiunt anteniina. narroxx beam or area co\ e rane 3. E. . LaVean. *'Thle Def~ense Satellite Commun1111icationls Sx s-
(onl Satellites 7-161 tern.- Paper 74-457.,U-1.-I- ith (uinnn~iiii orion sSatellite S"\-

This selection of channels pro\ ides tile flexibility ito handle at temrN (onfirence (A.-pril 1974).
RIC \ide aietx of Iinks and to interl'ace \x ithinama diffterent si/es of 4. H. \V\ title and D. E. Kendall. -)efensL Satellite Communica-

termlinals. Thle subsh1\ stem includes tunnel1C diode preanipl i iers, in Sse in the I 980s.*" WESCON Th ho h d Ihqr'rx Sep-
sine ~ CO lefeunx cnvesion,. tunnel diode amlplifiers ([DAs I arid teiiber'1975).

drIix er a nd hiigh poxxer TWV~s. The TD.-s call be s\x itched to \xari- 5. V. W. Wall. '-Niilitar\ Coiimunication Satellites.� bicIute-o
Otis 2ailis to permilit either li near or saturated operation of' each ttlg gl1ihro. ~,'euePo ej, Otbr17)
cham ne I. .\ lthe c ommunict ioe n ) su bsx stein asseinthIics are reduini- loa lvlfrn "i ~icPo eig Otbr17)

dant. 6. V. W. W'all. *'Satellites for Ni il itar\ Communications." Paper
The I)SCS 11 satellites are lauiiched in pairs. The first launch 74-272. AIAA 101th Annual Nicetirig. Januar\ 1974.

it s tin No\ enmber 197 1. .- t first, both satellites operated properly. 7. 1. C. Wrighlt and P. NMcI ellan. "'Defense Satellite Commnunica-
but major pr'oblems1 occurred tin each tii the \ear ft lloxx inns launch. lionl S\ stemn-A-n Operational Sy stenii.'' Paper 3 I . 1. hIterita-
and tile\ ceased to operate tin September 1972 aiid Jutne 1973. tiooal (~oI!/Crmn- onl (Thnnn1pnifk -atiol: WC '77 (Junie 1977 I.
Aniilk ses oft these problems prox idcd the basis f'or design miodili- 8. B. E. T\ ree. J. Bailex. and V. Chek% M."rudNobile Forces
cations (or- thle follox tincL satellites. The next pair "itas launched tin Tactical Satt-lile SH-F Grouind Termninals." Paper 7,N-582.
D~ecember 1973. Onle faniled in 1976: the other is experimental. -IA-- 7th oiipumnbnnat,)),: Satellifte Sr\ xu'i,% Col(nfe-n'n
The third pair xx as lauinched tii %la% 1975 but. because of'a launch (April 1978 I.
\Chicle fa-ilure1-. the\ dlid not achlie\C et a 1 usfu rbit. 9. B. F. Txree.-*An Oxerx iex of the Small SHF: Satellite (;round

ILale tin 1974. at set of six replenishment satellites. was ordered Terminital Developmeiit Prograrni . RCAI En rin-,-r. V*ol. 22.
b\ thle L'iited States ( ox eruntent. Later, at third , roUp of four satl- No. I (JIune/JuLII 1976).
ellites %% ats ordered.These four satellites hat\ e 40-W TWTs iiistead 101. 1). F. Keindall. "[Dxe\C~lopuent of' tile Defenlse Satellite Coin1-
of' 20) 1- AV% s. aiid all tenl hax e one narroxxbeamn antenna del'o- muialo S-tn-laeI. ICN', 'jt1Cl
e used to prox ide area coxera cc (6-dec nomti nal bearmxxidthI) N etmbrI98I

SKYNET II
Sk net is the namne of the British mnil itarx communication sat- tennia "xas iiouiited onl one end of* thle satellite bodx - The larcet

elI ite s\,ste in The first - ceierat ion satellites Sky net 1 ( xx rc satellite at loxxed at biiccer solar arrax than that oni Skx et I. -Be-

launched in 1969) and) 19701. One of' these satellites. operated suec- cause of' the additional poxx er a\ ailable, at 20)-\V TWT xxal, used
Ce~sstlk lx fr sex eral \ears. but tile other %% as lost as the result oft rather than thle 3.5-W r\\*T onl Skx iet 1. Skx iet 11 also had more
an apogee motor f'ailItre. The Sk xnet 11 satellites,. xx ith creater redundanc\ than Skx net I to inicrease the de~sicnm lif'e f'rom three ito

)p\ er and i-eli abiIi t\ permiit ted the re su m11pt ion of k~ ilet opr l ixke \ Cars.-
Oilns 11-71. AlIthotigh thle British andt( United States reqtiireitients 'Fhe Skv net 11 repeater "itas a doil-cu rso xpe xx ith
fleltredl stli ftic ilent 10t precludite a t C0111111i1 illilit arx Cr liii it ti iiiCa 2-N\IH / and 2(1-NIH chiannieIs.- There %\as tit) preamnplifier betfore

lion satellite sN steml thle t1\\o sx stemls xx crc de-si cied for- sonic thle doxx nconverter. Lach chaninel "itas amplified separatelx bef'ore
Mneasure of interoperabilIit\, - eiiig stiinmed. limlited, anld amlplitiedI h\ one oft the redundant

The Sk xnet 11 design "itas siinitialar ito that of" Skx iet 1. except TWVTs. Tile amplifier camls \\ cre set so that thie narroxx band( chan-
that the Skx net If satellites, xxere larger and hcax icr-. The main nel. xx hich \%iastised h\ small termninals. rece~ix CI 8W( of theC
bod\ of thle satellite xx as at spinning ec lnder. xx ith all tlie electron- trarisintitter pokk cf-. Other satellite and comnmunication stlhs\ stein]
IC eltiipHiineit piotirited onI tile inlside. A desptnt eai-th cox erace an- details %%ere as tolhlxx 5:
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5k vocf 1.',alvl~ih'. Two TWTs, (one on. one standby)

20)-W TWT operated at approminatel\ I X-W ou~tput
r--. r ERP: 26 dBW (2-MI-I, channel), 2() dB\V 20-NIH, channel).

ede-e of earth

Receiver
7976 to 79781NIH/ and 7985.1 to 8005.1 NIH/

0 9-dB noise ligure

"o ~Antenna
Mechanicall\ deSpunl horn, earth coverage. I X.7-dB peak uzainl
(transmit). I 9.9-at3 peak gainl (receive)

Design life
.090 Five years

Orbit
S\ nchrol"nouS equator-ial incli nation 53 deg)

-to Orbital history
A: launiched 18 January 1974 (ul1 successftul becauISe of laUnch %e-
hicle m1alfun11ction). decay ed 25 Januar\ 1974
B: launched 22 Noveruher I1974. used unti I1987. initial location
about 49'-E Ion1'ittlde. now drifting, in 1-astIern Hemisphere
Delta 2313 klaunch vehicle

Satellite Management
Ii ner.75-n. ia .3-i. hieh (82in.ovealbDc~ eloped by MIarcon i Space and Defte nce S\ stemis Ltd. \\ith

5 17 lb in orbit. beuinnin- of life Phi Ico (later 'Ford Aerospace and Communication,, (orporati ion
Solar cells and N iCd batteries,. 200) W as a principal SUbcontractor. for Air Force Space and SI isil S

Spini- stabi Ii id teils Oreani/ation (nIo\% Air Force Space S sterns Di\. ision t. act-
Solid rocket nio0tor for :i~cManeu' 1er. hvdra/inIC propulsion ing for th United Kinedom Nfinistr\ of De'lence

for onl-orbit use Operated \UntdKingdom Nlinistr\ of Defence
Conf iguration The Skv nlet I I satellIi tes w\ere dev eloped ini B ritain \% itIh LUnited

One 2'-\I H/ and one 2))-M Hi b andtx idib double-comxersion re- States assistance. L-aunch and orbital i niection x\%ere hanldled b\
peater the United States, w\ith Britain assuming control for on-orbit op-

ertos h fi rst Skx net 11 launch. in Janluary 1974. 111as unsC-
Transmitter Cessfu I because of a lautich vehicle malfunction. Tiie remainimne
725ý7.3 to 7259.3 \Ili/ and 7266.4 to 7286.4 NIH/ satellite v% aS launlcheCd in November 1974. The command N\ Stnl'1

SkA iiet /I1 -ol,,imict,, i UU i( 1 SiAV (

7976-7978, 7985.1-8005.1 i~j7257.3-7259.3. 7266.4-7286.4

Idetialtoabve rDudn

2 =M~z .,>1LI



Moto drve sse~lyMechanically despun antenna failed earl, in 1917 and, therefore. the satellite longitude could
not be controlled af'ter that tunle. Nevertheless~. the satellite %kas in
use until 1987.

Forward thermal Central cone .*

shield
I . N. Simmnons. -The United Kingdomi ProgrammelI of* Commit.-

7 ~~nication Satellites.- Paper 72-548.,UAI~A Jr/i (nulimiiulii titoii
Sate/lite Sv%.steiA ('on h' rvien (April 19721. Reprintcd in Corn-

InllicUaatil tA Satellite .Sxw elm%. Pr1-ov14l%A ill VS11-llatlltc 1111

Avironatitic.s. Vol. 32. P. L. Barizellini. ed. ( 1974).
2.V' W. Wall. -Satellite for MIil itar\ Commun1,1icat ionls." Paper

74-272. AIAA 10th Annual1. Meeting. Januiary 1974.
I ~3. W. NI. Lo~ elI. "Ds nof the Sk~ net 11 Communications Sat-

~.j .477(L'ite." Joournl/ o'f .cin t c andl e',c/nolo4'i. 'Vol. 39. No. I
(1972)

4. W. MI. Lo% ell. "The Sknet Sx stein. The Satellite Commun1.11i-

I Ications Netm~ork BUilI itni Brita in." Jour-nal of t/h' Riri%lt lnicr-
/ planetary Sociemv \Vol. 29. No. I (January 1 976 I.

*S''k\ net Tries Ageain.'' Space Report Section. .S/accfb14/ti. Vol.
16. No 121 1December 1974t.

senors2i eatshildEquipment 6. C. Latour. -Sk~ net II." NAT~O*\ Filtecii Niilioit. VOL. 20. No.
Sar Aft hashedplattormi I t FebrUarA-N March 1975).

Sn panels Hydrazine 7. Flighit Inreniar(iOnall (31I Janluar\ 19741. p. 145: 17 FebrularA
Axiljt (2) iiS 19741. p. 186: (1 Augus I 74t p. 14

.SA/I' ti // \ar/'lirc dcrtail\.

GAPFILLER/GAPSAT

I acs~il and 1, ' S-0 \Ncre thle tirst tactical coiintirruication satel- capaciny onl thle Atlantic satellite early in 1 981. (iapliller use end-
lites to be vised h\ thle Nao \~. tio\\ e\~ cr. the\ \\ crc both c\pe1ri- ed in 19S9.
mental satellites putl into operational statuls atid thus pro~ idcdl The Gaptiller ,er\ ice did no01 requite theC lull capabilit'i of- the
0111l. a lirlitCite operatijonal capability. The Naý ' started de' elop- satellites beinue used and. therefo re, additional channels %kcrc' Lic'd
111- thle Flect Satll~iite 'm uicti I I7ITSATCOMI IS\N stem inl (or communications hetm~een shore stations and cotmiercial
19'7 1 to pro\ ide at full operationall capahilitr %% ithl globall deplo\ - ships. This %\ias cal led thle Niarisat s' stein., These satellites.

tutitacsat failed inl 1972 and LES-6 , as dIcteriortintzlL. Since x\ hich arc called either Ciapliller/Gapsatl or Niarisatl satellites. dic-
thle first FIA-S.Xl'C( ) launlch "'as tiot c\pectcd unltil 1977. tile penlding'- on the contemt. are described later.

Na, ficeditgap1 ill satellite a' a6iabilit'i. Therefore. in 1973 thle
\'it contracted lot. anl interim satellite ser,,ice to (ill this gap. 1. GF Lael an' d F. J.\ Mari ' Satllit,,
This ser' ice \%os cal led ( apfi 11cr or Gapsat [l-8[.. The second Deade. .As tni.ilfc ld Ammuncatin ý. tOLt12.

Fach ( aptiller satellite had three L'111l chatinels (or thle Na\ No. Il (econd 197)ed.''. r nu,%md ('tia~i o 2
One %\ 1idebamd t50 ,11/1 MI i ad tt% o rarro~kbanld 1 25 khii I. The 2 .L 0C li .H a-I1.He aelt n
ý idebanld chanl110 %\ias chIoenC to hlaý thle samelI band\% idth and 2.JI. o eanI.I.arn.'Nm sElcStliead

lrequenc\1,' as, thle 1±5'-6 channel. atid the iiarro~ band chanlnel 2S.ile Saelit 7'rniuiain iroeams. 1974al.Vol
band%% idth %%,as set equall to thle 1:1.1'sXIVO( )1Channel hand\\id Wi. 2.N.7tMrh171
[lie ntiliniiiil \it\ cotnnitirieiitt % as to lease. (or at least tmo 3. NI . Keane anid F. J. Miartin. 'Nait''Sirivitl. VOL. 29. No.
ecars, the %kideband channels of txor satellites. The fi rst satellite 3, No~erniber- Dceurbhcr 197.41.

ý .ns laun110chd Ill February 1976 airld bgnoper-ation thle nest 4. L.. MI. Keane and F. R. Mlartini. '* 'lIme Narisat Spacecraft.'' lt-
mtonth fii the Atlantlic area. ('oncurrentlx. I.[:S-0 '%& astrined (oft. rcrnar'olla/ ('01n1lernc onl ( oonum irronk: WC( '74 June
-[lie second stelli0e %\as launched in lirtte 1976 avid began opera- 1974).
tiovis tin thle Pacific areite samne nllitith. The v\ ideband chlannels S. F. .1. Martin avidt L. NI. Kcenne ''A Satellite S\x ci for Mlant-
\\crc dIt\ tded into stibchantickl \ liti Il)NlA\ opcrattoni \01 itia ca- litile Whoile C'ommuinicatron Sers ices,.''-A O 7., Collt-
pacit\ of tt~e 4(1-bps links, onle I2(111-bps link, and thirteen 75- rch0Ir011 Rtr r'rd iSepteicibhe 1973 1.
bips ltinks, ( )lie imtarrrr' band channel i aN also pilt lilto) use h\ thle 0.. Atriationt Itk A Spilrl ( It' /rnlr'/re 122 .laiiuaty 1973 1, 1p 12:
Nai%\ arid the second ý\j assubleased t, thle Army\. Ili October I 112 iach 19)7 ;j pý 10: 118 June 19)7 1. p. 77. 1I10 Septembher
197 0. thle th1ird ( 1.aptilfe r. \ý hich s pr t a i t spare for thle o lt - I1973 .1).p 23: ý 11f J i tle 19 74 ). p .2 _2: 11 2 A ugusit 1 ')74 ). p -. 5 (1:er. I~ \\i. \%,as Irl11tinchedLII to pi tide 'cr\ ice IitIi the Inldianl ( )kccatt1. .\ I 8 A\u~ut N1917;1. p. 17: 129 \iltrch 19761. p. 1.4: 00 Augu, Lst
the smncttientle. (the leases otit all three. sýillclitcs \% Cet emtetded 1114 19 97 01. `p 4 1: 17 O1i ) hct i 197.p 138.: I I [cbrttaruiI 9'sS,.
1979). \dldittrrjIici \ 1cistentns coritnIueril ( ;pti iler set % ice ift) 73.
1 9X6. on siritic' chatinels. [lie [rit itsh Nax\ starred Icasitlie siritie
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7. W. R. Cottiwuin "Nav% L~eased Satclli~e Ser ie,." Paper 43.2, 8. C. E. French. '*Ani 0\er\ iew o( the i4TrsATCOM Prolrani.*
A' it',~lIi'h ~umnu hitt nx( onl'n 0ctce: NIC '70 IDecenin- Inter national Cifi (o/,( ce on ( 'wnnnicatiti.m: ICC 77 (Junie

her 1976). 1977.

NATO III
N .1TO III saie/lile. ellite has a dlesi-n life ofwseen wears. The satellite details are as

lollow s:

Satellite
Cylinder. 86-in. dia.. 88-in. ( 1-3)/84.5-in. (4) height: overall
hejevht 116 in. ( 1-30113.5 in. (4)
Approximately' 740) lb (1-30)/90 lb (4) in orbit. becginnineL of life
Solar cells and NiCd batteries. 538 W mlaximunlu at be-innineL ot'
life 37- iiiiiatrs\e e r

Spin-stahili/ed. 9(0 rpmi: antenna pointing accuracy +0.3-deg a/i-
- mo.th. ±0.4-deg elevation

Solid rocket miotor ('or ap~ogee mlanleuver. h vdraiine propuilsioni
for oii-orhit use

X Configuration
17-. 50-. and 95-MHz bandwkidth. single-con version repeaters

Transmitter
Narrowbeatni (European coverage):

4 7250 to 7267 NI-f, and 7352 to 7437 MIH/

The NH)coinitiicaionsaillit proran sarte in196. '0-W (I1-3 )/40-W (4) Output power
The ~ ~ ~ ~ ~ ~ Z N-( omncto aeltep g tre n16. 35-dBW EIRP o% er field ol' viei (measured values have

"I'lhe first phase \kas thle experinmental use of the lt)SP satellites heen >36.5 dBW). 38.3-dBW EIRP over field of' viewk (4)
"~ ith t"~ oi round termninals. 1The second phase beganl inl 1970) with Widebeami Olaniic coverace ):
thle launlch of the first N AT()stlie A second satellite was
laun1chedL inl 1971I. These satellites \kr \crc ver similar to the 7277 to 7327 NIH/
Sk\ net I satellites. The NNRT) IIl satellites I 1 - 101 are larger anld 20-W (I -3/40-W (4) outtput pow%\er
hia\ c signiticantlv _,rcater capabilities than the earlier NATO sat- 219-dBW ERP o~er field of vie"~ (melasured values have been
elhites. >31 dBW): 32.4 dBW over field of view (4)

NATO) Ill is a spin-stabili/ed satellite with a cylindrical hody
and a despunl antennla platformi onl one end. AllCIlpl~l s Receiver
m lu n ted \\ it hil (ie theo d\. anrd a (Iiree -cliail le I rot a r joint Coll- 7975 to 7992 NiH/. 8002 to 8052 NIH/. and 8077 to 8 162 NIH/
nects the conimi)Llluications\ subsystem with the antennas. The sat- Redundant tunnel diode preampliliers (1-3)

7975-7992.
8002-8052, N'AITOII comml~f~licatiiohl mdh)sx..W'fl
8077-8162 T72076.3-47

8002- TD
8052N 1

TO T

S STDf ,

TD7975- Sý 
_7992TD Ht N4

S Widebeam channet may use TWTA 1. 2. or 3
807 - tNarrowbeam channet may use TWTA 2. 3. or4

8162 T (both channels do not simuttaneousty use the same TWTA)
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600 A

A

A A

ir 400 Aiz
0A A

Z Narrowbeam
coverage

200 Widebeam
200 * coverage

00

SNominal satellite location L ]--

AGround terminals 1200 1000 800 600 400 200 00 200 400 600
WEST EAST

Redind(ail lield effect lri-anistors preamiplifiers 14 N:\l'() II ll ha 1111-CC commun1.11icationl channls lCI tithl 17-. S()-.

-14 dIB/K Gll' aiid 8 5-Ni 11/ bandw~\\idlthsl, all of't Ilih cll can e 1used sjf illwiarid Urs-
h\. Al\l channllels are i.cccl\ cd through at horn anltcnnali \\ ith a pt

Antenna lecm co'~criluc tile Nortli Ntlantic region. inlcIldine!- thle cast coast
()ne %\ idebeam11 Atlantlic Co\CergeiC reCei\ inc'- h01rn. I o- ea 'lNoi th A\ menca. all] of \\estern I ;u ii pe. and thle Meditecrranean.
-ain. I 7.0-dii _ail o\vel- 9.2- I 6-deCL held of1 \ ic\\ This ik called v, idebeam) coxerace . Alter a commnon tunlnel diode
One x' ideheamii t rausiilttinc horn. __ t)-d13 peik ain I 9.3-dlI prearnplifier. fihe 1113cc channels alre separatled and ealch is amlpli-
!caZin o\ el- 9.2- x I 0-[C,- field of, \ icxx fled inl a TI)A. All llicsc oinl' its ac redundaint. '*Vhc 51)-Ni 1 chan-

O)ne iarrox\\beaii I Itropeain cowieage I tran.sriumtt iirorn1. 27.5- niel is 1rarismiiiitd 1olhrongh file xxidebealii tr-ansllit palth. xx hereas
d113 peak gan. 24.5-dl3 2dia ox ci 5.4-' \ 7.7-dec,- tiek of, \ let thle otci lxx mo channllels are comlbinled inl thle narroxx beam palth.

Four 'lI)A driixer 'WT.\' Chains are- available. O n Satellite 11l1).
Allariurns irclar\ plaiie 12<1 prealliplitiers and ailiphitiers1 rep~Clace alli tile tunnel1C diode

I~he g-ains" _,ixC en re speciliction xl aloei]s; meaurements)Cl indLicaIte units. Eachl transmlit pathl has" a Choice amlongp three chainls. all-
xx ideblcaii gainils 1.3 to 2, d1 rli~lchr and ian Io\\ beami 'alins (1.5 to tog ohptscno s ll\snulactsx h xie

0.5dBhihe. eam trisill](antennai is a111 hon kithi thle sameI CoXercel ats thle

Design life re .ce\ i ng, antenna. A larger 111 wn pro\ ides, niati-rb\eamlC.\ cieace
SexCl will.car of western 01op kl~. 1[he thrlee antfennasi (oune rneeixe. lxo

transmit) arc each connected to separalte challnnel ill thle rotar\
Orbit joint1.

Sx nChroiimni 1S equator0ial in1clinthionl '_ de . s tatronkeepiric to A* LI.1liifCatiiili mo1del and rxx o flighit model satellites \\ecrc
+1 /11 [-W Constructed. Tile fi rst \vaistl, lie nlied iii A pril 11I970 andL t\& as put inl

Obtloperation alter orbitall xx161 asit coiiip10Let. NATO) 111113 \\itas
Obtlhistory klaunlched inl JiI an iarI 977 as a ii orbiting spare. It \asý loanled ito

IllA: launlchecd 22 April 19 ~70. 125 \V lorlicitnle. retired thle U.nited states to till tile easýt Pacific operaingilu location of thle
11113: lauinchied 27 .laiitmar 11)77. 6)) \\ loiiluciti. retiredi l)SCS svsteiii iiitil atl least (oultr l)S(S iI satellites %\Cere aail~ablle.

Ill( : IdlauchedL I S NoNCemberI 11)7-, 01 'I'l lo til.oeatoa. T is ol t\& as realiled asl at result of thle )SCS 11 lilaunch i I e-
Spaire al'ter N,,lI( ) IVA\ bc:omes, operat01ionl celurber 1978. l)SUS traf'lic \\itas reinioxd fromn NATO 11113 inl
1111): launchecd 14 Nox eiiibr 1984. 21 \V lo'n wcitrd. ý,lr .Ianuatr\ 19)79, and it \\ a reture to1.1MI its, stationl o\ er thle AtlaniilC

Dell 291 lauicl \ Cicle( 113))ccan. N AT( traffic \\ as, s\\ itched to NATO*) 11113 inl lcccnibcr
l~ela 294 lanchx chcle .3i1982. atid NAT) lIlA \\itas used for ground terminal testiric. The

Delcta 39)14 lauinch \chlicle (4qu (1Ii icti nlifilii id 1 I Ii as bee1' h1 r~ewiirked intol tlie l1iii d fliightit model

Management aid \t as, I aunchled iii No\ emiiber 1978 Miad p)(1 iltO into di rliiiat stale.
I)\ColCk h FrdAcosiwiad oiifluiitiiciiow Coiii alol kiioxx ii as orbital strc.NATO) IIl(' tx as reaictixated and

lol-Ai eloped xlod.\space ar,~l1, kidl (0 11lr i Foi Sacon becamec the priinar\ NAF0 spacecraft inl December 1986. and

and ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ NT Iisl Ix stI B raiainIatico ~()0 1 becamei a et elu( Ade. Ill 19801. at folloxx -onl Contract
kk as, sstimei for at fourthfl satellite. \\ hichi \t as, lauinch-ed ill No\ ciii-

)peratcd h\~NI .I& suipport ht A\ir Force Satellite Coritiol her 19)84. [he contract included an option for at tiftih satellite, butl

l~acil0t



the ltion 1a. not eXrc-ise. CIn I1 1991. NAlTO I VA ý ill become 4. H. A. Kissinger. "NAFO Satellite ('11 InUiain. 6ml
the pri mar\ satellite. xx ith NAt\ II IC and 1111) as spares. Vol. 30. No. 6 (March 1976).

The NNI\l'( Ill satellIites aie part of the N AI()satellite C011i1111.i- 5. .1viatirin It"Ick & Space li /ino/ogy (23 August 1971). p. 58:
nications sx\stem. This sxStemi has a main control center and li (17 JulyI 1972). p. 14:.(17 October 1977). p.) 127: (13 Decent-
alternlat i\ xControl Center. Iwkent\-ojie Ii \ed tIrI-1.nd terminals, he192.p26
iioSt %with 421-ft antennas, and one transportable termlinal C0o11n11.- 6. E. T. Bohak and R. G. Clabautibl. -NATO Phase Ill Satellite
nlicaic thr-onch~ the satellites. All transmnissions are digital and DsgPpr1-.ESO 7 'n~rneRcr Sp
.share thie satellitc \via FDMIA. The Satellite communication SNs temb~er 1977).
temi is a part of the N ATO) Integr11ated Commun1.11icationS S\ steml. 7. Ni. Celehiler. J. Mu-nns. and E. Turner. "The NATO Di-ital
MxIiicli also has various terrestrial coimmun icat ions links andSaeltComncinSstm"Ppr8-43AA b
'A\ itchinLe and control nodes.SaeltComnctoSyem-Ppr8043AM 8h

Comminunications Safee//he SvxIemsN Coqfi enmce (April 1980).
8. L. K. Wentz and G. D. Hingorani. "NATO Communications in

IC . E. LaVean and L. J . Martin. "CmuiainSatellites: Transition."' IEEE Transaction.', on Commnimiation',. Vol. 28.
The Second Decade.'' ,strov~nauic., andI Acrnntituc.'. Vol. 12. No. 9 (September 1980).
No. 4 (April 1974). 9. N. Sanli. et al.. "The NATO Ill Satellite Communications Svs-

2. V. W. Wall. 'N1ilIitarxV Commu11nication Satellites."Interma- tern Control." Paper 82-0487. AI.4. 9th Conmnmicauioim' Sat1-
100(0/ ICelenhteribng ('onflremo e Proceedillg's (October 1973). efl/he .Sx-vemns CouiA'rence (March 1982).

3 . V. W. Wall. "Satellites for Mi litar\ Commun1.11ications." Paper 10. R. Branld and D. .Tov. "'NATO Integ-rated Communications
74-272. Al .. A 10th Annu1.al Meetine'-. Janu~arx' 1974. Sy'stemn Network Control."* 1983 Mi/hta," Comnmunication~s

C oitfrence: Mfi/coin 'S3 (October 1983).

FLTSATCOM AND AFSATCOM
Tacsat and1L LES-5 and -6 \\ere experimnirtal satellites that

demonstrated UHF (225- to 400-NI H/ band) liiiks with mobile
term-inals. These Satellites, were uWed for numerous tests. aiid Tac-
sat and LES-6 pro\vided at liniited operational capacity for DoD.
Tacsat ceased to operate at the end of 1972. and LES-6 operated
into 1976. althouigh its Performance had degraded considerabk\
since it wkas klaunched. The Gaptiller satellites provided a limited
operational capabilit\ beginning in 1976. This capability was
signliticantlk mi proxed ats the FLTSAT('OM satellites wNere de-
ployed. The Gaptiller/FLTSATCONI sx steiii is Dul)s first opera-
tional, rather than experimental .s Sstem foir tactical users I I -24).

FL.TSATCOM serves Navy Surface sliips. submarines, aircraft.
and shore staiions. Air Force Satellite Communications ( AESAT-
COM ( serves Air Force strateuic aircraft, airborne command
posts. and ground terminiials. The txx sxsternls Share at Set of fou1r
FI-TSATFCOM Satellites iii s\ nchronous equLatoirial orbits. The

A ir IFo rce alIso has commuiini cat io(ns equLipmenti pac kagces onl Se\ -

eral Satellites in hiig-h inclination orbits to prox ide coveraue of the
northI pola r reg io n. xx Iiich Ii , is t it\ is ibe Ic ro m thle equatorial sate I-
lites.

The I-:1 SiTS O Al(' )Natellites Iiax e at lieug inaI body compoised
oif txxo modules. The last txxo Satellites hiave aI third module for
(the extreincl\ Ihighi frequenc\ (1:11F commilunications package

10(7



described later in this section. This 90 - T.

third miodule has the samec hexagonal
shape ats the other two bUt only half the A

height, it is mouI.nted behind the other ' ~ ~ ' '

two (i.e.. the side of' the. satellite facine r
away tront the earth). The spacecrat 30 rt
module contains the attitude control. . L
power, and TT&C subsystemns as well ats. . . . . . .4 -

the apogee miotor. The two solar arraN s 0.......... . ..- .' .~ .

are miounted onl boomis attached ito this............................. .'

miodule. The satellite is three-axis-Sta-.......
bilized by means of' redundant reaction
wheels and hv~dra/ine thrustes Thi 50 50 50 50

type of stabilization allows the antennas -60 .... 0 ,.0
to face the earth continuoul.y111 while be-
inu directl\ attached to the satellite -0 -_____________

body. The solar arrayý boomis are al'mxays - 180 -140 -100 -60 -20 0 20 60 100 10 80
parallel to the earth's, axis: mlotors keep FL7TSAT('OM cmiiunnicalion, covel'ra14c.
the arrayrs oriented toward the sunl.

The other mioduile of the satellite contains the communication In-orbit ERP exceeds these specifications. b\ about 2 dB
subsystem. ~ ~ ~ ~ ~ ~ ~ ~ t Th nensaemutdonteerhveiesd HF (7 and 8): 20-Cl-I, band. 20-\V TWT pIlus spare. on-board

of this miodule. The latreest antenna is for (il-F transmlissions and processor sw\itches outlput betmeen spot and cait ki .)\erage beam
is a 16-ft diameter paraboloid w\ith at solid center section. The
outer part of the surf'ace is a mnesh that is attached to twelve ribs. Receiver
The miesh is deployed, along with the solar arrays, alter thle satel- 29(0 to 32() NIH/. 8 GH,. and 44 (iH/ (7 and 8)
lite is in~jected into synchronousLI orbit. The separate UHl-F recei\ - Antenna
inu, antenna is, a single helix about 1 ft diame"Iter X I I ft lon1e.

16-f deployable UHF p~arabola. carth covcrape. cirulr\pa-deployed to the side of the large paraboloid. The third antenna is idclr pa-
at horn .that is used for reception of' thle X-band (super high Ire- DpmbeU!hlx -' i. 2Aln.crhceae iciqu~enlcy or S HF fleet broadcast uplink and transmnission ofan X- Dpoal H ei.I-f ~. 2f og at o rc.cru
band beacon. Thle satellite details are as follow\s: larly polari/ed

Satellite X-band horn, earth covera~ge. circu~larl\ polari/ed
UHF (7 and 8): steerable 8 in. dia. reflector pro\ iding at 5-dee

He~aeo. .5 t ~42O55 4 t 5 f. Stelits 7an Sfillheght ~(th spot beamn with separate 20- and 44-GH/ feeds. tw'o earth co\ er-
tw~o deployed solar arrays (each approx imatel\ 9 x 13 ft)f and itaoelon,(n ahfr2 n 4G
1 6-f"t deploy ed antenna. ov erall span 43.4 ft. ovecrall height 2 1I' ft Zehin. oeechfr2 n 4(~
(22 ft. 7 and 8X Design life
2250 Ilb (270(0 lb. 7 and 8t in orbit. beginning, of life I'i~ e \ears .3.1 \ ears MMND predicted before first lauinch;- sevenl
Su~n-trackine solar array and N iCd batteries. approx i matel\ y ears MM!)I expected fromt experience through 1 986)
1570 W' (approximiately 2200( W. 7 and 8t at beginning of life. api Obi
proximately 1 210 kV tapproiminately 1 560) W. 7 and 8) mlinlimumli Synichronouts equatorial (inclination <3 de IP up0t 5 degy accepted

afte fie yarsbey ond live \car,,. stationkeeping to ± I L-W
Three-ax is-stabilIi/ed u[sinel nIOIlonetunll whee~ls. accurIacy better
than ±0.2' deg (pitch and roll) 991( and ± I (let- (\Yaw) 3 iT Orbital history
Solid rocket motor for apogee mnaneuver. hvdra/inle propulsion 1: launilched 9 Februar'\ 1978. inl Use. 177 W long2itude
for on1-orbit Use 2: lauinched 4 Mlay 1979. inl Use. 73 1: 1loneitude

Configuration 3: lauinched 17 hinuiar\ I 980. in use. 22 W longitude

Chann~lel I1: X-band Upl ink to Ul1 F: doM illink. 25-kH/ bandwidthl 4: launched 30) October I1980. in uIse. 172 1: lone61itud

Channels 2 to 9: 25-kH, bandw~idth ((JIl) 5: launched 6 1uutI98 I. damacied at Ilaunch. out of, ser' ice.

Channels I I to 22: 5-kiH, bandwkidth ( UHF:) move\ d aboveC s\ nchronous orbit

Channel 23: 5(fO-kH / bandwkidth t(VHF)I 6: destromed durin6e1 lauinch 26 March 198
FJIF(7 ad 8) 32chanel pocesing7: lauinched 4 IDecembher 1 986. in use. IM0 W lone111itu
FH F(7 nd S: .2-chnne proessng : launched1 25 Septemnber I1989. in use. 23 WV lon,6itude

Transmitter At Ias-Cenlti ar I an nchl eii
24ff- to 27ff-Nli i/ band

Teletransistor powecr amplifiers. 25- ito 43-W output per amn- Management
plifier. each w\ith lull redundaiic\ [)eceoped i-, TRWX S~steinis Group for .ir For~ce Space S~ sterns
FiRlIper channel (edge of earth): 26 d13W. Channels I to 3. S. 7 1j D~i\ isionl d ormlerl\ .\ir- Force space and Missile S~ stemls ( )reani-
1ff: 28 (11W. Channels 4. 6: 16.5 d113W. C hannels I I to 22: 27 /to

dl3W. Channel 2.3

ffS



Operated by Naval Teleconmmniications Cornmmand until mid- at 75 bps each. The initial use of each fleet relay channel is a ,in-
19 80s, Naval Space Command since. TT&C support by Air Force gle 1200- or 2400-bps link. To make better use of the channel ca-
Satellite Control Facility pacity. the Na' y is changing to TDMA transmissions with

preassignment, followed by automated demand assignment.
The satellite has four types of communication channels. The Tests o A ith demand assiCnment vere conducted in

Navy uses one fleet broadcast channel and nine 25-kHz band- Tess of TDMA hlothe I assi operationalcequipe1978. B\y the second half"of the 1980s. operational equipment
width fleet relay channels. The Air Force uses twelVe narrow- was in :se on many ships: extension t aicraft and submarines
band (5 kHz each) channels and one wideband (500 kHz) as inne o bdny thexmid- to The Td format

channel. All links, except the fleet broadcast Uplink, are in the was planned to be done by the nid-1990s. The TDMA format
uses burst rates between 9.6 and 32.0 kbps. Each narrow\band Air240- to 400-NH, band with the downlinks at the lowver part of the Force channel is used for a single 75-bps link. The %kideband

band. The fleet broadcast uplink frequency is about 8 GHz. Ei- ti

ther processing or nonprocessing receivers may be used with the channel is used for Multiple FDMA links at 75 bps or a single

fleet broadcast and some Air Force narrowband uplinks. Use of higher rate link.
the processing receivers provides some antijam capability. TheZ. erage orbits. Rather. UHF communications packages are placedsatellite has twelve pow\er amplifiers, one for each of the Navy o7on other DoD satellites. These packages have capabilities similar
channels, one for the Air Force narrowband channels, and one for to those of the twelve narrowband Air Force channels on the FLT-
the Air Force \\wideband channel. A UHF command channel is SATCOM satellites. In addition. AFSATCOM uses a singe-
provided onl FLTSATOM for operational control of the Air channel transponder with antijam improvements on DSCS Ill sat-Force narrowband package and limited redundancy switching of ellites.
the fleet broadcast channel. Satellites 7 and 8 have an EHF commnications package ,.ith

The fleet broadcast channel has an information rate of 1200bps composed of ifteen teletype and one synchronization channel a 44-GH1 uplink and 20-GHz downlink. This package is callede d the FEP (FLTSATCOM EHF Package). It uses a Milstar-compat-

ible signal structure. The FEP was developed by Lincoln Labora-
tory. Its purpose is to demonstrate the operational capabilities of
the EHF terminals and to prove key functions of the Milstar s\ s-

Frequency tern.
synthesizer The EHF package is housed in a third hexagonal module add-

ed to the satellite. The additional weight is accommodated by an
Simproved launch vehicle and a ne\% apogee motor. New solar

cells, wuith hiher efficiency than those used on Satellites I to 5.I HtF UHF
command command provide the added power \with no increase in solar array size.
receiver decoder The EHF package has both earth coverage and spot beam an-

tennas. It demodulates tip to thirty-two received signals. process-
es them. and reformats and modulates them for downlink

Fqntransmission. Twkentv-six of the channels are for communications.SFrequency
Ssynthesizer

UHF receive UHF transmit
antenna (helix) Processor AF NARROWBAND CHANNELS antenna (parabola)

receive UHeam r Up Po.proctessr converter amplifier 11

Repeater T1-:

0 converter Up Power Mliope
Pra plfe limiter Cnetramplifier 1

amplifier lmtrconve~rte~ramlfe I

[ ~10 chains -- 1 per channel

X-band •HI

antenna

Filter/ R cie rcso
diplexer Rcie rcso

S Beacon
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Cach atl rates Lip to 24(H) bps: the remainder
aire tor FEP control. The Uplinks are
FDMA: they are comrbined into a single _____________________

TDM data streami for the downlink. Both44Gz2 z
link,. are frequency hopped.

The FLTSATCOM programn started
wvith live satellites. Conoress reduced the T

programn to three. hut the other two wvere A0 *ýDmdlao rcso
restored later. The first satellite Was +1.1 GHz 100 MHz andanH S
launched in Februarv 1978, and the fifthprcsomduar
was launched in August 198 1. The first TW T
tour satellites forrmed a constellation with
vlobal coverage. Each bas operated satis- t eopn Hopping -- ---

flictori ly since it Was put in orbit and has
provided serv ice for miore than twice its FLTSATCOM EHF conain~nieation stibs vei. '.
desiuni life. The fifth satellite was damn-
deed during ascent and is nlot Useable.

Ini 1982. three satellites were added to the program. Only- the 12. A. Shostak. "*Navy Telecomminunications Past and Present."'
last two have the FEP. Satellite 7. with FEP. was. launched before NavY Research Reviews. Vol. 28. No. 12 (Decemnber 1975).
Satellite 6 to pro\ ide the earliest possihle EHF capability in orhit. 13. M. J. Friedenthal and E. K. Heist. "Fleet Satellite Comminuni-
Satellite 6 was destroyed when lightning struck the launch vehi- cations Spacecraft.'" Paper 9/5. IVESCON Tiechnical Pape)-s
dcl during ascent. Both Satellites 7 and 8 are operating as expect- (Septenmher 1976).
ed. The FLISAICOMs ýk ill be replaced by the UHF ZýFoillow-On 14. J. A. Nooney. "Demiand Assitinment for Narrowkband Tactical

satelits.UHF Satellite Channels."* L.S'COjV '77 Conki',nue Recot~d
(Septemnber 1977).

1. G. E. LaVean and E. J. Marltinl. "Commun1icat ion Satellites: 15. J. A. Noonev. -UIHF Demand Assignmnent Miuluiple Access
The Second Decaide." Asuvnaariiiiie-.s and Acvonauties. Vol. 12. (DAMA) Systemn for Tactical Satellite Commnunications." Pa-
No. 4 (April 1974). per 45.5. lnterniatiaal Coinh'renee oil Coninutniatioin.: ICC

2. V' W. Wall. "'Military Commiunication Satellites."* Inte'lli '77 (June 1977).
tiolnal 7Thlelli'ering Cau~ijren'ne PIroceeding.s (October 1973). 16. F. S. McCartney and E. K. Heist. "FLTSATCOM Proegramn Re-

-3.V. "'ll."SaelltcsforMiitay Cinnunialins. Paer view\: Requirements. Design. and Performiance." E-ASC()X
3. V W all "Saelltes MiltaryConnwncatin~s" Pper '78 ('onfirn'ne' Record (Septemiber 1978).

74-272. AlIAA I Oth Annual Meeting. January 1974.
4.J.L.Boesad . . are. av'sFle Stelie7n 17. P. S. Melancon and R. D. Smnith. "Fleet Satellite Communllica-

Gaptiller Satellite Communiilications Programls.'' Signal. Vol. tos(LSTO rga. apr8-52 IA t
28. No. 7 (March 1974). ZýConinnianicatns Satellite )~vnsCnleireliee (April I198()).

5. C. E. French. "Anl Overv iewk of the FLTSATCOM Programn." 18. H. S. Brahant. "FLTSATCOM-Current and Future." Paper
Interniationial (-Cil rnch'ie oil ComniinoihationN: ICC '77 (June (Ju6.3 niernla 1982r)e.nCon~iiaioo IC
1977). (ue18)

6. N L.Warde. U.S Nav Flet ateliteComunictios." 19. L. E. Taylor and S. L. Bernstein. "TACS-A DemiandAsi-
Paper 74-458. A /IA .5th ('omunnnicationsv Satellite .Svstelpis nient Systemn for Fleetsat." Paper 16. 1. International Contll'r-
('o,,lirenu e (April 1974). e'lce aot Conununit-ations: ICC '79 (June 1979 ,). Reprinte d inl

IEEE Transactions anl (omninunicuitions. Vol. 27. No. 10 () Oc-
7. C. E. Reid. "A New Era in Worldwide Tactical Commull~nicaI- tober 1979).

t ioi'..* Internautiona~l Telenmeterini, ('olif'rence Proceedings 20 .F ht."le aelt 0111.nctosLae aelt
(Octoher 1973. 20.oT.uF.cWhite. "FletaSatnlliteaCommunictions/Leased Satellit

8. R. D. Greiner, "*Air- Force Satellite Commnunications Pro- Comnuicatoi ons Operniations" Pape 33.3 (Junerntaa 1979-
Oramn." .Si~i,'nl. Vol. 28. Ni). I I (August 1974). J ui oiin tos C 7 Jm17)

2 I. J. M. Gutwein. et aL.. *'Air- Force UHF Satcorn DAMA Systemi
9). J. B. Wheeler. "*Fleet Satellite Commuitnications." Signaiil. Vol.-

28. No. 6 (FebruarN 1974). Concept." 19S4 11ilitary" Connninunicationv Cmfollt,rnce: Mil-
(Oiii '84 (October 1984).

10. J. L. Boycs. "A Nat\vy Satellite Comminunicationl Sy steml. Sig'- 2.W. W. Ward and F. WX. Floyd. "Thirty Years of Research and
nal.Vol 30 No 6 Marh 176.Developmnent in Space Commnunications at Lincoln Laborato-

11, 4viation Ucc'k & Spae 7Teclnology (20 Novemnber 1972). r\." The L~incoln Laboratoryv .ournal. Vol. 2. No. I ( Sprint-
p. 18:) 22 January 1973). p. 13:) 26 February 1973). p. 19. (26 1,989).
Mlarch 1973). p. 60: (20 AuguIst 1973). p. 21:. (4 March 1974). 3. D.R c-rv TeFPC111Lliit~l temi. Paper
p. 39: (8 July 1974). p. 14:) 21 July 1975). p. 21I: (18 AuguLst -. . 24 .) R. 1c2rth "ThernFEP n Communicaton itonSawl
1975 ý. p. 1 7:) 8 August 1977). p. 18:) 17 October 19ý77' Svsl Conl~'runce ) March 1988).
p). 123:) 14 Novembher 1977). p. 21I: ) 8 Februar\ 1982). p. 22:
(28 January 1985). p. 15: IS 1April 1985). p. I 1: (9 December 2-4. M. 1). Semlprulcci. "The First 'Sw~itchboard in the Sky': Ani

Autonomnous Satellite- Basecd Access/Resource Controller."1985), p. 49: (21 March 1988). pp.38. 46: (18 Septembher D~ie Licl I.abortor-au-v.oirnal. Vol. I. No. I (Spring 1988).
1989). p. 30: (2 Octoher 1989). p. 23.
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DSCS III

DSC.S III.aft'Ilit('.

sion. The X-band Uplink has antijarninig protection.

Beginning \\ith Satellite 4. the SCT has, an X-hand
dow\nlink capability b\ ineans of the Channel I TW\T
and MBA.

The Defense Satellite Communications Systenl (DSCS) satel- The DSCS II satellite is three-axis-stahili/ed. All antennas
lite constellation has fite operating locations. The DSCS wNas except the GDA are mounted on the earth \iew% ing lace of the
originalMl planned for long-distance communications hetwVeen hodv' and do not require deployment. The sun-trackine solar ar-
major military locations. Ho\vcevr, as the system has evolved. ra\s are deployed in orbit from the north and south faces of the
there has been an increase in both the num1her and variety of ter- satellite hod\-. All support subsystems except the solar arras s are
ininals. In the 19 90s. a miajrity' of the DSCS terminals are small, contained within the body. The early DSCS ill satellites had no
transportable. or shipboard types. The DSCS III satellites 11-81 apogee motor: they \were deli\ered to s\nchronous orbit b\ the
have been de\eloped to operate in this diverse cnviroiillent. launch vehicle. After a change of launch vehicle. a bipropellant

The primarv DSCS Ill cmmlLiCatlion subs\stemn has, eight apogee motor stage x\as designed and incorporated into the satel-
antennas that can be connected ill \arious ways to the six trail- lite. This stace had to be retrofitted into sexeral alread\ built sat-

sponders. Each transponder has its o\ n limiter. mixer, and trans- ellites. and for this reason .hc Block 15 launch order differs
milter and. Lhus. can be conmigulrcd to serve a specific type of user signiticantly from the production sequence. The TT&C sub-
requiretllent. ITlhe conficuration includes the choices of receix ing system has an S-band section for Use w\ith the Satellite Control
antenna. transmnittinc antenna. and transponder gain level. Also. Network (SCN . w~hich is commoni to nearl\ all DoD satellites.
each transponder can be used w\ ith either FDMA or TDMA trans- plus an X-band section for use x, ith the communications termi-
missions. The receivers ha\e loxx noise field effect transistor nals. This provides redundant command paths into the satellite
preaiipliltiers. The midsections of the transponders are limiter and allows the communications users direct control of the amlen-
amplificrs x\ ith a gain commandable over a 24-dB range in addi- nas and transponders. The satellite and communications sub-
tion to a 15-dB comlnantdable attenuator. These amplifiers can he system details are as follovs;

operated in either a linear, quasiliinear. Or liimitingc mode. The
transmitter drivers are field effect transistor amplifiers, and the Satellite
poxx er amplifiers are either 40-W \or I0-W TWTs or 10-W solid Rectangular bod\,. approximatel\ 6 x 6 x I0 ft. overall span of de-

state amplifiers. ployed solar arrays 38 ft

There arc lx, o earth coverage and one multibeam receiving an- 2475 lb in orbit. beginning of life (258,0 lb for Satellite 4 and tip)
tennas. Four of the six t•ansponders can he connected to the Sun-trackinc solar arrays and NiCd batteries. 1240 W beginning
multibeamn antenna (NBA). This antenna can form a beam1 of of life. 930t W after ten y'ears
variable sue. shape. and location by means of a beam-forrmitg Three-axis-stabiliied using reaction \%heels. 0.08-dec accurac\ in
network that controls the relative ailmplitudes and phases of each pitch and roll. 0).8 dec in xa\%. 0.2-deg antenna p~ilinl alcrac\
of tile sixt\ -One indi\idual beams. This antenna can also formn
nu1ls ill selected directions in order to counter jamners. Two Liquid propellant apogee maneuver propulsion (launches becgin-

transmitters are al\w\ays connected Ito earth coverage antennas. but ning in 1989). h.dra/ine propulsion for on-orbit use
the other four maxi all be connected to one of two 19-beam tranis- Configuration
mit MBAs. These antennas hawe the same capabilities as the re- Satellites I through 7 provide channel bandwidths of 60. 60. 85.
cei\c NIBA (except nulling). although their resolution is lower. 60. 60. and 50 NIHi for Channels I through 6. respecti\el\. with
Three of tile channels can also be sw\ itched to a gimbaled dish ail- the frequencies shown on the block diagram: Satellites 8 through
tenna (G(DA) that generates a single beam xvith high eflecti\e iso- 14 provide a total of 30 MHH more bandwidth allocated as fol-
tropic radiated po\xcr (-IRP(. lo\x,,: 50. 75. 85. 85. 6(1. and 50 MH/. respectively. for Channels,

The secondar comrnuriicat ion slhsvstelll oil DSCS Ill is thle I through 6
AI:SAl'COM single channel transponder (SCT). The SCT has its,
lxxin U1Ft1: transnmittintg and recceivinv antennas but can be coil- Transmitter

nectcd t• the X-hband earth co% era•e or MBA recei% ing anltennas. C(hannels I and 2: 40-V TWT and spare for each: EIlRP/channel
The SC[ demlodulates the received uplink and remnodtlates it for 40 dBW (MBA. narrov, coweralce). 21,1 d1W IMBA. earth cover-
transnl ission and call also store miessages for repeated tralnsllins- agce). or 44 dBW (GDA)
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Orbital history
A I: launched 30 October 1982 with DSCS II- 16. operational. I. H. Wynne and D). E. Kendall. 'Defense Satellite Commtunica-
13ZW longitude tions System in the 1980s. " WESCON Technical Paper.% (Sep-

A2: launched in 1989 with DSCS Il- 15. operational tember 1975).
A3: in slorage 2. Aviation Week & Spce e,'chnologv (17 February 1975). p. 18:
B4. B5: launched together in 1985. operational (5 January 1976). p. 44: (28 February 1977). p. 57:

B6-B 13: in storage. launches planned in 1992 to 1996 (17 October 1977). p. 116:04 January 1980). p. 20: (3 August
1981). p. 25: (8 November 1982). p. 24: (17 January 1983).

B 14: launch scheduled early 1992 P 1- - p. III.
Titan 34D/IUS launch vehicle (A l) 3. 1. S. Haas and A. T. Finney. "'The DSCS Ill Satellite-A De-

Titan 34D/Transtage (A2) fenIse Communication System for the 80's.- Paper 78-580.

Atlas I I launch vehicle (B6 to B 14) A IAA 7th Comniun iciations Satellite Systems Confterence

Management (April 1978).
4. K. R. Swimm and J. A. Loftus. 'DSCS Ill-Flexible Commu-Dec eloped b\ GE for Air Force Space Systems Division nctos"Ppr53 VSO 7(alrneRcr Sp

nications,'" Paper 5/3. WEFSCON '77 C'o,!fi'rence Recordl (Sep-
Operated by D)efense Information Systems Agency (formerlv De- tember 1977).
lense Communications Agency). TT&C support by Air Force Sat- 5. A. W. Weinrich. A. Horvath. and A. Harcar. DSCS Ill Coi-
ellite Control Net\\ork and Satellite ConligIuration Control nuiAtinSite Performanc t.natna l Cele -

Elements (SCCE) munications Satellite Performance,- Internationi ,eter-
inl ('on fe'rence Proceedings 1 (November 1978).

DSCS Ill design studies and breadboards of certain compo- 6. S. J. Gotkis. 'Shaping Patterns With a 19 Beam Transmit
nents. particularly the MBAs. were carried out in 1976. Final de- MBA,*" 1978 A P-S International Symposium (May 1978).
velopment started in ) 977 on a qualification model and twvo flight 7. T. D. Ellington. "'DSCS Ill - Becoming an Operational Sys-
models (these three satellites are called Block A satellites), the t. I
lirst of which was launched in October 1982 wkith a DSCS II sat- te mbEr o mc0l.

ellite and is operational. Three others have been launched and (September 198)).

more launches are scheduled. The launches will establish and 8. R. Donovan. R. Kelley. and K. Sw\imm. "Evolution of the

maintain an orbital constellation of at least live active and two DSCS Phase Ill Satellite Through the I990s.PaperC1.6. In-

spare satellites. ternational Conlll'rence on Comnmunications: ICC 83 (June
1983).

LEASAT

In the 1976 and 1977 Conoressional reviews of the DoD bud-
get for communication satellite svstenms. Congress directed DoD
to increase its use of leased commercial facilities. This direction
was specilically applied to the tactical satellite system that would
follow FLTSATCOM. In the second half of 1977, the Defense
Commtmnications Agency (DCA). the Navy. and the Air Force de-
veloped technical, programmatic. and fiscal details for system al- Leasatsatellite.
ternatives that w1ould satisfy DoD requirements within the
Conigressional guidelines. The result of this study is the Leasat
prograill -121. Leasat serves the Navy primarily. plus Air Force
and ground forces mobile users. The FLTSATCOM terminal as-
scts are used with Leasat.

Leasat has four typesof cmmunication Channels with charac-
teristics very similar to the FLTSATCOM channels. Channel I is
for fleet broadcast use and has an X-hand uplink with spread
spectrum antiljamming protection. The spectrutm spreading is re-
moved by a satellite processor. and the data are transmitted on a
UHF dowmnlink. Channels 2 through 13 have UHF uplinks and
downlinks with no satellite processing. Channel 2 has a 500-kHi
bandwidth. Channels 3 to 8 have 25-kH, bandwidths, and Chan-
nels 9 to 13 have 5-kH/ bandwidths. Channels 9 to 13 share a
power aimplilier: Channels I through 8 each have a separate am-
plitier.

The ILeasat satellite hias a dlual-spin configuration with a cylin-
drical solar array abo'it I-1 ft in diameter and 9 ft in heigiht. The
design is basically the same as the Syncom 4 design dce'eloped by
Hughes in an effort to optimally match a satellite to the Space
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Shuttle launch system 12-41. The central challenge in the Syncom control subsysteml. The communication subsN stem is mounted on
4 project was to find the combination of satellite geometry and the despun platform at the forward end of the satellite body. The
tipper stages that minimizes the mission cost for a given commit- antennas are also mounted on this platform and are folded down
nications payload. This minimization is affected by three main against it during launch, then deployed when the satellite is stabi-
facts: lited at synchronouLS altitude.

" The payload hay diameter of the Shuttle is 15 ft. in contrast Leasat has five antennas on the despun platform. Twko are V
to the ý- and 16-11 fairing diameters of the launch vehicles hand. earth coverage horns, one for receiving the Channel I up-
for which all previous communication satellites were de- link and one for transmitting a beacon. An omnidirectional
"signed. TT&C antenna is deployed in orbit. Twvo UHF helices are also

SThe Shuttle launch cost is proportional Ito the fraction of the deployed in orbit. Each provides earth coverage. one for trans-

payload bay length used or the fraction of maximum payload mission and one for reception. Additional satellite details are as

"weighl capacitV used. depending on which is greater. follows:
"* The basic Shuttle orbit altitude is 150 nmi. An tipper stage Satellite

or stages are requin d to get the satellite into synchromnious C2lindrical bodi . 13-it. 10-in. dia.. 9-ft height (approxisatel\ 21
equatorial orbit. 1t overall)

Leasat is at spinning satell ite w\ith at deSPunI commun1.11ications 2915 lb in orbit. ber-iininue of lif'e. 2760) lb after ten \,ears,
and antenna platform. For the purpose of allowing space for a Solar array and NiCd batteries. 1500 W beginning of life. 1180 W
cradle to hold the satellite in the Shuttle and to eject it properly, minimunm after five years
the satellite diameter \kias set at 14 ftl. The length of the satellite Spnsaiie.3rm.ntnaonigacua ±.de
body is set by the required size of the solar array. All required tip- SZ7lidet t fr. anten ting aiqaiid pro
per stage propulsion fits inside the satellite. In the hottomn center Solid rocket nlotor for perigee ianeu\er, bipropellant liquid pro-

of the satellite is a large solid propellant perigee motor that boosts pulsion for apogee maneuver. nmonopropellant hydra/ine propul-

the satellite into an elliptical transfer orbit after it is ejected from sion for on-orbit use

the Shuttle. II present satellites, this position is occupied by the Configuration
apogee motor, if one is used. In the Syncom 4/iLeasat design* the Channel I: X-band uplink, UHF donlink. 25-kH/biand%% idth
apogee boost lutnction is provided by two liquid motors. These
mlotors and the fuelC tanks that feed them are mnounted arounld thle Caie :UF 0-H a~it
perigee molor. There is still suflicient volume within the satellite Channels 3 to 8: LUHF. 25-kHi bandwidth
for the poss er supply elctronics and batteries and the attitude Channels 9 to 13: 1tiF. 5-kH/ band\width
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Transmitter g1rounId con~trollers. to Wrrn tile satellite onl and orient it. Alter at
244 to 27(0 NFI/ band. pIlIS beacon at approx iliatelv 7301) MHi/ x ai t to en SUre that the propellants \\ ere xx arm. ILeasat 3 xx as

Niepoxxr amplifiers. one each for Channels I to) 8. one for placed into0 2COS\ nchronlouS orbit inl Nov ember 1985 and into op-
Chnnk9t) 3Cail the ties t mnonth. U ii tort ii nate IN. I easat 4 I'ailed shortk iat-

ERPperchanel miimni t eee t cverge 26dBW I. to onlet-arr '2- tiled -coiichronous11 orbit, and the xx ideband channel
E'R pe- hanel Ililillt.111atedg o'coerve:26dBW11 3 t)ý` ý , Z ol Last 2faledil October 1 98,5. The Ii Oth and last LeasatS8). 218 d BW (2). 16.5 (1BW \ 9 to 13) launch wkas inl January 19901.

Receiver The Leasat contract inluI~des anl option Ir a lxxo-x ear ser\vice
290- to 3 18-M,%H band and approximately 800(0 MH/ extension beyond thle basic tive-year serx ice perio d. and anl opt imi
GT(f[ ni .iu ati~. edg t~meag. -18 Ik dB/KW rF -2(0 dB/ t'o thie Navy to purchase the satellites, alter the two-x ear extenl-
K (X-bindt coea,, -8 ~ ( ion. The two-year option has, been activated fo(r the first three

satellites. The t irst two opt ions expire near the end ot' 1991: tile
Antenna Naxx has announced their intenition to purchase these satellites.
lxx UHFI helices each about I -It dia. and 12.6 ft lon" tone trans- The third option expires inl late !992. The five-year period fo(r the
mit. one receiv e). I14-o.11 -aini at ed-e of, earth,ý and two X-band tifth satellite expires inl early' 1995. Use of the remaining options
hornis (one beacon, one receive). 17-dIB c-ain at edeec of earth: all onl these satellites has not been decided. The Leasats. aln ith
earth cov erage the FLTSATCONI satellites. \% ill be replaced by thle UHF Follo"x-

Onl satellites.
Design life :...

Tell Near". ~~I.T. F.* White. "Fleet Satellite Communlllilcationsl/L-eased Satellite
Orbit Commun1111ications' Operations." Paper 331.3. Ineriiatimial Coil-
SynIchronou0Ls equtatorial. it~iclinationl •ý3 deg. stationlkeepingu to) *ICren~c oil (ommunicahoum: /CC '79 01lu11 1979).
+1 FLW 2. H. A. Rosen and C. R. Jones. *Al STS Optimii/ed Spiii Stabi-

Orbital history liled Satellite Concept." Paper 25-5. L"AM 'U '77 Cimliflr-
1: aLIICI~dS m ebe 194 (Ielo Cdfi-11 ShitIC 0 o\ ll- cic,u Retwird (Septeimber 1977).

launchedl 8IC Noeme 19W lw depl~e rmSute11Nvm 3. H. A. Rosen and C. R. Jones. "T-tiiedSatellite Con-
bert ian use. 16A~us W 98 loncitude''(Il htte 1ALLI cept."* l.stirnnautic.x and Aeroneiutic A. Vol. I5. No. 6 tIitie

inl Use. 177' W lonicitude 17)

3: ILIIIII~ 12 'prl 195 (ep~md frii hutte 1 Aprl). 4. R. V. Sw anson. "S,, ncom IV Stat Is." Paper _26.2. itternaimio-
3: aunhed12 pri 195 Idepo~ d fom hutle 2 Aril. ~ il Coln/Prence on (jommunmication~s: /CC '7S tJune 1978).

failedl to operate. repaired inl lo"v earth orbit AL ucuSt- Septemnber 5. J. f -LelI. "A -.aCINiia\StlieC11111l~~il %seu1'5 in uSe. 1t06 W 1lon (Ciue[ae itrSaelt(onncaonxsit
4: Ia~lauched 27 Augu1.st 1`985 tdeloveIMd from11 Shuttle 29 Auigust). bmter 1978). Md-90s.LICO Secr(epe

tai ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e le1etebr1957o8daov ychoos.ri
fale SIAIII)r 98. imd lle \'ICIIOIOL.Sorit6. R. Rhoads. 'lLeasait: CotatrGvrnetRelationship."

5: lan nIched 9 JanIiaryIA 1990(1 CI10 detwd from11 S I nit te It JanuLary Paper 33. I1. Iniv'nwhIiona C on/'re 'nce toi Ctmim'ununl a0 on %

ill ise 72 : 111ý1itlldcICC '79 (iunle 1979).
Management 7. D). .1. B ravermian and C'. .1. Wav Ian. ''I Lasat C tin ii niticat n tn

I )e e b tped by H Itic les Comtininitication Senr ices. I nc. (at subs id - Serv ices."Paper 33.2. Internainal noC onIOJ nc )'it C ( '0tnnnu -

jaryA of HugliesA ircraft Company ). and Hughes Aircraft Conipanv nicahionsv: ICC '79 (June 1979).
Ibr Navail Ele'Ictronlics S\~ stemls Commiland 8. G. L. lutcher and J. G. LankfOrd. "The Leasat Commu111iiica-
Operated by Hugh 'les,( ')Illltnt in iiict ioIi Serv\ices. IliC., arlii N axval t ions Satellite." Internlational Ielelpet('ruit. ( ll'n/-'in ,c Pnp
(X tin .11in iiicat hins (N tin a d cee(Iing4A (November 1979).

Theconrac kwLeaatde~lopilet \it, aardd il Sptel_ 9. T. C. Eakins anid GL W. Durting. *'Widebody BuIs Extends
Ther contract ist'r Ik warsa developmenI.ll~tix as a rdied in be pteii- Shuittle Economiy to Sxnchro~nou\1 Orbit." Paper 8t0-0504.

ber197 an i brIi e yar otcoiinuict in srvie o b pr- AlAl Sil Colhinhihfiicttim.,; Satellite .Svweu'm. ('onlitrn,11
x ided atl each of' fotir orbital locatiotis. The first latunchi was (April 1980).
scheduled for 1982. Hloxx cxc. otetayx inl the Shuttle programi de-

I~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~0 aGdtleIatn idtsadrstitdi wtya p ino . L. Du~tcher. T. C. Eakins. and C. P. Rubin. "The ILeasat
w~ork onl thle satellites,. Wo rk ic su med earl iii I1983. and tihe fi rst Coimn i iicat ioti Satellite.'' Paper 6H .4. JInter na~ti'nal ( ' ',q -

1"0i 1[lautClics itectirredL inl 1984. The del a\'Cd initroduct ion of' titeo 'nnn~tot C' 8 ue18)
I easat did not catuse anl\ problemns. because thle predecessor H FL'- 11. C. R. Jonies." I easat."' Eail rt ethA~pii~jt of Spaceui
SAT('( N'l spacecraft operated muILchIIILl totigrtanl expected hI Vhnolrtigv. Vol. I. Noi. 2/3 1198 It.

~The third I easat wast, launched inl April 1985. bu~t tile satellite 12. .. liatimi lWi~vk S SItaei hi cuhnolg (22 April 1985). pp. I8.
tailed to turn otf]. Inl thle fothtxx inc da% s. thie Shuttle crexxk carried 23. (29 Apri,~ 195. p. 401: (61N'iNi' 985). p. 2 1: (8 Jul\ 1985).
oti ita rescueC attempt. dex ised by NASA and cotntractor teamls ofi p. 24: (I19 AuguILst 1985). p. 48: t9 Septeiiber 1985). p. 211: (23
earth. butl it "xas, unsuccessful. The: fouirth Leasat wais launrched inl September 196851. p. 21: t 7 October 1985), p. 23.:114 October
Auigust 1985. The sameI ShutltI le insioti tieiiC r-I~eiieioue wLSL %ith 19851. p. 13: (4 Nov ember 1985). p. 25: (9 D~ecember 1985).
I easat 3 and carried o itita re patr. x%% hichi xxas successfulm . all oxx itig, p. 27: (24 March 1986). p. 83-.:12 M archi 19881. p. 46.

115



SkxnetI isý thIe BritIish inilIit ars Ol ]Ll co imuicatitoile Ietskork. Oft the
t~trSkx nlet I anld 2 satIellites klaunche~d b\etsse 1969 and 1974.

onl\ Sk\ net 213 pros idedI lone--term11 serVICe. remainline ill use un-
Ill the latter part of the 1 980s. These Skxnet satellites \\ere posi-
tioned oser the Indian Ocean to serve British niilitarN kxe stlie
install at ions from Gireat B ri tain vto Hong, Kong. The dec is ion to
xxit hdrass fro m mans of the Asian installations contributed to t he
1 974 cancel lat itn it* plans it) tie\c ilp Sk x net 3.

A fundam~llental prinlciple of" Sk\ net is, to nmaintain interopera-
hilits k% ith thie Unitcd State% and NA.'VO communication satellites.
licca use oft Iiis. Great B ri ta in xx as able to obta in satellite capac it x
f'ri m thle othle r t xo bssei oth Ii [Inlie earl\ 1 970 s and fromni
the late 1 970)s throui1111 thle 1 9,1,'0. Hoxs Cx er. thle inl-
creasing requirement,, tor satellite commun1.11ica-
tions. csp)cialA\ to Mobile ulSers, and small
t ransport 1 able terminlsl p)lus thle de-

"ice ftor diricct cotrot l ofi tile sate I-

a SK) net prga
inl 1980l.

/onie is, bounded bx icead. G ibralter. the Niediterra
neanv co ast (i Africa. ccittralI Tn ike\. a 11 Nt rsi as C haninelI

3 is, normall\ onl thle s idebeamI. or North Atlantic cox ragc. anl-
tenna. Thscox rac 10one includes the F~uropean coserage plus
the Atlintic Ocean northl of 23 N klaitude , asfar as the coast of
Not ith America ('I anne I4 is it ira i ' tintlec 'spo~- bea in antie ti a
xx hich cwix cr most of xi estern FEurope. These ctix rage /onies re-
flect the shift inl British militarx intrstsfrtNIm the01 11 InldianI Occanl
cetntered sctipe of* Sks nects I anld 2.

The 5K\ net 4 satellite 11-71 ICx el - The seciiitld part ofthle commuictlillationis sos ttitpciatcs at
t111ipIit is intendedC~ to pros ide Great Britain I. HE. This p~art has oilly tio channels Ml ich arc receis ed and

ssith utiflitars comllinunicatitin satellites tlirtiuh tlie transmlitted thrtiueh21 anl earth coseraue beam. These channels are
S9 90"s. liIn 1951. ts t British contractors, each teamled prividaiil t-or submiarinec coilviltnunicationls. althtiueh tile\ canl be

t\ ith Ii a I. CIi e States, ctnitrac tior. cOi mdItiC tdsttdesi t'llie satellite used b% ladilli b IIINC 1.1u 1 ýIii ad airicrtaft. The thiird part o f tilie coiln-

et)incept. Earls ill I9N5I. theseC t\\0 teanis subIIIIIILItd rtiptis"Als four tlitiiiicatitiiis ~ssteili is, an1 '\periilienal 1:H1F 44 (;11/ uplink.
SateJICLite\ dcx cI uptMn Alter i-es iesx inglie pitC uM-pt isas. tilie B rit ishi T[le pu rpoise o f till', s eq ii pinel vI, toi t t tet inic eased * jaol rei-cstanlce
Nlin"isrx of Ol~eence directed the msso ctompainies tol subiiiit a jont not obtainable xxitli HI. 'liEad SHl.SE as receis ed on1 thisl, up-
all- British prtoposal. [his \% as feasible, becauise tite etilparn linlk are- PrticessedC and r-outed, through thle considerable on-board

sssstrtiiit Inl spacecral't anid tile tither inl etlitliutilications" pax' s\\ itchine, arrat Leementls. toi the SHF dti\\ Iliiik.
ltiads. Addititutal descriptituti of' thle satellite and thle commtunication

D~es elopir~ent of' Skx tiet 4 started late ill 1982.- The saýtehllt is, stubssc stin i a\ ailable blcuss.
threeC-asIsl-stab~ili,'ed xx itli depII0\d solar arrasýI\ s ad is dens ed Satellite
fitlin lthe 1-urtipeavi IA'S desigti. Th'le 1,.1 HI pi~ral anltennam is de- Rcaiia ok ipomtl t pr~mtl 3

Tlhe sate~llite lhas sex etal stIirs ix ilitx feaure itcldilig nuLclear,
iardIIi ng1. tiv-bi iad si'U'ila I pr iess in g . S pread sp)ctR11 ruin tin0s111uC 1600-1-700 lb Iin oibit. beiciitiitt, of life
in ~k. s* ad seC iiic t WCDIc tu r ild Ci MIlma ti linik s x i a both itItle se pa- Suin-t raekiti, solar ama s anid batteries. apprt o\imat c I I OWN W at
rate telcetnetr and comnmanid links anid thle ciummutuicatitins liniks. beuglilunin tif lite. I 2MX \\ alter sesei wieats

[h Ie C01i11ilutliCations snlbs~ stei operates Iii three trequenc\ 1 [hrce-asis-slabili/ed t1isivi niuMlt i M xhel. ptuiiftillp acetita-
hatikl. The' pritnar\ band is, Sill. 0/8 ( ~ill/ I xxitl ftuur channuels c\ (0(07 de, Iin pitch anid rull. (_135 dee ini sass
handiled b\ three amlpli fict's. The chantiels ate niorniall Is rcci xed Siolid i-ocket ilitoitt for aptugee niaiieuxer. l1ix da/itie priipulsioni
throiuei ani earth cio\ erage atntennia. butl the spout -beam an tennla caiilt~ fo n ,
be usled insteaCid. The tour chanielVCs are tIrI0IaIhll\ trasittedlil~k
tlurtti'dh tour separate amntena becamis. atitig0Ali each tif, the thii-c Configuration
mito niirin1alls tin earth etiserave canl bie xxx itched to) it. ('hatitiel I 1I. I: tsst 25s-kiu, banilsidth chatinels sx thu tin-board sienlal priu-
is, titi earthl Cmtixrce: Channiel 2 is, notrmalk li) fiite tlatitixx baml. cesn
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EC SB L
22

T TWN

Signal SB

processingT
equipment 725 EC Earth coverage antennas

NB Narrow beam
SB Spot beam .Skv,.ct 4 Sl oi~ifhajis~.v~fl
WB Wide beam

SHE: four channels with handwidths of' 135. 85. 60. and 60) MHz'. 413: launched 10) Decemiber 1988. 56'E longitude, spare
%%ith on-board processing 4C: launched 30 AugVust 1990). I 'ýW longitude. operational
EHE: one expcrimiental uplink receiver Titan III launch %ehicle (4A). Ariane launch vehicle (4B. 4C)

Transmitter Management
UHF: in 250- to 260-MIH, bhind Developed by' British Aerospace (spacecralttl and Mlarconi Space

4()-Nksolid state ampl ifiers, two active plus spares Systems (payload) for United Kingdomn Ministry of Def~ence
20-dB\V FRP pe channel at edge of earth Operated by Ministry of Defence

Sti[l: 7250 to 7385. 7420 to 7505. 753(0 to 7590. 7615 to 767 The SHF part ot the satellite is used by miany terminals on land
Mlii and onl ships. About fortx ships already have commnunications

40-W IATWAs. threec active (one each for Channels I and 3. equ~ipmentil. Many large aircraft, such as miaritime patrol. cargo.
onc shared] by Channels 2 and 4 pillus spaies and surveillance. are to haVe equ~ipmen~it installed by the mlid-
FRPs at edie of, co\ eraCe 31 dBW (Channel I. earth cov er- 1 9 9 0S. Ground forces use large transportable termiinals w ith 2 1-4t
age). 34 d BWV (('hannel 2. European beam,. also cal led nar- diameter antennas, smnaller transportable terminals with 6-ft anl-
ro\% beam ). 35 d B\ W Chan nel 3. w idebeam ). 39 d BW tennas. and mnanpacks with antennas smnaller than 2 ft. The largest
*(ChannvelI 4. spot beat]in offfhese terminals is capable (if being Set uip by siX mien in three

Receverhours. 'The mnaster satellite control station is at Oakhanger. Eni-
Recevergland and has 42-It antennas.

U HF: it) 30)5- to 31 5-Mi~1/ hand The initial Sky net 4 order was for t1% .o satellites. but a third
-IS dIB/K (l/T at ed-e of earth was soon added to the contract. All three are in orbit and have

SHlL 7975 to S8110. 8145 to 8230. 8255ý to 8315. 834(0 it 8400( passed their initial tests suIcceSfully\. T\%o are inl use and the third
Ni H~is a spare. positioned over the Indian Ocean at a longitude formier-

1:1 L preanlip i tiers ly used bx' the older Skv net satellites. It is possible that. by the

FHF1: inl 43- to 45-(;Hi band( mnid-I 1990)s. additional Skynet 4 satellites will be ordered. perhaps
wkithI enhanced capabilities.

Antenna

earh[ co ne spralx all p r~ iiaey I f n da. x 8 I ~ l. I C. H. Jones. ,The Develop mient of1 a Niulti-Access Traffic
earth co\ erace ~~Si in ii Iator for thle Test ing of thle Sky net 4 SN y ti.' h'nl

Sill: tour horns 1 oie receive, three transmit I. earth coverage. the InlAititt~io of Elect'itpij and Radio E-,ngilj,u'r%. Vol. 56~. No.
a ppro xininatel II7 -d13 gain iito parabolic ro'(1ectors wkith iiitil1ti- 21 [ebruar\ 1986).
horn feeds to produce a ý idebeain with 21 . -i-dB gain. a narrow.- 2. "-% iayStlieCmuiatos"Catr1 nSic/r
beani wkit 24. 7-dIB gaini. and a 3-dleg, spoit beain with 29.5-d B I'ounuiicr ateion*vte~l% B'11. C. Evains." ed..peter P6i aelelritu

icain. all uai us at edee of coverace one special services parabolicLt.I odo(17)
retlector toi produce nul fobr Uiplink all Cir-CUlarl\ polari/ed) 3. P. Anson. ''The Skynet Telecommuitnication Programinie.-
F*HF: one hoirn ant ciina (W('Rvvivivm. Vol. 5. No. 2 11989).

Design life 4. P. R. Mliller. "The Skyiiet 4 Spacecraft Antenna Farm." /9,N9
Scecl enC ars (EEL1hiIUrnaioinii i S.S Vflq)o.inn? oil o '111lill/Aand fi( pai' ))1ý1ito 0

~Jwnc 1989).
Orit5. C. 0. Cra\ don. "The SkN net 4 S~ stein." Sj'ignal \'o. 44. No.

S\nc hronotis equatorial. +01.1 LW tationkeeping. nlo N-S Sta- 2 (October 1989).
tionikeeping. inclination 53 dicy o~er til'e bN choice ot initial orbit 6. C. Bulloch. ''Britaiai Spreads Its Ncv Sk niet." .S',iuirc .Ilrii.-(,%

paramtersVol. 5. No. 5 tNoveinbehr/1)eCCemnb-er I 9891 .
Orbital History 7. F/nJ,, Interiatiotial (27 September I 98(). p. 12 '55: 17 March
4A\: launched 31 DIecember I1989. 3(0 F. longitude. operational 198 1). p). 622: (28 March 19811). p. 9)11: (1I Auguist 198 It

p. 3 13: (16 Febrtuar\ 1985). p). 118:) 19 April 1986(. p. 21.
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NATO IV
.\'T( I V ,atellite's I1-ý31 %%ill replace tile NATO Ill satellites T he firs? satellite "sas lauinched it) Januars 199) On a Della

to conitinueI Coniml)ti' catilonls support through thle 1 990s. Inl order klauch \chicle. It %% ill be the actis e NATO satellite. A second
it) oid tile cost of, a nessN satellite dew lopment. N XV() decided satellite %\ ill be at spare. It is schedule~d tor- lAunch inl December

to obtain copies of anl e \ 1sing design. The isso Candidates s' crc 199L. binl the launch could he delas ed a wear if NATO I VA funlc-
tile I nilted States O)50) Ill and thle British Sks net 4. The British tiouis properl\. The satellites ss ill he usedCL h\ thle tixed site termii-
satellite ssZI aschoenC1 at thle enld Of 1986. and ss ork onl tso NATO nal s that hlas been operatitqc ss ibh N.-\T) Ill satellite-, as vc lI as
I\ ci mnnuec d inl 1987 h\ we ra I d ien t ra isport able termni nals inl C instru1ct i in

NATO) IV satellites, areC either- Identicall to. or' almlost identlical
ito. the Sk net 4 satellite,,. The satellite drassinuc inl thle Sks net 4

I .P1. Anson. -'The Sks net Tele commun1LilCict ionIl Pr-ortum- l ie.*dec ri Pt10 is n a U id representanion ot NATO)- IV\ TheC dscrli Pti\ No. e 98)
infoirmation tabla~kted there-. C\CcPIto[ brlaunchI dates, launlch sc~li- Ric o.5 o 18)
cdes. and orbital locations. should be thle same for NAUO I'V. The 2.C. Bulloch. "Briian Spreads Its Ness Sks net7- .Sphu Aoku
siMCMIC ites C are bini' pr-Oui-Cur b thle Br1itish1 01' i ttr f fetice Vol. 5. No. 5 (Nos ether/IDecember 1989).
actinc lor- NAT.\ 3. Avhiation ii Cuk & .'po ch/n, 1C ho~,,I 26 Jan uar\ 1987 t. p- 27:

114 Januar% 1991 ,.p. 24.

bandss idtIil Channels. Becuiniiil \cssithl thle fourth1 (TO-0. an I HVI
Lommun1.11icatiuins sub,\\stem compatible \' ith Nlilstar "sill be add-

The 1K) Contract ssas ass arded itl JulsI 1988 for one satellite.
ss ith oiptiotns for little more. Since thetn. tIke options hawe beetn
comnse rted to 11 t rr1 rde rs. anld aldd it iina IoptlOil oilsace C\pected it)
lie c crc ised . The co n tract isd f4i xed pr~iCe c IUnmere i a I\P te at her
than thle Cost reibuseen 11441 ik su l pplied to mlli~ltrs "at-

The 1)111 luilloss -0n. ort 1K). program Ills ill pro\ ide satel- ellite dew lopmlents. The justificationl is conlsiderable experienice
lites ito replace thie Nas\ \ FIATSATCOM andI [easat satelltics. ss th I.H[- satellites. Mu hch resuilts inl at los risk des elopmentil. The
Nas \ reqluiremlents for CHI` satellite capacit\ hase crossl n 'onsid- contract also requires thle nlIatmutfacturerC to obtain launch \chicle,,
crabls ,i rice thle Ii rSt II TSXIV( M ss as launlchedL inl 1978. At that and deliser the satellites tin orbit. unless the gosermient chooses
ti[ite. four operatoioal satellites plus one orbiting sp~are ss ere to proi\ ide Shuttle lautnches. The first threec lautnches \% ill definite-
planned. [lhe Current cotnstellation is double thatl si/c and inl- 1\ be arranged b\ thle mtuatr
eludes six F-LITSNIVOMs anld f*our Leasats. These satellites are [he satellite bhod\ is nearls at cube. Solar arras s \\ ithi three
Ittnction fng pri perl\ hiut half uif them hit\ hac exceeded their design paniels, each1 de p1O fi-1 ti l te 1nort11i and son thI faces (sheIl e sate I-
lis es. and all bitt onle %k ill be beyond desicgn life b\ the enld Of lite reaches orbit. A large VI. 1 transirit antenna is tixed onl thle
I95 earth1-s\ ies in 11vlace of thle satellI ite. A\ smlaller I. H1F receis e alltenl-

The Nas ý platns to replace the older satellites %% ith a cot"Itella- ita is deployed inl orbit: it is thle sUare 10tilte sideC offthe tratlsnlit
tiori of eight 11l0s. Phlus one uorbititng spare. betseen 1992 and arra\ itlitthe satellite drass in. Thie satellite has at bipropellanlt pro-
I 996. Thie H -0) satellites has moi~ re chianntelIs than thle earlir sat- p~ Isionl sulbs stell tu i hi po isides, sote of filie perigee malnetn e .
ellites. fl-osses r. the.\ do not has c their 5(11-KH, baridssidthl all of thle apogee luaneus er. and the oil-orbit control. The satellite
Chatinel. becautse it %%as, fountd to be less 1tSCe.1 lil tha thle narrosser desicn life of fourteen \cars is tile loncest to daite. althouyli muan\
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The satellite is hardened against nuclear radiation and can op- uplink and SHF downlink beacon. The S-band. Space-Ground
crate for thirty days without ground commands other than for Link Subsystem (SGLS) command and telemetry \kill be prov id-
pa\ hlad reconliouration and stationkeepin,. The SHF fleel ed through the Air Force Satellite Control Network from launch
broadcasl uplink, and the EHF links, will have spread spectrum through stabilization in synchronous orbit.
signals flr jamming resistance. The EHF signal structure is coin- The first UFO is scheduled to be in orbit by July 1992. If all
patible with that of Milstar. options are taken, there will probably be three more launches in

The -Hl- payload accommodates elesen FDMA uplinks,. four 1994. three in 1995. and three in 1996. This would provide tmso
through the earth coverage antenna and seven through the steer- satellites for each of the four operating locations, plus one spare.
able antenna. Each uplink may be time shared by multiple users. The tenth satellite will either be a ground spare or wkill be
The do, nl ink is a tilme multiplexed combination of all eleven launched if another satellite is lost in a launch failure.
channels on a single carrier. Data rates between 75 and 1200 bps
are possible in each channel, and any channel can be used for sat-
ellite command and telcmnerlAy. A switch will allow routing O"Sit'. 1. Aviation Wieck & Space 7iechnolgy (21 March 1988). p. 46:

nals front the EHF uplink to the UHF dow"link. (8 Au.gust 1988). p. 22: (21 August 199). p. 22: 4 June
Satellite control is exercised by the Navy Space Command. 1990). p. 69.

The primary satellite command and telemetry will be via thie SHF

MILSTAR

In tile late 1970s and early 1980s. DoD was operating three services awarded multiple contracts since 1986 for terminal de-
types of conmmunication satellite assets: DSCS. FLTSATCOM velopment and production. Various types of terminals, with an-
supplemnented by the Gaptillers. and AFSATCOM. Thc FLTSAT- tenna diameters between 6 in. and 8 ft. will be built for aircraft.
COM salellites have been supplemented by the Leasats beginning ship. and land use. Throughout these years. Congress \\as debat-
in 1984. Following Leasat. a major systemn improvement called ing the budget for Milstar and the scope of the program. At this
TacSatCom 11 was planned for the 1990s. A major improvement time. the total number oh satellites to be built and launched is tin-
for the AFSATCOM system, called the Stratecic Satellite System certain but probably is less than the original plans for seven to ten
(SSS). was also planned to start in the mid- 1980s. satellites. The first launch w% ill occur in the earl, 19 90s.

Congressional opposition to these plans resulted in a consoli- .--. *: ;1%
dation of the two planned improvements into one new system
called Milstar 11-71. This s\stem will provide service for mobile I.A.D. Dayton and P. C. Jan. "MILSATCOM Architecture."-IEEE Trcmxuhni.ms an Cnno unmti'lion.x. Vol. 2_8. No. 9 ( Sep-
users in both strategic and tactical environments. The Milstar teniloer o 98to.9

tellber 1980).
system and satellites are designed to be survivable, able to contin-
uie operations through all levels of contlict. The satellites are 2. F. E. Bond. "Lon- Rance MILSATCOM Architecture." IEEE
hardened to resist effects of nuclear radiation. They are connect- Military Commtunicationts Conlir'nc'e (October 1982).
ed via 60-GHz crosslinks to provide worldwide interconnectivity 3. J. B. Schultz. "Milstar to Close Dangerous C3 1 Gap." ID(,f(11Ns,with a minimal dependence on ground relay nodes. Atmospheric Eleh'tonics. Vol. 15. No. 3 (March 1983).
attenuation is very high at the crosslink frequenLcy. making the 4. J. B. Schultz. "Milstar Progresses Despite High Cost and

crosslink immune to ,rouind-based interception and jamming. Technology Risks." Dlfkins, blc(tronic.N. Vol. 16. No. 6 (June
Satellite-cround links m. ill be concentrated in the EHF hand (44- 1984).
(Hz uplinks. 20-GH/. downlinks) with spread spectrum wave- S. J. Fawcette. "Milstar: Hotline in the Sky.'" ttigh T'Chclmolo,.
forms designed to maximize resistance to jamming. Other links Vol. 3. No. II (November 1983).
will use UHF for compatibility with the many UHF terminals al- 6.Auiwion Week and Spare Tl'hlolo•,v (5 November 1979).
read)- in use. 6. Avaintie n•pc,7Chooy( oebr17)

The Milstar concept nis detincd in 1980 and 1981 In 1982. p. 67: (28 September 198 1. p. 72: (8 March 1982). p. 280(:
"ThegMlsar oncthept wLSase detiscdrin 98) and 1981. in ed (20 September 1982). p. 131: (7 March 1983). p. 22: (25 Jul\

work began on the FLTSATCO)M EHF Packages (FEP) described 1983). p. 20: (9 December 1985). p. 49: (3 November 1986).
earlier. Their purpose is to prov ide an early in-orbit. Milstar- p. 29: t1) November 1986). p.'32: (26 January 1987). p. 93:
compatible space asset lor testing. In 1983. a satellite develop- () October 198) ). 49 (22J Januarp 19. .Junen (30 October 1989). p. 49. (22 January 1990). p. 19: (4 June
ment contractor was selected, as were two payload development 1990). pp. 45. 47.
contractors. A critical design review• was held in 1986. and satel-
lite integration tests were conducted in 1990. The three military 7. 1. W. Rawlev."Milstar Soars Beyond Budget and Schedule

Goals." •efA'nse Eh'lcrtoicj. Vol. 2 1. No. 2 (February 1989).
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DEFENSE SATELLITE COMMUNICATIONS SYSTEM

The prim~aryN users of the I)SCS 11 -221 are the Worldwide Mul-

itary~~~~~~~~~~~~ Comn n oto ytm h rudmbl ocs . G. E. LiVean. "The Defense Satellite Communications Sx s-
Navy ships. wideband data relay, AUTOVON and AUTODIN. tem.," Paper 74-457, AIAA 5th Comnmunications .Satellite SlVA-
tbc, White House Commu11Lnications Agency. the D)iplomatic Tele- 10I ('oqf,iecJUe(Arl17.

C111tnatnSSysteox. 2.d SuprIoale ain.I di. C. Wri-ht and P. MicLellan, '-Defense Satellite Commnunica-
tion to the satellites. the DS( S includes a control segmient and a tinSse-Z iOeainl ytm"Ppr3I.m-o
variety ofL1cround terminals. tio Sytr-nOeainlSsei* ae .1 aiia

Several types, ofi-1round termninals are in use. Some types are ~ (nAneo onmh~o% C 7(ue17)
being developed to satisfy the increasing diversity of users in the 3 .D ligo,"SSIlBcmn nOeainlSs
DSCS. Airborne and shipborne terminals are the responsibility of tem,. IEEE Tini~satii'n. On ('onnunicalion~.v Vol. 28. No. 9
the Air Force and Navy. respectively: the Army is responsible for (September 1980).
all other terminals. By the end of the 1 980s, miost oif the terminals 4. G. E. LaVean. *'Satellite Communications Requirements in
wkere the truck- and trailer-mounted tr-ansportable types with 8-ft the Defense Commu11Lnicat ions Systein,' Signal. Vol. 28. No. 7
antennas, which ar~e used by the ground mobile torces. (March 1974).

The table ivsbasic characteristic,, of several commnon land 5. R. L. Drummnond. "Network Control and Coordination wkith
termninals,. The capacity of each link varies fromn one to ninety-six the U.S. Defense Satellite Communications Systemn ( DSCS p."
Voice circuits, Or mnay be a combination of teletype and voice cir- Paper 74-477. AIAA 5111 Comm~unication.\ Satellite SYStems
cuits or di cital data ait rates from several kilobits per second to Con/j~iennce (April 1974).
greater than 101 Mbps. At present. both FDMA and spread spec- 6. J. T. Witherspoon and R. P. Sherwin. "Real-timie Adaptive
trum11 Multiple access (SSMA I are used, with somne termninals hav- Control for- the Defense Satellite Commun icat ions System,"
iC. bohtpsofeupet Paper 76-272. AIAA/CASI 6th Commnicathions~ Satellite Syx-.k

The conliculration of the DSCS network is growing through tnsCnnm pi 7t erne nStlieCmo
the years ad within any year may vary as necessary to support notin:ute S%'I5PrL''N ifA.tlIlt( id
the users' responses to wkorld evetnts. Each of the five operational .ieronailti.v. Vol. 54.'D. Jaremi, ed .0(977).
satellites and spare satellites, has a primary and alternative net- 7.HM.Ykb "o-natnofhFlo\o DeseSe-
work control station located at major nodes such as Ft. Detrick. 7.Hli.e Yakuniabe, n "Fomultio Cofntep. Follw-o DEfEnE Satcl-
Maryland. The livye operational sateflles correspond to five liote Comuncaion 19 semCncp7517 IE .eo
DSCS recions: east Atlantic, west Atlantic, Indian Ocean, east Pa- Rcn Arl17)
cilic. and west Pacific. The chanoe from a tour- to five-recion 8. G. W. Carter, et al. ."Ail Experimental Satconi Control Sy stem

svsteiC, ocure to-SS, ae 42. 1. National 7''onnnrtos(nsvti curdin the mnid- 1 980)s. There is consider-able overlap b'oer eNCS. '7P (emer l97t
between the areas served by adjacent satellites. .0ec:NC'7(eebr17)

The DSCS control segmieit miust allocate satellite capacity to 9. R. D. Rosner. "Communications S~stemi Conitrol for the De-
best serve User requiremlents. Control segment com1pu~ter algo- tkense Comnmunications System." Paper- 31.1. I. hUE'flUUU)FUJ

rithins provide aiu allocation process that makes use of the consid- CO/Ifi'renee On COMn~naniation...I: ICC '7S (June 1978).
erable flexibility of the DSCS Ill satellites. This llexibilitv 1 0. R. D. Rosner. "'An Intecrated Distributed Control Structure
includes the antenna patterns and connectivities and thus also in- for Global Communications," IEEE TIWIVV~IC61Ns Onl (0omniu1-

volves variable FIRP and CIT. The control segm1"ent Optimli/es nication.s, Vol. 28. No. 9 I September I1980).
the network confticuIralion for both FDMA and SSMA operations. 11, B. E. Tyree, J. Bailey, and V. Clickv "Ground Mobile Forces
responds to janmmers, generates commnand sets to configlure the TatclSelieHEGonTrmasPpr7-52
satellite, and processes telemetry from the -satellites.

I7,hh' I Exainph' I)SCS (hounid 7eilminlnals

DESIGNATION
PARAMETER

FSC-78 GSC-39 TSC-100A TSC-94A

Type Large, Medium, rransportable,a Transportable,a
fixed site fixed site nodal non-nodal

Antenna dia. (ft) 60 38 8 or 20 8

Maximum number 9115 9/15 4/4 ill
of carriers
(transmit/receive)

Transmitter 5000 5000 1000 500
power (W)

EIRP (dBW) 94 89 70 or 77 67

GIT (dBIK) 39 34 18 or 26 18

aCan be set up or taken down by four men in 30 minutes (8-ft antenna).
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.ALAA 7, h (Ctomminun ications ii sa lt cI/e Sx vilimn. ( li'i ni/cT/u n icai t in S \stc w Anot 1her MIilestone.'' .S~tiu. Vol. .38. No. I
(April 1978). (Scptcmhcr 1 983 .

121. 13. F*. 'I'\ ree, " An I 1 \e - i c \ ft 11hC S IIallI S I I - SaýIctIlC ;titn IX- II1 1. J. I K Linter. "MUltidIchannc SHF DANIA S\ stem." /9S.? Ai/i-
Te rm inal De)c ' ch petuci Prog raim," RC A Fhtigin cci. Vt d 22. 01,v V ('m il,, till ii ait n1ix 'enib Colit-'itce: Al ut tm 'S3 (Octoaber
No. I tinncJutk 1970). I1983).

13 . S. F Rurak. ''( rt it ni Mobhitle Ftorces 'I'act icat Saic Iiitc''rmir- 19*. R J. Bogert. "The RoIe ot ihc I SC'S ( pcraZi i nal Sn pPttr- S\ S-

INoi% embeir )980)). I LI i.' 1 9S4 jllihiar/ v (' C'mnuinaat tsiti Cpin t rtenc: Aihmil a

14. A. L. JohnSon and TI. F. Im~ner. *'Snati EHIISIIF: Airbornc 'S4 (Ociohcr 1984 I.
S atc at ic r Te in lat.' /I//l,1i 601 u111 li 'iicnterUi'iRg l/ni 20). W. 1). Pt wcrs a nd A. MI. Jail i aii. "'T'hc I )c c iiscaflciii!

Pro cedittins' ( Nox cnir 1980)t. Commulinications S\ stcm.- S~iginal. Voul. 39). No. ItI ( mi
Is. P). C'. McI eclan. 1)S('S-Anl F\titk ing ()pci'aitinlai 5"\ Sitem." I19N5 ;i.

Signalti. Voli. 35. Nto. 6 t icbruarx 1981 I . 2 1 . P). F1. 13racttcr anit R. 1) I askc\. -Space andi Tcrrestrial S\. Stemi

106. W. 1). NIcKcc. "'l'hc Rtolc tof Sa~icttic (anIIInLunicaitinsll inl thc inl (Ilc Dcfensc ('om nnltnicationis \SICx I, Iic .'' CO lA V'SN ('oil-

ItI in IIcI )( S.- PapIcI ( 11 t 1. bit'i'i t-1Fit io/il COl /(TO Ui'iTc anl (Coim- 10/in 'itv Recot (' /INo oc inher 1988

lilnil/icit'tloi': IC '''2 unnc t982). 22 J. R. (iIi'an\. ci at1. -,S1I MILSA.TCOM i'cchnatta'x Marchces
17. WV.1I.I lit'.iman anti A. R. Garia-i. -Dl1ct'cSC Salcdlijc ('t11n11i1.- Aticad.'' Mitiowavite' S.kict'/i. Newi.%. Vat. 21). No. 3 (March

199)t~.



SOVIET UNION SATELLITES
The Commun1.11icationl satelites, hulih and launIched by the Soviet I. Congressional Research Service. Soviet .Spa( e Prog'rams,.

Union are described here 11-31. Thie most wkell knowx i are the 1966-4970, U.S. Senate Committee Primt. U.S. Go\ ermient
Molniva satellites, of' wýhich more than 100t hav e been lau-nched PrintinL, Oflice. Washineton. D.C. ( 197 11.
Since 1965. These satellites, use at higih-inclination elliptical orbit 2.Congre~ssional Research Serv ice. .Sovii Sp~ace, Ptu'gim'nu..
well suited to pro\ iding- coveragle ot' the Soviet land mass. In li ~ J7,I**Snt ¾rnite rn.Vlm .15

1975. the Soviet Union began IZlaunching" commu11nication satellites Gvrmn rnieOlc.Wsieo.DC 171
into svrnchronous.1. orbit. Several t~pes exist. and others, althou~gh CogeinaRsarhSvce.ait.Sat'Jata..
annou0t~nced, have vet to be launched. The Soviet U nion has also c'6I90Wti.t~lmlrrvDt hoo~hI93.Pr
launrched radio amrateur communication satellites , which are de- LinadSpcAtvti.US.eaeComtePrt
scribed later. 98-235. Part 3.U.S. Gov ernment Printine2 Oflice. Washinumon.

D.C. 1 985.

MOIN IVA

The Soviet Union has a very larg~e land mass. mluch ot which is
undl~eveloped. This f'actor is a strong limitation onl the develop-
mlent of terrestrial communI~li- cation links. To overcome this fi in-
itat ion. ý.e Soviets undertook to deve lop commu111nication
satellites early in the 1 9 6()s. This development resulted in the
production of :the Molnliva ( Lightning) 1CommnIILilicat ion satellites I
11-131. which are Used Ior both civilian and military commun1~lica-
tions. DurIinc(- the 1 960s they wkere uised primarily for comminuni-
cations internal to the Soviet Union. wkith a gradual expansion to
international serv ice in the 1 970s. By the end of' 1990. 135
Niolniva satellites had been launched (Table I.

The MolniNva satellites Ihave been pu~t into a 12-hr elliptical, inl-
dlined orbit. The apogee is over the Northern Hemisphere. so that
at satellite is visible to ground stations, in the Sov iet Union For ats
much as 9 hr durinuŽ one orbit. and about 15 hr total per day. The
incliat ion (62-65 deg-) permits good visibility to all] Soviet The Molniva satellites, relay sigenals between ground stations
ground stations and provides coverage of the polar areas, which is of the Orbita network. Stations, that use the frequencies as~ociat-
not possible from at synchronouLs eqluatoriail orbit. The hiech-incli- ed wkith the Molni.Na 2 and 3 satellites are desigenated Orbita 2.
nation orbit is easy to achiev e frlom thle Ili l-lilt it Lde Sov iet ()rbita ground stations use antennas that are abotit 40) ft ill dianeI-
launch10 sites (46' arid 63 Ni. w hereas significantly mnore energy is eter. Apparently'. sonme fuinctions of* the ()rbita netxmork ha\ e been
reqluired fo0r anl equatorial orbit. transferred to the Statsionar satellites Iin recent N ears.
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Table' 1. M(lniva Sa•fite'.s

SATELLITE SATELLITE

SERLES AUNCH DATE DECAY DATE E LAUNCH DATE DECAY D
1 2 3 

2 
A3

23 April 1965 16 August 1979 43 12 April 1979 9 December 1989
2 113 October 1965 17 March 1967 12 i5 June 1979
3 25 April 1966 11 June 1973 44 31 July 1979
4 20 October 1966 11 September 1968 45 21 October 1979
5 I 24 May 1967 26 November 1971 46 1 11 January 1980
6 3 October 1967 4 March 1969 47 21 June 1980
7 22 October 1967 31 December 1969 13 18 July 1980
8 21 April 1968 29 January 1974 48 16 November 1980
9 6 July 1968 15 May 1971 14 9 January 1981

10 5 October 1968 16 July 1976 49 30 January 1981
11 11 April 1969 17 April 1974 15 24 March 1981
12 I 22 July 1969 18 June 1971 16 9 June 1981
131 19 February 1970 29 September 1975 50 25 June 1981
14 26 June 1970 16 February 1976 17 17 October 1981
15 29 September 1970! 20 March 1976 51 17 November 1981
16 27 November 1970 25 November 1975 52 23 December 1981
17 25 December 1970 22 December 1975 53 26 February 1982
18 28 July 1971 19 July 1977 18 24 March 1982

1 24 November 1971 10 May 1976 54 28 May 1982
19 19 December 1971 13 April 1977 55 21 July 1982
20 4 April 1972 30 January 1974 19 27 August 1982

2 19 May 1972 22 March 1977 20 11 March 1983
3 30 September 1972 12 January 1978 56 16 March 1983

21 14 October 1972 1 November 1977 57 2 April 1983
22 2 December 1972 11 February 1976 58 19 July 1983

4 12 December 1972 22 January 1975 21 31 August 1983
23 3 February 1973 23 October 1977 59 23 November 1983

5 5 April 1973 6 January 1979 22 21 December 1983
6 11 July 1973 5 August 1978 60 16 March 1984

24"30 August 1973 5 December 1979 61 16 Arch 1984
7 19 October 1973 8 July 1983 62 24 August 1984

25 14 November 1973 26 May 1979 63 14 December 1984
26 30 November 1973 9 June 1985 23 16 January 1985

8 25 December 1973 24 November 1984 24 29 May 1985
27 20 April 1974 17 November 1983 25 17 July 1985

9 26 April 1974 64 22 August 1985
10 23 July 1974 26 3 October 1985

28 24 October 1974 29 December 1985 65 23 Octobe, 1985
21 November 1974 15 May 1986 66 28 October 1985

11 21 December 1974 7 July 1988 27 24 December 1985
12 6 February 1975 4 July 1985 28 18 April 1986

2 14 April 1975 29 November 1988 29 19 June 1986
29 29 April 1975 67 31 July 1986
30 5 June 1975 12 August 1987 68 5 September 1986

13 8 July 1975 30 21 October 1986
31 2 September 1975 19 November 1986 69 15 November 1986

14 9 September 1975 1 70 26 December 1986
3 14 November 1975 31 22 January 1987

15 17 December 1975 71 11 March 1988
4 27 December 1975 12 August 1986 72 17 March 1988

32 22 January 1976 32 26 May 1988
33 11 March 1976 73 12 August 1988
34 19 March 1976 14 May 1985 33 29 September 1988

5 12 May 1976 34 27 December 1988
35 23 July 1976 29 May 1987 74 28 December 1988

16 2 December 1976 75 15 February 1989
6 28 December 1976 35 8 June 1989

17 11 February 1977 76 27 September 1989
36 24 March 1977 36 28 November 1989

7 28 April 1977 37 23 January 1990
37 24 June 1977 77 26 April 1990
38 30 August 1977 38 13 June 1990

8 28 October 1977 78 10 August 1990
9 24 January 1978 5 December 1989 39 20 September 1990

39 2 March 1978 79 23 November 1990
40 2 June 1978 80 14 February 1991
41 14 July 1978 40 21 March 1991
42 23 August 1978 81 18 June 1991

10 13 October 1978 82 1 August 1991
11 18 January 1979 41 17 September 1991
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Molniya I sections on the Molniva 2 solar arna. The last Molni\ a 2 launch

The Molniya I series of satellites has been in use since 1965. was in February 1977: these satellites have been replaced b\ the
These were the first communication satellites developed by the Molniya 3 satellites.
Soviets: the o~ily thing known about their development is that Molniya 3
Cosmos 41 waý 'flown as a test v'ehicle in 1964. This associationwas determined after the Molniya satellites began to be launched The first Molniya 3 satellite was launched in No~ ember 1974.

s dThe basic characteristics of the Molniva 2 and Molniva 3 series
into the same orbit as Cosmos 41: the Soviets did not admit the

4 seem to be the same. and no explanation has been given for the
relationship until live Years after Cosmos 4I was launched. cac nnm.Ec aelt a he rfu rnpnesi

The Molniva I satellites use three-axis stabilization. Both so- change in name. Each satellite has Zee or four transponders i

lar panels and antennas are deployed after launch. The gimbaled the same frequency bands used by Molniya 2. Transmitter pow-
antennas are pointed at the earth while the whole satellite body is ers per transponder have been reported as being 20. 40. or 8( W.

rt the Sun. The Molniya 3 satellites were launched to establish a four-satel-rotated to orient the solar array toward tiheontelaio, hihnrelite constellation. which grew to an ei ght-satel lite constellation in
The Molniya I communications subsystem can relay either a o the early 1980s. The satellites handle telephone and televisionsingle television signal or duplex narrowband (e.g.. telephone or traffic within the Soviet Union and between the Soviet Union and

telegraph) transmissions. About 40 W output power is used for other countries, although the majority of international traffic is
transmission of a television signal: with narrowband operation. p
each of the two signals has an output power of about 14 W. The
Molniya I design has probably been modified several timnes over * * * "*
the past 2(1 years. However. many details of the satellites never I. A. D. Fortushenko, "The Soviet Communication Satellite
have been described, so it is impossible to determine how much Molniya I.-" Telehcommunication Journal, Vol. 32. No. 10 (Oc-
the design has changed. tober 1965).

The first Molniya I was launched in April 1965. During its 2. V. Lustiberg. "Satellite Radiocommunication in the USSR,"
first day in orbit, television signals were exchanged between Telecommunication Jonrnal Vol. 33, No. 12 (December

Moscow and Vladivostok. In 1966. the first increment of stations 1966).
in the Orbita ground network became operational. These stationsCý 3. L. Ya. Kantor. V. A. Polukhin, and N. V. Talyim, -'Nev. Relay
can receive television signals, and both receive and transmit iZý Stations of the Orbita-2 Satellite Cornmunications System,".
voice, data. and facsimile signals. Moscow and Vladivostok are Telecommunications and Radio Eniieering. Vol. 27, No. 5
the two primary stations and are the only ones to transmit televi- (May 1973).
sioln,

The original Molniya I constellation had three active satel- 4. N. i. Kalashnikov. Satellite Communication SSv'stem., Transla-
tion JPRS-54505. Joint Publications Research Service. Wash-lites: it soon grew to four. In the 1970s, the constellation grew to

eight active satellites. mgton D.C. (September 1971).
The eight are in two groups of four: each group's orbits have a 5. K. L. Plummer. "*Soviet Comnmnications Satellites." Space-

commn1on ground track, with the satellites spaced six hours apart flight. Vol. 12. No. 8 (August 1970).
along the ground track. The apogces of the two groups' ground 6. K. L. Plummer. "1970: A Soviet Space Year." ,Spaceflight. Vol.
tracks are separated by 90 deg of longitude. 13. No. 5 (May 1971).

In the 1970s. sonic traffic was transferred to the Molniya 2 sat- 7. D. G. King-Hele, "The Orbital Lifetimes of Molniva Satel-
ellites. then to Molniya 3 and Gorizont satellites. It is now as- lites,'" Journal of the British InterplantcarY Society. Vol. 28.
sumed that all civil traffic is on these newer satellites and that No. 12 (December 1975).
Molniya Is are used only for military and government cominiuni- 8. "A Pattern of Molniyas." Flight International (16 Januarx
cations. 1975), p. 79.

Molniya 2 9. Aerospace D)ailN (19 December 1975). p. 264: (2 September
The Molniva 2 satellites evolved frorn the Molniva I satellite: 1976). p. 1(0: (30 September 1976). p. 144: (26 Notvember

the first launch was in November 197 1. The major change was the 1976). p. 132: (28 December 1976). p. 274: (12 April 1977).
conmmnication frequencies. which were in the 5.7- to 6.2-GHz p. 244: (21 July 1977). p. 105.
band for reception and the 3.4- to 3.9-GH, band for transmission. 10. Flight International (24 April 1975). p. 686: (17 July 1976).
Molniva I satellites use (1.8 to 1.0 GHz for both transmission and p. 187:(25 September 1976). p. 982.
reception. Besides the frequency change, it seems that Molniya 2 II. P. S. Clark, "'The Soviet Space Year of 1984.-" .hurnal ;ithv
had a greater communication capacity than Molniya I. Some. or British Interplantarv" Societv. Vol. 38. No. 8 (August 1985).
all. of the Molniya 2 satellites used horn antennas rather than the 12. Spare Comnnnications and Rroadca,'in~g Vol. 2. No. 3 (Sep-
parabolic reflectors used on Molniva I satellites. In both cases, te.ber 1984). p. 291: Vo. 6, No. 1-2 (Mav 1988). p. 3 1.
the antenna pattern was approximately earth coverage (approxi-
matcly 20-deg beamwidth) when the satellite was near apogee. m1N.Lica.ion. "c (June 1988).
The only obvious change in support subsystems was additional

Notes:
a. Early Molniyas are sometimes designated 1B. !C, and so forth, rather

than 1-2. 1-3, and so forth.
b. Cosmos 41. launched in August 1974, was a Molnia prototype.
c. A discussion of the orbita, decay of Molnia satellites may be found in

Reference 7.
d. Launch failures are not identified by the Soviet Union.
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RADUGA, EKRAN, AND GORIZONT
The Molniya satellites all use elliptical, high-inclination or- the Orbita type. This satellite has an uplink at 6.2 GHz and a

bas. Beginnin,, in 1969, the Soviet Union discussed plans for a do"nlink at 714 MHz.
conumunication satellite called Statsionar, which would be All of the Statsionar satellites announced in 1975 %\ere to have
placed in the synchronous equatorial orbit I 1-21 1. The first been launched by 1980). Statsionar launches started at the end
a.nnouincements indicated a launch of Statsionar at the of 1975 and have continued. with the satellites being gi en
end of 1970. Actually. in March 1974. Cosmos 637 se eral names. All synchronous orbit launchings through

early 1991 are given in Table I. In almost every case. the
satellite orbit had an inclination less than I deg,, and a loh

eccentricity. As these satellites were launched. they
were named in three series: Radua. Ekran. and Gor-

< (< i/ont. These satellites were positioned in the \ari-
ous Statsionar locations,. leadini to the conclusion

S" ' that Statsionar is an orbital position designator
< rather than a satellite name.

,,The Statsionar satellites are associated with sever-
& al networks of ground stations. including the Orbita. Or-

bita-RV. Ekran. and Mosk\a netmorks. Their functions
include sound and television broadcasting, telephone, and dis-

tribution of newspaper columns (presumably for remote print-
ing). The Moskva stations. intended to be much simpler than
Orbita stations, use 8-ft-diameter antennas, in contrast to the 40-

was the first Soviet satellite put into synchronous equatorial orbit.
Although not named as a predecessor of Stalsionar. it generally
has been assumed to be such. Molniya IS was launched into syni-
chronous orbit on 29 July 1974. The name and announcement
clearly indicated that it was a conlinulnicatiol satellite. The S in
the satellite name apparently stood for synchronous or Stalsionar.

In the second half of 1975. the Soviet Union released some de-
tails of the Statsionar system. The plans included ten satellites,
designated Statsionar I to 10. for telephony and telegraphy and
for distribution of tele\ision programs to Orbila-sime earth sta-
tiols. These satellites operate in the 5.7- to 6.2-GHz and 3.4- to
3.9-GH/ bands. Although most of these satellites are positioned
to serve the Soviet Union and neighboring countries, the syrstemn

does provide global coverage. Coverage of the So\ iet Union it- ft-diameter antennas for Orbita. The basic function of both the
self requires at least two satellites, because the geography is such Ekran and Moskva networks is to expand the population served
that the entire country cannot be seen frotmi any one point if) syn- by television. In 1977. the Soviet Union claimed to have 70 Or-
chronous equatorial orbit. bita and 60) Ekran stations in operation with pians for more than

The 1975 announcemrents also included another satellite. Stat- IW()O Rkran stations. By the late 1980s. the number in operation
sionar T. for television broadcasting to earth stations smaller than weas reported to be more than 4W)O.
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la/c I. Slarioll'r .shllijc. The I ntersputnik network for international communications

NAME DATE LONGITUDE started wNith the use of Molni a satellites hut now uses Slatsionar

Raduga 1 22 December 1975 a satellites. The Intersputnik network and organization include,,
Raduga 2 11 September 1976 a most east European and Asian nations plus a few others with
Ekran 1 27 October 1976 a close ties to the Soviet Union, such as Cuba. The ground stations
Raduga 3 24 July 1977 a are similar to those of the Orbita network.
Ekran 2 20 September 1977 a
Raduga 4 18 July 1978 a Raduga
Gorizont 1 19 December 1978 a The tirst Raduila (Rainhow) was launched 'it December 1-)73
Ekran 3 21 February 1979 a and identitied as being the same as the previousl\ announced
Raduga 5 25 April 1979 a
Gorizont 2 5 July 1979 a Statsionar 1. The Soviet Union announced that the Raduga satel-
Ekran 4 3 October 1979 a lites are three-axis-stahilized and ha\e sun-trackin- solar arra\s.
Gorizont 3 28 December 1979 a Other details of their design are unknown but mig'.t be similar to
Raduga 6 20 February 1980 a the Molniva 3 des aduga is
Gorizont 4 14 June 1980 a Zin. The estimated capacity of a R
Ekran 5 14 July 1980 a about one television signal and uip to one thousand duplex voice
Raduga 7 5 October 1980 a circuits, when used w ith 30- to 40-ft-diameter earth station anten-
Ekran 6 26 December 1980 a nas. No photos or models of a Raduga have been displayed b\
Raduga 8 18 March 1980 a the Soviet Union. The inference is that these satellites primarilh
Ekran 7 26 June 1981 a
Raduga 9 21 July 1981 a or wholly serve the military. This inference is strengthened b\ re-
Raduga 10 9 October 1981 690 Eb ports that. in addition to 6/4-GH/ transponders,. the Radugas have
Ekran 8 5 February 1982 a an 8/7-GHz transponder. This latter hand is used only for militar\
Gorizont 5 15 March 1982 a satellite commudnications in the western world and is associated
Ekran 9 16 September 1982 a with the Gals system which the Soviet Union announced to be for
Gorizont 6 20 October 1982 310 Wb
Raduga 11 26 November 1982 a government and military use.
Ekran 10 12 March 1983 a
Raduga 12 8 April 1983 720 Eb Ekran
Gorizont 7 30 June 1983 a The function of the Ekran (Screen). or Statsionar T. satellites is
Raduga 13 26 August 1983 a to broadcast television to sr .'I communities in the northern and
Ekran 11 30 September 1983 a Asian re-ions of the Sosic : Tnion. The Ekran transmitter pro-
Gorizont 8 30 November 1983 a
Raduga 14 15 February 1984 750 Eb 'ides a 200-W output at 714 NIHz for a single-frequency modu-
Ekran 12 16 March 1984 a lated signal: ne\wer satellites may have a second 200-W
Gorizont 9 22 April 1984 540 Eb transmitter at 754 MHz. The antenna gain from the 96-element
Raduga 15 22 June 1984 a array of helices is 33.5 dB peak and 26 dB at the edge of the ser-
Gorizont 10 1 August 1984 aEkran 13 24 August 1984 a 'vice area. Typically. two operational Ekrans are in orbit.
Gorizont 11 18 January 1985 110 W Gorizont
Ekran 14 22 March 1985 a
Raduga 16 8 August 1985 340 Wb In December 1978. the Soviet Union launched the first Gori-
Raduga 17 15 November 1985 850 Eb 'lont (Horizon) satellite. Its stated function \was television relay.
Raduga 18 17 January 1986 1700 W The satellite was not identified in relation to the Statsionar system
Ekran 15 24 May 1986 a
Gorizont 12 10 June 1986 440 Eb until the third launch. which was identified as Statsionar 5. The

Raduga 19 25 October 1986 440 E first Gorizont had an elliptical. I -deg inclination orbit \with a 24-
Gorizont 13 18 November 1986 900 E hr period. attributed to a launch vehicle malfunction. but subse-
Raduga 20 19 March 1987 850 E quent satellites had typical synchronous equatorial orbits. How•-
Gorizont 14 11 May 1987 1030 E ever. the satellite inclination is not controlled as tightly as those of
Ekran 16 4 September 1987 awetrsalie.
Raduga 21 10 December 1987 1280 E western satellites.
Ekran 17 27 December 1987 990 E A Gori/ont satellite displa~ed at the 1979 Paris Aii Show% re-
Gorizont 15 31 March 1988 140 W veals a three-axis-stabilized satellite (see illustration) \%:lose hod\
Ekran 18 6 May 1988 a shape is \cry similar to that of Ekran. The satellite has both de-
Gorizont 16 18 August 1988 800 E
RGarizon 22 20 Ocsto 1988 50° E ployed solar arrays, of a somewhat different conlicuration thanRaduga 22 20 October 1988 350 E - -

Ekran 19 8 December 1988 990 E Ekran. plus some body-nmounted solar cells. The satellite has se\-
Gorizont 17 26 January 1989 530 E eral parabolic reflectors and several horn antennas. The horn an-
Raduga 23 14 April 1989 260 W tennas probably have an earth coverage pattern, the reflectors a
Raduga 1 -1c 21 June 1989 490 E
Gorizont 18 5 July 1989 1400 E
Gorizont 19 28 September 1989 960 E The basic Gori/ont satellite apparently has six transponders in
Raduga 24 15 December 1989 450 E the 6-GHz uplink and 4-GH, do\wnlink bands used extensively b\
Raduga 25 15 February 1990 700 E other communications satellites. The transmitter power per tran-
Gorizont 20 20 June 1990 140 W sponder is similar to that of Niolniva. with a maxinmum of 40 W.
Gorizont 21 3 November 1990 900 E
Gorizont 22 23 November 1990 400 E Some Gorizont satellites are reported to ha~e other transponders
Raduga 26 20 December 1990 850 E %\ith 14-GH/ uplinks and I I-GHz downlinks. and \%ith uplinks
Raduga 1-2c 27 December 1990 490 E and downlinks in the 1.5- to I.6-GH/ band. The latter band is
Gorizont 23 -1 July 1991 probably associated with a group of four helix antennas seen on

aSatellite has been moved above synchronous orbit, or has failed sonic Gori/onl displaxs. The 14/I -GH7 and 1.5/1.6-GH/C ran-

and is drifting. sponders apparently are associated with the Luch and Volna s\\-
bSatellite probably no longer working. tems, respectively.

CThe significance of this designation has not been announced.
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I . P. S. Clark. "The Soviet Space Year of' 1984," Journal of tin
BriidJn~/7ltI~taV Societv. Vol. 38, No. 8 (Awuist 198 5).

2. Spamce Commnunications and Broadcavaing. Vol. 2. No. 3 ( Sep-
temlber 1984). p. 291 : Vol. 6. No. 1-2 (May 198.p.31

3. J. Krupin. -~The international Organization of Space Commu11.-
nications '1nterspUtnik'."~ U sing .S1ace-Today and Tomor-roii.

L

L'

L~ L 0

L A LL I . iad 'Fo oliatoErn .,cfhI.Vl 21 o
I_ (JnaLl7~

klI 2.'L 5.P uio.V .Brvo.adY.F ooao.L
Lrun Stto of- th nrptikSsmi lera c

HLnnoictol an RaiL~gmern. .l 43.N.I
XVIhitr elajia s~iuuI h ~ (oehrI90
Sepemer197h o.2(98.1.L a air Te'oka aelt eeiinBodat

4 .;LL-.. L-1-., v ;.,..J....ýLn vtm~ e'ou~ucnnsadRdoE z~~~r~

p.~Atonuia 88:is~ (14cilng Decembere 1981) Vopl0.(4Otbr 93.p 2: 18)

5.LL, AeoLc 2~d (2 Mac1949p713)38uy194. Stlie o). iains o.6 o 8Acs 9,

6. LtheErnSse sOeaoa 11.'(ln~Uu 1ion andrd "Frmmumtom~ aond Radto E,,,t.'n'ru.. Voelila.36o 2. No.12)l-
Radio E~i,'inering. ol. 31/2. No.I (January 1977) br182).

7. . A Shmshn. ~Th Sttusof he eveopmnt f te Tle- 17. H. P. Shrinn and S. B. Swensrud. anesundYLFKik: al\ CureThSttu
visin Bradcat Neworkand rospcts br te Euure.. ~ Grou nd FuturaOtions.Spae in erpi S'mn~em icain Andgeriad.a ,t-
in~~~nununicatiomuniatins and Radio Engineering.' Vol. 34132. No. In~' I'I .N.2(ue18)

8. Three papers ton a th Aerstroaia tcl equpm nt used with telkrng (Nu \ andFutre 198 ons.~ Sin.Vl 9 o I) x 18)

(Saelltem.bereonuiain 19d77ioEn'neri. Vol. 2198.13. N. L. Johntor. "The Developm ' aenlte anTIelexmeint BofSos it-
31/32.at No. lIe (Januar e 970hilg 2 Se cnbr175).M Geostnchoou. atl i* ,I mon l o Ratie I Eritis lwlrrjian-

9. V.17 P. 5 Minahin beta.rh Basic. p ricile 1416 the Janu ryn S1976I)v.Sin. Vol34 5.N . 35 No.~r 190)( coer.8)

vetnie 179).c p. 23-.io3 Mand 98) p 3 Radi Ma'ierch,' 19l811 20. N L.ctr Jonson Radov Enpandeerig Vol. 36/3.~ Naelit 5 in
32. No. 14 (Janua ery 1977 ). p.llictin 90:l 1988).r 93) . 4 18

1.5. Ver.vj Brdail 2Mach. 194.p 5:(3 L 94.Satellite TVBodatn ytm Ern7 2 .L organ. Fain-.\ Sovie Diec No ro adcasU't 1982tee.~

6. Th Em. a S S tae-il)v n ~,nro.XXI~ intOprrational. Satellitetion.% min Radion (Jngheri Vo.991). 1 (e

Radi Eninerin. Vl. 113. N . I Janarv197). embr 1228



GALS, VOLNA, AND LUCH

In 1977, the Soviet Union announced plans for three nek corn- Volna (Waxe) is a system for mobile communications and k ill
illunication s\steills using satellites in s\nchronlous orbit: Gals. be used only by the So\let Union. All the satellites have l[-band

Volna. and ELch (or Loutch) 1 1-41. A te\w additional Gals and equipment with t\ o channels, one for aeronautical ser\ ice and
Volna satellites %%ere announced in sub.seqLlent years. Frequency one for maritime service. The uplink frequencies %. ill be near
bands and orbital longitudes for these satellites are given in Table 1650 MHz. the downlink near 1540) MHH: both " ill use earth
1. Additional Statsionar orbital positions have been announced to coverage antenna patterns.
encompass the orbital longitudes that do not correspond to the The odd-numnbered Volnas have the UHF payload which uses
Statsionar I to 10 series. The coincidences of different systems at the same frequency band associated with Western militar\ com-
x arious longitudes suIggested multiple payloads on a single space- munications satellites. The uplinks use 335 to 400 MIH /. the
craft. Cosmos 1738. a synchronous orbit satellite launched in downlinks 240 to 328 MH,. These Volnas have announced Iongi-
April 1986. may be related to these systems. tudes similar or identical to actual Raduga longitudes. The con-

Gals (Tack) is a system intended for government service. It clusion ;s that Raduga is the basic designation for s\nchronous
uses the 7.25- to 7.75-GI-lz and 7.9- to 8.4-GH/ bands. Gals sat- orbit military/government communications satellites, and that
ellites are described by the Soviet Union as having ten narrow- each particular application corresponds to a frequenct band and a
band channels, with three or four receivers and transmitters. payload on the Raduga satellites. A similar correspondence exists
Antenna patterns include earth coverage, Northern Hemisphere. between the announced longitudes for the even-numbered Volnas
and a spot beam with about 5-deg beamwidth. A fewý reports have and the actual Gorizont longitudes. suggesting that Gori/ont is
mentioned 7/8-GH/ equipment on Raduga satellites. which prob- the overall spacecraft name for civilian synchronous orbit corn-

ably are related to the Gals system. munication satellites. Morya (seaman) is another name applied to
satellites for maritime communications, but its relation to Volna is

Tab/ I. New Svnchronous Satellite.s unknown.
The Luch (Beam or Ray) system is intended for commercial

NAME FREOUENCY BANDO LONGITUDE communications, both domestic and international. These satel-
lites use the I I- and 14-GHz bands. The Luch system is supposed
to consist of four satellites. However, these may turn out to be

Volna I UHF and L 250 W payloads oil four Gorizonts. The first Luch payload was launched
Gals 1 X 250 W in March 1982 on Gorizont 5. It was used in a program of com-
Luch P1 11/14 GHz 250 W munications and propagation experiments conducted b\ the Sovi-
Volna 2 L 140 W et Union and several eastern European nations. Another group of
Luch 1 11/14 GHz 140W tour satellites is called Luch P. The meaning of the P is unkno, rn.
Gals 6 X 350 E However. the general understanding of Luch P is that it uses the
Volna 3 UHF and L 45 0E same communications equipment as Luch. hence the conmmon

Gals 2 45OE name. but that it is for government and military use. This latter
SP1conclusion is based on the fact that its longitudes coincide \\ithLuch2 14 Gz 530 E those of Raduga satellites. It is likely that Luch P \will exist as

Volna 4 L 530 E

Loch 2 11/14 GHz 530E payloads on the Radugas and not as distinct satellites.

Volna 5 UHF and L 850 E
Gals 3 X 850 E I. P. S. Clark. "The Soviet Space Year of 1984." Journal o!fthe
Luch P3 11/14 GHz 85°E British Interplantar" Societv. Vol. 38. No. 8 (August 1985).

Luch 3 11/14 GHz 900 E 2. N. L. Johnson. "The Dev elopment and Deployment of So\ let
Volna 8 L 900 E Geosynchronous Satellites." Journal ofthe Briti.sh Inrterplan-

Gals 5 X 1300E Sietv. Vol. 35. No. 10 (October 1982).

Volna 6 L 140OE 3. Aviation Weiek & Space Technology (14 November 1977).Luch 4 11/14 GHz 140 0 E p. 20: (21 November 1977). p. 19:(5 November 1979). p. 23:
(3 March 1980). p. 83: (9 March 1981), p. 88: (24 OctoberVolna 7 UHF and L 170ow 1983). p. 24:(28 April 1986). p. 137:(9 February 198 7 ). p. 2 1.

Gals 4 X 170OW 4. V. L. Bvkov. et al.. "The International Experimental Section
Luch P4 11/14 GHz 170°W

L L1of the Dubna Experimental Satellite Communications S\ s-
ternl,-" Ta'omuiain. d Radio Engineering•. V"ol. 37.

UHF = 240 to 400 MHz. L-band = 1540 to 1650 MHz, X-band = 7.25 No. 10 (October 1983).
to 8.4 GHz

SATELLITE DATA RELAY NETWORK
In 1981. the Soviet Union announced plans for a Satellite Data I I and 15 GH,. In 1986. the Soviets announced that a ground

Relay Network (SDRN) 11-31 similar in concept to the United control center \was communicating \with the lo\w-altitude Mir
States Tracking and Data Relay Satellite System. The network space station through this network. usiilg Cosmos 17(W) as the re-
uses three satellites. designated east. central, and wkest (as seen lay satellite. The next satellite in the series probabl\ w\as Cosmos
from the Soviet Union). Frequencies for the network are between 1897. Other synchronous orbit satellites, numbered earlier and
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li•er' in the Cosmos series. also might he part ol a data relay net- I. P. S. (lark. -The So% iel Space Year of I Y94." Jnurnmil 0l/Ih
work. h is not clear %khether SDRN relers to all. or only to a part. Brl-ji. h terpl/lawrw .Sm ievi. Vol. 38. No. X (August I985 -
of the Soiet Union's data relay satellites. Potok (Stream) is a i . Fliht hi,'rnatijnal ( 19 April 1986). p. 20: (31 October
name soiletimies associated "ith data relay satellites. hut its 1987). p. 17.
scope is Uncertain. 3. N. L. Johnson. "Som jets Expand Use of GEO. Sc•w/ih Com,-

t. * . .-** /fl1 iCifll iM) (JUlJ 1988).
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CANADIAN AND UNITED STATES SATELLITES
Otitside of' the So\ cei Union. tile first domestic (OIIe-coun~trx I Coiitra'd. Z11tl10,11-11 econIomIics IN of'concern Iii C anada. at predoml-

Comntmunicat ioni sateli te st emn \% as that of, Canlada. which hecn i nan ftorce is that there j, no other praJc IiCa COI c in mu nicatlll it M iC -
operai ing inl 1973 and hill, exo xked 1111-r Inli se\ eral I ene rations it' ditii i ax ailabC f lki iW u11ch Ot Canlada.

"Natel IiiteN,. The tfirst UnTiiited St at eN dOISH tieNtc coi ii m tiniCat itin sate I - The Canadian and U ni ted StateS dt im Nat s are described here as,

l ite (Oftel Cal led donst Vstenii began operating iii 1 974. Since xýel lifas the tninted States, Marisat satellIite and thc Trackii uc and
then, sew ral other svstcmls hawe been establ ished. and a consider- Data Rela\ Satellite Svsicin. The joint Canadian and Un ited
able inldlstry Oft supplies anld serx ices has, been created ar-ounld states dexelopinenclt of a sx stein to Nerx e lanld-mobile users k aIti
them. Thus, thle U nited States, doinsat marketplace is, character- described. Finalkl. the cont111.innilti efforts tmk~ard hiyh- poxk r do-
i/ed b\ li er-si t\ and competition inl manx aspects. Le'oloinlics is inestic telex ision broadcast satellites, are rex iex\ ed.
c~ert ainkl tilie dri\ xiii ftorce iii thle Uniiited States dom sat iiar ket. III

CANADA
In1 1909. the Canladianl cox 1 eminenit established tile 'lelesat intei terence from other uses of' thie band. LDex clop-incin of' the

Canlada Cor-porationl. Telesat Is in~tended to prox ide domestic Anlik E Satellites becanI at thle endL Of' 1986. Tile\ are dual -frequenl-
Coil)Ilnill icat ioii Serxices, us1iiIe_ satellites 11-81. Caiiada has., excel- c\ band replacenine its for both Anik C aind D) satellites.
Iclint ili c iox\ax e corin ii iiicat it i fmc i lit iCs. buit tile\ are colce lit iat - . .

ed -rmai il ieha k PLpiIlated regcion a lou c the Caiiad ian-
U nited States, border. Ini the more northerl v recions of Caiiada. i.pA A.i Satllie,,i.* IESpecial m Re or.t-.oNiun to. s What's 172 1
there are hun1idreds of' smial ler to%% Its and ouitposts not served by\pi aeltsIE ptlon o.9 o ~x17
microxx axe. Their contact wkith each other anld xx ith the coninier- 2.R. R, Boxxeii. et al.. "The Dex elopment of- a Calladiaii Broad-
cial andI Icxerumen~tal centers ill thle sou~th depended onl radio- castinuc Satellite Svsteiii at 121 CiHz. Paper 5 1.3. Internairionol
telephone and a iricraft se r ices. T lie radio Coin) Ill Liii icat iOnl fac iIi - ( oll/1'ci ('it C'ollln l it vnun lio I.%: W1C 'No) tn iie 1 980)I.
ties, had beeii ditflicu~lt to Pro\ ide aiid unFreliable. The Telesat ,xs- 3. i1. Almond. "1'felesat Prograiiis. Plans.**Paper 1 .4. Firw Caina-
ciii) 110% ow p_ ides- telcxi si on and tel ephonie serxvice to mall\ of dthou IDollcA 1w(01 tu t' Iwilaioi, nl stat/llite' C nnmullitat nm~

these reCIllCt places a it' eýlI as, suIppeieiitiiC1 terrestrial svstemls Cou1i'rt'nCt (iLIiIC 1983).
for hiitli-densitx traffic links and telev ision distribuitionl iii sou~th- 4. MI. J. Sirxas,."Over\ iew\ of' TCTS Satellite Serv ice AppI ica-
emn Canlada. t ions.'' Paper I19. I1. Fivw Cano~adian Domest' ic anl Iiiwrna:11 Ii -

The T~l.'leat , sictem began tiperations at tile beginning of 1')973 (Il Setfe//i (auumunuie wie.l (ofv-1'u'mc tluneM 1983).
Id tox% imic thle lauinch of' tie firsti Nuik satellite. Anik is the Eski- 5. P ) Jedlicke and C. Cunn11iiichamil. "Camiadas Satellite Sx stemf.

tio w ord ftor brother.) A, p~ lanis de\veloped for iiewer satellites. tile SýPittlieht. Vol. 27. Nti. 7/8 (Angist/Septeniiier 1985).
lirst three satellites, xxere desigiiated thle Anlik A sre.The satel- 6 .N.Lse."h ttouto fNx aeltst n(pr
lites, prox ided all Ix e t\ C, f' comiimnnIicatioii serxAICeS through-11out t xtm'
Can ada. As iifwfet' Aiiik 13 Satellite stippleincii Cted the A series, atid Ppr5..I tit nl(''/ott i t
pitox i ded add it itoniat experiminclt at chaiinielIs. Thle Aniiik D series has ui/ t~n ns (('S iileI9
replaced the A satellites. Tile Amiik C satellites also are ill Use bu~t 7. 'Catiad ianl Coiniii u ii icat ion Satellites -Te lesat .' S/ t'( vt Cot-

hae xc di ftc ic t I'luiicIi oii -to an clue ut terrestrial ct iii Ili Lil iiica- municai it am u Biadriot Ica wing'. Vol. 6. No . 1 -2 N Iax I198810
tions Onl bigh traffic denCIsit\ Paths. anld to tise the 12- and 14-GH/ 8. B. C. Kirk. *'Satellite Comimuiiicatioiis iii Canada..hAijitIl-
lrequtenici es f-or SC rx ice tto ii I sflila ill Uirbaii areas. w% here thle 4- 'on/it'o'ncet on i'c oinint rnI'sFli Coii CICC reiicePblIica-
and 6-(l[]/ bands, used inl .nik 1). are unacceptable because of' titil No. 33 1 ( 1991.

Anik A

The .\ilik A\ satellites It 1- I161 xxere spiti-stabili/ed wkith at sinigle thle TW'Ts arc not redUlidantl. it w\as expected that tenl of the tkkel's e
de spI ii col IiilOl 11i Cat it INi aliiten nla. '\N CI~lcit iii iiiet weCre 11o Liiited xk on Id still be operable atl the enid o f tlite sex ci-wxar des ig iltile. Ili
xi thintilte spinniiiii bod\. The alitenina "ifas a 5-ft-diameter frame- practice. approx imaid x sexwn \ears, alter latir.. I. each satellite
xx ork. to which xx as attached af tiuhweicLit iiiesh that was optical- had sixf\'i failues xxhich xxere detiiied b\ about1 6 dIB losof
kx t ranisparen t but re tlicet i c at tilie C iii IILii icat ion f'req tIIieic ie. A Laiii. The satellite anid tile coViii I.liiiicat ion nbx t i de taits are
rtnimttiple-elemniit teed] hiorn illuminated thle rellector so that thie as totltiws:\

antennali beatiii x as shaped to mnalc (teie ( atmad ial i anmd mla ss.Saelt
The \mi ik A ctmuniunicat ion sulbs\stetii had( telxe Chianiiels Saelt

and \\ifas derived frtomn the Intelsat IV comnmiinication sNbsvstemii. Cxtinlder. 75-imi. dia.. 67-iii. lieiLcht ( 139 inl. overall)
It had reduindaiit rccix cr5, common to all chaninels and a inc 5- 655ý lb iii orbit. beoiniiiiii of' life
Wt IVs' ftor cacti chaiinel. hFacli chiaiiiel cou~ld hanidle )ine telx i - Solar cells anid NiCd batteries,. 331) W miaximuimi bcgniniiimi of-
sitin signial tor a in, am ix, as960 one-xx ax telephone circuits,. Frttug h tl.21 td ttl

primie pitier was axailable to toperate all ixicle Chanimel, iiiitiall\ sptili-stabiti/cit. l00I- pni. ±1. I -deg' accuracy
and tip to temi dIuring, eclipse and( later iii the orbiija tile. Althotuigh
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Solid rocket motor for apogee Maneuver, hydrazine propellant for
on-orbit use

Configuration
Twelvc 36-MH, bandwidth single-conversion repeaters

Capacity
9 _() one-rvav voice circuits or one TV program per repeater

Transmitter Anik A Satellite.
3702 to 4178 MHz

One TWT per repeater

5-W* Output. 33-dBW mninimumi ERP per repeater over all of Can-
adai

Receiver
5927 to 6403 MIHz
"T%%o chain, (one on. one standby). each w\ith tunnel diode arnpli-
tiers and a low%-levcl TWT

7.8-dB noise ticure

Antenna
One 60-in.-dia. offset-fed parabola. linear polarization, beamr
shaped to maximize gain over Canadian territory, approximately
3- x 8-deg heamwidth. beam center tilted 7.85 deg north of equa-
torial plane

Design life

Seven Nears

Orbit
Synchronous equatorial, stationkeeping to ±0. I °N-S and E-W

Orbital history
I: launched 9 November 1972. in use until 1982, moved above
synchronous orbit
2: launched 20) April 1973. in use until 1983. moved above syn- tion minimized the number of ground terminal antennas re-
chronous orbit quired.) Between 1982 and 1985. with the Anik D satellites
3: launched 7 May 1975. in use until fall 1984. moved above syn- coming into use. the Anik A satellites w\ere turned off and moved
chronous orbit - out of Yeosvnchronous orbit.

Delta 1914 launch vehicle ( 1, 2): Delta 2914 (3)

Management I. A. A. McKenzie. "Special Report-Communications: What's
tUp in Satellites." IEEE Slwc'wn. Vol. 9, No. 5 (Mav 1972).

Developed by Hughes Aircraft Company for Telesat Canada 2. R. M. Lester. "The Introduction of New Satellites to an Oper-
Operated by Telesat Canada ating System." Paper 58.2. hiltrnational Conf(,'rncc' on Col-

Anik A I was launched in November 1972 and became opera- mtuni'ativn.: ICC 'SI (June 1981).
tional in January 1973. Originally, seven or eight channels were 3. J. Almond. "Commercial Communication Satellite System,, in
in iull-tinme use. with other channels in occasional use. Anik A2 Canada." IEEE Conmnnicjation.N AMagacine'. Vol. 19. No. I
was launched in April 1973. primarily as an on-orbit spare for (January 1981).
Anik AlI. Some channels were leased to United States Conliluni-aonik A omecannels werdmesc lperasdtions Unirted States unchi- 4. R. F. Chinnick. "The Canadian Telecommunications Satellitu
cations companies for domestic operations prior to the launching S\steii." .Iot'nal olf the Britidh hinerplahncatr Soict v. Vol.
of the United States satellites. Although the Anik A antenna pat- 26. No. 4 (April 1973).
tern was optimized for Canada. the channel capacity between two

terminals in the middle or northern latitudes of the United States 5. "Canadian Domestic Communications Satellite." "Ideas and
was still about 6014 of the capacity achievable betmefi Canadian Achievement,," Section. l'homnmni ation ,hrutl. Vol. 40.

terminals. No. I (Januar\ 1973).

Anik A3 was launched in 1975 and soon became the primary 6. D. F-. Weese and F. H. Smart. "Measured Communication Per-
oerational satellite replacing Anik AI. The Anik A I and A2 sat- formance of the Telesat Satellite System." Paper 74-455.
ellites provided redundancy as w, ell as channels for occasional -AI-AA 51hi (C001111,1litilion.\ Satellite Sv.scint1. ('on/ere'nict,
transmissions. In July 1979. Anik B became the primary opera- (April 197-1).
tional satellite. In 1980. Anik A2 was n moved to the same longi- 7. M. J. Houterman. "'Anik' Satellite Communication,, Sy,,teni,"
[tde as Anik A3. which maximized, at one location, the number of Intwrnational le'h'nterint (Conl'rence: i1"' '72 (October
channel,, available for spare and occasional use. ([he single loca- 1972).
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TT5927-6403 ' 3702-4178 Anik A ,wininunication subsv'.teni.

01TW

P3TW

5
TW

TD TD TW 11 TW

2225

2225

TD TD TW Samne f~oor channels
2,4,6,8,10,12

8. L. Harrison. "'Canadian Domestic Satellite (Telesat). A Gener- 12. H. Kowalik. "Telesat Satellite Control System." Paper 74-llDsrpi n." ttrmlionllCdre' Cmti- 45IAAA5 CComoin .•&teleSystenis Clfee
al Description." Inatia frence on Counnunica- 45 1. AIAA 51h ('omlnunicons.SaW/lifte ('ani C rence
t.ins: ICC '71 (June 1971). (April 1974).

9. P. N. Wadhai. "Operational Experience with the Canadian 13. J. W. Crawford, "Operating Experience in the Canadian Do-
Domestic Satellites." Paper 74-453. AIAA 5th Comnununica- mnestie Satellite Systems," Paper 78-54 1. AIAA 71/h ounmuni-
tiont. Satellite S'v•stens (onA'!irence (April 1974). cations Satellite SYst'em.s Coqifrenc'e (April 1978).

10. A. D. D. Miller. "Operational Experience with Small Unat- 14. D. A. Gray. "Telesat's SixtyOne Mbps TDMA System Oper-
tcnded Television Receive Earth Stations." Paper 74-454, ational Experience." Paper 11.3. National Telecommtnin'a-
A/IAA 5th Communaic'ations Satellite SYstems Coqlnrence lions Confierence: NTC '78 (December 1978).
(April 1974). 15. P. N. Wadham. "Operational Experience with Anik A'" Paper

II. R. K. Kwan. "The Telesat TDMA System." Internaltionat 80-0549, AIAA Nth Communications Satellite SYstems Con-
('on/feren• on Communications: I('C '75 (June 1975). .eirence (April 1980).

16. Satellite Communication.s (February 1985). p. 14.

Anik B

Anik B 1I - 131 was a single satellite similar in design to the Ra- age resulting from TWT failures. The receiver was connected to a
dio Corporation of America (RCA) United States domestic satel- single Canadian coverage beam.
lites. It had three-axis stabili/ation and solar arrays that deployed Anik B was launched in December 1978. In July 1979. traffic
in orbit. Anik B had two communication subsystems. each with from Anik A3 was transferred to the 4/6-GHz subsystem. Begin-
its own antenna. One. which used 4 and 6 GHz,. was identical to ning in 1983. the traffic was split between Anik B and Anik D1.
that of the Anik A satellites. except that the TWT power had been The 12/14-GHIf subsystem was leased to the government's De-
doubled, increasing the E-RP by 3 dB. and the gain-to-noise-tem- partment of'Communications. It was used to continue some of the
perature ratio (G/T) had been increased I dB. The other operated experiments started with CTS and to provide preoperational ex-
at 12 and 14 GH, and made extensive use of hardware developed perience for Anik C scrvices. Anik B was removed from service
and tested in the CTS program. It had six channels, four TWTs. in the fall of 1986. The satellite details are as follows:
and four regional transmitting beams. Together. the four beames S
coveied all of('anada. A number of switches provided flexibility
in assigning channels to the regions and minimi/ing loss of cover- Rectangular body with deployed solar arrays, overall span 376 in.

(31.3 ft), 128-in. height (body plus antenna)
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Anik B satellite.

1016 lb in orbit, beginning of life Configuration
Sun-tracking solar array and NiCd batteries. 840 W beginning of 4/6 GHz: twelve 36-MHz bandwidth single-conversion repeaters
life. 635 W minimum after seven years 12/14 GHz: six 72-MHz bandwidth single-conversion repeaters
Three-axis-stabilized, 0.25-deg antenna pointing accuracy (30) Transmitter
Solid rocket motor for apogee maneuver, hydrazine propellant for 4/6 GHz: 3702 to 4178 MHz. one 10-W TWT per repeater. 36-
on-orbit use

Anik B 12/14-GHz communication subsYstem.
14.0- W W YEC Z

The5 46 GC seto isth

14• 11.7-12.2 GHz

s h n 3T C

1340

The~~ 4/6 4~ seto i h
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dBW minimum ERP per repeater over all of Canada Design life
12/14 GHz: 11.700 to 12.180 NIHz,. four 20-W TWTs. 46.5-dBW Seven years
mninimium ERP in each beam Orbit
Receiver Synchronous equatorial. stationkeeping to ±0. I 0N-S and E-W
4/6 GHz: 5927 to 6403 MIHz. G/T Ž!-6 dB/K Orbital history
12/14 GHz: 14.0)0 to 14.480 NMHz, C/T !-lI dB/K Launched 15 December 1978, operational until fall 1986. moved

Antenna above synchronous orbit

4/6 GHz: offset-fed parabola. approximately 3- x 8-deg beam Delta 3914 launch vehicle
shaped to match Canadian land mass Management
12/14 GHz: offset-fed parabola. approximately 36 x 48 in.; one Developed for Telesat Canada by RCA (spacecraft and integra-
receive beam shaped to match Canada. four 1 .8- X 2.0-deg trans-
mit beams each covering 25% of Canada, minimum measured tion) and Spar Technology. Canada (communication subsystems)

gain over coverage areas 35.1 dB (transmit) and 29.4 dB (receive) Operated by Telesat Canada

4/6 ~z I. N. C. Davies. J. W. B. Day. and NI. V.
Patriarche. "The Transition from CTS/

12/1 G~zHermes Communications Experi-
Resolutements to Anik-B Pilot Projects."

lnuvik EASCON '78 Con 'ference Record
DasnFrobisher (September 1978).

' Anchorage WieosEdntn2. A. Casey-Stahmer. "*From Satellite
Vitoi Regirna\ Experiments to Operational Applica-

a ar nipg.-, Monrealtions: Canadian Experiences and
Setl 9Minneapolis St Jon Plans,� Acma Astronaiurica. Vol. 8. No.

N§Detrit Boton'1 (January 198 1)
\ 0 New York 3. J. W. B. Dav. N. G. Davies, and R. J.

Wasingon Douville. "The Applications of Lower

ANIK B (4/6-GHz transmit and receive and 12/14.GHz transmit) Power Satellites for Direct Television
Broadcasting." Acta Astronautica. Vol.
7. No. 12 (Decemnber 1980).

4. R. R. Bowen. et al.. "The Develop-
ment of a Canadian Broadcasting Sat-
ellite System at 12 CHz." Paper 51.3.
lIntelnatfional Gul/Ivlici e (1/1 Commitu-
nications: ICC '80 (June 1980).

5. J. Almond. "Commercial Communica-
tion Satellite Systems in Canada."
IEEE Commnunications Magazine. Vol.

Easten borsight19. No. I (January' 198 1)
6. R. W. Hoedemaker and D. C. Thorpe.

ANIK C (receive) "Anik B. The New Canadian Domestic
Satellite." Paper 9/3. WVESCON Te'ch-
nical Pal)er's (September 1976).

7. R. W. Hoedemaker and D. C. Thorpe.
"Anik B. The New Canadian Domestic
Satellite." RC'A Engineer~. Vol. 23. No.
I (June-July 1977).

8. A. R. Raab and K. Farrell. "*A Shaped
Beam NMultifeed 14/12 GHi Antenna

Westernfor Anik-B." 1978 AP-S inter-national
boresightS *viposium (May 1978).

9. G. Cothe. "The Anik-B Slim TDNIA
Eastern boresight Pilot Project.� Paper 71I.4. National

Telcommn~miaton. Confe'rence:
ANIK C (transmit) NTC '80 (November 1980)).

10. J. C. Chamibers. "An Evolutionary Ap-
proach to the Introduction of Direct

Anik B anmd C (inle'lna patte,-ns
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Broadcast Satellite Service," Paper 73.2. National Telecom- 12. R. M. Lester. 'Telesat Canada Plans for New Satellite Sys-
munications Confeirence: NTC '80 (November 1980). temns." Paper 78-544. AIAA 7th Communications Satellite Svs-

11. D. E. Weese, 'The Canadian Domestic Satellite Communica- tents Conference (April 1978). Revised version in Journal of
tion System--Present and Future," Paper 7-3, EASCON "77 Spacecraft and Rockets, Vol. 17. No. 2 (March-April 1980).
Conference Record (September 1977). 13. 0. S. Roscoe. "'Satellite Broadcasting in Canada." SMPTE

Journal. Vol. 91, No. 12 (December 1982).

Anik C

Anik C I 1-81 is a spin-stabilized satellite that is designed for limited way, and in 1990, additional traffic was transferred to it in
launch by either a Delta vehicle or the Space Shuttle. When in or- preparation for the introduction of Anik E l. The satellite details
bit. the antenna is deployed from one end of the satellite, and a are summarized as follows:
cylindrical solar panel is extended at the opposite end. Within this
panel is the cylindrical body of the satellite, which is also covered
with solar cells except for a mirrored band that is a thermal radia-
tor. The combination of the two arrays provides adequate power 6/4 GHz and
for the mission and permits a compact launch configuration. The 14/12 GHz
two panels spin together in orbit as a rigid body. The relative po- command and

sition can be varied slightly by -round command to balance the teomtr
satellite to help maximize antenna pointing accuracy.

The communication subsystem has 16 repeaters and uses the Two axis beacon Shared
12- and 14-GHz bands. Both this subsystem and the antenna are tracking using aperture
mounted on a despun platform within the satellite body. Each re- communication communication
peater has a single TWT and the satellite has four spare TWTs. antenna and antenna
The TWTs are connected in a ring arrangement so that the spares feed system

are available to all channels. The repeaters occupy the 500-MHz Mirrored
allocation twice by means of orthogonal polarizations for both drum radiator
transmission and reception. Each repeater has a bandwidth of 54 (radial heat Antenna
MHz. selected to accommodate 90 Mbps digital telephone trunks, rejection) positionerS~mechanism for
yet also to maximize the number of repeaters for maximum flexi- north-south
bility in distribution of television. The antenna is composed of pointing control
two surfaces. eaL h transparent to one polarization and reflecting Exte
another. These surfaces are slightly offset from each other to al- sondiblesolar array TWTAs (0 n
low separate feed networks for each polarization. (can be tilted ttes (20) and

The channels may be connected in various ways to the four re- for in-orbit batteries (2)
gional tbeams. There is a single receive beam. For balancing) coupled toginltransmitting bem.Teei igercieba.Frdrum radiator
both reception and transmission, the beams cover only the south-
ern half of Canada. inasmuch as Anik C is used to interconnect
only the urban centers of Canada. The use of 12 and 14 GHz al-
lows the ground terminals to be placed inside cities without inter-
ference between the satellite system and terrestrial microwave
facilities. Furthermore. the use of multiple beams, each covering
only a portion of Canada. increases the effective radiated power
of the satellite. This is complementary to the beams of Anik A and
D. which, covering all of Canada. are best suited to distribution of Anik C satellite detail.

national television or message services that require nationwide
access. in typical use. the Anik Cs will have one 90-Mbps data Satellite
stream or two FM television signals per satellite repeater. 85-in. a, 253-in. hei (

Development began in April 1978. and Anik C3 was launched Cylinder. 5nd.. height (. I t in deployed condi-
on Shuttle Flight 5 in November 1982. It was launched first be-
cause the others were put in ground storage, awaiting launch ye- 1250 lb in orbit, beginning of life
hicle availability, and it was easier to launch C3 than to store it Solar cells and NiCd batteries. 8(X) W end of life
and remove another from storage. The second satellite was Spin-stabilized, gyrostat, antenna beam pointing to 0.02 deg
launched in June 1983 and the third in April 1985. Satellites C3 Solid rocket motor for apogee maneuver. hydrazine propellant for
and C2 were put into operation after initial testing in orbit. Traffic on-orbit use
did not grow as much as expected when Anik C was planned.
Therefore. Satellite CI was put into orbital storage and offered Configuration
for sale. A purchase agreement was made in 1986 by a group that Sixteen 54-MHz bandwidth repeaters. dual-polarization frequen-
planned to use it for transpacific services, but the agreement was cy reuse, horizontal polarization channel centers 13 MHz higher
cancelled in 1987. By 1989. Telesat began to use the satellite in a than vertical polarization
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Receiver
14.003 to 14.497 GHz
Two active plus three spare receivers
+3 dB/K G/T over 95 % of coverage, otherwise +2 dB/K

Anik C satellite. Antenna
One 72-in.-dia. paraboloid, dual linear polarizations for both re-
ceive and transmit, one receive beam approximately I x 8 deg.
four contiguous transmit spot beams approximately 0.8 x 2 deg
each. each pair of spot beams may be combined into an area beam
approximately 1.2 x 2 deg, beams aimed to cover southern half of
Canada

Design life
Ten years

Orbit
Synchronous equatorial. stationkeeping to _+0.050 N-S and E-W

Orbital history
3: launched I I November 1982 (deployed from Shuttle. I I No-
vember) 1 15'W longitude, in use
2: launched 18 June 1983 (deployed from Shuttle. 18 June)
I 10W longitude, in use
I: launched 12 April 1985 (deployed from Shuttle, 13 April).
107'W longitude, in use
Shuttle launch vehicle (satellite design is also compatible with
Delta 3910)

Management
Developed for Telesat Canada by Hughes Aircraft Company
(about 40ch of the work is subcontracted to Canadian firms)
Operated by Telesat Canada

I. J. Almond. "Commercial Communication Satellite Systems in
Canada," IEEE Communications Mag~azine. Vol. 19. No. I
(January 1981).

2. D. E. Weese, "The Canadian Domestic Satellite Communica-
tion System - Present and Future." Paper 7-3. EASCON '77
Cotfem-ence Record (September 1977).

3. R. M. Lester. "Telesat Canada Plans for New Satellite Svs-
tems."Paper 78-544. AIAA 7th Communications Satellite SV%-
terns Conference (April 1978). Revised version in Journal of
Spacecraft andI Rockets, Vol. 17. No. 2 (March-April 1980).

4. F. H. Smart, "The Anik C 90 Mb/s Digital Service." Fourth
International Cotnference on Digital Satellite Communica-
tionls (October 1978).

5. W. Zatychec. "Anik C Space Segment for Telesat Canada."
Paper 80-0474, AIAA 8th Communications Satellite SYstems
Conference (April 1(80).

6. D, A. Gray. "Evaluation of a 14/12 GHz 90 Mbit Digital Sat-
Capacity ellite Link." Paper D7.2. National Telecommunications Con-

90 Mbps ( 1344 voice channels) or two TV programs per repeater ference: NTC '81 (November 1981).
7. J. R. Campbell and M. Zuliani. "System Design for the TCTS

Transmitter Integrated Satellite Business Network," Paper B2. I. Interna-
11.703 to 12.197 GHz tional Conference on Communications: ICC '83 (June 1983).

One 15-W TWT per repeater plus four spares per satellite 8. F. H. Smart, "Overview of the Anik C Satellites and Services.,
48-dBW ERP per repeater using one antenna beam. 3 dB lower Paper 7. 1. First Canadian Domestic and Internatiomal Samel-
when output is split between two beams, 5.5-dB backoff when lites Communications Coniference (June 1983).
two TV transmissions share a repeater
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F[i May be in any of East-center5these 3 states: Beam

4--• ,•1• %• Same as above Esba

,o o 1 0 V Horizontal
polarization

Anik C' communlI~li(ctionl .tihs.¥\'ste.

Anik D
The Anik D satellites [11-71 are replacements for the Anik A Capacity

satellites and eventually also for Anik B. The satellite structure, 960 one-way voice circuits or one TV program per repeaterI
support subsystems. thermal radiator, and deployable solar array Tanmfeare almost identical to those of Anik C. T

The major difference between the two satellites is the commu- 3702 to 4198 MIH;
nication subsystem. Anik D has 24 repeaters in the 4- and 6-GHz One TWT per repeater
bands--twice the number contained in an Anik A satellite and ac- 10-W output. 36 dBW mfinimum ERP per repeater over all of
complished by dual-polarized reception and transmission. The Canada
antenna pattern is shaped to provide coverage of all of Canada,
the same as Anik A. However, the TWT output power is twice Receiver
that of the earlier satellites, thus permitting equal service to small- 5927 to 6423 NHz
er ground terminals. The satellite details are as follows: Two active plus two spare receivers

Satellite G/th >-6 d3/K

Cylinder. 85-in. dia., 258-in, height (21.5 fI) in deployed condi- Antenna
tion One 72-in.-dia. reflector, multiple feed horns to optimize beam

Approximately 14(8) lb in orbit, beginning of life shape for Canada, orthogonal linear polarizations
Solar cells and NiCd batteries. ) W end of lifeDesg
Spin-stabilized, gyrostat Ten years

Solid rocket motor for apogee maneuver. hydrazine propellant for
on-orbit use Orbit
Configuration Synchronous equatorial. stationkeeping to _+0.0. N-S and E-W

Twenty-four 36-MHz bandwidth repeaters, dual-polarization f're-

qtuency reuse
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Orbital history flight,: availability of space on a Shuttle, when later years' sched-
I: launched 27 August 1982. 105'W longitude. in ue tiles were crowded: and ability to bring the satellite into service.

2: launched 8 November 1984 (deployed from Shuttle, 9 Novern- at any time. with only a few days delay. Anik D2 was brought into

ber). I I I'W longitude, in storage until 1986. in use Since service in 1986 to take the traffic from Anik B as it reached the

Delta 392(0 launch vehicle for 1. Shuttle for 2 end of its useful life. Traffic from both DI and D2 was transferred
to Anik E in 1991. After that. Anik D2 will be a spare and Anik

Management DI might be retired.

Developed for Telesat Canada by Spar Aerospace with Hughes * * * * * *
Aircraft Company as a imakjor subcontractor I. R. M. Lester. "The Introduction of New Satellites to an Oper-

Operated by Telesat Canada ating System," Paper 58.2. hnternational Con /'rence on Comn-

The Anik D satellites were built by Spar Aerospace, a Canadi- 1tinunicalions: ICC '81 (June 1981 ).
an company, which is a subcontractor on many other satellites 2. J. Almond. "Commercial Communication Satellite Systems in
(including Anik C) of similai d.ign. The lirit Anik D was Canada," IEEE ('Co,,iminiaiion.s Magazine. Vol. 19. No. I
launched in August 1982 and is in use. Most 6/4-GHz television (January 1981 ).
service is on Anik Dl. whereas message and voice service was 3. A. R. Smalley, "Overview of Anik D Satellite and Services.-
predominantly handled via Anik B. The second was launched in Paper 7.2. First Cata(diant Dormestic and hnterna'mt dal Satel-
November 1984 and put into orbital storage. Telesat saw three lite Communications Conference (June 1983).
benefits to orbital storage: lower launch costs on early Shuttle

A A C D Horizontal
polarization

5927- ,• Reeiver2 •1=Same for 6,8 and 10,12 19

2A A

S21B

Anliik I) tcfflhII/i 'Ua/im .nil).• .%It'i.

33A)



4. D. L. Doan. et al., "Anik D. Brasilsat and GStar Shaped Beam 6. Teleco¢mmunication Journal, Vol. 52. No. 6 (June 1985).
Antennas.'" Paper 29.5. First Canadian Dome.stic and Inter- p. 385.
national Satellite Commniic'ations Cotlieren'e (June 1983). 7. B. Hanson, A. Smalley, and M. Zuliani. "Implementation of a

5. Aviation Week &t Space Tchnmlogy (19 November 1984), Light-Route TDMA Communications Satellite System for
p. 19. Advanced Business Networks," Paper 82-0477. AIAA 9th

C oinninn•'ations Satellite SYstems Con frrence (March 1982).

Anik E
The launch dates and expected lifetimes of the Anik C and D

satellites indicated that both series would need to be replaced in
the cai ly 1990)s. Telesat det ided that Uarge enokugh spacecraft wer 'L
available to allow replacement ot both series with a single-design
satellite series. In addition, such a combined replacement would
he less expensive to build and launch than two separate replace- -.

ment series. The single combined design is AnikE 1-8l.

The development of Anik E began late in 1986. Primary re-
quirements are to provide a continuation of the 4/6-GHz pay-
load on Anik D and the 12/14- GHz payload on Anik C with
the addition of a national coverage beam at 12 and 14 GHz,
higher power at 12 GHz. improved flexibility to switch be-
tween the various 12- and 14-GHz beams, and additional
coverage of the United States to provide full cross-border
services to Canadian companies doing business in
both nations.

The basic satellite design is tile

same as many other com-
munication satellites: Anik Estellite.

tiguous 48 states. The east and west beams are used only for
transmission: the national and cross-border beams are used for
both reception and transmission. At 4/6 GHz. a single national
beam is used for reception and transmission. It covers all of Can-
ada. approximately the northern half of the contiguous 48 states.
and much of Alaska. In the 12/1 4-GH- portion of the communica-
tions subsystem. twelve channels are received in the national

a rectangular body with solar panels that deploy in orbit from the beamn, and four can be individually switched between national
north and south faces of the body. Communications equipment is and cross-border beams. For transmission, these latter four can be
attached to the inside surfaces of the north and south faces. other switched to the national, cross-border, or west beam. Two others
equipment is mounted in a central cylindrical structure and oin can be switched between national and east beams. The remaining
panels that join the cylinder to the exterior panels of the satellite ten are fixed, four to the west beam and six to the east beam.
body. Two large retlectors deploy from the cast and west faces of Details of the satellite and communications payload are as fol-
the body. One is for 4/6 GH/ and the other for 12/14 GHz. A lows:
third, smaller antenna is fixed oil the earth-viewing face of the
body. This third antenna is for the 12/14-GHz cross-border ba Satellite

the larger 12/14-GH, antenna provides the national, east. and( Rectangular box body. approximately 6 x 7 x 7 A. 7?I-ft span
wet heballms. across solar arrays

At 12/14 GH,. the national beam provides coverage of all of Approximately 3200 lb in orbit. beginning of life
Canada except for some sections of the far north. The east and Sun-tracking solar arrays and NiH, batteries. approximately
west beams each correspond to half of the national beam. Tlne 39(X) W after ten years
cros,-boider beamn covers southern Canada plus most of the con-
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BFN (H)

East

14497 2300+7

National 8
BFN (V) 3 Receiver 2 3

Cross- 2Cross-
border 3 Receiver 3 3 3 C-1bre
BFN (H) 7BFN (V)

National1 F
BFN (H) 3 Receiver 4 3--i ,sI

14003- Receiver
14484

BFN Beam forming networkCI'Ws

H, V Horizontal, vertical]F V

polarizations

SVariable power divider

~]May be in any of 3 states:

Anit. E o~lf~lct~ w~scm(12/14 (3Hz). C National
BFN MV

Three-ax is stahilization using pivoted momentum wheels and Transmitter
magnetic torquers 4/6 GHz: 3702 to 4198 MI-I
Liquid hipropellant propulsion for apogee maneu~ver. rniotopro- 11.5-W solid state amplifiers. in six groups of five amplifiers
pellant hydrazine for on-orbit use for four repeaters

Configuration ERP per repeater 37 dBW over much of Canada. 35.5 dl3W
4/6 GI-f: twenty-four 36-MI-f bandwidth single-conversion re- over all of Canada. the northern half of C()NIIS. and much
peaters. dual-polarization f'requecncy reuse of Alaska

12/14 GHz: sixteen 54-MHz bandwidth single-conversion repeat- 12/14 GHz: 11.90)3to 12.197 GHz
ers. dual -polarizat ion frequency reuse 50-W TWTAs. in two groups, of nine amplifiers for eight re-

peaters
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5947- 2t••225 =•

6423 i

5927- • 3702-
6403 •• 4178i "

Beam "• C -

HV 8 .•.

•-I May be in any of 3 states: 10

3722-
Anik E •'ol/tmuni•'atiolt stcb.•v.•'/em (4/6 GHz). ...J 4198

Same as above J• BFN

ERP per repeater 45 to 52 dBW in east and west beams, 45 to Orbit
49 dBW in national beam, 43 to 45 dBW in cross-border Synchronous equatorial, stationkeeping to +0.01°N-S and E-W
beam Orbital history

Receiver I: launched 26 September 1991, I Il°W longitude

4/6 GHz: 5927 to 6423 MHz 2: launched 4 April 1991. in use. 107.3°W longitude

Two active receivers plus two spares Ariane launch vehicle
G/T -3 dB/K over all of Canada

12114 GHz: 14.(X)3 to 14.497 GHz Management
Developed for Telesat Canada by Spar Aerospace with GE Astro-

Three active receivers plus two spares Space as a major subcontractor

G/T 1.5 to 2.5 dB/K over Canada Operated by Telesat Canada

Antenna The Anik E development program is a protoflight approach,

4/6 GHz: one 82-in.-dia. offset-fed dual-grid parabola with mtdti- where the first flight satellite will qualify the design. Distinct
pie fecdhorns, dual linear polarizations qualilication models were built only for the solid-state amplifiers,

12/14 GHz: two offset-fed dual-grid parabolas: one 82-i,.-dia. antennas, some propulsion components, and batteries. The first
with multiple feed horns for national, east, and west beams, dtml satellite was launched in April 1991. The 12/14-GHz antenna was
linear polarizations: one 40-in.-dia. with multiple fccd horns for deployed only alter anomalous behavior, and the 4/6-GH/anten-
cross-border beams, single polarization na could not be deployed. Since the latter antenna was blocking
Design life the attitude control sensors, the whole satellite was disabled. The
('lwclvc years fucl load) antenna was finally deployed, three months after launch, by
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spinning the satellite. The second satellite was launched 26 Sep-
tember 1991 and will be put into orbital storage unless problems
occur with the first satellite. The storage will use a slightly in-

"2d 49 dBW clined orbit chosen so that zero inclination will be reached. with-
49 dBW out use of stationkeeping fuel. in a few years. At that time. the

45 dBW V ,dBW satellite will be activated.

45 dBW
I. E. Bertenyi and R. Tinley. "Telesat Canada's Anik E Space-

craft," Acta Asonnaurica, Vol. 16 ( 1987).

Longitude: 1 0.5 2. A. Shoamanesh and R. Taylor, "Telesat Canada's Anik E
110.5°W__ _ _ Communications Satellite System," Paper 88-0783. AIAA

12th hiternathmoal Communica/tion Sawellite Sv.stens c.•ner-
ence (March 1988).

3. R. C. Whitehouse. "The Anik E Antenna Farm," IEEE Inter-
national Syvnposiitn on Antennas and Propagation (June
1989).

4. A. Kidd and E. Bertenyi. "Anik E Spacecraft Development
and Test," Paper 90-0825, AIAA 13th International Coniniuni-

dBW a cation Satellite Sy-stems Cor.- fence (March 1990).

4dBW 5. Aviation Week & Space Technology (8 December 1986). p. 85:
45 dBW (20 April 1987). p. 20: (9 September 1991 ). p. 76.

6. Satellite Communications (February 1988). p. 27: (May
19 89). p. 19" (February 19 9 1 ), p. 2 5 .

7. R. deCamprieu, M. Zuliani. and D. E. Weese. "Anik E: Mcet-

4 4 8W ing User Requirements in the 1990's," The Canadian Satellite

Longitude: 110.50W d User Cotnference (May 1987).
8. L. A. Keyes and H. J. Moody, "Evolution of the Anik E Pay-

load," The Canadian Satellite Liser Confe'rence (May 1987).

Anik E antenna patterns.

Telesat System
The Telesat system 1I -171 handles a wide variety of traffic, re- been used in several terminals subsequent to their initial installa-

flecting the diverse needs of the country. Television distribution is tion. The thin-route tenrinals provide limited two-way telephone
a major function of the system. Transmissions are FM with one service and can be upgraded to add television reception capabili-
video plus ,;everal audio signals per satellite repeater, except for ty.
Anik C (two per repeater). Telephony is another major function. Initially, early in 1973. the system had 36 communication ter-
FDMA has been in use since the beginning. with FDM voice minals. The number grew to 100 in a few years. then gradually in-
channels on high-density routes and QPSK/SCPC on low-density creased to about 150. Most terminals are the remote television
routes. Voice activation is used on the SCPC links to conserve and thin-route types. Over half of these new terminals are located
satellite capacity. On Anik C, all voice channels are transmitted in the northern territories of Canada. Because of the large number
digitally. The use of TDMA started in the late 1970s and has in- of terminals in remote locations, considerable effort was made to
creased, but it is not yet as common as FDMA. Data transmission keep them inexpensive. Thus. only the heavy-route and TT&C
also exists in the system at rates from 2.4 kbps to 6.1 Mbps. terminals require full-time manning. Also, since the satellites

The Telesat system includes many types of ground terminals have stationkeeping to ±_). I deg or better, only these two types of
for communications plus three telemetry, tracking. and command terminals require automatic tracking.
(TT&C) terminals. The characteristics of these terminals are giv- Satellite and network control for the Telesat system is accom-
en in Table I. The original terminals all operated in the 4- and 6- plished front a control center near Ottawa. Satellite control is ac-
GHz bands. The heavy-route terminals, with 97-ft antennas, are complished primarily using the heavy-route terminal near
equipped for all communications services, and each has several Toronto and the collocated TT&C terminals. The heavy-route ter-
transmitters and receivers for handling multiple simultaneous minal is pointed at the primary satellite, and a TT&C terminal is
links. In addition, these terminals have a complete set of TT&C pointed at each of the other satellites.
equipment. The network TV terminals are primarily for transmis- The Anik C system became operational in 1983. using the 12-
sion and reception of high-quality TV. Northern telecominunica- annd 14-GHz bands, with ten main terminals in the major cities.
lions terminals provide voice links with the heavy-route stations These terminals have 25-ft antennas, with automatic step track-
and reception of television for local rebroadcasting to home re- ing. Six are equipped for telephone and television transmission
ceivers. Remote TV terminals receive television transmissions and reception, and four for television only. For augmenting the
for local rebroadcast, and they have the capability of being ex- major routes of the Trans-Canada Telephone System. data rates
panded to provide two-way telephone service. This capability has up to 90 Mbps can be transmitted. Additional 15-ft antennas \% ill
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Tahle I. Canadian Ground 7"eýrinals

TERMINAL ANTENNA TRANSMITTERS ERPICHANNEL, RECEIVERS ANTENNA NO-BREAK
TYPEO DIAMETER, ft G/T, dBlK INSTALLED/ dBW INSTALLED/ STEERING STANDBY

STATION STATION POWER

HR 97 37 3-8 83 5-10 Step track Batteries and
diesel

NTV 33 28 1-3 83 4 Manual Batteries and
diesel

NTC 33 28 2 73 2-3 Manual Batteries and
diesel

RTV 26 26 0  1-2 Manual Batteries

TR 26 26 2 58 2 Manual Some have
batteries

FTV 12-15 20-22 0 0 1 Manual Some have
batteries

Transportable 12-28 <26 0-2 -54 1-2 Manual Some have
batteries

TT&C 15-36 17-28 2 85 2 Monopulse Batteries and
or manual diesel

HR(12/14) 26 35 2-8 -85 2t2 Step track Batteries and
diesel

MR(12/14) 15 28.5 1-2 -85 2

TV(12/14) 25 33 2-3 22 Step track Batteries and
diesel

TT&C (12114) 15/36 26/35 2 81/91 2 Manual/ Batteries and
monopulse diesel

aTerminal type

4/6 GHz: 12/14 GHz:
HR Heavy route HR Heavy route
NTV Network television MR Medium route
NTC Northern telecommunications (or medium route) TV TV distribution
RTV Remote television TT&C Tracking, telemetry, and command
TR Thin routebFTV Frontier television bSome RTV terminals have had a TR capability retrofitted

TT&C Tracking, telemetry, and command

be installed as needed for television transmission and reception or 5. H. Kowalik. "Telesat Satellite Contiol System." Paper 74-
for reception only, or for transmission and reception of 45-Mbps 451. AlAA 5th Communication Satellite Sy.vxtels Coni'rtelicn
digital data streams. In another type of use, after Anik C2 was (April 1974).
launched, its antenna was tilted 0.5 deg south from normal Cana- 6. J. W. Crawford. "Operating Experience in the Canadian Do-
dian coverage, for temporary use on lease to a United States com- mnestic Satellite Systems." Paper 78-541. AMAA 71th Co,,ununi-
pany as a medium-power broadcasting satellite. Business cation Satellite SYstem.s Con j-rence (April 1978).
communications, both voice and data. are a new service develop- 7. D. A. Gray. "Telesal's Sixty-One Mbps TDMA System Oper-
ing on Anik C. Various data rates are available. Transmissions are ational Experience." Paper 11.3, National Teh'mconunuia-
QPSK/ITDMA. with burst rates of 30 Mbps or higher. tion~s Con1'eri'e. NTC '78 (December 1978).

* ** * * * 8. G. Gothe. "The Anik-B Slim TDMA Pilot Project." Paper

I. J. Almond, "Commercial Communication Satellite Systems in 71.4. National Telecomnmunications Con firenc': NTC '80
Canada," IEEE Communications Magazine, Vol. 19, No. I (November 1980).
(January 1981 ). 9. D. A. Gray. "Evaluation of a 14/12 GHz 90 Mbit Digital Sat-

2. P. N. Wadharn. "Operational Experience with the Canadian ellite Link." Paper D7.2. National "elcomnuniations Con-
Domestic Satellites." AIAA Paper 74-453. AIAA 5th Commit- /,rence: NTC '8/ (November 1981).
niuatiafl Satellite Sv.vtems C'onkrence (April 1974). 10. J. R. Campbell and M. Zuliani, "System Design for the TCTS

3. A. D. D. Miller, "Operational Experience with Small Unat- Integrated Satellite Business Network," Paper B2.I. hnterna-
tended Television Receive Earth Stations," Paper 74-454, tiontl Con1're'e(' onl ComtlnmnumiC('tion0s: ICC '83 (June 19831.
AIAA 5th Com nIIIi'ation.v I Satellite SYW' IIns Co0h'renlCe I H. B. Hanson. A. Smalley. and M. Zuliani. "Implementation of a
(April 1974). Light-Route TDMA Communications Satellite System for

4. R. K. Kwan. "The Telesat TDMA System." International Advanced Business Networks'" AIAA Paper 82-0477. AIA.
Cofi'lrel'e on Communications: ICC '75 (June 1975). 9git Co'nnnonication.% Satellite S~stelm.v Conh1'rn,1ce (March

1982).
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12. A. F. Winter and C. C. Nicholson, "'Earth Station Implenlen- 15. H. B. Hadden, "A News C(ollection and Distribution System
tation in the Canadian D)omestic Satellite Systems." /nlwrna- via Satellite,"' In-'rnationil Brtad ticsling ('inlr'elifJ , IE1E1
ti .onal Ti'leh'n''rilig (Conllc'lenc' Pro•t• ''ding.s (November Conference Publication No. 220 (September 1982).
198 1 16. J. Gaunmond. J. R. Campbell. and M. Zuliani. "O'ervick of

13. S. B. Turner, "The Telesat Canada Tracking, Telemetry and the TCTS Satellie TDMA Trial.* IEEE C('aadian (llmunwi-
('Conmmand Systelm," Ilnu'rnationtl It'lh'mw'rjin ('olf.i'rence catlions and Power Conilrence (October 1982).
Proce'dings (November 1981). 17. F. F. Behmann and G. Y. Nawar. "Availability Considerations

14. P. A. Brown. "Evaluation of a 14/12 GHz Digital Satellite for Satellite Links," Pi-ro'eding.s Annual Reliability and
Link as the Facility Between Digital Switches." Paper D7.3. Maintainabilit" Svynposiwn (January 1983).
National Teho'iwnniuiativn. ('onl/'rem'c: NTC '"V (Novem-
ber 1981).

UNITED STATES
(Domestic Communications)

The satellite systems described here are. or will be, providing nounced plans to combine their systems using the satellites being
domestic communication services for the United States. Together, developed for AT&T. At the end of 1974. the status of these appli-
these systems serve the continental United States (CONUS). cations was as follows:
Alaska. Hawaii. Puerto Rico. and the Virgin Islands 11-181. * Western Union Telegraph Company began operations in

In September 1965. the American Broadcasting Company filed 1974.
a request with the Federal Communications Commission (FCC) - RCA was developing its own satellites. (Initial operations
for authori/ation to operate a communication satellite system for began in December 1973 with satellite capacity leased from
distribution of network television. This application was returned Z C

by the FCC without comment. pending an inquiry concerning Telesat Canada.)

public policy questions related to the establishnment of domestic - AT&T was proceeding toward operational status, with Coin-

communication satellite systems. This inquiry began in March sat General developing satellites for the system.

1966. with many diverse organizations presenting their views to ° GTE had dropped plans for its own system. preferring joint
the FCC. During the next few years. many studies, opinions, sys- operations with AT&T. the next year it became a user of the
tem proposals, and experimental plans were submitted. In addi- AT&T system. rather than a joint owner.
tion to the FCC inquiry, both the legislative and executive • American Satellite Corporation was leasing satellite capaci-
branches of the government studied domestic satellite systems. In ty from Western Union.
1968. a task force appointed by the President prepared a report fa- The RCA and AT&T systems began operations in 1976. By the
voring a limited pilot program. However. just at the time the re- fall of that year, each had two satellites in orbit. as did Western
port was published, a new administration was elected and a new Union. Prior to the development of these systems. the Intelsat
investigation was started. In January 1970, the study group issued system was used for satellite communications between CONUS
a report favoring open entry for domestic satellite systems. On the and Hawaii. Ala ka. and Puerto Rico. The lntelsat terminal in
basis of this report. the FCC in March 197(0 invited applications Alaska became a part of the RCA system. and the terminal in Pu-
for permission to construct and operate the systems. By the erto Rico became a part of the AT&T system. Although these sss-
March 1971 deadline, eight applications were filed. terns serve Hawaii, the Intelsat terminal there has remained in the

FCC action on these applications was prolonged by more coin- Intelsat system to link Hawaii with many Pacific nations and is-
ments. claims. and counterclaims. A tentative decision in June lands. In the same year. CML Satellite Corporation. a combina-
1972 modilied the open entry policy to require each applicant to tion of two of the eight March 1971 applicants. reorganited as
show financial and technical qualifications and that the proposed Satellite Business Systems (SBS). FCC approval was received in
service would be in the public interest. This decision also placed 1977. and the first SBS satellite was launched late in 1980. The
specific restrictions on certain applicants. Following further argu- system became operational in March 1981. At the end of' 1980,
ments. a final FCC decision in December 1972 opened the way nine satellites were in orbit: three each for the Western Union and
for processing of the applications. The FCC had allowed opportu- AT&T systems, two for RCA. and one for SBS. In addition, a
nities (after the March 1971 filing) for applicants to drop. modify, third RCA satellite was destroyed just before reaching the syn-
or combine applications. As a result, there were five active appli- chronous orbit.

cations at the start of 1973: Western Union Telegraph Company. During the first few years after Western Union and RCA start-
American Satellite Corporation. Hughes Aircralt Company with ed operations, the demand for satellite capacity was quite low. In
GTF, Satellite Corporation. Comsat General Corporation with about 1978. the demand started to increase ver'y quickly. By early
AT&T. and RCA Globeconi with RCA Alascomn. 1980, the FCC had several applications to consider, some for ex-

Three approvals were required for each system. covering the pansion of existing systems and some for new systems. Those
satellite equipment, ground equipment. and system operations. thai were filed before I May of that year were considered together
By January 1974. all live applicants had received one or more of and approved in December. New systems that were authori/ed are
these approvals, and both satellite and ground equipment were Hughes Communications. Inc. (HCI). Southern Pacific Commu-
being built. However, in February 1974. American Satellite ('or- nications Company (SPCC). and GTE Satellite Corporation
poratiol cancelled its order for three satellites because of lack of (GSat). In 1983. GTE purchased SPCC. and the latter two s\s-
financing. Then. in April of the same year, AT&T and GT(f an- tenms were combined under the name GTE Spacenet.
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Ini 198 1. fihe [CC' started at broald rev iew of the domestic satel- the way it)-r thle [FCC to proceed \x ith the next set of' authori/ia
lite licensing policN. The ob ,ject ive of" thil, review, %s as, to forniul- t ions.
late thle hest mlethod of, allocating orbital and spectral resources to) By the timre of the 1983 authori/ations. ses eral Other applica-
\% hat wais f'oreseenl as, an ever Increasi ng demai~nd. The primary tionls ss ere su~bmlitted to the FCC. Additional applications arrived
emphasis %\as oil lthe orbital spacing of satellites. In 1 970, 5-deg Iin the fbolloiA inuc mriuths. Again, the [CC' conducted at broad re-
"p~acitig hetsmecu satellites wais 1assumed nlecessalr> to presenlt Ill- lew% of- dnillest ic satellite pol icy prior to slid udinge the indi\ idual
terference. Ini 1974 this was r'educed to 4 deg. Ilii the 198(1 dcci - applications. Topics of particu~lar Interest ss ere the numbher of'or-
sionls. 4 de" sý as used lor satellites that sýere usinL, tile 4/6-Cdt,/ bital positions tof~ten called slots)I as ailable. thle efticicncs sý ith
bhanids and 3 deei [Oir thoi se us inL tilie 1 2/I14-C;H h]ands. %% hiich eachI is uised, and the financial quiialifIicationms of- applicants.

TIhe rex iewý started inl 1981 Xkil as0 ntcom~pleted unt11il April 'lbsome ex~tent, thle nu1mber )islols xx as fixed b\ tle prex ious
198S3. At that time, the orbital spacing, was reduced ito 2 dee f'or 2-deg spaingiL dec~isionl. Iliossever, there wkere still Content ions
bot dl-eilfeqency bands: implemrentatlion oft'his spacing, kkas to pro- about how% last to transition thle 4/6-Cdil satellites to the niew%
ceed os er thle next f'exk years. T[his action almost douibled the spacille. Tlhe Contention locused onl the maily existing ground an-
nuitiiber of* potential sattellite locations inl Orbit. flossexer. most of- tennas. xx hich were not compatible xx ith 21-deg spaicine._, and the
these locatlions \\cre alssigned( to new~ satellite~s and nes sem cost to illiprox the,. or- to replace themn before the\ xx ould other-
autthori/ed Inl conluCLding thle rev\iew. The 19X3 autthorizations. %% Ise be replaced. Another consideration regardineg the number of
ens enriglu all applications received bN \lai 1982. incIluded addi- sloI\kts'wa thle pOtellhill uitility Of someC slots, farthr east or %kest
tioall saltellites ftor seVerall sysesIC plus fiv Ie newý S~stemls: RU'A. thanl those pr1esenltly assigned. 'To pro\ ide for efficient use of each
tor use Of thle 12/1 4-Cd-1/ bands inl addition to tile 4/6-Cil d,satel- slot. thle FCC required all satellites to use dutal-polari/ation I're-
lites. A\merican Satellite Corporation. U. nited States Satellite 55S- LuIICno: reuise, which %ktas alreaCidy used Onl Mo0st satellites. '[he
temts. Rai n bos Satlite, an C.iid Advace 1311~ BLsi nless, [CC AlSO deseloped mninimutm standards f-or 1.numbers of Iran-

Commun1,11ications. American Satellite xxas \xell established inl thle sponders. their bandss idths. and 'l'\\'l' povxer for 12/I 4-Cdt, satl-
business: it had operated an increasing number of gri und fermii- ellites. l'hese characteristics hald beconie relatixe clxixed onl 4/6-
nals I,%ith the WVestar satellites since 19741. 'The latter three compa- (dl, satellites. butl varied amiong, the higher-frequency satellites.
nlies receis ed pro\ isional auithori/ationls and wkere required to [malldN thie F-CC stated mlore specific meiasuires for applicalnts ti-
submiit es idence: of' their financial ability to deel op the s\ stellis. nlaiiciAl quailifiliat Ilns.
Since no ne of- thn lie itix s able t o prese lit sat islfact nV e% sideliceC all B\ earl 1 I985. appl icatnions Irnt iii bi t 20 ire nini/atimoiis ss re
three authlori/ations ssere revoked early iii 1985. inl order to) clear penldiney. A dec~ision wais annouiL1ced ill thle summerlll (if 1985. Si\

ORGANIZATION' SATELLITE ýFREQUENCYi NOTES
NAME BAND b' '

c d e I h

Western Union Westar C 1973 2 3 4 4 '
K 1985 2

RCA Satcom C 1973 2 2 4 4 6
K 1983 2 3

AT&T Comstar. Telstar, C 1973 2 3 4 4 4

SEIS SEIS i K 1977 1 3 4 6
Hughes Communications. Inc. (HCI) Galaxy C 1980 2 3 4

K 1985 2
GTE Spacenet Spacenet C-K 1980 2 3
GTE Spacenet GStar K 198n 2 2
American Satellite Corp. IASCI C-K 1983 1 3

Also.IcAurora C 1985 1, 1,'

Comsat General Corp K 19852
Federal Express Corp. Expresstar K 1985 2
Ford Aerospace Satellite Services Corp. Fordsat C K 1985 2
Martin Marieita Communication Systems. Inc K 1985 2

Total 6 9 18 27 51

Joes not Inclurde organizations who canceled plans for auth 'Number oif useable saeltsin orbit March 1986
ori/ed system-, or had authorizations revoked Numnber of orbital positions authorized at the conclusion of the
1",- 4tf6 GHi. K -12/14 GHz,. C K -~ both C and K on the, %ame, 1985 FOC proceedings Numbe)(r of sýatellites authorized is larger
"sate~llife, becausei it includes spares to he kq pt on the ground
Year systern firsýt aulthoriled laddtitional satellites, and othe~r major Includes new siatellites ownedi by AT&T and oldler satellites
c~hanges., rertiire! ardirtional authorzat ionn ownedi hy ( )rnmsat General and leased to AT&T
Numffber Of tJsefablP siatellites in orbit Decr-mbe~r 1,976 GTE Space (,. has one anIditional authorization for either type
Nurmiber of iuseahle srite~llteýs in orbit Decemnber 1980 ot sate.-lle
Number of tiseable saitellite% in orbit D!cen~iber 1983 ' An RCA satellite, soldt tr) Alascoimn
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previously authorized systemns %sere each granted one additional terminals per satellite was a hew dozen. Each had an antenna at
orbital slot. Western Union and HCI, which already were operat- least 30 ft in diameter and considerable electronics. In the late
ing 4/6-GH, satellites, were authorized to use the 12/14-GHz 1970s, the distribution of television, especially to cable television
band also. Five new systems were authorized: Alascom, Inc.: systems, started and grew quickly. By 1980. the number oftermi-
Comsat General Corporation: Federal Express Corporation: Ford nals was probably about 1000. most with antenna diameters less
Aerospace Satellite Services Corporation. and Martin Marietta than 40 ft. many only capable of receiving television. This type of
Communication Systems. Inc. Alascom was formerly an RCA terminal has increased in number to about 10,0(X). with the typi-
subsidiary and already had one satellite in use that it bought from cal antenna diameter now about 20 ft or less. In the 1980s. as the
RCA. Comsat General had developed four satellites in the 19 70 s result of the dozens of television programs available on commu-
in a lease agreement with AT&T. This authorization was for a nication satellites, the market for television receive terminals for
new, unrelated system. Five other applications were rejected as fi- homes boomed. These terminals, which typically have 8- to 15-ft
nancially unqualified, and two applicants withdrew before the antennas and cost about S1(R)O to S3000 each. were estimated to
FCC proceedings were concluded, number 600,000 in 1985 and extended to one million by 1990.

Another round of applications had gathered by September Meanwhile. although the number of large terminals with multiple
1987. Six previously authorized companies requested additional transmit and receive capabilities has increased, they still probably
satellites, and one new company (National Exchange) requested number no more than one or two thousand. Another type of termi-
authorization to operate a system. In 1988, the FCC allowed fur- nal having considerable growth since the mid-1980s is the very
ther applications. but only for replacement satellites. The dead- small aperture terminal (VSAT). The typical antenna diameter is
line for these was October. The issues the FCC faced in 1988 and 4 to 6 ft. These are used primarily for data networks, where many
1989 were satellite spacing. how to accommodate ever higher 12- remote locations are tied to a hub with a larger terminal. Data
GHz transmitter powers without interference to adjacent satel- transmission may be one way to the hub. or one way from the
lites, and whether to require some in-orbit satellites to move in or- hub, or bidirectional between the hub and the VSATs. The total
der to accommodate newly authorized satellites. The FCC number of VSATs in use probably exceeds 100.000.
decision was announced in November 1989. A total of ten re- * * *
placement satellites were authorized, along with thirteen new sat- I. A. A. McKenzie. "Special Report-Communications: What's

.s of which four are ground spares. Up MSaellie. " ESpeia Vo l.I o .5ni Ma y 1972).
However. alonh with the increase in applications and authori- Up in Satellite." IEEI Spttram. Vol. 9. No. 5 (May 1972).

zations tiiotugh the 1980s, business practicality led to a decrease 2. G. E. LaVean and E. J. Martin. "'Communication Satellites:

in the number of operational systems. The tirst step was the con- The Second Decade." Astronautics and .Aeronautics. Vol. 12,

solidation of the GTE and Spacenet systems in mid-decade. HCI No. 4 (April 1974).

absorbed Western Union satellites later in the decade. Four appli- 3. R. E. Greenquist. "First Generation Domestic Satellite Sy's-
cants authorized in 1985 did not carry through with their plans: terns." AIAA Paper 71-842. AIAA Spate Sv.vvtm% Meeting
Cmnsat General. Federal Express. Ford Aerospace. and Martin (July 1971).
Marietta. The decade of the 1990s began with HCI buying the 4. W. R. Hinchman. "Public Policy and the Domestic Satellite
three SBS satellites that had sieniticant remaining life. Industry." htelrnationa/l Ca0'otren'e on Communicatino:.

As a result. by the end of 1990 only six companies had domes- ICC '72 (June 1972).
tic communications systems with their own satellites: 5. E. T. Ebersol. "'Domestic Satellite Systems: The Reality and

"* Alascomn the Promise." Micrvowaves. Vol. 12. No. 7 (July 1973).
"* AT&T 6. "Domsat Derby Heats Up." Micr-owave S'Vstemn. News. Vol. 3
"* Contel ASC (August/September 1973).

"* General Electric 7. "*The 'Domsat' Race is Now Wide Open." Buhsiness Wieek (22
"* GTE Spacenet September 1973).

"* Hughes Communications. Inc. 8. "Assessment of Space Communications Technology," Sub-

Even Ianion these six, thle Alascom system is dependent oin. committee on Space Science and Applications. U.S. House of
Representatives. 9 lst Congress .3 February 1970A.and to sonic extent a part of, the system. Furthermore. Contel

and GTE merged in March 1991. thereby rediciiig the number of 9. C. F. Page. "'Western Tele-Corninunications Domestic Corn-

independent systems to four. FEach system except AT&T has at munications Satellite Scrvice De\elopment.' Signal. Vol. 28.

least four satellites operating in orbit. HCI and GE along with No. 7 (March 1974).

Alascom are predoininatcly using 4/6 GHz. although GE has. and 10. K. H. Crandall. "The 12 and 14 GHz Bands in Domestic Sat-
HCI is bUi dine, satellites for 12/14 GHz, In contrast. GTE and ellite Communications.*" Paper 31D. Vational T'lecomnmuni-
Contel are primarily a 12/14 GH/ svstein. although some of the cations Coniference: NTC '73 ( Novenber 1973).
satellite,, have 4/6-GHz subsy stcms. II. P. 1.. Bargellini. "'E\olution of U.S. Domestic Satellite Coii-

The market for domestic satcllite services is strong enough to muiications." 3rd Jerusaleiii Conference on Information
allow these four s\slems to continue ini a healthV condition. How- Technologies (1978). Printed in Information 7T'chntloyv:
ever. prospects for tiec\ systems. include that of National Ex- PIroceeting. ( 1978).
chaniie which was authori/ed ill 1989. are poor. The reasons are 12. R. E. Burton. "'Users-The Second Phase." Paper 80-0552.
the large financial inv'estment retuired to build and launch satel- "IAA1 't/h Comnnanittaliontn. Satellite S v. ttf (no C 0ere''c
files. and the fact that tle major censtomers lend to have long-terai (April 1980).
contracts %k ith existing systems. 13. T. J. Casey and R. J. L.epkow\ski. "Satisf, ing Orbital I .ocation

Along wkith the satellite population growth has beenaie~ci Requiremeits of Itire l)omestic Satellite Santems,"
faster gro\t h in earth terminals. In lhe mid 197(s. tile number ofA .',( '(N ',0 ( 'tank'rt' ' Rort t September ] 9().
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14. R. J. Lepkowski, "Orbital Locations of' the New Domestic 1975), p. 39: (8 March 1976), p. 16: (24 January 1977). p. 27;
Satellites,- Paper 43.4. JnJe'rmjlionaI Cmin/en',e on Cominni- (23 May 1977). p. 20: (17 October 1977). p. 94: (30 January
,ications: I('C '81 (Junie 1981). 1978), p. 59: (10 July 1978., p. 15, (26 November 1979).

I5. R. J. Lepkowski. -Orbit Utilization-Current Regulations." p. 48 (5 January 198l1),p. 46 (9 March 19 8 l1). p. 10l1: (8June
Paper ET. 1. National IiComnui(ao~ 'n firence: NTC 19~8 I ). p. 322: (15 November 1982), p. 18. ( 14 March 1983).

S81 (November 1981) p. 104: (14 March 1983). p. 107: (9 May 1983). p. 60; (8 Au-

16. S. W. Fordyce and E. W. Ashford. -U. S. Domnestic Commo11.- gust 1983). p. 21-.(22 August 1983). p. 25: (30 January 1984).
nication Satellites.'* Space Communication and Bracsig p. 46,0(2 March 1984). p. 114-.(23 July 1984). p. 115:.( Jan-
Vol. 3. No. 2 (Junie 1985). uary 1985), p. 103: (I11 February 1985ý). pp. 13. 73. (25 Feb-

17. Aiatini Mee'k LK .Space itch/no/agy (23 August 197 1). p. 38: ruary 1985) p. I5:,(19 ALIOLSt 1985). p. 19: (26 August 1985).
(26 uli 192),p. 89,(17July197). . 2: (1 Spteber p. 63:03 February 1986). p. 42: (24 March 1986). p. 83: (16

(2 ue1972) .p. 2 89; (17 Julybe 1972). p. 22: (11 September June 1986). p. 117; (26 January 1987), p. 30: (5 October

1972). p. 18: (1 January 1973). p. 20:05I January 1973). p. 19: 1987). p. 48.

(26 February 1973), p. 19: (19 March 1973), p. 40: (26 March 18.- e(11i1'1 Cv~n)nunicationsv (January 1981). p. 17: (January
1973). p. I5-, (23 July 1973). p. 17: (17 September 1973). 1984). p. 36: (Novemnber 1984). p. 32: (April 1985), p. 27:
p. 18: (25 February 1974), p. 19: (1I March 1974). p. 47: (29 (September 1986). pp. 10. 11. (November 1986). p. 10: (De-
April 1974). p. 8 1: ( 15 July 1974). p. 298: (2 September cember 1986). p. 16: (March 1987). p. 47: (September 1987).
1974). p. 21: (7 October 1974). p. 19: (14 October 1974). p. It): (November 1987). p. 10: (January 1988). p. 11: (Febru-
p. 18:ý ( 18 November 1974). p. 18: (3 February 1975). p. 17: ary' 1988). p. 12. (March 1988). p. 10. (October 1988). p. 12:
(24 February 1975). p. 62: (23 Junie 1975). p. 15: (8 December (January 1989). p. 8: (March 1991). p. 14.

Western Union
The first set of Western Union satellites 11-251 were Westar 1.

If. and Ill. They were nearly identical to the Canadian Anik A sat- 1W'star /I/IUI illmf U/atelife/i
ellites. The satellite was spin-stabilized: the body and all equip-
menit within it spun, only the antenna w'as deSPunl. The antenna
wa-is 5 ft in diameter and was f~ed by anl array of three horns that
produced a pattern optimized for CONUIS. A fourth horn provid-
ed a lower-level beamn for Hawaii. The communication subsystem_,
had twelve channels with a bandwidth ol' 36 MHz each. Each
channel had at sinele TWT. The satellittý had no spare TWTs. but it
wa~s expected that tn of the twelve channels would be operable at
the end of the satellite's seven-year life, which wvas true for both
Westar I and 1l in 1981. Details of the Westar I through Ill satel-
tles are as follows:

Satellite
Cylinder. 75-in. dia.. 67-in. height (139 in. overall)
655 lb in orbit, beginning oflife
Solar cells and NiCd batteries. 3(05 W at beginning offife. 26() W
mninimum.11 alter sev'en years
Spini-stabilized. I(X) rpmn. ±0. I -deg accuracy
Solid rocket motor for apogee Maneuver, liquid monopropellant
for on-orbit use

Configuration
Twelve 36-M Hz. banidwidth ~single-conv\ersioni repeaters

Capacity
Up to 12WM one-way voice circulits Or- oric IV program per repeat-
er

Transmitter T1"O receivers (one oin. one standb\ ). 8-LIll noise tilcure
3702 to 4178 MHz (fV at edge of co'erape: -7 dllIK (CONt ). -8S (113/K (Alaska).
One 5-W TWT per repeater (no TWI redundancy) - 13 dli/Ký (Hawaii). -'17 dll/K ) Puerto Rico)
FRP per repeater at edge of coverage: 34 d113W ((ONUS). 24

dlW urt ic) 2 BW(lak. 1 Antenna
dBW(Pero ic),27dBW(Aasa.Haai))ne 6(1-,in. -di a. refIlector \01 ithr I ee Iced ho rns combined for, co' -

Receiver erauc ol 'CON IS and] Puerto Rico. separate I~ced horns, f'or Alaska
5927 to 64(03 M Iz and haai.linear polariizaion
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Design life subsystems: S-band for TDRSS, C-band for Advanced Westar,
Seven years and K-band for either system. However, conflicts developed that

resulted in the termination of the joint Western Union and NASA
Orbit use of the satellites. The satellites are used only by NASA. even
Synchronous equatorial, stationkeeping to ±0. I °N-S and E-W though they still have the Advanced Westar equipment.

Orbital history In 1980, Western Union ordered a Westar IV satellite, primari-
1:bitaun d 1oril 1ly to ensure that there was no gap before Advanced Westar was
y launched 13 April 1974. turned offtApril 1983. moved out of available. Westars V and VI were added within a year. With the

synchronous orbit end of Advanced Westar, the company applied for permission to
Ih: launched 10 October 1974, service life about ten years, then build Westars VII and VIII. Westar VIII was not built. Westar VII
moved above synchronous orbit was renamed Westar V1-S after the Westar VI problem (see be-
Ill: launched 10 August 1979, in use until January 1990, turned low): later it was sold, prior to launch, to Hughes Communica-
off, moved above synchronou:s orbit tions and became Galaxy VI. The details of the Westar IV through
Delta 2914 launch vehicle VI satellites are as follows:

Management Satellite

Developed by Hughes Aircraft Company for Western Union Cylinder, 85-in. dia., 269-in. height (22.4 ft) in deployed condi-

Operated by Western Union tion
1285 lb (IV. V)/1340 lb (VI) in orbit, beginning of life

The first Westar was launched in April 1974 and the second in Sola ll and Ni1 d batterie 84 Wi t beginning of life
Octoer 974.Re-larservce tared i Juy 174 wth ive Solar cells and NiCd batteries. 840 W at beginning of life, 694 WOctober 1974. Regular service started in July 1974 with five

4- at end of life
Western Union terminals in major urban areas of CONUS. Westar at end of life
Ill was launched in August 1979. Westar I was removed from ser- Spin-stabilized, gyrostat, approximately 60 rpm

vice in April 1983, Westar If the next year. Westar III was includ- Solid rocket motor for apogee maneuver, liquid monoprop-llant
ed in the Westar satellites sold to Hughes Communications in propulsion for on-orbit use
1988. It was turned off in 1990. Configuration

Advanced Westar. proposed as the second-generation spacesegment. and the NASA TDRSS space segment are integrated Twenty-four 36-MHz bandwidth single-conversion repeaters.

into a common satellite design. The basic design is described in dual-polarization frequency reuse
the TDRSS discussion. The satellite has three communication

l1 Westar I through I!! '0lnilatii, ib. X'tenP.

5927-6403 3702-4178

Dc

Channel

14

0TW

3 TW

5
TW

C
7 TW

9
TW

TODT TW T

2225
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Capacity
Up to 1200 one-way voice circuits or 64 Mbps or one TV pro-
gram per repeater

Transmitter
3702 to 4198 MHz
One TWT per repeater plus six spares per satellite: 7.5 W (IV. V)/
8.2 W (VI) per TWT
ERP per repeater at edge of coverage: 34 dBW (IV. V)/34.5 dBW Westar IV throu;,h: VII satellite.
(VI) (CONUS); 32.2 dBW (IV. V)/30 dBW (VI) (Alaska); 30
dBW (IV. V)/29.1 dBW (VI) (Hawaii); 27.1 dBW (IV. V)/27.9
dBW (VI) (Puerto Rico)

Receiver
5927 to 6423 MHz
Two active plus two spare receivers
G/T at edge of coverage: -6 (IV, V)/-4 (VI) dB/K (CONUS). -7
(IVK V)I-6 (VI) dB/K (Alaska), -7 (IV, V)/-9 (VI) dB/K (Hawaii),
-7 (IV, V)/-6 (VI) dB/K (Puerto Rico)

Antenna
Two 72-in.-dia. paraboloids with polarizing grids, one behind the
other: primary beam shaped to cover CONUS, Alaska, and Puerto
Rico: secondary beam to cover Hawaii; orthogonal linear polar-
izations

Design life
Ten years

Orbit
Synchronous equatorial, stationkeeping to ±0. I°N-S and E-W

Orbital history
IV: launched 26 February 1982, 99'W longitude, in use
V: launched 9 June 1982. 122°W longitude, in use
VI: launched 3 February 1984 (deployed from Shuttle. 3 Febru-
ary). PAM failure left satellite in low orbit, recovered and re-
turned to earth November 1984
Delta 3910/PAM launch vehicle (IV, V). Shuttle/PAM launch ve-
hicle (VI)

Management
Developed by Hughes Aircraft Company for Western Union
Operated by Western Union

Westars IV through VI are larger and have more capacity than
the earlier satellites. Except for communication subsystem de-
tails. the satellites are the same as the SBS satellites. They have a
cylindrical body that is covered with solar cells except for a band
that is a thermal radiator. Additional power is generated by a cy-
lindrical array that surrounds the main body during launch and is
deployed in orbit. The antenna, which is deployed in orbit, and
the communications equipment are mounted on a platform that is
despun during satellite operations.

The communication subsystem has 24 channels and transmits
and receives 12 on each of two orthogonal linear polarizations. Westars IV and V were launched in 1982 and are in use.
Signals received on one polarization are transmitted on the oppo- Westar VI was launched in February 1984 hut was left in a low
site one. The dual-polarized main beam covers CONUS. Alaska. orbit because of a perigee motor failure. A rescue plan 1241 was
and the Carribbean, with lesser gain for the latter two. A second- devised that involved numerous adjustments to the satellite orbit.
ary beam covers Hawaii with only one polarization in Satellites while adapters were designed and built to hold the satellite in the
IV and V. but both in Satellite VI. Internally, the subsystem is typ- Shuttle. A Shuttle mission in November 1984 rendezvoused with
ical of many other satellites with broadband receivers and indi- the satellite. Two astronauts, working outside the Shuttle. cap-
vidual TWTs for each channel. tured the satellite and secured it in the Shuttle bay. The satellite
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Vertical ý
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z polarization

4V003700-
4> ý __014200

6425
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Receiver 2 ___0 '-'

S aReceiverm3 9s o ecT low

S . Receiver 4 H T - •1

7V :*_ _ ,
C CONUS. 5v T

Alaska, and -s

Caribbean (n iH Hawaii I '
" Not on J _'

Westar lV-V tV -- T

M~vi-/Vth-o"hVI Same as above. except low

W•'.ltt IVlltru.•l/ II 'o/nmt/i('tli/t .ulz\'xem.number channels in center

was returned to earth and was refurbished and offered for sale. It nals that they used with the Westars for telephone, data, and video
became Asiasat. which is described in an earlier section (Interna- conierencing. The biggest use of Westar satellites was for distri-
tional Satellites). Westar VII became Westar VI-S and was part of bution of television programs. The Public Broadcasting System
the 19,8 sale of all Westar satellites to Hughes Communications. used Westar to distribute four programs to almost 200 ground ter-
Westar VI-S had not been launched at the time of the sale; with minals associated with its member stations. Numerous companies
minor moditications it became Galaxy VI. used Westar to distribute regular programming or occasional

Westar IX through XI were planned Ku-band (12- and events to cable television systems. Other uses of Westar included
14 GH/) satellites. They were authorized by the FCC but never transmission of facsimile pages of The Wall Street Jourt-nl to
built, more than a do/en printing plants around the nation. Many of

Prior to the sale to Hughes Com"munications. Westar satellites these transmissions continued uninterrupted when the Westars
were operated from a control center at a Western Union ground became part of the Hughes Communtications Network. Transmis-
terminal in New Jersey. Western Union had ground terminals near sion techniques used on Westar satellites include FDM/FM.
six other ma jior urban areas. These were sold separately from the TDMA at burst rates uIp to 62 Mbps. TV/FM, and low rate data
satellites. They were used for transmission of telephone and Ires- with spread spectrum coding.
saue traffic. Several other companies had their own ground termi- * * * * * *
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1. D. B. Nowakowski, "The Western Union Integrated Satellite/ Speech Interpolation Applications for Domestic Satellite
Voice/Data Network," Paper 18B. National Telecominunica- Communications," Paper 14.4. National Telecommunications
tions Con ference: NTC '73 (November 1973). Conference: NTC '78 (December 1978).

2. S. N. Verma. "Westar Communication Characteristics," Na- 15. S. N. Verma and S. Salamoff. "A Medium Rate Integrated
tional Telecommunications Con ference: NTC '74 (December TDM/TDMA Satellite System." Paper 80-0553. AIAA 8th
1974). Comnmnunicattions Satellite Svstenis Con/erence (April 1980).

3. E. D. Hilburn, "How Westar Will Affect U.S. Domestic Corn- 16. S. N. Verma and W. F. Callanan, "Westar Satellite System Ex-
munications," Signal, Vol. 28, No. 7 (March 1974). pansion.," Paper 58.4, International Con •frence on Communi-

4. H. R. Johnson, "Western Union's Domestic Satellite Pro- cations: ICC '81 (June 1981).
gram," Signal, Vol. 28. No. 9 (May/June 1974). 17. S. N. Verma, et al.. "An Automated Satellite Carrier Monitor-

5. S. N. Verma. "U.S. Domestic Communication System Using ing System." Paper F5.5, 1982 Globecom Con frence Record
Westar Satellites." World Telecommunication Forimn Con frm- (November 1982).
ence Proceedings (October 1975). 18. P. Schneider. "The Western Union Telegraph Company's Sat-

6. D. J. Lee, "'System Performance of America's First Domestic ellite Switched TDMA Advanced Westar System." Acta As-
Communications Satellite - Westar," EASCON '74 Conven- tronautica. Vol. 8, No. 3 (March 1981).
tion Record (October 1974). 19. J. E. D. Ball, "The Planning and Implementation of the Public

7. G. L. Sarver. "Satellite Communications for Off-Shore Oil Television Satellite Interconnection System," SMPTE Jour-
Operations Using Westar." National Telecommunications nal, Vol. 87, No. 12 (December 1978).
C(on ference: NTC '75 (December 1975). 20. R. E. Wetmore. "System Performance Objectives and Accep-

8. J. Ramasastry. "Western Union's Satellite-Switched TDMA tance Testing of the Public Television Satellite Interconnec-
Advanced Weslar System." Paper 78-602. AIAA 7th Conunu- tion System." SMPTE Journal, Vol. 88. No. 2 (February
niications Satellite Sv.stem Coqference (April 1978). 1979).

9. C. L. Washburn. "Westar Operations as Part of the Western 21. J. T. Ragan. "Satellite Distribution-Broadcast Services." Pa-
Union Integrated Transmission System," Paper 78-540, AbAA per 12.2. National Telecommnuniations Co(ankerence: NTC "79
7th Communications Satellite SYstems Conference (April (November 1979).
1978). 22. J. T. Ragan. "Satellite Distributed Broadcast Services at West-

10. J. E. D. Ball and P. Rubin, "Communication Satellites for Pub- ern Union." Paper 80-0566. AIAA 8th Communications Satel-
lic Television." IEEE Transactions on Broadcasting. Vol. 24, lite SYstems Conference (April 1980).
No. 2 (June 1978). 23. G, D. Dill and G. C. Jenkins, "TDMA in the Dow Jones &

II. J. W. VanCleve, "Operation and Control of an Integrated Sat- Company, Inc. Satellite Communications Network." Paper
ellite/Terrestrial Transmission Network," Paper 25.4. Internim- 30.1. National Telecommunications Con.ference: NTC '80
tional Con lerem'e on Comnmnications: ICC '77 (June 1977). (November 1980).

12. J. Ramasastry, "Advanced Westar SS/TDMA System." 24. Aviation Week & Space Technology( 13 February 19 84 ). p. 19:
Fourth International Conference on Digital Satellite Conmmt- (25 June 1984). p. 22: (I October 1984), p. 28: (22 October
nitations (October 1978). 1984), p. 21: (5 November 1984). p.21: (19 November 1984).

13. S. N. Verma and D. Fraley, "Sixty-Two Mb/s Transmission via p. 16.

Westar Satellites," Paper 11.2. National Telecommnnications 25. S. N. Verma and W. F. Callanan. "Westar Satellite Network
Confermence: NTC '78 (December 1978). and In-Orbit Performance." Paper 3.3. International Conlelr-

14. S. N. Verma. J. Ramasastry. and W. R. Monsees, "Digital ence on Conmnunications: ICC '84 (May 1984).

AT&T (Comstar, Telstar 3, Telstar 4)

The AT&T system 11-171 started operating in 1976 using the Solar cells and NiCd batteries. 760 W maximum at beginning of
Comstar satellites. They were a derivative of Intelsat IV. The two life. approximately 550 W minimum at end of life
satellites were the same size. and the structure and support sub- Spin-stabiliied. gyrostat. approximately 55 rpm. maximum an-
systems were very similar. Like Intelsat IV. Comstar was a dual- tenna pointing error _+0.26°N-S. +-0.2E-W
spin type satellite. Externally. the body was a cylinder covered Solid rocket motor for apogee maneuver, liquid monopropellant
with solar cells. Internally. most support equipment was attached for on-orbit use
to the spinning structure. The communication subsystem and an-
tennas were mounted on a despun sheltf, which was oriented to Configuration
keep the antennas earth pointing. Although the solar array was the Twenty-four 34-MH/ bandwidth single-conversion repeaters.
same size as that of Intelsat IV. the end-of-life power was greater dual-polari/ation frequency reuse
on Constar due to the use ofnewer. higher efficiency solar cells.

The satellite details are as follows: Capacity
Up to 1200 one-way voice circuits or one TV program or 45

Satellite Mbps per repeater. specified. actual use >I 5(X) one-w aN voice cir-
Cylinder, 94-in. dia.. II I-in. height (239 in. overall) culits plus 1.5 Mbps data
1787 lb in orbit, beginning of life
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Orbit
Synchronous equatorial. stationkeeping during regular lifetime to
±0. I°N-S and E-W

Colistar satellite.
Orbital history
I: launched 13 May 1976. moved above synchronous orbit 1987
or 1988

2: launched 22 July 1976. 76°W longitude, spare, 6-deg inclina-
tion in 1991

' 3: launched 29 June 1978. turned off 1984. moved above syn-
chronous orbit

4: launched 21 February 1981. 76°W longitude, spare. 5-deg in-
clination in 1991
Atlas-Centaur launch vehicle

Management
Developed by Hughes Aircraft Company for Comsat General

, 01iCorporation (for lease to AT&T)

Operated by Comsat General Corporation

The communications subsystem was a new design relative to
Intelsat IV and has twenty-four channels. Twelve channels plus
the guardbands between them almost filled the 500-MHz band, so
the band was reused by receiving and transmitting twelve chan-
nels with horizontal polarization and twelve channels with verti-
cal polarization. Within the satellite, each of these twelve-channel
groups used a different receiver: every channel had its own TWT.
Separate antennas for each polarization provided coverage of
CONUS. while one had additional feed horns for coverage of
Alaska and the other for Hawaii and Puerto Rico. Six channels
were permanently connected for CONUS coverage. The output of
each of the other six channel groups was switchable between one
of the outlying areas and CONUS.

In addition to the communication subsystem. the satellites also
Transmitter had beacon transmitters at 19.04 and 28.56 GHz for use in propa-
3700( to 4200 MHz 0ation measurements. The data collected in these experiments
One 5-W TWT per repeater (horizontal polarization transmis- will be useful in the design of satellites that will use the 18- and
sion). one 5.5-W TWT per repeater (vertical polarization trans- 30-GHz bands.
mission), no redundancy Comsat General Corporation developed these satellites and

ERP per repeater at edge of coverage: 33 dBW (CONUS. Hawaii. operated them under a lease agreement with AT&T. The first two

Alaska. Puerto Rico). 31 dBW (combined CONUS and Alaska satellites were launched in 1976. the third in 1978. and the fourh

coverage), specified: 36 dBW typical. 34 dBW minimum in 1981. After the fourth launch, the two older satellites were col-

achieved over CONUS located for a time to be operated as a single satellite. Each provid-
ed half of the twenty-four repeaters. At the end of 1983. one

Receiver satellite was turned off and the two older satellites moved. Use of

5925 to 6425 MHz the remaining three satellites decreased as the Telstar 3 satellites

Four receivers (two on. two standby) were brought into operation. but the fourth Comstar was still be-

G/T: -8.8 dB/K (specification). -4.5 dB/K (typical) ing used in 1986.
The second generation of satellites in the AT&T system are

Antenna called Telstar 3. (Telstar I and 2 were two experimental satellites

Two antennas 50 x 70 in. (one for horizontal polarization trans- launched in 1962 and 1963.) They were obtained directly by
mission and reception with six feed horns to provide CONUS. AT&T rather than through the lease arrangement used for the
Hawaii. and Puerto Rico coverage: one for vertical polarization Comstars. The Telstar 3 satellites have the same conficuration as
with live feed horns for CONUS and Alaska coverage). 24.5-dB Anik C and SBS. The basic external features shown in the left
receive gain. 26.5/27-dB transmit gain (vertical/ horizontal): CO- side of the figure are the 6-ft antenna, the main body. which con-
NUS beam approximately 3.5 x 7 deg: 33-dB isolation between tains all the equipment. and the lower. deployable, solar array.
the two polarizalions The clear band in the middle of the main body solar array is a

thermal radiator, which is closely coupled to the power amplifiers
Design life of the communication subsystem. The satellite details are as fol-
Seven years lows:
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Telstar 3 satellite details.

Management pany was building, and new ways of using satellite channels to in-
Developed by Hughes Aircraft Company for AT&T crease their capacity.
Operated by AT&T The Telstar 3 satellites are being operated by AT&T. Satellitecontrol equipment has been added to an existing AT&T ground ter-

The communication subsystem is functionally the same as that minal in Pennsylvania. Equipment was also added to an existing
ofthe Comstar satellites. It has twenty-four channels that use dual terminal in California as a backup to the primary site. Eight other
polarization transmission and reception. Of the twenty-four chan- communication terminals, not all operated by AT&T. comprise the
nels. six are always connected to the CONUS transmit beam" the basic network. Links between these terminals are either part of the
other sets of six are switchable between the beams for CONUS public telephone network or the private telephone network operat-
and other areas. Internally, there are two main changes from the ed by AT&T for the government. The use of the Comstar satellites
Comstar communication subsystem. One is the addition of the six was restricted to these two applications during the 1976 to 1979
spare amplifier chains. The other is the use of solid-state amplifi- period to allow other domestic satellite companies an opportunity
ors. Eighteen of the thirty power amplifiers are constructed with to establish themselves before facing direct competition from
field effect transistors-a single first stage followed by three suc- AT&T.
cessive stages. each with two parallel transistors. The other Since 1979. AT&T has been free to use its satellites for any type
twelve amplifiers are TWTs. of communications. Long-distance. high-capacity voice links are

Development of the Telstar 3 satellites started in 1980. The still a major source of traffic, but television distribution is increas-
first was launched in July 1983. the second in August 1984. and ing. The television services include both regular network televi-
the third in June 1985. Traffic was transferred from the older sion and occasional uses. Other traffic includes high-speed data
Comstars to the Telstars. with AT&T maintaining a four-satellite and video conferencing. Because of their interest in high-capacity
system composed of thrce Telstars and one Comstar. AT&T con- voice transmission. AT&T has made use of companded single-
sidered a fourth Telstar but dropped the idea for two reasons: the sideband modulation. This modulation. combined with the large
capacity available in a nationwide fiber optics network the coin- earth terminals, allows 6000 or more voice circuits per 36-MHz
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satellite channel. compared to the typical 1000 to 15(X) voice cir- developed by Ford Aerospace. but the FCC would not transfer the
cuits with single-carrier FDM/FM in other systems. authorization for these satellites to AT&T. Thus. AT&T had to file

The lifetimes of the Telstar 3 satellites require replacement sat- a request for a new authorization, which was granted in Novem-
ellites to be launched beginning about 1992 or 1993. In planning her 1988, just after receiving manufacturers' proposals for the
for these replacements. AT&T attempted to buy satellites being satellites. A contract was awarded in autumn 1989 for thrce Tel-

star 4 satellites, two to be launched and one to be a ground spare.
The satellites are larger than previous domestic communica-

tions satellites and have twice the bandwidth of the Telstar 3s.
The Telestar 4 satellites use both C-band (6/4 GHz) and Ku-band
(14/12 GHz). The C-band equipment is similar to the entire coin-
munications subsystem on Telstar 3. consisting of twenty-four

i'har 3 .stellite transponders with 36-MHz bandwidths. The Ku-band equipment

has sixteen transponders with 54-MHz bandwidths. Eight of these
can be individually switched to become two 27-MHz bandwidth
transponders, so the satellite can have a maximum of twenty-four
Ku-band transponders, In C-band. two transmitter power levels
are available in every amplifier. In Ku-band. two power levels are
available by using either one or two amplifiers per transponder on
up to twelve transponders simultaneously. To power all of these
amplifiers, the Telstar 4 satellites have the highest power-generat-
ing capacity of any communications satellite. In addition. they
will be the first to use electric arc jets for stationkeeping. which
allows a weight reduction relative to using liquid propulsion for
that function. Additional satellite and communications character-
istics are:

Satellite

Body 7 x 8 x 10 ft. span of solar arrays 80 ft
Approximately 370) lb in orbit, beginning of life
Sun-tracking solar arrays and NiH, batteries. 7200 W at begin-

J1• •ning of life
Three-axis stabilization using momentum wheels and magnetic
torquers. ±0. I deg accuracy in roll and pitch. ±0.25 de- in yaw
Bipropellant liquid propulsion for apogee maneuver and on-orbit
use plus arc jets for north-south stationkeeping

Configuration
C: twenty-four 36-MHz bandwidth single-conversion transpon-
ders. dual-polarization frequency reuse

Ku: sixteen 54-MHz bandwidth transponders. eight can individu-
ally be switched to become two 27-MHz bandwidth transponders.
dual-polariz;it ion frequency reuse

Transmitter
C: 3700 to 4200 MHz

Dual power level (tI or 21 W) solid-state power amplifiers
arranged in four groups of seven with six active and one
spare
ERP 35/38 dBW 111/21 W) over the contiguous 48 states.
lower for Alaska and the Caribbean

Ku: 11.7 to 12.2 GHz
60-W TWTAs arranged in two groups of eighteen. one per
transponder. or two in parallel per transponder on up to si\

4 •transponders per group: number of spares \aries \ ith num-
ber of transponders t54 versus 27 M H/ band\\idths,) and
number of paralleled TWTAs

ERP 44.3/47.1 dBW (one/two TWTAs)

Receiver

C: 5925 to 6425 MHz

Two active plus two spare receivers
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GE/RCA
RCA Corporation, through several subsidiary companies (all These satellites have evolved over the years. All have similar

with the RCA name). developed domestic communications satel- designs, but their sizes have increased, and additional equipment
lites 11-301 and is using them tor its own communications net- has resulted in increased reliability and life. The earls,- satellites
work and for lease or sale to others. After RCA was bought by had two sections in each of the two solar panels. whereas the
General Electric in 1986, all of the subsidiaries gradually changed newer satellites have three sections in each panel. The increased
the RCA part of their names to GE. GE has two types of satellites: panel size, together with increased solar cell efficiency. enable
the C-band satellites have been in orbit since 1975 and have been support of higher power payloads. The satellites' e\olution con-
improved several times: the Ku-band satellites were added in sists of thrce groups: I through 4. launched from 1975 to 1982: 5.
1985. IR. and 2R. launched from 1982 to 1983: and C-I to C-4.

The GE C-band satellites have a boxlike body. Solar panels are launched beginning in 1990. The RCA/GE designation for all of
deployed in orbit from two opposing sides of the body, while the these satellites is Satcom. e.g .. Satcom I R. Satellite details are as
antennas are mounted on the earth-facing side. The satellite body follows, with C designating C- I through C-4:
is stabilized to keep the antennas earth oriented, and the solar ar-
rays are rotated about their axes to track the sun.
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RCA satellite (5 antd subsequent).

Satellite Sun-tracking solar array and NiCd (1. 2. 3. 3R. 4. 5. IR. 2R)/
Box,.47x64 x44 in.(I. 2,3,3R.4).56x64 x69 in. (5, JR,.2R). NiH-2 (C) batteries, 745 W (1. 2)/]1000 W(3, 3R,.4)/1470 W (5.
50 x 64 x 52 in. (C) with antenna and feeds fixed on one end and IR Ratbinngolfe40W(.21()W3.R.4mn-
solar panels deployed from two sides, overall span 31.4 ft (1. 2)/ mum after eight years. 980 W (5. 1IR. 2R) minimnum after ten
40.5 ft (3. 3R, 4)/47.6 ft (5. IR, 2R); overall height approximately years. 1019 W (C) aftcr twel ve years
114 in. ( 1, 2)/137 in. (5, 1IR, 2R) Three-axis stabilization using momer'tum wheels and magnetic
1020 lb (1, 2). 1280) lb (3. 3R. 4), 1318 lb (5. I R, 2R, C) in orbit. torquers. ±0.2-deg accuracy (1, 2. 3. 3R. 4): improving to +0.05
beginning of life deg (C)

Horizontal
polarization

RCA (aolifluflictit)P subs vstent (I through 3).
Vertical CA H CA

polariationCA CONUS/Alaska

5925 D P3700-
6425 4200

Satellite fromn3eo
have spae ampifie

for eac grop f

I 6(5



Solid rocket motor for apogee maneuver, monopropellant liquid Receiver
propulsion for on-orbit use 5925 to 6425 MHz

Configuration Four receivers (two on. two standby)

Twenty-four 34-MHz bandwidth single-conversion repeaters. Tunnel diode preamplifer. 7-dB nose figure (1. 2), FET preampli-
dual polarization frequency reuse fier. 3.5-dB noise figure (3, 3R. 4. 5. I R. 2R)

G/T at edge of coverage: -6 dB/K (1, 2.3, 3R, 4), -3 dB/K (5. I R,
Capacity 2R, C) (CONUS and Alaska): -10 dB/K (0. 2, 3. 3R. 4). -13 dB/K
Up to 1000 (1, 2. 3, 3R, 4). 6000 (5. IR. 2R) one-way voice cir- (5, IR. 2R. C) (Hawaii)
cuits or 64 Mbps data or two TV programs per repeater Antenna

Transmitter One antenna with overlapping gridded reflectors, one for horizon-
37(X) to 4200 MHz tal polarization transmission and reception and one for vertical
One 5-W TWT per repeater, no redundancy (I, 2) polarization, each with feed horns for CONUS/Alaska coverage
One 5.5-W TWT for each of eighteen repeaters plus one spare per and for Hawaii coverage, (Satellite 5 has only Alaska/Hawaii
six repeaters and one 8.5-W TWT for each of six repeaters plus coverage on horizontal polarization), one ( I. 2)/six to seven (5.
one spare (3, 3R. 4) I R, 2R. C) feed horns per polarization, 33-dB isolation between

One 8.5/9.5-W transistor amplifier per repeater plus one spare per the two polarizations

six repeaters (5, I R, 2R/C) Design life
ERP per repeater at edge of coverage: 32 dBW (CONUS and Seven years (I, 2)/eight years (3, 3R, 4)/ten years (5, IR. 2R)/
Alaska). 26 dBW (Hawaii) 0l. 2, 3, 3R. 4)- 34 dBW (CONUS and twelve years (C)
Alaska), 35 dBW (CONUS). 37 dBW (Alaska). 26 dBW (Ha-
waii) (5, IR. 2R. C)

Horizontal
polarization

RCA communication subs'stem (JR. 2R).

Vertical CA H CA
polarization CA CONUSIAlaska

H HawaiiCA H CA D D

5925-3700-
6425 4200

IS• • •Channels.

S Receiver 4 H 4, 8, 12, 16, 20, 24
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GE Ku satellite.

Orbit
Synchronous equatorial: stationkeeping to ±0.1N-S and E-W (I
to 5), _+0.05° N-S and E-W (C) crease in multiple carrier per repeater operation. The original
Orbital history communication subsystem is shown as well as the new subsystem
I: launched 13 December 1975, replaced by IR in summer/fall with various improvements.
1983, turned off June 1984 and moved above synchronous orbit The first satellites were the first to use the Delta launch vehicle
2: launched 26 March 1976, replaced by 2R in the fall of 1983, Model 3914. This version of the Delta was developed to meet
then turned off and moved above synchronous orbit RCA requirements and was partially funded by RCA. marking

37 the first time a launch vehicle development was privately spon-
3: launchied 7December 1979, lost at apogee motor firing sored. The first launch was in December 1975 and the second in
3R: launched 19 November 1981. in use. 131°W longitude March 1976. A third launch in 1979 was unsuccessful: the satel-
4: launched 15 January 1982, in use, 82°W longitude lite was destroyed during apogee motor firing. Since then. there
5: launched 28 October 1982, in use. 143°W longitude, named have been five successful launches, one in 1981 and two each in
Aurora 1982 and 1983.
IR: launched II April 1983, in use. 131'W longitude The two satellites launched in 1983, generally called IR and

2R. have replaced the first two. Satellite 3R. which replaced theone destroyed, and Satellite 4 are also actively used by GE. Satel-
Delta 3914 (1, 2)/3910 (3. 3R. 4)/3924 (5, 1 R. 2R) launch vehicle lite 5 was sold. prior to launch, to Alascom. Inc. which provides
C-I: launched 20 November 1990. in use. 139°W longitude long-distance communications within Alaska and between Alaska
C-2: launch schedule uncertain and other states. Aurora 11, described later, will replace Satellite 5
C-3: launch schedule uncertain for Alaskan service. Satellite C-I. launched in 1990. replaced I R.
C-4: launch schedule mid 1992 which was moved to colocate it with 3R. These two satellites.

along with 2R and 4. will be replaced by C-2 through C-4 by
Ariane launch vehicle (C-I. C-3. C-4) 1993.

Management GE takes care of satellite command and telemetry for both its
Developed by GE Astro Space (formerly RCA Astro Electronics) own satellites and the Alascom satellite. The primary control site
for Americom and RCA Alascom (Alascom Inc.. since 1981) is integrated with a communications terminal in New Jersey. An-

Operated by GE (formerly RCA) Americom other control site in New Jersey was activated in 1985. A second-
ary control site is integrated with another communications

The GE satellite C-band communication subsystem is similar terminal in Southern California. GE has about twelve mniaor corn-
to that of the AT&T satellite in that is has twenty-four channels munications terminals for commercial traffic of all types. GE also
with frequency reuse by orthogonal linear polarizations. The sat- owns about twenty-five terminals in its government services net-
ellite has separate antennas for the two polarizations. The anten- work.
nas are physically overlapping but each responds to only one The commercial terminals handle primarily voice and data
polarization because of embedded polarizing grids. On Satellites traffic. The government services network is all data with link
I through 4, the main beam of each antenna has a single elliptical rates varying from 56 kbps to 5(1 Mbps. The primary customer is
footprint that covers CONUS and Alaska (and the intervening NASA. The biggest use of the GE satellites is for distribution of
part of Canada). An additional offset feed horn provides a sepa- television programming. Two satellites are wholly assigned to
rate beam for coverage of Hawaii. Beginning with Satellite 5. a this service, and several channels on other satellites are also used.
different feed structure is used, permitting coverage of these two Transmission techniques in the GE system include FM/TV. with
areas and of CONUS alone or Alaska alone. Switching between either one or two channels per transponder. FDM/FM/FDMA for
different coverage patterns is possible. The first satellites used multiple -.)i:e circuits. SCPC/QPSK for data, and SCPC/FM for
one TWT per repeater with no redundancy. The next set had one voice. In reccrnt years, companded SSB has begun to displace
spare TWT for each six repeaters. for improved reliability. On the FDM/FM for hlih-capacity voice trunks, since the number of
newest satellites, solid-state (FET) amplifiers have replaced the voice circuits pe- transponder can be increased three to four
TWTs. again with one-for-six redundancy. These amplifiers have times. Error correction coding is used on many links. TDMA is
better linearity and lower AM/PM (amplitude to phase modula- used in a network that provides \oice and data communications
tion) conversion than TWTs. affording up to 5 0 1/( capacity in- for the governmen'.
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The G6 Ku-hand satellites look similar to the C-band satel- After the TWT. each channel has a variable power divider, which
lites. The stabilization subsystem has been improved to improve can send the power to the east beam or the west beam or to both.
pointing accuracy. Electrothernial hydrazine thrusters, also used The separation belween the east and west beams is approximately
on Satellites C- I through C-4. hae replaced tour catalytic hydra- a line from the west side of Minnesota to the western tip of Texas.
/ine thrusters for more efficient stationkeeping maneuvers. Heat Thus, each beam roughly matches two time zones. Together, the
pipes have replaced heat spreaders on the north and south faces of beams provide CONUS coverage. All reception uses CONUS
the body. wxhere the communication subsystem is mounted. This coverage. The satellites do not have beams for Alaska or Hawaii.
reduces weight and improves thermal control. The solar array has Two Satcom Ku satellites have been launched. late in 1985
four panels per side. rather than three on the C-band satellites, be- and early in 1986. Uses of these satellites are similar to those for
cause of the larger power requiremient of the communication sub- the C-band satellites. Ground antenna diameters of 3 to 6 ft pro-
system. vide equivalent reception quality to 10- to 15-ft antennas at C-

The communication subsystem has sixteen channels, each band. Another benefit of Ku-band is that interference from terres-
with a 54-MH/ bandwidth. The first-stage amplifier in the receiv- trial uses of the spectrum is not the problem that it is in C-band.
er is an FET thermoelectrically cooled to -50'C to reduce system so Ku-band antennas have fewer siting constraints. The third and
noise. This is the first time a thermoelectric cooler has been used fourth Satcom Ku satellites were being built for a joint venture
in a lone-life communication satellite. The TWTs have a power with Home Box Office (a cable television company). They were
rating of 45 W-an increase from the power levels used on other to be dedicated to television distribution to cable systems. How-
satellites. Within the Comln Inlication subsystem. the channels are ever. this business plan was changed, and the partially built satel-
handled in two groups of eight. Each group has three spare TWTs. lites were offered for sale. They were bought separately, modified
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for their new owners, and became Luxembourg's Astra 1B and 3. M. V. O'Donovan, "Design of a Light-Weight Microwave Re-
Intelsat K. Characteristics of Ku Satellites I and 2 are as follows: peater for a 24-Channel Domestic Satellite System," RCA Re-

Satellite view, Vol. 34, No. 3 (September 1973).
Rectangular body, approximately 5- 1/2 x 7 x 7 ft. overall height, 4. i. L. Rivard, "The Domestic Satellite Program in Alaska," Na-Rectnguar ody aproxmatly -I/?x 7x 7ft.oveallheiht. tionail Telecommunications Conference: t.'TC '74 (December
including antenna teed tower. 10 ft, span of deployed solar array 1974).

>50 ft
Approximately 2060 lb in orbit 5. J. Napoli and D. Greenspan. "RCA Satcom, The Next Gener-

ation Domestic Communications Satellite System."
Sun-tracking solar array and NiH, batteries, approximately 3000 WESCON Technical Papers (September 1975).
W at beginning of life. approxima'fely 2500 W after ten years 6. PSchneider. "New Approaches Make RCA Satcom Most
Three-axis stabilization using momentum wheels and magnetic Cost Effective System for Domestic Satellite Communica-
torquers. ±0.05-deg antenna pointing accuracy tions for United States," EASCON '75 Convention Record

Solid rocket motor for apogee maneuver, liquid monopropellant (September 1975).
propulsion for on-orbit use 7. H. R. Hawkins, "RCA Satcom System Begins New Commu-

Configuration nications Era in United States." Signal. Vol. 28, No. 7 (March

Sixteen 54-MHz bandwidth repeaters. dual-polarization frequen- 1974).

cy reuse 8. J. E. Keigler, "RCA Satcom: An Example of Weight Opti-
mized Satellite Design for Maximum Communications Ca-

Transmitter pacity," Acta Astronautica. Vol. 5. No. 3-4 (March-April
11.7 to 12.2 GHz 1978).
One 45-W TWT per repeater. three spares per eight repeaters 9. J. Christopher and D. Greenspan, "RCA Satcom Communica-

ERP per repeater tion System," Paper 7-4. EASCON '77 Conference Record

CONUS: 38 dBW (minimum) 43 dBW (>95% of CONUS) (September 1977).

West: 45 dBW (minimum), most areas 46 to 48 dBW 10. H. W. Rice. "RCA Americom's Domestic Satellites Pay Off,"
Paper 77-35 1. AIAA 13th Annual Meeting and Technical Dis-

East: 39 dBW (minimum), most areas 45 to 47 dBW play (January 1977).

Receiver 11. J. E. Keigler and C. R. Hume. "The RCA Satcom Satellite."
14.0 to 14.5 GHz Journal of the British Interplanetar." Society. Vol. 29. No. 9

Four receivers (two on. two standby) (September 1976).

Cooled FET preamplifier. 2-dB noise figure 12. A. W. Brook. "RCA Satcom System." RCA Engineer. Vol. 22,
No. I (June/July 1976).

Antenna 13. J. E. Keigler. "RCA Satcom-Maximumn Communication Ca-
Two reflectors (one for horizontal and one for vertical polariza- pacity per Unit Cost." RCA Engineer. Vol. 22. No. I (June/
tion). 60-in. diam, each with nine feed horns for east coverage July 1976).
and five for west coverage (all feeds combine for CONUS cover- 14. J. Christopher. D. Greenspan, and P. H. Plush. "The Launch
age) and In-Orbit Test Elements of the Satcom System." RCA En-

Design life gineer. Vol. 22. No. 1 (June/July 1976).

Ten years 15. J. Cuddihy and J. M. Walsh. "*RCA Satcom Earth-Station Fa-
cilities." RCA Engineei% Vol. 22. No. I (June/July 1976).

Orbit 16. J. Lewin. "'Ground-Control System for Satcom Satellites." Pa-
Synchronous equatorial, stationkeeping to ±0.1 °N-S and E-W per 78-539. AIAA 7th Cmmunications Satelhie SYstems Con-

Orbital history ference (April 1978). Revision in Journal of Spacecrift and

2: launched 27 November 1985 (deployed from Shuttle. 28 No- RocketsV Vol. 16. No. 4 (July-August 1979).

vember), in use, 81°W longitude 17. R. M. Lansey and M. R. Freeling. "'RCA's Satellite Distribu-

1: launched 12 January 1986 (deployed from Shuttle, 12 Janu- tion System for Small-Dish Earth Terminals." EASCON '78

ary), in use. 85°W longitude &tference Record (September 1978).

Shuttle launch vehicle (1, 2) 18. J. L. Rivard. "Long-Line Communication in Alaska-Then
and Now." RCA Engineer. Vol. 23. No. 4 (December 1977-

Management January 1978).
Developed by RCA Astro Electronics for RCA Americom 19. P. W. DeBaylo. "RCA Americom Spacecraft Reliability."

Operated by RCA Americom (now GE Americomn) RCA Engineer. Vol. 25. No. 2 (August-September 19791.
,,• •,,20. R. Hoedemaker and C. Staloff. "A Compatible STS/PAM D/

RCA Satcom Telemetry and Command System." Internation-I. J. Napoli and J. Christopher. "'RCA SATCOM System." Na- alTemtyonrc Poedgs(vmbr17)
tional Teleconnmunications Confer-ence: NTC '74 (Decemnber a eeer oieec rceig Nvrbr17)
1974). 2 1. W. Braun and J. E. Keigler. "RCA Satcom System Expan-

1974.sion,'" Paper 80-0525. ALIAA 8th Communications Satellite

2. M. V. O'Donovan. "A Lightweight Transponder Design for Ssi e r C 80-0525. Ail o80e

the U.S. Domestic Communications Satellite." International IS/m'tence (April 1980).

Conference on Communications: ICC '73 (June 1973). 2. P. W. DeBaylo. "Design. Measurement and Achievement of a
High Level of Service Availability in a Domestic Satellite
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Colmnunications Network." Paper 82-0515. AIAA 9th Coln- 27. A. R. Raab and C. E. Profera. "Wideband Beam-Forming Net-
m/niUitlion.) Satellite SvsY'ims Con1er0tene (April 1982). works for Satellite Antenna Systems," Paper 86-0665, AIAA

23. A. Hills. "'Alaska's Giant Satellite Network," IEEE Spe'trum. 1lth Conummnnication Satellite System Conference (March
Vol. 20. No. 7 (Juily 1983). 1986).

24. M. R. -reeling and A. W. Wein,'ich, "RCA Advanced Sat- 28. P. F. Joy and L. Goliaszewski. "Advanced Thermal and Power
com." Paper 84-0715. AIAA 10th C(ommunication Satellite Systems for Satcom-Ku Satellites," Paper 86-0618, AIAA 11th
S\'.t'ms ('Conlerem'e (March 1984). Commutfnication Satellite System Conference (March 1986).

25. W. H. Braun and J. E. Keicler. 'RCA Satellite Networks: High 29. C. Renton, "RCA Satcom Ku-Band Antenna System," IEEE
Technology and Low User Cost," Proceedingis o the IEEE, International Svmnposit on Antennas and Propagation (June
Vol. 72, No. II (November 1984). 1986).

26. J. A. Frohbeiter. "RCA's Approach to Increased Communica- 30. J. Napoli, "A Ku-Band Satellite System for the Cable Televi-
tions Satellite Performance." Paper 2.2, First Canadian Do- sion Industry," Paper 88-0779. AIAA 12th International Com-
mslti( and Inter'national Satellite Communincations muniacation Satellite Systems Conference (March 1988).
Con/, rence (June 1983).

Satellite Business Systems

Satellite Business Systems (SBS) was the fourth domestic sys- ellite, five channels may be switched to use two TWTs in parallel
tern to be authorized 11-171 and the first to use the 12- and 14- (5)
GHz frequencies. When the system was authorized, IBM, Aetna, Minimum 40.0-dBW ERP over most of CONUS, 41.7 dBW over
and Comsat Corporation each owned one-third of SBS. In 1984. most of the eastern third of CONUS (1-4)
Comsat sold its shares to the other two partners. In 1985, IBM
and Aetna sold SBS to MCI Communications Corporation. Aetna Receiver
received cash and IBM received MCI stock plus ownership of 14.003 to 14.488 GHz
SBS Satellites 4 through 6. IBM transferred these three satellites Redundant receivers (one on. three spare)
to a subsidiary. IBM Satellite Transponder Leasing Corporation. >-2.5 dB/K G/T over most of CONUS, Ž0 dB/K over most of the
This subsidiary and its three satellites were sold to Hughes Corn- eastern third of CONUS
munications in 1989. Among the SBS satellites, the first five have
the same design: SBS 6 is larger and has more channels and high- Antenna
er performance. Two 72-in.-dia. paraboloids occupying the same aperture and

SBS Satellites I through 5 are very similar in design to Anik C with orthogonal linear polarizations, beam shaped for CONUS
and several other domestic satellites. During launch, the satellite coverage and weighted to emphasize eastern part of CONUS (see
is a compact cylinder. In orbit, the antenna unfolds from one end SBS coverage regions figure for details), ten transmit and fifteen
of the satellite, and a cylindrical solar array is deployed axially at receive feed horns, additional feed horns for Alaska and Hawaii
the other end. When the solar array is deployed, it reveals the (5)
main cylindrical body of the satellite, which is also covered with Design life
solar cells except for a mirrored band that serves as a thermal ra-
diator. The satellite details are as follows: Seven (1 -4)/ten (5) years

Satellite Orbit

Cylinder. 85-in. dia.. 260-in. height (21.7 lt in deployed condi- Synchronous equatorial, stationkeeping to ±0.03°N-S and E-W
tion (goal), ±0.05 deg (maximum)

1220 (1-4)/approximately 1360 (5) lb in orbit, beginning of life Orbital history
Solar cells and NiCd batteries, 900 (1-4)/approximately 1000 (5) 1: launched 15 November 1980, spare in 1986, moved above syn-
W nominal, approximately 830 (1-4) W minimum after seven chronous orbit in 1990
years 2: launched 24 September 1981, in use, 97°W longitude, 3-deg
Spin-stabilized. gyrostat. 50 to 90 rpm (50 rpm nominal), antenna inclination in 1991
pointing to better than 0.05 deg 3: launched II November 1982, in use, 95°W longitude
Solid rocket motor for apogee maneuver, monopropellant liquid 4: launched 30 August 1984. (deployed from Shuttle, 31 August),
propulsion for oil-orbit use in use, 91 'W longitude

Configuration 5: launched 8 September 1988, in use, 123°W longitude

Ten 43-MH/ band~kidth single-conversion repeaters (1-5). plus Delta 3910/PAM launch vehicle (I and 2). Shuttle/PAM (3 and
four I l0-MHz bandwidth single-conversion repeaters on the or- 4). Ariane/PAM (5)
thogonal polarization (5) Management

Transmitter Developed by Hughes Aircraft Company for Satellite Business

I 1.703 to 12.188 GH/ Systems
One 20-W TWT per repeater plus six ( 1-4)/ten (5) spares per sat-
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separate multihorn arrays, which provide a weighted beam that is
strongest in the eastern part of the United States, as noted in the
SBS coerage regions figure and in Table I.

The fifth satellite has four additional channels, each with 110-
MHz bandwidth. They are accommodated by using receiving and
transmitting polarization orthogonal to those used for the basic

SBS satellite, ten channels. The number of driver amplifiers and TWTs has been
increased to twenty-four. providing ten spares on the satellite.
Also. the antenna feed structure has been enlarged to provide cov-
erage of Alaska and Hawaii. Satellite weight and power-generat-
ing capability have increased slightly to accommodate the extra
equipment.

SBS ordered three satellites at the end of 1977 and one more
each in 1982. 1983. and 1985. The first was launched late in 1980
and the second in 1981. The third was launched in November
1982 on the first Shuttle flight to deploy commercial payloads.
and the fourth was launched in August 1984. All four satellites are
operational. The fifth was launched in September 1988.

SBS Satellite 6 is a larger satellite that provides significantly
more capacity than the earlier SBS satellites. It appears very sim-
ilar to the original SBS satellites but is 67% larger in diameter and
42-/ larger in height. The antenna and the lower solar panel stow
for launch and deploy in orbit in the same way as the other SBS
satellite. Besides size, the difference in the support subsystems
includes a change to a NiH2 battery and the use of all internal pro-
pulsion. The satellite contains a solid propellant perigee stage and
a bipropellant liquid subsystem used for perigee augmentation.
the apogee maneuver, and on-orbit control.

The communication subsystem uses dual-polarization fre-
quency reuse. Ten channels are on one polarization and nine on
the other. Each ha5 a 43-MHz bandwidth. The two input polariza-
tions are connected to two of the four receivers. In the transmitter
section. there are thirty driver amplifiers and TWTs. Each channel
uses one ampiifier set with eleven spares available. The TWT
power is 41 W-about twice the power in the previous satellites,
Also. as with SBS 5. the antenna pattern includes Alaska and Ha-
waii. SBS 6 was launched in 1990. although an earlier launch \kas

desired. Other satellite details are as follows:
Satellite

Cylinder. 11.8-ft dia.. 11.8-ft height stowed for launch. 30.8-ft
height deployed in orbit

Approximately 2400 lb in orbit. beginning of life: approximately
2280 lb after ten years
Solar cells and NiH2 batteries. 2240-W minimum after ten years
Spin-stabilized. gyrostat. antenna pointing to better than 0.05 deg

Unified bipropellant propulsion for perigee maneuver augmenta-
tion. apogee maneuver, and on-orbit use

Configuration
Nineteen 43-MHz bandwidth sinele-conversion repeaters. dual-

The communication subsystem is relatively simple. It has ten polarization frequency reuse
channels that use a common broadband receiver and individual
transmitters. There are sixteen transmitter sections. each consist- Transmitter
ing of a low-level amplifier and a 20-W TWT connected through 11.7 to 12.2 GHz
sw% itching networks to provide six spares for the ten channels. The One 41 -W TWT per repeater plus eleven spares per satellite
antenna is hinged for deploymient and for north-south pointing. ERP: >41 dBW (95c/ of CONUS). Ž44 dBW (most of eastern
iast-west pointing is accomplished by adjusting the pointing of half of CONUS). 41 to 44 dBW (populous parts of Alaskat.
the despun communicalions equipment shelf on which the anten- 45 dBW (Hmawii)
na is mounted. Pointing control is derived from signals produced
by a four-horn monopulse network integrated with the regular re- Receiver
ceive horns. The receiving and transmitting antenna feeds arc 14.0 to 14.5 GH/
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Four receiver,, (two on. two standby) The SBS nct ork was designed to provide integrated voice

(i/T: _Ž-0.6 dB/K (90; of• (ONUS). _1.4 dB/K (most of eastern and data services primarily to large corporations that have facili-

half ofICONUS). -3.6 dB (Hawaii. Alaska) ties at several sites in the United States. The SBS design was
unique in serving only CONUS and in using digital, demand-as-

Antenna sivned. TDMA links for all transmissions. The systemn as original-
Twxo 7.9-ft-dia. parabolic retlectors occupying the same aperture ly operated followed this plan. with corporate customers served
and using orthoLgonal linear polarizalions. beam shaped for CO- by means of either on-site, dedicated terminals or by sharing a
NUS plus Alaska with weighting for eastern CONUS. secondary terminal with several customers in a local area. In an effort to in-
beam for Hawaii crease revenue. SBS began offering long-distance service to resi-
Design life dential customers as well.

The services provided to the majority of customers are dedi-
Ten x ears cated digital networks connecting two or more sites. The capacity

Orbit of the links can be allocated by equipment at the sites among var-

Synchronous equatorial. stationkeeping to ±0.03°N-S and E-W ious uses. including voice circuits, video conferencing. and data
and facsimile transmissions. For multisite customers, their totalnetwork capacity can be allocated among the various possible

Orbital history links to meet changing needs on a daily or long-term basis. SBS
6: launched 12 October 1990. 99°W longitude also provides general-purpose long-distance communications be-

Ariane launch vehicle tween a number of their own terminals for residential customers.
and for ousiness customers who are too small to justify the equip-

Management ment necessary for a dedicated network. Other uses of the satel-

Developed by Hughes Aircraft Company for Satellite Business lites include a small amount of broadcast television distribution
Systems, sold to Hughes Communications prior to launch and some occasional-use video conferencing, With the change in

Operated by Hughes Communications ownership to MCI. beginning in 1986 there is a rebalancing of
traffic between the satellite links and MCI's terrestrial facilities to

71bh' I. Minimum Perfinman'e Requirements optimize the use of each.
The SBS ground terminals include an- antenna. an exterior

REGION RECEIVE G/T, dBIK TRANSMIT ERP, dBW equipment shelter, and some equipment inside a customer's
building. Most antennas are about 18 ft in diameter. Some. for use
in regions of very high rainfall or lower satellite performance. are
about 24 ft in diameter. SBS ordered 200 terminals, half from

2 0 41.7 each of two manufacturers. It installed them as required to serve
3 -2.5 40.0 its customers. In 1984, SBS started operations with the first set of
4 -5.5 37.0 a total of 181 ground terminals being installed for distribution of
5 -4.5 38.0 NBC network television. These terminals have 20- or 26-ft-diam-
6 -5.5 39.0 eler antennas. MCI plans to expand data service through the satel-

San Francisco + 0.5 42.0 lites by designing networks that can work with smaller terminals

Los Angeles -0.3 41.2 than these.
The SBS satellites are controlled from TT&C sites at Castle

Rock. Colorado. and Clarksburg. Maryland.
Both sites have the same TT&C equipment.

Region 6 but the system data processing and control
460N680W center is at the Maryland site. The Colorado

site is the primary beacon transmitter. The
satellites use the received beacon for anten-
na pointing control.

I. M. T. Lyons and P. C. Dougherty.
-'Spacecraft Design for the SBS Sxs-

Region 3 tern.' Paper 78-545. A-4A 7th Commi-
Region 1~o niations. Sau'Ilit' Svswelns Co fn'/, 11Ct

(April 1978).

J2. . D. Barnla and F. R. Zitzmnann. "Digital
i Communications Satellite S'siern of

SBS." Paper 7-2. I-.ASCON '77 C(mhl'r-
2 - - - -- en Recnyl (September 1977).

3. C. Kittiver and F. R. Zitimann. "*The
SBS System--An Innoaative Domestic

28"N latitude Satellite S\steii for Private-Line Net-

works.' Paper 76-30)7. .?1,4/C.1S1 6tOl
('u'oreeillnllie'iuion.\ Satellite sscn.1 (Con-

, o,7en,' (April 1976).
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4. H. A. Rosen. "'The SBS Communication Satellite--An Inte- I I. G. G. Chc'ran and W. E. Leavitt. "'Summary of the SBS Satel-
grated Design." EASCON '78 Con!ference Record (September lite Communications Performance Specifications." Comnsat
1978). Techmical Review. Vol. 11. No. 2 (Fall 1981).

5. B. Goode. "'Demand Assignment as Part of the SBS TDMA 12. M. D. Gordon. and J. Bleiweis. "'The SBS YF&C System."
Satellite Cornmu nicat ion System," EASCON '78 ConA'ren'e International Telemetering Con ferenc e Prwceedines (Novem-
Record (September 1978). ber 1981 ).

6. R. W. McCabe, "'Satellite Business Systems--Innovative Ser- 13. C. Emmert, V. Riginos. and I. Potukuchi. "In-Orbit Measure-
vices for Business Communications."1978 National Compu- ment of the SBS Satellite." Paper 82-0465. AIAA 9th Commult-
ter Conference. AFIPS Con frerence Proceedings, Vol. 47 (June nicationts Satellite S\.stenis Co,~feren•ue (March 1982).
1978). 14. T. MI. Straus and J. P. Godwin, "'Ku-Band Terminal Design

7. D. H. Westwood. "'Customer Premises RF Terminals for the Tradeoffs.'" Paper 82-G533, AIAA 9th Coomintic'ationl Satel-

SBS System." Paper 6.3. hnternlationatl Contferenlce on Corn- lite SsesCo,?('erence (March 1982).
immicalions." ICC '79 (June 1979). I5. Aviation Week & Spac•e Technolog.y (It) October I1983). p. 81,

8. H .Schnipper, "'The SBS System and Services." IEEE Corn- (7 November 1983). p. 56.:(30 July 1984). p. 20, (4 March
mnimication~s Magazine. Vol. 18. No. 5 (September 198(0). 1985). p. 25: (8 July 1985?. p. 25: ( 17 Mlarch 1986). p. 76: (24

9. H . Schnipper. "'Market Aspects of Satellite Business Servic- March 1986). p. 83.
Cs.'" EASCON '80 Conl'erence Record (September 1980). 16. Satellite Commtunicattion (January 1984). p. 20: ( September

10. W. H. Curry. "'SBS System Evolution.'" C'omsat Technic'al Re- 1984), p. 67: (February 1985). p. 18.
view. Vol. II, No. 2 (Fall 1981). 17. 585 F6 Prime, Hughes Aircraft Company Brochure (June

1985).
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Hughes Communications (Galaxy)
Hughes ComnIunic~ations Inc. (HCI) is a subsidiary of Hughes

Aircraft Company. HCI 11-31 began operations in 1983 with the
first of its Galaxy satellites and had two more in orbit by the end
of the next year. In 1988, it acquired three more satellites in orbit
by purchasing Westars Ill. IV, and V trom Western Union. The
purchase included a fourth Westar which was in storage on the
ground. HCI took control of these satellites in January 1990. Lat- Galaxy i-I-! satellite.
er that year. HCI purchased three more satellites from IBM's Sat-
ellite Transponder Leasing Corporation. The), are SBS 4 and 5.
acquired in orbit, and SBS 6. which was launched later.

The first three Galaxy satellites and the three Westars in orbit
all operate in C-band (4 and 6 GHz) and all need to be replaced
between 1990 and 1993. The SBS satellites operate in Ku-band
(12 and 14 GHz). Only SBS 4 requires replacement in that same
period. The replacements are two types of Galaxy satellites. Their
numbering relates to the satellites they replace and hence are not
in order of their expected launches.

The first set of replacements are Galaxy V. VI. and IR (R for
replacement of Galaxy I). Galaxy VI is the renamed Western
Union ground spare. These three satellites operate in C-band. The
second set of replacements are Galaxy IV. VII. and VIII. These
satellites have a completely different design and operate in both
C-band and Ku-band.

The C-band Galaxy satellites have the same design as Westar
IV and V. a design shared by the satellites of several other sys-
tems. All of the satellites have the same body with the cylindrical,
deployable solar array and the mirrored thermal radiator band.
Also, all have a deployable antenna attached to a despun commu-
nications equipment platform on the end opposite the deployable
solar array. The satellite is about 7 ft in diameter and only 9 ft in
the stowed, launch configuration. but over 22 ft when deployed.
The Galaxy V. VI. and IR satellites are taller than the Galaxy I to
Ill satellites: the extra body height allows more surface area for
solar cells, to provide more power. The extra power supports
higher transmitter power. Galaxy V, VI. and IR also have higher
reliability and longer life than the earlier Galaxy satellites. Other
details of these satellites (I to 111. V, VI, IR) are as follows:

Satellite

Approximately 1200/1400 lb (I-IlI/V. VI. IR) in orbit, beginning

of life

Solar cells and NiCd batteries, approximately 990 W beginning
of life (I-Ill)

Spin-stabilized. gyrostat, approximately 50 rpm
Solid rocket motor for apogee maneuver, monopropellant liquid
propulsion for on-orbit use

Configuration
Twenty-four 36-MHz bandwidth single-conversion repeaters.
dual-polarization frequency reuse

Capacity
Approximately I(XX) voice circuits or one TV signal per repeater

Transmitter Thirty 16-W TWTAs NV. IR) to provide twenty-four active and
six spares

3702 to 4198 MHz i sae
ERR minimum over specified area. 33-34/34-35/36-37 dBW

Thirty 9/10-W (I-Ill/VI) TWTAs arranged in six groups to pro- (CONUS). 29-30/33/35 dBW (Alaska). 28-29/29/31 dBW (Ha-
vide four active and one spare amplifier for every four repeaters waii). 28-30/29-31/31 dBW (Puerto Rico). for Satellites I. I. Ill/

VI/V. IR
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Galax%. WV 1'/I vitefili.

satellites acquired in 1990. and on a long-term basis by Galaxy
Satellites IV and VII. These later satellites have both C-band. to
continue the missions of the earlier Galaxy and Westar satellites.
and Ku-band. to replace the SBS satellites.

IR: launch scheduled 1992. will replace Galaxy I at 133°W longi- Galaxy IV and VII. plus a spare satellite (Galaxy Vili being
tude built with them. are three-axis-stabilized. They use a ne\& satellite
Atlas II launch vehicle design of Hughes Aircraft, which also is the basis for the Na\vys

UHF Follow-On and Aussat B. The satellites are larger than the
Management design common to the earlier Galaxy. Westar. and SBS satellites.
Developed by Hughes Aircraft Company for H-f uChes Comnmuni- The larger design allows twice as much communications payload
cations. Inc. to be carried. This payload makes full use of the allocated fre-
Operated by Hughes Communications. Inc. quency bands at both 4/6 GHz and 12/14 GHz. Details of the sat-

The communication subsystem operates in the 4- and 6-GHI ellite and payload are as follows:

bands. It has the common arrangement of twenty-four channels Satellite
with twelve on each of two orthogonal polarizations. There are Rectangular body. approximately 6 x 7 x 7 ft. span of solar array-
four wideband receivers, one for each polarization and two approximately 80 ft
spares. The transmitter has one amplitier per channel with one Approximately 36(X) lb in orbit, beginning of life
spare for every four channels. Sun-tracking solar arrays and NiH, batteries. approximatel\

The first Galaxy satellite was launched in June 1983. Its as- 4u-tacin orbtbei ni o ife4600 W in orbit, beginning of life
signed location provides visibility to all fifty states and Puerto
Rico. In 1981. HCI started selling channels on this satellite to dis- Three-axis-stabilized using gimballed monientum wheels
tributors of television programming. The sales gave the distribu- Unified liquid bipropellant propulsion for apogee maneuver and
tors control oer their ow n satellite resources. In turn. the use of on-orbit use
one satellite by so many' distributors was an inducement to many Configuration
cable television system operators to install an antenna to receive 4/6 GHz: twenty -four 36-MHz bandwidth ig-cneintr-
the programming available on Galaxy I. At present. about twentys
channels are in use with the others as reserves but available for sponders. dual-polarization frequency reuse
occasional. preemptiblc uses. 12/14 GHz: sixteen 27-MHz bandwidth and eight 54-MHz band-

Galaxy II. launched in September 1983. and Galaxy Ill. width single-conversion transponders. dual-polarization frequen-
launched in September 1984. are located farther east and have cy reuse
poor % isibility from Alaska and Hawraii. They are being used pri- Transmitter
marilv for business communications in CONUS. including tele- 4/6 GHz: 3702 to 4198 MHz
phone. dat,• and video conferencing applications.The Galaxy satellites are operated from a control center in the Thirty 16-W solid-state anipliliers arranged in two groups of

HCI facility in Los Angeles. The primary TT&C site is located fifteen to provide twelxe active plus three spare amplifiers
near New York City. Another site is in Vcnturia County. about 50 ERP >40 dBW (peak). 37 dBW (most of CONUS). 35 dBW
miles north of Los Angeles. (CONUS minimum). 35 dBW (southeastern Alaska). 32

The Wcstar and SBS satellites purchased by HCI are described dBW (Puerto Rico). 31 dBW (Ha\%aii)
ini separate prior sections. 12/14 GHz: 11.706 to 12.197 GHz

In 1983. HCI applied for permission to operate another set of Thirty 50-W TWTAs arranged in two groups of fifteen to
Galaxy satellites in Ku-band. These satellites were proposed to pro\ ide tw elve active plus three spare amplifiers
hae si xcen channels cach, % ith TWTA powers of 40 to 50 W
per channel. These satellites were authorized in 1985 but never Receiver
built. Their function was replaced on an interim basis by the SBS 4/6 (;H/: 5927 to 6423 NIHz
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covers all of CONUS with decreasing performance ov-er Alaska.. ****

and the Caribbean and has a secondary beam for Hawaii. I . Aviiation Week & Sp~ace' Technology ( 17 December 1979).
Thc 12/14 GHt subsystem has sixteen 27-MHz bandwkidth p. 62-; ( 15 June 1981 ). p. 54;. (9 Nlay 1983). p. 60: (11 July

transponders on one polarization and eight 54-MHz transponders 1983). p. 53: (25 July 1983). p. 56: (19 December 1983).
on the other polarization. Two of' the latter transponders* pass- p. 28: (3 February 198'6). p. 42: (24 March 1986). pp. 70. 83.

band ma bedownonvrte (ortrasmisionat G~. Th re 2.M. B. Worsham and B. R. Elbert. "Operational Aspect,, of the
cervers* antenna pattern covers CONUS Plus surrounding areas.
Trhe transmitters,' antenna pattern covers onk' CO NUS except for Wsa custo yHge omnctosPpr9)
dii optional pattern that includes, the surrounding areas. Four tran- e)893 (arch 19t90 mui uiu Siclt SVIU. n/r
spondersI may be individually swoitched to this broader coverag',:e.

Galaxv IV and VII are in developmient and w&ill be launched in 3. D. Williams. HCI Looks Ahead.� .Space. Vol. 6. No. 6 (No-
1992. Galaxy VilI wkill remain onl thle -r')Und as a spare. vemiber-December 1990).

Spacenet
Southern Pacifi Cr ommunications Company ( SPCC ) had, for

man\ \cears,, operated a network for dedicated arid public long-
distance telephone and data links. SPCC owNned mluchl of the ter-
restrial portion of the netw.ork but leased all the satellite portion. 'p 1 'i'txclt.
The cnmpan\ contracted for development of the Spacenet satel-
lites 11 -31 to replace the leased satellite capacit% startinu, in I1984.
In October 1982. GTE and Southern Pacific agreed that GTE

01.ou1d a1cquire all thle stock oft SPCC. Other connlrlt~ncations
copne objected to the agreemnent because of the size of'

the combination both in terrestrial aind satellite corm-
trI.iunicat~nus. Hom c\ er. the aeureement \\ as coni-
pleted b\ September 1 983. althou.gh
oo15 rtillent appros al %% as not re-
ceis ed un1til 1 985. "[hei s stern

Su-tackine s -ra adN bteries. approximitel 1\ 00)

Three-axis stabili/atioti using tloniniettinii "sheels, and aniacetic:

SoiIid ro cket iilo fotit r api 111c mlane ti er. inoul ipri pe Ii ati I iqti .1d

Is 110 iss cled C Ill SpaCenet. and)( theCntnIpanl\ oss us and operates propulsion for on1-orbit use
hull ~IIthe SpaCeet ilnd ( IStar satelClites. Configuration

'I hie Space net desi .11 is, based oil. anmd Is se rx slin lar Ill appevar- 4/0 (;11/: t melse 3(0.Mli/ handss idth and si \ 72"-N\il)/ bandss dth
anick Ill. [thc RUAiG NI. inc 191%0 satellite slesieri.1 [he satellite is sil tLe Ic -Col\ Cin S i1 inrepeate rs. d Li I -pill a r /M at011i freq Lic1nC re Lise
shI ss II here Inl theC dlepln\CL Cill niditinri [he tMO NIrr-tr-aCkiiie siilar 12/'I14 (111/: si\ 721-\I i, haildss dth repeaters
aria,1 %\ WLie Jire echtI c~lltposiselln three pianels. ss hich1 arc folded
,iý11aiiist 1the saicliltc hod\ fill Iltimuiih. Fihe anlitenna teed horIns .ini) Capacity
relctclor,'11 .ne ntiiincll n thet e0rh- icss, ire, side (If the: satellite ('p to 36(100 noice cireIrtsI it Ole TV\ slutral o[ 6(0 N h[)N per '36
hNls' Ih 11C M0 sphereCsp 'lolliidiretroth the11 e1C ast adul \scsi sidsN iii l N haliho t lndsilth 1 iss Iice as much Ill 2_ NiH/I
the. h~llsý .!re tan~kso fI)[ pIp)C laiit IisC4lf atttu 1111de adusitlrisincns
'111d stjI'iiiikeeptI)I1 11iati,11Ct s Ici c s 01l111111irt1n C,11ea illi Us \`I CII1 st In s Transm itter
iitIIrIIIIICl (11 lilt nWtirl 111d sollitli 1paitels (Ii 01C hiiil. F[he s"tllc~tc 41o (11l1: 370i2 ill -4178ý N1l1/ (.;6-N\Iii/ repeatersi
dk.1,uilsN J mfiL'St(III(Ms ()nc X, i \\ trallirsisl itIiiphifrcr per repeartcr

Satellite I.RP 34 (IlB~i\\ )ON I'Si. 28 till\\ i .Alisk.ii. dB I \\ i a-

Rckti~inieii~i buld\_ 6l 2.4 Ill . \k 1t1i 111CIItNtta dirid leeds fI\eld ssaii. PLcrtio Rieni1

ill lith earI fii\ 5k\' les '-'t I ILL . NoIl1111, 11L1 pn ls L1(I Ilpn .uf fi it 1 11 1tll Mit ud 372 it A4190 \1l 1 1-2 \11l, repeatlre Is

.uI It IIIIIkC N)11, Ii Ls I[i~ .I IN's sll1,11 pItel r 110hiLhil. iklit ii 111i )TIC 1(-\ 6 \\ pe repeaterl

teitn~i fecil,ui liiitl I I Ift IRII ,6 tll\\ i('()N( Si. 12 till\\ i \Laskai. 2s' kill\\ illai

! Iý; lb ill I)h .hit .bee i inur ill life- \%,Il. Pii.I nei Rico)



Of 5949-6421

T THorizontal Vertical
polarization polarization

0 D
5927-6403

-- * AL3702-4178

s S 131 TW

Receiver 3

15 T rTI
S Receiver 4 H-10

17 T T

14 T C

16 T TW

118 T TIN

One spare anmplifier fo0r e\ er\ six repeaters 12/14 GHI: one paraboloid. four feed horns. linear polartiation.
12114 GH/: 11 .704 to 12.176 (iH/ CONL'S coverace

One I 6- [wi, per repealer. 41 dI3W ERIP (ONUS 1 Design life
One spare amnplifier for e'er\ si\ repeaters 'Fenl \cars

Receiver Orbit
41/6 ( ;[1/: t~k0 acti\Vc ptIls moA)spare rcecei' rs S\ ichronous equatorial. statiorikeeping to ±0.0.5 N-S and FLW

5927 to 6403 %111. (36-.\Ul repeaters) Gr/I -5 dB/K (C0 Orbital history
NUS 1. -7 to -1) dB/K (Alaska. Ha~ aii. Puierto Rico)
5949 to 6421 \1MU,. 172-.\I/ repeaters) C/I -2 to -3 dB/K I: lauinched 22 Ma\ I1984. inl use. 121) W loneitude
W( N1 Si. -7 dB/K (Alaska. I \%iii 2: laun11chedL It) No\ ember I1984. in use. 09 W onL'itudce

12/14 (;11/: one actixe plus one spare tecei'er. 14.(H)4 lo 14.476 3: lauinch \chicle f'ailuire Septembher 1985
Oif/. -3 dB/K W F[)(ON(S) 3R: launched I I March 1 988. in use. 87 W lon! it iude

Antenna 4: lormelrl\ nlameld AS(' 2 see AS(C descriptionl)

4/6 (;11/ t%%o pariaholoids. approxiimatel 4 x 5 t. sharinge samec Aincltnh cil

ph~ sical apertuire. caich ,kilh an: embedded gtnd fr tite of ts\ o or- Management
tiho, onat linear polari/ations. ,i\ teed horns pet polarI/atioll \%ith eelpdbCIAtoSac)lonrIR.\stolctoic
co' rciage for ( ( NLS pIlus Alaska and Ila~~ aii or (ONI'S plu Ion GI Spacenet C'orporation
Puercto Rico and thle VirL'in Islands
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Operated by GTE Spacenet Corpora- Spat'em't 12/14-GHz communicattion subsystem.
tion

Spacenet is the first United States
domestic satellite that operates in both
the 4/6-GHz and the 12/14-GHz fre- T
quency bands. The satellites in orbit 14004- 2411704-
prior to Spacenet all operated in either 14476 12176
one or the other of these two bands.
The primary objective in the commu-
nication subsystem design was to max-

imize bandwidth subject to launch
vehicle-imposed weight constraints.
The result is a twenty-four-channel de-

sign with 50(h more bandwidth than a
contemperous twenty-four-channel 4/
6-GHz design.

The 4/6-GHz portion of the com- Receiver 2
munication subsystem has two sec-
tions. One is a typical set of twelve 36-
MHz bandwidth repeaters. The other
section. which uses the orthogonal an-
tenna polarization, has six 72-MHz
bandwidth repeaters. The weight
saved, relative to a twelve-repeater de-
sign. allows an additional six repeaters of 72-MHz bandwidth, at least eleven metropolitan areas. Transmissions are QPSK/
These six operate in the 12/14-GHz band. The narrowband (36 TDMA. Both digital speech interpolation and adaptive voice cod-
MHz) repeaters use solid-state amplifiers. inc are used to achieve a capacity of 36W0 voice circuits per 36-

The wideband repeaters use TWTs with twice the output pow- MHz bandwidth.
er. The 4/6-GHz antenna patterns are adjusted to the expected sat- The control center for the Spacenet satellites is in McLean.
ellite location. The western satellite pattern covers all tifty states. Virginia. near Washington. D.C. The TT&C sites are located in
whereas the eastern satellite pattern covers CONUS and the Car- Woodbine, Maryland and San Ramon. California.
ibbean. The 12/14-GHz pattern is optimized for CONUS cover- * ** : :. :..
age. with some degradation in parts of Texas. Florida. and Maine. 1. C. J. Wavlan. "The Spacenet Satellites.� Paper 82-0520. AMA

Two Spacenets were launched in 1984. The third satellite was
lost in a launch vehicle failure in 1985. A replacement was 9tee.

launched in 1988. The first was stationed in a westerly location. 1982.

and the 4/6-GHz channels are used mostly for distribution oftele- 2. A. Jacobs and B. Pourmand. "A Dicital Satellite Communica-
vision programs and also for voice and data service requiring its tions SvSytemn for Sprint." Paper 84-0717. AIA 101h Commit-

coverage of Alaska and Hawaii. The second satellite is primarily niuation Satelite ,v.tem. ('anife,ren•e (.March 1984).
devoted to business conminunications. Types of traffic include 3. Aviation Week & Space 'reehmologv t31 March 1980). p. 26:
voice, data. facsimile, and video conferencinc. The GTE long- (21 December 1981). p. 12: (25 October 1982). p. 58: (23
distance network, called GTE Sprint. is making use of all three September 1985). p. 22: (24 March 1986). p. 83.
types of transponders on Spacenet. Earth station, are located near

GStar
GTE Spacenct Corporation. tormerlk GTE Satellite Corpora- receive antenna pro\ ides CONUS coverage on one polarization

tion. is the owner of the GStar satellites 1-61. Like the Spacenct and a comnbinCd co\erace for CONUS. Alaska. and Ha\\ aii on the
satellites, the GStars have a design based on the RCA (G(F since other. The transmit antenna has otur beams. Channels I and 3 are
1986) satellites. They have a central box-like body structure from permanentl. connected to a combined coverage beam. Each of
which the txo sun-tracking solar arrays are deployed. The anten- the other fourteen channels has,, ariable power di\ider. These
na ,trucIure is fixed on the earth-vie%\ ing side of the body. All dividers can roule the po\wer to either a \west beam or an east
other equipment is mounted " ithin or on the surflace of the body. beam or split the pow% er bet ecn the two to or•nli a CONtS beanm.
The satellite has nickel-hý drogen balteries and electrothertmal h\l- The \scst and cast co\eragcs correspond to the parts of CONUS
dra/ine thrusters, hoth of %tlich s•crc ness lechnolog. iteims not sscs and cast offtl\ Mi,,sissippi River.
cot1nion in commlunication satellites in 985. P itl clntribute to ('h:nnels I and 3 ha\c 30)-W TVW'Is. and all other channel,,
increased lifie for a ti enl satellite keight. ha\e 2(0- ' "•l. VTs. The ps\\cr radiated h\ the satellite is suflicient

The GStar clllcmunication subsstmcn uses the 12- and 14- Ito ,upport 6t)-Mbps transnissions in the (')NtiS and combined
(ll/hbands. The suhst slen has sisteen channels, •ach \\ ith a 54- beants. or ())1 9 Ibps in the \5,cst and cast beanm•s A total tfi 20
%ill/ b•ham idtllh. and use s dui al --pol ari/at)ltion trequenc. reuse [he TV\V, are a\ailable in a iir- reduhnd anc.s arranccie lent. three of
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GSti r satellite.

Antenna
Two 60-in.-dia. parabolic reflec'ors with embedded polarization
grids, one behind the other, one each for vertical and horizontal
polarization: Ž33 dB isolation between the two polarizations: six-
teen feed horns per reflector (seven for west CONUS, six for east
CONUS, three for Alaska and Hawaii)

Design life

which are the 30-W type. The GStar receivers have a parametric Ten years

amplifier for the first stage and an FET amplifier for the second Orbit
stage. followed by down conversion and additional amplification. Synchronous equatorial. stationkeeping to _+0.05°N-S and E-W,
Performance values and other satellite details are as follows: except for GStar 3

Satellite Orbital history
Box. 6 x 6 x 8 ft with antennas fixed on earth-viewing side and I: launched 8 May 1985, in use. 103'W longitude
solar arrays deployed from two sides, overall span approximately 2: launched 28 March 1986. in use, 105'W longitude
55 ft. overall height approximately II ft 3: launched 8 September 1988. problems during apogee motor fir-
Approximately 1400) lb in orbit, beginning of life ing left satellite in wrong orbit, orbit raised during 1989. began
Sun-tracking solar array and NiH, batteries. 1700-1900 W begin- operations November 1989, in use. 93'W longitude
ning of life. 1330 W minimum after ten years 4: launched 20 November 1990. in use. 125°W longitude
Three-axis stabilization using momentum wheels and magnetic Ariane launch vehicle
torquers: accuracy ±0.04 deg (pitch). ±0.05 deg (roll). ±0.13 deg
(yaw) Management
Solid rocket motor for apogee maneuver, monopropellant liquid Developed by GE Astro Space (formerly RCA Astro Electronics)
propulsion for on-orbit use for GTE Spacenet Corporation

Configuration Operated by GTE Spacenet Corporation

Sixteen 54-MHz bandwidth single-conversion repeaters, dual-po- The first two GStar launches were in May 1985 and March
larization frequency reuse 1986. The third launch was in September 1988. When the apogee

motor fired, the satellite was not stable, and the orbit perigee was
raised by less than half of the expected distance. The cause of theUp to 5400 voice circuits or 90 Mbps per repeater instability was later determined to be due to unbalanced loading

Transmitter of the hydrazine propellant tanks. Beginning in January 1989, the

11.703 to 12.198 GHz on-orbit propulsion subsystem was used to raise the perigee. The
process was ",ery slow because of the low thrust. Nine months lat-

Three 30-W TWI's for two repeaters, seventeen 20-W TWTs for er. the satellite was in synchronous orbit, and operational use be-
fourteen repeaters gan in November 1989. Because of the propellant use. the
ERP: (30-W repeaters) Ž>40 dBW for CONUS. Alaska, Hawaii. estimated satellite life has been reduced to four or five years. and
up to 45 dBW in parts of CONUS: (2t0-W repeaters) 40 to 45 no north-south stationkeeping is being done. As a result, the satel-
dBW over CONUS or approximately 45 dBW over most of east- lite orbital inclination was 2 deg when it reached synchronous or-
ern CONUS in cast spot mode or 42 to 45 dBW over western CO- bit and is increasing by about 0.75 deg per year. The fourth GStar
Ni S in west spot mode was launched successfully in November 1990.

Receiver The primary traffic on all the satellites is customized digital

14.003 to 14.498 GH/ networks. Each network serves a specific user. in most cases. the
ground terminals are located at the user's facilities. Each network

"Tto active plus two spare receivers can have demand-assignment equipment to increase efficiency.
(fl': _- 1.5 dB/K over almost all of C()NUS. +I to +4 dB/K in The type of infOrmation to be transmitted is not constrained. User
much of ('ONUS. _>-3.5 dB/K Alaska and Hawaii equipment can combine voice. data. facsimile, and video inputs to
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CONUS

(dBW) (dB/OK)

44.2 3.0
442 dBW 42.2 1.0

40.5 -1.5•-.• 42.2 dBW•
40.5 dBW

WEST

41,7 dBW• .

EAST

S•43.4 dBW

GStar beam patterns.

American Satellite Corporation
American Satellite Corporation (ASCO f1- 121 was formed in The ASC satellite. a derivative of the RCA satellite, is almost

1972 as a subsidiary of Fairchild Industries and began providing identical to the Spacenet satellite. It is a body-stabilized type that
communications services in 1974, using satellite capacity leased has a box-shaped body with solar arrays deployed from its north
from Western Union. In 1979. it became a joint venture of Fair- and south sides. The communications antepnas are fixed on the
child and Continental Telephone (later Continental Telecom. now earth-facing side of the body. An unusual feature is that the satel-
Contel). In 19801. ASC conveiied its lease to a 2tY() ownership of lite has an encrypted command link. The satellite also uses the
the Western .nion satellites. To allow for further growth. in relatively new (in 1983) nickel-hydrogen battery and electrother-
March 1983. ASC signed a contract for the development of its real thruster technologies. The communications subsystem. like
own satellites. In 1985. Fairchild sold its interest in ASC to Con- Spacenet. has twenty-four channels: twelve are 36-MH, band-
tinental Telecom. %hich became the sole owner of'ASC. In 19X7. width and share the lower half of the 4- and 6-GH/ hands by
its name was modilied to Contel ASC. means of dual-polarization frequency reuse. The upper half of the
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same bands are used by six 72-MHz bandwidth channels also by Design life
means of dual polarization. In the 12- and 14-GHz bands, six 72- Ten years (8.5 years nominal fuel load)
MHz bandwidth channels use a single polarization. (Launch
weight limits preclude additional channels on the orthogonal po- Orbit
larization.) The 36-MHz channels use transistor power amplifiers; Synchronous equatorial. stationkeeping to -).05°N-S and E-W
the others use TWTs. The subsystem configuration is similar to Orbital history
that of Spacenet. Additional satellite details are as follows: I: launched 27 August 1985 (deployed from Shuttle 27 August).

Satellite in use, 127°W longitude
Box, about 5 ft on a side, with antennas and feed fixed on the 2: launched 12 April 1991, 101 W longitude, name changed to
earth-viewing face, solar panels deployed from north and south Spacenet 4
faces, span across solar panels about 48 ft. height including an- 3: launch schedule uncertain
tenna feeds about I I ft Shuttle launch vehicle ( I ), Delta (2)
1467 lb in orbit, beginning of life
Sun-tracking solar array and NiH, batteries, 1215 W minimum Management
after ten years Developed by RCA Astro Electronics for American Satellite Cor-
Three-axis stabilization using momentum wheels and magnetic poration
torquers, approximately ±0.2-deg accuracy Operated by American Satellite Corporation
Solid rocket motor for apogee maneuver, monopropellant liquid The first ASC satellite was launched in August 1985. ASC is
propulsion for on-orbit use using both this satellite and its share in the Westar satellites. The

Configuration second and third satellites were scheduled for launch in 1986 and
1987. However, that plan was disrupted by the multiple launch4/6 GHz: twelve 36-MHz bandwidth and six 72-MHz bandwidth vehicle failures in the early part of 1986. ASC 2 was not launched

single-conversion repeaters. dual-polarization frequency reuse until April 1991. The month before. GTE and Contel completed a
12/14 GHz: six 72-MHz bandwidth repeaters merger which includes the GTE Spacenet and Contel ASC satel-

Capacity lite systems. As a result. ASC 2 is being renamed Spacenet 4.
64 Mbps or approximately 1000 voice circuits or one TV signal Consolidation of the Spacenet and Contel ASC ground control fa-
per 36-MHz bandwidth cilities and operations will take place over an extended period.

The ASC ground terminals are grouped by the services they
Transmitter support: public commercial, dedicated commercial, and dedicated
4/6 GHz: 3700 to 3960 MHz (36-MHz repeaters) government. In 1974. ASC started with three public and three

One 8.5-W transistor amplifier per repeater government terminals. At the end of 1978. twenty-three terminals
ERP approximately 34 dBW (CONUS), approximately 28 were in operation. By 1983, the number increased to about 130terminals. The public terminals have 33-ft antennas. Dedicated
dBW (Alaska). approximately 25 dBW (Hawaii, Puerto commercial terminal antenna sizes vary from 10 to 33 ft-16 ft
Rico) and 23 ft are the most common. Error correction coding is used
3940 to 42(X) MHz (72-MHz repeaters) on most links, and encryption is an option used on some links.
One 16.6-W TWT per repeater Dedicated commercial terminals are located at customer sites
ERP approximately 36 dBW (CONUS). approximately 32 to provide private communication networks. More than seventy
dBW (Alaska), approximately 28 dBW (Hawaii, Puerto terminals are in use. Types of information transmitted on these
Rico) networks include voice, single and multiple data links at 9.6 or 56

12/14 GHz: 11.704 to 12.176 GHz kbps. facsimile, and video conferencing. Transmissions are all
One 17-W TWT per repeater, approximately 41 -dBW ERP digital with either FDMA, SCPC. or TDMA operation.
(CONUS) Approximately 50 dedicated government terminals serve
(COnUS) sNASA. the Department of Defense. and the Department of Ener-One spare amplifier for every six repeaters gy. Transmissions are digital with bit rates ranging from 56 kbps

Receiver to 3 Mbps. Examples of traffic include data for the Shuttle and
4/6 GHz: two active plus two spare receivers Defense Meteorological Satellite Programs and tventy-four voice

5925 to 6185 MHz, (36-MHz repeaters) approximate G/T-5 circuit trunks.
dB/K (CONUS). -7 to -9 dB/K (Alaska. Hawaii, Puerto * * * * *
Rico) I. J. G. Puente. "Designing the American Satellite Corporation
6165 to 6425 M-Hz, (72-MHz repeaters) G/T -2 to -3 dB/K System.'" EASCON '73 Confrrente R•cord (September 1973).
(CONUS), -7 dB/K (Alaska. Hawaii) 2. S. Ashton and D. Silverman, "The American Satellite Com-

12/14 GHz: 14.(X)4 to 14.476 GHz. one active plus one spare re- iiunication System." Paper 74-482, AI,4A 5th Co(tfhim'ica-
ceiver. -3 dB/K G/T (CONUS) thins Satellite .'))stems Cnf'rem-c (April 1974).

Antenna 3. L. Kilty. "American Satellite Builds a Major Network for
Government Users." EASCON '75 ConfiCren'c Record (Sep-

4/6 GHz: two paraboloids, approximately 4 x 5 ft, sharing the tember 1975).
same physical aperture, each with an embedded grid for one of 4, E. Cacciamani. "New Developments in Small Digital Earth
two orthogonal linear polarizations Stations." Pacific Te c'n inin wions Con/e nce (January
12/14 G H z: one paraboloid, linear polarizat ion 1979).
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5. 11". ('acciamani and W. (arner. "The American Satellite l)igi- 9. 1 L. Lebo\w *'Aln Integrated Communications Controller for
till ('oulllluniciations Network." Paper 49.3. Inh'riiatiolul Demand-Assignl nent." Paper D 1.2. hMirmii maled Co'ntrence
('onferet.ct, on (C'mmuications: (C' '79 01J.ine 1979). il C'ommntictuion.s: ICC '83 (June 1983).

6. S. Mittal. F. R. Caccianiani. and J. Hangen. "Use of TDMA in 10. Aieition Week &: .Slanei 70'hnolhiy ( 19 August 1985), p. 22:
ia D[omeStic Satellite ('Communications Systelllm." I•ASCON '79 (24 March 1986). p. 83.
('nt/i'rem'e Record (Septenmber 1979). II. S. Miltal and W. Garner. "*A Specialized TDMA Network for

7. T. 1). Breeden and F. J. Habib, *'The Digital Network of Business Ser\ices." Sixth International C'onf/rereu o•n1D9i4,ial
American Satellite Corporation," Paper 80-0517. AIAA 8th Satellite ('nommimicatiols (September 1983).
( nommnnicatior. .Satellit•, .Sv.sten.x (Con -rece (April 1980). 12. 0. W. Hoernig. Jr. and D. R. Sood. "'Security Enhancement tor

8. F. J. Habib and S. M ittal. "A New Integrated Service for Commercial Comlnlunication Satellite Systems." Paper 15.1.
American Satellite Netw-ork." Paper 82-0617. AMAA 9th Con- Militara' ('onmmunnication.s Con/i're'ne: Mih'oan '84 (October
nOmictfion.% Satelhite Svstems Cotni/'rene (March 1982). 1984).

Alascom

The terminals with 15-ft antennas are equipped for one to eight
voice channels. The majority are for public use, but a few are for
private lines for specific customers. These transmissions are
mostly SCPC/FM. Larger terminals service towns requiring more

than eight voice channels and have larger antennas. Transmission
formats are SCPC/FM. FDM/FM, and QPSK. The largest termi-
nals are the tour gateways, located in the principal Alaskan cities.
They handle all communications with other states, serving as in-
termediate nodes on double hop links between the smaller termi-

Aurora~e II .satllite'.-

Prior to 1971, the Air Force provided all long-distance coi-
munications in Alaska and between Alaska and other states. Inl
thai year. the nmilitary communications system in Alaska was sold
to RCA. One of the terms of the sale was that RCA accept the re-
sponsibility f'or inmproving long-distance communications inl

Alaska. R('A established the RCA Alascom 1I-61 subsidiarN to
carry out this task. The size. large undeveloped regions. r

and population distribution of"Alaska all complicate the provision
of adequate communications. Only a few cities had good internal
communications. The problem fa'cing Alascom was COmmUllnica-
tions betkeen the cities and over 200 small towns and villages.
beteen the towns and villages. and between Alaska and the rest Alascorn provided the telephone and television services as part
of the United States. of the total RCA satellite communications program using RCA

Alascoin initially tried VHF links to improve service. but the satellites. In 1979. Alascom was sold to Pacific Power and Light
results were not very good. In 1975, 100 earth terminals were in- Company and renamed Alascom, Inc. It continued to obtain satel-
stalled in villages to provide two voice circuits each. One was for lite capacity from RCA and bought a satellite from RCA prior to
public telephone calls and the other for health care consultations its launch. The antenna pattern of this satellite. RCA 5. was mod-
with urban medical centers. The next year, television reception itied to improve coverage of Alaska. It v, as launched in October
capability was added to these terminals. Two television programs 1982 and is in use b' Alascom. It is operated by RCA Arnericom
"were broadcast to thenm-one educational and one entertainment, Under contract to Alascom. The satellite \ktas named Aurora in
These programs \ere recci\ed from the satellite and then re- 1983: the name was selected in a state-wide contest. Under the
broadcast to the local area by low-power conventional television R('A-Alascom contract. RCA satellites pro\ ide in-orbit backup
transmitters. By 1983. the number of terininals had increased to for Aurora.
about 200. and b\ 1989) to over 220. so that every communuity in In 1986. RCA wkas bought bx GE-, and RCA Americom be-
the state, w\ith a population of ll least 20). vas equipped. Most ter- came (iF. Americom. The cooperation between Alascom and
ininalIs have I 5-1f antennas. aIllhi)twgh abohit 3t0 have 33-f1 or i larer Anmericom co ntinuned through tile nanme chagee. Plans were de-
antennas. 'ehloped for an Aurora II satellite to replace the first Aurora
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(or Aurora 1). The second satellite has Aurora communication jtsubsvstenm.

the same basic design as the first. It has T
increased transmitter power and redun-
dancy, and spacecraft improvements to
increase reliability and extend the life. T
Aurora 11 also has a secure command
link. T

Aurora satellites have two antenna
beam Patterns. One covers Alaska, the T
other Alaska plus CONUS with a lower C us(V)
power level on Hawaii. The broader
coverage is used for all uplinks. On Au- T

rora 1, twelve transponders are connect-

ed to the Alaska beam for downlinks T
and twelve to the broader beam. On Au-
rora 11, the corresponding numbers are
six and twelve, with another six tran- T
sponders individually switchable be- __[

tween the two beams. The Alaska beam US (H) T T T
is used for intrastate communications.
The other beam is used for communica-
tions between Alaska and other atates: Sae s boev 1 us (V)
capacity not required by Alascom is Reiver 2
used by Americom as part of its nation- s
al satellite network. Se as avAK(H)

Details of the two satellites are listed Receiver 3
and apply to both, unless specified by
(l) or (11). US (V) S Receiver 4 T

Satellite
Body 56 x 64 x 69 in., solar array span T

47 ft

1320/1420 lb (I/11) in orbit, beginning T C T o AK(H)
of life

Sun-tracking solar array, NiCd/NiH -T
batteries (/Ill) 980 W after ten years
(I), >1000 W after twelve years (I1)

Three-axis stabilization using momen- US HCNSawi beam
turn wheels and magnetic torquers, US 50-state beam
±0 .15-deg antenna pointing AK A laska beam polarizations

Solid rocket motor for apogee maneu- H, V Horizontal, vertical polarizations
ver. liquid hydrazine propulsion for on- F9 All power to AK beam or power LIP' T
orbit use split between AK and C, H beams

to form US beam (not present on
Configuration Aurora I; all fixed on AK beam) ->
Twenty-four 36-MHz bandwidth sin-
gle-conversion transponders, dual-polarization frequency reuse Antenna

Transmitter One dual-gridded offset-fed antenna with one feed an-av of six or

3702 to 4198 MHz seven horns for each polarization. 7-ft reflector diameter, dual lin-
ear polarizations. 33 dB isolation between the polarizations

One 8.5/I I-W solid-state amplifier per transponder plus one/two

spares per six transponders (1/11) Design life

ERP 37 to 38 dBW for Alaska. 33 to 34 dBW for Alaska and Ten/twelve years (I/11)
('ONUS combined, with 26 to 28 dBW for Hawaii Orbit

Receiver Synchronous equatorial. stationkeeping to --(). I N-S and E-W
5927 to 6423 MHz Orbital history
"Two active plus two spare receivers I (also known as RCA 5): launched 28 October 1982, in use until
FET preamplitiers Spring 1991
G/T -3 dB Alaska and CONUS combined Delta 3924 launch vehicle
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11: launlched _29 NLV 1991. in uISe. 139' W loihfttide 2. J. L. Rivard. "'Long Line Commu111-nication iii Alask-a-Then

Della 7925 launch cehicle and Now%. RCAl Eiigimer. Vol. 23. No. 4 (December 1977 -

JanuaryV 1978).
Management 3. A. Hill's. "Alaska's Giant Satellite Network,? IEEE Spet trum.
D e'N eloped Ibr Alascorn and GlI (formieri RCA) Amlericoml by Vo~l. 20, No. 7 Juul 1983).

CL str Spce ormrlvRCAAsto Eectonis)4. M. R. Freeling and A. W. Weinrich. -RCA Advanced Sat-
Operated by 6E Amnericoni co " Paper 4-0715. AIAA 10thi Comnmunication .Sweullite

Aurora I "ilas launched inl 1982 and wats inl Use until the spring, Conf,i-en'c (March 1984).
of' 1991 . Then. a lowN propel lant level caused problems and re- 5. W. L. Morgan. '*Aurora.*' Satellite (omniunic'wion~s. Vol. 9.
(lUired the transker ofall traffic to GE Satcomn C-1I. The trafflic "as No. 2 (February 1985).
imoed to Auror01a 11 in AugIust 1991 following! its May launch. 6. B. C. Russell. et al.. "Aurora Il-The Next Generation Satel-

S.~ Ilite for Alaska." Paper 90-0832. AMfA 13thi International

J. L. Ri ard. "The Domestic Satellite Programn in Alaska? Na Conmmunication Satellite .Svstems Cmu,finice (MNarch 1 990,.

fional Iclc(oiiinhicaii(coni Cmilii-'n'ie: NTC '74 1 Decemlber
1974).

MARISAT

Marisat 11-271 wats developed to provide comm11unicat ions be-
tmxeen ships and shore stations. During- its first years of operation.
the primlarV User was the Nay,. for whom it tilled part of the gap MIi

bet~~een th end of Tacsat and LES 6 operations and the begin-

nine, oft F1.ISAICOM operations. For this reason. the satellite is
somnetimes called Gapsat or Gaptiller. This service is described in
the section onl militarv satellites. Marisat also provides service for
commercial shippers.'

Marisat is at derivative of the Anik A satellite. The basic strUC-
tUre- and support Subsystems are vecry similar to Anik A. but the

solar array diameter is, 1 34 larmer, thus increasing its Output POW-
er. Marisat is heavier than Anik A and used the larger pavload ca- L
pacitN of the Delta 2914 launch vehicle.

channels, are provided for- Navy use. two wkith 25-kHz bandwidth JJ
and one With 500-kH/ bandwi'dth. Each channel has at redundant
transistor ampl ifier. For commercial use. there are two 4-MHz
bandwidth channels, one f'or ship-to-shore communications and
one for shore-to-ship. These channels, use L-band f'requencies be-
tween the satellite and ships and C-band between the satellite and
shore stations. TWTs are used f~or both L-band and C-ban d trans-
mni~ssions, and the 1-band TWT canl be commanded to any of three
poke lc\evek. The low,\-power level Was used when all Navy chan-
nels Were operating: ats Na~ y requiremuents decreased, the higher-
powker levels wkere switched onl.

NIan sat hats niine com mu 11"ii cat ion antennas. Three helIices
backed by truncated cones f'ormi a UHF array With at 3(1-deg
bearnwidth. A narrower bearnwidth is not practical because of die
lare~er antenna that w~ould be reqJuired. Four smaller cone-helix
antiennas f*Orm anl 1.-band array With at 20-deg, beamnwidth. Two
earth cow rage horns are used at C-band, one for transmnitting" and
one for recei% meg. Other Marisat details are ats follows:

Satellite
Cylinder. 85-in. dia .63-in. hic-ht ( 15(0 in. oscrall)

72)) lb in orbit. beginning of life
Solar cells and NiCd battries. 335 W atl beginning of lif'e. 3(15 W
at end 41h life M
Spi n-stabi Ii ,d. 1001(±I5 rpmn. antenna pointiiing error. <±01.65 (leg,
each axis
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Configuration UHF -306 r---
UHF: one 500-kHz channel and two 25-kHz channels
L- and C-band: two 4-MHz channels (one L to C. one C to L) T H T

Capacity
500-kHz channel: approximately five 2400-bps links and seven-

teen 75-bps links
25-kHz channel: 24(X)-bps link
4-MHz channel (L to C): nine voice circuits or 110 teletype cir-
cuits Same as above, redundant

4-MHz channel (C to L): one, five, or nine voice circuits and 44, Redundant units notC L C shown
66, or 110 teletype circuits (depending on ERP) L&C Receive Transmit

Transmitter 6420-6424 Y Y 4195-4199

UHF: 248- to 260-MHz band
Redundant solid-state amplifiers
65 W. 28 dBW (500-kHz channel) edge of earth
20 W. 23 dBW (per 25-kHz channel) edge of earth

L-band: 1537 to 1541 MHz
Redundant three-level TWTs

7, 30. or 60 W: 20-, 26-. or 29.5-dBW ERP edge of earth edd
C-band: 4195 to 4199 MHz

Redundant 5-W TWTs, 18.8-dBW ERP (specification) edge
of earth (if at saturation: however, this transmitter will al-
ways be operated linear), in-orbit ERP I to 1.5 dB above
specification Same as above.

Receiver redundant

300- to 312-MHz band. 1638.5 to 142.5 MHz. 6420 to 6424 Marisat commnlication .V Nl'.

MHz All circular polarization
Redundant receivers on each frequency Design life
Noise figure: 4.2. 4.9. 8.8 dB De le
G/T (edge of earth): - 18, -17. -25.4 dlB/K

Antenna Orbit
Synchronous equatorial (<3.5-dee inclination m. stationkeeping to

UHF: three cone-helix antennas. each 48 in. long. 30-deg beam- +0.5°E-W. inclinations 8 to 9 dec, bv 1991
width. 12.l-dB gain (transmit), 12.6-dB gain (receive) at
±9.5 deg Orbital history
L-band: tour cone-helix antennas, each 15 in. long, approximate- I: launched 19 February 1976. 106-W longitude, in use until
l 20-dec bearnwidth. 14.4-dB gain at +9.5 deg 1983. Inmarsat spare since 1983
C-band: twNo horns (one transmit, one receive). approximately 18- 2: launched 9 June 1976. 72"E hongitude. in u,,e until 1985. lin-
deg beamwidth. 16-dB gain at ±9.5 deg marsat spare since 1985

Marisat coverage tal'(ta. (1976 t1 /9A82).

SOUTHBURY _ - NTT A P. A

500 ELEVATION. . ,. ELEVATION.........50 E'

5 E V IO " 5 E O.. I. .

50ELVTIN-.0ELVTIN 5 ELEVATION - . .
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7"ihle" /. Marisat Te'rminal Char-acteristic'.s

PARAMETER SHORE STATIONS SHIP STATIONS

Frequency band Ca L

Antenna diameter, ft 42 4
Transmit gain, dB 56.0 23.5b

Transmitter power, W 3000 40

ERP, dBW 72-85 36-38
Receive gain, dB 53.2 23.5b

G/T, dB/K 31.4 > - 4
Beamwidth (transmit/receive), deg 0.2610.4 10-11
Polarization Circular Circular

a The shore stations can operate at L-band for testing.
b Nominal: ERP and G/T are the controlling specifications.

3: launched 14 October 1976, 176°E longitude, in use until 1983, As part of this lease, one satellite was moved to a longitude cen-
Inmarsat spare since 1983 tered on North America to provide services for land mobile termi-

2 and 3 were in opposite positions through 1983, I was moved nals.
from 15'W about 1989 The primary Marisat ground terminals are located in Connect-

Delta 2914 launch vehicle icut and California. They are both TT&C terminals and shore ter-
minals for commercial communications for the Atlantic and

Management Pacific satellites, respectively. A TT&C terminal at Fucino. Italy

Developed by Hughes Aircraft Company for Comsat General serves the Indian Ocean satellite. For the TT&C function, the ter-
Corporation (UHF capacity leased to the United States Navy, Cl minals are connected to a system control center in Washington.
L-band capacity leased to lnmarsat since 1982) D. C.. where telemetry and tracking data are processed. Com-

Operated by Comsat General Corporation mands are normally initiated at the control center but can be initi-
ated at the terminal.

All three Marisat satellites are in orbit. The first was launched The communication terminals are the link between the Marisat
in February 1976 and placed over the Atlantic Ocean. It began system and the regular terrestrial communication networks. The
Navy service in March 1976, but the start of commercial service terminals can handle duplex voice and telegraph signals, 2400-
was delayed until July 1976 because of problems with the C-band bps data, and simplex ship-to-shore data and telegraphy. A com-
equipment. The second Marisat was launched in June 1976 and puter at each terminal keeps traffic records, assigns satellite chan-
was providing both naval and commercial service over the Pacific nels (i.e., transmission and reception frequencies) to users, and
Ocean by August. The third satellite was launched in October controls transmission path switching. Channel assignments are
1976 to provide service to the Navy in the Indian Ocean region. made in response to calls initiated from ships or through the ter-
Commercial service with this satellite began in November 1978 restrial networks. In addition, the shore station can transmit
with a terminal in Japan. Signal-quality reports for both types of broadcast messages to all ships of a specific company or national-
service were good as soon as the system began operating: the ex- ity, or to all ships in a certain geographic area. Signaling related to
pected improvements relative to terrestrial transmission links channel assignments is handled through dedicated request (ship-
were fully realized. The coverage areas of the three satellites, as to-shore) and assignment (shore-to-ship) channels. Emergency
they were during their early lives, are shown, requests are handled with a priority above all other messages.

Commercial service started on a limited basis, because of the Table I gives the basic characteristics of the shore and ship ter-
small number of terminals and because most of the satellite pow- minals which were in use with the initial Marisat system. The
er was required for the Navy channels. Gradually, the Navy use ship terminal is capable of receiving and transmitting one voice
decreased and commercial use increased. Commercial services channel or 2400 bps data. Approximately 160 of the larger ship
include telex, voice, facsimile. and data (up to 48(X) bps) in both terminals were in use by December 1978. increasing to 600 in
directions. These services are used by tankers, cargo, passenger early 1981 and 10(X)0 by January 1982. These terminals have oper-
and fishing vessels, offshore oil platforms. and private yachts. In ated within the Inmarsat system since it came into being. The In-
1981. 56 kbps ship-to-shore service was initiated, primarily tor marsat System section describes the evolution of terminal sizes
data transmissions from seismic survey vessels. On I February and numbers since then.
1982, control of the three Marisats was transferred to Inmarsat. The Navy provided its own ship and shore terminals for use
By the summer of 1983, Inmarsat had newer, more ,.apable satel- with the UHF channels. These terminals were also being used
lites in the Atlantic and Indian Oceans. and those two Marisats with the FLTSATCOM satellites but could be tuned to Marisat
became spares for Inmarsat. The Pacific Marisat continued in ac- frequencies. The shore terminals had both communications and
tive service until 1985. Inmarsat continues to lease all three Mari- network control functions.
sats to serve as spares. The most recent lease goes through 1992. , * * * * *
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TDRSS
Throughout nmost of its history. N ASA depended onl a w~orld- Tracking and D~ata Relay Satellite (]DRS) System ( VDRSS ) I I-

xiide netwo (rk (Ift erou.nd stations for"TT&C Support of their satel- 38!1. In1 addition to imlprov Ing covecrage. thle TDRSS is, allowinLe
lites. These stations must be connected with ('ONUS mission NASA to close most (ifits overseas facilities.
control centers by anl extensive communications network. I-lo- Initial studies of (the TDRSS were conducted in thle earl\
ever, he contact these stations havc with thle satellites they sup- I1970s. Extensive system definition work kkas done in 1973. aiid
port isIi limited by geomnetryN. Continuous contact is pos.si,-)e for two contractors completed s\ystem designs in earl\ I 976. A\t the
satellites at synchronous al'titude, but many satellites are in rela- samne timie. NASA. Congress. and the General AccoUntiniŽ! Office
ivelyv low-altitude orbits (< 1000 nmii ). For these satellites. c on- wkere analv/inue the relative merits of leasing or purchasingL thle

tact dii rat ii ns railge from~ a f'ew to perhlaps 20 mlin. w ith periods of system. The decisioin was that NASA should lease the ss stemn.
several hours between cointacts Tile result is that a mission coin- and at thle endL of' 1976, N ASA aimarded a contract for the dcx el-
trol ccente r can ci 1Im in iic ate wiit h a satellite for a sinaIl fract n in of' (ipileni anid tell years ol operation of TI)R S . The contract in -
tulle (tpcal <I 9(. These limitations arc being overcome by- Cled both space and grou01.nd semil-nlts ofh the system.
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'Ihle txo actiS e I'lRSS satellite,, are separated about 130) dec,
in SN nebhronlous orbit. Thiis Position pro\ ides thle mlax~imum.1 CO\ er-
age possible vs bile retaining v isibilit% to it single ground terminal.
X\ spare satellite is intendled to be positioned mlid\\vs between tile 1
achie satellites,. T[his satellite ceomietryN prov ides 851( coxerage
to thle loyxest altitUde Users (approximately 1I)) omin). increasing

to 1(I))' at 65( ) imi.i Cmoerag fo r 10M, data rate Use rs dec rease%
ahoye 1100) numi1L hut high rate user~s Can be supported uip to S\y n
chronous.11 altitudeC.

V1)RSS pro\ ides three classes of' user set-\ice. Each inll~Ude
(kisrddta link,. f'rom the uLround thr-ouch a TDRS to uIsers. IV-

tuill data links. and trackinue links, for -atherinuc data to be used in
Computing the Orbits of115c~rsaelt.

The S-band mul.1tiple access (NI A service canl accommodate
uIP to twenty simuL~ltaneCous return1-1 links, usingI- code division omlI~it
pie access WIDMA) at rates upl to 50 khps,. These links mnay all go
throuch one l1)RS or be separated amiong two or- three TDRSs.

IMultiple access sericeit allows one lorwAard link per TDRS. Which
muILst be shared stqlUentiaill by' the user-s. Single access service is
available at S-band fSSA ) or K -band I KSA ) for two users per
TDRS. Sin-le access service itlicLudes simu~tltanleous forward and equipment was not removed wkhen that mission was termin~aied.
return links. Return link data irate limits are 12 Mbps for S-band The portions tiat are shared and those that are dedicated to the
and 30)0 M/hps for K-band. Usersý requlire as little as 2- to 5-W two missions are indicated iii the figure. Spat. :raft design and the
transmitters and a low-gain aintenna to transmnit abouit I kbps onl TDRSS mission communication characteri i~cs are as follows:
the MA return-1 and uIP to about 20) W and at 6-fl-diamieter steerable Satellite
antenna to transmit 100)( Mbps onl the KSA return liiik,

The central body of the TI)RSS is hexagonal. about 8 ft across Hexagonal prism body. approxrniatel\ 8 ft across. 5 ft inl height.
and 5 ft in hichuft. This body' aiid the solar arrays are derived fromt 57 f~t between tips of deployed solar arrays. 43 ft across larcex de-
the HITSATC(OA desicn. ployedl antennas

T[he larcLe antennas wkith the meIshl su~rface are 16 I't in diameter Approxi matcl' 500)) lb iii orbit. beci nninc of lif'e
and art- deployed in orbit. beinc f'olded like aii umnbrella dur11ing Sun-trackiic solar array and NiCd batteries. 17t00 W end of life
launch, They are Used for tile siiicle acCcss User links amt both S- Three-axis-stabili/Cd uIsinc- reaction wkheels. ±0.1I dec_ in) pitch and
and K -band. They canl be poinoted uIP to 90) decL Off nladir away' roll +.0. 25 diec1Il Ni yaw
t'roin the satellite or uip to 3)) dieg o'tt nadir tow\ard the satellite
hiod\ and rot ated ±9)) dlec, from nadir About1 thle aXis that inc I tdes I-iquini ooeI atpplsnfoonobtiis
their decplo~ nent booms1. The cir-cular antenna to One side o1' thle Configuration

satllteboy s orth lii wththecon. emna.Tetit Multiple S-band and K-band transmitters and receivers, all conl-
he Ii a inen ias (in the tmcc of' thle satellite ft rm thle phased array' nected to anl IF processor
t'or the S-band multiple access liniks, vsith the uisers.

The 1)-shaped an~te Ii ia to ()me side of'C thiebd\' ;inl theC ci i-cuI ar Capacity
antenna onl the face of thec satellite are not used by)\ ifRSS. The\ S-band multiple access MNA): one tr ard link at( 0.) t o 10) kbps.
are part of, thie Adv\anced Westar subsy stein. wkhich shares thle uIPt tveit simuI.ltaneous return liiiks at 0. 1 to 5)) kbps, each
spacecraft vs itli the TI)RSS equipmencrt. The Advancetl Westar
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S-band single access (SSA): two forward TDRS spare

links at 0. I to 3(X) kbps each, two return
links at 0. 1 kbps to 12 Mbps each

K-band single access (KSA): two for- SA east antenna SA west antenna
ward links at I kbps to 25 Mbps each, steering limit steering limit

two return links at I kbps to 300 Mbps
each TDRS east 26* beam TDRS west

Each single access antenna can support 41 OW (conical) 171 OW

one forward and one return link at S- or longitude SA westfield of SA east ufiel ofongeatu

K-band at a time (one forward and one antenna view antenna
return link at both frequencies simulta-steering steering limiti

neously is possible to a single user or to limit

separate users less than 0.4 deg apart)

Transmitter
(ERP values are requirements, which Seast west
were generally exceeded by on-ground antenna / antenna

measurements) steeringlImit W \ \ limit

MA: 2103.4 to 2109.4 MHz 26* beam

35 W total power. 3.5 W each from (conical)
twelve phased elements (eight re- R S
quired at end of life) antenna

34-dBW ERP steering angle
225*650 nmi altitude

SSA: in the band 2025.8 to 2117.9 MHz / (minimum required
15/26-W TWT (Satellites I to 6).\ / for 100% coverage)

S(Satellite for both MA and
solid-state amplifier (Satellite 7) / sA users44.0/46.4-dBW ERP \' /

Note: TDRSS east/west SA antenna
KSA: in the band 13.75 to 13.8 GHz pointing limits are shown.

1.5-W TWT (Satellites I to 6). solid- TDRSS north/south pointing

state amplitier (Satellite 7) limits are ±900

49.4-dBW ERP

K-band to ground terminal: 13.4 to 14.05 TDRS .vs.tlm.

GH/
One TWT for each of two links. 30 W nominal at beginning Antenna
of life. 22 W minimum at end of life, operated with a few dB MA: thirty-element phased array (only twelve elements used for
backoff transmission). 15.4-dB peak element gain. 13-dB gain over 27-

50.9/52.8-dBW ERP deg field of view. 13.8-dB combining gain, one transmit beam

Receiver and up to twenty receive beams can be formed in the 26-deg field.
circularly polarized

(GIT values arcrequirements. which were generally exceeded by SSA and KSA: two 16-ft parabolas. 36.7/53.5-dB peak transmit
on-groundmcasuremcnts) gain. 37.7/54.6-dB peak receive gain. 0.5/0.6-dB pointing loss. 2-

MA: 2295 to 2290 MHz deg/O.28-deg beamwidth. circular polarization, open loop S-band
Transistor preamplifier for each of thirty antenna elements pointing. autotrack

-14.1 dB/K GCT per element at edge of coverage K-band pointing, steerable ±90cN-S and 30/90'E-W (30 deg to-

Approximately -I dB/K overall G/T (-2 dB/K end of life) ward satellite body. 90 deg away)

SSA: in the 22(X)- to 23(X)-MH, band K-band terminal link: 6.6-ft parabola. 45.3-dB peak transmit

Parametric amplifier first stage (Satellites I to 6). FET gain. 46.0-dB peak receive gain. 0.7-dB pointing loss. 0.7-deg
preamplifier (Satellite 7) beamnwidth, linear polarization

8.9 dB/K GCT Design life

KSA: in the 14.891- to 15.116-GH/ hand Ten years

Parametric amplifier first stage (Satellites I to 6). FET
preamtplifier (Satellite 7~ Ori
24.4 dB/K (S/T Synchronous. 57 deg inclination, E-W stalionkeeping to _H). I deg

K-band from ground ei minal: 14.6 to 15.25 ClH/ (for FDM coim- Orbital history
posile ofi ultiple links) I: launched 4 April 1983. active satellite at 42"W longitude until

"Tran,,istor preamplifier 1989. spare at 170(W longitude

10.0 dB/K (W/T 2: destroyed by Shuttle explosion January 1986
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1 2 3 4 5 6 The initial ground terminal is called the

W7 T T •White Sands Ground Terminal (WSGT).AW T AW I i 1989. NASA axNarded a contract tor de-

T T T AW \elopmeiint ot a Second TDRSS Ground
Terninal (STGT). The STGT %s ill prov ideK-band S-band S-band K-band S-band K-band C-bnd thile sie function as WSSGT. but with in-"T&R r& & &R &&T creased reliabilit\ and automation. The

STGT %will add another three 604-ft anten-
nas to the TDRSS ground segment. there-
b\ allox ing NASA to use four active
,atellites in the mid- 19 9 0s and hevond.

AThe STGT xs ill be in operation startin,. int~TDRSS IF T Adv Westar Th TT"iIIh to

•. processor IF processor [ 1993. After\wards. \VSGT %%ill he taken
Out of sert ice and Mitch of its equipment

replaced "wilh copies of STGT equipment.
Antennas: hIt ill reenter service in I994.

1 Body-mounted parabola T Equipment used only by TDRSS The oricinal NASA contract for
2 and 6 Deployed solid reflectors AW Equipment used only by advanced Westar; I"DRSS \%as, \vith Western Union Space

30-element phased array other equipment is used by either Communications. In 1980. the contract
4 and 5 Deployed mesh reflectors T&R Transmitters and receivers x\\ as transferred to a partnership of \Vet-

l)R.S ciommunicotion wi•.býtwcm. Prior to AW cancellation (see text). ern lUnion. Fairchild. and Continental
Telephone. called Spacecomn. At the end of

3: launched 29 Septeniber 1988. active satellite at 174 W longi- 1982. the contract \xas modified to eliminate the Advanced We-
tude star mission. At lirst. sharing the spacecraft betw een tmso missions
4: launched 13 Mai-L:h 1989. active satellite al 41 W longitude seemed to be an economic advantagle to both NASA and Western

5: launched 2 Aulgust 1991 Union. As the program progressed. however. both parties reali/ed

6: launch scheduled late 1992 they% would do better \\ith separate satellites. (Western Union had
already lautnched the Westar IV and V because of the delay in or-

7: available 1992. launch scheduled 1995 hitin, the Ad\r anced Westar mission.) Ther'efore. NASA paid
Shuithte/lU 'S launch %ehicle Spacecoim to Lain full control of the satellites.. This pay menit comn-

Management pensated Spacecom for the re\enues it Would have recei\ed from
the use of Advanced Westar. In Januar\ 1983. Western Union sold

I eloped hI TRW Defe, nse and Space Systemls Group lkfr Space its share of Spacecom to the other two partners: and in 1985. Fair-
('ommunications. Inc. IlOr lease to NASA) child sold its share. leaving Continental Telecom (fowrmerly Conti-
Operated b\ Co(ntel Federal Svsteinis 0fornierl Space Coillintlii- nental Telephone) as sole ow\ner of Spacecom. In 19901. a new%
cations. Itic.) contract transferred ownership of the system to NASA but re-

Sex en uplinks from the ground terminal to the TDRS each tained Contel its the operator.

Itransmit one of the lorw% ard data and tracking signals or command The C-band equipment on the first six TDRS spacecraft is sep-

and control data for the spacecraft. The forward portion of ihe IF arate f'rom all the TDRSS mission equipment. and the two can be

prlce,,sor frequencx denlt, hiplexes these uplinks. and tile return operated simtultaneouslx'. Alter Satellite I. the C-band antenna

port ion of tile processor conihintes all the retlurn links and the patterns w\ere il1odifi,'d to at low tranlSOCe;anic CommunlttliCations

spacecraIt Ielelectr\ fOr fle comnposite doinlink to thie terminal, from the normal -rDRS operating locations. in 1990. the C-band
The dox unlink tlises t, t1 polari/alions, one for an FI)M cotmhina- equipment on Satellites 3 and 4 x\ as leased to Columbia Cominutt-
lion o•'one IKSA\ link. the t•o SSA links, the signals from tile 30- nications.ITheir use of it is described in an earlier section on inter-

\Im\ antenna clmentcls, and the TI)RSS telemetry. Tile other po- national salellites.

lari/ation is, for the second KSA return link. For reduc, itn satellite The TDRSS spacecraft are launched oni the Shuttle and boost-
plxit, the phased rybeam-frming computations ad r- ed to synchrontous orbit bv the Inertial Upper Stae OIS). The

ccix cr pha,,se shifers,. tile sinigle-access atentna autotrackiti coin- first launch \wias scheduled for 1980. but the Shuttle wias Unable to

putillotis. and the iaster oscillalor for the satellite frequentcy meet that schedule. The first latinch actuall\ occurred in April

cenerator arc all ivr the terminal. The uplinks and do\% nlinks in- 1993. The IUS malfunctioned and left the TI)RSS in an elliptical
chtlde all ftsinalIs nece,,sarx fr Ihese ilnctiors. orhil. In Matv and June. through a long sequence of thruster fir-

The TI)RSS Lround terminal is located at White Sands,. Nex\ ings. the spacecraft "ias moved to s\nchronous orbit. B\ earlx
Me\ico. and the buildine includes all equipllet neccssary for AligUst. NMIA ser, ice to the lo\w-altitude ILandsat 4 had been deii-

"TI)RSS operation,, as xxell a,, space for NASA to itstall mission- "lnstraled. High rate ser\ ice \w as initiated at fex\ iionths later. The
peculiar eqCIipnCllI. Three 60-4ft antennas handle the uplinks and next TI)RS lauinch was,, dclayed it.lil the ILIS problem "iaa cor-
do\\nIlink,, for three active satellites, and one spare. The lerminial icCled. Meanwhilc,, cotiponent faililtres on TDRS I reduced its,

als• has anteninas lor S- and K-band user sinikilalions. anl S-band uscfltilness. The Ti)RS 2 laltinch , as. delaxled acaill to Make

"T"I&' anlenna fu1e~d during launlch and psiliotiing. and if the K- changes to fix the proble•is that caused the failures. lin 1986. this
bandu. &C tails), and a K-hand TT&C antennia. NASA pro\ ides satellite was destro\ed in the Shultle explosioti.
for cim.iuniicattns hetxxen the TI)RSS terminal and mission When Shutttle launches resumned, the lirst carried TDRS 3. It
control centels,,. priniarilv \xit domestic colnlniutniicitlioti satellites. \xas positioned o\er [the Pacific to gixe NASA olne satellite o\er

each Ocean. TI)RS 4 was launched in I1989 and replaced Tr)RS I
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over the Atlantic. Because ofiminor failures onl T[)RS3. TDRS I nel Design." Paper 19-2, National JihtmnniainsCon-

wvas moved to the Pacitic as a spare. TDRS 5 was launched in AU- ltrencte: NTC '77 (Dccember 1977).
,vust 1991, after checkout. it will replace TDRS 3 which \Nill I.WA mraenGG oe"nSBn hsdra a
nmoe to 62'W longitude and become the system's spare satellite. MhpeAcs omnctos Ppr1-.Ntoa

The next launch is scheduled for late 1992. A seventh satellite Te'aCmneains(okren-e: NTC '77 (December 1977).
is being built uinder a new. contract. It \kill be ready hi 1992 but i 2 .C akrlyan -. E atet TrcieadDt ea
not expected to be launched until 1995. This contract has, ali op- Satellite Single Access Deplo\'able Antenna.": Paper 19-4. Na--
tion for an eighlth satellite. Sonmc parts, have been ordered, but i onano Telecomin,n icatiotis ('anleivt-e:e NTC '77 (December
construction of the satellite hats not been authorized vet. These 1977).
Iwo satellites have newer electronics, than the first six and do not 13. B. H. Batson. S. W. Novosad. and T. W. Sheehan. "Space
have the C-band equipment.ShtlUtlztoofTRSSrie.Par9-.Ninl

NASA hats been studVine~ anl Advanced TDRSS (ATDRSS) ShtlUtiainofTRSercs.Ppr9-.Ntol
since 1986. This system will continue all the services supplied by' Tl'anniainvCnirn-:NC'7(eebr17)
TDRSS. with certain imptmroveents in MA serv ice. It will also 14. W. M. Holmes. "Status Report onl TDRSS."' Interntational
add anl additional Ka-band sinele access serv ice in tho 23- to 28- Te'h'nu'ei-jng C'nnfeient-e Pro)(eetdin~' (November 1978).
Cl-li spectrum with return data rates tip to about 650) Nbps. Three 15. S. B. Franklin. "TDRSS-User Satellite Acquisition and Track-
contractors finished system definition stuidies of ATDRSS inl miid- ing." International TVIlenetering Can fi~ivemi' Pi-oceedings'
1991. One will be selected inl fall 1992 to begin development of (N~ovembher 1978).
the satellites. The first ATDRSS launch w\ill not occur before 16. V. D. Aizrawal and T. C. Tona. "Grating Lobe Suppression in
1997. Multiple Access Array of TDRSS Spacecraft.- 197N AP-S lIn-

t('iwaiioiUnil Svinia'oui ( May' 1978 ).

I. C. Clark, K. Fellerman. and J. Schw.artt. "Current Concepts 17. A. J. Gianatasio and T. W. Leonard. "The TDRSS 18.3-Meter
for at Tracking and Data Relay Satellite Systemn." Paper 28A. Ku-Band Anteinas.' P,-ac'evdjng,' oil/u' 9th European Micro-
National 7c'lt'-nnmnnications Can fi'rt',u-e: NTC '72 ( Decemn- irave G'anfe~rene (September 1979).
her 1972). 18. H. B. Poza. "TDRSS Telecomnmunications Payl~oad: Ani Over-

2. P. F. Barritt. "Tracking and Data Relay Satellite System xix.IEEE T,'anvaction~s onl Acroi'o(ae andul Eh'tranic Svs-
(TDRSS)." Paper 7B. Natliollal ieeanuiawiCanfl'r- ltents. Vol. I5. No. 3 (May 1979).
t'm e: NTC '73 (November 1973). 19. W. C'. Schneider and A. A. Garman. "Tra-k-ing and Data Relay,

3. R. D. Godfrey. "The Evolution of the Tracking and Data Relay Satellite System: NASA's Newk Spacecraft Data Acquisition
Satellite Systemn." LASCON '75 Convention Record (Septem- Systemn." Ac-ta Astimiaitica. Vol. 8. No). 2 (February 198 1).
her 1975). 20. R. Blyth and D. Haldeman. "TDRSS Multiple Access Tele-

4. L. F. Deerkoski. "Tracking and Data Relay Satellite System comm11unications Serv ice." Paper 80-)527. Al/l.A S'th Cominnt-
TDS Telecomm11unication Services.'' E.ASCON '75 Coll- niijtitoIs Satellite SvsteniCn1-ec,(prl18)

ventioni Recoard (September 1975). 21. C. J. Butts. "A Frequency Reuse K-Band 60-Foot Antenna

5. Avijation Wi'ek & .Space 7TChnology~ (23 Auguist 1971I ). p. 66:. System for the TDRSS Ground Segment.'' Paper 25.2. Miner-

(27 Aug1ust 1973). p. 21. (25 March 1974). p. 18: (3(0 June Mitittollal Can'01 t'CUTe onl (>nnntnliraitianx-: W(C 'So ( Jutne
1975). p. 24: (16 February 1976). p. 52: (3 January 1977). 1980).
p. 14. (25 April 1977). p. 36: (17 October 1977). pp. 97. 155. 22. M. W. Matchett. "Multliple Beamn Forming for the TDRSS
(10 July 1978). p. 14: (18 May 1981). p. 18:) (12 July 1982). Multiple Access Return Service." Paper 25.3. littermitioalle
p. 67: (8 November 1982). p. 16: (31 January 1983). p. 25: ColnA','ente onl ('anunnnicatian).s- IW'( 'So (June 1980).
(II April 1983). p. 19: (25 April 1983). p. 24: 19 May' 1983). 23. R. T. HartI. "Design and Implementation of tile tiround Coim-
p. 16. (16 Mkay 19J83). p. 26: (3)) May 1983). p). 53: (13 June mnunication S\stem~ for the TDRSS Ground Segment." Paper
1983). p. 117:) 20) JL1ine 1983). p. 21: t4 Jutly 1983). p. I17: (25 36. I1. Inter-national ('ollIC-'n',ie oln Commnunnlit ariaiiv W1C 'SO
July 1983). p. 22: HI AuguLst 1983). p. 1.5: IS1 ALugust4 1983). (June 1980).
p. 27: (22 August 1983). p. 20: (5 December 1983). p. 2 1:) -I 4. B. C'aliendo. "1)esign aiid Implememat ion of the Ground Ter-
M'varch 1985). p. 16: ( 18 March 1985). p. 299.: ( 18 Augu1st minal Facility for the TI)RSS System." paper 36.2. lntt'rna-
1985). p. 22: (9 June 1986). p. 20: (22 D)ecember 1986). p. 3 1: litllalt Conlfernc an1C oil nnaj WCtn~s *(SO) (Jutne 19801.
(7 May 1990). p. 17. 15. R. 1'. Hart. "TDRSS Ground Segmentimlenao."Ier

6. W. M. Holmes. "*Thle Tracking and D~ata Relay Satellite Svs- nat1ionail l'lt',neteriln,' (al-rnce PI'lterdins,'.Nx me
teim," Paper 78-554 -l/1,1 7th1 (amnmwlt alion. Satefflle S.\AN 1980).
letin ("n~lereintt (April 1978). 26. J. 1-. Bebb. "TI)RSS Grtund Station Sofmx are!A DPI:. Inte--

7. L.. I)cerkoski and P. C'. Walker. ''Tracking and Dl~aa Relay Sait- ntoa ~litt'ih, n~ -mcP- tit.)N ei e
ellite Sysieii (TrlRSS C" Paper 5/2 IVES('QV 77 'Coinfillcuct- 1980).
Rvt'con (September 1977). 27. W. R. Harper and W. I.. Woodson. "Thle Tracking and Dmat

8. W. IMf. Htolimes. '"lDRSS Sy stem D~esign.'' Paper 9-2. Natlional Relay Satiellite ( TI)RSS ."nt'rnoit,-)iionail ,ic/i int~tc(-riio,' ( Con-
fller mnnnimicalit in ('nfllh'n'nte: /Nf/' '77 (D ece mber 1977 . jei--nCc e Proce-dho,'.' (Nov ember I198))).

t. IN1. Melnick and C'. lDi on. "TDRSS Frequency Manage- 28. R.1.S pearin.'RlofTRSiTrcngadI)ta-cqi-

mne nt. Pa per I19)5, Nal mial IIt-le omlmninna t it ir in'. (Oi t' si in.'Inealtn ih-l'iuclit ('a6i-i-lo , cini

tate: Nl( * 77w IDecember 19t77 1. (November I 980).

1 0. C . C'. C'hen and).. W. liurnet. ''TD RSS Mnhtiplc .. cces'. ('hill- 2'9 (). Kfiniek. ''Tiackinue and I ),ia Re laN Satellite S\ stein Perfo'r-

19))



(Novemiber 1 980). 35. M. McMullen. "Tracking and Data Relay Satellite Sx'stemn
30. C. J. Butt, and T. A. Gutwein. 'TRSAntennas-Ground Status.** Internationail Tele~m'u'ring Coile~rence Proc'edim4.is

Station and Spacebortie.- Inte'rnational 7Ch'inu'erinv Confer'l- (September 1982).
('11ce IProcedill.'s (November 1981). 36. R. S. Sade. "Space Tracking and Data System. Emphasizing

31 . C. C. Smith. "Network Support ot TDRSS.'' International the Commercial Aspects." Paper 1.5. Militar *v Conmiunica-
I'lcmntrcring. ('onfi/ren'n( Proceediungs ( Novemnber 198 1) tion~s Confer-ence: Mjlcom 'S4 (October 1984).

32. . I-. Mader~"TDRS CotrolNet~ork, I~ir~1)io1a 37. G. G. Wong,. S. J. Hamada. and P. W. Low,"TRS pae

Ithwienierhig ('onj~reuce Pnre'djtlng.ý ( November 1981) craft Antenna Farm." IEEE Infernationda .Svinpo~simoil An .,-
3,3. MI. G. D)a\ is. "Thle Tricki ng and Data Relay Satellite System: h',inas and Propaati~on (June 1989).

.\nOerv\iew?. Internatnonal Ji'/enuewrim: ('onfi'rnce Pro- 38. J. L. Stone. Jr. and S. C. Dauuehtrid-ee "Satellite Exchange in
ceedings~ ( No\vember 1981) the TDRSS Constellation: Techniques and Results.� Paper 90-

34. NI. W.MNatchett. ''TDRSS G;round Segmnent Perf'ormance." In- 0840. 13thi AIAA ('oimliinicalio/ Satellite Svstem.% Conferl-
t(TIRItl(U)I(l It'lemeterinh4 ('oll./ren c Procecedings. (November ('II(( (March 1990).

MSAT
In1 1980. the Canadian LoerMC-11ent undertook a StUdv of' a betw~een fixed ,round sites and satellites, that the satellites he pro-

commu in icat ion sate!!lite system to pro\ ide service to mobile ter- vided by a simnele consortiulm, and that services be offered by anyv
ininals. including, land vehicles, ships. and airplanes. In1 1982. the qualified entity' uIsing satellite capacity provided by the consor-
idea evo~lved into a jonlaaaNS fot ttestl ie ium. This decision was general!ly accepted by the interested par-
NA.SA asked the FCC to set aside at portion ot. the 806- to 890)- ties, and the main efftort throu~gh 1987 was to f'orm the
NIH/ band for this type of'systemi. In1 1983. two United States consortium11. Some of the orioinal applicants dropped out, but by
coimpan ies submitted applications to thie FCC for permission to the end of 1987 eight companies had reached anl ag~reement. and
develop and operate mobile communication systemls tIising sate!- the consoi-tiumn was formially incorporated in the spring of' 1988 as
lites. A.s a result of this commercial interest. Canada and NASA Amnericant Mobile Satellite Corporation (AMSC).
aureed. iii 1984. to support separate. but coordinated, commercial At about the same time. Telesat Canada. wxhich wais the desio-
systems iii each nation. Thle Canadian name f~or this system is nated satellite owkner for the Canadian part of the systemi. formed
NiSat: in the United States, the generic term MISS (mobile sate!- Telesat Mobile Inc. (TM!) to mlanage its NiSat work. AMSC and
lite serv ice) is comimon)% used I I - 1 3). TM) continued the inter~governni enta! cooperation onl the system

The goal of an NISS system in i to provide voice, message. and and reached a-reemlent onl at fullx' coo~rdlinated approach. Their
dlata commnIIIlications, and perhaps position determination also, to hslseml 114-231 consists of two satellites. identical in design. w\ith
mobile uwsr.,. In urban areas, these serv\ices canl be provided by Multiple spot beamsv covering all of North America. One 'atellite
terrestrial sy stems, but they cov er less than I15'.4 of' the Northi belongs to each company. but they are being2 procured together.
A\mierican land mass and even less of ocean areas near the conti- Each company wkill normally use its owni satellite f'or service to its
nent. Satellite s\ stemis canl cover all areas of* interest and aff'ord owii country. Each satellite serves ats at backup to the other. elimli-
distance-insensitie prices and flexible call routing regardless of' natimie the cost of an ini-orbit spare satellite, and excess capacit
tilc mobile u~ser's location. Ho~wexer. satellite sienals are sever-ely onl either satellite canl be leased to the other operator. Each com-
attenuated b\ large buildinigs ill urban centers.,(so satellite and ter'- panx has its o\ý ni control center-. but they use a common design. so
restrial systemis dio havec complenientar\ roles, that each canl support the other.

Asi result of the early applications, the FCC started anl inquir\ lii 1988. AMSC tiled a f'ormal app!lication with the FCC and
into ithe appro~priamte national pol ic\ b'r these systemis. Inl thle wa-is granted appro\ a!l inl 1989. lii I1990). AMISC and TM! put out a
spriing oft 1985. txs clx e companies ( including (the original two) requeLIst for proposals, for their twko satellites and chose a contract-
"submitted proposals in) response to anl FCC invitation. There w\as inLc team iiear thle end of the \-ear. The team has at United Slates
conisiderable v ariation amont- the t~kedye. All wecre intended to contractor bu ildinhg the spacecraf't and at Caniad ian contractor
scr% e miobile users and fixed usecrs %k ho are remote f*rom terrestrial buildinizŽ thle communicatiom." Payload and integrating the space-
commrunicat ions. Ser\ ices intc!luded one or miore of' voice: low% craf't atid payload.
rate, short textu1al or numerIicH mnessages: and posit ion de~termitia- The appearance cif MSat is doniinated b\ the tw\o largze anitenina
lion. F-reqtuencies wecre either liie S00-MH-I band or I -banid ) ap- reflectors. These reflectors, about 17 f't inl diameter, pilus miultiple
proximiate!\ 1I.5 GiH /) or both between satellites atid miobil Ic fed elemniits onl the satellite bod,\ . forni the iiitilt iple 1.-band
term intal s. Other x ariat iotis intc!ltded] tlie niumiber of' antenna beams. Otie antenna is f'or transmission and one for reception. A
bamns. thle number ol chiantiels, and power lvs.2-4t antetina onl the satellite both formis a simigle Ku-band patterni

The tx% clx e app!lications emphasi/ed sex eial policy quiestio~ns shaped to match the Not-Ili American land miass, The deplo~ ed so-
that took the FCC r. c, , ,~'~ and( a hialf to resolve. Tile primlar\ lar array's and tile Stupport subhsystems w\ithin thle spacccramft bod\
questOions xx ere: k iclic frequenicies to use, howk man) Coni1peting are simiiiar to those used oin Atissat B anid the Gala\\ I V and VII
svstemis it) alloxx, and whlether to distitiguish betxeen various satefliles. Tent:!tise tdetails are:
types of sers ices and bemetx cci 5r'ces to air, lanid. and maritime Saelt
users. The [('C' decision %%itas announced at the end of' 1986. Thie Saelt
ke\ points xx crc that th I['tiiile(] State,, shotuld have al NISS sN Rectangular body approximatclv 6 x 7 x 7 I't. spani acrossý solar ar-
tem. that this sx stem erx e all t~ pes of mobile uisers. that I -bamnd rays 69) it. span across laige reflectors 6' ft'
be U sed Ifor I, ~ s bet mccii mocbilIe users ant! satellites anrd Ku - band
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Approximately 3400 lb in orbit, beginning
of life
Sun-tracking solar arrays/NiH2 battery, ap-
proximately 3000 W
Three-axis stabilization using gimballed
momentum wheels

Configuration
Multiple Ku-band to L-band channels
(fixed sites to mobiles)

Multiple L-band to Ku-band channels (mo-
biles to fixed sites)

Ku-band to Ku-band channel (fixed site to
fixed site)

Transmitter

L-band: 1530 to 1559 MHz

Sixteen solid-state power amplifiers.
each approximately 40-W output MSatSatellite.
ERP (total for all channels) 55.5 dBW
over 95% of the land area. 54 dBW
over 100% of the service area (land
plus ocean)

Ku-band: 10.75 to 10.95 GHz ( 11.7 to
11.9 GHz on future satellites)

Approximately 5-W output

ERP 36 dBW over 95% of land area

Receiver
L-band: 1626.5 to 1660.5 MHz

GJT 2.8 dB/K over 95% of land area,.4k
1.8 dB/K over 10017f of service area

K-band: 13.0 to 13.15 and 13.2 to 13.25
GHz (14.0 to 14.2 GHz on future satellites) "

G/IT -3 dB/K over 95r/( of land area

Antenna

L-band: two reflectors, 17- to 20-ft dia..
with multiple feed elements (cup-dipoles)

to form multiple beams covering all of
Canada. the United States. coastal waters
to 2(X) nmi offshore, and perhaps Mexico

Ku-band: one reflector. approximately 2-ft dia. with multiple feed The satellite communication subsystem has two main paths. L-
horns to generate one beam covering North America band to Ku-band and Ku-band to L-band. The first is for commu-

life nications from mobiles to fixed stations, and the second is for
Design fixed stations to mobiles. A secondary path. Ku-band to Ku-band.

Ten years or longer is for coordination and network control. connecting the mission

Orbit control center and the fixed sites. T,,o mobiles can comm1unicate

Synchronous equatorial. 101°W longitude (AMSC). 106.5oW only by a double hop through a z. ed site.
The 1.-band spectrum is divided into many pieces correspond-longitude (TMI). 62'W and 139'•W longittude (fuL, ~re AMSC sat- igt aiuseii ssadlp, fmbl emnb.Ec

ellites) to various specific uses and types ofimobile terminals. Each
piece of the spectrum will correspond to a tilter in the L-band

Orbital history transmitter or receiver. These filter banks, transmitter,,, and re-

TMI launch planned in 1994. Ariane launch vehicle ceivers will he replicated for each 1.-band antenna beam. Within
ANSC launch planned in+ 1995 the filtered bands, each individual signal \%ill ha\c a 5-kH/ band-

width. These 5-kH/ channels \will be assigned on demand \with
Management consideration of priorities and returned to a coninionl\ available

Developed for AMSC and TMI by Hughes Aircraft ('ompany and pool wAhen no longer needed. The priority aspect of the demand
Spar Aero,,pace assinnien't ,,cheme ,V% ill ensure that channels are al\,, avs available
Operated hv AMSC. and by Telesal Canada f0r " lor enicr,•',', comurnications. Since ¶,1,, isIdtf'•'I,'4s tafic
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band receive 8. A. E. Winter. M. Zuliani. and D. J.
Sward. "Land Mobile Satellite Com-

Pare 1 "• Receiver 1 • I munications via MSat." Earth-Orient-
0 Filters ed Applications ol Space Technology.

a Transmitter transmit Vol. 5. No. 4 (1985).
-- 0 routing 9. A. M. Kidd and H. J. Moody. "System

Design of the Canadian Mobile Com-
munication Satellite (MSAT) Space
Segment." Paper 86-0661, AIAA 11th
Conmmunication Satellite Systems

L-band transmit Conference (March 1986).
10. A. Salmasi and W. Curry. "The

Transmitter 1 Beam 1 Omninet Mobile Satellite System,"

-bandFilters Paper 86-0660. AIAA llth Conmmni--bnd •,.Receiver NO.I and 1 •
ceive routing cation Satellite System.s Contl'erence

(March 1986).
Transmitter N Beam N 1I. Satellite Communications (October

MISat •'OnMnliiti'atio sNbs\'.tent. 1983), p. 10 (February 1984). p. 12:
(March 1984). pp. 18. 50. 64: (Sep-
tember 1985). p. 40: (January 1986).

lad in each beam will vary considerably over a day. the transmit- p. 14: (July 1986). p. 12: (September 1986). p. 8: (December
'r power in each beam will also be varied. 1986). p. I1: (February 1987). p. 10: (September 1987). p. 10:

The MSat system will support transmission of voice, data, (December 1987). pp. 10. 15: (April 1988), p. 10: (June 1988).
)essages. paging. and position location information. Any of p. 12: (February 1990). p. 20, (February 1991 ). p. 8.
lese types of communication may be part of a private network or 12. Aviation Week & Space Techlology (3 October 1983. p. 130:
uerconnected with the public switched network. To initiate a (10 October 1983). p. 81: (12 November 1983). p. 74 :-(25 June
ansmission. a request is sent over a signaling channel to the net- 1984). p. 197: (22 April 1985). p. 30:(3 June 1985). pp. 359,
ork control center. The center assigns L-band and Ku-band fre- 373: (22 August 1985). p. 66: (18 June 1986). p. 115: (23
uencies and, for public switched network use, it also assigns the March 1987). p. 65: (5 October 1987). p. 47: (19 December
xed site closest to the requested destination. Upon receiving 1988). p. 89.
lese assignments. the mobile and the fixed site begin communi- 13, R, E. Anderson. "Mobile Satellite Plans and Status." EASCON
ation. '86 Con ference Record (September 1986).

AMSC and TMI have begun limited service using satellite ca-Zý 14. D. J. Sward. "-MSat--The Emerging Reality." The Canadian
acity leased from Inmarsat. All traftic will be transferred to their Satellite User Confe-ence (May 1987).
wn satellites when they are launched, probably in 1994 or 1995.

, , 15. A. M. Kidd, I. Karlsson. and N. Whittaker. "MSat System and
Payload Development." The Canadian Satellite User Cmifi'r-

I. A. L. Barry. "*The Canadian MSat Program." Paper 7.5. First emne (May 1987).
('anadian Domestic and International Satellite Coininonic'a- 16. E. Bertenyi. "Space Segment Configuration ol Canada's Mo-
tiolis ('onherence (June 1983). bile Satellite System," Space Techuiology, Vol. 10. No. 3 (1990).

2. P. M. Boudreau and A. L. Barry. "The Canadian MSat Pro- 17. G. K. Noreen. "MSAT: Mobile Communications Throughout
-ram." Satellite S•'stems fir Mobile Communnications and North America," IEEE 39th Vehicuiar Technology Con f'erence
Navigation. lEE Conference Publication No. 222 (June 1983). (May 1989).

3. J. D. B. Kent. "The MSat Communications System Concept." 18. W. B. Garner. "Description of the AMSC Mobile Satellite Sys-
198.3 International Eletrical and Electronics Con fri-ence tern.-' Paper 90-0872. AIAA 13th International Comintunica-
Proceedings% (September 1983 ). tions Satellite Systenis Coni'erence (March 1990).

4. W. J. Weber and F. Naderi. "NASA Mobile Satellite Experi- 19. J. D. Kiesling. "Land Mobile Satellite Systems." Prceedings
ment ( MSAT-X).'" Poceeding~s o the National Ehect-onics offthe IEEE. Vol. 78. No. 7 (July 1990).
Conjetrence. Vol 37 (October 1983). 20. N. G. Davies and B. Skerrv. "MSat Network Architecture." In-

5. R. D. Caswell and A. M. Kidd. "MSAT Mobile Conmmunica- ternationrl Mobile Satellite Conlference (June 1990).
tion Demonstration Satellite System and Bus Tradeoff Con- 21. W. B. Garner. "The AMSC Network Control S,.stem." Interim-
siderations." Paper 84-075 I. AlAA lOtih Corrlntnunication on

Satelit Svstes Cnf~elte (arc 194).tional Mobile Satellite Coitt'i rent'e (June 199o).Satellite Sv.steiis ('oat. ertence (March 1984).
22. R. W. Kerr and B. Skerry. "An Architecture for the MSat Mo-6. T. M. Abbott. "'Requirements of a Mobile Satellite Service." bile Data System." International Mobile Satellite Con'enc-e

Mobile Radio v.' temsn. anl Teclmhiqes. lEE Conference Pub- (June 1990).l ication No. 238 (September 1984). (ue191
7.cation P. . 23o SedreuanR.WBri p " n P 23. M. Wachira. "Domestic Mobile Satellite Systems in North7. P. M. Boudreau and R. W. Breithaupt. "'Canadian MSat Pro-

mMoves Out." Aeroace A6 America." Internationol Mobile Satellite Conlference (June
gram MvsOt�teopa Amierica. Vol. 23. No. 6(June 1990).1985).
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UNITED STATES DIRECT BROADCAST SATELLITES
In 1963, tile International Telecommunications Union (ITUl High-pove er DBS refers to signals transmitted bh hieh-po er

established the Fixed-Satellite Service (FSS) and Broadcastinc- BSS satellites and intended for home reception. High-pov, er s\ s-
Satellite Service (1SS) as distinct radio services. In 1971. the temns are designed such that recei\ers will cost S'30(0 to !-(4) and
ITU allocated specific frequency bands to both FSS and BSS. The use 2- to 3-f1 antennas. The satellite and s`s`tems discussed here
FSS was intended for all types of communications, via satellite, are all for high-pos, er DBS: none is in operation .et I 1-231. A
between relatively large. fixed ground terminals. The BSS was in- good rcview and comparison oif lo -. medium-, and high-po\kcr
tended for transmission of television from a central terminal to DBS is in 1221.
moderately sized community reception terminals or small indi- The first application tor a high-potmer DBS s\`stem n a,, tiled
vidual reception terminals. The latter corresponds to the term di- by Satellite Tel-evision Corporation (STC 1. a sUbsidiar\ of Corn-
rect broadcast, which means direct from satellite to homne, ill sat Corporation. in December 1981). The FCC combined that ap-
contrast to cable distribution or terrestrial rebroadcast of televi- plication with thirteen others that were recei\ed by the Jul% 1981
sion signals received from a satellite, deadline tor first-round consideration. STC's application was ap-

ATS 6. CTS. and the Japanese broadcasting satellite, launched proved in October 1982 and seven others the next month. Ap-
in 1974. 1976. and 1978, respectively, were the first satellites to proval Meant that a satellite construction permit would he granted
demonstrate high-po%\er broadcasts to simple community and on two conditions:
home receivers wvith antenna diameters as small as 2 ft. In 1977. • The satellite desien \\oulid ha\c to be modified to compl\
an ITU conference detined direct broadcast system characteristics with the results 0if the 1983 ITU conference.
and assigned satellite locations and frequencies for all countries - Under due dilig•,i.e,. Satellite construction % ould ha\e to be-
except those in North and South America. An ITU conference i'n gin or a contract for satellite construction %%ould have to be
June and Jul\ 1983 did the same for the Amierica, The FCC be- completed within one year after the permit was issued teven-

gan preparations for the 1983 conference in the summer of 1980. tually. tirst-round applicants were gi\en about t, o \yearst.
In October 0 tha: s`ame .ear, the FCC undertook toi define. allow- The second condition also has been applied to all construction
in, tor comment,, from all interested parties. a direct broadcast permits ,ranted in succeeding rounds. Van applicant satis the

"Nstemn .oi Ini AprilI 1981. thi itI ..ilail permitse trante in suceicrud.I n plcn aiteh
yt ol ic>.. . this rn.estigation conlude that due diligence condition. possibl\ after an extension of the one-such s\stens are ill the public interest and should be permitted to 1publicpinterestandihouldfbeepermitted year period, an orbital location and specific DBS channel fre-

At\ the same tminimume, howeverectbroadcast squencies are assigncd by the FCC. The locations and frequencies
Atare drawn. troi those allocated t the Umnited States bd the HT'.

ferent nature were developing in the marketplace. The first type is
LIPC is (on a first-come. first-served basis. Applicants %%ho fail to show

now called a low-powker direct broadca.sting satellite or system due diligence have their periits cancelled.
(DBS t. Lo%%-po~er DI3S is home reception of 4-GHz FSS dowvn- tIln January 1984. the eight approved applicants all submitted
links from many of the Canadian and United States satellites pre- modilications to satisfy the ITU conference decisions. In the saine
viously discussed. These downlinks are intended for distribution
of network television to affiliate local broadcasting stations and summer of 1984. two first-roiuind applicants \withdrew. Their per-
for distribution of various types of television programming to ca-Z, - rits. and t\wo others. %Acre revoked h\ the FCC in October 1984
ble television systems. When this started, in the late 1970s. a typ- for lack of due diliicence. In 1984. STC announced that it \\ould
ical receiving antenna diameter was 33 ft. Ho\vever. with no longer be a DBS iperator btt did iit cancel the order fr cii-
improvements in low-noise amplifiers. and the realization that a structiin of its satellites. One was sold to Japan as BS-2X: later.

home viewer will have good picture quality with less signal the o f, its s olite O n as s -3H.
the (itlier also w-a. sold toi Japan as, 13-3-H.

strength than a commercial distributor requires. home reception Six secOnd-rlotind permits were ,ranted in December 1984 and
became possible with a receiver that costs as little as Slt000. with
antenna diameters as small as 6 ft. At the present time. aboiut three January 1985. By this time. the FCC "ias rece'ig requests to

million homes are equipped to receive the 4-GHz FSS do\milinks. moditl' prcViiislV submitted applications,. Moditications that re-

making low-po, er DBS a significant industry. Furthermore. this quired no additional orbit locaiions and Spectrum %%crc appr-ived.
Typically. these iiodifications w ere to double the co\erave of a

entire industry is based on intercepting signals intended for aii- satellite, because hiie recei\er inproveilents ir better modla-
other class of receivers. Such home reception. w.hen limited to lon techniques permitted operation \% ill a to\\er received pow er.
private use in the home, w'as given legal recognition by Congress tie chniqu s ittedoti with lor recived power.
in 1984. Other moditications included requests for additional channels on

Mediu-power DBS rel'crs to home reception of' 12-Gtz FSS ta satellite. This moditication \xvould reduce the per-channel cost:Medum-owe BB reersto omerecptiiii(ifI 2GuiESS but. because additional spectrum was, required, thle FCC( placed
downlinks. The name iOccurs because these downlinks usually these requests wdith new applicatiotis "ii 'hatever round wasl open

have higher power than 4-GHz downlinks. As a result, antenna at thae t i %\e.

diameters may be as small as 4 ft and receiver prices as low 5il The third-round deadline , as February 1985. Six permits , cr

S500. There are two types of medium-poiwer signals: those in- cranted in September: three were new. aid three were modifica-
tended for comnmercial reception and intercepted by hiome recci- -

ers. and those intended for home reception. MediumI-power IDRS end of, Permits. Thre gI'iradth roiund concluded near t-e
(i f' 19~86. ThIree permits x\\ere gr1anted.I all for01 riioditied \er--is a more recent developnient. and the number of honies kVith re- sions i

1  cati(is l' ous in nds.
ceivers is prohably about 50.0(9). L.ike lohw,-powr iBS. most of le same time. the FC(("I at1th ( ri/ed P)BS s11ktcin itr handile peomA
these arc in the United States. Some are ini Canadaa, i med a el- the same time, the FC athoized Iasis. sl sesthandle deai-
ther Canadian or United States satellites. aind Ifewer are iin othier lirc a ine s n it line apications "crc suib d:

lilne \\as i,1 lhe sp~ring, of' 19,10. Nine aplplications` "ere subibnlitted"
places close enough to the United States to have adequate signal (my three ', crc frir new applicants. In Aigist i989. the FCC
levels. grtiled pernliits to se\ Cii applicants: onle other \\as deltlred be-

ciause (it, connerns about its illati-co'tnpetili\te naltur. sillCe tihe
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Ttihh" I. )S (onstra'tion Pernlit.•

RO DPERMIT APPLICANT' STATUS

1 !Oct.. Nov. Satellite Television Corp. Reduced commitment since 1984, sold satellites in 1986
1982 CBS Withdrew. permit canceled in 1984

Direct Broadcasting Satellite Corp. Gave up permit in 1985 to enter fourth round for more channels
Graphic Scanning Corp. Permit canceled in 1984. entered third round
RCA Americom Permit canceled in 1984, entered third round
U.S. Satellite Broadcasting Corp. Satellites in construction
Video Satellite Systemsb Satellites in construction, purchased STC satellites in 1986
Western Union Telegraph Co. Withdrew, permit canceled in 1984

2 Dec. 1984. Advanced Communications Corp. ? (due diligence year expired)c
'Jan. 1985 Hughes Communications Galaxy. Inc. Satellites in construction

* National Christian Network. Inc. ? (due diligence year expired)
National Exchange, Inc. ? (due diligence year expired)
Satellite Development Trust ? (due diligence year expired)

1 Syndicated Satellite Systems, inc Gave up permit in 1985 to enter fourth round for more channels

3 pept. 1985 Advanced Communications Corp. Modified second-round (6 channels) permit to 8 channels, see
comment above

Antares Satellite Corp. ? (due diligence year expired Sept. 1986)
Dominion Video Satellite Corp. Modified first-round (12 channels) permit to 16 channels
Grphic Scanning Corp. ? (due diligence year expired Sept. 1986)
RCA Americom ? (due diligence year expired Sept. 1986)

U.S. Satellite Broadcasting Corp. Modified first-round (6 channels) permit to 8 channels

Only applicants that were granted permits are given
Now called Dominion Video Satellite, Inc. satellites on order. actual schedules are vaoue. Launch dates are
See text for explanation

usually stated as desires or modified by **as early as." It is unlike-kkner also is a large operator of cable tclevision systems. The ly that any high-power DBS satellites will be launched before

inlh Iifth-round applicant wkithdrew. 1994.
In 199t0. there were nine active applicants: the !,even approved The fundamental reason for no launches after years of i-CC

i the filth round. one remaining from the tour previous rounds, permits is financial. The early cost estimates were S200 to S800
id the one deferred in the fifth round. Additional ventures were million to put a system into operation: i.e.. to ,,et at least two sat-
inounced in I 9(9. Hoxeec er. although several applicants have ellites into orbit and in use. Recent cost estimates are rarely less

Table 2. )DBS Characteristics

NUMBER OF CHANNELS SATELLITE
SATELLITES CHANNELS AVAILABLE APPROXIMATE RECEIVER CHANNEL

SYSTEM AND THEIR PER TO ANY ERP PER ANTENNA NUMBERSb

COVERAGE SATELLITE VIEWER' CHANNEL, dBW DIAMETER, ft AND LOCATIONS

Dominion Video Two, each with 16 8 54 2 Channels 1-16 (8 per satellite)
Satellite, Inc. two one-fourth (eight per 119 0W (both satellites)

CONUS beams beam)

Hughes Two, each one- 16 16 51 2-4 Channels 1-32 (16 per satellite)
Communications half CONUS 101OW (both satellites)
Galaxy, Inc.

Satellite Television Two. each full 3 6 50-5 4 d 2.5 Channels 3, 5. 7, 110 0W
Corp. CONUSC Channels 4, 6, 8, 110OW

U.S. Satellite Two. each one- 8 8 54 2 Channels 9-16 110OW
Broadcasting Corp. half CONUS Channels 9-16 1480 W

Viewers located in coverage overlap areas can receive twice as many C Initially, one-fourth CONUS, then one-half CONUS, now full CONUS.
channels ERP is weighted across CONUS by rainfall intensity and population
Channels 1-16 are frequency interleaved with and on the opposite density.
polarization of channels 17-32, in the 12.2- to 12.7 GHz band.
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than $400 million. The primary cost is for the satellites and for 7. R. G. Gould. "Broadcasting Satellites and the System of the
launching them, but developing quality programs to transmit United States Satellite Broadcasting Company.- Paper A9.5.
through the satellites also is expensive. Furthermore, extensive National Telecommunicationls Cot ference: NTC '81 (Novem-
competition from cable television, low- and medium-power DBS, ber 1981 ).
and video tapes causes some financiers to be hesitant to support 8. E. R. Martin and N. J. Marzella. "An j,,vative Satellite
high-power DBS .entures. Communications Vervice-Satellite Tele. ision Corporation's

One trend among the evolving high-power applications has Direct Broadcast Satellite System." Paper C 1.4. International
been more channels per satellite and more area covered by each Cotn•,rence on Communications: ICC '83 (June 1983).
satellite. This definitely reduces the satellite cost for each char- 9. E. R. Martin. "Satellite Television Corporation's DBS S\s-
nel, but not the cost of programs for the channels. For compa.- tem." EASCON '83 C olfrence Record (September 1983).
son, the first STC application had three channels per satellite with r10. L. M. Keane. "'Direct Broadcast Satellite Service bN Satellite
four satellites required to serve the entire United States. By 1989, Television Corporati on." IEEE Conununittation Mag•azine.
the typical satellite had sixteen channels: only two were required Vol. 22. No. 3 (March 1984).

to serve CONUS, although plans for service to Hawaii, Alaska,

and Puerto Rico were uncertain. The increased number of chan- I1. E. R. Martin, "Satellite Television Corporation's DBS Sys-

nels is due both to the growing capacity of satellites to support the tem-An Update." Paper 84-0664. AIAA lOth Comninunica-

required transmitters and to improvements in receiver technology tion Satellite Systems Con ference (March 1984).

reducing the required satellite transmitter power. 12. H. Soule. et al.. "'Shaped-Beam Antenna for Direct Broadcast
As of 1990. the typical satellite had sixteen channels each with Satellites." Paper 84-0657. AIAA iOth Communication Satel-

a transmitter power of 100 to 125 W. The channels are part of the lite Systems Conference (March 1984).
thirty-two allocated by the ITU in the frequency bands 17.3 to 13. R. F. Buntschuh. "First-Generation RCA Direct Broadcast
17.8 GHz for uplinks and 12.2 to 12.7 GHz for downlinks. The Satellites." IEEE Journal on Selected Areas in Connunica-
downlink ERPs are 50 to 54 dBW for an antenna beam that coy- tions, Vol. 3. No. I (January 1985).
ers half of CONUS. For satellites designed to cover all of CO- 14. F. C. Weaver. "DBS Satellite Technology." Paper 1013. Elec-
NUS. either the ERP is reduced about 3 dB. or the number of tro '85 Conference Record (April 1985).
channels is reduced to eight and the transmitter power doubled. 15 Aviation Week & Space Teclnology (8 December 1980. p.61:
Of the orbital locations assigned to the United States by the ITU, (4 May Week p. 67: l8 1981 ). p. 6 19

theFCChasdecdedtha 615°, 11 •. 10°W an 11°W(4 May 198 1 ). p. 67; (l10August 1981 ). p. 60: (26 April1 1982).
the FCC has decided that 61.5 0W. 10 1 'W. I I100W. and I I19'W27
longitude will be for service to the eastern half of CONUS. and p. March November 1982). p. 17: (2 9 November 1982). p. 77:

that 148°W, 157 0W. 166°W. and 175°W longitude will be for ser- (7 March 1983). p. 47:(20 June 1983). p. 56:(8 August 1983).
vice to the western half ot CONUS. The fo'ir eastern locations p. 49:(30 January 1984). p. 46: (12 March 1984). p. 116: (9

April 1984). p. 25: (9 July 1984). p. 25: (16 July 1984). p. 24:
can also be used for broadcasting to all ofCONUS, it they do not (30 July 1984). p. 20: (10 September 1984). p. 151:
cause interference to satellites operating from the western loca- (24 Speb 1984). p. 26: (10 December 1984). p. 77 17

tions. Actual satellite designs are still evolving and have not been Deember 1984). p. 18:( 19 p. 198: (17.Novemberdescribed in detail. December 1984). p. 18.17 July 1986), p. 108: (17 November
1986). p. 13: (9 February 1987). p. 149: (24 October 1988).
p. 71: (26 February 19901. p. 3 2 .
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EUROPEAN SATELLITES
FIuropeanl i vlveinenl~lt in coin11lnuicattonl satl~lites started ellite programs. These nevk programs include several European

ith L1roun11d termlinals, participat insL ill tral'nsmissionl experiments national satellites, all of x h ich are now discussed, except for
,illy E~cho 11960). Telstar ( 1962). and Relay 1963). Satellite Skynet 4. NATO IV. and Artemnis. x% hich were described previ-
an fac turilu n e beanl w\ith su bcont rac tineL oil (fhe In telIsat satell1i te Otiskl. Eumropean indtistrial teamns have also competed for satellite
xelopens 'ihe Ii rtErpa omncto aeltswr development t"Or non-E"uropeanl cuIStomers. Successes to date are

ic Franco-Gieriman Sx mphlonie and the British ni litarN satellite Arahsat. Inmiarsat 11. and Orion. as wAell as continued subcontract-
kvnet 11. both launched in 1974. Next was thle Italian Sirlo ex- ing2 Onl thle Intelsat developmen~ts.

:1mlciltlaun1ched inl 1977. Inl parallel with these programsl. about1 Several national and mul.1tination television broadcasting sate]-
11 x\ esternl Eur11opean nations, were delini- a panl-Eurlopeanl corn-_ lite projects are discussed here. In Europe. even urban areas usu-
lunicatilon satellite program. This program. mnanaged hx the Eu- all\, have only tw,,o to three terrestrial broadcasts, available, so a
)peaml Space Agencv ( ESA 1. lauinched a test satellite in '1978 and li\xe-channel broadcasting satellite wvill more than double the
llpr-oved operaZtionlal satellites beginni ng in 1983. The operation- number of telev ision programs available to a nation. An addition-
satellites are anlagel'd by Eu telat. an 'organli/ation created for al benefit will be the abilIity. ov er much of Europe. to receive

lis purpose. broadcasts from adjacent niations" satellites, thus further increas-
Through ESA. thle European nations, have developed a large ing, the av ailable progranmning. Furthermore, studies estimlate the
mmunllllicauions' 'satellite. Olx in pus. The ESA developments have cost per tiew% channel per year via satellite to he no miore than one-

rox ided. and are expandi rig-. an industrial base and spacecraft fourth the cost to achieve national coveracle by terrestrial mneans.
ch nol oex for use Onl other coimn ininicat ioin and brotadcastinug sat -

SYMPHONIE
The Symnphonic programi 11 -81 w\as a joint effo'(rt olFfrance arid Capacity

ermanx. established in 1967. Thle primary objectives of the pro- 0(oe-w~ay v oice circuits or one color TV signal wvith three
ramn wNere to gain technical krmoxvledge and experience in thle de- voice channels per repeater
elopmlenit of comnmunicationi satellites and( to perform
ansinission experimnents. A gr1oulp of six French and German Transmitter
onpanies. the CI FAS consorhumll (Co1,0filserinn Induistriel Fran- 3715 to 3805 MI-l and 397(1 to 406(1 MWz (Satellite 2)
)-A liciand pour le Satellite S\vmphonie I designed and dev el- 3841) to 3930) MHz and 4095 to 4185 MHz (Satellite I

ped the satellite. I13-W TWT per channel (no redundancN)
The satellite had a three-ax is-stabi Ii/ed hexagonal body atid

- 29-dBW tiininiumli ERP per channel oxer 8- x 13-dee field (of
tree solar panels that xvere deployed in orbit. Thle solar panels
ai ntai ned a fixed orientat ion. as they had no miechanismn for vev ( B ia
ackine the sunll. The commnlnlicationi subsvsteni had xxo 9()-MH/ Receiver
andx" idth double-conversion channiels. Each channel had a tuin- 5940 to 603(1 MWz and 6195 to 6285 MI-z (Satellite 2)
el diode prearrpl ifier and a I 3-W TWT t ransmitter. Asiingle 6065 to 6155 MHt and 6320) to 641(0 MHz (Satellite 1)
.irth coxerage horn xvas used for receptionl. Txvo elliptical reflec-
)rs %k ithi off-axis feeds wýere used for transmlission. Each reflector Tunldoepemlfe.aprxmtl1.-Bniefer

rodIC(I11 X X13-dee- beamn. Oiie TWT ýa coninected t each I15 dB/K G/l miniminumnoe 17-dee field of' vie.atl rf-

ansIrinttiileL aintenna. anld a sxv itch allowked reversal of these coin- mnance - 14 dIB/K or better
'.ctionls. T6he satellites N~ere desiened to be stationed over the At- Antenna
int ic Ocean. xý itli one transtn ittitie ailteilna covert lie illost of eie:arhcwt on.12-g brwdh icurp-
urope and Afruca and the other covering, the eastern United arecix athcv ehrn 72-e eawd. icla o
tates, and Canada and pait of Soulth .%nerica. Other satellite de- Iritii
il~s are as tnolloxxs,:

ýatellite FF
exati_ inal hod\,. 68-in. mlaX imut~il dia.. 2(1-in. heieht. 23-ft dia.

*ihsolar panels deployed DTTI

38 lb in orbit. beeinrineu of, life67540

olar cells and NiCd batteries. 30(0 W initially. 18(0 W mlilinimum T T
Fter fIkxe \Cars ( batteries did i10t Su ppo)rt the coimn n nicat ioil sUib-
ýsteinl (tiring eclipset
hree-axis stabilization. 0.5-dee, attitude control accuracy Satellite 1 Satellite 2
eparate bipropellant liquid propuilsion stibsvsteins for apogeeReivfrqncs(F) 60515 54-60
lanlctixer andit oil-orbit tuse 6320-6410 6195-6285

:onfiguration Transmit frequencies (FT). 3840-3930 3714-3805
%ko90-~l ha~h idh (othiccoverionreeatrs4095-4185 3970-4060
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[rausmIlit: t"o elliptical reflectors %% ith
tfse fees. - x 3-ee bam'~ idh.first was mnoxed to 49E, %%here it w~as used bN sec era]A.-frican and

ci rcuilar Ilol ar/at lol Asian countries for experimiental progran"..\ Af -e,. wears later. it

Desgnlif%%as returned to approximiately II .5-W. The Symiphonlic satellites,

Fie \ e ar, were replaced by the Telecomn I satellites.

Orbit 1. B. Pfeitfer and P. Viellard. '*Tile Fxperimnental Teleconmmmni-
S~ ebrnou eqatoia. I .5W lngiude sationkepi'1Sto cation Satellite Pro~ject S\ rphonlic. Journal ol hie Brii,4h //I-

±0.5 N-S and EWA te'rPhInIt'reir secie'tv. Vol. 26. No. 2 (Februar% 1 9731.
Satellite I xý as mioved to 492 10 lonitude dUrinte 1976. then re- 2. BPeierad.Velrd The Franco-German Telecoinmo-
turned to 11.5 -W at f'ew \ears later nication Satellite S\ nphonie." Paper 70-406.. 11.11 3rd (ow-

1:launched 18 D~ecember 1974. turned off ;n 1 984 or 1985 and Reprinted in (oenIMunhea(ioll sulv'liwý'I wa lilt, -,,: .S\ hll %.

mov)\ed out ofs snchronous.1 orbit Pr lvv lultn~tt~ /,.I(' ICo'lufich~ft Vol. 26. N. F'. Feld-

2: launched 27AllU'uSt 1975. turned off in 1984 or 1 985 and nian ad C . M. Kellk. eds. (1971 ).
273. G . \Ioesel and J1. Muller. In-Orbit Performvance and Experi-

mnoved out of sy nchronous orbit mental U.'ili/atioii of' the Symphonic Satel lite,,. Paper 76-
Delta 2914 launch \ehicle 30)6. ;ILII/C,4SJ 6th (t)Ilijui1( iof)/.s .sawfiit'hi SvŽ.ýl'?I (Coll-

Management h'rt'me' ( April 1 976). Repriniited inl Sa tellift' C uonIIuIIi~iititle

Developed by Cl FAS. a French-Germian industrial consortiurn Fuli'e .v.I'i. Pvora(,r vý ill A .rhiiii ~ald Aceroiluiiti .

for Centre National diEtudes Spatiales &CNES 1-Frenich Space Vol.5'4. 1). Jarett. ed. ( 1977).
Agency. and Deultsche ForschungS und Ver-SuchISanStalt fUr 1.ufIt 4. W. Schroeter. *'SHF Performian ces, of tile S~nmphonie Satel-
und Raumftahri DFVLR t-Germian Space A-ency lite." Wo~rld It/ti t'intiiilicitlti('i F01rum C'aIt(~rt1ece' P,('ra (ti-

The Svmnphonie systemn %%is planned for two olperalting satel- n.(Otbr17.
in rbi. Tanmitingan reeivng reueniesofthee to . F: HierquitSt. "Tile FEarth Segmient in the Svimphonic Pro ject.'*

lites Pape 7o-bit. Trllrnitit 4,/d (aiIeiittttitI Sai/li fre.eniee ofteM
satellites were not identical but interleaved, and thus thle twosat- Paper'i72-5 9. .1 Arl147) Reprnte in 0111M C(fol ainiuif Si/'lA1011%i

elI ites could be placed very close to each other in orbit without toiit'-ec (S.~'fA.pril~,it 1972) Reprintediltt titi Atmuicafit m ni i .. ol

mutual interference. To grounid terminals. they appeared to be at 32.in P.sw IS rgv.;iIrllaliýal.Irluli% O

single satellite w ith to~ur channels,. t.Breln. e.)17)
Original plans, were for thie launches fromt Kourou. French 6. .latd/an Week &. S"wepi TOIn'ihlltlti' (23 .- uLust 1971 ). p. 77:

Guiana. us~ing the Furopa 11 launch vehicle. Howev\er. since the (5 AtIUst,1 1974t. p. 4 1.
[tirtpa progriim was cancelled, the Symnphonies wecre latinched 7. Sipoiefor FEmergenc\ Aid." hitreraia. Vol. 29). No. 12
by the United States. onl a [Delta laun11cher. The tirst Symnphonic I 1ecemlber 1975t.
launch occurred in Decemiber 1974. and thle second launch wasý in 8. B. R. K. Pfeiffter and W. G. Schritei. -'The S\ mnphon\ Satellite
AugCust 1975. Initially, both satellites w-ere at 11.5 W 1loneitud S\ stemi..A lcii .I srrenauitic. Vol. 5;. No. 31-4 1March-April
and k e re used tor a \ariet v ot conmu itn icat ion liniks. Inl 1976. thle I 978.
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EUROPEAN SPACE AGENCY
[he EurIOpeanl SpaceAX1 .- &n~IFSA\ 11 -1I01 wýas forimed inl MaN 2. H. Tcll e. "Niarinaueilent Problems il ELuropean Projects,�

5 b a niergLer of Ithe E u ro pean S pace Re search ( rgan i/aL ion Jorna/i i o/ the Briti.sh It hriplaiwiti r'tv Sr J tie Vol. 227. No.5
;R0) and the IL oropcam ktncLaoeher D ele eopine or Organ i/at Ioin. (NIa\ I974.
Ahas, thirteenl member niationsx anld one associate mem~liber. All 3. "Britaini and ESA?.-SpacifIigh4t. Vol. 16. No. 4 ( April 1974).

natoisdono areiat iiexer poga. o - t t 4. H. K. Harthaum~l. "The Applicationrs Satlclite Prograra-A
inS are so lpprtl h\re all least e iU'ehr nationls. Each nation* s Conl- Calnet i uoienC mi ti ctIisInorx I u
lulo ii ito al EtS 5A pro ig a in in av \arv Cront aboo I to 6)) ' of, Mla l M re B ritishi Inieirip laethirx .S ocets. Vol. 27. .No. 3
totial prourail dl cr rt-6-c;tat i r it a in. (C j Io an V. a lid filanlce are (IMarc.h 1974.

at~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~5 Avrcnrbtr.I xnra oi h otatd'soko ;i ation Wt~'ek & Space liThno-htogv: 16i September 1976).
Ii F £5A pro jeer to he di xiri bored 111111ne thle cooliVt rieS ill ptpO if-
IS ClosCel riulChed to their COnltribot ti~ls. This reul~ts inl tnore p. 96: (27 September I1976). p. 67-.(17 October 1977). p. 113:
liplicaled indLUStrial tearnline arlrarreementIS Ilhit C\ist ill file (I March 1978). P) 7 1: (3 M1arch 1980)). p). 89: ;9 March

x'. iich198 1). p. 88: ( 14 March 1983). p. It)):) (21 March I 9' 3 ). p. 68.ited States. .%icicontributes to Lereater nlariacelinent cOin-
\it\ arid iti her ox erhead costs 12. Ho~xkxewr. reaming arrang- 6. R. G ibson. "uropeiiCnincaiiSteleSxtrs
Itls (or commerllclciall pro ject,, are Simpler. P'Io -edirng..N o/ thei 2SIth !,ttrmiiroa AH m iialUi

'Fhe [:S, A has sex ral COllltrnItiunCalOIt ':dCd!- iTO-. oeCtS. Thle g're''.. "Us; Space IToda\ anld Tornorroxxi Vol. 2. Comilluti-
xx \ax tile O rbital [est Satell ire ) OTS,. .. h iV. a' a preoipera- riithiii .Satr'Ilitto .551 po~iiutt ( September 1977).

flat test fuOr a European region~al C0111itti'lr~wiO11 "\"sfein). The 7. R. Gibson. *'Satellite Comrmuiricatiorns: ESA atl the Cross-
t1artiO al s atellites \Cx ci-c cal led thle 1£ oilp'. .11 (.'orii in ii iiicaltionl ti adS " EEE Specti-am. Vo~l . 1 7. No. .3 ) March 198))).
eclit Ir i [CS series and ha'. e C\ olx ed into thle 1I1utelsat s\v Stern]. 8. B.ý L. Herdan. -Eoropeari MolltipulrpoSe relecotminuii11icatiOii
irees is at de~riat xC Of [CS anld Is dcxi criled lbr co1m11uni catlonl Satellite: D~evelopmnent Plans."Paper 801-050)8. .11..IA Stiff
Ii Sliips. ( )k ro pox is atie er PmC-i prgrarn x ith ilmaim colin titll ica- (Cmrirmurh-aicalioN .Sa tellite .S\.wv.ten Cminh'rermi (')April 1 980).
11ix and Npacecratt techriolorex derniorstratioils. ELSA is also pie- 9. P. Bartholomue arid S. Diriwidd\. -Europeani Satellite Sxstelmns
ruLe foir a D)ata Rcla\ Satlcl ire Phrogra rti.foBLiStesConiii iLatios Rpr5I..hieiaFrnaI

. .. Crnfi'l-rnoe oit Commurnrrica~rtionsx: WC(' 8 .1)l e 19,8,0,.

T. 1-. -FloxxelI. "Satel lire Communiioricat ions if] (the 11)8) s-A I10. -Pro-rammre~s Uni~er Development and Operarionls." appear,,
European Viex'.-. Paper 73-148. A..S 1 91l Annual Meeting. iii ever\ iSSu~e of ES.-I Bulletiun.
Jitre 197.3. Reprintedii /arosiit.)si'hit 1/ii r

OTS

'Fle ( T S I -2" its t axaPart rrf' tilie Euri opeani Commn t icai~t ionAl
tellire Program. 'File pr i iar\ urbec ri ye of the oxera II prog ramr

Isii) ake ax a iiable to r r Lurr peati 10IstN a rid l e ecolin itii L iicat [itl"5
thlriririe Satellite liniks f'r at sigiliticatit poIrtioliol Otheirtr-L-
peado telphonic. telcgrIrphl . and tele\ tratllic iii thle I1980s. as
:11 as, to xatis'\ rh e teIl~rl rrrueniis 0 f r le Eurropean Broadcast inig
lionrt (itI ) for- 1:111o\ isiurn rela\. The prurciatill had three phases
idirig to anl oper-ationial xx sternl: Phase I 119701-1971 ) included
Skite Studies arid] rintal rechttrlorex declxcii lf Pas
-)7-'2-1977) ilie ILLICide Add iii rind WI tchroulorg Lie\e ip-
!nrt. cr'rrrrtniczaiirn xx stem defiritioi n. arnd thle

elointiierir and laitich of, OTS: Phase I
1Y77-1980) %\itas thle procremenoiti

lai rIichI Of' Orpeat ir inI sat.
litICS. (A 1fte r th)e pla I xx kas
rt11iiirltcdl. Phbase 2 Slipped
irtir onric xar anld Phase 3 aboutl G ainl experietice inl Cortrnilillicat ioni satellite system operal-
ii CatrS.) trimls.

)T S \%a, basic all\ experimtientiatl ill lid * P rf'r rri pro pagat ion mca sutre ment s at I I and I14 C H /
-e ut x a deieiedxx th crtiig~ratrii stnilarii tht epec- I lie Satellite xasthree-ax is-stah ili/ed k\ ith two solar array s

forr life operat iorntal Satellites.lihe object i xe of tilie 6TS that deplroyed after s\ nchronous orbit had been aclhex ed. Thle so-t
icrait xer nilar arrays rotated about their axes to track the stil. T he main body

"* IDemo i nst rate tli pe jc Ornrira rice arid rei abi litý of rfitlie SatellIire rof, thle s'at lIire was a, it exag onalI pri sml with af tiax nii ii di ariie':r
soh\t m, bsostlls-nfabriit 7 f't. Thle six errmntni.1lticatirmns antentnas \\cre riioltinted oilt

"* Demontil i trare tilie pro prosed ripe rat iontal ICapabilities anrd pro - tilie cart h-\ i cx ill end of thle satellIite boul\. 'FThe OTS characteri s-
Nide thle capacir\ hto preroperat ironal Irad"lisstixslrts. tics aite s~ltilliiari/ed as frllowr'x :

I ()(



Satellite Two receivers (one on. one standby) per polarization (40- and

Hexagonal prismn body. 85-in. dia.. 77-in, height., 28.3 ft tip to tip I 20-MHz channels)
of deployed solar an-avs One receiver per polarization (5-MI-f channels)

955 lb in orbit, beginning of life parametric amplifier

Sun-tracking solar ar.-ay and NiCd batteries. 750 W initially. 1000-K systemn noise temperature
555 W mninimlum after three years Peak G/T: -3.6 dB/K (40- and 120-MHt channels). - 1.0dB/K (5-
Three-axis stabilization. +0.17 de- (pitch and roll). ±0.5 deg MHz channels)
(Yaw). 30, nominal 0.2-detg antenna pointing accuracy'Aten

Solid rocket motor for apogee maneuver, liquid h dra/ine propul- The uoemAtoreienerast.425x75dgt
sion for on-orbit use

-3 dB contour. approximately 26.5-dB peak gain, linear polariza-
Configuration ti on
Six double-conversion repeaters Imto 4()-NIH/. Isso I20-MI-I. Twvo Eurobeamn B (one receivre, one transmnit). 3.5 x 5 deLe at -3
tw 5-MHz banld~~idth). dual -polariz/at ion treqluency reuse dP contour, approximately 29. 1 -dB peak gain, circular polariza-

Transmtter ion

Transmitter50Mz(" 4-I/canl olotooa o One spot beamn (transmnit). 2.5 deg at -3 dB contour. approximate-
11.90to 1.30 I z (wo40-NIz canelsonortognalP" ly 35 .5-dB peak gan ierpolarization

larizations) Can.lna
11.50 t ll7(X)H/ t%% 120NIH chnnel, ol othognalpo- (Gains are measured at input to receiv e filter or Output of tralnsmit

larizatiowo 
iler

11.792.5 to 11 .797.5 MHz (txo S-MH-I channels onl orthogonal Design life
polarizations) Three \ears

one 2)-w [wI per repeater., Plus smo redundant'lTwis Orbit
Peak FRP per repeater: 38.5 d3W (40-NlHz repeater,,) 47.5 dBWS Snchronous equatorial. \%as 1(0 E longitude. mio\ ed ito 5 E- lonl-
I 120-NIHz repeaters). 41.1 d13\\ (5-NlHz repeater) +id n18.saineeiet 01NSadL

Receiver Orbital history
14.15.2.5 to 14,1 92.5 NI11 Hz k 40- NI Hz channels, onl orthogonal 1: launch \ehicle failure. 13 September 1977
pi lart tat h s)f 2: launched I I Nla\ 1978. in regular use until the end of 1983.
14.242.5 to 1 4.362.i NIHz mox o I2t-NIHz channels onl orthogonal \se intssfrsvral more ers,. later nos ed abov e s\~ nchro-
polarizat ions:j nows orbit
14.45S ito 14.460 NI Hz tsso 5-Niliz channels on orthogonal po- D~elta 3914 launch W hiCle
larizations:

((flflIIII au~ ~h~~~em. COMMUNICATION CHANNELS

H~ HoCotlBao

V47. Vertical 164
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Management covering all of Europe Plus a portion of North Africa. This \was

Developed by H-awker Siddeley Dynamics (now- British Aero- the Eurobeamn A coverage shown in the European ground termi-
space Dynamics Group), prime contractor for MESH (a west Eu- nal sites figure. Thi~s co~erage was required. because the EBU
ropean industrial consortium) for ESA mlust serve points as w idely separated as Iceland. the Azores. and

Operated by ESA Israel. The 120-MH/ channels used at spot-hearn transmitting an-
tenna with a 2.5-dete beamwi~idth. which included the terminals,

The OTS communication subsystemi had characteristics identi- handling about 8514 of the telephony traffic. The beacon channel
cal to those planned for operational satellites, except for at re- used antennas, with anl intermediate beam\%idth (Eurobeami B in
duced number of channels,. During the time of the OTS desiun. the figure). This channel was used for propagation measurements
the operational satellites were expected to have six 40-MHz and and experimental transmiissions by small termniials. e.g.. an anten-
six I '0-NIH, channels grouped in pairs with the two channels of na diameter ol'approximately 10 ft. More than thirty ground ter-
each pair sharing the same frequencies by means, of orthogonal minal sites (genera ll\ only one per country) expected in the
polarizations. OTS had oi:. pair of 40-MI-li channels and onc pair opciational system are shown: a few were built in time ito partici-
of' 120-NIHz channels. In addition. there w~as a pair of 5-MN, pate in OTS testingL.
beacon channels. When the final dIesign of OTS %k as started in 1974. thesaelt

The communication channels used orthogonal linear polariia- was sized for a Delta 2914 launch vehicle. Later, it wAas rede-
tions with redundant dual -po lari zat ion receiving antennas. These sitnied to take adv antage of the larger capacity ot the Delta 3914.
antennas were connected to redundant wkideband receivers that In the payload, the redesign consisted of the addition of the extra
had parametric amplifier front ends. After the receivers, the four TWTs in the wvideband channels, and the addition of the second
channels w ere separated and each passed through separate filters. beacon channel. The first launch. in September 1977. %%as unsuc-
IF amplifiers,. upconverters. and 20-W TWTs. The two 40-MHt cessful. because the launch vehicle exploded shortly alter liftotf.
channels were transmitted blk at sinele antenna that radiated dual A spare satellite %%as sulccessfullyV launched inl Ma\ 1978. This
orthogonal linear polari/ations. The I 20-MHz channels shared a satellite was used through late 1984 beyond its desien life.
single dUal-polarization transmit antenna that had a narrower
beamw%%idth.I.R.CColteadB lc\e."TeOSPoc.*Ppr

The beacon transponder had separate recet' ing! and transmnit- I. R 9.C. Colltte a oinnd . tckatell "athlie TSv~l Proi?1." Paper(
tin- antennas, each accommnodatingL both orthogonal circular po- 7-9.AA wuu~aii%.th~h ~ci
lari/ations. Trhe transponder had two comnpleie parallel sets of' ecue (April 1974,.

equipment that( Could be operated simultaneously, w ith each chan- 2.C. Wearniotth. "The Current Status ofithe Orbital Te t Satel-
nel associated wkith one polari/ation. The transponder also gener- lite Programmne." Itiwld 1cI'uiommunication fhirm CGnifcr-

ated and transinited anl unllmodulated beacon atl a frequncyl~ belo~m ence P Irocee~ding.% (October 1975).
the 5-MNH repeater band. 3. l-Jorrepf'Iaf ('oifl'rence on Elect rotechn icý%: EU ROCOX '74.

The 40- and I 2t)-MH/ channels were both used for telephony April 1974. reprints ot Session C- 1-2. European Experimiental
transmissions v ith QPSI( modulation and TDMA. The 4t)-MH/ Satellite SysNtem:
channels. \%ere also used for frequency-modulated television sig- at. P. Bartho~lonic. "OTS-A. Forerunner of a E-Uropean Coin-
nals. The rece i i ng antennas for all of' these channels and th mnunication Satellite System.''
transmnittinue antenna for the 40-NiHi channels, had beani%%idths

h. G. P. Cantarella. A-. W. Preuk~schat.
60 50 40 30 20 10 00 10 20 30 40 50 and C'. Wearmiouth. "*OTS and the

... Orbital Test Prourammne.''
c. F. Nloudre and W. Greiner, "*Re-

SL peater Subý\ steni for OTS."
600d. A\. Ba~ liss, "-A Gjuide for 015

S..'I Commun icat ions Es perinime lit

Spotbam PR BRvZURI A VE.,,500 e. 11. Mahiner. "IEarih Stations for the
'BEL OTS S\Nstem."

/ ~ MAD` BAR ROM 1'. .S. Hanell, 11. Barthlolomeý. and W.
AZO LIS \ ALGd AT ANK 40 n.Lothaller. "Experimiental Data

'TN aA ransmniNsion Capabilit\ of 0TS"

SMDE -0A-01T~ NtC .- 1 4. K. Falk. "Furopean Satellites to Fl\.''
TRI TAV ILLI: St~u,(tum. Vol. 11. No. 8 7w'-

LAP ~~~.. Eurobeam B ut17)

5. S. Tinro and A\. Ba\ liss, "The L'tili/a-
Eurobeam A ~lion Prouerammie oft the Orbital Test

- -' -Satellite." Pa.,per 76-247. :L14/.'IS/( I

OTS ANTENNA COVERAGES (eini~cougc (April I1976).
6- 0. R, R. Wi Ileti. 'Proposetl European

200~~~~--- C.10 - 0 ,',1020(ommunication Satellite Sx steml.*

['11 iiival tP,''ii rri ii i'Iro '(eding' ltf di/ U.II. Vol. 12 1. No.
6 Oitne 1974).
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7. M. I opriore. 11. K. BalI, HIid E. NIoudie., "1)esigli of the 14/11 14. R. 1). MCQuIeen. '"HIh Impact of the CommIlunicat ions MI issionl
GII, Repeater fer the Eurocpean O rbital TIest Satellite." litter- onl thle S\ steme Design of the Orbital Test Saitel lite.'' Journal o/i
lieitie cue Cii l"en r'cc'iee em(pit Com un tnic~atiom WnIC 73 (UI tie tile', ritie i Inte'rpletnc'terv Sne jet Y. Volc. 30 . No. 4 ( Apri 1 I1977.
1973 , . 15. P. J. lBarthohcme. E. Ashford. and C. 1). Hughes. -'Earl\ Re-

8. P). Bartholome. *1'hle Europeanl Con111iniuicat ions SatellIite sullts ol' (TS's Performance inl Orbit.� S,-A Bulle'tin. No. 16
S\~ stinil - -A.. Re ic\\ of, Current anld PlannledActi\ ities.'' Paper (November I1978 I.
70'- 243. .1 IA%/.1S/(' 61h (eCninnlnie 'i/ion' Satellite' S~viv 16. P. J . Bar'llioloiiit. -The European OTS/ECS Progcramime of'

Ciim'i'lien~ e 'April I1976 I. Reprinted inl Seittelije ('eeliillllije el- Commn iioiicat ion Satelliites,*'' EI;SCON *70 Ceonle'netie Recordle
tie li: I-Iiln etic' w elmi. I'lc c14 'e.V% ill, Vs. tie ciii/if ie'. eli/l Aei'crlii ii- (Septemtber I1976.
itie\. Veol. 5ý4, I). Jai'ett. ed. ( 1077 1. 17. P. Bartliolomelý. -The Orbital Test Programmei." Proecd'eijiiivý

9). HI. K. Ball anld F. N IRICcde. *'1I1he NIodU Iar Repeater of'thle ELI - e ftile' 2Sth Inte'rnaitie file i.~'i woaietii te ali ('e 114reNA. Usn
re epate Ce iii1111i u iiicat ie ec Satellite iLC S and the Orbital Tlest Spac'r~ oda\ and Tonlorro\\ . Vol. 2. ecnu e'itin.u'It'
Satellite t( )S C. henunwal o/ tile', Brifitil Init/v//i/i('t(/1V .SmCi 'ývmS'yonusitwi (Septemiber 1977 1.
e'tv' \ol. 27. NO. ; N(.\ I 1974). 18. H-. J. O*Neill and 1B. Salkeld. -IBA Experiments vý ith the Or-

I1). R . C'. Coecilet te. ''The I: Lre pean Co mmiiuniicat ioen Sat elliite Pro- bi tal T lest Sate fiiie." Ifiermniouefi/ nd ecu/i 'xii ne4~ Cen-violc'lt ee.
L'tIalineI andI thle ( )bital 'Test Satel lite."' Jouernail oft/ic riitili ILFE Con1flerence Publication No. 166 (September 197S).

Iiie'i~ieiie'tiici ue jet~' Vo. 9. o. Na~ 97 ~19. B3. Stock\\ elI. "*Pr0ctir-Iement of the Orbital Test Satellite." ISA-
11. AN. J. Ba~ Iiss anld A. lDick iinseen. "I'l'he Orbital Test Satellite of* Builleiiin. NO. 17 ( Eebrtiar\ 1979).

E'S. anld Its ..\sociated lest Potarie. ete 'tiiiije 2(1. R. C. L. Coellette. F. W. Ashford. anld C. D). Hug,-hes,. "T
Nol.5. o. -6 Na~ itiee I975. First Year inl Orbit." ES.A Bulleltin. No. I9t) (August 1979).

12. ISA BRu/1letin. No. 14. Special ISLtCe NIll\ 1978): 2 1. J. R. Le\\ is. J. E. CGoldin,_,. arid R. J. Kernot. "'The OTS Test
.R . ('lcll ttc. B. Ste ck \ elI. and P1. Bait bole cn&. "'FTle OthbitaI Piogram tule.- Jouiirnal ol thie Ri'iii.',/ iuite'rplaniai'tii, Seie'tv'.

Test Satellite.'* Vol. 32. Nec. 5 NMa\ 1979)t.
b. C'. W\Cal-rm o itt I. "The ( )'IS lCýe e lopu tI'I'e Tst Pro - 22 . D). NhIaii n I.I .(tra i."t-Orbit Perfoerrnance. of'the.

era cii ile---C ect racte r SIciii m~ar\ .' Orbital Test Satellite ( OPS). .Ie ii 'iiil et 'thie Briteish Iiite'pi'plei-

c. 1'. fBarthecolee. andh S. Hateell. '''[le Orbital '[est Proe- c'tl ( Pie ~~'cictl'. Vol. 32. Neo. 5 Nia\ 1979).
eracuile. 213. C. 1). Hitighes, atid R. A. Cough. ''ku-Orbit Niasuretretits ol'

d. 1) Bartiima cii. 'ilie C '1 Pl'Pre ccra i te el' Es periciiitits Icr ci )T'S Pa\ ioe ad Perle crmcatce.'' Riper 80 -0 5 10., AU11.1 Nthi Co''ln -
( TS.'' omln cic 'etie e Sc fite 'IIft w v. rs tC' On(eef~ ie,renc (A ).pril I1980) . Re-

13 C'. Weartuecu I andt D). L. .. \c Iati'inc. -The I )e~ eleipnietet eol' prinrted iii L•5.1 .Iecirneli. 'Vol. 4. No. I ( 198(1).
thle Orbital 'lest Satellite." Paper 76-246. A1L1AA/C,'ASI thi/ 24. A.. S. Face- and J. B. NiaCLatIChlaru. "Operatiotnal Experienice
C e ciiili eiiie eetei' se flielte' .5','te'lite Cmde eih. 'lieV 'c April 1 9761. ocii OTS -2.'' lapet' N -( 577. A 1:1,1 Niti Commui calhii~e t ion% .Saei '-
Reprinted inl Saeeie'liti' ('eeiliiilnieeltieeii: lic11i11rc' .c'vii. lite' S.%'veie'e.' ('eiji'renc,ie (April 19801).
Pre c14 \ ' iii.1\itrieiielilt eeili \ :m.1crleulie ct e Vol. 54. 1). Jaret t. 25.. Space e' Brie c/c/e Ftini.. (111d Briaiec ele i.win. Veol. 1 . Noc. 2 (Ju ice
ed. 1 1977). 1983 I: VecI. 2. Noc. 4 ( fcceiuber 1 984: Voil. 6. No. 1-2 (.\ll

1988).

Marecs
TIhe Niare t s Ii Marit imte O rbi ta IT'est Satellite I preog ram 11i -141 focre. the naime ccl'the satellite \\ as chanced toe Niarec s NIMantitile

"ats apprec'M ed ill 1973 \% iti thle eebecti\ e to eobtait c peri mielital IELireepeati Cectictilticat iecr Satellite) 115-2.31. Also. thle emphasis
dt ta aIL piid p erep'atie na I e ~perine icc tilie tmar itile satellite em~ I- e ci' its ~e msas chiange fo e\pcien iita I tee operat inciaI. T'he sat -
cc ccilii en. 'I lie piece ta i 'Itlileeill illlde Limmunicatioeniis tests, I e\ al.- eledtils aredi, ft'etii e
aticeil cf ecperaticeteal techti(IiuCs .tid shipl tertiliitia eel' \arieclis SatIellites
desigrns. 'lhe basic characteristics cef the svteii re iconsi stenti Saelt

itli thle a\ ailaible eteidelinles lee r Itittire oeperationcal sIstl.liexageethl prsm ho\ 80-itc. dfial.. 77-it. height: 45 ft tip itee tip ccl'
'Tlu Niatets satellite tlsiteas based cc11 t11e ( 'S de~silti. all deploc ed selan arra\ s. e\criall height appreexituatel\ 10( ill.

thle di''cleepmlciit ocf thle tm c satellites mc\ elapped ill several as- 12601 lb iii ocrbit. beuitciin ticl' lile
pects Ntehi.'li asPersoenniel. Coitl)lpeeiietlts. anld testing2. 'T'he Naltc es Suti-tiackitic soclar arna\ and NiCd batteries. 955 W begiinilng ofl'
iccissiecci ss it bisicallk Ic pericicictaL: dtir'iiig itsii', declcpiiietit. lil'e. 790) W end eel'lile
lli~ews,~r. iteterilat iceial disetissiecils %%cet' piecceedirg, ocil theiled- '1ht'ee-axis stabili/atieetc. anctennia pocinting accttrai' ±0l.2 (ley
ploe~itii'iit ee l adepec'atieecial. gloebal iiar'itiimei sN'siemi. 1ii 19t76. (pit'ch and o i.c~ ±l.35 dee I\ a\\
ILS A ccli' reel Nia cccs loe uenis' as part cc fan inte rimi gIcobal I 5~stemiiS. li ec'kttl tcrI raecc iatet~c' qt c lr i ret

AN 'i' rstlt eel mant\ disceissiecis \\ ith poetenitial miajocr participants il10-onrbtie
enl an interna~tioenal s\ stemI. sNe~ral Cihati2Ces, e c iiailde ill theC NMar- ieiorci-rbtis

eel des~ilie. TIieseC ChanIces cause"d d si cililicant dela\ ill tile tle l- Configuration
cepteciet preegraici Muid~. as J reseilt. 1;'SA\ tle~i'iiCt te10 itili Irc It011 'll 'Tiree rep~eaters: 4.75-NiIl/ bari~id'iith leer shiece-tec-ship. 5.9-

O"'I Ype 'N~IMCLTaiit toe tile tore eciapable iC'S spacecraft. 'There- NiHI/ band\\ idth leer ship-tee-slicee. (1.5-Ni 1/ leer sliere-tee-shecre



Capacity
Thirt\ -li\ e voice channels each direction piluS search-and-recue
channel in ship-to-shore direction

Transmitter

4194.6 to 4200.5 NIHz (to shore), I-W TWT plus spare, ERP 16.6
dBW measured. 14.5 dBW specified

1537.75 to 1542.5 MHz (to ships): ten transistor amplifiers avail-
able, Lip to six can be on, maximum output 75 W" minimum mica-
sured ERP over coverage area is >35 dBW

Receiver

6420t.25 to 6425 NIH/ (front shore). G/T -12 to -13 dB/K mea-
sUred. -17 dB/K specified

1638.6 to 1644.5 NIH/ from ships). G/T -11 dB/K minimumrn
Ime;as.urled over co\ eraie area

Antenna
One L-band ( 1500- to 1700-MHz) parabolic antenna. 80-in. dia..
beam shaped to give 1.4 dB more gain at edge of coverage than
on axis

T\vo horns (one transmiit. one receive) for 4 and 6 GH/ ,
All antenna.s are earth co\eraue

Design life

Seven \ears

Orbit

Skvnchronous equatorial (inclination <3 deg). stationkeeping to
±0.2 --W

Orbital history
A: launched 20 December 1981. 26<-W longitude. (78°E longi-
tude from 1986. in use until June 1991
B: launch failure. September 1982

132: launched 1(0 Nmoneber 1984, 177.5'E longitude. 26°W Ion-
-itude from 1986 to 1989, 56cW longitude from 1990. in use

Ariane launch vehicle

Management
I)e\eloped by MESH consortiutim (prime contractor. Hawker-
Siddelev Dynamics. nomv British Aerospace Dynamics Group) for
E2S A
Operated by F2SA for hinmarsat

The communication subsystem of Marecs has three channels.
The for\ward channel (shore-to-ship) has a 5-MH/ bandwidth and
the return channel has a 6-MHz bandwidth. A shore-to-shore
channel for network coordination has a 0.5-MHz bandwidth. All
links w\ith ships use l.-hand, and all links wNith shore stations use Marecs A wvas launched in Decem-
4 and 6 GH/. The relttrn channel pro\ides tip to fifty voice chan- ber 1981 and went through testing
nties at all tfines. The Iorward channel handles tip to about forty until it was switched into the Inmar-
\oice channels,. depending on the ship terminal G/(W except dur- sat system in February 1982. Marecs
ing eclipse x\ hen the capacity is less than ten channels. All ampli- B was lost in a lahinch \chicle failure
tiers are operated in a near-linear state, so that FDMA operation in September 1982. It was replaced by
can be used \x ith acceptable internodulation levels. The L-band Marecs B2. which was launched Novenl-
power amprlitier is composed of ten parallel modules in tvo her 1984. Becatise of problems with the
groups oflixe: in normal operations. three modules in each grotip Marecs A solar array, the positions of the
are active. twvo satellites were swkitched in 1986. thus

The Marecs dc\clopment program included two flight model placing Marecs B2 in the Atlantic area. where Inmarsat traftic is
,,alellites. Discussions on tile role of Marecs in the Inmarsat svs- hea\iest. Continuing solar array degradation cauised Marecs A to
tem continued from aboUt 1978 to 1981. when Inmarsat decided be removed from service in 1991 . after exceeding its desien life
to incttide two M.arecs in its first-generalion space segment. by two and one-half years.
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15. S. Armistrong. "The Marecs Payload. .h-urnal q/ the British 20. D. E. Campbell, "The Marecs Communications Payload,"
InterplanetarY SocietY. Vol. 32. No. 5 (May 1979). ESA Bulletin, No. 28 (November 198 1

16. R. Morris. -ECS Maritime Communication,. Satellite-The 21. D. Campbell. "Major Contribution of Marecs-A to the Mari-
Marecs Spacecraft.- Satellite Commnunications. Vol. 5. No. 5 tim-e Commnunications." International Cooperation and Space
(May' 1981). Mission. L. G. Napolitano. ed.. AIAA. New York (1984).

17. i.-i. Dumlesnil. "The ESA Maritime Communications Pro- 22. J. M. Bayley. "Marecs: Experimental (1972) to Operational
-rammne I Marecs)." ESA Bulletin, No. 28 (November 198 1 (I 984)."* Journal oil/u' British Interplanetary So-ietv. Vol. 38,

18. R. Roe-ard. "The Marecs Commu ninicat ions Systemi." ESA~ Bidi- No. 8 (AugIust 1985).
ltait), No. 28 (November 198 1). 23. G. G. Fuller and J.-i. Dumnesnil. -ECS-2 and Marecs-B2--

19. E. Jurkiewic/. "The Marecs Space Seonment. ESA Bulletin, First Impression of In-Orbit Performance.-ESA Bulletin. No.
No. 28 (Novemilber 198 1). Z,41 (February 1995).

European Communications Satellite/Eutelsat I
The European Communication Satellite (ECS) 11-221 is an op-

erational satellite based onl the OTS technology. AlthouL'h Europe
has well-dev eloped terrestrial communications facilities. a satel-
lite sN stern is needed to help handle increased traffic, prox ide all
alternate path for critical serv ices. and imiprove communicationls

(epcal -eeision distiuon with noncontinental points 1

Such as the A/ores. The initial satellite capacity requirements
were derived fromt studies of Europeanl traftic levels durin- the
1980-1990) decade. The satellite systemi was sized to ac-
commnodate about half of all transmissions, between
points separated by more than 800) kmi.

nort-suth inldsthtonkeepnr whiefchs mans thaitealrioun anrutuenna
ml ustohaveqatrcipmng aailioutydo te. The satlitleail are as fol-

S h atellite iszdfroehl'h raeluc aaii\

velopmerit ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Bcas ofabslnfdsg othSihsupseo h tdy 14 S 1/46(S 2-mit lbe ine orbiyt. e innn calspoft olife
was o dterine~ht tehnoogyshold e tetedon he S ola hellsmmandcNtiod sbat teries ch2(Watnbel in Alsi nhee of life
for ECS. Since ten. the [CS desgn has been recnsidered sever- 92t)at minimum lter sevennyear
al ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ms tmsthprsndeinue8-NHbadihtrnpidr Three-ais strblatkiong, capablity an stenn lpintedting accracy-

rather~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~Mi thnte4) n 1-Icmbnto sdi ) lo oldv rocket umotrb dap7 l.e maeuvoer, mlqui hvdraisain45 prpl

[CS, has dthreie spo at beamsrathe thout d the onested on (Tie HOS - Siolafr cel-anrbit d usere. 10Wa bgnig f ie

ever. even wýith these design differences,, all OTS developmellnt Cofgrin
are applicable to [CS.Cofgrtn

[CS is af three-axis-stabili/ed satellite wAith sun-tracking solar Tsselve 72-NilI, bandwýidth receis e channels. t~sel~e (ECS I1/I4
arrays It is co mpo sed ofa service tIn dUi l and at communiLiiic at ion I E( 2-5) tiran sm it C han nelIs. double c n' ersion so l ar arscall
mnodule. The cotutnu1LnicatiOl nmodUle inludeIs thle earth-viewking. ' IMW a mnax~imu of nine channels, batteries cani pos~wr a maxi -

north, and south faces ofti theody\. The antennas are all fixsed on mum.11 Of' Ii% C [CS I )/ninte I FCS 2-5t channels duringe eclipse:
the exterior of* the earth-\view&i ng lace. ('oinnmutnicat ion s equip- dual -polari/ation frequency reuise
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12.50 to 12.58 GHz (business services. ECS 2-5: also called sat- The basic communication subsstem design has twelve chan-
ellite multiservices) nels. Each polarization has six channels with 83.3-NMHz center-
One 20-W TWT per channel (no spares) to-center spacing. which fills the 500-MHz allocation at I I GHz

ERP at edge ofco\erage: 34.8 dBW (Eurobeam), 40.8 dBW (spot (downlink) and 14 GHz (uplink). Beginning with the second
beams), 39.8 dBW (business service beam) ECS. an additional pair of downlink channels was added at 12.5

GHz for business services, also called satellite multiservices. One
Receiver pair of uplink channels may be switched between these additional
14.0 to 14.5 GHz downlink channels and two of the basic downlink channels.
G/T at edge of coverage: -5.3 dB/K (Eurobeam), -2.2 dB/K ECS has four antenna patterns. The Eurobeam is used for both
I btsitessnseriice beam) reception and transmission and covers the entire area which ECS

must serve. The three spot beams are for transmission only. The
Antenna two business services channels have a receive and transmit beam
Three 24-in.-dia. parabolas. each producing one 3.7-deg transmit pattern slightly smaller than the dashed ellipse shown in the fig-
spot beam: one 17-in.-dia. parabola (ECS I1)/ne oftset-fed toroi- ure. Five of the twelve basic channels are permanently connected
dal reflector (ECS 2-5). producing a 5.2- x 8.9-deg transmit Euro- to spot beams. The other seven are each switchable between two
beam: two 13-in.-dia. parabolas (ECS I )/two offset-fed toroidal transmit antennas. The largest number of channels may be con-
reflectors (ECS 2-5). p. 'ucing two 5.2- x 8.9-deg receive Euro- nected to the west spot, which covers the cities that account for
beams (ECS I )one rece, e Eurobeam and one diplexed business about 8 0 (/ of the telephony traffic.
services beam (ECS 2-5): all antennas support orthogonal linear The ECS satellites, now called the Eutelsat I satellites, are
polarizations with 23-dB cross-polarization isolation managed by Eutelsat. a commercial organization formed by an in-

Design life terg overnmental agreement. ESA handles the construction.
launching, and in-orbit control of ECS for Eutelsat. The first two

Seven \,cars satellites were ordered in 1979. and the next three in 1980. The
Orbit first two satellites were launched in 1983 and 1984. The third was
Synchronous equatorial, inclination 53.5 deg. E-W stationkeep- lost in a launch vehicle in 1985. The last two were launched in

ing1987 and 1988.All four satellites have been kept in use by Eutelsat. Their
Orbital history roles and locations, within the 7 to 16'E longitude favored by Eu-
I: launched 16 June 1983. 16ý'E longitude, in use telsat. have varied over the years. By the beginning of 1991. the
2: launched 4 August 1984. II ý E longitude, in use first Eutelsat I had no more fuel for north-south stationkeeping.
3: launch %chicle failure. September 1985 its inclination was beginning to increase. Nevertheless. it isstill being used by large ground antennas which can track its noo-
4: launched I5 Septeniber 1987. 132E longitude. in use lion. The majority of Eutelsat traffic is on the other three satel-

5: launched 21 July 1988. 4WE longitude, in use lites. Further changes in traffic and orbital locations will occur in
Ariane launch vehicle 1991 as the Eutelsat II satellites come into operation. Additional

information on the use of these satellites is in the Eutelsat Sys-Managementtmsecin
lrnls section.

Dcveloped by the MEFSH consortium (prime contractor British *..,

Aerospace Dynamics) for ESA acting for Eutelsat
Operatcd b\ ESA acting for Eutelsat I. R. R. Willett. "Proposed European Communication Satellite

System." Proceedings ýf the lEE. Vol. 12 1. No. 6 (June 1974).
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2. P. Bartholoni, "'TThe European Conlnlunications Satellite 12. W. E. Lothaller. "System Considerations for European Coin-
System--A Review of Current and Planned Activities," Paper munication Satellites." International Conli'nre' e on ilill-
76-243, AIAA/CASI 6th Communications Satellite SVste'is niclnion)s: ICC '72 (June 1972).
Cott erence (April 1976). Reprinted in Satellite Conunanica- 13. R. A. Harris, "Transmission Analysis and Design for the ECS
tions: Future Systems, Progress in Astronautics and Aerotau- System," Fourth International Confierence on Digital Satellite
tics, Vol. 54, D. Jarett, ed. (1977). Commtunications (October 1978).

3. R. C. Collette, "The European Communication Satellite Pro- 14. J. E. Golding. R. J. Kernot. and J. R. Lewis, "The ECS System
gramme and the Orbital Test Satellite." Journal of the British from a Users Viewpoint." .lornal of the British Interplane-
lnterplanetary Society, Vol. 29. No. 5 (May 1976). tar" Society. Vol. 32. No. 5 (May 1979).

4. H. K. Ball and E. Mondre, "The Modular Repeater of the Eu- 15. C. Raitt-Brown and A. Haigh, "The European Communica-
ropean Communication Satellite (ECS) and the Orbital Test tions Satellite and Derivatives." Journal of'the Briti.sh Inter-
Satellite (OTS)," Journal of the British lnterplanetary Soci- planetary Society, Vol. 32. No. 5 (May 1979).
ety, Vol. 27, No. 5 (May 1974). 16. T. F. Howell. "Communications Mission and System Aspects

5. P. J. Bartholomt. "The European OTS/ECS Programme of of the European Regional Satellite System." ESA Journal.

Communication Satellites." EASCON '76 Confi/'rence Record Vol. 4. No. 3 (I1980).
(September 1976). 17. J. H. Durand, "The European Communication Satellite (ECS)

6. Spaice Communication and Broadlcasting. Vol. I. No. 2 (Julne System." Paper 82-0468. A_44 9th ('ommunicatiun.s Satellite

1983), Vol. 2. No. 4 (December 1984): Vol. 6. No. 1-2 (May Syvstems Contfierence (March 1982).
1988). 18. D. McGovern and K. Hodson. "The ECS Multiser\ices Tran-

7. G. G. Fuller and J.-J. Dumesnil, "ECS-2 and Marecs-B2-- sponder. "lEE ('oni,rencc on (Communications Equipmnent
First Impression of In-Orbit Performance," ESA Bulletin. No. and S's\tems. IEE Conference Publication No. 209 (April
41 (February 1985). 1982).

8. P. J. Bartholotni and S. E. Dinwiddy,' "'Concept and Charac- 19. F. M. Galante. "Commerciali/ation of European Satellite
teristics of the European Communication Satellite System." Communications." Paper C 1.9. International C,;;;,f'renee on
1975 IEEE Intercon Record (April 1975). C(onununications: I('C '83 (June 1983).

9. S. E. Dinwiddy. "ECS: Evolution of a Satellite System De- 20. G. G. Fuller. "ECS-First Months in Orbit." ESA Bulletin. No.
sion." International Conifrrence on Communications: ICC '77 36 (November 1983).

(June 1977). 21. C D. Hughes. "In-Orbit Testing, of the ECS-I Satellite." ES.*A

10. P. Bartholomei. "The European Communications Satellite Pro- Bulletin. No. 36 (November 1983).
gramme," ESA Bulletin, No. 14 (May 1978). 22. C. Moens and C. Kooter. "'ECS- I In-Orbit Masurenments Pro-

HI. W. P. Robins and M. Salter. "A Communications Satellite Svs- gramme and Results.''" SA Journal. \kl. 8. No. I (1984).
temn for Europe," Journal of thc British Interplhunetar\ Societ\y.
Vol. 26, No. 5 (May 1973).

Olympus
The Olympus satellite I 1-241 development began in 1982. solar arra\ length. The north and south panels of the spacecraft

Former program names include Large Telecommunication Satel- primarily support payload equipment on the inside and thermal
lite (L-Sat). Heavy Telecommunications Satellite (H-Sat). and radiators on the outside. The east. we,,t. and back (i.e.. anti-earth
Phebus. The use of large or heavy in the earlier program names side) panels,. together \with a central cylinder. w\hich is the primar\
was because the satellite is about twice the size of ECS. The pro- structure, support propulsion. powver. TT&C. and control sub-
gram direction was guided by several studies of future communi- system s. Deployable anlennas are mounted on the east and w\esl
cation satellite needs. and how European industry could respond panels. Other antennas, as \%ell as the remaining pa. load hard-
to the opportunities to satisfy these needs. The objectives of the ware. are mounted on the earth-viewine face. The solar cells are
program are (I ) to develop and demonstrate a large satellite plat- mounted on a flexible blanket: the arrays are deplo~ed in orbit us-
form. and (2) to develop communications hardwarc for and pro- ing a telescoping mast. The propulsion subsy stem is a liquid hi-
vide an orbital demonstration of several new communications propellant t~pe and is used for both the apogee mnaneuver and on-
services, orbit control. Spacecraft and pa3load details are as lfollos,,,:

The Olympus spacecraft is designed to be adaptable to a vari- Satellite
ety of payloads within the following payload limits: 6.5-kW povw-
er demand in sunlight. 3 kW in eclipse. 1300 lb including Rectangular body 69 x 83 x 120 ill.. height of body plus antennas

antennas. In addition. the spacecraft Must be able to provide ade- approximately 200 in.. span of solar array approxiniately 806 ft

quate space for payload mounting (especially multiple antennas) Approximatel\ 30)0)0 lb in orbit. beginning of life
and thermal radiators. Another Oly'mpus requlireillent was corn- Sun-trackin- solar arrays and NiCd and NiH, batteries. approxi-
patibility with both Ariane and Shuttle launches. matelv' 350(0 W beginning of life

Many aspects of the Olympus design-structural strength. so- Three-axis stabilization usingL reaction vhcel,, on three orthoeo-
lar array mechanisnms, and thermal control--are si/ed for the nal axes
maximum payload capacity rather than for the requirements of
the present payload. Future uses of the spacecraft will look the ori tieorbit u,,e
same except for a ne%% set of antennas and a possible change in
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Configuration
TV broadcast payload (T1VB): three 27-NIH, bandwidth chan-
nlek. txxo of',.\ hich are ulsed a( a timte
Bu1.sinless serv ices payload B1SP). also called speciali/ed services
pa\ load: tour11 18-MNI Hiandwidth channels, or one or two mjayr be
s\\ itched to 30) NIH/. satellite sw\itched TONIA. and t~reqlenlcv re-

210/ý3( (iH/ commun1.1icationsl laý load ((OWNI)tWO
40-MNH/ bandwxidth chan nels. or one 70))-
NI H/ handx" idth channel
201/30) (H1/ propag at ion pay -
load ( PROP)1: beacons

TVB in.5 197.7. toandC bn

R .eceiver nie(cr

TVB3: 12. 169 GH/ (beam 1 ) and 12.092 or 12.245 iH/ (beam 2) 0 I/GT
WF1T hroadcasti ng satellite channels 24. 20. 28) 0dI I

BSP: 13.175 or 14. 100 GH/.. and 13.200 or 14.125 GH/ H18-NMH
Four 230-W (215 W end ofitile) TWls. oneCOi on I p llus oeSp~ae channels):

per balli13.180) or 14.105 GH/ and 13.220 or 14.145 GH/ (30-NIH/Peak ERP 02.4 dBW 'hcauim 1). 62.7 dBW (beam 2 channels)
BSP: 12.S25 and 12.550) (iH (18-NIH/ channels). 12.530 and Four receivers, all active
12.570 CH/ (30-NIH/ chanlnels)

i-or 3-W W~s+2.9 dIB/K GF[ at ed,!e ot cov eraee

4';.-dB FRPat due f c\ cr~(TONI: in 28- to 28.7-CH/ band
45.6dl3 in P at ed5ge obaoveag Txvo receivers with parametric aniplitiers. one onl plus onie

Thre 30WT\~s. O Ol PLIS TIC,11l-Cspare
Thre 0WFR atW s d x~ ofon pus on s ar 4.5-dB receiver noise h~uire

~2-BWER atede ) v C.g +(S d B/K C/T at ede-e of' cov eraee
PROP: 12.5ý. 19.77. and 29.66 CH/

Txvo I0-W TWTs, at 2)) GH/. oine on lu oneS 11 spare. t1"0 5-W Antenna
1NIW's at 30) (iH. onle onl plus one spare. transistor amplifier TV1B: 40- x 80-in,. reflector. I- x 2.4-deo beami steerable wNithin
at 12.5; (;H, Elrope beain Il 47-in. reflector. I .5-dee beam. steerable w\ithin

Beam 1 Beam 2

LHC

12.169
RHC 17.6-18.1 GHz zLH HC

12.092 or

U/nuq~~~u Hrh D r ha(a l/U~n 12.245 GHz

T T T2TI
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14160 Notes Nteb
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CL C

o 0

S 12350 11700

q Notes
13275 a. Beams A, B, and D use vertical polarization on the downlink, horizontal on uplink; beams C

and E are opposite.
b. If filters associated with these switches are not shown. Two 18-MHz bandwidth filters are

Olym0pts bt.sin,.ss servi'ces pa.hload. centered at 825-MHz; 30-MHz bandwidth filters are centered at 830- and 845-MHz.
c. Output switching includes 18-MHz bandwidth filters centered at 12,525- and 12,550-MHz

and 30-MHz bandwidth filters centered at 12,530- and 12,570-MHz.

Europe (beam 2): 19-in. reflector. 2- x 3.3-deg beam for European broadcasting, in ltaly. The other is used for direct-to-home broad-
coverage (receive): all use circular polarization casting experiments and is availahle to European nations on a
BSP: 47-in. reflector with five feed horns to form five adjacent time-shared basis. It can also be Used for broadcasting multilin-
beamns. 1.2 deg (transmit), 1. 1 deg (receive). linear polarization gual programs to all of Europe for reception b\ larger terminals.
COM: two 32-in. reflectors, each formine one beam. 1.2 de- The second channel has a choice of two f'requencies and two po-

Z larjiations for tiexibi lit\ in miatchinu- TV broadcast systemi char-(transmit), I deg (receive). each steerable within Europe. linear a
polarization acteristics specificd for each nation at a 1977 ITU conference.

The lirst channel has characteristics matching the specifications
PROP: three horns. 17.5 de- (earth coveragc) at 12.5 GH/. 9 de t•for Italy.
(centered on Europe) at 20 and 30 GHz. linear polarization The payload has three antennas, one for reception and two for

Design life transmission. The Italian transmit antenna has cirCuitrx for deri\-Ten years ing antenna pointing information by tracking a ground-haed bea-

con. The payload has redundant \ ideband recei\er,, and
Orbit redundant transmitters,. \wih 230-W helix type TW\Ts. for each
Synchronous equatorial. 19'W longitude channel.

Orbital history The business services payload. or specialized -,er\ ices pa\-
load. denonstrates concepts, for transmission of digital data be-

Launched 12 July 1989. Ariane launch vehicle tween snmall terminals (e.. I0-ft antennas) at man\ sites. The

Management downlink is at 12 GH/: the uplink may he either 13 or 14 GH/

Developed for ESA by British Aerospace with subcontractors and is accommodated b\ s\\itching the local oscillator in the sat-
ellitc. A single antenna fed by five horns generates five adjacentfrom II European countries and Cainada: Selenia (Italy) has yd

prime responsibility for the payloads heams,, which together cover most of Europe. FrequencyC rellse
\\ill be demonstrated in two pairs of ,,patially separated beams.

Olympus has four payloads. The television broadcast payload The commu1tlnic•ationls Clui pnipent has four channels. ('hannel
has two channels, each connected to a separate. steerable tranm, it bandvidth is I , NIH/,. or one or two channels may be s" itched to
antenna. One channel is used for preoperational direct-to-horne 30-MH/ bandw\idth. Input arnd output s\ itches can form mnan\

"210



0 0--19 GHz
-28 GHz

Tr rw

P T S

C S -24 GHz H T TW S

P T S
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-15 GHz
(a)

F.S Frequency

X Onelinea X 3
polarzatio

V Ortogona

polarization

290.8x 2 TN(b)

Slm1 N 03-H aSa.ra amflctal:(, ~fa~t~l

one-to-one~~ co2cin bewe hs hnesadthercie dmntaestliehrwaeadsse prto nte2/

pola rizto ione ortepoaainimar3tasdb

the X-to-on channelsioand b\eciithersoe chnels andio theirnal or tournBecaue ofathlise parobl rem adpu hastr oeatinih 20/30-Gip aa
a[nd vrnsid eo m, conere itcos in the centIrcannl s.cio tin pahload Thfrq en output ofes band onbard foreqec soeturc slmlocti-

*rels 2t(1/3iner-Git communicaiConspa'lad M/thasetwo aneas plied to sprc oduIIIlc fequncis tanth about 20 and 30 4Gil, The dse r
eakich oftrx thich call be n sered toward tanpintt i oneur iope. Th ctanmbitted. Thrush athenna w hlrda ose beams coserl ofe Euroenx

cele tr onic sporteea twocannmtels. Thetoa aremontratinsmitte fo uisedvintpoage statio mheasurep nipiments. Thctasmttd sieda are

throug separateCanteennas:i rheeption mhayneuse.ihrorbtn not mpdyloatd. FrmThe suptamenbar frequency source, a s mult-ibe-

tennas. The pax load has reduindant receivers and three transmit- Coil is derived. This is transmitted on an earth coveraL'e beamn and
ters. The pa'. load is used for- both data aind v ideo transmissions, to
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is intended both for use in propagation measurements and as a Europe and the Associated Eur-opean Space Agencx Pin-
tracking beacon for all Olympus ground terminals. urammie." .1ournal ni tiw 1ritidil /Inwrplanlem ar Societv. Vol.

Olympus w&as launched in 1981) All four payloads are in use 32. No. 7 (uluy 1979),
for ovler lOM different experiments. Experiments and demnonstra- 9. B. L. Herdan. "'The ESA Large Telecommunication Satellite
tions are being conducted by government organizations, universi- Prga. apr5I.4 1'ntau ti1eeiea 'nia
ties. scientitc organizations. private common carriers. and H11 alIRMS; ICC (So June 19SO).
equipment inanufaturers. The television broadcast payload, be- 10. B. L. H-erdan. "The Role of the L-Sat Programnme in the Evo-
sides TV broadcasts to Italy. is being used for other TV broad- lution of European Communications Satellites.�ES'A Builh'rin.
casts. sound broadcasts, educational TV, and interactive video No. 24 (November 1980).
services. The business services payload is being used for SS- 11P..BL-snJ. osti",'a-ErpsStelefr
TDMA tests, distribution of video to small (e.g.. 3-ft antenna di- II .D ig n . .Bosen Cýa-Erp' aelt o

communicationsesto Journai~l of til British Inu'erptalatnarr Societv.
amleter) terminals, two-way low-rate data then Eiuties.ins"t
very small terminals, electronic documnent delivery, and other ser- Vl 4 o ~bur 91)
vices. The 20/30-GHz payload uses include business communica- 12B.LHednad.N.FEdlso.DsinndDxop
tions. broadcast of high-detinition TV. data relay to and from loxw ment of the European Large Telecommunication Satellite
orbit satellites.~ video conferencing. education, and other projects (L Sat)I.� Paper 80-0551_11/1A1 8th Co"mmnuntiicatioln.\ Satellite

wihdigital data and video transmissions. The propagation pay- SY.%temk Con f0rence (April 1 98()'.
load is beine_ used at many places in Europe and two in North 13. H.-K. Fromnm and J. Chapin. "L-Sat-An Opportunity for
Amierica. Pan-European Satellite Broadcasting Experiments,- Interna-

In January 199 1. one of the twvo solar it'ravs failed, but the sat- tianal Broadcasting, Coinventioni. lEE Conference Publication
ellite continlued in service. Iii March. the one remaining earth sen- No. 22(0 (September 1982).
sor began hav ing problems. This led to more comnple.\ satellit,' 14. R. Bonhomme. W. Greiner. and N. Neale. "Pay load Technol-
operations. whichi combined with the failure of the sensor and op- ogy, for ihe European Large Telecomintnicatiov, Satellite
erator error and caused loss of all attitude and orbit control if] (iL"Sat I" Paper B 1.2. Iinernationald (an/ience o' n (almimani-
May 1991 . The satellite began spinning, internal temiperat ures catiunms: ICC 8S3 (June 1983).
dropped. and the batteries discharued. WVork be-an immnediately 5%.E iwdx Cmuiain xeiet n ~mn
to regain control of the satellite, and progress w\as being" made sttisat)3)G-,sngLa"Ppe17. ,- (n-
through the summer. diratio Dm'tndntnat 'M0G Uianal -Sat."'apel17t 1 (,irniii Catto

.... .... CoI~reiie(June 1983).
1 . Perrotta. "'The Italian Sirio 12'-18 GHi Experiment: The 10. H.- H. Fromm and R. Bonhonime. "The L-Sat Broadcast Pit\ -

Forerunner of 20-30) GH/ Preoperational Satellites." Paper load and Its Application." Paper 17.7. First Canadian IDnnw, -
78-63I. 1_1.-i4 7th ('anpmnianatioi its Satellite S. stein ( 'on.',r- tic anid Ili e rnatjana I Satellite C-111nnun u ati(l' COCC t ~~,~
e-ce ( April 1978). (Jine 1983).

2. T. F. Ho" elI. "omnctnsMission and Sý stemn Aspects 17. R. Bonthomnie. B. L. Herdan. and R. Steels. "DIexelopment
of the European Regional Satellite System." ESA .lnnrnal. and A\pplication of the New\ Technologies in the FSA 01\lx -
Vol. 4. No. 3 1 1980). pus% Progrirnime.' Pape r 84 -0706.A .-1 .-10lthi Cmniiiiiiuiat in

3. J . J. Deche/ilellc and F. Caneparo. "From S~nmphonic to Phe- .Siti'lefle .WSvst'i Con.6ren e' (March 1984).
bus-Steps inl Innox ating for Com111itiuication Satellites.'' Paper I8. R. Bonlhomme and R. Steels, "Developnini;t and Appl ication1
78-624. H1I.1; 7th ('miimlnaicatiolns .Satelite' S.Sittn ('m.% l/er- of the Nexx Tec'hnologies in tlh,. ESA Oh mn1pus' Prograilmei."
ente (A..pril 1978 ý. ES.-I .lanriial. Vol. 8. No. 4 ( 19,,4 I.

4. B. L. Herdan. ''1'he A'riane Heax \ SatelIlite and Its 'Iele'. ision 19. J . R. Norbur\ . "Propagation and Commun1.11icationN IExperi-
Broadcast Package: The First of a New Generation of Europe- n1Ients, \kihOll) m111pus Sate!llite." Commuiniicination\ -. Ili liih#\-
anl Satellites." Paper 7S-632_4.~1,14 7th C'omnmunicatioin% .Sat- tin anl the .ohie, lEE Conference Publication 262 I Ma\ 1986).
c/line Sv.'ncin.% ('nidt~'iince (April 1978). 20. N. Walt. "Multibedam SS-TDXIA Desien Considerations% Re-
\. . [sipriore and G. Perrotta. "T'he Millimeter Wax e Commu- flated to the 01\ mpws Speciali/cd Serx ices pay load." I1+ Pio-
nications Transponder for the H--Sat Experiment." Svinpom.'isi10 Cccdhiiii'.. Vol. I133. Part F. No. 4 (July\ 19.86 I.
onA i 'I/alm d Sa/iincil ('ominun iiathinsv Svstemsl.. (Genoa. h a I 2 1. C. D). K Ug hes and P1. B an ho loni. -[Ihe (k )ly ptis Lii/ at io n
(December 1977). Proeramine." ESAý Bldletin. No. 50 (M\ax 19S7 1.

6. Highit Iltermiianiial (23 Jul\ 19~77). p. 267: (22 A.pril 1978). 22. C. 1). Hughes and P. Barhlolom&. ''Plans, (or the Use of the
p. 1114:) 16 Janluary 1982). p. 136: (28 May 1983). p. 1458: Oly m1pus Satellite.'' A('iA 1sitrnoiuitia. Vol. 17. Noi. 9 (Sep-
1 8 August 1987). p. 2)). tember 1988 1.

7. At iahion Week & Space kchnomud. ,v X8 .'\ugust 1977). p. 61: 23. J. H. Paul. "l'he Large Telecommunications Satel lite 0l\1n-
1-7 October 1977). pp. 94. 135:1(4 January 1982). p. 23: (2 PUS." 1-,S,- Bulletin. No. 58 (Max 1989).

April 1984). p. 52: (31 'August 1987). p. II: (29 July 1991). 24. B. J. ('nlham. "The OlxmpuPLs SpacecraftAntenna Farmn." 1989

8. R. C. 'ol lette and B. I.. H-erdan. "*Satellite BroadcasiintŽ inl (June 198')).
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EUTELSAT SYSTEM

I; utei I 1a -1I3 1 ianll international organ i ,at urn I orned to pro- sa nc hrt oni/ed. Each te rmiiinalI transmint ted to only one transponder
Ie panl-F Europeanll Colinnun.1icat ions %a Siastell iC. It', Qen~eSiS asas buit used frequencN hopping to receive fromnias many as necessary.
1 977. as hen sea enteen nation,, fo0ried Interimn Eutelsat to Coln- Er-ror correction codiniz may be u-~ed awith either satellite.

ArCial i/c thle (IFS - [CS teclinolog\ beinrg, developed by FSA. IFutelsat leases tranlspondersi- which are being, used for televi-
ltilitiae ag-recnients as crc prepared ill 1982 and ratiflied ha ,loli transmission, both internationally and intranationally. Leases
2 n be r nat ioils rin1C I'ilol0" ill!- 5ears. I toe ISalt hald at fOrnia be - maý be lull ltile or part time, for a %k hole or partial transponder.
in1mr inc iiýý i vsith ts ent - S \ membcers aild grew\ to wenltN- The1 on c-inal Eute Isat Plan %s as to have two Satellites in orbit. a
lilt meiembers h\ I 990). [he lar!cest shareholders are thle Uinited pri mary and at spare. Capacity' o)I the spare satellites was to be

iidiiand France at( about I5 each: itals and West Germnans leased 'on at preempt ible basis. When Eu~telsat requested bids for
C bu I We' ecdh and)( other nations, have c W or less. dowýn to leases, thev initial demand was three times the available capacity.
t11an1 PI ' toir priticipallit ics such as' Liechtenstein and Monaco. E'utelsat allocated the as ailable capacitN on the Fl satellite and

tlekla pros\ ides SerA ic~es Usine. sea cral FILS. also Called Fu~telsat decided to expand to a three-, then a four-satellite svystem,. with
.atel liles. and formierl used one Telecom I satellite. A second- taS satellites dedicated to leased transponders. Reali/iation 01 thi,
-icleationl ,pace sC'legmet. thle Fute[lsat 11 satellites, started devel- plan wast, delayed ba the loss of ECS 3 but was achiesed by 1988
Iintent inl 1980. The first asas klaunlched ini 19910 and is ill Use. wkith the launches of ECS 4 and 5.

FWINtitet *s heCadquarters and conilitnuncationls control Center- MVe Prior to the first ECS lauinch. Eutelsat wkas already planning for
IPa rk. [lhe Co n trol Ccenter- coo rd inat es all ocat ion 0? satellite irc- l'oll ow -on satellites. EutelIsat i-eq te sted. and received, proposals

?tilices and it t ii 1 rs All i nis liii.ss is. It also Co ord inat es sy stem) ft r tIle ILu tel at If satellites in I1985 and picked a eon tractor teamn
lerat ions a\ ith thle satel litw control centers: EUSA for thle Eultelsat liii April 1 986. The contract wast, for three satellites w&ith options,
,atel lites. Teleceom for the Telecomi I satellite. aiid Euitelsat I*Or for live miore. A fourth satellite wýas ordered in 1987. at fifth in
C I u tel sat 11 satelliteCs. The E'lII tlsat Co nt rol stations are located 1 989. and at sixth lin 1991).

F~ranice and Plortucal. The Futelsat coniiirt I network is capable Besides, these satellites. Eutelsat has beeii considering satel-
ctintriilliiic six -.atellites. I ites foir t mo oilier mnissiotns. Orie is direct-to-homle television
WWI lie 1-11 iihi r i ti tlat starte11d, it as as, in tendted tt pro, ide all broadcasit iii c Several inrdivi dulal natiotils at-c u si ii c satellites ft"or

Ic unslill ott thle trel-iestrial public ctotllminiiicatitoms net sat rk - The t his, butl a pan -E[iirt pean biroadcast also is possible.- Thle satellite
W 1ilpm ars serA ices as ituld be internatioinal public telephonie enr- coincept has, beein named tirtipesat. This coincept has' beeni stud-
liltkn ideslICC is,1 in tlisirib-tioltiti Or tilie ILK - B\ 1980). it a\\as i-c- ied for several \cears. B\s the end of' 1990. anl agreemnert had been
i/ed that there as is alsoi ain enielgilig narket fur high-speced (i~e.. recheld iti proceedI with at promgram. Definition of'the systeml is ex-
[-khps and abtis c) die ital ciretllits Itir btisiness1 Use, at serv\ice that pected in 1991 aN ith at satellite contract possible inl 1992.)
ittIld noi t be pit iO ii dd b\ tilie cxistill terCricst ri al neit srk - The die- The oither mision i s l~ iii anld mo b iIe cininommnicat ions t-r voice.
']il on pr-o\ ide tlISHilss, ser\ Ices inii a lull \as a led 10ii decisitin mlessage. and position Iiocatitmn. '[his missioni cail be satislied by
Inti1dila the l-1's desiu'it. las tiranspttnders oiperatinlle itt a i-c- sepai-ate satellites. ba at niew pavltmad onl [ottIsats. or- b\ use of,

LiciICs baudlk kcII stiiteal tit bttsi ness ser-\ ices, as CIe added tti11 a llte I-1utelsat's as, is. The last tiptioni dties riot prov ide fuLll Mobile coin-
1hellC C.CitesecetteIri- A IsO. in tilhe earls I19 8t0s. at deiiiaid for 11ii111ieatitiis btitl is the easiest tto impleenirt. Demonstrations w\ere
-le\ sit11 distibu*11tionl to cablel ilet\\ orks arose. Lu'miesat ltiss Proi- eiiliIdCied inl I1991) of" atwoa in essagle arid position location
tdcs these Iotilir t\ pe" of sera ice. techniqtue called F~uteltracs. a\ liieh is the samne technique Uised iii

PUblIC tlpt is, provided Onl four FIitelsaltiraiisponiders. thie United States Unider theC name O~nititracs. A full Euteltracs
railsllitsstilis are QPSIKll)NIA a, it it a bur1st rate Of' 1 210.832 s\stem. Lisillil at I:1utelSat I made as ailable by transferrinLe traffic to
Thbps alidl a 2-iiisCC l'raiiie. hi A characterlistics are- almost Fltilelsat Il satellites. asill go minftiperation inl 1991.
lenticial iii thitse til Initelsat atld permiit easy iinterctiinectiton oif'-
ie tM0 ti nes'Orks. li-igital speech iilterpti~laitlol is uisetl . oi-tuid . I - 1: M. Galanie. ''Coininerciali/atitin of Eurortpean Sateilite

rllLals. k titill t 01il tiie I peretintrA . have anitennia si/cs otfiuiuiain ae '..Iocitoo kthttt a

I( )itt 40 Ito (60 h. - Vcli as crc ill tiperat itoi in1 wid- 1986. Ii literit a'C fe mmunictin. Paper: C1.9 bata3ima June11C 193)
:ars later. The silllc icrmlilials. pi~ls' traiisptidrs Oiii tile sameC 2Cmuhair:/C S?(tjc)8)

Iticlit c pro isie tc lea is it ll di stl ribtiillo ftor t be FI '.-2 FM. N Gal ante. ''Ihe Sctr\ ice alid Ope rat itonal Characteri sties
BLIti1C0 sils st ces. AO soCal led satellitem IIlt isers ices,. be g'all tif the IEnzelsat S\vsiemin Paper 17.3. l-ir.ar(Catadianl Dttnl'.s t

tili 011e tratl'Ispnittde till1 IUtelst 1-1:2 aiid Ike. Icased froin tt t -il1.roil ittint i Satelite I/io-tmloo nicaio hii S(onji/l P-1CCti

ralice. til a Vlelcotn I satellite. Us cnimialla. all otifthese services 01.111Ct 19831.
crc t ransl erred itt I ute ~il sat el Ii es. T \pical applicat itons are 3. 1). McGoivern arid R.- J.- Kemnot. "'A `_ xord-Geiieration SCPC
dcii ketticlelercintg. ctilpliter-tii-Ciilputer liinks,. l'ast facsitiile. Sasteni for Business Satellite Ctmmiiiunications. Sixtih Inter-
"fcrtillic nail, and a tice. Alfltink,, are tlicital: r-ates ale imultiples liittti oiiul (tnI',i',t-'rec til PIgjtalo Nou-II;.t', Commiu~ljt-atjit
1 64 kbps ll tipot I.W) Nlbs. lus 2.048 Mbi bs. Mostis grtouiid licr- ISeptember 1983). Reprinted iii Ac Radii' mid 1l-i lton it- Enl-
iiials has I II - itt 18-It antenitts: stome, near the edge tif tile salt- gil't',. \I1o. 54. Nit. 10(1 Ilettber 19841.
lite beam. use dKI~iieCrs1 Lipl 110 26 It. IliesC IeCriniiials inlaa be 4. C. L. NMoirtiw arid F. N1. Galante. ''Sonic Techiiical aiid Coin-
iher dedleatlld loi tinle cuisitilcler lo.iteaioti tir sited in ll an urban tracttial *-\pects tof Transptinder Leasiric, ha Eut11elsat.' 5,tce
-ea loi be s Iiarcd bs scela eaICuttsitomecrs. \lNtost t cnnillna Is ar i-uni- ( COmmim ii titton mid Bnpa tdt -ýtttili'. V-ol. 1. N ti. 4 IDecemiiber
ann1eil and initittietlItt a cciiiral flacilit 19S3)i.

011 I itielsat . thle irls)i stisare QI1S K/SC'PC/FI] )1 ;\ ( )ri S.A. C aruost. "The Role tif Ret-,iuital Satelltites S\ 'terns: The Flu-
-lcctml 1. the trilismlissitils ascero PSKrTi)m1 \ at a bttrst rate tf telsat IFxperieiic.'' Paper- S4-t0696, Al-i- l0t/1 Ckionniltita-t
1.576 lbs I-I)\1 \ iiatsililsstitls in all1 hie tranlsptinders sacie huoll sawfIitl- Svutt-nt% ('itfel'ruOt'1 (March 19-84).
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6. P. Anliadc'si..A. Nels~on, and Fi. ('respo. -haracteriqi(cs. H'e\ - I10. 1). I Mnihard. P.' Rainial. anid F RaricN *4elec un I Niulti ser% iL -
hbiIi t\ and I nte rIink incL Po' i hi ittieS ifl"he FII; tl sat -S NS B U'~- es~ Net%%o(rk.- SatiteIi n (lit/ Cnnllntlrcr(aiini il f J . -1-I

niess Nem~ork.- Paper 40.3. Jnternatienial (>mlleen'lce in Grangtý. ed.. Else~ ier Science PuLblishers. Amsterdam and
Conmnanicaiion: ICC 'N5 (June 1985). Nc%% York I 1983).

7. "Euttelsat Newd seter." in niall\ issuesS o1' S.\Va ('011naiuurit a- IL P. Bartholotiiý. -)iicital Satellites Netmorks inl iurope.- Pro-
ti ot and Broadca.%rint,. 'cedin ' .s ofthe IEEE. Vol. 72. No. I I (Nomember 1 984).

8. Avation Week K& Spat' Iithnmo/ogv ( 7 JuneI 1985). p. 63: 12. A. Calruso1. "EutelSal: NMaturit\ and Reliahi litý through Hig-h
(2 December I1985. p. I183: (31 Mlarch I1986). p. 13 1 : (2 1 April Technology and International Cooperation ili Satellite Colin-
1986). p. 30: (5 Mlay 1986). p. 23. ( 121 Ma\ 1 986). p. 64. mun.11ications." A/ta Fr'qacii:a. Vol. 56. No. 10 ( Decemher

9. C. GiOMM~ anld E. Golden. ''Telematic Ser-\ices \ ia Satellite ill 198)7 .
Europe.� wnrain/ Jo//rn11aI o4a~'/ 81iWil (,',mnui oion i'11. 13. Satell/te Cougaianit ation (December 1 987 I. p.25: ( Aucu'st
Vol. 2. No. I (Januar\-March 1984). 1989). p. 16.

TELECOM I
Te lecom I I I - 1 71 j a French sate IIic %e% it h three tomnmunia Ld-

tion pa\ loas.T he 4/6-(;11/ pa\ load is, (or communII.iications be
Mxeenl France and its o~ erseas territories. These include Fen.cLh
Gu iana and is lands lin the Caribbeana. off the New ft mudIa nd coast.
and inl the Indian Ocean. This pa\ load pro\ ides set-\ ice fo(rmllrl\
prov ided by the S\ mphonie Satellites. The 7/8-GH/ pit\ loa is
part of the niilitar\ Sy racuse (SYstemn of' Radio-(Commniu-
cations Using, a Satellite I systemi. It provides links be- 1
mecil naval Ships and shore Stationis and I

bet eec n aationa mailiIitar\ Aut hon ties and
their forces outside France. or to
mlilitar\ author01ities inl FrncUIh

lb ree- axis st abi Iiat it m. approi-minate I S-deg, ailnt ina poinat ing

So l id r cke nt mt or It aapolgee mnanle aer. liquid h ~dra/i ite prt mu I 1-

Configuration
4/6-(;H/: tmo 40-iH, bandvidxdth anid two 120-NIH bands\ idthl

alternative for niilitarvr comniun111Clcionls x itliin Fratnce. The 1 2/ sing~le-conversionl repeaters
I 4-Cti/ pa\ load is, for businiess commun1.11icationls anld telev isionl 7/8-CHi: tmo 40-NIHi bandl\ idth Silel" C-COn er-Stin repeaters
transmnissitmn. the Latter lin France and thle former in) hoilh IFr.tlleZ!
and other parts of E'urope. 1 2/l4-CH,-4: si\ 3-NIH, batnd\\idti sirigLe-comiersi on repeaters

The satellite is, a derimaike of' FCS aiid is Simiilar inl extertial Capacity
appearance except lr tile anteninas. ILike ECS. tile satellite has at 4/6-CH,: apprt)\imatch\ I WO) ' oce cilrcltts ort one TV traistiilis-
ser\ tee module and at payload module1. The fornier includes the Sion per 40-Ni Hi repea%:'t
itntertnal Structure, three sides of the rec~tangu-Alar hody. ai~d theC sIP- I 2/I 4-CjH: 25 NlbpS per repeater x~ tli Smiall I approxitiiatel\ 10-
port subsystenis i ticlIudi hg the Solar arravs. Thiese arrays have f ttai tmi eaiil
three Sectionis each atid are deployred liti orhit. The payIiot.d mo1d-
t ci inclIude s all the CIll m i u ni cat [fiil"e t~ufi ptne lit n fitt a ted oilt tlie Transmitter
notirh. South. anid earth-\ ie~k itiie faces of the btod\. The anitetnnas. 4/0-C;H/: 3701) ito 3740 NiH, 3755' to 3875 NiH,. 389(1 to 93L)3
three parabolic reflectors and three horns. are all (i ed to tile NiH/. Mtid 41)75 to 4195 NVIH/
earth- ici~ingc face. The satellite and payload detailIs arc as Iil - ( )iie 8.5-W TWT per repeater pilus t "o Spares
low, : FRP 28 dBW twer France. 26.5 dB\V m~er co' erace area

Satellite (channtels I. 3. 4): 35 dIBWmoer co'erate (chaninel 2)
Rectaiigular body approxnimatlc 4.7 - 4.7 x 6.3 It: dcplo~ed Solar 7/8-Gi1l/: 733(0 to 7370 NiH, and 7255 to 7295 NIH,-1
arrays spant approxmittael\ 6(1 1t One 20-WTNFl, per repealer. pilus tone spate
1430) lb ill orbit. beointiiae of'lilt'FIR P 27 tlh3W at etLeC01 CO\ caer1Ce
Solar cells and NiC 'batteries. approitiniatclx II (II W entd of life 12/l 4-(tI/: 12,51)4 to 12,750)\111,

2 14



"• • • 3755-

2 • ' = I'. ,I 3875

5925-
6420

T T 3700-3740.
T, •3890-4195

S2225 H

,••,(• • ,• -IPTW ">C2 3
22

(a) T .

S*T These two antennas

share to same reflector

12504-
2 12708

S5

14004-14750



One 20-W TWT per repeater plus one spare for every two re- receivers, and three TWTs. one for each channel and one spare.
peaters All transmnissions are digital. at 75 bps. 2400 bps. or 16 kbps. and

ERP 47 dBW over France: ,round terminals in neighboring use spread spectrum modulation for both multiple access

countries may use the satellite by accepting up to 3 dB loy.er (CDMA) and resistance to janmming. This payload is used by ship

performance. terminals, two types of transportable termina.ls and fixed termi-
nals. Their respective antenna diameters are 5. 4. 10. and 26 ft.

Receiver The 12/14-GHz, payload has six channels. The equipment con-
4/6-GHz: 5925 to 5965 MHz. 5980 to 6100 MHz. 6115 to 6155 tiguration is the same as the other payloads-redundant wideband
MHz. and 6300 to 6420 MHz recei\ers followed by channelized transmitters with three for two

One active plus one spare recei\er TWT redundancy. This payload has two antennas, both of which

GfT -12 dB/K form elliptical beams whose -3 dB contours are about the size of
7/8-GHz: 7980 to 8020 MHz and 8055 to 8095 MHz France. Communications with other countries is possible within

the -6 dB contour, which extends from northern Italy to England.

12/14-GH,: 14.004 to 14.250 MHz One channel from this payload is used for distribution of televi-

One active plus one spare receiver with parametric amplifiers sion programs. The other five channels are used for business coin-

G/T +6.3 dB/K over France: -round terminals in neighboring mUnications between small ground terminals (antenna diameter
countries may use the satellite by accepting up to 3 dB lower about 10 ft for terminals within the -3 dB satellite antenna con-
performance tour). Individual links have information rates between 2.4 kbps

and 2.048 Mbps. System operation uses demand assignment and
Ant-Iea TDMA with a transmission rate of 24.576 Mbps. Part of the ca-
4/6-GH,: earth coverage horn. 16.7-dB gain at edge of co-'Crage pacity on these five channels is used within France: the remainder
(receive): one helix illuminates one of the 12-GHz reflectors to was used as part of the Eutelsat system. This payload also is used
provide a spot beam over Guiana and French Carribean islands. by somne groups in Germany. Britain. and other European coun-
approximately 28-dB gain (channel 2 transmit): five helices ill,- tries.
iinnate a 3 1-in. dia. reflector to provide semiglobal coverage The different missions of the three payloads motivated the
(channels I, 3, 4 transmit) choice of the separate frequency bands. The 4/6-GHz band was
7/8-GHz: two earth coverage horns, one transmit, one receive. ap- selected to minimize attenuation because of the high rainfall in
proximately 19-dB gain at edge of earth, circular polarization some of the overseas territories. The 7/8-GHz hand is allocated to

12/14-GHz: two offset-fed parabolic reflectors, each 31 x 50 in.. systems that use a mnix of fixed, transportable. and tuobile termi-
1.34- x 2.04-dee beam. one for odd channel transmit. the other for nals. It also offers the possibility of interoperability' with the
even channel transmit and all reception: linear polarization NATO satellite system. The 12/14-GH-lz bands are dedicated to

satellite communications and thus permit small terminals to be
Design life optimally located for the business services with no interference

Seven years problems. Because of the three frequency bands, considerable at-
tention "as given to frequency planning and techniques to mini-

OrbitZ.Z
Synchronous equatorial. statiokeeping to ±0.05"N-S and E-W mile active and passive onboard interference. The 4-GH/

transmission frequencies were selected to a\oid second harmon-

Orbital history ics in the 8-GH, receiver. The 7-GH/ transmission frequencies

I A: launched 4 August 1984. in use. 9 7W longitude were selected so that all harmonics \vere above the 14-GHi re-

I B: launched 8 Ma\ 1985. failed in 1988. moved above synchro- ceiver passband. Also, frequencies that could be produced by
"ious ohit combinations of outputs fronm different transmlliters \were ana-

Iv/ed.
IC: launched I I March 1988. in use. 5cW longitude The decision to de\elop Telecom I \was made by tile French

Ariane launch \chicle Government in 1979. Telecom I A wNLas launched in August 1984.

Management and Telecom I B k Was launched in May 1985. At the end of 1987
and beginning of 1988. Telecom I B had powver problems \k hich

l)ex eloped by ME.StH Consortiumln. Matr .(l-iraice is prime con- disabled first one. then both. sides of the attitude control sub-
tractor. lor Direction G;enerale dies, TelCCnununliCatiOl (French system. By' February 1988. the satellite \ ,as useless. The next
National Telecommnunications Agenc v Ationth. Telecom I C \was launched and restored services. Telecom
Operated by Direction Generale des Telecomnmunications I A will reach the end of its design life in 1991 and short l\ after

The 4/0-GH/ payload hits four channels. All are recei\ed will be replaced by the first Telecom ? satellite.

through an earth coverage antenna and one of two redundant re-
ceivers. Fach channel has a separate transmitter path. One chan- I . C. GoutIy' and E. (;olden. -'Telematic Ser\ices via Satellite in
nel is Connected to a fieed horn which forms it spot beaml using Fu.nope."' Incrlh'nal tio .otrlal 01 Satellite ('otmmunicalimot(.
one of the 12-(;H/ reflectors. The beam coveirs Guiana and the Vol. 2. No. I (JJanuary- March 1984).
French ('aribbean Islands.T he other three channels are connected I. D. lombard. P. Ramat. and F. Rancy. "'Telecom I Muhiserx ic-
to a se mili l ba l cm erage bea mu that includes France arid all tile D . NL-o rd. . Ran'li lld F. Ro IM LIItiai r. ic-

ieritoit- pr\ iusl metioed Ths pN lad s ued or elei- es Network.- Saro'iro' and ('Cmitpicrl Cn OIIUl '(11(100 ail J. A .,
erritories previou, sl,, mentioned. This payload is used for televi- (irangr. ed.. Elsevier Science Publishers. Amsterdam and

sion and TI)M/QPSK/Fl)MA telephnmy and dala. at rates froin 64 New York (1983).

kbps to 52 Mbps. Ne York t S t w sp.

The 7/8-C ilt payload has tmo channels. It has separate, global P. Bariholo . "Digital Satelhies Networks i 1l'rope." Pro-

coverage horn antennas for reception and transtlnissiot. redundant Cf di,.o i/u JIt-. Vol. 72. No. II (November 1984).
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4. J. Gireiner. et al.. **Telecom 1. A National Satellite for Domles- per C 1.3. International Con/eIrence onl Commiunications: ICC
tic and Business Services." Paper 49.5. international (Coqfrr- 'N3 (June 1983).

eneolCommnicniations~: ICC '79 (Junie 1979). 1 2. D. Lombard. F. Rancv, and D. Rouffet. "Telecom 1: A Nation-

5. D. Lombard. "Timie-Division Multiple Access Concept for a[ Communication Satellite for Domestic and Business Ser-
Busi ness Set-\ ices.- Paper 71I.5. National Telecomninnica- \vices.- Paper 1 7.4. Fi rst Canadian D)oimest ic and
tio ns Coni~renuce: \T'IC '80 (Nov embher I1980). In Ic ina tionoil Satellite Commuiciiii iations. Cnm/'i reni e ( Jultie

6. D. Lombard and F. Rancy. "IDMA Demand Assiernment Op- 1983).
eration tin Teleroml I Business Services Network." Paper 13. P. LUg'inbuhil. A. L~eRoUx. and P. Mollat du Jourdin, "'Svra-
G-2. 2. Nati, atil Tlcnnihat)1 Conl'erenice: NrC' 'SI cuse. The France MilitarN Satellite Communication System11."
(No\ eribl- r 1981)., Paper 86-0694. .41,4 Iih i omnnnninhahtioi Satellite .sv~xeilns

7. B. Blachier. ct all.. "'Telecom I - Payload." Paper 8-2-0523. C('i~t('I('11 (March 1986).
,1 IA;U 9thl ('nnnlinoications Satellite SYstemls Conl~t'reme 14. P. Ramat and F. Ranc\. -Present and Future ol the Telecom I
(March 1982). Sy sterin.'' Paper 1 6. I1. International Con 'rent e (oi Comt 1Uif 1 -

S. P. Lucinbuhl and H. Salomion. '"Telecom I Diuital Transmiis- ('tilonls: /CC''S6 (June 1986).
sionl Earth Station~s." Paper 82-0619. AJAA 9th Conininnica- 15. P. Brossard. et al.. "*Telecom I DOM Satellite Network.'' 5ev-

lions S'atellite ~t' m Con/erence (March 1982). ent/i Iilte i'ilitioiuil Confe~rence onl IDigial Satellite Colmilnnni-
9. T. Pirard. "*The French Telecom I Program and Systemn."Sat- caltions. (MNay 1986).

el/het ('omn tinications. Vol. 6. No. 6 (June 1982). 16. "French Satellite Systemi: Telecom-]."' Space Conununica-

1 0. A. Hoanu, Van and J. W. Roberts. "Dvi namic Resource Alloca- lions. andi Br atidcasting. Vol. 6, No. 1-2 ( May 1988).
tion inl the Telecom I Satellite System." Paper D1 .4. hinternuu- 17. P. Ramiat, et al.. "The Second Generation of Dieit"a; Networks
tionial ('on f',relict onl C'ommunicat'ions: ICC '83 (Junie 1983). in the French Domestic Satellite S' stem.' * th Jnter-nattonal

1I . D. Lombard. F. Rancv. and D. Rouffet. "Satellite Multiserx ic- Confi'rence onl Digital Saieliite Communications (April

es S\ysteln Conicept" 71n the Post-Telecomi I Time Frame." Pa- )989).

TV-SAT, TDF, AND TELE-X

17 lites. rather than partic ipate in the ESA L-Sat broadcasting exper-
imient. In Getrman\. the pr ogram is called TV-Sat: inl France. it is
called TDF- CilelditLlusion de. France. the name of the national
broadcasting compan\). The program began in 1981. and includ-

Geruman stuidies of satellite broadcasting, ol television directl\ ed developmlent wkork and assemibly of three satellites, one for
tohome receivers started in 1971. Relevant technology decx lop- each countrx and onesac ae.i ks taddt orstl

ments xwere slarted inl 1972. In 1977. tie ITI.. Space Broadca sting' lites. txxo f ,or each countr\.
conference assigned basic parameters (or satellite broaidca sting Duringi the late I1970s. the tix e Scandina\ ian countries dis-
satellites, for all European. African. and Asian countries. The pat- cussed a joint development programn called Nordsal. Because of
rameters include satellite location and transmission frequency, technical and economic reasons,, the prograrn wkas postponed. In
polari/ation. beami shape. and power. These assignments, assure 1980-81. a Swedish experimental communicat ions satellite pro-
every country ot the ability to deploy at satellite broadcasting sys- erami was defined. The satellite wats called Tele-X: it was to have
tein and limit intersystemn interference to an acceptable level. (our payloads, of which one \\as, for television broadcasting. In

Subsequent to the 1977 conference, several European nations the next year. two payloads wvere deleted to reduce the cost. In
started planning initial, or preoperational. systems. Both single- 1983. a contract was siened xv.ith the TV-Sat/TDF industrial team
nationl and mnulination systems were considered. In late 1979. to dexelop Tele-X as, a variant of those satellites.. In the same year.
Germany and France agreed to jointly develop broadcasting satel- Norxvay and Finland became partners in the program.
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TV,-SaT wid TI)F .vae/Iit'.

The satellites 11 -301 are identical except tor details of the Capacity
broadcasting payload Such as frequency and antenna beami pilt- OnTVinlpe2-I-,reae
tern, Also. Tele-X has fewer broadcast channels but anl aidded pay -
load for data transmission. The satellites are composed of xei al Transmitter
modules. A liquid bipropellanlt propulsion subsysteml is used for TV-Sat. 11.7467. 11.8234. 11.9001. 11.9768. and 12.0534i CH/
the apogee maneuver. stationkeeping. and attitude control. The (ITU satellite bioadcastingL channels 2. 6. 10. 14. 18)
service module includes the attitude control electronics, telemetry TDE: 11.7275. 11.8042, 11.8809. 11.9576. and 12.0344 CHz
and command, and power reguLlation functions. .Satellite attitude ( ITU satellite hroadcastine, channels 1. 5. 9. 13. 17)
control is augLmented by an uplink beaicon, tracked by thle Commu11.- Tele-X I 112069. 12.3220. and 12.4755 (iH/ OTLI satellite broad-
nication subsystemn. w.hich provides tinle pointing control for the castinu channels 26. 32. 4t0) 12.641 and 12.723 Gl-i (data and
transmit antenna. The solar arrays are another module. They' are video -transmission)

composedZ ofrcdretnuartae TV-Sat; one 23t0-W TAT per repealer operated atl 20)) to 2 It) W.
onl which solar cells are mounted. One section of each array is de- oerpatrhsisae W
ployed in transfer orbit-, the remainder \Ahen the operational orbit TF n 6- W e eetr one repeater has, a spareTT
is reached. The commun1~licat ioiS module i nclutdes all payload .1 TD:oe2-WTTpreete.neeearhaasae
electronic,, and the heat pipes, and thermal radiators for thle pa\- XX
load. The antenna Mnodu le includes the feed tower and (tic two Tele-X: one 230-W T\WT per- repeater (TV broadcast): one _230-
larue reflectors. which are folded against the toxxf fr or launch. W TWI per- repeater. operated at 6)) to I15) W. pIlus one sparc
Satellite arid pay load details are as follows: TW'T data transmission)

Satellite ERP atl edee of co\veraice: Ž!65.5 dB\\ (I-V-Sat). 03.N' dBW
(TDI-). >66) dBW iTelc-X. TV, broadCasnI. Ž!59 dLBW (TClc-\.

Rectangul~ar body. 65 x 88 x 95 iii.: span of solar arrays 62 ft: dt rnmsin
heioht. includineI antenna feed tower. 17 to 23 ft
Approximately 2620) lb in orbit. begintiin o lf Receiver
Solar cells atid NiCd batteries. 3090 W (TV-Sat. TI)F)/3300 W TDF: 17.3 to 17.7 Gl-f. G/T 12.5 (lB/K onl axis

(Tele-X ) minimum after seven years TV-Sat: 17.7 to 18.1 I H/. G/T approxminatch 12 dB/K onl axis

Three-ax is stabi li/ation wlusi Ii omemlit u ni wheels. ±0.06- to Tele-X TV broadcast: inl 17.7- to 18. 1 -Cl] / hand. >7 dB1/K 'I Fon
±0. I -de,_ antenna pointing, accuracy using RI: sensing of an uip- axis
link beacon Tele-X data and v ideo transmission: 14. 14 1- and 14.223-CGI.1 8
Uif i ied bi pr( pc 1lami pr( pt~i hn fo r apo)gee maneu et- and on-or- d B/K C ST over coveraue area
bit use One activ e plus one spare receiver per frequenc\ baind

Configuration Antenna
TV-Sat. TI)IK five 27-NIH, batndwidth sintele-conversion repeatl- I V-Sit: one 55- x 1(16-in,. parabolic reflector offset ted b\ a singlc
ers. fouir active simuMltaneously horn ivenerat ine at 0.72- x 1.62-dee I.-CP Pt ran sinit bea in. approx

Tcl-X thee 7-M-Iban~ ith inge-cnvesio rpeatet s imiately 45-dR gain: one 78-, ofset-fed parabolic reflector gerl-

TIV broadcast): one 40-MI-I, and one 86-MH/. bandwidth repeat- eratine~ at (.7-dete RHCP receive beami
e r, data trans mission)
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IDF: one 35- x 94-in, parabolic reflector offset fed 1w, a nine-
hiorn array uenleratinue a 0.98- x 2.5-de- RHCP transrnlit beam. zip-
proximlately 41 dB gain: one 78-in, off'set-ted parabolic reflector
cleneratine, a 0.7-dege L.HCP receive beami
Tele-X: one 45- x 9 6-in. parabolic reflector. offset fed by' a sin-le
biorn inl a Cas~seurain Leomletrv Lleneratine a 0.74- x 1.64-de- Antenna
LIICP transmIlit beam:l o-ne 3 1 - x' 67-in, parabolic reflector. offset module
f'ed b\ a sinele born inl a Casseerain Leomletrv eener'atineL a 0.95-
x 2. 10(-dee, receive beamr

A\ll tranlsmlit antennas hlave cro'.s-polariiation power 33 dB beloxx Communication
operating polari/ationlmdl

Design life 1
Nine \ears (changed f'rom initial valuie of seven years)

Orbit
Synchronous equatorial. stationkeepin.- to ±1). I 'N-S anld E-W.
19, \ý lonuitudc t'[V-Sat. [F ). 5-E loneitUde (Tc',c-X)

Orbital history
TV-Sat 1: lauI.nch 27 Nov ember 1987. failed during initial deploy-
mient. mioved abov e s\ynchronous orbit

TDF 1: launched 28 October 1988. inl Use. 19'W longitude Servce 1" 1

Tele-X: Ilaunched 2 April 1989. in use. 5~E loneitude mdl
TV-Sat 2: launchied 8 AueuLst 1989. inl Use, 1 9'W longitude

TDF 2: launched 24 JulyI 1990. inl use. 19'W longitude

Ariane launch vehicle

Management
Developed b\ Eurosatellite Consortiunm. MBB prime contractor
fo(r TV-Sat. Aerospatiale prime contractor for TDF and Tele-X Propulsion
TV-Sat developed f~or Deutsche ForschungIs- und Ver-suebsanstalt module
ftir LufIt- und Raumflahrt and Deutsche Bundespost. TI)F devel- r7

oped for Telediff'usion de France and Centre National d'Etuides
Spatiales. Tele-X developed tor Swedish Space Corporation act-
Me lbor Sý.edish Board of Space Activ ities

TV-Sat operated b\ tCeutsche Forschungs'.'- und Versuch0sanstalt
f'fr LufIt- und Raurrftahrt and Deutsche Bu~ndespost: TDF b\1 TV-Saii and 7TDF satI('IifC detajh;.
Telediffusion de France: Tele-X by S%%~edish Space Corporation

17.7-1.1 G~z11 7-12 1 GHz

TV-Sat~~ vaus hwn o

TDF~~~~ thyae40.W9

'IX -St nd7), 'nnn no .IE~XVW/.
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S 3 12 GHz

The 1977 conference allocated tive channels each to Germany Both nations studied followv-ons to these satellites. The contin-
and France. The TV-Sat/TDF communication subsystem includes ual improvements in technology for home receivers now allow
all five channels. The original design was to operate only three at lower pow~er satellite transmitters. This allow s more channels
a time, but the actual satellite capability as built allows operation possible per satellite (r a broader coverage. Either prospect inm-
of four at a time and of all five during the early' part of the satel- proves the economics of a satellite broadcasting systemT. By 1990.
lite's life. All five channels are accommodated by the wideband France had decided to pursue the broader coverage approach via a
receivers. Each channel has a separate driver amplifier and TWT. Euro~pean rather than a national systeml. No specitic program or
The driver amplifier incorporates automatic level control to corm- launch date has been established.
pensate for atmospheric attenuation variations on the upliiik. The Tele-X was ordered by' the Sw~edish Space Corporation. hut
saturated output powver of each TWT is 230 to 260 W. The coilec- prior to launch another company. Nordiska Telesatelit (Notelsatu.
tors of the TWTs radiate directly to space and operate at a temper- was established to be the nominal ow\ner and actual operator.
ature above 30)O°C. Through the latter half" of the 1 980s. the nordic countries" invest-

The Tele-X communication subsystem includes both the ment in the Tele-X program fluctuated, and governmlent policies
bro~adcasting and data channels. There are three broadcasting were not favorable to the use of the satellite (the prime goal in its
channels, shown inl the lower half" of the figure. which use the development wvas increasing the technological abilities of S\•ed-
same hardw~are as TV-Sat and TDF. The twso data channels have a ish industry). When the satellite wvas launched in 1989. there w\ere
14-GHi receiver: their transmitter uses the same hardware as the both broadcasting and data transmission users for it. but regulato-
broadcasting channel. One channel has a 40-MH, bandwidth, the ry issues remained. By 199(0. twvo television broadcasters wvere us-
other an 86-Mit/bandw~idth. The data channel TWTs are operat- ing the satellite. Other companies w~ith about fifty ground
ed 2 to 6 dB below saturation for better linearity, since multiple terminals, w~ith 5- to 8-f't antennas, use the satellite fo~r business
carriers w~ill be amplilied. As w~ith TV-Sat and TDF. four of~ the transmissions. especially v ideoconferencing. Transmi,,sions are
tive Tele-X channels may he operated simultanleously. Both QPSK/FDMA with 2 Nlbps the most co•mmon rate.
broadcasting and data channels use the same antennas: the anten- No plans for a post-Tele-X satellite have been announced.
na pattern covers Swveden, Norway, and Finland. *** *

Satellite integration and testing for TV-Sat and TDF started in I.P atoo~ DctlStlie ewrsi uoe"Po
the first half" of" 1985. TV-Sat was launched first in 1987. One o felfSttm EE ol 2 o I(oebr18t
the solar arrays could mi t bc deployed in orbit, neither by the in- ' .E ole dacdTchoovfrDrc VBod
tended means nor by several other means that were tried. This not -

onlyv reduced the available powver but mlore importantly blocked casting Satellites," ,Ionr'tmal •!/ .S• bae( rqlf'lt-! (11t Roc'ket.. Vol.
the receiving antenna deployvment. si) that it co>uld not be pointed 17. No. 2 tMarch-April I19801.
at the earth. Several tests wecre condct~ced with the satellite, but it 3. 1. F. Arnaud. C. Derieu\. and A. Pouzet, "'French Satellite
could not be used for broadcasting. Hence, it \•as declared a loss Broadcasting System," Paper 80-0571 I.AIAA. 8th ('(mmnnlica-
in the spring of 1988. tiOlS. S(It('l~ilts(.'.tm 0P~IE'''i('re (April 1980).

TDF was laumnched in 1988. Construction of TV-Sat 2 and TDF 4. J. Collomb. P. Gusset, and H. Rave,. "'A Nc~v Generation of
2 began in 1986 and 1985. respectively, and they were launched Satellite Travelline-Waxe Tubes, for TV-Broadcasmine and
in 1989 and 1990. Each of the TDF satellites has had twxo TWTAs Telecomnmunications,'" Paper 8()-0485. AIAA. 8th (Conmnluica-
fail. The remaining channels are being used for telev'ision broad- tion.s Satellite Sv~stenm. C,,on/f'rem'f' (April 1980O).
casting. TV- Sal 2 is operating and is used for television and high- 5. H. Kellermeier and D. E. Koelle. "'System Design and Tech-
quality stereo sound broadcasting, nology of the German Direct TV Broadcasting Satellite."
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Paper 80-0570. AIAA 8th Coiuninications Satellite SYsteins Obtained on High Power Equipment and on the Repeater Sub-
('ni•'ren'e (April 1980). system of a 12-GHz DBS." Paper 86-0646, AIAA 11th Com-

6. D. Demil, "High Power Satellite Travelling Wave Tubes with rnunication Satellite Systems Conference (March 1986).
200 W and 450 W Ot'tput Power," Paper 80-0488, AIAA 8th 19. Aviation Week & Space Technology ( I I June 1979). p. 195:
(olntnutiati'i.ns Satellite Sntems Cmfr•ren'e (April 1980). ( 10 December 1979). p. 69: (21 April 1980). p. 167: 14

7. H. Kaltschmidt. "The German-French TV-Sat/TDFI Sys- March 1983). p. 265: (21 March 1983), p. 15: (22 October
tern." IEEE Canadian Commnunication.s and Power Con/iC- 1984). p. 97: (3 December 1984). p. 73: (28 January 1985).
ence (October 1980). p. 93: ( 10 March 1986), p. 138: (9 June 1986), p. 109: (30

8. B. F. Fabis. "*Some Aspects of the German TV-Sat-System." June 1986), p. 48: (2 November 1987). p. 65: (30 November

Acta A.tronautuica. Vol. 8. No.7 (July 1981). 1987). p. 24: (14 December 1987). p. 27: (7 March 1988).

9. D. Sauvet-Goichan. "'Satellite Broadcasting in the 12 GHz p. 57: (10 December 1990). p. 64 .
Band:' Paper D5.2, Glohal Telecwnnnicationsv Conlerence." 20. R. Arnim. "The TV-SatFTDF DBS Program." At ro.space Cen-

Glohecoin '82 (Nov\ember 1982). tirY XXI: .51'pace Sciences. Apil/ications. andl Cmomercial De-

10. K. Schneider. "The Franco-German Broadcasting Satellite Sieo)fenies. Vol. 64. Part Ill of Advances in the Astrnutical

Program." Paper 20.2. [irtt Canadian l)ene.stic aned Imterna-
it onal Satellite Cominninications Confl'rence )tic 1983). 21 M. Maegele and T. Hentrich. "*The German TV-Sat Broadcast-

in- Satellite System.*' IEEE Transactions onl Broadcasting,
I1. J. Georgy. "'The Direct Broadcasting Satellite Project TDF I.�" VSllite System.era cno r aiL_ Vol. 34. No. 4 (December 1988).Paper 17.6. First Canadian Domestic(0 and International Satel-liter Co.6.nicatio C i ne (Ju Internationa 198. 22. J. Georgy. "Satellite Broadcasting in France." IEEE Tran.sac-lite Communications• Conl•'rence (June 1983).

12. R. Arnim. -TV-Sat/TDF- L-. Paper 84-066 1. AIAA 10t)ht Coln- tions on Broadhcasting. Vol. 34. No. 4 (December 1988).

minmication Satellite Systems Conference (March 1984). 23. D. Fasold and M. Lieke. "*The Antenna Module of the Direct
Broadcasting Satellite TV-Sat.'" IEEE International S.v'npo-

13. L. Backlund, et al., "Tele-X. The First Step in a Satellite Coin- Bo atin Satelte TV-St." iEE Inerail9n.
munications System for the Nordic Countries," Paper 84- Shim on Antennas and Propniwtion (June 1989).

0713, AIAA lOth Communication Satellite Syste'mmis Confer- 24. D. Morin. et al.. "TDF Antenna Subsystem." Sixth Internm-

ence (March 1984). tional Con lerence onl Antennas and1 Propagation, IEE Confer-

14. J. Georgy. "The French Broadcasting Satellite System TDF- ence Publication No.301 (1989).

I Paper 35.1. International Conlfrence oil Communica- 25. L. Anderson, "Tele-X and Its Role in a Future Operational

tions: ICC '84 (May 1984). Nordic Satellite System." Acia Astronautica. Vol. 14 (1986).

15. J. Germain. "*Tele-X: A Multipurpose Communication Satel- 26. "Nordic Satellite Svstern: Tele-X'" Space Communicatimn

lite for the Nordic Countries." Sp.'ace Commumnication (ntd an(/ Broadcasting. Vol. 6. No. 1-2 (May 1988).

Broadcasting. Vol. 2. No. 3 (September 1984). 27. M. Bonnedal and P. Ingvarson. "The Antenna System for the

16. C. Michaud. et al.. "On Board and Ground Equipment for TV Tele-X Nordic Communication Satellite." Proceedings ofthe

Broadcasting Applications." International Cool'eration and 18th European Microwave Con f/rence (September 1988).

Space Missions, L. G. Napolitano, ed.. AIAA. New York 28. M. Bonnedal and P. Ingvarson. "The Antenna System for the
(1984). Tele-X Satellite." IEEE International Symplosium on Anten-

17. F. Mtueller-Roemer. "Development and Use of Broadcast Sat- haiýs anl Propagation (June 1989).

ellites in the Federal Republic of Germany," Paper 86-0644. 29. S. Chenard. "The Sorry Saga of Tele-X.'" Space Markets. Vol.
AIAA 1it/h Comnmunication Satellite Svstens• Coilfel'rentc 4. No. 2. (May-June 1989).
(March 1986). 30. C. Bulloch. "High Hopes at High Latitudes." Space Markets.

18. W. Liebisch and W. Rtimmer. "Flight Hardware Tests Results Vol. 5. No. 4 (September-October 1990).

ASTRA
Communication satellites were studied in Luxembourg since pienne des Satellites (SES). which assumed the satellite contract.

the early 1980s. The country is obviously too small to require its SES is a private company in Luxembourg with some indirect in-
own satellite. Rather. the ideas are aimed at European coverage, vestment by. and direct support from, the government. The sup-
which has drawn opposition from Eutelsat. Eutelsat is supported port was very important. because SES faced a difficult series of
by the national communications agencies of the European nations negotiations to have their system accepted by telecommunica-
which strongly regulated communications until the end of the tions regulators in other European countries. The acceptance was
1980s. and in a few nations still do. Thus. with opposition from achieved, and the system 1 1-41 went into operation early in 1989,
Eutelsat. the prospects for a Luxembourg-based system were a few months after the first satellite was launched.
poor. The SES satellites are named Astra. Astra I A w as ordered in

In 1984. a project named Coronet became the primary satellite 1985 and launched in 1988. Astra I B was ordered in 1989 and
activity in Luxembourg. The plan was to use a satellite with many launched in 1991. The satellites are not identical. but both are
medium-power transponders to provide acceptable television very similar to satellites used for United States domestic commu-
broadcasting to home receivers at a cost per channel much lower nications. Both have typical three-axis-stabilized designs: a box-
than the high-powver satellites in development (e.g.. TDF. TV- shaped body w\ith solar arrays that deploy in orbit. The antenna on
Sat). In 1985. Coronet placed anm order for a sixteen-transponder Astra I A is fixed on the earth-% iewing face. whereas the Astra I B
satellite. That same year. Coronet was replaced by Societ6 Euro- antenna deploys in orbit.
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Astra I B is the larger satellite. When SES contracted for it. it also has a larger. longer •ocal length antenna which led to better
was almost completely built as Satcom K3 for United States do- beam shaping for the coverage desired by SES.
mestic use. Thus, it was ready for launch in only a year and a half. Astra IA and I B each have sixteen transponders. Their fre-
The main rework was to modify the antenna pattern for European quencies are adjacent rather than identical, so that they can be
coverage. Since it was larger, it had the power and thermal capac- collocated in orbit. This allows ground receivers to get up to thir-
ity to accommodate higher power transmitters than Astra IA. It ty-two signals with one antenna pointed at their common loca-

tion. Other aspects of these satellites are:

Astra IA and I B cotmmnic'ation subsYstem. •

14.25 to 14.5 GHz (I1A), 14.0 to 14.25 GHz (10B) I

3 5 11.2 to 11.45

L 3 zGHz I A)

2 a5 9

S7 T13 11.45 to 11.7

6 -,TT, GHz (1 B)

9 3i

I,• , i i~r: • 11,3 117iI

BFN Beam forming network

LO 3.05 GHz (1 A) Same as above for

2.55 GHz (10) channels 2, 4. 6. 8, 10, 12, 14, 16

S• .. a i I I222



Satellite
BodN 60) x 84 x 44 inl.. solar array span 63 ft (I A): b ody' 112 x 89)
x 86 ini.. solar array span approximatel\ 80) ft1 H B)
2300) lh ( I A\). 275)) lb ( I B) in orbit. beginning, of life
2790IWO IA). 3700) W H B) begiinning of life: Nil], batteries
Three-ax is stahl li/anlon us~ingI pivoted momentum wkheel, point-
iiii accuracy in roll/piich/va\% 0).06/0.07/0.2-1 deg- I A). 0.07/
0).69/0.35 dei1- ( I B)
So lid mo tor foir apoucee mane uxer. nboni propolalant liquid propuI -
Siol on1 Orbit IA:bipropellantl liqulid pr-opulsionl for
apogee m aneu e r, nonopropi d lant onl orb it CI B)

wsestern European honicis (I A). >52 dBW over anl area contair
80%k of wkestern E-uropean homies plus the Canlary Islandsý (I E

Receiver
14.25 ito 14.5 Glt (I A), 14.0) to 14.25 GH/ (Bi

Configuration Tw\o active, tx~ 0 spare receivers
Sixteen 26-MH/ handx idth. single-conversion transponders. G/T +4 dB/K (I A). +6 dB/K ( I B)
dual-polari/iation hrequenex reuIse (I A, I B) Antenna
Transmitter One dual-ridded off'set-fed parabolic reflector. dia. 60) ill. (IA).
11 .2 to Il1.45 GH/ HIA). 11.45 to 11.7 GH, C(I B) 84 in. (113B): one feed array per polarization. eight horns per array

( I A). twelve and thirteen born arrax s
Earth facing (I B): 34-dB transmit and receive ýIlain

Atna panel Csr ~ielt eab. (I A). 318-dB Iransmit and 36-dB receive
Atennaray A"III (tli(dfi ain (iCI B): cross-polari/.at ion isolation

>30 dB
Solar arrayDeinlf
panels: einlf

ast pnelsTeni w'ars

CentralOrbit
C ~SN'nchronlousI equatorial. stationkeeping

000 to ±0.()5'N-S and E-W

Nort Hyrazie iOrbital history
I A: launched I0 D)Iecember 1988, in use.

I 20`E lont0itUde

panuelepn I B: launched 2 March 1991
panelAriane Ilaunch vehicle

LI apogee! . Management
West antenna wes5tJ engine Dev eloped for SES by GE Aslro Space
ref lector panels Cot lfotnierly RCA Astro Electronics)

Transponder Operated bx' SES
panel
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ed to he their main user. "Telexision hroadcasting to homes has not
"grown as fast as expected by SES. but lnanN cable TV operators
receive and redistribute the SES signals.

The primary service area for Astra I A includes England.
France. Germany. Denmark. the Low Countries. S% it/erland.

ERP Austria. and northern Italy. Ground antenna sizes as small as 2 ft
(dBW) ,,are able to provide acceptable signal quality for home viewing.

Cable sy~stemn operators use larger antenna~s for better signal qual-
ity. By doubling the ground antenna size. the coverage expands to
all the British Isles, and half of Norway. Sweden. Italy. and Spain.
Astra I B has slightly larger coverage than IA. plus an additional.
switchable coverage for the Canary Islands.

S50 When Astra I A began operations. the broadcasters using it
were concentrated in England and Scandinavia. Use of the satel-
lite increased slowly through 1989, but by the end of 1990 it \-.as
fully utilized. and all available transponders on Astra I B were
leased. The increased use includes an increase in the nationalities
of the broadcasters. The success of SES, which was not generally
predicted through 1988, became obvious in 1990.

In 1990. SES requested proposals for one or two more satel-
lites. In December. it announced an order for Astra IC and I D.
They) will be similar to the earlier satellites although built by a
different manufacturer. Their launches are planned for 1993 and
1994.

I. "'The Astra Satellite: Innovative Commercial Applications."'
Space Communications anl Broad(cistino. Vol. 6. No. I-2
(May 1988).

2. R. Mancuso and M. Ciceker. "Design and Performance Char-
acteristics of the Astra Spacecraft." Paper 90-0822. 13th AMA
International Communication Satellite Sv'.temn Confll'(reoe
(March 1990).

3. Aviation •'ek & Space Tec'helogv (3 October 1983). p. 130:
(4 June 1984). p. 19: (28 January 1985. p. 92: (25 February

Astra IA coverage ar-ea. 1985). p. 115:-(4 November 1985). p. 71:)(2 November 1987).
p. 26.

The Coronet plan to focus on television broadcasting turned 4. Satellite Communic'ations (October 1983). p, 10: (January
out to be a good one, even though the satellites are not limited to 1984), p. 10: (October 1987). p. 45: (March 1988). p. 23:
that. Television's use of satellites in Europe grew much faster (May 1988), p. 42, (September 1988). p. 25: (September
than the business communications that other systems had expect- 1989). p. 16. (June 1990). p. 29.

KOPERNIKUS
West Germany was a relatively small country with a well-de- The two solar arrays deploy when the satellite is in synchronous

"veloped terrestrial communications network. Communication sat- orbit: each array has three panels. A bipropellant propulsion sub-
ellites have been added to this network to improve distribution of system is used for the apogee maneu\er and all subsequent re-
television programs. to improve communications with West Ber- quirements.
lin, and to provide for the recent interest in digital communica- The communications equipment is mounted on the tWo paral-
tions for business applications. The use of satellites started in lel faces of the comnmunications modules for close coupling to the
1984 with one leased Eutelsat transponder. In 1985, West Germa- thermal radiators. There are two sections of the communication
ny started using several leased Intelsat transponders for both tele- subsystem that use the 1I-12/14-GHz and 20/30-GH6 frequency
vision and data transmissions. bands. Lower frequencies are used for the section intended for

Development of the DFS (Deutsche Fernmeldesatellit. Ger- operational use. It has seven 44-MHI band\%idth transponders at
man Telecommunications Satellite) system 11-81 started in 1983. 12/14 GH- and three 90-MHI bandwidth transponders at 11/14
It includes the Kopernikus satellite, thirty-four earth terminals. GH/. Because of the split transmission band. frequency conver-
and other terrestrial equipment. The satellite is composed of three sion is accomplished in the channeliied transmitter rather than (as
modules: satellite bus, communications. and antenna. The tech- is common on most communication satellites) in the broadband
nology used in the satellite is based on the ECS and TV-Sat devel- receiver. The 20/30-GH/ section of the communication sub-
opments. The bus module contains the various support system has only one transponder and is intended for experimental
subsystems and provides the primary structure for the satellite. use. Both sections use antennas of the same design. with beams
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coxering2 West Germany and Berlin. The same beams now pro- A and B share two actixe and two spare receivers

vide good coverage of the united Germany. The antennas are FET preamplifiers. 3.7 dB noise figure
fixed on the earth-viewine face of the satellite. Performance val- 8.9 dB/K G/T at edge of coverage
Lies are as followS: C: 29.58 GHz

Satellite Parametric amplifiers. 3.5-dB noise figure

Body approximately 5 x 5 x 6 ft. solar arrays span about 50 ft One active, one spare receiver

Approximately 1800 lb in orbit 7.7 dB/K G/T at edge of coveragce

Sun-tracking solar arrams and NiCd batteries. 1500 W after ten Antenna

A. B: one offset-fed Gregorian antenna. 53-in.-dia. reflector. 1.2-
Three-axis-stabili/ed usingn momentumn wheels. ±0.16-deg accu- deg beainwidth. 39.3-dB gain at edge of coverage. dual linear po-
racx lari/ations. 32-dB cross-polarizations isolation

Unified bipropellant propulsion for apogee maneuver and for on- C: one offset-fed Gregorian antenna. 28-in. reflector. 1.2-deg
orbit use beamn\idth. 39-dB gain at edge of coverage

Configuration Design life
A: sexen 44-MH, band\width single-conversion repeaters. 12/14
GHz. dUal-polarization frequency reuse

B: three 90-NIH, bandwidth single-conversion repeaters 11/14 Orbit

GHz. dual-polarization frequency reuse Synchronous equatorial. stationkeeping ±0.07°N-S and E-W

C: one 90-MHz bandxvidth dual-conversion repeater. 20/30 GHz Orbital history

Capacity I: launched 5 June 1989. in use. 24-E longitude
A: 60 Mbps or one TV signal per repeater 2: launched 24 July 1990. in use. 290E longitude

B. C: 140 Mbps or twvo TV signals per repeater Ariane launch vehicle

Transmitter 3: launch scheduled fall 1992

A: 12.5 to 12.75 GHz Delta launch vehicle

One 20-W TWT per repeater plus three spares

49-dBW ERP per repeater at edge of coverage

B: 11.45 to 11.7 GHz

One 20-W TWT per repeater pl,,s two spares

49-dBW ERP at edge of coverage
C: 19.78-GHz

One 20-W TWT plus one spare

48-dBW ERP at edge of coverage

Receiver
A: 14.0 to 14.25 OHi

B: 14.25 to 14.5 GH/

KAopernikus .aclli.

Management
Developed by NIBB/Erno (prime contrac-

tor) and ANT Nachrichtentechnik (payload) for
Deutsche Bundespost

Operated by Deutsche Bundespost

Three Kopernikus satellites were built. Subsystem testing xas

completed in the first half of 1986. Assembly of the first satellite
started in the summer of the same year. Two satellites \were
launched in 1989 and 1990. The third is a spare kept on the
ground: its launch is scheduled for fall 1992.

The 12/14-GHz transponders are used by about thirty earth

terminals with 11.5- or 15.0-ft.-diameter antennas. The earth ter-
minal population is expected to increase to 1(0). Some transpon-
ders are used for nationwide distribution of regional television
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programs. The Other transponders are for business commun1.1iica- SNystem DIFS-Koper-nikus," Paper M6-0095. /AIAA lit/h Comn-
tionls SUCh as com1puter nletwork, f'acsimile. v ideo conferencine~t, munian ijon Sate//ac .Svsu'n Coike ene (March 1986).
and electronic mail. Multiple users are connected to each termi- 3. H. Gaenssmrantel. "The lPaN load ot the German Commnmunica-
nal. The terminals \N~ ill commun1.1icate lin a TDNIA network %kith (ions Satellite DES- Kopernikus." Paper 86-0720. A/AA 11,1h
intertranisponder f~requlenlc hopping onl reception. Base capacity Communincation Salellit' .Siv..w (>nifereceu (NIarch 1986).
is preassigned. but.1 the peak capacit\ reqluiremlents of, each terlm- 4. R. W. Slabon. 0. Schmeller, and W. V. Knoben. 'Advanced
la: w\ill he denmand assigned. Transmission ik Q13SK atl 60 Mbps: Data and ISD)N Sets\ ices ili the DFS Satellite Communications

User information rates, are 64 khps, to 2.0)-t kMbps. Ssm..selvcit hiterliarionial Coin/~r'n~c oni D~igital Sale/-
The I I/ I 4-G I/ transponders are Used for telephone trunk, cir- lit C ommuicl(ations (Ma\ 1986).

cuits and1L netssork teles ision. lrans1 :'n)rder capacit) is tso televi 5 H. Mlliner. J. Mleser. anld L. Friederichbs. "I)FS Transmission
silisinas rone 140 Nlbps or tsxo 40 Mbp QPI Cinals. De

lInitially. onl\ tso earth terminals were built, one of them inl Ber- Igi. IOuaoratn.ttin.Sie nIlnai ia

liii and onle lin Frankfurt. B~oth hawe 9-fl antennas. Twko 20/30- (oi~i,'o )i't/.•~/i'(oniohalh(Ms18)
GH/I earth terminals. ss itli 36-4t antennas. are beinc built inl the 6. *'N,!tional Germnu Telcommun1L~ficationl Satellite DE-S- Koper-
samei locations and sý ill use thle 20/30-(;H/ transponder for the iiikus.' .Spact eC(ommnaication and Rmad a.slin,4 Vol. 6. No.

samle t\ lie of' itrac I2 (lit\ 1988).
7. H. Mahner, "A Satellite BuIsiness Network inl German\." Pa-

l. 1. Mllinr. ink e,,on o" te Geman per 25.2. Inivirnaflon,,l (jonklreiic, on (omlingoijel .Ciltnl. 0v
H. Mhner 'Comon atio Lin Des en f th Geran 'S''8 (Junle 1988).

DUS Network.'' Papier 86-0623. AMA 11lt/i Commnicnnation 8. D. TremlUrici. "'Payload Design and Repeater Performance of

Nat /li e . vxi n, ' , hrc c M ar h 1e6) D FS K opernik usI 1.' .S paR -e 'omn uim icatjon. V ol. 7. N o. 4-6
2.0. Schrnel Icr, "The German Telecommuitnicat ions Satellite (Nov ember I1990)).

BRITISH SATELLITE BROADCASTING
The United Kingdom. in 1982. was the first Euro-peanl country satellite hodN. This doubles the available powker-generating capa-

to aulthori/e at commllercial satellite broadcasting project. "Com- bility while miaintaininyi a com1pact launch contfi curation and has
mcrcial" is inl contrast to thle coveriimneit-rt-0n iV-S'at and TDF been' Used on mans other satellites,. The mainm antenna also is de-

programis inl Germany and France. The United Kingdomi project. played inl orbit, rotating about1 the hin~e ss here it is attached to the
ca]l ldU nisat. \%ias sto~pped in 1984 becauIse costs had grownr too satellite, and also unlfo~lding alonte one hiuher line internal to the
ma1Lcn. Inl 1985s. the Indcependent Broadcasting Au~thority, whlich antenna. Additional satellite detailIs are asfil, los11ms:
recullates, all British radio and 'TV broadcasting -xcept the BBC. Saelt
studied nessk approaches to organi/in it1 satelli te broadcast ing
pro~ject. A la v rabIc deci si on ss as made, anld at req ueIst for fran-i C\ Ii ndrical hod\s 7-ft I - in. di a.. S-fl ()-lin, tall sitms ed. 23-1ft 7-ini.
ch ise proposals wkas adw rtised inl 1986. This franchise \Na tallI deployed
as% arded to British SatelIi tc Broadcasting~. Ltd. 11 -41 at tile enld of 1450 lb inl orbit. becinninc of lifec
the sear anld Co\ ers at I 5-y r period. Spinniing solar array onl satellite bod\ ant! deplow d druml Ni('d

A satellite contractor wais chosen iil thle spring of' 1987. The batteries. 1100) WV beuinnintc of life. 915 WVend of lif'e
contract ss as unu1Lsual inl that it requireCd deie inl orbit of a prop- Spini-stabili/ed. cyrostat ss ith nu1.tationl damlpingL. 0.05-degi anten-
erl\ s s oki tie satellite. The sate) ~te contractor wais I'~iequ Iedt, nia pointincIL acculracy
make all arranuemlenits for latinch, and the satellite and launich-
contractors shared thle risk ftv iill] faiilures. Iimiiitcd on I bN all ill- Soimtrfrapge aeu5rlnrpeIath dr iefr
suirance thle\ could arrance. 010-i s

The Satellite is thle first for idese ision broadcastinig to be de- Configuration
signied \k ith a spinning hod\ anld desplunl colmmutnicationis equlip- H se 27-NIHi bandsvidth Iiincle-consersion transponders. three
meliet platforni. All othrs are des"i2Cued w\ith three-axis-stahili/ed ma\ be oiperated Sin~iultane~ouslk at high posser. or tsso at high
bodies %k ith large solar panels. [lhe BS B satellite has Ii e trail- power and two atl half power. ormoie at high posver and four at half-
sponders corres-pondingL to tile five channiel frequcLie6s allocated powNer
to the U. nited Kingdomn b\ (lie ITt'. Six pow~er ampl it;,rs are
available fo(r thlese Ik e chiannels. Fach amplifier is at Pair of' well- Transmitter
matched T\VWs tied io. a commlon powecr supplN. Each amplifier 11,785. 11.862, 11.938. 12.0)15. and 12.0)92 MIH/ O TU broadcast-
mnaý be tisd at high pisser (both TWTs on) or loss power (onle tic satellite channmels 4, 8. 12, 16. 21))
T W~1 aon. Trhe low-posser miode is available esen if' tone TWT Six TWTAs. each composed (if' tso 55-W TWTs tied to at comn-
talsi. Thie satellite canl pros ide eniough 1)t)\er to stiJpp~rt Six I\X~s 1m101 powerl supply. 55-W or II 10-W output. mainiumil~l of' six 55-
simul~ltaneous) ,1. ss hich skill usuall hx e fa0r three transponiders iii W TWTs onl simiultameoulsl\
high- posser mo~de. With MO t wiatellites, inl Orbit fbr redunidancy. FR IP59 dBW osera~l I ot. the United King,_domi. 61 dBW oser 90'%
three tranisponders til n ie and tsmionl thle tither ss ill fill tile like all-
Itotated f~requencies. Receiver

The Satellite is klaunched at, a compact c\ylinder. Ill orbit, at C\- 17.3 to 17.7 GHl,
Ii ndrical solar array druml is depltoyed along, its ax is. thereby cx- One active anid oiie spare receiser
Poisinig at sccoild solar array tin tile cvlidrical stirl'ace oh the /14dK
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Antenna 13SB3 started operation,, in ,pring- 1 9901. first to) cable ss stemis
()nie ON- 1(1(-in. parabol ic reCllectot o0l set- Led by muIltiple feedl and then to inldividuail home recei vers. It was required to alloss re-
horns ito t-0rn11 a tranlsmlit heani approx imnately (0.75 x 1 .8 dleg,. off'- ception by cable operators. hut ever\ homle that connects to cahle

h\tlc bsone Iced ho01rn to lorm)] a reCeis r heam). Circular polar- is one less that k\ill buy an midix idual receiver and pay a yearly
i/aliollfee to BSB. 1-uthermiore. a competitor. Sky Telev ision, had been

broadcastinL, telex ision to the United Kin-doni and Ireland since
Design life 1 989. using Luxembourg()s lowe%-r-power Astra satellite.
lIen \Cears The comipetition f'roml cable Systems and Sky Telev ision

Orbit caused at bleak (inancial outlook tor BSB. Through part of' 1990.
Sý nhroousequwril, tatonkepiL, o ±. IN-SandE-WBSB and Sky Television publicly Idebated the mnerits of' their
~\ i~ ronus quaoril. tatoukepig t IA. iN-sandE-W broadcast,,. Both were losin- miones. and in Nov ember 19901 the\

Orbital history aere-ed to mierue with the namle British Sky Broadcasfltn2. Since
launhed'~ *\tpus tI 99. pertioal.31 logitde ore homnes had antennas t(or receiv ing, from Astra than' for re-

cc iving 1roni the BSB satellite. broadcastingŽ IS now on Astra.
2:Ian itLhelId8\teutI90 omn n dr tirgna yi ho This decision leaves BSB satellites largely or wholly unused. AS a

result. the second Satellite has been left dormant in a drifting or-
D elta taut.inc x chit.le bit. rather than beino stabilized and activ ated at 31 _W\ loneitude.

Management The ftutre of the txo satellites is uncertain.

lDex loped toi Briitish Satellite Broadcasting b\ Hughes Aircraft
'onilpanm 1. B. Salkeld. "Enteineering (or UK DBS.** Paper 88-0803.tAlAA
Operated b\ British Satellite Broadcasti ng 12th, hitcrntiouda Conwmj11,111 anon San'/ic .S'1scm1sCoic,'-

rtce (Mlarch 1 988).
'The first Satellite xs as launched in 1 989 and Placed at 31 _'W ~ BiihStlie:BB"SacCrtnucrutadRv

lolgiiude: in thle S\ynchronous orbit. \\ hicli is the ITl!-assiened Io- h-aelts S.S(w omnciinswdBol

ctilon f'or broadcastine, ito the U nited Kinedomi. This satellite cai5Wii,. Vol. 6. No. 1-2 (Nia\ 1988).
somtetinmes has been namned %iarcopolo 1. It wast, delivered to BSB 3. E. T. Pf'und. "'Direct Telev ision Broadcasting %\ ith a Mediuml-
therie. in good condition, as specified in the contract. A satellite Si/ce Satellite." E.-ASCON Con/creatce Record Novemnber
control st'ationl and anl uplink broadcasting Station. f(or tranilsmit- 1988).
inw- siertals to thle satellite. haw e kenI built inl Southern E-ni-latid. 4. .Satellite ('omunu~ictt~ioni (October 1987). p. 54: (November

1989). p. 74: (April 1990). p. 14: (December 199(). p. 8.

EUTELSAT II
Since the FCS/Futelsat I satellites w~ere designed by ESA. Eu- narroxx cox erage beami is used for telex ision transmissions to an-

telsat 11 11 -91 is, the first Series designed by and specifically (~or tennas \x. ith 2- and 34t diameters. Each beami uses both linear po-
FLtteis~it. The Futelsat I operations uncovered a large mnarket for lari/ations. with separate fIced horns f'or each. The Iied horns are
busi ness Commun11.11icat ions and even miore for television distribu- attached to thle satellite hod\. btit the reflectors are Stlxmed againist
tion. Response Ito this market shaped the requirements (for Eutel- the body and are deployed iin orbit.
satl 1I. T1he primary differences betxeen the two series of'satellitesN The Satellite structure is Similar ito naml others. hav\in,, a box-
are broader coxerage and much higher power. iimproved redlur- shpdbody conmposed of two nmodules. one l'(r the paN load and
danc\. and more efticiencs, and flexi bility Ill spectruml use on Eu- one f~or the Supporting subNsysemis. There is space on the earth-
telsat If. ix% iewi n Lace of' thle bod\ for antennas to work with additional

[he Eutelsat 11 Satellite has sixteen transponders,. All are re- Pay loads. Additional Eutelwsat de~tailIS are l isted beloxx:
ccix ed through at Furopean coverage atntenina beami. All canl be
tratnsmitted through beamis with the Same coverage or sxk itched in Saeit
groups to at tarroxver beamn %khich cmi ers the coire of Western ju -Boy9x 6.5 x X I~t. span across Solar aimaSs 73.5 ft
rope. '[he broader beam) encompasses anl area bounded hy the Approximiately 20(H) lb in orbit. beginnuing of* life
A /ore and ('anarN Islands, in the Atlaint ic. the Mediterranean Sun-trackitiw Solar arrax s arnd Nil-I batteries. 30(M \\'end of life
coasts ot* Atfrica and the NiIddle l-ias. Turkey, the wvestern limits 'lhree-ax is stabil i/ation uisinge momentum .\ heels
oif the Sox iet Union. I-inland. arid Iceland. 'The narrower beaitt enl- ~~le irp atpousoi(rbt pgemnu ra
et urpasses the area hotinded by Spain. [till\. Southern Scandina- on-orbit usroelatpousn rbthpgemnmrad

via. arid (;reat B rita in. Six of the transpo nder,, can hie inrd ix idtials\
sxxitchecd betxeen txoi di fferent transmission frequetncies it al- Configuration
oither aspect of tile F'utelsat flexibility. '['his is shown in the Ire- Nine 36-Ml Nt[1 andxx idth. single-conversion traiiSponders and
quencN plan diagrami. wxhich also shows the transponder sex en 72-NIHi bandxx dth sintllle-coix ersioti transponders, dual-
groupinrg s for sxx itc hi ri bet xeeri the t mo antenna bea ins f~or polari ,ation f'equenc\ reuise
trailsin ission The g routips, laheled at and b are transminit ted thbroug h
thie xx est antennla. and group c through the east antenna. xx hich Transmitter
also,( is the recci- c antenna for all transponders. It0.95 to 11.ý2 Gti/. 11 .45 to 11 .7 Gll/, 12.5 ito 12.75 Gll/

'The E.uropean coxerage beamn is used for transmission of tele- 50-\ 1VI TWAs arraneed iii two rolgs of txxelx e. %\tith eight act ixe
phony,. data. business serx ices. and telex i sion distribution. I he in echt Ii ing
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ERP 39 to 44 dBW for European coverage, 47 to 52 dBW for nar-
row coverage

Receiver

14.0 to 14.5 GHz

Parametric amplifiers. two active, one spare
G/T +2.0 dB/K over central part of coverage. -0.5 dB/K over
90% of coverage. -3.5 dB/K minimum

Eutelsat I/ satellite.

Orbital history
1: launched 30 August 1990. in use. 13'E longitude
2: launched 15 January 1991. in use. IO°E longitude

"3: launch scheduled early 1992

4: launch scheduled February 1992
Antenna 5: launch scheduled October 1992
Two offset-fed, dual-gridded parabolic reflectors, each about 64 x 6: available for launch in 1993
88 in. ph.sically with an effective aperture of 64 in.: two feed ar- Ariane launch vehicle (1-2.4-5). Atlas I1 launch vehicle (3)
rays per reflector, one array per polarization, twenty or twenty-
one horns per array. one antenna for transmission and reception. Management
one for transmission only: dual linear polarizations Developed for Eutelsat by Aerospatiale (France) as prime con-

Design life tractor. with subcontractors in seven European nations

Seven years Operated by Eutelsat

Orbit The first Eutelsat II was launched in 1990 and the second five
Synchronous equatorial. 6 to 19°E and 32 to 36°E loneitude. sta- months later. During the early months of 1991. they are being in-
tionkecping to _+0. I'•N-S and E-W tegrated onto the Eutelsat system and taking over some of the

traffic from Eutelsat I satellites. In addition. many Eutelsat II tran-

14.0 GHz 14.5 sponders have been leased for applications which could not be ac-

Receive I 'V" Lý commodated on Eutelsat i. Three more satellites will be launched
R 7 8 in 1993. The contract still has options for seventh and eighth sat-

ellites.

OrI. D. Lombard. P. Ramat. and F. Rancy. "Telecom I Multiservic-
Transmit es Network." Satellite and Computer Communications, J-L.

Grang6. ed.. Elsevier Science Publishers. Amsterdam and

10.95 GHz 11.2 11.45 11.712.5 12.75 New York (1983).

I 11al2c 13a 9c20b.cl2b 13c A. Caruso, "Eutelsat: Maturity and Reliability through High
IF • Ia F 1 Technology and International Cooperation in Satellite Coin-

A• A Imunications." Alt,, "requenz,. Vol. 56. No. 10 (December1997).

Notes: Transponders 3 to 5 and 11 to 13 may each be switched to 3. F. Rispoli. P. Foldes. and P. Vita. "System and Technological
either of two transmit bands, but not to both simultaneously. Aspects of the Eutelsat II Antennas." IEEE International Svm-

Transponders above and below the lines are on different posiutm on Alntennas and Propaagation (June 1986).
polarizations 4. P. Foldes. F. Rispoli. and R. Jorgensen. "Antenna Design for

The a, b, c labels identify three groups of transponders, the Eutelsat 2 Program." IEEE International Siinpos.tn on
each group may be switched to either the wide or narrow Antennas and Propagation (June 1986).
coverage transmit beams. 5. G. Duret and B. V. Saint Andr. "-The Eutelsat 11 Reconfigura-

lion Antenna Subsystem," " IEEE International Sy.Nmposium
Eutel('at II freqmuncy plan. on Antennas and Prolaigation (June 1997).
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Eutelsat 11 cov'erage areas.

Narrow coverage (47 dBW) European coverage (39 dBW)
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6. "Eutelsat Satellites," Space Communication and Broadcast- Satellites: Europe's Seeds in Communication and TV Distri-
ing. Vol. 6, No. 1-2 (May 1988). bution Game," Acta Astronautica. Vol. 19. No. 8 (August

7. G. Duret and T. Guillemin, "The Eutelsat 1I Reconfigurable 1989).
Multibeam Antenna Subsystem," IEEE International Svnypo- 9. C. Burgio and J.-J. Dumesnil. "The Eutelsat !1 Programme."
shun on Antennas and Propagation (June 1989). Paper 90-0823. 13th AIAA International Communication Sat-

8. C. Burgio. I. L. Soula, and J.-J. Dumesnil, "The Eutelsat I1 ellite Sv'stems Conference (March 1990.

ITALSAT
Italsat 11-231 is a major element of the Italian national space

plan. The plan defines objectives in space research and space
technology. Many objectives are realized in multinational pro- Italsat satellite.
grams. but Italsat is being developed entirely in Italy. It is based
on experience gained in the Sirio program. Italsat is a preoper-
ational satellite intended to be as similar as possible to the op-
erational satellites. Its objectives are to A.

"* Prove the national capability to design and develop a
medium-size satellite.

"* Demonstrate, in orbit. most or all of the technolo-
gies required for the operational system.

"* Demonstrate advanced telecommunication
services to users.

"• Support new millimeter-wave
propagation experiments.

The technology demonstration is strengthened by strong Italian

participation in the Olympus 20/30-GHz payloads.
The ltalsat is a three-axis-stabilized satellite. Its design is new.

rather than a derivative of an older satellite. System definition be-
gan in 1981. and the detailed design phase began in the fall of
1983. Its rectangular body and multipanel solar wings are typical
features of three-axis-stabilized designs. All support subsystems
and communications electronics are contained within the bodv.
The propulsion subsystem is a bipropellant type and is used both
for the apogee maneuver and in orbit. The power subsystem uses
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antennas are fixed to (he satellite; their pointing is set by the satel- Three-axis-stabilized using pitch bias momentum wheels. _+0.15-
lite attitude. deg accuracy: multibeam antennas pointed to _±).03 deg via track-

italsat has three payloads. The largest is fo~r point-to-point do- igo rudbao
mestic communications. This payload will be used for high-vol- igo rudbao
ume telephony between major nodes of the Italian terrestrial Unife brpellant propulsion for apogee maneuver and on-
network. The second payload is for specialized services. This re- oricnto
fers to business communications. including voice, data. and fac- Configuration
simile transmissions between small ground terminals at customer DC (point-to-point domestic communications paylIoad): six 147-
locations. The smallest payload is (o~r propagation measurements. Mbps regenerative repeaters

Paylad ad stellte pramtersare s fllow:SS (specialized services payload): three 36-MHz bandwidth dou-

Satellite hie-conversion repeaters (only one on during eclipse)
Rectangular body. 70 x 70 x 76 in.. satellite height (body plus an- PE (propagation experiment): beacons at 18.7. 39.6. and 49.5
tennas) 11 .4 ft. span across deployed antennas 19.2 ft. span of so- GHi
lar arrays 6M9 t
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T
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7.777 GHz 4TW>I

(a)

39-592 7z

MOD PMas modulaorV(b

• 49.49

Tr2 nGHz

50.5 ~ P

DCH, 18.82. ul.04 ho9.zn5. 194.T98.an l00em zRdudneeciestoeatiernesae
Oner2WtWTa pelrirepaterpuiwosaen/ 5. Ba de fcvrg

*O 1 85s m o d u la t o r 
8 6 8 5

DC: 19.72,1. 19.195 ,1.8 98, and 20.078G~RdCuto7-n-diant offsiet-foed parbicti refloectosareac ahe

One 20-W TWT per repeater, plus two spares feed horns each generating one 0.49-deg transmit beam and one

ERP 46.2 dBW 0.3 I-deg receive beam, plus a seven-horn cluster for tracking a
PE: 18,685 GHz, 0.1I W, ERP 23.7 dBW ground beacon: edge of coverage is the -3 dB transmit contour

39.592-GHz, I-W Impatt amplifier, ERP 27 dBW and -6 dB receive contour, linear polarization
49.49-GHz, I-W lmpatt amplifier, ERP Ž25 dBW SS: one 35- x 25-in. Cassegrain antenna generating one transmit

and receive beam approximately 1.3 x 1.8 deg, linear polarization

Receiver PE: two offset-fed parabolic reflectors, one 8-in.-dia. at 40 GHz,
DC: 27.61. 27.84. 28.27, 28.62. 28.95. and 29.28 GHz plus track- one 6-in.-dia. at 50GHz 3.3-deg beam, circular polarization at 40

ing beacons at 28.463 and 29.473 GHz GHz. linear at 50 GHz (can be switched between horizontal and
Redundant receivers (one active, one spare) for each antenna vertical at 933 Hz)

G/T + 16 dB at edge of coverage
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Design life Management
Seven \.ears Developed by Telespazio and Selenia for Italian Space Agency
Orbit (through 1988 development was managed by Italian National Re-

search Council)
Sy nchronouLIS equatorial. IY3E longitude, stationkeeping to
±0. I "N-S and E-W The 20/30-GHz domestic communications payload includes

uplink demodu- lation. baseband-switched TDMA, and remodu-
Orbital history lation. The TDMA scheme uses 32-nrsec frames \kith 3(XX) slots
Launched 15 January 1991 per frame. The satellite generates the system timing reference.
Ariane launch vehicle Each of the two large antennas generates three spatially separated

beams, which are used for both transmission and reception. The
TDMA switching can accommodate up to sixteen ground termi-

A [ 1"nals in each beam. Every beam uses a separate frequency. al-
though spatial reuse of frequencies is being considered for the
operational system. The same frequency pattern is used in each
"antenna. Hence, only two local oscillator frequencies convert the
uplinks to a common set of three intermediate frequencies at
about 12 GH,. The signals are then routed to 147.456-Mbps

______,_t QPSK demnodulators. baseband switches. and 147.456-Mbps
QPSK modulators operating at the downlink frequencies. Down-
links are continuous TDM combinations of uplink bursts. The
modulator outputs are routed to the redundant TWTs. In addition
to the communications receivers, the payload has tracking receiv-

[ • • F ers for each antenna. These derive pointing information that is
used to control the antenna positions.

The specialized services payload also operates in the 20- and
30-GHz bands. It has one antenna generating a single beam which
includes all of Italy. The payload has three channels, each with a
36-MHz bandwidth. Only one is used during eclipse. The redun-
dant broadband receivers downconvert the signals to intermediate

E -"frequencies near 12 GHz. Channelized IF amplifiers are followed
by upconverters and TWTs. all with some redundancy. Transmis-
sions will be QPSK at a TDMA burst rate of 24.576 Mbps. with

(a) frequency hopping amiong the channels. This TDMA rate is ex-
:ly one-sixth the rate in the main payload. The possibility of in-

terconnecting high- and low-rate channels with rate conversion is
being studied for the operational satellites that will follow Italsat.
Both payloads will be used with ground terminals that have an-
tenna diameters of either 11.5 or 16.5 ft. depending on local rain-

4 fall statistics.

The propagation experiments payload generates three sienals.
near 20). 40, and 50 GHz. from a comnmnon oscillator. The 40- and

-3 d8 __-50-GH/. frequencies were selected, because there are several in-
ternational allocations for conmmnications and broadcasting sat-
ellites near these two frequencies. The 20-GHz signal is
modulated by an 8-kH/ subcarrier carrying spacecraft telemetry
data and is radiated through the antenna of the specialized servic-

- - es payload. It serves as a tracking beacon for all Italian ,round
terminals using the satellite. The recei\ed power level can be

d--: used as a measure of propagation loss for uplink power control.
The 40-GHz beacon is phase modulated by a 505-MHz sine wave

"r •"••to produce two sidebands and is transmitted to most of Europe.
" - - The 50-GH/ beacon has the samle European coverage. It is un-

modulated but can be switched between orthogonal linear polar-
- _ - i/ations at 933 H/. Propagation measurements planned in Italy

include attenuation. depolarization. wavef'ront coherence, and
-------------------------- other phenomena.

(b) The engineering model of Italsat \was integrated and tested in
1988. The flight model finished testine in 1990) and was launched

IIUJ~t/l1 ( a.qe.•, (a) !)omnestic conmntinicati(nis (.sOIAs /A-F) (h1d in January 1991. Initial post-launch beha\ior was \ery good. An
.p'cial .%rvice.s: (b) propagauionl experiment. extended period of testing is planned. followed by operational use

of the satellite beg'inning' in suimmer 1991.
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Although higher capacity future satellites have been studied, 12. F. Ananasso, et al., "'Simulation-Aided Design of the Italsat
none has been authorized. However, to continue the program. Satellite Regenerative Transmission Channel." Paper 84-
production ot a second flight model Italsat was authorized at the 0709, AIAA 10th Communication Satellite SYstents Confeir-
end of 1990. No launch date has been set for this satellite. en'e (March 1984).

* * * * * * 13. G. Perrotta. "'The Design of the Italsat Payload for 20/30 GHz

I. P. Bartholonim, "Digital Satellites Networks in Europe,� Pro- Domestic Preoperational Communications and 40/50 GHz
ceedings of'the IEEE. Vol. 72. No. II (November 1984). Propagation Experiments," Paper 27.8. hIternational Confeyr-

gs~m' ofnh IEEEt•atn. Vol. 72, (May I1984).br 98).

2. G. Barresi and G. Perrotta. "C. N. Aerospaziale Family of ence on Communiations: ICC '84 (May 1984).

Spacecraft." Paper 49.6. International ConlAretice oil Cotln- 14. B. Giannone. et al., "The Italsat Propagation Experiment."

munications: IC '80 (June 1980). Space Communication and Broadhasting. Vol. 3. No. 3 (Sep-

3. G. Berretta and S. Tirro, "New Telecommunication Systems tember 1985).

at 20/30 GH/.," Paper 9.5. International Coifetren'e oi Corn- 15. B. Giannone. et al.. "Exploitation of the 20-40-50 GHz Bands:

ntttnicalions: ICC '80 (June 1980). Propagation Experiments with Italsat." Paper 86-0650. AIAA
lit/h Conununication Satellite Svxtem.s Conflerence (March

4. B. Orioli and A. Vernucci, 'Access Technique for the Italsat C986).

SS-TDMA System," Paper G2.4. National Teleconmunica-

tions Con/li'rence: NTC '81 (November 1981). 16. E. Saggese and V. Speziale. "In-Orbit Testing of Digital Re-
generative Satellite: The Italsat Planned Test Procedures." In-

5. G. Perrotta, C. Mastracci, and G. Morelli, "-Progress in the ternational Journal of'Satellite Communications. Vol. 5. No.
Definition of the Italian Satellite for Domestic Telecommuni- 2

cations." Paper 82-0540, AIAA 8th Communications Satellite 1. Ari-June 98 .
Sy'stems Conference (March 1982). 17. F Marconicchio. et al.. "The Italsat Satellite On Board Base-

band Processor. Concept and Technologies." Paper 24.5. Glo-
6. A. Saitto. M. Lopriore. and C. Marconicchio. "A Multibeam hal Telecommunications Conference: Glohecomn '87

Antenna System for the Italsat Satellite." Paper F5. 1. Global (November 1987).
Tele'omntnomicatitons Con ference: Globecom," '82 (November
1982). 18. G. Morelli and T. Matitti. "The Italsat Satellite Program." Pa-

7. F. Marconicchio and F. Valdoni, "The Italsat Preoperational per 88-0781. AIAA 12th International Connunication Satel-

Comm1unication Satellite Program." Acta ,4stronautica. Vol. lite Systems Conl'rence (March 1988).
10, No. 2 (February 1983). 19. M. Dinaro. "The First Preoperational SS-TDMA System." Pa-

8. S. Tirro and A. Vernucci. "Flexible Satellite Communications: per 53.6. Global Telecon9nunicationt Confe'nce." Globecom
The Italsat Example." Paper 17.2. First Canadian Domestic
and International Saelli/e C'omnmuniteafio.' Con,-rence (June 20. G. Marconicchio. G. Morelli. and F. Valdoni. "Italsat: A Step

1983). Forward in Communication Satellites." Aita Frequenza. Vol.

9. F. Marconicchio and F. Valdoni. "The Italsat Programme." 57. No. 10 (December 1988).

Space Communication and Broadcasting. Vol. I. No. 2 (July 2 1. A. DiCecca. "The On-Board Processor for Italsat SS-TDMA
1983). Multibeam Package." Paper 34.4, International Conference

1983)nctots C'8 Jne18)

10. S. Tirro. "The Italsat Preoperational Programme." Si.th Inter- on Conmunications: ICC'89 (June 1989).

national Confr-ence onl D~igital Satellite Communmicationi 22. P. Barbero-Corsetti and L. Gentili. "RF Compatibility of Ital-

(September 1983). sat Antenna Farm." IEEE hIternational SynMplOsiumil on Anten-

II. F. Valdoni, F. Marconicchio. and S. Tirro, "The Italsat Pro- na. and Propagation (June 1989).
gramme." Tlehcomntntnication Journal. Vol. 5I. No. 2 (Febru- 23. S. DePadova. et al.. "Integration and Exploitation Aspects for

ary 1984). a Switching Satellite Systems in the Italian Public Network."
Space Communications. Vol. 7. No. 4-6 (November 1990).

TELECOM 2

The Telecom 2 satellites I ll are being developed to replace the as Reunion in the Indian Ocean (near Madagascar). These tran-
Telecom I satellites. The contractors were chosen near tP end of sponders use the two large reflectors which are deployed in orbit
1987. and a contract was signed in the spring of 1988. is for from the sides of the satellite body.
three satellites, with an option for a fourth. The Telecom 2 satel- The X-band payload extends the Syracuse system begun w•ith
lites are larger than Telecom I but of a similar design. They are Telecom i. it has five transponders and provides service to
larger and have more power-generating capability, to support French forces inside France and via global beams to all points
larger communications payloads. These payloads are the same in visible from the satellite and via a steerable antenna on the earth-
number and missions as on Telecom I but have more, and higher viewing face of the satellite.
power. transponders. The Ku-band payload is for voice. videoconferencing. and

The C-band payload uses 4 and 6 GHC - for communications business networks in France. It can also be used in neighborine
between France and its overseas departments. On Telecom 2. this countries with larger ground antennas. Capacity has almost doui-
payload has six transponders for spot beams to France. Guiana bled from Telecom I by the use of two polarizations for transmis-
and the West Indics. and the islands of St. Pierre and Miguelon sion and reception rather than one on Telecom I. This payload's
(near New foundland). Four other transponders are connected to a antenna is on the earth-viewing face of the satellite: its beam coy-
semir-global beam covering Guiana. St. Pierre. and France as well ers France and the neighboring countries.
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[he '-round teriniiials, used wýith Telecomi I w ill Continue When
tile Telecomi 21 satellites are launched. TwAo 50-NIHz bandwidth
('-hand transponders wýill each handle two FM television signals.
The other C-hand tranSponders, wNill be used for digital telephony
and data, wNith QPSK/DII')A. Transmission fates %%ill be 2, 8. and

34 Mbps. with uip to eight carieris per transponder Transmissions Three-axis stabilization using momenItIum11 wheels and miagrntie
in [Ku-band transponders will he QPSK/TDMA at 49 Mhps. torquer, 0. 1 -deg pointing accuracy

Additional Telecom 2 details are ats follows: Unified bipropellant liquid propulsion for apogee maneuvers and

Satellite on-orbit use

Rectangular body, height of bod\' pIlus antennas 10 f't. span of 'de- Configuration
ploved antennas 24 ft. span of deployed solar arrays 72 ft C: four 90-MI-i, bandwidth transponders and six 50-MHz band-
2215 lb in orbit, bevinninL, of life width transponders. partial dual -pol ari zation frequency reuse
Suni-trackine solar arravs and] Nil-,- batteries. 3575 W at end of X: three 40-MI-I. one 60-MHz. and one 80-MHz bandwidth trail-
li fe sponders

G Guiana
SP St. Pierre
F France G SP F R 1.-42 ~
R ReunionD D

5 9025- bnwit

6425 2 miiUau lI A c.(-ad H uiun. AnAV i.M ad
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Ku: eleven 36-MHz bandwidth transponders, dual-polarization X: earth coverage horns for transmission and reception plus one

frequency reuse steerable offset-fed parabolic reflector for transmission only

Transmitter Ku: one dual-gridded offset-fed parabolic reflector, dual orthogo-

C: in 3.7- to 4.2-GHz band nal linear polarizations

One 10-W solid-state power amplifier per transponder plus Design life
four spares Ten years, two months
ERP over coverage areas 39 dBW (spot beams). 32.5 dBW Orbit
(semi-global beam) Synchronous equatorial

X: in 7.25- to 7.75-GHz band

One 40-W TWTA for each of two transponders plus one Orbital history
spare 2A: launch scheduled December 1991 or early 1992

One 20-W TWTA for each of three transponders plus two 2B: launch scheduled spring 1992
spares Ariane launch vehicle

Ku: 12.5 to 12.75 GHz Management
One 55-W TWTA per transponder plus four spares Developed for France Telecom (French Ministry of Post. Tele-
ERP 52.5 dBW over all of France communications and Space) and D6l6gation Grnrrale pour

Receiver I'Armement (DGA, French Ministry of Defense) by Matra

C: 5.925- to 6.425-GHz (spacecraft) and Alcatel Espace (payload)

G/T -12 dB/K Operated by France Telecom and DGA

X: in 7.9- to 8.4-GHz band

Ku: 14.0 to 14.25 GHz 1. P. Ramat. et al.. "The Second Generation of Digital Networks
G/T 4 dB/K in the French Domestic Satellite System." 8th hIternational

Antenna Conference on Digital Satellite Communications (April
1989).

C: two 7.2-ft-dia. deployed offset-fed parabolic reflectors with
four feed horns (transmit), earth coverage horn (receive)

HISPASAT
Hispasat [1-31 is a satellite system being developed by Spain. September 1992. It is planned that the first satellite be in ori;t by

It will provide television broadcasting to homes, television distri- July 1992 and fully operational by August. The schedule is of
bution. and communications services to Spain and the Canary Is- great importance, because the system is to be used for transmis-
lands: television distribution to the Americas: and sions from the international exhibition to be held in Seville to
communications for the Spanish armed forces both inside Spain
and outside. The system owner is Hispasat SA, a private company
formed by the Spanish government in the spring of 1989. It is
owned by a combination of public and private Spanish organiza-
tions in the fields of broadcasting, communications, and aero- Hispasat satellite.
space technology.

The government approved the Hispasat project early in 1989.
and a contractor was chosen in July of that year. The contract is
for two satellites and a control station with an option for a third
satellite. The two satellites are scheduled for delivery in May and

commemorate the 500th anniversary of Columbus' discovery of
the Americas. This exhibition ends in October 1992. Further-
more, the 1992 summer Olympic Games will be held in Spain in
July. If available. Hispasat will be used for transmission from
these games. but capacity on Intelsat and Eutelsat satellites will
be reserved as the primary transmission paths.
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The satellite is a three-axis-stabilized "America" S-band antenna
design. with solar arrays extending from Tetensio +Z a
a central body. The technology for the Earth sensor Teleconication an
satellite and its payloads has been dem- Antenna deck
onstrated in other European satellites. Mlitary payload
The challenging aspect of Hispasat is to South
integrabe the payload elements neces- spansytemsl
sarv to accomplish the live missions panel
listed in the lirst paragraph. The large
reflector deployed to one side of the sat-
ellite body is for television broadcast-
ing. Antennas no larger than 2-ft
diameter will be required to receive Television

these broadcasts in Spain and the Ca- doadasting

nary Islands. The smaller antennas on f- h

the satellite body are for the television
distribution, communications, and mili-
tary communications missions.

The television distribution and com-a
munications missions also are for Spain
and the Canary Islands. They will use
ground antennas with diameters be-
tween 3 and 15 ft. These missions, and
the television broadcasting, can be used
in other parts of Europe and North Afri-
ca with larger ground antennas. The Television broadcasting reflector Fue tSolar array
military mission includes a elobal cov-
erage antenna on the satellite and a Hispasat satellite details.
steerable spot beam. This mission will
support both land and naval forces in Europe and North Africa TV-S: in the band 10.7 to 11.7 GHz
and the adjacent ocean areas. Three 55-W TWTAs active, two spares

Approximately one-third of the satellite hardware, as well as a ERP per transponder 52 dBW over Spain and the Canary Is-
majority of the related ground equipment. are being built by lands. 45 dBW as far as Southern EnGland. France. Italy. and
Spanish companies. Preliminary satellite characteristics are: Morroco

Satellite TV-A: in the band 11.7 to 12.2 GHz
Body approximately 6 x 6 x 7 ft. span of solar array 69 ft One I 10-W TWTA active, one spare
Approximately 2300 lb in orbit, beginning of life ERP 42 to 48 dBW over Central and South America (except
Sun-tracking solar arrays and NiH, batteries, approximately 3600 Brazil). the Caribbean. and the eastern time zone of the Unit-
W beginning of life ed States
Three-axis-stabilized using momentum wheels and magnetic TC: in the band 10.7 to 11.7 GHz
torquer, approximately 0.1 -deg accuracy Five 55-W TWTAs active, two spares
Unified bipropellant liquid propulsion for apogee maneuver and ERP per transponder 52 dBW over Spain and the Canary Is-on-orbit use lands. 45 dBW as far as Southern England. France. Italy. and

Configuration MorrocoConfigrationM: in teband 7.25 to 7.75 GI],

DB: three 27-MHz bandwidth transponders for television broad- One band TWTA ti one spr

casting to homes One 40-W TWTA active, one spare

TV-S: three 72-MHz bandwidth transponders for television distri- Receiver
bution to larger antennas in Spain and the Canary Islands DB: in the band 17.3 to 18.1 GHz
TV-A: one 36-MHz bandwidth transponder for television distri- G/T 12 dB/K
bution to larger antennas in the Americas TV-S: in the band 14.0 to 14.5 GHi

TC: live 72-MHz bandwidth transponders for telecommu, nica- G/T 6 to 9 dB/K
tions in Spain and the Canary Islands TV-A: in the band 14.0 to 14.2 GHz
M: one 40-MHz bandwidth transponder for military telecommu- TC: in the band 14.0 to 14.5 GHi
nications

G/T 6 to 9 dB/K
Transmitter M: in the band 7.9 to 8.4 GHz
DB: in the band 12.1 to 12.5 GHI Antenna

Three I I -W TWTAs active, two spares AB

ERP per transponder 59 dBW over Spain and the Canary Is- one deploed offset-fed parabola
lands, 51 dBW as far as England. Germany. and most of Italy TV-S: one offset-efd parabola
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TV-A: one offset-fed parabola I B: launch planned by late 1992
TC: shared with TV-S Ariane launch vehicle
M: one steerable parabola (spot beam) and two horns (global Management
beam transmit and receive) Developed for Hispasat SA by Matra with British Aerospace

Design life (spacecraft) and Marconi (payload) as primary subcontractors
Ten years Operated by Hispasat SA

Orbit
Synchronous equatorial. 3 1 W longitude. stationkeeping to I. "Hispasat et )a Cooperation Franco-Espagnole." Air & Cos-

±0. I °N-S and E-W mos. No. 1253 (7 Octubre 1989).

Orbital history 2. S. Chenard, "-Hispasat. Europe's Most Urgent Satellite,"
Orbitaunchlandy JSpace Markets. Vol. 5, No. 4 (September-October 1989).
IA: launch planned by July 1992 3. i. Parker, "Spain Buys Satellites," Space. Vol. 5. No. 5 (Sep-

tember-October 1989).

TURKSAT
In the fall of 1990. the government of Turkey announced the 52 dBW. The satellite will be three-axis-stabilized with deployed

award of a contract for Turksat. This satellite will serve Turkey solar arrays. A single large reflector will be deployed as part of
and other regions in Europe which have Turkish language resi- the antenna that forms a beam, or beams, which cover the desired
dents. The contract includes two satellites launched and delivered service area. The satellite size will be on the order of 2400 lb in
in orbit, and a ground control center. orbit. The first launch is planned in 1993 on an Ariane: more like-

The satellite will have sixteen transponders: the desired ERP is ly. it will occur in 1994.

EUROPEAN SATELLITE BROADCASTING

High-power broadcasting from satellites exists in Europe on European coverage. Consumers apparently prefer the quantity of
the German TV-Sat. French TDF. and one paylod of ESA's Olym- programming on these systems and are willing to buy the antenna
pus. The British satellite, BSB. is in orbit but unused. Eutelsat's sizes required to receive from them. Both systems are introducing
Eutelsat I satellites and Luxembourg's Astra I A and I B are higher-power satellites-the Eutelsat 11 series now and Astra IC
heavily used for television distribution to cable systems. Signals and ID in a few years.
froin these systems also are received on individual home receiv- Eutelsat has been studying satellites optimized for European
ers, but they require antennas larger than the less than 2-ft diame- broadcasting. In 1990, the Eutelsat member nations agreed in a
ter characteristic of high-power broadcasting systems. general way to proceed with this type of satellite, usually called

The limit on the high-power systems has been the cost of the Europesat. Specific requirements for Europesat will be developed
satellites and the programming. The trend in Europe is in the di- in 1991. and a Eutelsat request for proposals could be issued in
rection of Eutelsat and Astra: more channels per satellite and Pan- 1992. If so. the first satellite could be launched in 1997.

ESA DATA RELAY SATELLITE

Since 1986. ESA has been conducting studies and technology access and laser communications payloads on the ESA Artemis
development in preparation for building a data relay system 1 I-5 1. satellite, which was described in the section on experimental sat-
The central part of this system will be two data relay satellites in ellites.
synchronous orbit. Benefits to low-orbit satellites using these re- The Eureca demonstration will use the 20/30-GHz communi-
lays are a result of the nearly continuous contact available be- cations payload on Olympus. This payload has two transponders.
tween the low-orbit satellites and their control centers. These one for transmissions from Eureca to the ground and one for the
benefits include transfer of data at rates too high for on-board re- opposite direction. The payload also has two antennas: one will
cording, scheduling and control not tied to infrequent passes over be pointed at the ground and one at Eureca. The inter-orbit com-
ground stations, and satellite simplification since less autonomy munication payload on Eureca uses a 2 I-in. antenna and a IO-W
is required. Candidate users of this data relay system are the Eu- TWTA: because of the small antenna, the maximum transmission
ropean portion of an international space station. European remote rate is 2 Mbps. The rate to Eureca will be 2 kbps. Eureca is sched-
sensing satellites, and launch operations. uled to be launched in the summer of 1992 on the Shuttle and to

Two major in-orbit demonstrations are part of the data relay be retrieved by a Shuttle mission six to twelve months later.
preparation program. The first is a relay satellite demonstration The data relay system is expected to use both S-band and Ka-
using the Olympus satellite and a low-orbit satellite called Eureca band (23-28 GHzI for links between the relay satellite and lo%%-
(European Retrieval Carrier). The second is the S-band multiple- orbit satellites. The S-band will have multiple access capabilities
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and be interoperable with the NASA TDRSS S-band multiple ac- I. F. W. Ashford. D. L. Brown, and K. G. Lenhart, "The ESA
cess service. The Ka-band communications will have characteris- Data-Relay Satellite Programme." ESA Bulletin. No. 47 (Au-
tics chosen in coordination with NASA. for interoperability with ,_,ust 1986).
Advanced TDRSS. and with Japan, for interoperability with their 2. A. Dickinson, S. E. Dinwiddy. and J. Sandbelg, "The Europe-
proposed relay satellite. Inclusion of optical communication on an Data Relay System as Part of the In-Oioit hibrastructure."
the relay is uncertain. ESA4 Bulletin, No. 51 (August 1987).

In June 1990. ESA approv'ed the next step of the data relay 3. J. P. Pouliquen and R. Tribes. -Inter Orbit Communication
program. If it proceeds as planned and the satellite development (IOC)." Space Technology., Vol. 9. No. 4 (0989).
is funded, the first relay satellite could be launched in 19% or 4. G. Oppenhuser, "ESA's First Data-Relay Satellite Experi-1997. 4 .Opn~ue,"EAsFrtDt-ea aelt xei

1 9 * * 7 ment," ESA Bulletin, No. 47 (August 1986).
5. A. Dickinson, "The Data-Relay Preparatory Programme."

ESA Bulletin, No. 61 (February 1990).
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DOMESTIC AND REGIONAL SATELLITES
Domestic and regional satellites are now described for all systems includc much lower cost than terrestrial alternatives and

countries except Canada, the United States, and Europe. Asia. the ability to provide nationwide communications. Many coun-
Africa. Australia, and Central and South America are all repre- tries have coupled the satellite purchase with internal technologi-
sented. Only India and China have developed communication cal development. Examples are building earth terminals and
satellites themselves, and these have been rather small. Japan receiving training in satellite operation and earth terminal mainte-
launched a domestically developed experimental communication nance. Of the satellites discussed here, only Arabsat is a regional
satellite, ETS-V, in 1987. Japvn and India have both purchased satellite-a single system providing communications among
their primary satellites from the United States, although both are many nations with a common interest. The others are all domestic
working also to develop their internal capabilities. The other satellites, although Indonesia leases some transponders to neigh-
countries have purchased their satellites from United States, Ca- boring countries for their domestic use. Many other nations lease
nadian, and European manufacturers, satellite capacity from Intelsat either because their needs are too

A common purpose, for the satellites described here. is to small to justify a whole satellite, or as an initial step to their own
overcome natural barriers to communications. e.g.. deserts, satellite system. The Intelsat leases were described earlier.
mountains, dense forests, and oceans. The benefits of the satellite

JAPAN (Government Programs)
In Japan. the National Space Development Agency (NASDA) 2. M. Hirai. et al., "Development of Experimental and Applica-

has the responsibility for launch vehicle and applications satellite tions Satellites," Acta Astronautica, Vol. 7. No. 8-9 (Aug-ust-
developments 11-61. Although the applications programs are var- September 1980).
ied, the major emphasis has been on communications. The specif- 3. Aviation Week & Space Technology (13 August 1973). p. 19"
ic programs are the Communication Satellites, the Broadcasting (4 March 1974), p. 16; (22 April 1974), p. 23: (17 March
Satellites, and the experimental satellites (described earlier). At 1975). p. 61: (1 March 1976). p. 52: (4 October 1976), p. 24 :
the beginning of 1985, a change of government policy permitted (17 October 1977). p. 104; (3 March 1980). pp. 92. 234:
private communication systems to operate in Japan. These sys- (9 March 1981). p. 107: (10August 1981). p. 61: (8 March
tems are described in the next section. 1982), p. 107: (5 April 1982), p. 13: (26 April 1982), p. 15:

The emphasis on spa(,- communications is a result of the (31 January 1983). p. 23: (14 March 1983). p. 112:
crowding of extensive existing communications facilities in ur- I I April 1983). p. 86: (30 January 1984). p. 19: (13 February
ban areas and the difficult geographic problems (islands and 19 8 4 ). p. 125, (21 May 1984). p. 18:(23 July 19 8 4 ). p. 72:(I7
mountains) of the nonurban areas of the country. Considerable September 1984). p. 20:(3 June 1985), p. 72:(24 June 1985).
terrestrial use of the lower microwave frequencies has led to ex- p. 15: (19 August 1985), p. 13: (25 November 1985). p. 13:
tensive efforts to investigate higher frequencies. Consequently. (6 January 1986). p. 21: (20 January 1986). p. 25: (24 Febru-
most of the communications equipment in these programs oper- arN 1986). p. 66: (10 March 1986). p. 138: (9 June 1986).
ates at frequencies between 10 and 35 GHz. p. 29: (7 July 1986). p. 27: (II July 1988). p. 11: ( 19 Decei-

NASDA's satellite communications development effort is de- ber 1988). p. I1: (26 February 1990). p. 32, (12 March 1990).
signed to make economic use of available foreign technology p. 53: (16 April 1990). p. 28: ( (0 September 19901. p. 30.

while developing internal technical capabilities. Thus far, all sat- 4. R. Hayaski, Y. Furuhama. and N. Fugono. "Propagtion Char-
ellites have been built by United States companies under contract acteristics for Millimeter and Quasi-Millimeter Waves by Us-
to Japanese companies, but all ground terminals have been devel- ing Three Japanese Geostationary Satellites." Acta
oped in Japan. The percentage of Japanese-built equipment in the Astronautica. Vol. 7. No. II (November 1980).
satellite is increasing, particularly in the communication sub- 5. T. Mor and T. lida. "Japan's Space Development Programs
sy stems. for Communications: An Overview," IEEE Journal on Select-

* :• * * * * ed Areas in Communication., Vol. 5, No. 5 (May 1987).

I. F Ikegami and S. Morinioto. "Plans for the Japanese Domes- 6. M. Miura. "Perspective of Satellite Communications in Ja-
tic Satellite Communication System." Paper 4G. I. 1972 IEEE pan." Telecommunication .oIurnal. Vol. 56. No. 8 (August
Intercon Record (March 1972). 1989).

Communications Satellites (CS, CS2, CS3)
The objectives of the Communications Satellite program The program uses two frequency bands. 4/6 GI/. and 2(1/3(0

II -291 are to GHz. The latter band supports the first objectie: the former sp-
"* Provide. in combination with terrestrial facilities. high-ca- ports the second. Both bands are available for emergency use.

pacity links between urban centers. The program includes three generations of satellites. CS and CS2.

"• Provide new and/or improved services to small islands local- and a third. CS3, in use.
ed away from the primary islands of Japan. The first phase of the program was based on the Medium Ca-"Be availabeay fo altheprimar andssion Jpan. opacity Communications Satellite for Experimental Purpose. coin-

* Be available as an alternate transnmission path for any terres- monly called the CS. The C'S. launched in 1977. w,'as usecd for a

trial facilities damaged by natural disasters.
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Communications chanicall\ despUnl. and the aitenna beam kwas reflected tokkard thie
despun anten'na earth b\ a- reflector oriented 45 de- from the ,pinl axis. The reflec-

to r ý\ as, not exacik\ flat hut "Zas contoured to shape the K-hand
(20)130)-C11/ beam) to miatch the oeooraph\ of the main Japanese
islands, The 4/6-CIA, heanis used the same antenna hut ý%ere cir-
cular and \\ere of a siue that covered all islatnds, to he ser~ ed hý
CS.

Despun The (752 satellites \\ere developed to I'()lollo the CS satellite inl
anen support of operational commnunications links,. The ne%\er satellites

Upper solarsupr
array panell kere almost identical to the C'S. The CS2 commu11.nication sub-
arraypanelsvstinl. like the CS. had two 4/6-CU, channels and six 20130-

Despin CH/ channels. The handw\idths had been reduced but %ýere still

Earth assembly miore than adequate f*or the chosen data rates. The cotiutnutiation
SuJb.system eOtfii"Uratioti has been modified. primiaril\ to itliproxe
r-eliability. Also. imuprovetments inltllicro\\ ave electronics, since

S-band Eupe thtie CS was huilt resulted in sotile satellite perhirmiatce increases.
antenna IEupmentor CS2A xý as launched earl\ in 1983 and wkas namned .Sakura.

CS2B3 was launched later inl 1983. The 4/6-CU, channels, ýere
Lower solar
array panell i used with at 109-Mlbps QPSK TDMNA netxork to transmit tele-

Apoge phone and telev ision hetweeti Tokyo and remnote islands such as
Apoge Okinawa. The 20/30l-(;H/, channels, \%ere used with a 653-\bps

BPSK IDMA netw\ork for telephotne transmnissions between eight
mnalor cities. Fixed terminials for these links had 38-ft antennas.

(CS, SI).Transportable termninals for each f'requencN band, w.\ith about 1t0-
('1iI)I~lj~~j')i %~h'IiI('((5 ('5 ' -diamieter antennlas. prox, ided FDM A links.AllI of these links

variet\ of tests and preoperationmal systemi demionstrations. Acti\ i- were fbor public ort goxertilental commlunications. Nippon Tele-
ties included] transponder characteri/ation, tests of several trais- phone and Telegraph (NTT). w hich prov ides all public cotmntnti-
ulliSsiori arid Multiple access techniques.
-aininue satellite control experience. and
propagatio oillneasL1-ure men t sAf tr CS commifiii (lif l *III .%ion ICIni.

launch. the C'S k'~as renamed Saukura.
wkhich translates to (heirrv IBh,.Nvom.D
(The Japanese t1 picalk\ natnie satellites,.

%%fhich sulccessfullxl reach orbit, aft'er 6045, 6305: 1 3820. 4080
flox' ers. I

The said I it..- %kas spiti-stabilIi/ed x'\ith
at despun antentla. veci- siniialar to theTDTTW
N, Ai( ) IIl satellite. The solar arra\ \\asI
identiical. and inatl\ support subhs~stemls L.22
were den S cr f'rom N ATO ill sub-
systemis. The cotllillut1licaiion sulhsxsttlCl-0TDTTW
and antennai \xCJ Jcrc LeS~ eileis. This sat-
ellite had ciuhit channels, each \01 ita
2(10-MUl nanldxsidtli. I"\%o channiel,,225Ts
xkkcrc in the 4- arid 6-CdIi/ band used b\ 7518
illatl commerclcial satellites,. The othe r 27,95 18 15
six L-hantiels xs crc in thle 17.7- to 21.2- 28.55 T15Hz18 75
Gll/ arid 27.S- to 314-(dl1 hands. This 28.85 T W1905
%kas the firt-. use of these f'requencies firl 2965 19 85
statndaid communiiiicationi links,. iltlhout-li 295 z S 253G H1.Gz205G:

other stellites had equipmienit lor- special TT
transinissiotls for piopagiltion nica,isii-cT

tIllit 5 di these I requienc tes. The\ \%er crc Gz
selected, because thie allocairt d hainds at 53 ~
loxker frequencies (i~e.. 4 to 6 (dII atid
11 14 (111/i %%ere alteadx hcaxil tifsusd
inl Japan for terrestrial ser.\ ices, and thle 15G
resuiltitle interference to satellite links,
%kould ox erlx constrain earth teritinial to-
catioins. The satellite antenna S\.is at
despun horn xx hose axis xx as coincident TTT
wkith thle satllitell spill axis". It \\itas tile-



cations, used both C-band and four K-hand channels. Various
governnlent agencies and public utilities used the other two K-
band channels. Business commnunications, like those available oni
the many United States domestic satellites, were not planned until
introduction of the (',3 satellites at the end ot the I1980s. Only
21 - of one K-hand channel was allocated for testinL, business
comminiunications. This was a disappointmllent to l1;any bLusinlesses
that desired such a service.

The CS3 satellites %\ere de\eloped to continuC the communui-
cation services started \% ith the CS2 satellites. CS3 provides imn-
proved capacilt. due both to more transponders and higher
pCrforniance in each. and greater reliability. The external appear-
ance of these satellites is the same as for CS and CS2. The one
m1a * Or construLct ion difflerence is that CS3 has two internal equip-
mcint shehles. The low\er is for nmounting support equipment, the
upper for the conimuinication subsVsteiii. The other major change
on ('$3 is tile use of GaAs solar cells rather than silicon cells.
This is the first use of GaAs cells on any coiiiiiiuniicatiori satellite.
Their benefit. relative to silicon. are 5tW oreater efliciency at
end of life plus lower sensiti\ it\ to operating temperature and ra-
diation efl'ects. The increased po,,ker permits operation of' more
transponders. Also. larger batteries pernit the use of'all transport- ('5"3 sawll.
ders in eclipse rather than onIl, two on CS2. The CS-3 comniuni-
cation Subsy-teiii has twyo C-hand and ten K-hand channels. The * There are more channels, each , ith a smaller bandwvidth, vet
C-band section has the same contigurationi as CS2. but field effect still more than sufficient for the 65-Mbps transmission used
transistor amplifiers have replaced the TWTAs. The K-band sec- with CS2.
lion has several changes: - New\ly developed GaAs FET preamplifiers at the uplink fre-

quenicy provide amplification before
Sfrequency con ersion. This permits

.)..' (f'11IIlf~fljtt(n (' .Alth,¥)'. II . a change from double- to siricle-

con ersionl transponders. v\ ith all at-
tendant w\eight savings and im-

6045.6305 D3820.4080 proved perlormance.
4 Transmitter redundancy has been

added.
Tile two CS3 satellites w\ere launched

in 1988. Tile\ \\ere aniong the first satel-
lites launched by the Japanese H-I. The
applications. transmission formats, and
gr'oun1d stations used with CS2 continued
with CS3. These nex, satellites still \were
not directed towards business Con11iluni-

4> 0t " qcations. but business users ,enre able to
17.825 look to\\ ard the new\ private coniimu11lnica-

27625 18065 tion satellite sstelnis about to be
27865 16265 18305 launched (described in ar later section).

28465 S 26.065 18-665 The CS3 continued Ito be primarih l for287518.905"
28.705 L 19145 governmnent and public cotl+unicationls.
28 945 16265 GHz Studies of a CS4 series began prior to

Tz3 T W•T•e ('$3 launches. Hoi\ e\er. as part of the
L . -C United States-Japan trade negotiations.

16 265 _ the Itnited States ar'ued that CS4 \\aN anl
operation al satellite, not an experimental
one. and hence should be procured bN
open comipetition. The Japanese reluc-

L5 •tantlv agreed. and direct plan, for' CS4
4. S 26905 L_ IH TT \\ere dropped. Ne ertheless. the o\ erm-

niienill \\ ill requlire some nie t % satellite ca-

6 17 105 pacit\ iii 1 995 to replace tile ('S3
T T ,W satellites. To fultlill this need. ill sUlMnmer

199 1 NTT rCqulesled proposals for a n%\\

17 105 series of, satellites. These satellites \ ill
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have transponders using both C-band and K-band, perhaps with K: 33-dB minimum gain (main islands only) (CS, CS2, CS3),
an additional S-band payload for service to mobile users. Two 27-dB gain (Okinawa) (CS3)
launches are planned in 1995.

Details of the CS, CS2, and CS3 satellites are as follows: Design life
Three years (CS)/five years (CS2)/seven years (CS3)Satellite

Cylinder, 86-in. dia., 88-in. (CS)/81 -in. (CS2)/92-in. (CS3) Orbit

height. overall height, 139 in. (CS)/130 in. (CS2)/139 in. (CS3) Synchronous equatorial, ±0.lI (CS, CS2)/+I0.050 (CS3) E-W and

Approximately 750 lb (CS)/770 lb (CS2)/1210 lb (CS3) in orbit, N-S stationkeeping

beginning of life Orbital history
Solar cells and NiCd batteries, 529 W (CS)/540 W (CS2) at be- CS: launched 15 December 1977, turned off and moved above
ginning of life, 422-W minimum after three years (CS). 409-W synchronous orbit after CS2 launches
minimum after five years (CS2), 840-W minimum after seven Delta 2914 launch vehicle
years (CS3) CS2A: launched 4 February 1983, turned off and moved above
Spin-stabilized, approximately 90 rpm, ±0.3/±0.2-deg antenna synchronous orbit after CS3 launches
pointing accuracy (CS, CS2/CS3) CS2B: launched 5 August 1983, turned off and moved above syn-
Solid rocket motor for apogee maneuver, hydrazine propulsion chronous orbit after CS3 launches
for on-orbit use Japanese N-2 launch vehicle

Configuration CS3A: launched 19 February 1988, 132°E longitude
C-band: two 200-MHz (CS)/180-MHz (CS2, CS3) bandwidth CS3B: launched 16 September 1988, 136°E longitude
single-conversion repeaters Japanese H--I launch vehicle

K-band: six 200-MHz (CS)/130-MHz (CS2) bandwidth double-
conversion repeaters, ten 100-MHz bandwidth single-conversion Management

repeaters (CS3) Developed by Ford Aerospace and Communications Corporation
under contract to Mitsubishi (Nippon Electric developed part of

Capacity the CS communication subsystem and all of the CS2 and CS3
C: 672 two-way voice circuits, or 432 voice circuits plus one TV communication subsystems) for National Space Development
program. or 192 voice circuits plus two TV programs per repeater Agency (NASDA) of Japan
(CS2. CS3) Operated by NASDA (CS)/Telecommunication Satellite Corpo-
K: 1920 two-way voice circuits per repeater (CS2, CS3) ration of Japan(CS2, CS3)

Transmitter

C: 3820 and 4080 MHz I. M. Hirai. et al., "Development of Experimental and Applica-

6-W TWT (CS. CS2)/7-W FET (CS3) per repeater. one spare tions Satellites," Acta Astronautica, Vol. 7. No. 8-9 (August-
(CS2. CS3) September 1980).
29.5 dBW (CS, CS2/3 1 dBW (CS3) minimum ERP per re- 2. R. Hayaski, Y. Furuhama, and N. Fugono, "Propagation Char-
peater acteristics for Millimeter and Quasi-Millimeter Waves by Us-

K: 17.7- to 21.2-GHz band (see communication subsystem fig- ing Three Japanese Geostationary Satellites," Acta
ures for specific frequencies) Astronautica, Vol. 7, No. II (November 1980).

5-W (CS. CS2)/10-W (CS3) TWT per repeater. five spares 3. T. Ishida. K. 1. Tsukamoto, M. Hirai. and H. Okomoto, "Pro-
(CS3) gram of Medium-Capacity Communications Satellite for Ex-

37 dBW (CS. CS2)/38.7 dBW (CS3) (main islands). 33.4 perimental Purpose." Paper 76-244. AIAA/CASI 6th

dBW (CS3) (Okinawa) ininimum ERP per repeater Communications Satellite Systems Contference (April 1976).
Receiver 4. H. Hyams, "Design of the CS Communications Subsystem,"

Paper 76-293. AIAA/CASI 6th Communications Satellite Svs-
C: 6045 and 6305 MHz tens Conference (April 1976).

Active plus spare receiver 5. M. Kudo. ct al., "The Design of the Communications Antenna

Noise figure 9 dB (CSj/4 dB (CS2)/3.5 dB (CS3) for CS," Paper 76-252. AIAAICASI 6th Communications Sat-

G/T -8 dB/K (CS), -6 dB/K (CS2). -4 dB/K (CS3) ellite SYstems Cotnference (April 1976). Reprinted in Satellite
K: 27.5- to 3 I.-GHz band (see communication subsystem fig- Communications: Advanced Technologies. Progqress in Astro-

ures for specific frequencies) natti's and Aeronautics, Vol. 55, D. Jarett, ed. (1977).
Two active plus two spare receivers 6. H. Kaneda and K. Tsukamoto, "Experiments in the CS Pro-
Toaive plgusre ri dB (CS)/8 dB (CS2 dBgrami," Paper 78-616. AIAA 7th Communications SatelliteNoise figure 13 dB (CS)/8 dB (CS2)/5 dB (CS3) SsesCnh e' Arl17)

G/T -4.4 dB/K (CS). -3.8 dB/K (CS2). -0.7 dB/K (CS3) vsemts C'onfierence (April 1978).
(mai islandBs). -3.8-dB6KCS0.7 dB/K (CS3) (7. C. L. Cuccia, "Transponder and Antenna Design Problems at
(main islands). -6.7 dB/K (('S3) (Okinawa) Millimeter Wavelengths for 20-30 GHz Communication Sat-

Antenna ellites," Symnposiuln on Advanced Satellite Communications

Despun horn and 45-deg contoured reflector. 37-in. dia. aperture. 5\stenls. Genoa. Italy (December 1977).

circular polarization 8. M. Hirai and H. Uda. "Experiment Programme for the Japa-

C: 25-dB minimum gain (main and outlying islands) nese Communications Satellite." Symposium on Advanced
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Sweullite Commuanications' S~svscnx.v Genoa. Italy (December cations~ September 1 983). Reprinted in J,,ternationtil Journal
1977). qf'Saltellite Commnunication. Vol. 1. No. 2 (October-Decemnber

9. K. Tsukamoto. N. lmai. and Y. Ichikawa. "Present Status and 18)
Future Plan,. of Japanese CS and BSE Programns." in Astro- 19. K. Miyauchi. H. Yamnamoto. and K. Kondo. "Comimunication
nautlicis for Peace anI Humnan Prges Proceedlings of 'the Equipment Technologies of Japanese Domestic Communica-
XXI.Yth ht'ntoasnntCal(ong1ress (October 1978). tion Satellites,- Paper 84-0681, AlAA 10th Comuinnication

1 0. T. Saru~watari. et al.. "Digital Transmission Experiments with Satellite Sxstm Con fi'rence (Mlarch 1984).
the CS Satellite," hOurth hinernal junal C~m/cw~ree onl Dig~ital 20. Y. Nagai and S. Kato. CS3Systems and the Technical Pros-
Satellite Comminnication~s (October 1978). pects of' Its Successor.- Paper 3.4. lutre,-ationa/ Colififrelce

11. K. Tsuikamloto. et al.. "Experimental Program and Perfor- oi C oflflmimicafi)1t5 ICC '84 (Max' 1984).
mance oflJapan's Communication Satellite (CS) and Its First 21. R. Tanaka. -30/20) GHz Domestic Satellite Communication
Results." IEEE Transactions onl Communications. Vol. 27. System in the Public Communication Network of Japan."'
No. It) (October 1979). Proceetifing of he IEEE, Vol. 72. No. I I tNovember 1984).

12. K. Tsukamnoto. H. Fuketa. and Y. Ichikawa. -Present and Fu- 22. Y. Otsu, et al.. -Japan's CS-2 Pilot Proe-rami." Eariith-O-i,~ie(ted
ture Aspects of Japanese 'CS' Program.- Paper 80-047 1. AIAA Appilications o/ Sp~ace Technologiy. Vol. 5. No. 4 (1l985).
S/il Conmmanaations Satellite )~sesCnfilrenlce (April 2-3. R. Suzuki and H. Hayashizaki. "NTT Domestic Satellite
I1980). Reprinted in fouirnal of'Spyacecraft antd Rockets. Vol. Commlunications Systems." Earth-Orientedl App/ncatioms of
I18. No. 3 (May-June 1981lt. Space 7&-hno/ogy. Vol. 6, No. 2 (1986).

13. T. Ishida. et al.. -Satellite Communication Experiments of 214. Y. Otsu. et al.. 'Japan's CS (Sakura) Commu nicai ions Satellite
CS.- Acta Astronaatica. Vol. 7. No. 8-9 (August-Septemnber Experiments." in six parts. IEEE Transactions onl Aeros pace
1980). and Electronic S * stems. Vol. 22. No. 3 ( May 1986).

14. K. Miyauchi. -NTT's Domestic Satellite Communication Sys- 25. Y. Shikata. M. Eguchi. and K. Funakawa. "High-Speed Digi-
tern." IEEE Communnications Magazine. Vol. 18. No. 5 (Sep- 'a wthdSrie ewr nopsigthe CS2 Coin

temnber 1980). mu1nications Satellite Systemn." Paper 16.2;. International
I5. Y. Naizai. et al.. "Desien and Characteristics of the CS-2 On- C'anki'ence on CoinmutnicaItiOnS: ICC '86 (June 1986).

Boad Cmmnictin Euimen Eninerig odes. 26. M. Tanaka. et al., -30/20 GHz and 6/4 CHz Band Transponder
Paper 54. 1. Initernaiatanal Con~firence onl Comnniil.catt.oils: Development for Communications Satellite CS-3.- Paper
ICC '81 (June 1981). W65. International ('onkrenc'e om Communications: ICC 5(so

16. T. Tada. et aul.. -CS Fligyht Data Analysis During 5 Years In- (June 1986).
Orbit Operation." Paper 22.8. First Canadlian D~omestic alitil 217. K. Hashimoto. et al.. "Pilot Prog 7ramn and Operational Users of'
hInternational .Satellite Connnunications ('on ferenlce (June CS-2 Communication Satellite in Ka-Band." ,Acta ~.AIs~tr-onanti-
1983). ca Vol. 1 ( 198 7).

17. T. Okamoto. et al.. "Communications Transponder Perfor- 2)8. T. Mori and T. lida. "Japan's Space Development Programs
mance for Japaniese Commu11Lnicat ions Satellite-2 and Pros- for Communications: An Overview." IEEE .lournal onl Sehlec-
pects for the Future Systemis."'Ac-ta AsI.tr-onauuca(-. Vol. 10. No. ed Areas of Comnnm)llicat~ioln. Vol. 5. No. 5 (May' 1987 (.

9 (epembr 983. 9. M. Miura. "Perspective of'Satellite Communicat ions in Ja-
18. R. Suzuki. et al.. "*Japanese Commercial TDMA Systemi,* pan.". 7ielecomm~unication J1ournal. Vol. 56. No. 8 ( Auguist

Simth Interniationail Conh~'rence onl Digital Satellite Connnlion- 1989).

Broadcasting Satellites (BSE, BS2, BS3)
In Japan. satellite telexvision broadcasting 11-341 is used to: The sin-le lat ce anteinna is fixed to the satellite. Thle BS2 has imi-

"* Extend Current broadcasting to outlying areas and house- provements intended to increase its lifte to live x'earsN. compared to
holds, onl thie main islands that( have poor receptioni or none. three years for BSE. Also, the BS2 satellites used a Japaniese

"* Prov ide newk broadcasting services, launIch vechicle rather than the United States vehicle used for the

"* Promote tech nolog icalI dex'elopments. BSE.cmuiainsbytmisrltsl ipeadsp

be Provid e an al natirae tosaterrstra. q i m n. xhc id ports only txvo channels. The antenna pattern is shaped to pro\vide
be dmage by atual dsastrs.coxciac-e of both the main and ouligislands of Japan. There

The tirst satellite in the program wNas the Medium11 Scale Broad- are two cateuories of difference betwveen the BSE and( BS2. One
casting Satellite for Lxpecrimental Purpose ( 8SE or BS). It "xas is ad -justments in the frequencies. polari/ation. and Some other
named býiii (I ilv ) after launch. Thisý satellite w&as used for manly parameters to conform to the decisions, of~the 1977 ITt' space
technical measuremnents: operational test in1g. especiall Ikxxith broadcasting conference. The other is changes as thie result ofnim-
transportable terminals: and gainling experience in the control ol a provetients in electronics: these are noted, on the figure. The lidl-
three-axis-stabili/ed saelitelTe operational phase of~the pro- lowint, details apply to both satellites,:
L'ratri uASe the BS2 stlis.folloxxed by the BS3 satellites,.

'['he 11SF. and BS2 satellites, are very similar in design. Both Satellite
are threc-axis-stabili,'ed xwith deploxyed solar arrays'. All equip- Rectangular body. approxitmately -4 I square. depth approximlate-
Inciem is conttained xx ithin or onl the si'des at the rect'angular body'. Ivy 3 ft. oxerall de pth fbod v. apogee motor no/i Ic. and(
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SJapanese broadcasting satellite (BS2).

Receiver
14.25 to 14.30 GHz and 14.35 to 14.43 GHz (BSE)

antenna)10 ft (BSE)/9V/ ft (BS2). overall span 29 ft 4 in. (BSE)/ 14.25 to 14.30 GHz and 14.3 to 14.30GHz (BSE)

29) ft 2 in. (BS2) 14.206 to 14.233 GHz and 14.283 to 14.310 GHz (BS2)

780 lb in orbit, beginning of life Two receivers (one on, one standby)

Sun-tracking solar array and NiCd batteries. 1000-W minimum at _8.5-dB (BSE)/<7.5-dB (BS2) noise figure
beginning of life (BSE). 780-W minimum after three years Antenna
(BSE). 900-W minimum after five years (BS2) Single parabolic reflector, 3.4 x 5.2 ft. 1.4- x 2-deg beamwidth (at
Three-axis stabilization. ±0.2-deg (BSE)/±O. I-deg (BS2) point- -4 dB),40.3-dB peak transmit gain, center-fed (BSE)/offset-fed
ing accuracy (3G) (BS2): three feeds are used together to shape the beam (77ck of
Solid rocket motor for apogee maneuver, monopropellant hydra- the power goes through the main feed): linear (BSE)/circular
zine for on-orbit use (BS2) polarization

Configuration Design life

Two single-conversion channels, 50- and 80-MHz (BSE)/27- Three years (BSE)/five years (BS2)
MHz (BS2) bandwidth Orbit

Capacity Synchronous equatorial. ±0. I °E-W and N-S stationkeeping

One TV signal per channel Orbital history

Transmitter BSE: launched 7 April 1978. operations ceased June 1980 due to

11.95 to 12.(X) GHz and 12.05 to 12.13 GHz (BSE) TWT failures, satellite life ended January 1982

11.906 to 11.933 GHz and I .983 to 12.010 GHz (BS2). ITU tele- Delta 2914 launch vehicle
vision broadcasting channels I I and 15 BS2A: launched 23 January 1984, early failures reduced status to

Three transmitters (two on. one standby) experimental, moved above synchronous orbit, April 1989

1 00-W output per channel BS2B: launched 12 February 1986. 1 10'E longitude, backup sat-

ERP per channel. 55-dBW minimum for primary area. 46-dBW ellite since beginning of BS3A use

minimum for fringe areas Japanese N-2 launch vehicle

Broadhasting satellite communication subsystem (BS2).

14.21 TO 14.31 GHz(') 11.91 TO 12.01 GHz(tt)
D

ttS T TW S

T T

2.3 GHz
S S S T T S C

t t

T T 14.25 to 14.43 in BSE
t TD in BSE
"" TW in BSE

2.3 GHz tt 11.95 to 12.13 in BSE
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BS2X satellite.

Management
Developed by General Electric under contract to Tokyo
Shibaura (Toshiba) for National Space Devel-
opment Agency (NASDA) of Japan
Operated by NASDA (BSE)/Telecommuni-
cations Satellite Corporation of Japan (TSCJ)
(BS2) Approximately 1400 lb in orbit, beginning of life

The BSE was launched in April 1978. Television broadcasting Sun-tracking solar arrays and NiCd batteries, approximately
ceased in June 1980 with the failure of the last TWTA. Activities 2500 W at beginning of life. approximately 2000 W at end of life.
involving the satellite, that did not depend on the TWTAs. contin- batteries support only housekeeping functions during eclipse

ued until January 1982, when the attitude control fuel was ex- Three-axis stabilization, ±0.I-deg accuracy, using a pivoted mo-
hausted. mentum wheel and magnetic torquers

BS2A was launched early in 1984. Within three months, two Solid rocket motor for apogee maneuver, hydrazine propellant for
of the three TWTAs had failed, reducing the satellite capacity to on-orbit use
one channel. This upset the plans for operational broadcasting C
and caused a reassessment of Japanese practices in buying satei- onfiguration
lites. Considerable effort was devoted to identifying the problem Three 27-MHz bandwidth single-conversion transponders
and correcting it on BS2B. In 1985. BS2A had problems with at- Transmitter
titude control and power and its status was reduced to experimen-
tal. The BS2B was launched in February 1986, a year later than In the 11.1-o spare band
planned because of the BS2A problems. In early summer, it expe- Onive pluoe sp0 W at be-
rienced an attitude control problem. which was fixed by switching ginning of life. 200 W at end of life
to the redundant controller. Receiver

Transmissions to the BSE and BS2s originate from either a In the 14.01- to 14.31-GHz band
fixed main terminal near Tokyo or transportable terminals. The One active plus two spare receivers
former has a 26-ft antenna: the latter have 8-ft antennas for use in
the main islands and 15-ft antennas for the remote islands. Home Antenna
receiving antennas are as small as 2 ft in the main islands, and up One 85-in.-dia. parabolic reflector. multihorn feed to produce
to 8 ft in the remote islands,. beam shaped to cover Japan. circular polarization

In December 1986. two-channel operational broadcasting be-
gan. About 100.000 homes were equipped to receive the broad- Design life
casts. Twenty-four-hour broadcasting began in July 1987. By the Seven years
beginning of 1989. 1.3 million homes were equipped to receive Orbit
the broadcasts: a year later, the number was over 2 million. To re-
liably support this service. NHK. the national broadcasting com- Synchronous equatorial. stationkeeping to ±_0. IN-S and E-W
pany. required a backup satellite in orbit. Since BS2A bad only Orbital history
one functioning TWTA. it was not an adequate backup. so NHK Destroyed by launch vehicle explosion during ascent. 22 Feb-
ordered an interim satellite, which was designated BS2X. This r 1-
satellite was intended to uarantee operations until the next regu- ary 1990

lar generation. BS3A and BS3B. were available. Ariane launch vehicle
BS2X was originally built for the United States television Management

broadcasting system of Satellite Television Corporation. When Developed for NHK by GE Astro Space
those plans were cancelled, the satellite became available for pur-
chase. After the NHK purchase, the satellite required a different The destruction of BS2X forced NHK to depend on BS2B
receiver, copied from other satellites. retuning of transmitter corn- alone, since BS2A had reached the end of its useful life by early
ponents, and changes in the antenna bearn-forming network. De- 1989. The next step was to wait for the two BS3 satellites. A con-
tails of BS2X are: tract for their development was awarded in fall 1985. The BS3

supports broadcasting of three channels and has a separate chan-
Satellite nel for experimental broadcasting of high-quality television. The
Rectangular body. 52 x 80 x 44 in.. span of solar array 55 ft satellite life, transmitter power. and some other performance
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BS3A, 3B satellite. •

Configuration
Three 27-MIHz bandwidth plus over 60-MHz bandwidth single-
conversion transponders

Transmitter

characteristics are improved from the BS2 design. The satellite In the 11.75- to 12.01-GHI band (27-MHz transponders). and
and characteristics are : ipoer teSdsgTeae 12.61 to 12.67 GHz
and broadcasting characteristics are: One active plus one spare 120-W' TWTA for each 27-NIH/ tran-

Satellite sponder. one 20-W TWTA for the 60-MHz transponder

Rectangular body. 4.5 x 5.8 x 5.6 ft. height including antennas ERP 55.5 dBW over Japanese main islands,. 46.5 dBW minimum
10.5 ft. span of solar arrays approximately 49 ft over outlying islands

Approximately 1300 lb in orbit, beginning of life Receiver
Sun-tracking solar array and NiCd batteries, approximately In the 14.05- to 14.31-GHz band (27-NH, ,ransponders, and
1950 W at beginning of life. batteries support only housekeeping 14.34 to 14.4 GHt
functions during eclipse One active and one spare receiver

Three-axis-stabilized. using a pivoted momentum w\heel and
magnetic torquers. antenna pointing accuracy ±0. I deg Antenna

Solid rocket motor for apogee maneuver, monopropellant hydra- One offset-'ed parabolic reflector 31 x 67 in.. two feed horns.
Aine for on-orbit use right-hand circular polarization

S~~~~~~~~~BS3,., .3B ntlnain h.\•l'.

S 2.3 GHz H

S

TC

3.7 G~z

T T H T T

.z249



Design life 9. K. Tsukamoto. "Technical Aspects of the Japanese Broadcast-
Seven years i ng Satellite Experiments," IEEE 7)'ansactionsf on Broadcast-

Orbit ing. Vol. 24. No. 4 (December 1978).
Ovhrbit L1 e0. H. Kaneda and K. Tsukamoto, "Experiments in the Program
Synchronous equatorial. stationkeeping to ±0. 1°N-S and E-W ot Japanese Medium-Scale Broadcasting Satellite for Experi-

Orbital history mental Purpose," Paper 78-583. AIAA 7th Coanunuricariop.

BS3A launched 28 August 1990, in use, I 10E longitude Saellite Svs/'ms Cant ereue (April 1978.

BS3B launched 25 August 1991 11. T. Ishida, S. Soejima. and Y. Ichikawa. "Present Situation of
Japanese Satellite Broadcasting for Experimental Purpose."

Japanese H- I launch vehicle IEEE Transactions on Btrmah'axting. Vol. 25. No. 4 (Decern-
Management ber 1979).

Developed for NASDA, acting for TCSJ and NHK, by NEC 12. Y. Otsu. et al.. "Propagation Measurements and TV-Reception
(communications payload and command and telemetry) and GE Tests with the Japanese Broadcasting Satellite for Experimen-
Astro Space (spacecraft) tal Purposes," IEEE Transactions on Broadc'a.'ting. Vol. 25.

Operated by TCSJ No. 4 (December 1979).
13. N. lmai, S. Sonoda. and Y. Ichikawa. "Experimental Results

The BS3A was launched in August 1990 and placed into syn- of Japanese BSE Program in the First Year." Paper 80-0569.
chronous orbit two days after launch. Initial tests revealed that the AIAA 8th Comm) n icationrs Satellite Sy-stems Coan frenrce
solar arr',ys were producing only 75% of their expected output (April 1980).
power. This failure will allow operation of three broadcasting 14. T. Ishida, et al., "Satellite Broadcasting Experiments of BSE."
transponders in parts of the early years of life, but only two in lat- Acta Astronautica. Vol, 7. No. 8-9 (August-September 1980).
er years as the solar array output drops. Therefore. BS3A will be
assigned a backup role after November 1991, when BS3B corn- 15. S. Shimizu and K. Arai, "Operational Achievements with Jap-pletes checkout and begins operations, anese Broadcasting Satellite for Experimental Purpose

Because of the continuing satellite problems. in 1990 the Japa- BSE)," IEEE 1980 Intenicttal Micronave S.\ulic'sianr
nese ordered another satellite, BS3H. This satellite was a copy of (May 1980).
BS2X and was the second of two satellites built for Satellite Tele- 16. K. Yamamoto, K. Sugimori, and T. Kimura. "Development of
vision Corporation but nevei used. It had the same commUnica- 12 GHz TWT for BroadcastingŽ Satellites.� IEEE 198,O Inter-
lion subsystem modifications as BS2X. The BS3H was destroyed netioand Microamw'e S v'qiln.sinm (May 19801.
by an Atlas launch vehicle maifunction during ascent on 18 April 17. M. Yamamoto and S. ',onoda. "Evaluation of Service Area in
1991. This loss, coupled with fui i',er reduction of the solar array the Satellite Broadcasting by the BSE." IEEE 198) Interna-
power on BS3A, will allow the transmission of only two channels tional Microwave Sympao.iumn I May 1980).
until BS3B has passed through initial on-orbit (or "in-orbit") 18. R. Takahashi. "Planning and Experimentation for an Opera-
testing. tional Broadcasting Satellite for Japan." t,,er 73.4, National

*: *' * 'I':• I'/e•anhmuia/iuatioi (' '/zo'rence': NTC "80 (Novemlber 1980).

I. M. Hirai, el al.. "Development of Experimental and Applica- 19. N. Imai, et al.. "Experimental Results of the Japanese BSE
tions Satellites," Acta Astronautica. Vol. 7. No. 8-9 (August- Program." Acta Astronautica. Vol. 7. No. II (November
September 1980). 1980). Reprinted in Journal'l '•placc'cra/f atid Rocket.%. Vol.

2. R. Hayaski. Y. Furuhama. and N. Fugono. "Propagation Char- 19, No. 4 (July-August 1982).
acteristics for Millimeter and Quasi-Millimeter Waves by Us- 20. K. Arai, et al.. "BSE In-Orbit Performance and Operational
ing Three Japanese Geostationary Satellites." Acia Summary.*" Paper 82-0461-4,4IAA 9th C'aamunicationr Saici-
As/ranaulica. Vol. 7. No. I I (November 1980). lite Syi' stems Cai/eirence (March 1982).

3. T. Ishida. K. I. Tsukamoto. M. Hirai. and Y. Ichikawa. "Pro- 21. K. Iwasaki, et al.. "Results of the BSE Experiment.'" Paper 82-

gram of Medium-Scale Broadcasting Satellite for Experimen- 0503. A/lAA 9th Co'aitunicutiotns Satellite SY.stcil; Cont/•lr-
tal Purpose." Paper 76-255. AIAA/(ASI 6th ('Communication.s ecure (March 1982).
.Saiellite SX'NWte ' C0111",re'ce (April 1976). 22. S. Shimoseko. et al.. "Satellite Broadcasting Experiments and

4. W. Johnson and H. Reichert. "Development of a Medium In-Orbit Performance of BSE."Arta,,~trauticc. Vol. 9. No.
Scale Broadcasting Satellite for Experimental Purposes." 8 (August 1982).
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5. "Adapting a Satellite Design to Differing Communication 7h'18nsac'ti6n1N on Broathca/cting.•. Vol. 28. No. 4 (December
Missions." Thlecrmamnnicalion Joaa'il. Vol, 43. No. 4 (April 1982). Eleven papers on the program. the satellite, uses of the
1976). satellite. and propagation.

6. L. T. Seaman. "Japanese Broadcast Satellite." Acia Aivroiau- 24. S. Sonioda. "BS-2 Spacecraft Design. With Emphasis on
/iur. Vol. 5. No. 5-6 (May-June 1978). Shaped Beam Antenna." Paper 22.5. Fir.t Camnadian )aonmc.s-
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Engineers. Vol. 55. No. 10 (October 1985). Beam Antenna." Paper 88-0876. AIAA 12th International
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pan." h'cnnnminations Journal, Vol. 56, No. 8 (August 32. T. Akanuina. et al.. 'Development Activities of 12 GHz.
1989). 120W TWTA for Japanese Broadcastit.g Satellites of BS-3."

28. M. Matsushita and T. Hasegawka. "'NHK's Satellite Broadcast- Paper 88-0833. AIAA 12th Inlernatlional Communicationws
ing System and Its Operation,'" EASCON Confi'rence Record Satellite S\stens Conlferl-ence (March 1988).
(September 1986). 33. M. Matsushita and S. Yokoyama. "Experience on Operating a

29. T. Hasegawa. "'An Overview of the Japanese Satellite Broad- DBS System (BS-2) in Japan.- IEEE 7ran.sacion.% on Broad-
casting Program." Paper 88-0807, A/IA 12th hIternational casting, Vol. 34, No. 4 (December 1988).
Communications Satellite SVNstents ComIi'rence (March 1988). 3,. S. Miura. "'Oerview of Next Japanese Direct Broadcasting

30. K. Arai. et al.. "'hI-Orbit Performance of Broadcasting Satel- Satellite (BS-3).'" Paper 90-0797. AIAA 13th Coinnuonication
lite 2B," Paper 88-0880, AIAA 12th International Commnani- Satellite SYstemns Con ference (March 1990).

JAPAN (Private Programs)
From its beginning, the space industry in Japan has been pro- and operate communications satellites, primarily to provide busi-

tected by government policy. This policy called for maximum de- ness communications and television broadcasting:
velopment of Japanese industry and technology and maxiiunu • Japan Communications Satellite. Inc., composed of C. Itoh.
practical use of it in all launch vehicles and satellites. The entire Mitsui, and Hughes Communications.
space program was governrent-spons(;red. Likewise, the tele- • Space Communications Corporation. composed of Mitsub-
communication industry was protected, and all communications ishi Electric. Mitsubishi Trading. and Ford Aerospace.
were provided by tho go\ernment-owned Nippon Telephone and • Satellite Japan Corporation. o S Nissho-
Teleoraph (NTT). cmoeCeerph(T) Iwai, Marubeni Tradin-, and RCA Astro Electronics.

By 1982, criticism of these policies emerged, primarily from Tr
Japanese businesses desiring new communication services. These The first two partnerships, JCSat and SCC. filed satellite appli-

services were not to be available on the CS2 satellites, and the us- cations with the government in early 1985. Both were approved

ers did not want to wait for the CS3 satellites. The years 1982 to in June 1985. The approvals included authorization to use the 12/

1984 were a period of debate in Japan. both in government and 14-GHf, bands previously used in Japan only for terrestrial corn-

industry, between those who favored development of new servic- inunications. The third partnership tiled an applicatiom. in mid-

es and those who favored a protected industry. There was also 1985. This application was not approved by the government then.
United States pressure for Japan to open their communications but a new application was approved in 1991. The first two s\s-
market to foreign suppliers, which would help to ease the balance terns have developed and launched satellites: the third hopes to
offpaymnents problem. launch a satellite by 1991.

At the end of 1984. Japan enacted legislation containing major'
policy changes II 1. These changes became effective in April I 4Aiation Week & Space Technolohiy (25 June 1984). p. 190:
1985. They included ending NTT's monopoly on providing corn- (7 January 1985). p. 26: (II March 1985). p. 57: (15 April
munications. selling 50)4 of NTT to private investors in five 1985) p. 22:(19 August 1985). p. 14:(I July 1985. p. 16:(15
years,. permitting private firms to purchase and operate foreign Jully 1985). p. 22: ( 19 August 1985). p. 13: ('13 Januar, 1986),
satellites. and permitting up to one-third foreign ownership in p. 134: (3 February 1986). pp. 42. 59: (28 Apri 1 1986), p. 133.
companies providing domestic communications services. As a re- (12 May 1986). p. 31).
stilt of this leCislation. three partnerships were formed to develop

JCSat
Japan C(onmmunications Satellite (JCSat) 11-51. was the first of ground-transmitted beacon. Further satellite details are as fol-

the two priv ale systems to begin operating. It has two satellites ill lows:
orbit. which were developed hy the United States partner in Satellite
JCSal. JCSat is operating as a wholesaler of communication ser-
vices. leasing satellite capacity to other organizations in Japan. Cvl inder. I 2-ft dia.. 11 -ft 2-in. height stowed for launch. 33-ft

The JCS;at satellite is similar in many ways to SBS-6 and Intel- height in orbit
sat VI. It is a large cylinder with an antenna and telescoping solar 3000 lb in orbit. beginning of life
array that are deployed in orbit. The central portion of the tipper Solar array and NiH, batteries. 225) W at beginn ing of life.
solar array is a mnirrored radiator for heat generated by the corm- 1800 W minimum after tI iy\ears
1uniticalion subs\steni. This subsystem is Mounted on ai desptn Spin-stabilized. gyrostat, antenna pointing accurac\ 0.0)5 deg b\
shelf directly behind the radialor. The shelf :mlso supports the an- tracking an upl ink beacon
tenna. vw hich is pointed using information dcrived from tracking a
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Transmitter
12.25 to 12.75 GHz

One 20-W TWT per transponder plus eight spares per satellite
ERP 51 dBW over central Japan, 49 dBW over 80% of land area,
46 dBW over 95% of land area

Receiver
14.0 to 14.5 GHz

JCSat satellite. Four receivers (two active, two spare)
FET preamps. 3.0-dB noise figure
G/T 12 dB/K over central Japan, 10 dB/K over 90% of land area

Antennas
Dual-gridded offset-fed parabolic reflector, 7.9-ft dia., orthogonal
linear polarizations; multihom feed arrays, one per polarization,
shape beam for four main Japanese islands plus Okinawa

Design life

Ten years

Orbit
Synchronous equatorial, stationkeeping to ±+0.050 N-S and E-W

Orbital history
1: launched 7 March 1989, in use. 150'E longitude

2: launched 31 December 1989, in use, 154°E longitude
Ariane launch vehicle (I). Titan ill (2)

Management
Developed by Hughes Aircraft Company for Japan Communica-
tions Satellites, Inc.
Operated by Japan Communications Satellite. Inc.

The JCSat contract required delivery in orbit of tested satel-
lites. This required the manufacturer to make all arrangements for
launch, transfer orbit control, and in-orbit testing. The two satel-
lites were launched in March and December 1989; each began
operational service about six weeks after launch. They are con-
trolled from an operations center and ground station in Yokoha-
ma, with a backup station in Gunma.

Two-thirds of the transponders on the two satellites were in
use by the fall of 1990. Uses include digital data transmissions.
television distribution for network broadcasters and cable sys-
tems. transmission of live television news from remote locations.
video conferencing. educational television for both high schools
and businesses, and digital voice. Many users are connected to
the operations center using voice circuits through the satellite:
these provide good coordination and speedy action if problems
oc2ur. Ground antenna sizes vary between 4 ft and 36 ft. In a few
vt.ars, (he number of ground sites is expected to be about 0.(XX)
with the sm;,1 est antennas, hundreds with medium-size antennas.
and dozens with larger antennas.

I. F. L. Judge and L. N. Chapman. "A Private Communications
Unified bipropellant propulsion for perigee augmentation, apogee Satellite System for Japan," Space Utilization and Applica-
maneuver, and on-orbit use (solid perigee motor on JCSat 2) tions in the Paci'fic. Advances in the Astronautical Sciences.

Configuration Vol. 73 (1990).
Thir o27-MH andidth single-conversion transponders. 2. -First Privately-Owned Japanese Satellite in Position Over

Thirty-two 7M nLongitude 1500 East." Aircraft Engineering. Vol. 61. No. 4
dual-polarization frequency reuse (April 1989).

Capacity 3. "'First Privately-Owned Japanese Satellite in Operation."' Tl',-
45 Mbps or one TV signal per transponder (communication Journal. Vol. 56. No. 9 (September 1989).
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H V
14.0-14.5 GHz DJCSat coDnictins subsse.

12.25-
1.75G~z12.75 G-

Receiver2 212.75 GHz

s S

Receiver 3

S Receiver 4 S 17-32 T17-32

4. L. Canin, "The JCSat System," Paper 90-0826, AIAA 13th In- 5. W. L. Morgan. "Smooth Sailing for JCSat." Satellite Comnmu-
ternational Communication Satellite SYstems Conference nications (March 1990).
(March 1990).

Superbird

Space Communications Corporation (SCC) obtained their sat- Sun-tracking solar arrays and NiH2 batteries, approximately
ellites, named Superbirds [1-31. from their United States partner. 4000 W
They decided to use both the 20- and 30-GHz bands used by the Three-axis stabilization, _+0.05-deg accuracy
government's communication satellites and the 12- and 14-GHz
bands newly opened to satellite communications in Japan, The Configuration
former have the advantages of wider bandwidth and minimal in- 7/8 GHz: one 40-MHz bandwidth transponder
terference from terrestrial systems. The latter have the advantage 12/14 GHz: nineteen 36-MHz bandwidth, single-conversion tran-
of lower attenuation in the atmosphere. In both bands, maximum sponders, dual-polarization frequency reuse
satellite performance is emphasized to minimize the required an- 20/30 GHz: ten 100-MHz bandwidth transponders
tenna size at ground terminals.

The satellite has a rectangular body housing all the equipment. Transmitter
The two large reflectors and the solar arrays deploy in orbit. One 7/8 GHz: in 7.25- to 7.75-GHz band
reflector is for 12/14-GHz transmission and reception. the other 12/14-GHz: 12.35 to 12.75 GHz
for 20/30 GHz. At each frequency. multiple feed horns generate a One 35-W TWT per repeater plus four spares
beam shaped to approximate Japanese geography, not including
some outlying islands. One feed horn in the 20/30-GHz antenna ERP 53 dBW peak. 49 dBW edge of coverage
also generates a spot beam for Tokyo. The spot beam covers 25% 20/30 GHz: 17.775 to 18.115 and 18.495 to 19.315 GHz
of the Japanese population. One 20-W TWT per repeater plus six spares

The satellite has nineteen transponders in the 12/14-GHz ERP 54 dBW peak. 50 dBW edge of coverage (national
bands. All are connected to the national coverage beams. The sat- beam). 60 dBW peak. 58 dBW edge of coverage (spot beam)
ellite has ten transponders in the 20/30-GHz bands. Seven are
connected to the national coverage beams and three to the Tokyo Receiver

spot beam. Two of the Tokyo transponders and two of the 20/30- 7/8 GH/: in 7.9- to 8.4-GHz band
GHz national beam transponders are interconnected on the satel- 12/14 GHz: 14.0- to 14.4-GHz band. +9 dB/K G/T
lite. This allows signals received on either beam to he transmitted 20/30 GHz: 27.5- to 30-GHl- band. +7 dB/K G/T (national beam).
on the other. + 17 dB/K G/T (spot beams)

After the initial satellite contract, a modification was made to
add a transponder in the 7- and 8-GHz bands used by military Antennas
communication satellites of other nations. This transponder is for 12/14 GHz: one offset-fed parabolic reflector with multiple feed
use by the Japanese Self-Defense Forces. Additional details about horns to shape beam for Japan, dual linear polarizalions
the SCC design are as follows: 20/30 GHz: one 12-ft-dia. offset-fed parabolic reflector with four

Satellite feedhorns to shape beam for Japan. one horn also used to provide
one 0)3-deg spot beam, circular polarization

Rectangular body. 7.9 x 8.5 x 7.2 ft, span of deployed solar array

67 ft Design life
Approximately 3080 lb in orbit, beginning of life Ten years
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Orbit
Synchronous equatorial. stationkeeping to ±0.05 'N-S aind
E-W. 158 and 162'E longitude

Orbital history
A: launched 6 June 1989. in use until failure in De- .
cenmber 1 990. moved above synchronous orbit
B: launched 22 February 1990. destroyed by IV
launch vehicle explosion during ascent
E: launch scheduled early 1992
Ariane launch vehicle

V "~Slilnerbild Satellite.

bird B was destroy'ed in February 1990i. when the launch cehicle
V-,,,exploded during ascent. In December 1990. Superbird A lost all

the oxidizer from its propulsion subsvstein. This made further at-
titude and orbit control impossible, and SCC declared the sat'-'te
a total loss. Most of the traffic was transtkrred to SCC's comipec.-
tor JCSat until the next Superbird launch early inl 1992.

Mangemnt1. M. Ouata and M. Louie. "Optinmi~atiol oif 1-requenc\ Utili/a-

Developed by Ford Aerospace and Communications Coror tion (in or CommuInItnications Satellite Systemis Japan." Paper
(Spce ystms ora sice 990 fo Spce omm~~iatins 86-0725. AIAA 11,1, Uamnnaimmihan Saltellite .SI-villm C',her-

CorpacSytemion ice19)frSpc 011111iain ence (March 1996).
Corporation2. T. Veda and S. Egamni. -Start of Domlestic Satellite Commiuni-

Operated by Space Commiunications Corporat ion cations Service U sing SUperbird.** Space UtilicaUtion iil -

The first Superbird was launched inl Juone 1989 and put into plicatiaflls ill the Paci 'fic. Adval-tltces inl the A.. trolautical
service a mnonth later. The uses of the satellite included television .Sciences.N Vol. 73 (1990).
distribution tor networks and cable systemns. transmission of tele- 3. T. Noguchi. et al., -Ka-Band Communications. Antenna f'or
vision news 1romi remote locations to Studios. remote Publishing. Superbrd." Paper 90-0806-4A,14 13th Internatimnal ('oMni-
data transmissions. and telev ision broadcasting to homnes. Super- ill .ations .Satellite SYstenv; Con P'n'enct (March I1990).

INDONESIA (PALAPA)
In Indonesia. the combination ot geography. weather, and past The Indonesian satellites are namied Palapa. a xx% ord signifxN ingc

economic conditions se%,erelv limited the dexelopnient of .omn- niational unity'. Two generatIionls eCx st: the original Palapa satel-
munications facilities. In the mnid-I 970s. supported by greatly in)- lites. nowv called Palapa A. and the ne\wer Palapa B. The A~ satel-
creased revenues fromn oil expoits. the government began making lites' desi-ri \\,as like those of' the Anik A and Westar I to Ill
significant improvemrents in communIIIicationl tacilities. A satellite satellites. The B satellite w as one version of a desit-n1 used for a
communication system is one ma ' or part of the improvement pro- large number of satellite programs. including SBS. Anik C and D.
gramn. The satellite syStem1 I I - I I I is beiing uised to openi coinmuli- andý Galaxý. The Palapa satellites support th ser, ices lust mnen-
cation linik s to re miole parts of' t hv country. to improve tioned within Indonesia and prov ide capacity for k'.,e to neighl-
commu11.nicat ions between urban centers, for distribution of educa- boring, nations.These nations, are Singapore. Malaysia. Thai land.
tional television, and for nitlitary communications. and thie Philippines. which, along, with Indonesia. comprise the
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the lower solar array and the antenna are deployed in orbit. The
internal arrangement of both satellites is shown. The satellite de-
tails are as follows:

Satellite
A: cylinder. 75-in. dia.. overall height 139 in.

'alaph B .satelhte. B: cylinder. 85-in. dia.. 112-in. height in launch condition: 274-
in. (22 ft I) in.) height deployed
670 lb (A(/1435 lb (B) in orbit, beginning of life

Solar cells and NiCd batteries. 3(X) W (A)/1060 W (B) beginning
of life, approximately 240 W (A)/approximately 830 W (B) end
of life

Spin-stabilized. approximately 90 rpm (A)/5( rpm (B). g'vrostat
(B). antenna pointing to +0. I deg (A)/I+0.05 deg (B) or better

Solid rocket motor foi apogee maneuver, monopropellant hydra-
Aine for on-orbit use

Configuration
A: twelve 36-MW- bandwidth single-conversion repeaters
B: twenty-four 36-MHz bandwidth single-conversion repeaters.
dual-polarization frequency reuse

Capacity
A: 600 two-way voice circuits or one TV signal per repeater

B: somewhat greater than A. depends on evolution of gro)und ter-
"minals and access techniques

Transmitter
3702 to 4178 MHz (A). 3702 to 4198 MHz (B)

One 5-W (A)/10-W (B) TWT per repeater. no spares (A). one
, spare per four repeaters (B)

ERP: 32 dBW (A)/34 dBW (B) per repeater over Indonesia.
27 dBW (A)/32 dBW (B) per repeater over neighboring nations

Receiver
5927 to 6403 MHz (A). 5927 to 6423 MHz (B)

One (A)/two (B) active and one (A)/two (B) spare receivers

"G/T: -7 dBW/K (A)/-5 dB/K (B) over Indonesia

Antenna

One 60-in. (A)/72-in.- (B) dia. offset-fed parabolic reflector, mul-
tiple feeds shape beam to optimize coverage of Indonesia and
neihboring nations, linear polarization (A). dual linear polariza-
tions (B)

Design life
-, Seven (A)/eight (B) years

Orbit
Svnc!,.ronous equatorial. stationkeeping to ±0. I 'N-S and E-W

Orbital history
A l: launched 8 July 197(ý no longer in use. moved above syn-

Association of Southeast Asian Nations (ASEANI. The Palapa A chronous orbit
coverage is show n compared with the geography of these nations. A2: launched It0 March 1977. no longer in use, mo\ed above syn-
Palapa B has about 2 dB improved performance in general, in ad- chronous orbit
dition to better shaping of the transmit pattern for Thailand and Delta 2914 launch vehicle
the northern Philiprines.

The tw o Palapa satellite designs are spin-stabilized. On Palapa B I: launchcd 18 June 1983 (deployed from Shuttle. 18 Jupe).

A. the antenna was despun. and all other equipment was mounted 1I 18E longitude. in use
within the spinning satellite body. On Palapa B. the entire comn- B2: launched 3 February 1984 (deployed from Shuttle 6 Febru-
inunication sutbsystem is mounted on a despun platform, whereas ary). PAM failure left satellite in low orbit. returned to earth No-
support shsvsy,,terns are still attached to the spinning body. Also. vember 1984

255



motor. The same fate happened to Westar
VI. and a rescue plan was devised for the
two satellites 121. Numerous adjustments to
the satellite orbit were made while rescue
equipment was being prepared. A Shuttle
rendezvoused with the satellite in Novem-

Palapa B ber 1984, and two astronauts captured the
satellite and secured it in the Shuttle. It was
returned to earth and offered for sale by the

Palapa A insurance companies. It was purchased in
1986 for refurbishment and resale to Indo-
nesia. The manufacturer refurbished the
satellite by replacing components that were
used during the orbit adjustments prior to
the rescue. These components included the
apogee motor. the batteries. and the attitude
control thrusters. The satellite was renamed
Palapa B2R (R for refurbishedi and re-
launched in 1990.

To provide a backup to Palapa B I. con-
struction of a third satellite was started in
1984. when Palapa B2 was in low orbit
waiting for the rescue attempt. This satellite
was originally Palapa B3, but its name be-
came Palapa B2P. It was launched in 1987.
Both Palapa B2P and B2R are in use. Be-
cause of continually increasing traffic. Pal-
apa B4 is being built and will be launched
in 1992. The projected operating lives of
Palapa B2P and B2R indicate that another
satellite launch is desirable in 1995. That
will probably be the first of the Palaoa C se-

Pedala A anl B satellite details., ries, which might be a multifunction satel-
lite, similar in concept to India's Insat.
Additional missions could include weather

Shuttle/PAM-D launch vehicle photography, VHF communications for coastal ships. or televi-
B2P: launched 20 March 1987, 11 YE longitude, in use sion broadcasting. No firm plans have been announced for Palapa

B2R: launched 13 April 1990, 108'E longitude, in use C.
4:The Palapa system began operations in August 1976 on the

date of the thirty-first anniversary of Indonesian independence.
Dehta/PAM-D launch vehicle Forty ground terminals were in use then. with ter more added in

Management 1978. By 1981. the number of terminals had increased to 120.
Developed by Hughes Aircraft Company for Perumtel (Perusahan with the total expected to increase to about 300 in the coming

Umum Telekomunikasit. the Indonesian Government communi- years. Transmission techniques include FDM/FM trunk telephone
cations alinks, SCPC thin route telephony and telegraphy, and FM televi-

sion. The SCPC links are split between preassignment and de-Operated by Perumtel mand assignment. TDMA equipment was installed in some

The Palapa A communication subsystem had twelve channels, terminals in the 1980s, and an improved demand assignment con-
Redundant wideband receivers were followed by twelve nonre- troller replaced the original one about 1990. Also. a lo\% -rate diei-
dundant channelized transmitters. The Palapa B communication tal packet transmission network is in development, and the use of
subsystem has twenty-four channels. The equipment is basically video conferencing is being studied. The Philippines. Thailand.
double that of Palapa A. with each set of twelve channels received and Malaysia are all using leased capacity for their internal comn-
and transmitted on separate polari/ations. Also, some transmitter munications. Singapore uses Palapa for communications \\ ith
rtdundancy is provided, and the transmitter output power has these neiehboring nations.
been doubled. .-.. .

The Palapa A satellites were launched in 1976 and 1977. They I. "'Indonesia: A Satellite Network for a Scattered Naiion." Bu~i-
remained useful until 1985 and 1986. two years beyond their de-
sign lifetime. The first Palapa B was launched in June 1983 and (
took some traffic from the A satellites. in addition to supporting 2. Aviation Wee & Spiac 'c Tc/lmouh',yo 30 September 1974).

new services. The second B satellite was launched in February p. 22:(24 February 1975h. p. 22:47 June 1976). p. 55: 14 Jan-
the perigee Ar 1980). p. 5X: 121 January 198%)). p. 99: 13I Februar\1994 but was left in a low orbit by it malfunction ol'the perigee ua\181.p 8-1Jna. tS) .tt:13Fbur

1984), p. )9: (25 June 1984). p. 22: (I October 1984. p. 28:
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4.00 (22 Octoher 1 984). p. 21I: (5 November 1 984). p. 21.
dBW (19 November 1984). p. 16. (23 April 1990). p. 24.

3.00-3 3. J. Sutanggar Tengker. 'Indonesian Domestic Satellite Sys5-
31 ~tern." Paper 11. EASCON '76 Con/cn'ence Rectard (September

2.00- 1976).

4)4. P.Howod Palapa-indonesia to the Fore.' Jmirnad oft/ic
ý1.00- rts ne-lntt oitv Vol. 30. No. 4 (April 1977).

0o.A P. Djiwkatamipu, -Palapa-The Indonesian Domestic Sate)-

0.00 i te Commu nicat ions System," Paper 78-613, AIAA 7th Comn-

-1.00 -6. C. C. Sanderson and B. R. Elbert. -Communication System
-1.00Design of the Indonesian Domestic Satellite System." Paper

- 2*0 resght)9/2. 1VESCON Technical Papers (Septemnber 1976).

Eetinand azimuth 7. H. Soetarja and A. P. Djiwatamnpu. "The Indonesian Palapa

ang.s0i satellite coordinates I (a) System and Its Expansion." Astro,,iWlitiCsfir Peace and Hat-
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 man Proggress. Proceedings of the XXlXthIn ~tet-nationtl Asttio-

AZIMUTH. deg nautitcatl Congress (October 1978).

5.00 8. S. Tengker and 1. Suwarso. "The Role of Telecommunications
in the Development of Indonesia.'* Pacific Telecommnninica-

4.00 -dB/K 0 
=tions Con A'r-ence (January 1979).

-.- 759. Suryadi. T. Suryawan. and S. Bratahaliun. Pap-at
-5.5 Present and Future." Paper 82-0473. AIAA 9th Conininunica-

3.00 -- 8. -6.5 tions Satellite Sy-stells C01 f'rence (March 1982).
-8.5 -4.5 10. R. Sunaryo. "Prospects of Satellite Education in Indonesia."

2.00 -- 9. & 55hitei-nationdl Cooperattion and Sp~ace MissXions. L. C. Napo-
-105 litano. ed., AIAA. New York (1984).

1.00 -11. S. Bratahalini and G. Steady. "~Palapa-B and Bey'ond.- Paper
03.5. InternaCtionall Contfiren ce onl Comnnunicationsv: 1CC W54

§ 0.00 -(May 1984).
-1W

W-1.00-6.

-2.00

.~(Boresight).... ..
-3.00 - Elevation and azimuth

angles in satellite coordinates (b)
-4.00' 1 I Palapa antennia pattern. (a) trantvsnitter- LRP (per chanlnelh:

1.00 2.00 3.00 4.00 5.00 600 7.00 8.00 9.00 10.00 GI
AZIMUTH, deg

INDIA
Fromt July 1975 through July 1976. India used the ATS 6 satel- Smaller terminals. Touether with the Intelsat lease. India contin-

lite for experimental television broadcasting. At the beginning of Lied to gain experience with the APPLE (Ariane Passenger Paý-
the 1970s. ats this experiment was being planned. India hiad the in- load Ex7periment) satellite. Culminating all the preparator\
tention of immediately followVingi it with a national communlica- efforts,. Insat. India's national satellite svslern. started operating in
tion and broadcasting satellite 11 -81. This intention wais supported 1982.
by studies in the United States and India. Furthermore. India had j
the desire to develop its own technical capabilities to (he extent I . M. G. K. Menon. 'Insat in Perspective." Paper 72-583. .L.I1A
that it could design and develop ils own satellites, for use in the 4th Conunanications Satellite Sver ('on fren'ci' (April
I1980s. All of these plants slowed considerably, and no Indian sat- )7)
ellite was available after the Al S experiment. Instead, additional 192)
experiments were coinducted from 1977 to 1979 tising one of the 2. P. P. Kale. R. L. Nickelson. and 1. NV. Sarles. Jr..- "A)esin for
Sy mphonie satellites, that had been mioved to 49'1-F long itude. Insat." Paper 72-576. A AA 4fl? 'omnnnunication1% Satellite S.s-
This activity was cal led the Satellite Tlcommun1111.1icat ions IE'xper- ti'Ilrs Confern'ce (April 1972).
imnental Pro 'ject (STEP). the purpose of\. which wa-is to collect data 3. U . R. Rao. *'Edticational Telev ision in India.* Paper 73-10)6,
for further developmrent of India's ground terminal faci lilies, Af- A.1.is /9thl Annulal Alecting (June 1973). Reprinted in. Advon cc~
terw ards. India Continued] its i nterimi measures with a quarter inli/t ,lhe tOaronti((icl Schietwe. Vol. 30) (1974).
transponder lease fromt Intelsat beginning iii 1979. '1 his satellite 4. 1). S. Ktishwkah. ''Telev ision Broadcasting in India.'" 7i'lecoam-
capac it is used by Inudia's, ("~o InrtelIsat termninals and se eral tnmao ora.Vol. 44. No. 4 iApril 1977).
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5. E. V. Chimis and K. S. Karnik, "The Message and Experience 1979). p. 72: (29 June 1981). p. 18: (6 July 1981). p. 20: (10
ofthe SITE Project." Acta Astronautica. Vol. 12. No. 4 (April August 1981), p. 53: (24 August 1981), p. 62. (5 April 1982).
1985). p. 56: (19 April 1982). p. 24: (26 April 1982). p. 27. (22 No-

6. Flight I,,,ationul (3 April 1976). p. 852: (23 October vxember 1982). p. 80: (25 April 1983). p. 21: (13 June 1983).
1976). p. 1278: (6 August 1977). p. 439: (23 September p. 29: (19 September 1983). p. 14. (2 December 1985). p. 20:
1978). p. 1190: (28 June 1980). p. 1466: (18 September 1982). (24 March 1986). p. 83: (4 August 1986). p. 29.
p. 833; (27 November 1982). p. 1562. 8. N. Kidger. "India in Space: Ali Overview." Journal of the

7. AIiation tMt'ek & Space Thchiologv (23 August 1971). p. 701: British h/)I4pt1"t'htarV SO'ierv. Vol. 35. No. 10 (October
(II December 1972). p. 20: (10 October 1977). p. 24: (24 Oc- 1982).
tober 1977). p. 41: (7 August 1978). p. 45: (10 December

APPLE

The APPLE satellite 11-61 was proposed by India in 1975. in
response to an ESA offer to provide free launches on Ariane de-
velopmnent flights. The proposal was accepted in 1976 and work
began in 1977. India's objectives with APPLE were to

J APPIJ: wielfite.* Gain experience iii mission planning and satellite opera-
tions.

Build a three-axis-stabilized satellite.

* Develop and use a communications payload.
The APPLE program was managed by the Indian Space Research
Organization (ISRO). which is a part of the national government's
Department of Space.

ISRO designed the APPLE satellite and assembled it. using
items manufactured by ISRO and by contractors in India. France.
Germany. and the United States. The satellite was a cylindrical
structure with two internal equipment shelves and two solar pan-
els. The payload was a single. redundant, communications tran-
sponder that used the antenna mounted oin the front end of the
cylinder. Additional satellite details are as follows:

Satellite
Cylinder. 47-in. dia.. 47-in. height: height including antenna -
6 V, ft. span of dcploycd solar arrays 15 ft
836 lb in orbit. beginning of life

Sun-tracking solar array and NiCd batteries, 280 W beginning of
lifc. 2 10 W end of life (failure of one panel to deploy reduced Orbit
these values by 50•4 i
Three-axis stabilization using redundant momlentum wheels and Svnchronous equatorial. stationkeeping to ±0. I N-S and E-W

magnetic torquers. 0.25-deg accuracy in pitch and roll. (1.4 deg in Orbital history
yaw 1.aunched 19 June 1981. ill use until turned off September 1983.
Solid rocket motor for apogee maneuver. hydrazine for on-orbit moved out of svnchronou, orbit
use 

Management
Configuration l)e\eloped by ISRO
T"o repeaters, (one acti\e. one spare) Operated by ISRO

Transmitter APPLE \was launched ill June 1981. ISRO took control of it
4140 to 4180 MH/ beginning w,\ ith the transfer orbit. After inject ion into s\ nchronous
One TWT per repeater, approximately 5-W output orbit. one of the solar pancls could not be deplo ed. This cut the

-RP on axis 31.5 dBW a\ailable pows er by one half and also cause]d thermal problems.
Nevcrtheless,. techniques were de\eloped that allowved uise of the

Receiver satellite throughlout its tx o-.\ear dcsign life. A w\ide \arietl of ex-
Apprimaiclate 6 (II/. FI-T preamplifier perinmets, " as condlucted x\iht I A PIt.- . including 3t)-Mbps

Antenna TI)MA for telephone. spread ,pectrum multiple access, random
access packet net x\ rk" for comNiput er commnuninications, and flce-

)ne 3 5-in. -dia. parabhla wit ih pri le fLcus Iced % ision and facsimile transmision. APPL.[ Ia, turned off ill Sep-

Design life tember 1983.

Tw&o 5ear:)
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Insat I

htsat satellite. • ,,_•

k
Insat I is India's first-generation op-

cratiorlal satellite I I-121. It has both corn- .,>--
munication•, and meteorological payloads. •1•'"

It ix used to:
• Supplement terrestrial communication fa-

cilities on major interurban links.
• Pm\ide reliable communications to areas isolated by diffi-

cuh terrain.
• Pro• idc television broadcasting to rural areas for educational The satellite details arc as follo\• s:

and agricultural programs. Satellite
• Collect satellite imaging and terrestrial data fk•r weather Rectangular body. 5. I x 4.7 x 7.2 ft. N-S span of deplo3ed solar

forecasting, array and solar sail 64 fl. E-V•/span of deployed antennas 19 tt
The first tv, o objectives are accomplished •ith a t•eh'e-tran- Approximately 1230 to 141X) Ib in orbit, beginning of life

spondcr payk•ad that uses the 4- and 6-GHz frequency bands. Its Solar cells and NiCd batteries, approximately 121)t) W beginning
design, with redundant wideband receivers and channelizcd of life. 901) W minimum after seven ,,,ears. eclipse po\ver for
lransmitters, ix relatively simple. The enly unusual feature is the housekeeping. DR. RA. and only four COM transponders
intcrconnection with other payloads. The broadcasting payload Three-axis stabilization, two momentunl \vheels and one reaction
satisfies the third objective. It has t•'o transponders that have

wheel plus magnetic torquers, antenna pointing accuracy +0.2
6-GHz uplinks and 2.5-GHz do• nlinks. Both share antennas \viththe communications payload, deg (pitch and roll). _+t).4 deg (ya\v)

The weather forecasting objective requires two payloads. One Unified bipropellant propulsion for apogee maneu\er and on-or-
ix a \isihle light and infrared radiometer on the satellite. •hich bit use

transmits images of the earth. Resolution ix 2.75 km in visible Configuration
light and II km in infrared. One complete image, co\'ering a 20- Communications tCOM ): Iwclve 36-MH/handv, idth single-con-
dog ,,quare field at the satellite, ix collected and transmitted in version transponders
23 rain. After 7 rain. another image ix started. The data relay pay-
load receives brief transmissions from many data collection plat- Broadcasting IBR): two 36-MHz band\vidth single-con\ersion
t•rnls at about 41X) MHz and retransmits them to a central site at transptmders
about 4 GHz. The platforms arc both on land and ocean and col- Data relay IDR): •me 21)!)-kHz hand\•idth transponder

lect meteorological and hydrological data. Both the radiometer Radiometer IRA): 41)1) kbps transmission of data from onboard
and data rela• downlinks use the antennas of the other payloads, radiometer
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Capacity Management
COM: approximately 8000 two-way voice circuits plus one TV Developed by Ford Aerospace and Communications Corporation
program (Space Systems Loral since 1990) for Indian Department of

BR: two TV programs Space

Transmitter Operated by Department of Space

COM: 3712 to 4028 MHz and 4042 to 4198 MHz The Insat communications payload is used primarily for tele-

One 4.5-W TWT per repeater. 32 dBW minimum ERP per phony. Typically, one transponder is use for television program

repeater over primary coverage area at end of life (primary distribution. Large and medium-size terminals use FDM/FM/

coverage, about 80%, of India: secondary coverage, some pe- FDMA transmissions for multichannel links. Small terminals,

ripheral parts of India plus off-shore islands), one spare TWT handling fewer circuits, use SCPC/FDMA. The broadcast pay-

per two repeaters on Satellite I D load accommodates one television program and several voice cir-
pR: reetr SatelliteMIDcuits per transponder. All can be received by community

terminals with 12-ft-diameter antennas constructed of wire mesh.
One 50-W TWT per repeater plus one spare, 42 dBW mini- The voice circuits are radio broadcasts and a disaster warning
mum ERP per repeater over primary coverage area at end of channel. The transmission rate for the radiometer data is 400
life (primary coverage, about 80(k of India: secondary cover- kbps; the data collection platforms transmit at 4.8 kbps. Both use
age, some peripheral parts of India plus off-shore islands) PSK.

DR: 4038.1 ±0.1 MHz, 19 dBW minimum ERP at end of life The antennas deployed from opposite sides of the body handle

RA: 4034.55 MHz. 8.5 dBW minimum ERP at end of life all receiving and transmitting functions except for uplinks from
the data collection platforms. The feed horns for the rectangular

Receiver reflector are on the edge opposite its deployment hinge. The cir-
COM: 5937 to 6253 MHz and 6267 to 6423 MHz cular items between them are the launch vehicle adapter and apo-

Two receivers (one on, one spare) gee motor nozzle. Data collection uplinks are received through

G/T -6 dB/K minimum, -4.2 dB/K typical the UHF antenna, which is the four rings on the earth-viewing

Two receivers (one on, one spare) face of the satellite. The solar array is only on one side of the sat-
BR: 5857 to 5933 MHz ellite rather than consisting of two equal wings as on other three-

axis-stabilized satellites. This is required so that the radiative
Two receivers (one on, one spare) cooler for the radiometer's infrared detectors, which is on the side

G/T set by and same as communications receiver opposite the solar array, has a clear view to deep space. The ob-

DR: 402.75 _0. I1 MHz ject on that same side of the satellite is a solar sail. The sail, by the

Two receivers (one on. one spare) geometry of its design and its separation from the satellite on a

GCF -19 dB/K 30-ft deployable boom, will not interfere with the radiative cool-
er. The function of the sail is to counteract the torque caused by

Antenna solar radiation pressure on the array.

COM and BR: one 54-in. dia. offset-fed parabola for all reception All equipment is mounted within the satellite body. The apo-
and COM odd channels transmission, linear polarization, 4.5-deg gee motor and in-orbit propulsion are combined in one bipropel-

beamwidth: one 60- x 63-in. offset-fed parabola for COM even lant system. In-orbit thruster firings and rotation of the sun-

channels (linear polarization) and BR transmission (LHCP). 4.5- tracking solar array are accomplished during the 7-min periods

deg beamwidth: each has four feed horns when the radiometer is not active. During the 23-min imaging cy-

DR: array of four annular slot antennas, RHCP. 38-deg beam- cle, they are inhibited to improve attitude stability.

width for receive: communications antenna for transmit Insat IA was launched in April 1982. After it reached geosyn-
RA: communications antenna chronous orbit, one antenna deployed only after many attempts,

and the sail never deployed. During a September 1982 attitude

Design life maneuver, the torque caused by the solar sail not being deployed

Seven years resulted in the moon being in the field of view of the active earth
sensor. The unpredicted moon interference caused the satellite at-

Orbit titude reference to be lost. Because the satellite command receiv-
Synchronous equatorial. stationkeeping to ±0.I°N-S and E-W er was connected to the narrow coverage communications

Orbital history antenna rather than an omni antenna, the command link was bro-
ken as the satellite attitude changed. As a result. safing commands

IA: launched 10 April 1982, died 4 September 1982. moved could not be received, all fuel was consumed, and the satellite
above synchronous orbit was lost. Between that time and October 1983. when Insat lB be-

Delta 3910/PAM launch vehicle came operational. communications services were maintained us-

IB: launched 30 August 1983, 74°E longitude, in use ing leased Intelsat transponders and a leased transponder on a

Shuttle/PAM launch vehicle Soviet Statsionar satellite.

IC: launched 21 July 1988. 56°E longitude, power failure allows Insat lB, with modifications to avoid the previous problems.
use of about half" of the satellite was launched in August 1983. After initial problems with solar ar-

ray deployment, it began orbital testing with all equipment. ac-
Ariane launch vehicle ceptable. After testing. it entered operational service and has
ID: launched 12 June 1990, 93'E longitude, in use worked without significant problems. A few months earlier, a

Delta 4925 launch vehicle contract was signed for production of Insat IC. which was

261



3712419

T TW

55-RA trans 1 S

6423T TW
643RA trans 2 ýt *MC

T Tw

2225

2557-
DRT 22633

DRT~~~ ~ Daarlytrnpne

Iii.Ui (flltl~flifjft)1lPA adio ete

theil hroadcastlinglil itran spo nders. The othr tal o elath transponders pea d prpr 'snc lu ch

pCulusrth daa falre la and radoweer pabyloads Thifaile r oprted suc- dharma eghig~tdtr sae in th coe99SnFacsopeartqat e io It Iitsa fre

cessfully. telephony~. More lerminals %-ill be added to the nets% ork. w~hich

262



supplements terrestrial facilities on main routes and provides new 4. S. Dhawan, J. P. Singh, and P. P. Kale. "lnsat-l-A Multipur-
links to rural areas. Antenna diameters vary from 15 to 36 ft. de- pose Domestic Satellite System for India," IEEE Transactions
pending on required capacity. About 4000 community terminals on Broadcasting, Vol. 25. No. 4 (December 1979).
receive television broadcasts from Insat. About 200 of these ter- 5. M. K. Saha. "Salient Design Features of Insat- I Space Seg-
minals are connected to conventional television transmitters, ment System." Paper 80-0473. AIAA 8th Comnunications
which rebroadcast the signal in the local area. The use of Insat in- Satellite Systems Conference (April 1980).
creases the portion of India's population, to which television is 6. T. M. Smith. et al.. "Antennas Aboard the Insat-I Communi-
available, from 25% to 70%. Over 100 data collection platforms cation Satellite," Paper 80-0559. AIAA 8th Comtmnunications
and 200 disaster warning receivers also have been installed for Satellite SYstems Conerence (April 1980).
use with Insat. A governmental data network was established in17. P. J. Fisher. "Satellite Ground Control System for Insat." In-
1987 with over 400 terminals. ternational Telemetering Cono'erence Proceedings (November

* * **** 1980).

I. Flight International (3 April 1976). p. 852: (23 October 8. U. V. Nayak and K. G. Matapurkar. "Insat Communication
1976). p. 1278: (6 August 1977). p. 439: (23 September System." Paper 82-0522. AIAA 9th (omnication. Satellite

1978). p. 1190: (28 June 1980). p. 1466: (18 September 1982). SYstems Con.erence (March 1982).
p. 833: (27 November 1982), p. 1562. 9. S. V. Kibe and G. Thomas, "India's Domestic Satellite Coin-

2. Aviation Week & Space Technology (23 August 1971), p. 70: munication Systemn-lnsat." Paper 4A.2. international Con-
(I I December 1972), p. 20, (10 October 1977). p. 24: (24 Oc- ference on Communications: ICC '82 (June 1982).
tober 1977). p. 41: (7 August 1978). p. 45: (10 December 10. G. Sampath. "A Television Service Plan Through a Multipur-
1979), p. 72; (29 June 1981), p. 18: (6 July 1981), p. 20:(10 pose Satellite-A Cost Effective Indian Model for Develop-
August 1981 ). p. 53: (24 August 1981). p. 62: (5 April 1982). ing Countries." Tenth International Broadcasting Convention.
p. 56: (19 April 1982). p. 24: (26 April 1982), p. 27: (22 No- lEE Conference Publication No. 240 (September 1984).
vember 1982). p. 8t): (25 April 1983). p. 21: (13 June 1983. HI. U. R. Rao, et al., "The Indian National Satellite System-in-
p. 29- (19 September 1983). p. 14: (2 December 1985), p. 20: sat." Space Communication and Broadcasting. Vol. 5. No. 5
(24 March 1986). p. 83; (4 August 1986). p. 29: (5 September (November 1987).
1988). p. 42: (24 October 1988). p. 47: (26 June 1989), p. 33:

(18 June 1990). p. 73: (30 July 1990). p. 32. 12. U. R. Rao, J. P. Singh. and K. Narayanan, "'Satellite-Based Di-
3. N. Kidger, "India in Space: An Overview.'" Journal o the saster Warning and Relief in India." Space Safetv and Rescue

B3itish hiterp"ndetari Societ:y, Vol. 35. No. 10e (October /986 - 1987. Science and Technology Series. Vol. 70. Ameri-
s " Vcan Astronautical Society ( 1988).

1982).

Insat II

Insat i1 11-21 is an Indian-built series of satellites which will takes 23 min and is conducted once every half hour. The remain-
replace the Insat I series. Insat II has the same payloads, for coin- ing 7 rmin/half hour are used for solar array motion and other ac-
munications, broadcasting. data relay, and imaging. plus an addi- tions which would disturb the radiometer's precision pointing.
tional payload for search and rescue. The satellite design was The data relay transponder is similar to the transponder on In-
chosen after a study of large and medium-size multipurpose satel- sat 1. It is joined by another transponder for satellite-aided search
lites and multiple medium-size satellites with single or dual pay- and rescue. This transponder receives distress signals from emer-
loads. Insat II is the medium-size multipurpose option. gency beacons and transmits them to a central rescue coordina-

The communications and broadcasting payload requirements tion center. It will be used in cooperation with the low-altitude
were developed from assessments of the actual traffic on Insat I in transponders of the Sarsat/Cospas system. which is described lat-
the mid-1980s. combined with projected growth rates. The ex- er.
pected mid- 1990s requirement will be satisfied by two colocated The goals of the Insat I1 program are to design. develop. build.
Insat II satellites with a third satellite at a separate location. The and operate the satellite using Indian national capabilities with
two colocated satellites will appear to be a single satellite, since minimal dependence on other nations. Another goal is to launch
they will both be within ground station antenna beams. They will the later Insat I1 satellites on an Indian launch vehicle. The ap-
use opposite polarizations and offset frequencies for most tran- pearance of the satellites is similar to Insat I. The solar array is
sponders to allow simultaneous operation of their communica- deployed only from the south face of the satellite in order to allow
tions payloads. The other transponders will have opposite a clear view to space for the radiometer thermal radiator on the
polarizations and the same frequencies: transmission frequencies north face. A solar sail on a boom helps to balance the solar radi-
will be chosen to keep interference levels acceptable. The broad- ation pressure on the array. Both the sail and the array are about
casting payload will be used for both television broadcasting and 50It larger than those on Insat i. The structure of the satellite is a
for transmission of multiple low-level signals for disaster warn- central cylinder with four panels joining the cylinder to the exte-

ing messages,. weather data dissemination, and radio program dis- rior faces of the body. The two large reflectors deployed from the
tribution, east and west faces are for transmissions from the comnmnica-

The visible and infrared radiometer is similar to the Insat I ra- lions and broadcasting payloads. The smaller antenna in the 'cen-
diomcter but has resolution improved to 2 km visible and 8 kmi ter of the earth-viewing face if for reception for these payloads
infrared. A complete image scan, covering most of the earth, still and transmissions for the radiometer, data relay. a-,tI search and
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14). one 8-W solid-state amplifier per transponder plus one
spare per two transponders (transponders 15 to 18)

rescue payloads. The smaller antenna in the corner of the earth- ERP 32 dBW (34 dBW for transponders 13. 14) minimum

viewing face is fo- the reception for the latter two payloads, per transponder over the primary coverage area (approxi-

Additional information on Insat II is as follows: mately 8011c of India)
BR: 2550 to 2630 MHz

Satellite Two active 50-W TWTAs plus one spare
Rectangular body. 6.3 x 5.6 x 5.7 ft. 75-ft span of solar array and ERP 42-dBW minimum per transponder over the primary
solar sail coverage area

Approximately 2300 lb in orbit, beginning of life DR: 4504.2 MHz
Sun-tracking solar array and NiCd batteries, 1180 W at end of life SAR: approximately 4508 MHz
in sunlight, only partial payload operation during eclipse through One active plus one spare 800-mW solid-state amplifier
life serves both DR and SAR
Three-axis-stabilized using two momentum wheels, one reaction
wheel, and magnetic torquers: pointing accuracy 0.2 deg (roll and
pitch), 0.4 deg (yaw) One active plus one spare 800-mW solid-state amplifier

Unified bipropellant propulsion for apogee maneuver and on-or- Receiver
bit use COM: 5930 to 64110 MHz (5950 to 6410 MHz on alternate colo-

Configuration cated satellite) and 6735 to 6975 MHz

Communications (COM): twelve 36-MHz bandwidth single-con- One active plus one spare receiver for each of the two receive

version transponders (for colocated satellites, one has ten 36- bands

MHz bandwidth transponders with center frequencies 20 MHz BR: 5850 to 5930 MHz
above the other satellite transponders, plus two 27-MHz band- One active plus one spare receiver
width transponders) plus another set of six 36-MHz bandwidth DR: 402.75 MHz
single-conversion transponders (same frequencies on both satel- One active plus one spare receiver
lites), frequency reuse by opposite polarizations on colocated sat-
ellites SAR: 406.024 MHz

Broadcasting (BR): two 36-MHz bandwidth single-conversion One active plus one spare receiver

transponders Antenna

Data relay (DR): one transponder Two 5.8- x 5.8-ft deployed parabolic reflectors (square except for
Search and rescue (SAR): one transponder rounded corners) for COM and BR transmissions, linear poilariza-

Radiometer (RA): transmission of data from onboard radiometer tion (opposite polarizations on colocated satellitesi
Transmitter One 3-ft parabolic antenna for COM and BR reception and DR.

SAR, and RA transmissions (reception on opposite polarizations
COM: 3705 to 4185 MHz (3725 to 4185 MHz on alternate colo- on colocated satellites)
cated satellite) and 4510 to 4750 MHz One 29-in. short backfire antenna for DR and SAR reception

One 8-W solid-state amplifier per transponder in the lower
band (transponders I to 12), two 8-W solid-state amplifiers Design life
summed and one spare per transponder (transponders 13, Seven years
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Orbit The first ito Insat 11 satellite., are des•gnated test satellites. but

S\ tichronout equatorial. stat(ionkeeping to ±1). I *N-S and E-W their designs are identical to the next three, v\ hich are operational
C oho7ated satellites separated 0.)5 to 0.1). deg at 74°E longitude, satellites. They will work with the same types of ground terminals

third satellite at 83"1E or 93.51- longitude currently using Insat I satellites.

Orbital history I. U. R. Rao. et al.. "The Indian National Satellite System-In-

IA: launch scheduled early 1992 sat.- Space ('olliftntihication and Brvach'a.%fing. Vol. 5. No. 5

1iB: launch scheduled late 1992 (November 1987).

IIC: launch schedule uncertain 2. P. Ramachandran. "'Second Generation Indian National Satel-

Ariane launch vehicle for IIA to IIC lite System." Act't Atronttica, Vol. 18 (1988).

Management
Developed in India for Indian Department of Space

Operated by Department of Space

CHINA

Chinese experience with satellite communications Il-171 start- Approximately 930 lb in orbit (STW-I, -2). 1012 lb (STW-3. -4)
ed in 1974 with the Intelsat system. Their ground terminal was Solar arrays and NiCd batteries, approximately 270 W (STW-I.
manufactured outside China but assembled by the Chinese. In -2), 300 W (STW-3 -4)
1978 to 1979. China conducted experiments using the Symphonie Spin-stabilized
satellite. The experiments included digital and analog voice trans-
mission, television and facsimile transmission, and clock syn- Configuration
chronization. Communications and propagation experiments Two (or three?) transponders. approximately 36-MHz band%% idth
were conducted in 1983 to 1984 using the Sirio satellite. (STW-1. -2)

In 1978. there were reports that China would launch its own Four transponders. 36-MHz bandwidth fSTW-3. -4)
communications satellite in 1981. From 1978 to 1980. Chinese
delegations made several visits to the United States and western Transmitter

Europe to discuss the purchase of communications and broadcast- Approximately 4 GHz
ing satellites. However, in 1981 ,.nd 1982. China announced that One TWTA per transponder, 5 to 8 W (STW-1). 8 W tSTW-2)
these plans would be postponed because of the country's econom- Two I0-W TWTAs and two solid-state amplifiers (STW-3. -4)
ic situation. In 1983. China leased an Intelsat transponder to be- ERP 23.4/34.5/36 dBW peak (STW-I/-2/-3. -4). 32 dBW over all
giin a domestic communications network. In 1984. China of China (STW-3. -4)
launched its own communications satellite, apparently the one
originally scheduled for 1981. An improved satellite was
launched in 1986. Also in 1986, they purchased two Intelsat
hemispheric beam transponders under Intelsat's new program of
selling excess capacity.

The Chinese communication satellites are named Shiyan
Tongxin Weixing (STW). which means experimental comimuni-
cation satellite. Generally, the satellite launched in April 1984 is
considered the first Chinese communications satellite, or STW- I. STW-2. -3. -4 satellite.
However. some references count from the satellite launched in
January 1984. which did not reach synchronous orbit. Since April
1984. four more communications satellites have been launched
by China. STW-I and STW-2 are sometimes designated DFH 2
(Dong Fang Hong. the east is red), and the latter three DFH 2A.
(DFH I was apparently an early launch into low orbit which was
not a communications satellite.) Beginning with the DFH 2A des-
ignlation. the name Chinasat is sometimes used. perhaps to indi-
cate a departure from the experimental status indicated by STW.

The STW satellites are spin-stabilized with a communications
antenna on a despun mast along with antennas for command and
telemetry. The STW- I communications antenna was a horn: the
following satellites have reflector antennas. Satellite features in-
clude the following: those attributed to the third and fourth satel-
lites are prohably also representative of the fifth.

Satellite
C'ylindrical body approximately 8-ft dia.. approximately 5-t
height: height including antenna approximately I0 ft
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Receiver
Approximately 6 GHz. G/T -6 to -9 dB/K

Antenna D
Earth coverage horn (STW- I)
2.5- x 4-ft reflector, bearnwidth approximately 4.5 x 7 deg (STW
-1.-3.-4)

Linear polarization

Orbit r
Synchronous equatorial. stationkeeping to approximately 0.5'
E-W (STW-1. -2). stationkeeping to 0. I°E-W and N-S (STW-3. T
-4)

Orbital history
1: launched 8 April 1984, 130'E longitude, in use after four years.
perhaps still in use in 1990, inclination increased to 3.6 deg by
end of 1990 q ]
2: launched I February 1986, approximately 85°E longitude, per- E Rotary joint

haps still in use in 1990, inclination increased to 2.3 deg by end of
1990 and E-W stationkeeping relaxed STW-3. -4 communication subsvstent.

3: launched 7 March 1988, 88°E longitude, probably in use Between 1984 and 1988. there were many reports about Chi-
4: launched 22 December 1988, 1 10'E longitude, apparently in na's interest in larger communication satellites, perhaps moving
use from 4 to 6 GHz to 12 and 14 GHz, and in television broadcast
5: launched 4 February 1990. 98°E longitude, apparently in use satellites. Chinese delegations visited satellite manufacturers in
Long March 3 launch vehicle the United States and Europe. By 1990, the plan seems to be a

DFH-3 series of satellites built in China with some equipment
The satellites are launched by a three-stage Chinese launch ve- supplied by other nations, primarily Germany. The goal of this se-

hicle. The launch vehicle name. Long March, commemorates a ries is to handle all domestic needs for satellite communications.
long march taken by the Chinese communist army in 1934 to These satellites will have twenty-four 36-MHz bandwidth tran-
1935 from southeast to northwest China. The restartable third sponders in the 4- and 6-GHz bands: the earliest a launch will oc-
stage uses cryogenic hydrogen and oxygen and provides all the cur is 1992.
perigee impulse and possibly some of the apogee impulse re- , , , *

quired to place the satellites in synchronous orbit. The third stage
malfunctioned during the January 1984 launch and left the satel- I. Aviation Week & Space Technology (27 November 1972),
lite in a 250- x 3600-nmi orbit. The entire launch vehicle is re- p. 14, (8 May 1978). p. 17: (4 September 1978). p. 27: (4 Feb-
ported to be fully successful in all subsequent launches. It has ruary 1980). p. 31:(31 March 1980). p. 63;(12 January 1981J.
been advertised for use by other nations and has attracted interest p. 20: (14 June 1982). p. 94. (21 November 1983). p. 71: (23
from several. In 1990, it was used for the first time to launch a April 1984). p. 24: (I October 1984). p. 29: (15 April 1985).
non-Chinese communications satellite. p. 52: (8 July 1985). p. 16: (10 March 1986), p. 141: (19 May

The STW-I and STW-2 satellites were mainly used for exper- 1986). p. 49: (29 June 1987). p. 23: (27 Jul\y 1987). p. I1:
iments, with a moderate amount of operational traffic on the (2 October 1989), p. 15: (26 February 1990). p. 32.
leased and purchased Intelsat transponders. The DFH-2A series, 2. B. Edelson. et al.. "Eyewitness Report on Chinese Satellite
starting with STW-3. is considered a new phase, with operational Work." Astronautics and Aeronautics. Vol. 18. No. 2 (Febru-
traffic split between the Chinese and the Intelsat satellites. The ary 1980).
traffic includes both telephony and television, the latter for educa- 3. Z. Jing. "China's National Space Program," Signal. Vol. 38.
tion and training. In the eastern, coastal regions of China. terres- No. 10 (June 1984).

trial communications are well established, and the satellites are 4. J. He. "Satellite Broadcasting-The Best Way to Meet the
supplementary. In contrast. 80r/ of the land area of China is Needs of Television Education in China." International Coop-
mountains and deserts, where terrestrial communications are very eoation andSpace Mission. L. G. Napolitano. ed.. AIAA. New
limited. In this part of the country. satellites are the primary York (1984).
means of communications.Theans groundnetworkbe witaou5. J. C. Yang. "China Steps Out Into Space." Aerospace America.The ground network began with about thirty terminals having

antenna diameters of 20 to 40 ft. By 1990. the number had grown Vol. 23. No. 4 (April 1985).
to about 130. These terminals are primarily for voice communica- 6. Z. Xu and Z. Zhang. "The Planned Chinese Broadcastine Sat-
tions. Another 30W to 500 terminals with smaller antennas are be- ellite System." Space Communication and Broadcasting. Vol.
ing installed for low rate data communications. At the end of the 3. No. 4 (December 1985).
1980s. over 2000 terminals for television reception were in use. 7. P. S. Clark. "The Chinese Space Year of 1984." Journal ofthe
and four simultaneous programs were being transmitted through British InterplanetatrY Society. Vol. 39. No. I (January 1986).
the STW satellites. The number of these terminals is expected to 8. Z. Jing and G. L. May. "China's Developing Space Program."
grow to 12.0(X): the typical antenna diameter is 20 ft. Sinal. Vol. 40. No. 6 (February 1986).
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9. P. J. He, -Design Considerations in a Special Satellite Corn- 14. K. K. Chadha. "'China Stiffens Launch Competition." Aero-
niunication, Netwvork,' ('onintinications-A 1n1 hdie*1rv on the .N/c'e America. Vol. 27, No. 3 (March 1989).
Move, lEE Conference Publication No. 262 (May 1986). 15. X. Ren. "*China's Space Development Policy," Space Ltili:a-

10. P. S. Clark. "China-In Business and Advancing Fast.� lion and Applications in the Pacific, Advances in the Astro-
Space/l.iVht. Vol. 29. No. 2 (February 1987). nautical Sciences. Vol, 73. American Astronautical Society

II. G. L. May, "New Directions for the People's Republic of Chi- (1990).
na Space Program," Signal, Vol. 42. No. I (December 1987). 16. S. W. Tweng and J. Chen. "Steps Toward Chinese Satellite

12. G. Wu, "China's Space Communications Goals." Space Poli- Communications in the 21st Century." Space Utilization antld
c.\v Vol. 4, No. I (February 1988). Applications in the Pacific. Advances in the Asnrovnalti,/ al Sci-

13. L.-H. Liu. "Development and Flight Performances of China's ences, Vol. 73. Anicrican Astronautical Society (1 990).

Satellites' Power Systems," Space Power, Vol. 7. No. 3/4 17. W. Chang, et al.. "Communication Antenna Subsystem for the
(1988). Chinese Satellite DFH-3.'" 19th European Microwave Confler-

ence Proceedings (September 1989).

ARABSAT

The League ,:.irab States began considering a regional satel-
lite communications system 1I-91 in 1967. In 1974. the Arab
states agreed to form the Arab Satellite Co.nmunications Organi-
zation. It came into existence at the end of 1976, and has twenty-
two member nations. Saudi Arabia has about a 35% investment
share in Arabsat: other shares vary between 0. lc/ and 141/. At its • x

, sllV Aare partially deployed in the transfer orbit, in which
A rabtit atelite.three-axis stabiliz'ation is used. The antennas are

deployed in synchronous orbit. The body is assem-
formation, technical and administrative committees began prepa- bled in modules. The north, south, and earth-viewing

ratory work for the Arabsat system. The objective of the system is faces hold the communication subsyste. and thermal radia-

in the tors. The other three faces hold support equipment and the two
Arab world by: large antennas. A central cylinder is a structural complement to"Praworldig be cthe main rectangular structure and contains the bipropellant pro-

SProvitding reliable communication links between Arab pulsion subsystem. The command subsystem includes a decryp-
states. tor to prevent unauthorized parties from controlling the satellite.

"* Providing communications in rural areas. The satellite details are as follows:
"* Developing Arab industrial capabilities in space-related Satellite

technologies.
"* Introducing new communications services such as video Rectangular body. 87 x 610 x 63 in.. east-west span with antennas

deployed approximately 18-I/2 ft. span of deployed solar arraysconferencing, f'acsimile. and remnote printirg of newspapers. 69 ft
Within the area served by Arabsat. it is easier to establish sat- 15W lb in orbit. beginting of life

ellite links than terrestrial links because of the great distances and
large deserts. Sun-tracking solar arrays and batteries. 1300 W minimum at end

The Arabsat Organization decided to purchase satellites, of lil'e
launch services, and major ground facilities internationally, but to Three-axis stabilization using momentum wheels. ±0. I-deg an-
try to develop some ground equipment within the Arab nations., tenna pointing accuracy
This work, plus training to operate and maintain the system. will Unified bipropellant propulsion for apogee maneuver and on-
fulfill the third objective delineated. Two satellite proposals re- orbit use
ceived in 1980) in response to Arabsat's request were rejected. A
modified request was issued. and five proposals were received. Configuration
t(,) each from the United States and Europe and one from Cana- C-band: twenty-five 33-MH/ bandwidth repeaters
da. A contract was awarded in May 1981 fbr three satellites, two C/S-band: one 33-MHz bandwidth repeater
to be launched plus a ground-based spare. Dual-polari/ation frequency reuse in C-band

The Arab satellite was developed by a team of European and
United States companies. It includes equipment used for other Capacity
satellites. particularly Intelsat V and Telecom I. It is a three-axis- C: 80WM) voice circuil,. plus seven TV signals
stabilized design with solar arrays and antennas. The solar arrays C/S: one TV signal
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Transmitter The Arabsat communication subsystem uses the 4- and 6-GHz
C: 3700 to 4198 MHz, 8.5-W output per repeater. 31 dBW mini- frequency bands, plus one downlnk near 2.5 GHz. The uplink
mum ERP per repeater at edge o. coverage consists of thirteen 33-MHz bandwidth cl-annels spaced 37 MHz

C/S: 2560.5 or 2634.5 M-l. switchable by ground command. ap- center-to-center on each of two polarizations. They) are received

proximately 80-W output via summing any two of three 50-W via the circular 6-GHz antenna and fed to redundant receivers.

TWTs, 41 dBW minimum ERP at edge of coverage Twenty-five channels are retransmitted at 4 GHz using the square.
deployed antenna. The other channel may be switched to either of

Receiver two frequencies near 2.6 GHz and is transmitted through the rect-
C: 5945 to 6423 MHz angular planar antenna on the earth-viewing face of the satellite

C/S: 5927 to 5960 MHz body. The switchable frequencies allow this channel to be used on

C/T Ž!7.5 dB/K over coverage area both orbiting satellites without any potential for mutual interfer-
ence.

Antenna In late 1981. a temporary problem arose concerning whether

One offset-fed para'olic reflector for C-band transmit, 56-in. or not the United States subcontractor would be granted an export
square with rounded corners: thirteen feed horn,,: 23 dB gain at permit )r the equipment it was developing. The rationale was
edge of coverage, circular polarization that Libya and South Yemen. considered unfriendly to United

One offset-fed parabolic reflector for C-band reception. 5 I-in.- States interests, were part of Arabsat. and that the satellite might

dia.. seventeen feed horns. 23 dB gain at edge of coverage, circu- have a military use. Within six months, the issue was resolved in

lar polarization favor of the export permit. Satellite development continued and
two satellites were launched in 1984, one each by Ariane and the

One planar slotted waveguide array for S-band transmit. 31 x 47 Shuttle. The first satellite experienced solar array deployment
in.. 22.7 dB gain at edge of coverage, linear polarization problems. which were overcome, and attitude control problems.

Design life corrected by switching to a redundant unit. Both satellites are op-

Seven years erational although. normally. ,nlv one will be active.
The 4/6-GHz transponders' ,-'location was ten to international

Orbit telephony using FDM/FM/FDMA, two to international telephony
Synchronous equatorial, stationkeening to ±0. I °N-S and E-W using SCPC/FM/FDMA, one for international television distribu-

Orbital history tion. three for emergency communications, and nine for domestic
use by Arabsat members. The one 2.5-GHz channel was planned

I A: launched 8 February 1984. 19WE longitude for television broadcasting. primarily for community reception.

Ariane launch vehicle All television transmissions use FM. International transmissions

I B: launched 17 June 1984 (deployed from Shuttle 18 June), are between terminals supplied by the members. typically one p-.
26E longitude member, with a 36-f1 antenna. Smaller transportable terminals

Shuttle/PAM-D launch vehicle also may be used. The 2.6-GHz television reception terminals
IC: launch scheduled early 1992 may have 8-41 antennas. Arabsat had two control terminals built.

Ariane launch vehicle each with t1\.o antennas. The primary one is in Rivadh. Saudi Ara-
bia: the alternate is in Tunis. Tutisia. The satellite comractor was

Management responsible for satellite control for the first two years. during

Developed for Arab Satelie Communications Organization (Ar- which it would train Arabsat personnel in satellite operations.

absat) byAerospatiale wit i Ford Aerospace and Communication This control contract was extended into a third year: subsequent-

as a major subcontractor ly. satellite control has been done by citi/ens of Arab nations.

Operated by Aerospati-de for two years. then by Arabsat
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Although the Arabsat sNstem had great promise, during the 3. H. M. Shaweesh, "Satellite Community TV Direct Reception
first live years after launch the satellites were underutilized. By Applications ill the Arab World." Con *'rence Prtweeding4A. I-o
1989. approximately one-third of the capacity of one satellite was ternaiomdl Telecmmunuonon anml C,.nmerEvpo.Siuion (lI-
in use. mostly for telephony. Several reasons contributed to this teh'om '80) (November 1980).
underutilization. One is that satellite charges are no less than 4. A. Al-Mashat, "The Arab Satellite Communication System.

those of Intelsat, giving no incentive to move traffic from Intelsat Paper 82-0469. AIAA 9th Comnnmunications Saiellite SY.•te•n
to Arabsat. Another is that some Arab nations built and are build- Conflerence (March 1982).
ing new terrestrial communications facilities which divert traffic 5. A. AI-Mashat, "Arabsat System: Regional Telecommunica-
from Arabsat. A third reason is that Egypt was expelled from the tion Progranime for the Arab States," eleconununication
Arab League in 1979 for signing the Camp David agreements Journal. Vol.52. No. 2 (February 1985).
with Israel. Although later returned to membership. Egypt never
made the expected large use of. and investment in. Arabsat. t. Sia" Contntnic'ation and Broadcasting. Vol. 31 No. 3 Sep-
Through 1989. the 2.5-GHz television broadcasting capability tember 1985).
had not been used at all, because there was no agreement - 7. Ai'iaion liek & Sace Thnolo (30 September 1p974r.
gramming that could be acceptable to all the member nations. The p. 22: (24 March 1975). p. II1 (23 June 1975). p. 47: (21 July
disagreements were both political and religious. 1975). p. 56: (26 April 1976). p. 21: ( 17 October 1977). p. 93:

Because of the underutilization. Arabsat revenues are far be- (8 December 1980). p. 11: (9 November 1981). p. 22: (7 De-
low past expectations. Hence. the organization is working to cember 1981). p. 25: (1 February 1982). p. 27: (13 December
maximize the lifetimes of the two satellites in orbit while encour- 1982). p. 70: (21 May 1984). p. 176:.(25 March 1985). p. 22:
aging additional uses to boost revenues. The third satellite is in (8 April 1985). p. 17:(24 June 1985). p. 27: (7 October 1985).
storagle on the ground and is scheduled to be launched in 1992. p. 13: (20 May 1991 ). p. 27.

, , * 8. C. Bulloch. "Arabsat-A Neglected Asset.� Space Markets.Vol. 5. No. I (1989).
I. M. M. Abdallah, "The Arab Satellite," Telecommunication 9. l. V. Ara C A 1989n.

.Iournal. Vol. 44. No. 9 (September 1977). 9. P Vizier. "Arabsat Communication Antennas.- IEEE Interna-

2. H. M. Shaweesh. "'Future Satellite Broadcasting and Distribu- tional Svmposiun on Anrun and Propagatin (June 1989).

tion in the Arab World.'" Internailional Brotha.sting Conven-
tion, lEE Conference Publication No. 166 (September 1978).

BRAZIL

Long-distance communications in Brazil were transformed ture. which includes a central bearing and motor to despin the
from primitive to modern between 1965 and 1985. In 1965. when communication subsystem equipment shelf. The antenna is in an
Brazil joined Intelsat and created the state-owned Empresa open area at the top of the inner solar panel at launch and is rotat-
Brasileiro dc Telecomunicacoes (Embratel), high-frequency radio ed to its operating position when the satellite reaches s\ nchro-
was the common long-distance transmission mediutim. In 1969. nous orbit.
Brazil started using Intelsat for international links. By 1972, a The communication subsystem has twenty-four repeaters. The
new microwave system linked major Brazilian cities, but tropos- 4- and 6-GHz frequency hands are used. with dual-polarization
caller was the means for communicating with most interior points lrequency reuse. An array of feed horns, in combination -ý ith the
of the country. Some satellite communication experiments were large reflector, form a beam optimized for coverage of Brazil. The
conducted in the early 1970s using ATS 3. Domestic satellite receivers and transmitters. and their redundancy arrangements.
communications started in 1974 wkith a leased Intelsat transpon- are the same as on other modern satellites that use the same fre-
der and two earth terminals. By 1979. the system had expanded to quency hand, The satellite details are as follo\\ s:
2.5 transponders and six terminals. In another liive years. it had Satellite
cepand,,d to sexcn transponders and oxer 200 terminals. most for
tclc\ ision reception. In the mid- 1970s. the government requested. Cy1inder. 85-in. dia., 116-in. height isto%%ed). 23-ft height (de-
and reccixed. proposals (or its own satellite but then cancelled the ployed)
pnrojet for economic reasons. HIowever. as the use of Intelsat in- 1470 lb in orbit. beginning of life
creased, the economics of the doniestic satellite became better. Solar cellIs and NiCd batteries. 985 W heginning of life. 8(H) W
relatixe to the lease costs. Inl addition, a dedicated satellite xxouhl after eight \ears
pro\ ide greater operational Ilexibilit\. Therefore. in 198g1. a lrei\ Spin-stabilized. gprostat. approxiniatel. 6()-rpni spin rate. anlen-
set ot proposals was rcceixed. and in the nest \cam a satellite de- ta polillning accorcic.\ ±00.5 dee

lopmient contract was axardd. The satellite is a part Of thC Solid rocket motor for rpocec mianeul\er and hdra/ine propul-
Sistehna Brisilciro de Tclecolnunicacoes por Satellile (SlHTS) s er and h z o
more conmini,ml called lirasilsat (1-71.

The satellile is a spins-thlbili/ed desien used for I11•.a\ other Configuration
damlrcstic satelliles. The o(lar panel consiss ot it \% c imlidcrsý the I x\ ent\-four 36-M!Il/, single-con\ersion repeaters, dual-polazra-
outcr (oIe sturlrounds the inenr 10r Illillirulll si/e dtlrinle Ilaluch tion flrqtkL1nc\ reuse
aInd is deploed in orbit. A theriaml radiator occupies the ririddle
Forthmu, o1 the inner solar panel. %11ithin \\ hich is thC bAslc sl-rlc - Transmitter

L're at the satelhlit. Support subs, stils are 1mounted (1n tie st1ruk- 3702 to 4 1• X M\Iz
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Five 9-W TWTs for each group of four repeaters

ERP 34 dBW per repeater over >90% of Brazil

Receiver

5927 to 6423 MHz
Four receivers (two active, two spare)

G"T _>-4 dB/K

Antenna
Two 71 -in.-dia. parabolic reflectors sharing the same aperture us-
ing orthogonal linear polarizations, beam shaped to Brazil, 27-dB Brasilsa .satellite.
"gain over >90c% of the country. >24-dB gain everywhere, fifteen
feed horns

Design life
Eight years

Orbit
Synchronous equatorial. stationkeeping to ±0. I0 (or better) N-S
and E-W

Orbital history
1: launched 8 February 1985, in use. 65°W longitude
2: launched 28 March 1986. spare, 70'W longitude
Ariane launch vehicle

Management

Developed by Spar Aerospace for Embratel
Operated by Spar Aerospace for six months, then by Embratel

The satellites are controlled from a system operations center in
Rio de Janeiro. Much of the satellite control equipment was pro-
vided by the satellite contractor, who operated the satellites for
their first six months in orbit while training Brazilian operators.
Primary uses of the satellites are long-distance telephony and
television distribution. Telephony between major cities uses
FDM/FM. but other telephony and data links use SCPC/FM. The
two satellites have been underutilized, with the second being used
for occasional tests only. About half of the first satellite is used for
telephony and the other half split between television networks,
teleconferencing and spare repeaters, plus one repeater for mili-
tarv use. Reasons for the underutilization are at least twofold.
One is that Embratel is a monopoly with strict control of satellite
use. which prevents the development ofthe many commercial ap-
plications which have flourished in some countries. The other rea-
son is that the social ministries in the government \were not
involved in planning for the use of the satellites and now still lack
the budget and expertise to de\ elop social applications.

Brazilian content of its first earth terminals, in the 19 70s. was
"small. Guided by a definite intention to be self-sufficient in space-
related technolocies. Brazil became almost entirely self-sufficient
in earth terminal manufacturing in the first half of the 1980s. Be-
cause of the limitations mentioned above on use of the satellites,
the number of terminals has grown slowly.

In 198). Brazil concluded a competition for its second genera-
lion of satellites and at.nnounced its choice of contractor and problems in arranging financig. Construction \ýas expected to

lauprolem veine Trrteg cotaco iiscie Cothucio wasi eopcte totbit islaunch vehicle. The contractor is the same one thatl built the firstI begoin iin 199 1. \\ ith the first launch in 1994 and the second in
tVwo ( ,satellites. The second-generation satellites \\cre stated to 1995.

have tIentv-ci,!ht repeaters at 4 and 6 (H/ pIlus one at 7 and 8 1995.

(H/ for the Brazilian military.
Piy the beginning of 1991. construction of the satellites had not I. I). I.. l)oan. et al.."Anik 1). Brasilsat and GStar Shaped Beam

started. The delay s% as due to e\tended negotiations on the satel- Antenna,,.'" Paper 29.5. I-rt (ianadiani I)O,,cptc anmd lhir-
Iite configuration and offset \ ork tI Bra/ilian contract•os and to Piation atlit' 1th (',mimmunii' ain ( C',ut, rcmic AJune 1X31.
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MEXICO

Mexico started domestic use of satellite communications in
1980, by leasing Intelsat capacity on a satellite that was moved to
53°W longitude to provide domestic services for Western Hemi-
sphere nations. Mexico also owns one transponder on a United Mexican satellite.
States domestic satellite that is used for transmission of television \
to the United States. In the spring of 1983, a contract was award-
ed for construction of a Mexican domestic communications satel-
lite I 1-61. This satellite, and the system of which it is a part, is
called Morelos, in honor of an important person in Mexican histo-
ry.

The satellite shares the same design as many others, e.g., Anik
C, SBS, Westar IV, Palapa B. and Aussat. It is launched as a com-
pact cylinder. In synchronous orbit the extra solar array, which
surrounds the main body at launch, is deployed along three tracks
mounted around the main body. Also, the antenna assembly is un-
folded from its launch position against one end of the body. The
large reflector and its feed horns are attached to an equipment
shelf upon which the communications electronics are mounted.
This shelf is despun to maintain the proper east-west antenna
pointing. North-south pointing is accomplished by a motor locat-
ed at the hinge where the reflector is attached to the satellite.
Pointing information is obtained by tracking a 6-GHz beacon
transmitted from the ground. Equipment. other than the commu-
nications subsystem, is mounted to the spinning structure of the
satellite.

Among all the satellites of this design, the Mexican satellite is
the first to use two sets of communication frequencies. Most 4/6-
GHz domestic communication satellites have twelve transpon-
ders on each polarization. The Mexican satellite has twelve tran-
sponders on one polarization but only six on the other. The six
transponders have twice the bandwidth (72 MHz) of the twelve
(36 MHz)- hence, the 4/6-GHz spectrum is fully used. Neverthe-
less. the reduction in 4/6-GHz transponders allows the satellite to
carry an additional payload-four 108-MHz bandwidth 12/14-
GHz transponders. This combination of transponders in two fre-
quency bands maximizes the transponder bandwidth in this size
satellite. The same approach is used by another manufacturer in
the Spacenet and ASC satellites.

The large reflector is used for 6-GHz reception and 4- and 12-
GHz transmission. Thirteen feed horns are used for vertical polar-
ization reception, including both communication signals and the
tracking beacon. Eight horns are used for horizontal polarization
reception and dual-frequency transmission. The multiple feed
horns shape the beam to Mexican geography. The beam patterns
for both transmission frequencies are shown. Reception at
14 GHz is through a planar slotted array composed of thirty-two
square segments. It is mounted just above the feed horns used
with the large reflector. The multifrequency reflector and planar
array replaced the initial Morelos design, which had separate 4/6-
GHz and 12/14-GH/ reflectors. The satellite and payload details
are as follows:

Satellite Configuration

Cylinder. 85-in. dia.. I 12-in. (9 ft. 4 in.) height in launch configu- 4/6 CHz: twelve 36-MI] bandwidth ,inele-conversion repeaters
ration. 261 -in. (21 ft 9 in.) height when deployed and six 72-MHz bandwidth single-conversion repeaters onl or-

Approximately 1465 lb in orbit, beginning of life thogonal polarizations
12/14 GH/: four 108-MH/ bandwidth singlc-conmer,,ion repeat-

Solar cells and NiCd batteries, 940 W beginning of life. 760 W f -rers
after ten years

Spin-stabilized, gyrostat, approximately 6() rpm spin rate, anten- Transmitter
na pointing accuraty ±0.05 deg 4/6 GH/: 37(M) to 42(X) MI-I
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Seven 7-W TW~s for each set of six 36-MH/ repeaters. 36- to take ad\vantage of its sch'!duled launch. yet not use fuel for sta-
dIBW ERP per repeater at edge ofcoverage tionkeeping until its Commiu n icat ion capacity is required.
EiehIt 10.5-W TW'Ts for the'six 72-MH, repeaters. 39-dBW The Morelos system provides serv ices to both urban and rural
ERP per repeater at edoe of cov erage areas. Urban areas, cities and tow&ns \kith populations of more

12/1 GH/ 11. to 2.2 I-lthan 2500. have existin- terrestrial commnunications. Morelos
Sx20-W FTW~s for the four repeaters, 44-dBW ERP per re- provides a miany-fold capacity increase for television, trunk tele-

Six phony, data transmission, and private networks. Rural areas typi-
peatr a edc ofcoveacecally, do not have terrestrial telephone or television service.

Receiver Morelos can provide these plus communications for health care
4/6 GI-f,: 5925 to 6425 MH/ and to promote the development of agriculture, the mining and oil

F-our receivers f two on, tWo spare) industries, and tourism.
FET reatipliiersThe control center 1kr Morelos is located near Mexico City.V

FET reaplifersAbout 23() 4/6-GHz earth terminals in use wkith the Intelsat lease
GIT +1 dB/K over all of Mexico

12/14 GH,: 14.0) to 14.5 GH/,
Tw o recei vers (one on. One spare) H

FET preamnp iftiers 595620 T37040
G/T' +I dB/K over all of Mex ico59-6237040

Antenna -
4/6 C Hi.: one 71 -iii. dia. of iset-led parabola
"with two polarization sensitive surfaces. -

twenty-one feed horns shape beam for Mexi-
can coverage, linear polariztation _10-

12/14 CH/: shares the 4/6-CH/ hori/tontal
polarization reflector and seven of eight feed _11
horns for transmission, 16- x 40-in, vertical
polarization plainar array for reception-10
Edge of'coverace Lain. transmit arid receive.
both frequency bands, is 29 to 32 dB 10

Design life TT S H

Tenl years (fuel load nine years)225-

Orbit
Svnchronous equatorial. stationkeeping to
±0.1I' (or better) N-S and E-W Rcie aea bv

Orbital history S Receiver 4 S H
1:launched 17 June 1995 (deployed from -

Shuttle. 17 June). 113 W 10onc"itude. in use
2: launched 26 November 1985 (deployed
from Shuttle. 27 Novembher). 11 7<Wln H Horizontal polarization
(tideVVetclplrzio

Shuttle/PANI launch __ehicle

Management
Developed by H-ughes Aircraft Company for L-14 Same as above
Secretaria de (Comunicaciones v 1ransportes 14.0-
Operated by Secretaria (Ie Co1Lniuncaciones v 14.5 GHz
TransporteN T

Morelos I kkas launched in limne 1985. Af-
tcr testing. all traffic %kias transferred to it T T T
from the Intelsat satellite. Morcýlos 2 was -bT
launched in Nos ember 1985 and put into a LS2300 5 C

drifinu stra-corbtjut ahw IIC11-0101.1, -0 11.7-12.2 GHz
drifingstorge rbi lus abx es~ nhroousReceiver 2

altitude. In 1996. it s\ as stabili/ed at II 6-det! e
longcitude iii an orbit %k ith a hcsk degrees inch-
inationt. Tihat orbit ks as p~r(operf phased. so
that t be incli nat io n decreased t o /ero bs 1990)
due to natural forces,. his It\ c \ cars of orbit-
al t Nrate g \kas the best c ho ice for Mborcelo s 2 .toAh lo 01, o1, 0 Ifiti t U1101bl I o ,t
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were transferred to Morelos. Only seven had transmission equip- allowed to own earth terminals, and its budget restrictions did not
ment. The others were equipped only for television reception, but allow it to buy enough to increase satellite usage. Some private
the equipment for two-way telephony can be added easily. Their companies bought terminals and gave them to the government in
number will increase, in addition to many other earth terminals to order to be able to use the satellite. Third. the government agen-
receive television transmission at 12 GHz. The I 2-GHz terminals cies responsible for social uses of the satellites did not have
"will ha\e I0-ft antennas, whereas the 4/6-GHz terminals have an- enough interest or budget to develop anything. Thus. although so-
tenna diameters between 15 and 36 ft. cial uses were projected to require 3014 of the satellite capacity.

After three years of operation. the first satellite was used much only one health care pro'ect was operating. Fourth. some Covern-

less than had been anticipated. The primary use was television ment agencies. unable to cooperate with the satellite operator. ex-
distribution: secondary uses were telephony, data. and radio pro- panded their terrestrial communications networks. The first three
gram distribution. Several causes contributed to the underutiliza- of these causes also underlie the lack of utilization of the Bra/il-
tion. First, although many worthwhile uses had been identified in ian satellite.
planning the Morelos system. detailed work to implement them Use of the Morelos system is increasing slow\ly. wAhich impacts
had not been done. Second, until 1988 only the government was the planning for replacement of the satellites. Replacement

launches are desirable in 1994 to 1996 to insure continuit\ of ser-
vice, but the current underutilization reduces revenues and dis-
courages the investments necessary for new satellites. In the fall
of 1990. a request for proposals was issued for new satellites: and
in summer 1991. a contract was awarded, and it was announced
that two Solidaridad satellites will be launched in 1994.

I. Satellite Comanications (October 1982). p. 10: (April
1983). p. 14 (August 1983). pp. 30. 94.

2. Aviation Week & Space 71htnologv ( 8 October 1982). p. 19:

38 Mexico (21 March 1983). p. 15: (24 June 1985). p. 27: (21 December
City 1985). p. 21.

3. M. E. Sanchez-Ruiz and B. R. Elbert. "*Mexico's First Domes-
tic Satellite." Paper 84-0716. -4/A 10th Commnunication Sat-
ellite Syestems Conlkrence (March 1984).

(a) inlStlieCnnui(a) 4. J. Valeidi. "Regulatory Issues in Regional Satellite Communi-
cations." Tele/•mmmnicalions PolicY, Vol. 9. No. 3 (Septem-
ber 1985).

5. M. E. Sanchez-Ruiz. "-Key Issues in Satellite Communica-
tions: The Mexican Satellite Program." New Direclion., in

43ýSatellife ('~nncto.,H. E. Hudson. ed.. Artech House,
Dedham. Massachusetts (1985).

6. J. Borrego and B. Moody. "The Morelos Satellite System in
Mexico.- 7'le•ontlmtati•aiun' PolicY. Vol. 13 No. 3 (Septem-
ber 1989).

Mexitan .sat(,lit(' covelra.u,. (a (iC-/mud ravlt.si,' cor'eltt,,
(72 MH- r peate'ris): (h) K-hand transuit coverage'.

AUSTRALIA (AUSSAT)
In the large undecloped and sparsely populated regions of Studies continued through the 19 70s 1-31. In mid-1979. the

Australia. meI~anls of Comm lintliCationS and hroadcasthinc were cover1inent made a decision to implement a system. In the fall of
either unreliable or noneexistcntl. Satellite communications can 1979, the Canadian Hermes Satellite CTS) %%as used for demon-
prov idc the needed improvements at lower cost than terrestrial al- strations of tele\ ision broadcasting to small terminals at numer-
lernaties. The lirst stud\ of an Australian domestic system %,ias ous locations. Di,,tri buLtion of tele\ iion to liflt isolated
conducted inl 1966. In 1969. Australia beCgan routinc some tranis- communities beoan in I198() using an Intelsat satellite. Betw\een
continental telephone circuits through the Intelsat s, stem. DIuring mid- 1979 and April 1982, satellite specifications \\erc de eloped.
1970. experiments %\ere conducCte isi nn ATVS I to Lather data a Covernmlent-ow\nCd operating compan\ (Au,,,,at Proprietar\
that \,oul d be IIse ful in pl an i iiing di stl nei c satellilt system. I.imited) %,.as formed. aid ni. satellite contract \\,as ,,icncd.
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Ausat A .sateflite. switches are in the center of the diagram. the low-power (12-W)
transmitters are in the upper and lower parts of the diagram. Fol-
lowing the transmitters are the output switches. which connect
each transponder to one antenna beam. The transponders. with a
bandwidth of 45 MHz,. are spaced 64 MHz center-to-center in
each polarization. This wide spacing was necessary to make the
transponder switching and combining hardware practical. In sat-
ellite A3. additional feed horns were added to form a Southwest
"Pacific beam as an alternative to the PNG beam. Satellite and
communications details are as follows:

Satellite
Cylinder. 85-in. dia.. Il -in. height stowed. 260-in. (21 ft 8 in.)
height deployed
1430 lb in orbit, beginning of life

Solar cells and NiCd batteries, approximately 1050 W at begin-
ning of life. approximately 860 W minimum at end of life

Spin-stabilized. gyrostat, antenna pointing to ±0.05 deg or better

Solid rocket motor for apogee maneuver and hydrazine propul-
sion for on-orbit use

Configuration
71 Fifteen 45-MHz bandwidth single-conversion transponders. dual-

polarization frequency reuse

Transmitter

12.254 to 12.748 GHz
Eleven active plus two spare transmitters with 12-W TWTs for
Transponders I through 6 and 9 through 13
Four active plus two spare transmitters with 30-W TWTs for
Transponders 7. 8. 14. 15
ERP per transponder at edge of coverage: 34/38 dBW in national
beams (2 to 3 dB higher over>90c7 of country) 41/45 dBW in
Papua New Guinea beam. 29/34 dBW in southwest Pacific beam
(A3 only), 38/42 dBW in spot beams (5 dB higher in most areas)
(I 2/30-W TWT)

Receiver

The satellites were originally called Aussats. With the devel- 14.002 to 14.496 GHz

opieient of a second generation. the first satellites were designated Three active plus two spare receivers
AUssat A. The Aussat A design 14-181 is basically the same as G/T at edge of coverage: -3 dB/K in national beams. -I dB/K in
many others. e.g.. Anik C. Telstar 3. Galaxy. and Palapa B. It is a Papua New Guinea beam
dual-spin satellite with a deployable solar array. Support sub-
systems are mounted on1 the spinning section. and the communi- Antenna
cation subsystem is on a despun platform. The three dual- Three offset-fed parabolic reflectors: one 24-in. dia. for national
polarized reflectors are mounted on a common structure which is beams receive and transmit: one 39-in. dia. for Papua New Guin-

deployed in orbit. ea beam and southwest Pacific beam (A3 only) transmit and
The satellite has transmit antenna beams for all six of its ser- northeast and southeast spot beams transmit: one 43-in. dia. for

vice areas and receive antenna beams for national and Papua New Papua New Guinea beam and southwest Pacific beam A3 only)

Guinea (PNG) coverage. The two larger reflectors seen in the sat- receive, and west and central spot beams transmit: all use linear
ellitc figure are used for PNG and spot beams. The smallest re- polarizations: 32-dB minimum cross-polarization isolation
tlector is used for national beams. Design life

Aussat A has fifteen communications transponders. eleven low Ten life
power and four high power. Because of the two types of transpon- Ten years (fuel load for eight years)

ders and the mans antenna beams, the communln ication subsystem Orbit
has many switching matrices. The receivers all cover the entire Synchronous equatorial. stationkeeping to _+.05°N-S and E-W
500-MH , uplink bandwidth, with one connected to each of the

three antenna beams. The input switch for Transponders I Orbital history
through 8 connects each transponder to either the national or Al: launched 27 August 1985 (deployed from Shuttle. 27 Au-
PNG receiver output. The uplinks for these transponders use one gust), in use at 160'E longitude
polarization: the uplinks for Transponders 9 through 15 use the A2: launched 26 November 1985 (deployed from Shuttle. 27 No-
other. The high-power 130-W) transmitters and their redundancy vember). in use at 156'E longitude
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Command and
telemetry antennas

Despun ANTENNA
forward MODULE
thermal Dual gridded
barrier shared aperture

reflector antennas (3)

Antenna positioning
Smechanism

Feed arrays

Forward
solar panel

- Mirror DESPUN
thermal SHELF
radiator

Power supply
Bearing (19)

SPINNING____ "_____ Aft thermal SECTION

barrier
Battery
pack (8)

RCS
Aft solar tanks (4)
panel

Apogee motor

Aussat A satellite details.

Shuttle/PAM-D launch vehicle for domestic telephony and broadcasting under the direction of
A3: launched 15 September 1987, in use at 164 0E longitude the PNG government. However, they have not been used. Switch-

Ariane launch vehicle es and feed horns added to the A3 satellite allow use of these tran-
sponders on a southwest Pacific beam. This beam is in use for

Management domestic communications in New Zealand. Technically. it can be
Developed by Hughes Aircraft Company for Aussat Proprietary used for communications between Australia and New Zealand,
Ltd., a government corporation but Australia's policy is to "use Intelsat for international satellite

Operated by Aussat Proprietary Ltd. communications.
The home broadcasting uses the high-power transponders and

Aussat categorizes their services into television and radio, spot beams. Home receivers with 4- to 5-ft antennas can receive
voice and data, and offshore. The first category is the largest and one television and three radio programs. This broadcasting is
includes broadcasting to homes, distribution to network stations aimed at the more than one million people who have poor quality
and closed-circuit TV systems, and transmission of news from re- or no television service. Aussat has earth terminals in all the ma-
mote locations. The voice and data category includes government jor cities for voice and television transmissions. Voice signals are
communications for aeronautical control and other applications, SCPC/CFM for low density and 2 Mbps QPSK for high density.
the public telephone network, and business communications. The By 1988, about 350 other earth terminals were in use, some are
offshore category is the transponders leased to New Zealand. The for government communications but more are private terminals
transponders connected to the PNG antenna beams were planned for business communications. Antenna sizes vary from 8 to 43 ft.
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Darwin

About 2000 terminals are used for television reception by organi-

/ati,,ns, and thousands more are used at homes. All of these earth
terminals are built in Australia.

Three .atellites were built: two were launched in 1985 and are

in use. Their capacity was all assigned before launch due to a
surge in demand as the system neared operations. Therefore. Aus-
sat launched the third satellite as soon as possible. Each of these
satellites was in use within live weeks after launch. Aussat con-d are

trols the satellites from an operations center in Sydney through
TT&C sites in Sydney and Perth. 0

Aussat was considering a fourth satellite but turned their plan- 0,
nine toward a second-generation system. now Aussat B 116-221.
Discussions with potential contractors began in 1986. and formal
proposals were received at the end of 1987. A contractor was se-
lected in June 1988. The contract is for Satellites B I and B2. de-
livered in orbit. and some new equipment for the ground control
center. They will replace A I and A2 and are scheduled to be in or-
bit more than one year before the expected end of life of the earli-
er salellites. Their ends of life. due to fuel depletion. are estimated Aussat A s.er-ice areas.
to be the end of 1992 and middle of 1993. A third satellite will be
required to replace A3 in 1997. It will be either B3. a copy of B I.
or C I. the first of a third generation of Aussats. deployed solar arrays 67.5 ft

The Aussat B satellite design is different from Aussat A. The B 3670 lb in orbit, beginning of life
satellites are three-axis-stabilized with solar arrays and antennas Sun-tracking solar arrays and NiH, batteries, more than 32(M W
that deploy in orbit. Although three-axis communication satellites at beginning of life
are very comnion. Aussat B is the tirot three-axis commercial Three-axis-stabili/ed using double- imballed momentum wheels
comimun ication satellite from this manutfacturer. The primary h - Ci

payload of Aussat B is very similar to that ofAussat A. which will Solid rocket motor for perigee maneuver, liquid bipropellant pro-

allow an easy transition between the two. Unlike Aussat A. the B pulsion for apogee maneuver and on-orbit use

satellites have additional payloads: an operational mobile comn- Configuration
munications payload, a laser retrorellector for precise ranging in Ku: Fifteen 54-MHz bandwidth single-conversion transponders.
support of tfi me synchroni/ation transmissions, and a 28-GHz dual-polarization frequency reuse
beacon for propagation studies. Satellite and payload characteris- d
tics are: L: Two 14-MHz bandwidth transponders. one Ku-band receive

and L-band transmit (to mobiles), one L-band receive and Kfr-
Satellite band transmit (from mobiles)
Body 7.5 x 7.5 x 7.5 ft. span of deployed antennas 36.5 ft. span of Ka: One beacon
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Transmitter
Ku: 12.255 to 12.747 GHz

Two rings of eleven 50-W linearized TWTs each, eight active
and three spares (sixteen active TWTAs support the 15 Ku
transponders plus the L to Ku transponder)
ERP 44 to 51 dBW per transponder

L: 1545 to 1559 MHz
Two sets of six 30-W solid-state power
amplifiers used together, each set has
three or four active amplifiers, two or
three spares

ERP 48 dBW over >90 % of Australia , u slB st.ie46.5 dBW over all ofAustralia and.a B satellite.

Ka: approximately 28 GHz

S~Management

Developed for AusSat Proprietar\ Ltd. b\ Hughes Aircraft Coim-
pall~r

Operated b\ Au,,.,,al Proprietar\v Ltd.

Receiver The Aussat B design re\ ic\%s " ere conducted in 19S9. The sat-
ellites %%,ill he launched into slig htl\ inclined orbits and teted.Ku: 14.(9)3 to 14.495 GHz then mo\ ed next to the Older satellites. The orbit phasing % ill

Two active and three spare receivers cause the inclination to drop to /cro about the time of the transfer
G/T -3 dB/K minimum of ,,cr\ices fronm the old satcllites to ihc nc%% satcllites. Aussai %% ill

L: 1646.5 to 1660.5 MHz then use B 1. B2. and A3 to pro\ idc the sr\ ices described abmoe.
One active and one spare receiver A decision on the B3 or C I satellite %kill probabl\ occur in 199)2.

to allow, its launch at least one \ear hef ore the I1997 estimated endG/T +1I dB/K over populated areas. - I .5 dB/K over t))• of lf'frA
Ausra iaof ilft- fir A .•,

Australia The priniary Ku-band Aussat B payload provides fifteen tran-

Antenna spondcrs. as does Aussat A. The differences are '\ idci transpon-
Ku: Three offset-fed parabolic reflectors. two approximatel\ 3.5 der bandwkidth. higher trans,,mitter pos, ci. national beams
x 5 ft, one approximately 6 x 7.5 ft: one smaller reflector fbrmis it weighted to Iavor the populated part,, of he ctrý, and consit-
national and New Zealand receive beart and northeast and south- erable flexibility io serve Nevw Zealand. The satellites can handle
east transmit beams: the other forms it national receive beam and international traffic between the t\so countries. it Australian poli-
central and western transmit beams: the larger reflector forms ia- cy inoves a•va• from I(X•,4 use o1 Intelst. Aussat B has no PNG
tional and New Zealand transmit beams: each reflector uses dual beam: it has a Newk Zealand spot beam. but no hroad south\\,est
linear polarizations Pacific beam: the tour Australian spot beamns are the same ast
lI.:Anearr orinshort bakthose on Aussat A.

:i An array of thirty short backfire elements, national coverage The mobile services payload is partiall. integrated w ith the
transmit and receive beamsc circular po•lariiation primary payload, because it uses Ku-band for links between base
Ka: Two horn antennas, one for each linear polari/ation. national stations and satellites. It uses L-band tor links betvecen mobile
coverage terminals and the satellites. This pa hload will be used for public

Design life and private telephone and data circuits and for short digilal mes-
Fourteen years sages. Requests and assignments wkill be made over special sig-

nalling channels connecting users to Ausat's Network
Orbit Management Center. The short messaue, \%ill be sent o\er the
Synchronous equatorial. stationkeeping to ±0.055'N-S and E-W signalling channel. Digital data %kwill he transmitted QPSK at 24W0
Orbital history bps and voice using 481() bps encoded to 64(X) bps QPSK or ana-

log companded single sidcband. Base stations \vill be either pri-
B I: launch scheduled March 1992. will go to 160"E longitude vate or muhtiuser sites operated by Aussat. Mobile terminals %\ ill
132: launch scheduled September 1992. wkill go to 156 hfgi- he of several types fkw voicer data. or messages. Aussat mobile
tilde services are scheduled to begin shortly after the launch and
Long March 2F. launch vehicle checkout of Aussat B I.
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THAILAND
Thailand has used leased capacity on the Indonesian Palapa trol station. The satellites will be relatively small, each hav ine ten

system for domestic communications since 1979. In June 1991, C-band transponders w\ith 8-W ampliliers and tw\o Ku-band tran-
Thailand awarded a contract for two satellites and a ground con- sponders with 50-W amplifiers. The tirst launch could be in 1994.
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OTHER SATELLITES
There are several satellites that do not fall into any of tme pre- countri -s. Another group are the meteorological satellites. wshich

\ious categ-ories Some of these systems do not compare with the incluje transponders for relaving data from mans unattended
other pror~mriis in terms of expenditure or communication capac- data collecti(n platforms to a central site. A third type of satel-
it'.. but they illustrate the ýariety of applications found for satel- lites has a payload that consists of one or more beacon transmit-
lite communiCations. Of particUlar note arc the Ocar satellites ters. These satellites can he used by a s.\stern operator to gain
de\,eloped :,y amateur radio operators. Although these are physi- experience in satellite deselopment and/or operations. to check
call\ small. the\ are the product of international cooperatiop. and ground control networks, or as sources for propagation studies.
they have been used b\ over .0100() people in more than 100

SATELLITES FOR RADIO AMATEURS and EDUCATION

Oscar (Amsat and Universities)
Oscar (Orbiting Satell';:- Carrying Amateur Radio) is a spac. Oscar 6 had a communication repeater s ith a I )-kH/ hand-

project of amateur radio operators 11-311. The Oscar project was wx idth: it received at 146 MHz and transmitted at 29.5 MHz. Os-
started in 1960 by amateurs in California. most of whom were car 7 had two repeaters. 0.,., was the same as Oscar 6 except for
professionally involved in space technology activities. The Oscar a slight frequency change and increased output posser. The other
satellites are launched as secondary payloads occupying excess, r,', `ed at 432 MHz a.,d transmitted at 146 MH/. An onboard
and otherwise unused, launch vehicle capability. The technical timer automatically switched from one itpeater to the other e\er\
sophistication and human participation in Oscar-related projects 24 hr. This tinier wkas part of the control circuitr\ that autonlati-
have grown substantially over the past three decades. Table I is a cally switched one repeater on in a loss poss er mode Mshen the bat-
summary of all the Oscars launched through 1990. (These satel- terv was discharged to a certain point. On seseral occasions.
lites have no relation to a series of United States Navy navigation these two satel _'s were used together w, ith a 432-NIH/ uplink to
satellites also named Oscar.) Oscar 7. a 146-MH/ intersatellite link. and a 29-MH, doss nlink

The first two satellites. Oscar I and 2. were launched in De- from Oscar 6. Oscar i also had tso repeaters. One sas the same
cember 1961 and June 1962. These satellites transmitted beacon as Oscar 7. operating at 146/29 MHz. The other receised at 146
signals \sith simple modulation. Each weighed about 10 lb and MHz and transmitted at 435 M, z. Only one repeater "sas on at a
operated about 400 hr. time.

Oscar 3 ssas the first amateur communication satellite. The O.,car 9. or UoSAT 1. was the tirst satellite built by the Uniser-
satellite repeater had a 50-kHz bandwidth operating in the 144- to sity of Surrey. England. The goal of I ýoSAT I. and the continuing
146-MNH/ bhnd. This satellite operated more than two Aseeks un- purpose of the UoSAT program, is tc demonstrate the de\elop-
til the battery \sas depleted. A number of two-waay links were es- ment of lows-cost sophisticated satellites and to use these satellites
tablished b. radio operators in the United States, Canada. and to promote space science and engineering in education. The
Europe. One-asay transatlantic links were established twice. Os- smallness and sophistication ol the UoSATs centers on the use of
car 4 also had a communications repeater with a 10-kHz band- inicrorelectronic technology. The application of UoSATs to edu-
%% idth. Hoss ever. because of a launch vehicle failure, the desired cation broadens the role of Oscars beyond amateur conimanica-
orbit ss as not achieved, and only a few two-way contacts were es- tions and involves direct contact with the satellites from simple
tablished. Hosse\er. one of these was the first direct satellite link ground terminals at schools of all levels.
betss cen the United States and the Soviet Union. These four sat- UoSAT I transmitted telemetry and experiment diAta on 146-
ellites form the first phase of amateur satellite work. and 435-MHz beacons. Beacons for propagation rese:irch were at

In 1969). the Radio Amateur Satellite Corporation (Amsat) \sas 7. 14. 21. and 29.5 MHz and 2.4 and 1(0.4 UH,,. Transmitter poss -
formed to continue the Oscar project and expand it to internation- ers wsere 100 to several hundred milfiiwatts. Othei experiments
al participation. Oscar 5 was a beacon satellite prepared by were a magnetometer, two particle counters, a C( T) camera wN ith
amateurs in Australia. It ,,,as the first Oscar to have a command 256 x 256 elements. and a speech svnthesi/cr. The :;iinera and
subsystel, an important step to~sard long-life. complex satellites,. two mnicrowave antennas `ssere mounted on the earth-, ess inc
This satellite and Oscars 6. 7. and 8 were the second phase of am- side. High-frequency antennas extended from several parts of the
ateur satellites,. characteri/ed by multiyear lives in lows orbits, body. The magnetometer s, as deployed on a gras ity-gradient sta-

Oscars 6 through 8 all had command subsystems and wAere bilization boom on the anticarth end of the body. Solar cells on
possered by solar array s coupled `sith rechargeable NiCd batter- the four sides of the body. plus nickel cadmium batteries. provid-
ies. The\ used magnets to provide t\sso-axis stabilization. align- ed an average powser of about 25 W.
ing the spacecraft axis with the local geomagnetic field. Portions Oscar 9 w as launched in October 198I . Although initial oper-
of these satellites were built in the United States, Australia. West ations wAere difficult, the Lmni\ersit, considered the time a good
Geruany.( Canada, and Japan. They ssere assembled in the Unit- learning experience, In the follow ing \ ears, the satellite confin-
ed States. Although almost all the labor wNas done bs amateurs, tied to operate at full capacity and did so until it reentered the
many hard~sare items wsere donated by government and industrial earth's atmosphere in October 1989.
organi/alions. The design lises of these three satellites ssere one. Oscar 10 is the beginning of a phase of anateur .,miniunica-
three. and three years. but each operated about live years. tion satellites characteri/ed bh lon-li fe and hi h-altitude orbits.
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in developing countries. Thse workers often
were in areas where traditional international
communications facilities did not exist. The
UoSAT 2 payload demonstrated the practicality

Oc using a small satellite to fill this need. Be-
).sc'ar 7 aI S satellites. cause of the low altitude, both ground and satel-

lite transmitter powers are low, but simultaneous
visibility to the two communicating parties is
rare; hence, the store-and-forward mode of oper-
ation. UoSAT 2 also has the speech synthesizer

,N, of UoSAT I, a 384- x 256-element CCD
camera. and several space science exper-, , ••iments.

The digital communications pay-
load has been used by radio amateurs
in many countries and Antarctica.

They transmit messages through
terrestrial radio packet net-

works to gateway stations
which send the messages

to the satellite. Besides

The satellite is shaped like a three-pointed
star. It is spin-stabilized and has magnetic
torquers to control the spin orientation. The
spin axis is oriented so that, at apogee. the an-
tennas point toward the center of the earth. A microprocessor the digital communications
monitors telemetry and has a considerable autonomous control links. satellite command links
capability. All electronics are mounted in the arms of the satellite. exist at 144. 437. and 1268 MHz.
A motor located in the center of the satellite is used to raise its or- Telemetry can be transmitted at 145.8, 435.0. and
bital apogee and inclination. The objective of the selected orbit is 1401 MHz.
to provide long-duration coverage to the largest possible number UoSAT 2 was built in less than six months.
of amateur radio operators. The sateflite has two repeaters. One which was the time between NASA's announce-
uses the 435/146-MHz combination used before. The other is the ment of a secondary satellite launch opportunity
first amateur use of a higher uplink frequency ( 1269 MHz). cou- and the launch date. UoSAT was launched in
pled with a 435-MHz downlink. March 1984 to an altitude of about 380 nmi. Like UoSAT I, there

The West German Amsat organization has the central role in were early problems with satellite control: but subsequently. the
Oscar 10. It received support and equipment from several Euro- satellite performed well. At the end of 1990. it was still in good
pean countries; and the United States. Their first satellite, some- health and being used regularly.
times called Oscar 9. was destroyed by a launch vehicle Oscar 12 is the first Japanese amateur satellite. Its original
malfunction in 1980. Oscar 10 was launched in June 1983. It en- name was Japanese Amateur Satellite (JAS) I, but it was renamed
countered some difficulties which resulted in a less than optimum Fuji after launch. Hence, it is also Fuji-Oscar 12 or FO 12. It
orbit. The use of the satellite for communications started in Au- weighs 110 lb and has a communications payload with two
gust 1983. The orbit of Oscar 10 causes the satellite to be in re- modes. One is a nonprocessing repeater with a IO0-kHz band-
gions of high radiation for many hours per day. This radiation width: the uplink is at 146 MHz and the downlink at 436 MHz.
caused failures of the satcellite's solid-state memory device after a The other mode is a digital processing repeater with four fixed
few years. By 1990. altitude control capabilities declined, but the uplink and downlink frequencies in the same bands as the other
satellite was still useful for communications. repeater. Only one mode is active at a time. Fuji was launched in

Oscar I I is UoSAT 2. Mechanically. and in appearance. it is August 1986 on the first test flight of the Japanese H-I launch ye-
very similar to UoSAT I. The primary payload is for digital hicle. It was still operating in 1990.
store-and-forward communications. The motivation for this pay- Oscar 13 is another German Amsat project. similar in design
load came from Volunteers in Technical Assistance, a United and orbit to Oscar 10. It is also known as Amsat-Oscar 13 or AO
States oganization providing technical support to field workers 13. It has a communications payload which operates in four
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Tablh I. Oscar Summarv

NAME SHAPE, SIZE, WEIGHT, PRIMARY FREQUENCY LAUNCH STATUS
In. lb PAYLOAD BANOSa DATE

Oscar 1 Rectangular, 10 Beacon VHF 12 Dec 1961 Operated 18 days
6 x 12 x 12

Oscar 2 Rectangular, 10 Beacon VHF 1 Jun 1962 Operated 18 days
6 x 12 x 12

Oscar 3 Rectangular, 33 Repeater VHF 9 Mar 1965 Operated 16 days
7 x 12 x 17

Oscar 4 Tetrahedron, 29 Repeater VHF, UHF 21 Dec 1965 Operated 3 months
19 on a side

Oscar 5 Rectangular, 39 Beacons 10 m, VHF 23 Jan 1970 Operated 2 months
6 x 12 x 17

Oscar 6 Rectangular, 40 Repeater 10 m, VHF 17 Oct 1972 Turned off
6x 12 x 17 June 1977

Oscar 7 Octagonal cylinder, 65 Repeaters 10 m,VHF, 15 Nov 1974 Operated until
17 x 17 UHF mid-1981

Oscar 8 Cube, 18 60 Repeaters 10 m, VHF, 5 Mar 1978 Operated until 1983
UHF

UoSAT 1 (A), Rectangular, -110 Science and See text 6 Oct 1981 Operated 8 years
Oscar 9 17 x 17 x 29 education

experiments
Oscar 10 Three arm star, -200 Repeaters VHF, UHF, L 16 Jun 1983 In use (1990)

17 high x 50 span

UoSAT 2 (B), Rectangular, -110 Digital store and VHF, UHF 1 Mar 1984 In use
Oscar 11 14 x 14 x 23 forward
Fuji 1, 26 side polyhedron, 110 Repeater VHF, UHF 12 Aug 1986 In use
Oscar 12 18 diam
Oscar 13 Three arm star, -200 Repeaters VHF, UHF, L, S 15 Jun 1988 In use

17 high x 50 span

UoSAT 3 (D), Rectangular, 100 Digital store and VHF, UHF 21 Jan 1990 In use
Oscar 14 14 x 14 x 24 forward

UoSAT 4 (E), Rectangular, 100 Technology VHF, UHF 21 Jan 1990 Transmitters failed
Oscar 15 14 x 14 x 24 experiments after 1 day

Oscar 16 Cube, 9 22 Digital store and VHF, UHF, S 21 Jan 1990 In use
forward

DOVE, Cube, 9 22 Digital store and VHF, UHF, S 21 Jan 1990 In use
Oscar 17 forward, digital

voice
Webersat, Rectangular, 27 Digital store and VHF, UHF 21 Jan 1990 In use
Oscar 18 9 x 9 x 12 forward, video

experiments

Oscar 19 Cube, 9 22 Digital store and VHF, UHF 21 Jan 1990 In use
forward

Fuji 2, 26 side polyhedron, 110 Repeater VHF, UHF 7 Feb 1990 In use
Oscar 20 18 diam

10 m is approximately 29.5 MHz, VHF is 144 to 146 MHz, UHF is 435 to 436 MHz (432 MHz on early satellites),

L-band is approximately 1269 MHz. S-band is 2400 to 2401 MHz.

different modes. All of these modes are nonprocessing repeaters: launch vehicle. These six satellites are of two designs. one for
the differences are the frequencies and include increased use of Oscars 14 and 15 and the other design for the other four satellites.
microwaves. The uplink and downlink frequency combinations Oscars 14 and 15. or UJO 14 and UO 15. are UoSATs 3 and 4.
are approximately 435 and 146 MHz with 150-kHz bandwidth. Prior to launch, they were UoSATs D and E. These two satellites
1269 and 436 MHz with 290-kHz bandwidth. 144 and 436 MHz took over the missions and payloads of UoSAT C. whose launch
with 50-kHz bandwidth, and 436 and 2401 MHz with 36-kH/ opportunity was eliminated by NASA launch schedule changes.

bandwidth. Since the Ariane launch required smaller satellites. two satellites
Oscar 13 was launched in June 1988 and is in use. The end of were used to replace one.

its life will he caused by lunar and solar perturbations of its orbit Oscars 14 and 15 are rectangular boxes about 14 in. square and

causing atmospheric drag to increase. The predicted end of life is 24 in. tall. Each weighs I(X) lb and has a 20-f1 boom which de-
1997. or perhaps a few years earlier, ploys from the top surface to provide gravity-gradient stabiliza-

Oscars 14 through 19 were launched together in January 1990. tion. Oscar 14"s primary payload is for digital store-and-forward
all mounted on the secondary payload platform of an Ariane communications, an advancement from the similar payload on

Oscar 11. The uplink is at 146 MHz, the downlink at 435 MH/.
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lite. as shown in the figure. Solar cells are placed on fixed sides
8 of this structure. The single antenna on the top is for 146 MHz-:

29.45- the four elements on the bottom are the 437-MHz antenna.
14595 39.1 3.5 T 29.5 T T 2955 Oscars 16. 17. and 19 were built by Amsat and Oscar 18 bx

Weber State College in Utah. All four satellites have the same de-
sign and same subsystems. except for payloads. All four have a
digital store-and-forwkard payload with a 146-MHz uplink and

35.6 437-MHz downlink. The memory size is 8 Mbytes: data rates are
1200 and 4800 bps. The transmitter power is varied by the satel-
lite computer to match the poN\er available on the satellite. Max-

Owar 6 through S 146/29-MH- communication subsIstnt,'I. imnum power is 4 to 5 W. Oscar 16. AO 16. or Pacsat. also has a

2401--MHz downlink for transmission of the store-and-forw\ard
Omnidirectional packet messaes. Oscar 17 is called DOVE (Digital Orbitingantenna (435 MHz) Voice Experiment) or DO 17 because of its digital voice sy nthe-

n (sizer. Oscar 18. Webersat or WO 18. has several video experi-

Antenna (1270 MHz) ments including a CCD camera and a CCD spectrometer. Oscar

19 has an additional telemetry subsystem and transmitter as its
unique payload. This subsystem \was built by radio amateurs in
Argentina and is the first spare hardware from that country.

All four satellites have been working properly since launch.
Oscars 16 and 19 are primarily for amateur communications.
while the other two are aimed at promoting scientific education

Fuel through use by schools.
lank

Magnetic
att-itd Antenna (435 MHz)

Transponder Antenna (146 MHz)

Nutation damper~Batt r

S ~Oscar 10.satellite.

L Solar panel

Mtor

Oscar 10 satellie detailsv.

This payload has 4 Mbytes of memory. in contrast to only 128 Oscar 20 is Fitji 2. or FO 20. It "as originally built as a back-
kbytes on Oscar II. up for Oscar 12 and designated JAS- I b. Since the launch of Os-

Oscar 15 is a technology demonstration satellite. It has a par- car 12. experience with that satellite was used to redesign
allel computing experiment, samples of new GaAs. inR and sili- portions of the second satellite. like Oscar 12. it is a nearly
con solar cells from several manufacturers, and a CCD camera. spherical 26-sided structure with a diameter of about 18 in. and a
Both satellites have radiation measurement sensors. weight of 110 lb.

Oscar 14 is actively used. but Oscar 15's transmitters have not Oscar 20 has the same processing and nonprocessing modes as
been on since the end of the first day in orbit. The cause has not Oscar 12 with almost identical frequencies. It wkas launched in
been determined: but it is not a general satellite failure, because February 1980 and is in use.
radiation from the satellite receiver's local oscillator has been de- UoSAT 5 (F prior to launch) w\as launched in Juil 1991. It is a
tected by a ground station with a large antenna and sophisticated replacement for, and has the same design as. UoSAT 4 (Oscar 15).
processing. * ,* * * *

Oscars 16 through 19 are rectangular boxes 9 in. square.
Three are 9 in. tall: Oscar 18 is 12 in. tall. The three weigh 22 lb I. "'Radio Amateurs." T1h9'omnl nicatiaN .3M rnalc Vol. 39). No.
each. and Oscar 18 weighs 27 lb. The satellite components are 7 (July 1972): Vol. 39. No. 3 (Arcs 1972): Vol. 39. No.
mounted on boards sshich are supported in metal fiamnes. These 7 (July 1972): Vol. 39. No. 8 (tAugust 1972): Vol. 41. No. I
framesof anuary 1974): Vol. 42. No. 2 tFebruary 1975): Vl. 42. No.3 (March 19751: Vol. 42. No. It) (October 1975): Vol. 43. No.
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lites,' Proceedings oft/u' IEEE ( Letters). Vol. 63. No. 1 0 (Oc-
tober 1975).

12. W. 1. Dunkerley. -Oscar and Friends: Useful Yet Frugal.-

Oscar /6. 17. /9 satellite. IEEE Spectrum. Vol. 15. No. 12 (December 1978).
13. J. A. King. J. Kasser. and W. Maxwell. "Oscar-Orbiting

Spacecraft for Amateur Communications?. RCA Engi'ner.
Vol. 24, No. 2 (August/September 1978).

14. J. G. Pronko. "'Oscar: Your Own Communication Satellite?�
Internaional Telemetering Conf(rence Proceding. Noern-
ber 1980).

15. J. Kasser and J. King. "'The Amsat Phase I1IB Spacecraft.� In-
ternational Teh'ntetering Cotlf'remenC Ptoceedins (November
1981).

16. A. Jongejans. "The Radio-Amateur Satellite Oscar-1O: An
Ariane Passenger,? ESA Bulletin. No. 30 (May 1982).

17. P. R. Karn, "'The Amateur Satellite Program?" Proceedings of
the National Electronics Cotference. Vol. 37 (October 1983).

18. M. N. Sweeting. "The Amateur Space Program.? Journal of
the British Interplanetaryv Society. Vol. 32. No. 10 (October
197 9).

19. A. C. Gee, "-Oscar: Amateur Radio Satellites and Spacecraft,"
Space Education. Vol. I. No. 4 (September 1982).

20. J. M. Henry. "Oscar Satellites. Amateur Radio in Space.- Pa-
per 6.7. First Canadian Domestic and International Satellite
Cominunication Contlerence (June 1983).

21. A. C. Gee. "'Amateur Radio Satellites.? Space Education. Vol.

I (January :976): Vol. 43. No. 9 (September 1976): Vol. 44. I. No. 8 (October 1984).
No. 5 (May 1977): Vol. 45. No. 3 (March 1978). Vol. 46. No. 22. A. C. Gee. "Amateur Radio Satellite Update.- Space Educa-
7 (July 1979): Vol. 47. No. 4 (April 1980): Vol. 47. No. 5 (May tion. Vol. I. No. 9 (May 1985).
1980): Vol. 48. No. 6 (June 1981 ): Vol. 52, No. 5 (May 1985): 23. J. D. E. Beynon. ed.. Special Issue on the University of Surrey

Vol. 53. No. 12 (December 1986): Vol. 55, No. 9 (September Satellite-UoSat. The Radio and Electronic Engineer. Vol.
1988). 52. No. 8/9 (August/September 1982).

2. G. Jacobs and P. Klein. -Satellites in the Amateur Radio Ser- 24. Supplement on UoSAT. Journal of the Instittution of Elhc-
vice." Telecommunication Journal. Vol. 38. No. 5 (May tronic and Radio Engineers. Vol. 57. No. 5 (SSupplement)
1971). (September-October 1987). Twelve articles including:

3. P. 1. Klein, "'Design and Operation with the OSCAR 6 Two-to- a. M. N. Sweeting. -The University of Surrey UoSAT-2
Ten Meter Repeater." ,4insat Newsh/te,; Vol. 4. No. 3 (Sep- Spacecraft Mission.�
tember 1972). b. M. N. Sweeting, "'UoSAT- : A Re\iew of Orbital Opera-

4. P. I. Klein and J. A. King. "'Results of the Amsat-Oscar 6 Comn- tions and Results.'
munications Satellite Experiment." Paper 6/3. /974 IEEE h 25. N. P. Bean, -A Modular Small Satellite Bus for Low Earth
tercon Record (March 1974). Orbit Missions." 2nd Annual AIAA/1USU' Conl'rencc on Snall

5. P. I. Klein and J. A. King. "'The AMSAT-OSCAR-B Series of Satellites (September 1988).
Radio Amateur Satellites?� Paper 72-5241. A/AA 4th Contnutt- 26. N. P. Bean. et al.. "'The UoSAT-C. D. and E Technology Dci.nv,-
mications Satellite S.vv'tem Conf're'nce (April 1972). onstration Satellites.- 2nd .lnnul AIAA/t'US1! Conleyrence on

6. P. R. Hammer. "The Development of Amateur Communica- Smnall Satellites (September 1988).
tions Satellites.? Proceedings o.f the IREE. Vol. 36. No. 5 27. "Ariane's Seven Satellite Launch. Spaceflight. Vol. 32, No. 4
(May 1975). (April 19901.

7. J. Kasser and J. A. King. "OSCAR 7 and Its Capabilities," 28. J. A. King. el al.. "The In-Orbit Performance of Four Microsat
QST (February 19741. Spacecraft.? 4th AiInniut Al.iA/l ISU Conf',r.nc. on Small Sat-

8. Aviation %itek & Space fechnotogiy (28 October 1974). p. 20: ellites (August 1990).
(25 July 1983). p. 25:(29 August 1983). p. 13: (25 February 29. J. W. Ward. "Store-and-Forward Message Rclay Using Micro-
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9. J. Kasser. "OSCAR 7 and Its Capabilities,? Ratdio Conimmi- gust 1990).
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RS and Iskra
RS is the designation for amateur radio communication satel- has been given. The first was launched in July 1981. The others

lites developed in the Soviet Union 11-71. The original RS an- were deployed from the Salyut 7 space station in May and No-

nouncement was made in 1977. At the end of October 1978, two vember 1982. Because of their low orbits, each reentered the at-
satellites were launched into a near-polar orbit with an altitude of mosphere within two months.
about 900 nmi. After launch, the Soviet Union referred to these * * * * * *

satellites as Radio I and 2. A set of six satellites, named Radio 3 1 M. N. Sweeting "The Amateur Space Program,- Journal of
through 8, were launched together in December 1978. Their orbit
is similar to that used for the first two satellites. Three were still t haV.o

operating at the end of 1984. 1979).
RS 10 and I I are modules attached to the Soviet satellite Cos- 2. A. C. Gee. "Oscar: Amateur Radio Satellites and Spacecraft,"

mos 1861, launched in June 1987. Likewise, RS 12 and 13 are on Space Education, Vol. I. No. 4 (September 1982).

Cosmos 2123, launched in February 1991. RS 14 is on a Soviet 3. J. M. Henry, "Oscar Satellites. Amateur Radio in Space," Pa-

civilian satellite launched in January 1991. per 6.7, First Canadian Domestic and International Satellite

The first RS satellites had repeaters with uplinks near Communication Conference (June 1983).

146 MHz and downlinks near 29 MHz. RS 10 and I 1 have mul- 4. A. C. Gee, "Amateur Radio Satellites," Space Education. Vol.
tiple repeaters using frequencies near 21, 29, and 146 MHz. 1, No. 8 (October 1984).
More than one can be on, to allow two uplink bands with one 5. A. C. Gee, "Amateur Radio Satellite Update." Space Educa-
downlink or vice versa. RS 14 has two repeaters with 435-MHz tion, Vol. 1. No. 9 (May 1985).
uplinks and 146-MHz downlinks. Some of the RS satellites also 6. "Radio Amateurs," Telecommunication Journal, Vol. 44, No.
have a subsystem called robot. When the robot receives a Morse 12 (December 1977).
Code call sign, it transmits it with the satellite's call sign and
stores a record of the contract for transmission to a central ground 7. Aviation Week & Space Technology (6 June 1977). p. 41:

station. (8 August 1977), p. 22: (6 November 1978). p. 22: (24 May

Three lskra or Iskara (Spark) satellites also have been an- 1982). p. 20.

nounced to be for amateur radio communications. No description

Badr
In July 1990. a Pakistani satellite, Badr, was launched by Chi- rience in satellite operations. The satellite had a digital store and

na. The 110-lb satellite was built by a government research agen- forward communications payload, similar to the one on Oscar 11.
cy with cooperation from the Pakistan Amateur Radio Society. UoSAT 2. The satellite transmitter frequencies were near 144
The purposes of the satellite were to test Pakistani-built satellite and 146 MHz. The satellite orbit had a very low perigee, and at-
equipment. demonstrate satellite communications, and gain expe- mospheric drag ended the satellite's life in December 1990.

ORBIS
ORBIS (Orbiting Radio Beacon Ionospheric Satellite) was a erated for one month and reentered the atmosphere in January

project of the Air Force Cambridge Research Laboratories 1I, 21. 1967.
After one launch failure, an ORBIS was put into a low orbit in ORBISCAL (ORBIS Calibration). also called OVI-17A. had
November 1964. It transmitted on 10.004 MHz for about two two transmitters, at 8.98 and 13.25 MHz. It operated for one
weeks, until it reentered the atmosphere. The primary purpose of week between launch and reentry in March 1969.
ORBIS was a study of ionospheric ducting. The program was lat- * * *,,

er split into ORBIS Low and ORBIS High. with low and high re-
ferring to satellite altitude. I. J. P. Mullen and R. S. Allen,"Synoptic Data from the ORBIS

Satellite OV2-5 carried eleven experiments, one of which was Experiment." Radio Scie'ce, Vol. 1 (New Series), No. 10

an ORBIS High transmitter. OV2-5 was launched into a synchro- (1966).

nous altitude orbit in September 1968. Satellite OV4-3 carried 2. J. W. Powell and G. R. Richards,"The Orbiting Vehicle Series

three experiments, one of which was an ORBIS Low transmitter. of Satellites," Journal of the British hiterplametarv Society.

The OV4-3 was launched in November 1966 with OV4-1. It op- Vol. 40. No. 9 (September 1987).

LES-3
The third Lincoln Experimental Satellite (LES-3) payload was cies (approximately 230 to 280 MHz) used by many military

a beacon whose output was used for propagation measurements communication satellites that followed LES-3. The beacon was
I1. 21. The phenomenon of most interest was multipath. The bea- modulated by a 15-bit sequence from a four-stage pseudorandom

con frequency was 232.9 MHz, which is in the range of frequen- source. The modulation rate was 100 kbps. The modulated sig-
nal was amplified and equally split to two monopole antennas.
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Satellite
26-sided polyhedron. 2-ft dia., 4 ft between ends of antennas

34 lb in orbit

Solar cells, no batteries, 25 W maximum at beginning of life

Spin-stabilized, approximately 140 rpm

Configuration
One beacon transmitter

Transmitter
232.9 MHz, 100-kHz biphase modulation. I0-W power output.
15-dBW maximum ERP

Antenna

Two quarter-wave monopoles. extending from opposite faces of
the satellite body. toroidal pattern

All', Design Life

One year

Orbit
Subsynchronous equatorial, approximately 18,200-nmi altitude

intended: 105 x 18.200 nmi. 26-deg inclination actual

Orbital history

Launched 21 December 1965

Operated more than one year

LES-3 satellite. Decayed 6 April 1968

Titan Il1-C launch vehicle (shared with other satellites)

Management

Developed by MIT Lincoln Laboratory

The LES-3 satellite is similar to LES-I and -2 except for the
payload. The body has eighteen square and eight triangular faces. I. H. Sherman, et al., "'The Lincoln Experimental Satellite Pro-

The antennas are mounted to the center of two opposite square gram (LES- I. -2, -3. -4)." Journal (?f Spacecraft and Rockets.

faces. Solar cells are mounted on the square faces. The satellite Vol. 4, No. I I (November 1967).

had no battery and no command and telemetry. The beacon was 2. H. Sherman, et al., "The Lincoln Experimental Satellite Pro-
activated automatically at orbital insertion. The satellite details gram (LES-1. -2. -3. -4)." Paper 66-271. AIAA Communica-
are as follows: tions Satellite Systems Contference (May 1966).

0V4-1
The OV4-1 experiment 11-31 is of historical interest, as it was The OV4-1 satellites were launched together into the same or-

the first satellite-to-satellite crosslink. Beginning in 1948, com- bit and were then given a slight relative velocity, so that their sep-
munication between near-antipodal points on the earth had been aration varied from zero to antipodal. These satellites were
demonstrated at frequencies well above what was expected, launched in early November 1966 and operated until the end of
based on traditional understanding of HF propagation. Then, that year. The OV4-IT operated continuously, but the OV4-1R
when the space age began, there were many reports of ground- operated only by command when it was in sight of a ground ter-

based reception of HF or VHF transmissions from satellites far minal equipped to receive and record the experiment telemetry.
beyond the horizon. Various modes of ionospheric propagation About thirty telemetry records were gathered. indicating success-
were suggested to explain these phenomena. ful operation at ranges varying from a few hundred miles to antip-

The OV4- I experiment was developed to extend the investiga- odal distance. Other experiment details are as follows:

tions of ionospheric propagation. A secondary purpose was to de- Satellite
termine the feasibility of communication beyond the line of sight
between two low-altitude satellites. A number of Air Force ex- OV4- IT: cylinder with one domed end. 17-in. dia.. 45 in. long

perimental satellites that were flown in the 1960s were designated OV4- I R: cylinder with one domed end, 17-in. dia., 37 in. long
OVs. or orbiting vehicles. The OV4 was the fourth basic type of 240 lb (T). 3(X) lb (R)
OV. The OV4- IT and OV4-I R were separate satellites, which Silver oxide-zinc batteries, 7.9 kWh
were the transmitting and receiving portions, respectively, of the No stabilization
link. The OV4-IR also had a telemetry transmitter. The OV4-2
was a copy of OV4- I, but the satellites were never launched.
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Transmitter Operated until 30 December 1966

20.75. 34.3. and 46.8 MHz Decayed in January 1967

20-, 100-. and 1000-resec pulse Wkidths Management
2-, 100-. and 1000-W peak posser levels Developed by Raytheon for the United States Air Force

Receiver * '*
20.75. 34.3. and 46.8 IMH, I. J. 1. Barker and M. D. Grossi. "Design of a Satellite-to-Satel-

Antenna lite Comitiunications Experiment to Explore HF/VHF Guided
Propagation in the Lower Ionosphere.- Radio Science. Vol. 1

Dipole with linear polarization on each satellite (Nesv Series). No. 10 (October 1966).

Orbit 2. "Spacecraft Details.- TRW Space Log. Vol. 6. No. 4 (Winter

150- to 160-nmi altitude. 33-deg inclination 1966-67).

Orbital history 3. J. W. Powell and G. R. Richards. -The Orbiting Vehicle Series
of Satellites.- Jourital of the Briti.sh /utepalane/wrv Societyv.

Launched 3 November 1966 Vol. 4). No. 9 (September 1987).

TEST AND TRAINING SATELLITES
The Test and Training Satellites (TETR or TTS) 11. 21 \\ere

de\eloped by NASA for use during exercises of the Manned
Spaceflight Network. Their primary purpose was to simulate the
dowvnlink of an Apollo spacecraft for network checkout prior to
an Apollo flight. The TTS performed the simulation by retrans-
mnitting a sample dow\nlink signal that it had received fromn a0
ground station. This signal could include ranging. telemetry
voice. and biomedical data. Four of these satellites were
launched as secondary payloads. The satellite details are as fol-
lows:

Satellite
Octahedron. 12 in. on a side

40 to 45 lb in orbit
Solar cells and batterN, 4 to 5 W

Magnetic stabilization

Transmitter
2282.5 MHz. 0.8-W output

Receiver

2101.8 MHz

Antenna
Monopole for reception, dipole for transmission

Design life

Seven otonths

Orbital history Management

I: launched 13 December 1967. 158 x 261 nmi. 33-deg inclina- Developed by TRW for NASA
tion ::::

2: launched 8 November 1968. 202 x 510 nmi. 33-deg inclination I. "'Spacecraft Details.- TRW Space Log. Vol. 7. No. 4 (Winter

3: launched 27 August 1969. launch vehicle failure 1967-68): Vol. 8. No. 4 (Winter 1968-69): Vol. 9. No. 4 (Win-

4: launched 29 September 1971. 215 x 329 rmin. 33-deg inclina- ter I969-(70): Vol. 10( 1972).

tion 2. "SSatellite Digest." Spaceflight. Vol. 14. No. 3 (March 1972).

EOLE
Epic %as a satellite developed by the French national space alloonoe meteoroloicalItasacooperatie

apencv for communication with and dala collection from remote program \% ith NASA called CAS-A. Peole (Preparation for lEole)
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asnl e\perinlneltal satellite \% atli it simlard pai~load. Tile basic Management
net ion of Fole %% as ito interrogate the sensors and to tel a datia De\ eloped h\ Laboratoire Central de Telecommunications
~ml tllem to a -,round stationl. [)urino thle first live iiionihs alter dFaic d for t CN VS iFrench national space agencyx

Ae \as launched. 500) '.ýeather balloons \% ere released from Ar\--

, Ititina. Fole rea~ d pressure aind) tempera itire data froin themn to ole wast, launched in August~l 197 1 b\ a NASA Scout vehicle.
station in France. V-ole also \s as used to determine the location Although the desieni lif \cv.as six months. it operated o~ er two
*the balloons, to provide data onl sý ird velocit\.eas Follossinu the initial balloon experimients. Eole was used
Eole %\ as Lrav it\ -Lradient-stabilii.ed. \% jib antennas oil the

id.tha x asorentd txxardth ~nthSolar cells Nx ere mounted
)ilon the satellite bod\ and onl panels,. xM. ich \\ ere deployed in

-bit. Vole had t\\ o comu~lunilcatiOn subsvS stemls: one operated at
H bind 464 MI i/ for links xs ith sensor platl'Orms. and the other

,ed 130 and 148 MH/-I for links, \% ith ground termninals. Thle sat-
li te had an iii board menirw w so thatt It Co ulId col lect sensor data
ell %\ hen it xs as, not in sitght of a 21rou.nd terminal. The links be- Elesateurlite.

keen Eole and thle sensor platformis \% ere designed so that the
itellite could collect data onl the link ranve and ranele rate. Onl
tC L1roun11d. this information was used to comlpuite the sensor plat-
vin location. The satellite details are as, flklows:

;atellite
IctaLconal c\ linder. 28-in. dia.. 21.-n height. approximately 46
1. o1 erall heicht exeludine erxitx-cradient boomn
86 lb in orbit
olar cells
iravit\ -Lradient stabilization

ransmitter
64 NIH, (interro-ation of sensors). 4-W output. 48 bps
36.35 NIH, (to ground station). 250-miW Output. 1536 bps

leceiver
01) MI-I (fronm sensors). 48 bps
48.25 MH/ (fromt ground station)

kntenna
'onical spiral for 401 and 464 MH/
urnstile for 136 and 148 MH/

)nboard storage
,erri~e core inerlory

ý 19 sixeen-it "ordsto relay data fromt a variety of other sensor platforms. The Vole
)esign life mission wkas followed by the Argos data collection package built

;ix mionths by France and liown on thle United States NOAA mieteorolooical
satellites ill low-alI( titde polar orbits. The most recent Argos is on

)rbit NOAA 11. launched in September 1988.
'Cole: 270) x 386 nini. IS-deve inclination .-

sole 365x 48 nm. 51-de incinaton1. L. Mirabel and G. Cardona. *VEole Satellite: WKeather Ballooni

)rbital history Locat ion and Data Collection Sxstern.- Electit-al Oimmununi-

,Cole: launched 12 Dececmber 19701 catiJil. Vol. 47. No. 1 I 1972).
;ole: launched 16 August.11 197 1. operated more than two \'ears 2. Fii,@,, International (26 Augustll, 1971 I. p. 343.

ýASA Scout launch xehiclc 3.*Spacecraft Details.' TRI' Space Log'. Vol. 10(1(1972),

GOES
The (icostat ioniarv Operationala E nvi roni etia I Satellites* tfic surface and atmosphere and transmitting these data to a coin-

GOE)V primary' illissiun is to gather and disscmninate data con- nland aild data acqilisitioll tatioll IDAS I at Wallops Islanld. Vir-
'crning the earth*, surface and atnmosphere 11 -31. To aceonplish g~inia. The nllasurernteits are made b\ the Visible infrared spin
his mlission. the satellites arc equipped to perforil three funeII- scall radiomecter Atmospheric Soutnder ( VAS 1. The VAS operates
ionls. rhe first is, niakirle xisible arid infrared mleasuirtements of, at multiple "xaxeleilgtls: its best resolution is, 0.9 kml in visible
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light and 6.9 km in infrared. The second function of the satellites
is to relay processed VAS data and other weather data from the
CDAS to receivers at various user locations. The third function is
to provide two-way communications between the CDAS and
man" unattended data collection platforms. The Japanese Geo-
stationary Meteorological Satellites have the same function and G6 ES .satellite.

design 141. The ESA Meteosats 15.61 are similar.
Two Synchronous Meteorological Satellite, were predecessors

to the GOES. The, and GOES I to 3 were ,, the same desien.
Beginning with GOES 4. the radiometer was improved to become
the VAS. and the satellite design changed. The GOES 4 version ,.

of the satellite is shown. The cylindrical body. VAS, and VAS
sunshade are joined and spin to provide stabilization. The spin-
ning also provides the east-west scanning motion for the VAS:-
north-south scanning is accomplished by tilting an internal mir-
ror. The antenna assembly is despun and continuously points to-
ward the earth. All communications and support equipment is
mounted inside the body. A rotary joint connects the antennas to
the comnilunications electronics. The satellite also has a magne-
tometer, x-ray sensor. and other sensors for monitoring the space
environment.

In the GOES communication subsystem, the 28 Mbps VAS
data are brought into the S-band receivers, and QPSK modulate
an 84-MHz carrier. This carrier is upconverted, then amplified in
the S-band driver and transmitter stages for transmission to the
ground. The VAS views the earth, and outputs data. for only 37.5
msec of every 600-msec spin period. During the remaining time.
the modulator is disconnected. and signals received through the
S-band antenna are retransmitted at S-band. These signals in-
clude processed VAS data at 1.7 Mbps and weather facsimile data 975 lb (GOES 4 and subsequent) in orbit
at lower rates. Every 30 min. enough processed data are transmit-atlo,%erats. ver 30inenogh rocsse daa ae tansit- Solar cells and NiCd batteries. 320 W (GOES 4 and subsequent)
ted to produce a global picture of cloud patterns and temperature Solar cel and
profiles. This S-band channel also is used for low duty cycle after seven years

tran..missions of ranging signals between three widely separated Spin-stabilized. 100 rpm. ±_+.l-deg pointing accuracy

stations. Configuration
The CDAS may interrogate data collection platforms (DCP) A: transmission of 28 Mbps data generated onboard, time-shared

via a link transmitted to GOES at S-band. An intermediate fre- with retransmission of received data (all S-band)
quency signal from the S-band receivers is routed to the UHF re-
ceivers and retransmitted to the platforms at UHF. Return UHF B: one transponder for transmissions from a central station to re-

signals from the platforms are received and routed to the DCP mote platforms (S-band to UHF)

transmitter which operates at S-band. The DCPs monitor such C: one 200-kHz bandwidth transponder for up to 188 FDMA, 1(0

parameter as pressure temrp.rature. r:iin. snow, river levels, and bps transmissions from remote platforms to a central station

ocean currents. Their transnmissions, at 100 bps. are initiated by (UHkF to S-baiid)

interrogation from the CDAS. an internal tinier, or occurrence 'f Transmitter
aspecific phenomenon. The GOES return channel can accommnio- A: 1681.6 MHz for internal data, 1687.1 and 1691 MHz for re-
date up to 188 simultaneous transmissions on separate frequen- transmitted data
ties.

The GOES system normally uses two operating satellites. lo- 20-W output. approximately 26-dBW ERP at edge of earth

cated at 75'W and 135°W longitude, which together provide B: 468.825 MHz,. 4-W output. approximately 16-dBW ERP at

good coverage of the United States and offshore areas. At the be- edge of earth

ginning of 1986. only GOES 6 was fully active, and it was placed C: 1694.5 MHz. 0.5-W output. 6.5-dBW ERP at edge of earth
at a location near I 0°W longitude. Some of the earlier satellites
provided support using subsystems that had not failed. e.g.,

GOES 5. which cannot produce images but still has communica- A: 2029.1 and 2033 MHz. -17.6 dB/K G/T at edge of earth

tions capability. In 1987. GOES 7 was launched and two-satellite B: 2(34.9 MHz, - 17.6 dB/K G/T at edge of earth
imaging was restored. The VAS on GOES 6 failed in 1989. and C: 401.9 MH/. -18.5 dB/K GIT at edge of earth
GOES 7 was mo'ed to 107,W longitude. GOES 6 continued to
provide communications. The satellite details are as follows: Antenna

One vertically polarized S-band parabolic antenna and one RHCP
Satellite UHF helix. each has an earth coverage beamwidth
Cylinder. 85-in. dia. (GOES 4 and subsequent). approximately
40-in. height (GOES 4 and subsequent). height including anten- Design life

na,. 143 in. Seven years (GOES 4 and subsequent)
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T
2029.1, 2033, 2034.9 & = "• 18.,18.,19

1681.6 1681694.59

SS-band

S-band S-band P tas
receiver driver

S-band

r Ar3n8m transm sA,13 28p -band
transm

S-band S-bandreceiver driver
S-band 1694.5
transm

UH .P UHF oCP

receiver transm transm

468.825 R- Triplexer

DCP Data collection
platform

GOES 'ommunication ub.hvsteni.

Orbit Management

Synchronous equatorial. normally 75'W and 135'W longitude Developed by Ford Aerospace (through GOES 3 and 8 to 12).
Hughes Aircraft Company (GOES 4 to 7). for NASA. acting for

OrbitalNational Oceanic and Atmospheric Administration NOAA

SMS I: launched 17 May 1974. moved to higher altitude after Operated by NOAA

useful life

SMS 2: launched 6 February 1975. moved to higher altitude after
useful life 1. A. M. Nakamura and L. A. Mallette. "'Geostationary Opera-

GOES I: launched 16 October 1975. moved to higher altitude af- tional Environmental Satellite (GOES) Telemetry and Coin-

ter useful life munications." International Telemetering Conference

GOES 2: Launched 16 June 1977. moved to higher altitude Proceedings (November 1981 ).
2. L. R. Fermelia. "'GOES Communication Subsystem." Inter-

GOES 3: Launched 16 Juie 1978. fa:ileI national Teh'lmetering Coniference Proceedings (November

GOES 4: launched 9 September 1980. moved to higher altitude 1981).

GOES 5: launched 22 May 1981. failed 3. L. A. Mallette. "Geostationary Operational Environmental

GOES 6: launcheui 28 April 1983. VAS failed January 1989, Satellite (GOES): A Multifunctional Satellite," Paper 82-
,b.iimunications still active, 135 0W longitude 0536, AIAA 9th Comnmuanications Satellite S\stems Confi,r-

GOES G: launch vehicle failure May 1986 ence (March 1982).

GOES 7: launched 26 February 1987. active, 107 0W longitude 4. Y. Horikawa and M. Saito. "In-Orbit Operations of Japanese

GOES 1 (8 after launch): probable launch late 1992 or 1993 Geostationary Meteorological Satellite. GMS-2 'Himawari
2'," Earth-Oriented Apl;li,-ations of Space Technology. Vol. 4.

GOES J (9 after launch): probable launch 1993 No. 1 (1984).

Delta 2914 launch vehicle (through GOES 3 5. D. Leverington, "The Meteosat Space Segment," ESA Bulle-

Delta 3914 launch vehicle (GOES 4 to 6) tin. No. I I (December 1977).

Delta 3920 launch vehicle (GOES 7) 6. A. Robson and H. Hovet. "The Meteosat Data-Collection Sys-

Atlas Centaur launch vehicle (GOES 1. J) tem and Its Applications," ESA Bulletin. No. 21 (February
1980).
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SATELLITES P76-5, P83-1, AND P87-1
Satellite P76-5 was one 0 matNx scientifitesaellites launched coxerage beamis %k ith lox~er Vain at beam center I1o a ppioximiate

b% tile :\i- Force Space Test Program. Its paNyload %%as af multitfre- unlitOrmi coverage. RHCP
quenex. radio beacon called thle DNA (Defense Nuclear Agenel Orbi
Wideband exper-imentI Il11. The e'tperinlelltal progr11aml Using this Ori
beaCýcon %\its des'iLtIed ito characteri/e the perturbations imposed 532 x 567 nini. 99.6-deg, inclination. sun) snchronous
onl radio \ýZax s as tlhe\ propaugaZie throlu ' strucit'. I Pa iaIn

pkl~mas Orbital history
the ionosphere. The prograin imet-' II..1 measure' 0 5ot ilipi i- Launiched 22 May 1976
tide td ldl'M phase sei ii' '.IslunetionlS 11 Me. Iretllneill-
Cx . and location. Scott( launHch vehicle

'Fhe Wideband experiment traIIIiism Ite tell phase-coherentl sing- Mngmn
IMIS. all derIix ed lfroma1 at Sinele Cry stal oscillator. -'ihe tell lrekIlueil- Dex eloped b\ RCA (satelibte) aild Stanford Research Institute
Cics inludedkCL one VHFý exeilli UHF. one L-band. aind one S-band. etirmn)f DeseNcarA nN
Specific "rcpioencles are de~lineatedCL beloxt% The S-band signlal (xemlel o ~fneNcerAec
NCIer eti .11 an undkist rbed wat most timies) phase reference tor the Satellite P83- I. also called the H iLat satellite 12. 31. x% as, anl-
lo'x Cr freqIOUencies. All "'e rc transmittled %\ith cir-cular1 polariza- other Air Force Space Test Prograin launIch. It had Iie xc peri -
lion. mentIIS to StUdx and characteri/e behax ior of' the ionlosphere at

The P76-S s aiellite \\ ats a nmodiftied Transit satellite from the hi'd) latitude&s. One experimieit was ;I muILlitirequncI1C beacon. for
.\'t\x IILI icat ion satellite progr-am.) The modificationl xx as primla- aillplilude and phase scintillation mleasuremient. \\ hich %% as, a suLc-
rix sulbstituineiv (the W~ide band e\perimleit for the na\ ivation pay- cessor it) the Widebaild experimeneit on P76-5. [File beaconl Ire-
load. The satellite bod% xa an octagonal c\ylinder. A irav ii l- qtlelcics %%ere the 138-. 3901-. 413-. 436-. anld I 239-MU,/ linle,, of
Lradicint boomi \%as deplox ed trout the satellite in] tile dilliciarttl the Widebaild spectrum. They wkere transmilited circularl\ polar-
direction1. aild f'OUr solar panelsN 1.10LICtode into the planec normal to i/ed. The 251)-lb P83-1 \I x a launched on) 27 Jule 1983 b\ a Scout
thW boom1, spaIced 901 dee apart. The cx pern menlt's anltetnna "x as(ll On launch \ichicle into af 431)-t1111 c ircular orbit at 82-dceo i ncl ination.
thle carth-~acine2 side of the satellite. The satellite detailIs are ats H ilat "itas folloxx ed h\ 1187- I. tile Polar BEAR 713eacoil l'\-
folloxx N perniielt and Auroral Research) satellite 13. 41. Its purpose %%as

Satellite to help cllaracteri/e the ionosphere near (tlie north pole. w ith a
\ie\% to iniproving cotllnlu.1icatiolts. [hec Polar BEA-R had three

Octagonal c% linder I 2--in, heig-ht. I 8-iii. dia.: heighit "x ith era% 1i1tZ - experimlenlts: one w\as ail illlproved x ersion oft (the HiL at beacon.
gradienlt booll approxi match\ 100( ft. ,pall across opposite solar The spacecraft supportilg, these experililents %% ats a former Na% \
panels approx i mate lx I0 ft Tranlsit ila\itnatioll satellite. This spacecraft had been onl displat\
A\ppro\inldtellx 110 lb in) orbit for eicllt \cears ill thle Smlithsonian Air anld Space Museuml. It xxats
Solar arrax and N iCd batteries. 4i W bcý-innine of life requisitiotled and refurtbished for Polar BEFAR. becau~se no othler

g a t-radient Ntahili/ation spare Transit,, existed: a testmoeofraitokisplcilth
mu1.seuni. The 275-lb Polar BEA\R \\ as la~niclled oin 13 No\ emiber

Transmitter 1986 b\ at Scou~t into a 625-nnmi orbit.
I37.67i MI-I 121th Harmonic 26-dB\V ERP 5:

378.06 3rd2171 .F. 1. Fremiouxx. et al.. "[arlx Results frontl the DNA Wideband
3901).079 345th 26 Satellite F" \periniieit.- Radio Scivi ce. Vol. 13. No. I UJanuar% -

4(11552 5th 1) lebrUarx 1978).
413.0124 36th 27
424.497 37th 27 2'. J. I. rentioux. et al.. "[he Hit-at Satellite Mission.- Radio
435.9710 3811h 25 S( jiciw. Vol. 21). No. 3 1Ma\ -J ineC I 'Y).5
4-47.443 39th 28 3. J. W. Poxtell. "The space T1est Progr-anmne-..n U.pdate."
1 239.0173 1018th 25 Jllaurnal ol the IBrifith Init'phim'rarv Socicii. Vol. 41). No. 11
2891.171 252nd 27 INoweinber 1987).

Antenna 4. Avliation U ('t & Spacc 7h' hno/og% ( 10 Noxemlber 1986).

Sex crab radiators fi ith 6)-ill eround plane. approminatkx e~arthl.2:lIDcmbr18) .41

ENGINEERING TEST SATELLITE-1l
The apaeseFiwnccing- Test Satellite-Il H .S-Il otf lsiku Ill coommoll oscillator at about 2 13 MU,/. The propagation mecasure-

"xxas af beacon satellite xx hose objectixc, es xre to dcx elop and test lieilt, ill tile FTS-Il programl \\ecre stignal level anld cross-polar-
Japan's abilit% to lauinch and controld a s\ nchronouIs orbit satellite i 'ed lex el at eachl frequenc\ and phase differences bet x ell
and to miake proipagationl neasuretinents 11-31. The [IS-Il "ias a sex eral pairs of signlals and cross-polariied comiponenlts. The sal[-
('itle(] States-built satellite %k ith at desieti that xs.as basicallxfthe ethitc des'ien details are as- fOllowx .

"same as skx letf I. It \,%ias at spinl-stabi liled satellite \% i ith set of, Satellite
th *ree anteici ias t hat xx crc de spu ii. 1 ;'acl antienn ii111 as tised fo One C\oneclhol.5-n ia.mr egh.715Ii
of the beaconl transtnissiolls. xx hicll xxere at 1.7. 11. '5. and .14.5 (\iniclbh.5-l.d.,oealeit.75i.
(Oill/. .. II three frequencies \%ere derixed h\ mutltiplication fromt .i 286 lb iii orbit
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lila" cells and NiCd batteries. 92 W mnininum after one vear One end-tirc antenna in a cay itv for 1.7 GHz

pin-stabili,,ed, approximnatel 100 rpm. ±0.5-deg antenna point- Design life
ILI accuracy One year
,onfiguration Orbit
hree beacon transmitters Synchronous equatorial, I30WE longitude. E-W stationkeeping to

ransmitter ±0.5 deg
.705 GH/: CW or I001(' amplitude modulation by 300-Hz Orbital history
quare a 6-dBW* measured ERP Launched 23 February 1977

1.50875 GH,: CW. 20-dBW measured ERP

.4.52625 GHt: CW or 100I( amplitude modulation by 300-Hz Japanese N launch vehicle

quare \wa\e. 24-dBW measured ERP

,ntenna Management

Fxo parabolic reflectors, one each for 11.5 and 34.5 OH/. 2.2-de, De\eloped by Ford Aerospace and Communications Corporation

oar aboidch at 34.i5e r, un ender contract to Mitsubishi for National Space Development
Agency of Japan
Operated by NASDA

E7TS-II awlciCItt. ETS-11 was launched from Tanegashima. Japan. in February
1977. The launch vehicle was a Japanese N rocket, built under li-
cense and based on the 1970-s:yle Delta launch vehicle. This
launch served a, a test of the N rocket and control network for the
JECS launch in 1979. Initial tests were conducted in March
1977. and the propagation experiment wkas operated from April
1977 to May 1978.

I. M. Hirai. et al.. "'Development of Experimental and Applica-

tions Satellites." Acta Astronaitica. Vol. 7. No. 8-9 (August-
September 1980).

2. R. Havaski. Y. Furuhama. and N. Fugono. "Propagation Char-
acteristics for Millimeter and Quasi-Millimeter Waves by Us-
ing Three Japanese Geostationary Satellites." Acta
,-l, Astr)fluica. Vol. 7. No. II (November 19801.
N. Fugono and R. Hayashi. "Propagation Experiment in 1.7.

11.5. and 34.5 GHz with Engineering Test Satellite Type It.'"
Paper 78-623. AIAA 7th Cmmunication.s Satellite SYsrt,'ns
Co/t'iren('e (April 19781.

SARSAT-COSPAS

Many aircraft and ships carry small transmitters that may be sion is continuous from activation as long as po\%er is available.
used to broadcast emergency signals. However. because of their Civilian transmitters use 121.5 MHz and military transmitters use
limited powker. they have a short range. Thus. in most cases. res- 243 MHz. Improved transmitters were made av'lilable beginning
cue organi/ations must be alerted to the emergency by other in 1985: they transmit in the 406- to 406. I-MH/ band. They have
means and home on the transmitted signal only after they reach improved frequency stability, which simplifies the processing re-
the vicinity of the emergency. Since satellites can see a large por- quired to extract position information from the recei\ed. Doppler-
tion of the earth. they have a much better chance of receiving shifted frequency. In addition, they transmit only a 440- or 520-

these emergency signals. Canada tested this concept in 1975 us- msec burst approximately every 50 sec. Thus. multiple transmit-
ing an Oscar satellite. Satellite reception is now being used in a ters within view of one satellite will have a small probability of
program called Sarsat (search and rescue satellite-aided tracking) interfering with each other. Finally. their burst transmissions may
11 - 161. In the Soviet Union. it is called Cospas, from the Russian contain data that will include the identity of the vessel in trouble
, ords for Space Systein for the Search of Distressed Vessels. and perhaps also its estimated location.

This program. a cooperati\ e effort of the United States. Canada. The first Sarsat-equipped satellite was Cosmos 1383. launched

France. and the Soviet Union. formally started in 1980. Since it in June 1982. The second was the United States NOAA 8 weather
started, live other nations ha\e become associated with it. satellite launched in March 1983. The third was Cosmos 1447.

The emergency transmitters, which were developed in the launched in the same month. Another Cosmos and NOAA 9 were
197(0s. transmit a distinctively modulated signal. The transmis- launched in 1484. Cosmos 1383 was operating only intertnittently
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by, !985, but the other four satellites comprised the agreed-on I . M. M. Blume. "Search and Rescue Satellite Aided Tracking
Oj"-rational constellation (it two satellites each front the United (SARSAT)." Siguni. Vol. 36. No. 5 (January 1982).
States and the So% iet Union. NOAA 8 tailed at the end of' 1985 2.C. Bulloch. "SARSAT-COSPAS: Satellite Search and Res-
and %%itas not replaced until NOAA 10 wals launched in September cuc."' hinurgaria. Vol. 38. No. 3 (March 1983).
1986. NOAA 11. launched in September 1988. replaced NOAA 3. Aviation lii'ek & .Sjnwt- Technology (20 September 1982).
9. and the fourth and fifth (.ospas-equipped (osmas satellites p. 26: ( II October 1982). p. 65: (28 February 1983), p. 75: (29
i~ere launched in Au~ust 1989 and March 1991. All of these sat- August 1983). p. 28: (24 September 1984). p. 22: ( 15 October
ellites are tin polar orbits, at altitudes between about 400 and 550 194.p 4 2 Spebr18) . X 3)Nxme
lumi. Trhe polar orbit pro\ ides co\ erage ofinorthern latitudes not 1987). p. 74: (22 Ocptomber 1986). p. 43 8: 24 Ocoberm188r

x isible ito s\ nchronous orbit, and the motion of the satellite over p. 41.
thie beacon generates thle Doppler shift used for position estimia- 4.D digD.Lesl.anPhGoy "ratAStlIie
tioni. The Cosmos satellites hax e 121- and 406-NIH, receivers. 4 .Ldi.D eeqe n h od."ast aelt

TileNOA saellte, ha~ Caadin-bill121-and243MH/re- Aided Search and Rescue S\ steni for Location of Distress Ra-
Th N.*.~ stelie hveCaadanbult11-an 23-IH r- dio Beacon.'' of~hOi'ncdApictn. Sluice Tec/zmo-

vcixers and at French-built 406-NIH, receiver and processor. All og.Vol. 2. No. 2 (1982).
the satellites, retransmit receix ed signals at 1544.5 *VTHz. Signals
receix ed at Q]1 and 243 N1H/ are retransmintted in real timne otilv: 5. H. L. Werstiuks. "Cospas-Sarsat: A Sx steni Overview,". /9,N3
f 'no -,round station is in \viex. the siunal is lost. In contrast, the International Electrical. EHectnromn A C~nlfenc'fle proeeldiply~s

4t)6-N1H/ signals atre processed onl the satellites: the resultant datai Septetnber 1983).
are retransmitted imnliediatelx arid stored for later transirission to 6. N. WVhiraker and J. Zacharatos. "The Sarsat Transponder."
other ground locations. /9S.? Inte'irnatioaicl 1:/ci ri(al. Electr in'nu Conference Pro-

B\ 1986. there \%ere three Sarsat ground stations (called Local cevdcing.s (September 1983).
User Terminals. LUITs ieach itt the United States and the Soviet 7. J. V. Kinl,-, E. J. Hawes, arid G. J. Jutras."Results, of Cis~pas-
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DOD LIGHTSATS
For about a decade, DARPA has been investigating small, low- ejection mechanism failed during an April 1985 Shuttle mission.

cost satellites as a supplement to the large satellites currently used but the satellite was successfully ejected during an October 1985
by DoD. The emphasis for these small satellites, called Lightsats, mission. The initial orbit altitude was 176 nmi. GLOMR operat-
is survivable, quick-reaction launches and direct support to mili- ed successfully and accomplished its mission objectives. Due to
tarv tforces in the field. Many missions have been proposed for atmospheric drag. its altitude decreased and its orbit decayed in
Lighisals. December 1986. at which time it was still working.

Fou: projects have produced Lightsats for communications [ I - The Multiple Access Communications Satellites (Macsats) are
41. The satellite designs are summarized in Table I. The Global two identical Lightsats launched on a Scout in May 1990. They

7"ih, /. Iol Limht.ats each have a dicital store-and-forward ca-
l _pability similar to that of GLOMR. Like

PROJECT GLOMR MACSAT MICROSAT SECS GLOMR. satellite operations and com-

Shape many sided. cylinder 12-sided cylinder many sided, munications control is provided by an

approximately approximately 80C86 microprocessor in the satellite.
spherical spherical The Microsats are smaller: seven were

Size 16-in. dia. 24-in. dia.. 19-in. dia. 16-in.dia. attached to one dispenser for a Pegasus
14-in. dia. 14-in. tall launch in July 1991. They achieved a

Weight 150 lb 150 lb 50 lb 150 lb lower altitude than planned. reducing
their life to one year. Each satellite has a

Solar array 8-W peak, 9-W average 23-W peak, 8-W peak, microprocessor-controlled digital corn-
output 4-W average 3- to 8-W average 4-W average munications payload, The payload is

Battery type lead acid NiCOd NiCd similar to that on the Macsats but without

Stabilization spin gravity gradient spin spin the same redundancy and with less merm-

Frequency band UHF UHF UHF UHF ory. Microsats can be used for bent-pipe
or store-and-forw% ard communications.

Transmitters 2 (1 spare) 2 (1 spare) 1, 10-W output 2 (1 spare) The Small Experimental Communica-
10-W output 1O-W output 1O-W output tions Satellite (SECS) is a Navy satellite

Receivers 2 (1 spare) 2 (1 spare) 1 2 (1 spare) based on the GLOMR design. It was

Modulation BPSK. FSK BPSK. FSK FSK launched a,, a secondary satellite on the
tirst Peaasus launch, attached to Pegsat.

Rates 1.2 kbps 1.2 or 2.4 kbps up to 9.6 kbps the primary satellite, and separated in or-

Design life 1 yr required 1 yr required, bit.
3-year goal 3-yr goal ., ,. .• :.

Initial orbit 176 nmi. 490 nmi. polar 190 X 245 nmi. 315 nmi. polar I. 'Avialtioni ti''k & Iwct' Technology
57-deg incl 82-deg mnc. ( 15 April 1985). p. 14: 16 May 1985).

Launch date October 1985 May 1990 July 1991 April 1990 p. 20: 128 October 1985). p. 20: (4

Launch vehicle Shuttle Scout Pegasus Pegasus No\ enmber 1985). p. 20: ( I8 Septem-
Sponsor DARPA DARPA DARPA Navy bcr 1989). p. 34: 113 November

1989). p. 29: (27 No\ember 1989).

Contractor Defense Defense Defense Defense p. 96: (16 April 1990)1. p. 24: (3) Jul\
Systems. Inc. Systems. Inc. Systems. Inc. Systems. Inc. 1991)). p. 78: 122 July 1991 1. pp. 24.

25.
Lo.A Orbiting Message Relay IGI-OMR) was the first of hern. 2. G. S. Sebestwen and J. C. O'Neil. "C(ri.,,is Comnmunicalions:
and the first of any type of DoD Lightsat. The goal of the project The Promise tol Lo\ Cost Satellite,,.s Paper 11.2. IEEE Aili-
w&as to show the feasibility of building a satellite in less than one tary ('o>nimlic'ations ('onit'Cren'c: Alilhom "87 (October
year and to demonstrate a digital communications capability in 1987).
orbit. The communications payload capabilities included corn- 3. J. W. Ra•kes. "iightat: All S\sters Are Go." D),/i.' hht,
mand and readout of unattended ground sensors, store and for- 3. 1. W. Val. 2 gs Nll t Are 19I8).
ward messaging for military users, and location of transmitters by ri(.%, o. 2(,. 5 (Ma J.lhe dpple shit ofthe rcei~d ,dnal.4. R. Pincus. I. P'owncll. and J. Rast. "Pcegsat--First Pegasus,
the doppler shift of the received signal. Rsl~d"4hAui;IA(S '-ul~~(nSalIl

The GI()MR satellite fits in a Shuttle Getaway Special canis- Payhoad." 4th,4tual A " , on SmallSatel-

ter. In orbit. the canister lid opens and the satellite is ejected. The (iitA (August 1990).

OTHER SMALL SATELLITES
Small satellites with digital store-and-forward message pay- liites. using mi.croclectionics to obtain a useful capabilitl in a

loads have become popular since the late 198(s Il I. The major small satellite.
groups are the amateur radio operators' Oscar satellites and the F-our satellites, tIoSAT 5 (described earlierl. Tubsat. SARA.
DoD Lightsals. Other organi/ations are building ,imilar salel- and Orbconim X. were launched in July 1991 as secondary
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payloads on an Ariane rocket. The Technical University of Berlin tainties in the system design. However. Orbcomm X ceased
built Tubsat, a 66-lb satellite with a store-and- forward payload, operating less than one day after launch.
One use of the payload will be to relay data from transmitters on Sweden had announced plans for a store-and-forward mail sat-
animals, and to locate the transmitters using doppler measure- ellite named Mailstar. The payload for this satellite was later
ments. combined with a technology payload onto a new satellite called

SARA is a 40-lb satellite built in France. Its purpose is to re- Freja. The planned launch is at the end of 1992 on a Pegasus
ceive radio emissions from space and retransmit them to earth. launch vehicle.

Orbcomm X 121 is a 26-lb satellite built by Orbital Sciences • • , , * ,
Corporation. It is a prototype fbr a low orbit system for mobile I. Aviation W eek & Sluce Th nology (I January 1990), p. 38: (5
communications, for which Orbital Sciences has submitted an ap- 90), p. 77: (2 April 1990. p. 26.
plication to the United States Government. The purposes of Orb- February 19t6 p.
comm X were to do a spectrum survey in the bands for the 2. G. E. Hardman.Engineering Orbcomm: A Digital Satellite
proposed system and to demonstrate packet radio communica- Communications System Exploiting a Range of Modern
tions. Both purposes would have contributed to reduced uncer- Technologies." Third lEE Coqkren'e on Telecommuni'a-

tions, lEE Conference Publication No. 331 (1991).
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SATELLITE COMMUNICATIONS TO THE YEAR 2000

Without a doubt. the field of communication satellites will tions are centered on the 12/14-GHz band, where exclusive satel-
continue to grow. Present domestic. regional, international, and lite allocations in some countries eliminate interference problems
military ssstems will introduce new generations of satellites. The and permit siting of relatively small terminals at customer loca-
slowsest growth will be in the military systems. As a whole, do- Lions. The increasing demand within countries and international-
mestic and regional systems will grow. but growth will vary con- ly is being met by satellite designs with more channels, more
siderablv in different parts of the world. The United States and routing flexibility, and higher transmitter powers. For many busi-
Canadian domestic systems, being the most mature. will have the ness communications needs, low to moderate data rates are suffi-
slokssest gro\wth. The rapid growth will still be in the new domes- cient, and very small aperture terminals (VSATs) may be used.
tic systems of both industrialized and developing countries. Do- VSATs typically have antenna diameters of 3 to 6 ft and are com-
mestic s\stems' growth will continue to include both dedicated mon in the United States. Substantial numbers of VSATs are
satellites and purchases and leases from Intelsat. Both the Intelsat coming in Europe. and they also are spreading to other countries.
and Inmarsat international systems also will grow. Fiber optic including less developed countries.
transmission systems are comin into use and have been dis- To keep pace with increasing capacity demands for all types of

cussed as a competitor that will slow satellite growth. This asser- satellite communications, new features will be incorporated into
Lion is based on their tremendous capacity-about 500 Mbps per satellite and system designs. The 1970s saw a relatively full ex-
fiber and about two dozen fibers per cable at the present time. ploitation of the 4/6-GHz band. and the 1980s produced the same
Obviously. the capacity is many times that of. for example. a 24- for the 10- to 14-GHz bands in the developed countries. Al-
transponder satellite at 60 Mbps per transponder. However, fiber though use of the 20/30-GHz band has begun with the Japanese
optics are limited by their point-to-point routing and distance- CS. large-scale use of these bands will occur in the late 1990s to
sensitive costing. Communications satellites are not subject to ei- early 2000s after the preliminary investigations with Olympus.
ther restriction: thus. both media should find many opportunities Italsat. and ACTS. In addition. experiments in the 40- and 50-
for expansion. GHz bands will be conducted in the 1990s. At the same time.

The largest new application of satellites will be in mobile com- less-developed countries will seek greater use of the 4/6-GHz
munications. Marisat and Ininarsat pioneered service to ships. In band for communications and education for national develop-
the late 1980s. Inmarsat tested communications to airplanes, and ment. with an emphasis on low cost and simple ground hardware.
operational service has begun. Inmarsat also is providing service Antenna evolution also will contribute to increased capacity.
to land mobile users. New systems for mobile users are part of Shaped beams, using multiple feed horns, have been used for sev-
Aussat B and. by 1994. the MSat system in North America. Coy- eral years. with Intelsat having the most advanced designs. These
erage should expand to other parts of the earth in the second half antennas will continue to increase in sophistication. The use of
of this decade. The systemns in development all use synchronous spot beams will grow and their beamwidth will decrease. leading
orbit satellites. but several low-orbit multisatellite systems have to greater frequency reuse. Italsat is the first to use many spot
been proposed also. Perhaps one or more will be operating by beams in one country. Satellites that cover the United States or
1996. The primary engineering change for the synchronous satel- Europe with dozens of independent spot beams have been dis-
lites will he increased antenna diameters, to about 18 to 25 ft. cussed but are unlikely to be launched this decade. Another con-
Follow-on satellites, launched near the end of the decade, will cept that has been studied is a scanning spot beam. This will be
use much larger antennas (at least 50 ft) to multiply capacity by tested on ACTS and may be in use by the mid-1990s. Although
frequency reuse in multiple beams. this technology can be applied to any frequency, the biggest use

Satellite broadcasting will grow. but at a pace slower than has will be above 10 GHz. where reasonably sized reflectors (e.g.. up
been predicted. The emphasis of the broadcasting is television, to 10- to 12-ft diameter) can he used to produce narrow beams.
but high-qtualit% sound broadcasting also is being done. Although The use of signal processors insatellites is another design step
a few high-power broadcasting satellites are beinig used in Europe that will provide capacity growth. The processing can include
and Japan. the groth in this application will be primarily, per- switch matrices, either IF or baseband. which operate at a TDMA
haps solely, fror ever hioher-powered communication satellites, burst rate: demodulation and remodulation: demultiplexing and
.ov-poser broadcasting is %\ell established in the United States multiplexing of bit streams: coding and decoding, and routing of

a,, a h%-product of television distribution for network and cable messages by reading headers. Early applications of these tech-
tise. Medium-power broadcasting has followed the same path. niques are on Intelsat VI. Olympus. halsat. and ACTS. Some of
but w% ith increasing recognition that home receivers are no longer these techniques will, of necessity, come into use on multibeam
a sec(ondar\ nmarket. but a primary one. Both Eutelsat and Astra satellites to efficientl\ interconnect a ground terminal population
ha'c considerable business in 12-Gtil. mCdiuin-po%,er broad- di\ided aniong many beams.
casting in Fturope. These. and national s, stems. will continue it Less comrplex. but also significant. contributors to system ca-
grokk. BY the turn of the centur\. it is probable that the high-posw - pacity are receiver noise reductions and poswer amplifier improve-
er hroadca,,t satellite \s ill no longer exi,,t as a distinct type ofcom- ments. The noise reductions are due to the de\ elopment of GaAs
ntnllications satellite. Rather. general communications satellites field effect and high electron miobilit\ transistors, which are in
,. ill pro ide both teles ision broadcasting and \oice/data sers ices use now in ground and space receivers. Improvements from 1984
to ccr larger nuinbrý<rs gr ni nd terminals X% it h small antennas. Io 1990 ielded tIp t four limes tlie capac.itv if other parameters

The demand for business communicationns is obvious in the remain constant, or reduced requirement,, on other equipment.
deehloped countries and is e pected to increase substanltiall,. The imnprovemnents are continuing but nla\ reach practical lower
Satellite capacilt ssas adequate in the United States and I:urope limits by mid-decade. Transmitter poswer amplifiers are either
but s. as nonexistent in Japan until 198. Btusi ness comniunnica- "fVITAs or solid state. The practical po\%er levels for satellite
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TWTAs have doubled approximately every decade. The efficien- Spacecraft technology will progress to support larger or more
cies also have improved, although at a slower rate. Solid-state complex communication subsystems. A major effort at present is
amplifiers have become the most common satellite power ampli- in large lightweight solar arrays that can provide 3 to 6 kW of
fier at 4 GHz. Typical power levels are about 10 W. although 20- power. These are most necessary for broadcast satellites or com-
W amplifiers also exist. Downlink power density regulations will munication satellites with many high-power transponders. Nick-
cause these power levels to remain about the same in the future. el hydrogen batteries have been flown on several satellites and. by
Although they have lower power conversion efficiency, they con- the start of the 1990s. will displace nickel cadmium batteries in
tribute significantly to greater capacity. because their distortions high-power satellites. In propulsion subsystems, several satellite
are lower than those of TWTAs. At 12 GHz, solid-state amplifier designs are incorporating unified bipropellant systems and/or
capabilities are less than at 4 GHz, but typical satellite transmitter electrothermal thrusters. Both provide improved performance-to-
powers (with TWTAs) are much higher due to bands without weight ratios. The next step will be electric propulsion for sta-
power density regulations. Therefore, there will be little use of tionkeeping, which will be used first in 1993. Attitude control ac-
i 2-GHz solid-state amplifiers throughout the decade. curacies have been improved to satisfy requirements for more

Operational use of intersatellite links started in 1983 with accurate antenna pointing, while at the same time coping with the
TDRS. The use of these links between synchronous altitude sat- motions of large flexible appendages. Whereas ±0. I-deg pointing
ellites has been studied for several years. However. their use will characterized the 1970s. ±0.05 deg is not unusual now. The ma-
probably not occur until after the mid- 1990s. Potential benefits jor contributor to the improvement is the use of satellite receivers
include positioning of satellites to improve ground elevation an- that track ground-based beacons. Except for unusual applica-
gles or to avoid crowded sections of the orbit, interconnecting tions. beamwidths will not decrease much more this decade, so
widely spaced satellites to avoid double hop links, and intercon- attitude control accuracies of ±0.05 to ±0. I deg will continue.
necting various types of satellites (e.g.. mobile satellite to Intel- Structurally, graphite composites and beryllium are already in
sat) to provide more direct or flexible routing of links, common use where low weight and stiffness are important. The

Enhancements of transmission techniques also will contribute composites also have very low thermal expansion coefficients.
to improved capacity. This covers modulation, coding. band- The mechanical challenge of future communication satellites will
width compression, and multiple access methods. Ground hard- probably be in ever larger antennas and their deployment and
ware plays the predominant role here, and application of available steering mechanisms. Large deployed antennas and solar arrays
technology will be more significant than development of new will require more sophisticated controls to counter the motions of
technology. Nevertheless. developments will continue and will these assemblies and maintain accurate antenna pointing.
eventually be brought into use. The most activity is in the area of Large space platforms have been discussed since about 1980.
voice processing to increase the number of voice circuits per unit Sizes as large as 200 ft have been considered, with each platform
bandwidth. Specific techniques that are already used occasional- accommodating many communication subsystems. As an alter-
ly. but should see significant use in the 1990s, include digital native, clusters of conventional satellites, joined bv intersatellite
speech interpolation. companding, delta modulation, and voice links, have been proposed. While both concepts have their mer-
encoding. In addition, video bandwidth compression techniques its, they face institutional problems as well as technical problems.
will be important. both for full rate and slow scan transmissions. These platforms or clusters are unlikely to be launched until after
Also, the use of TDMA will increase, and modulation formats the turn of the century.
with improved spectral efficiency may be applied to operational
systems.
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APPENDIX A

THE ITU AND INTERNATIONAL FREQUENCY ALLOCATIONS

The International Telecommunication Union (ITU) is a spe- * The coordination may result in moditications to the pro-
cialized agency of the United Nations 1I-15-. At present, about posed system, and if necessary thereafter. modifications to
166 nations are ITU members, including all the major world pow- existing systems.
ers and all countries which use satellite communications. The ob- - The IFRB reviews the proposed system in light of the Radio
jective of the ITU is to promote international cooperation in the Regulations. current spectrum usage. and the results of Steps
efficient use of telecommunications. Activities toward this end. 3 and 4.
related to frequency allocations and their use. are the following: - If all of the preceding are satisfactory, the IFRB registers the

"* Prepare regulations. system by publication in the Master International Frequency
"* Allocate the radio frequency spectrum. Register, which is intended to guarantee that it will not be
"• Register radio frequency assignments and geostationary sat- subject to har.nful interference from systems which have yet

ellite longitudes. to be registered.

* Coordinate efforts to eliminate harmful interference. The foregoing process is characterized by first come. first

"• Adopt resolutions and formulate recommendations concern- served. Since the late 1970s. the developing countries have ex-

ing telecommunications matters. pressed a strong concern that the industrialized countries' satel-
i ng dlites will use up the desirable synchronous orbital locations and

The governing document of the ITU is the International Tele- frequencies. This would force the developing countries. whose
communication Convention. The highest decision-making body use of the orbit and spectrum lags that of the industrialized coun-
is the Plenipotentiary C onferences The wr o eTUsne tries. to use less desirable locations and/or frequencies. and at
in both periodic international conferences and by permanent greater cost. Therefore. they advocate a guaranteed access pro-

cess to replace the current process. The developing countries pre-
The ITU Radio Regulations include. among other things. the C!

fer an explicit allocation of orbit locations and frequencies toTable of Frequency Allocations. procedures for notification, reg- each country. whereas the industrialized countries prefer a more

istration, and coordination of new or modified uses of the fre- flexible approach. Equitable and guaranteed access to the syn-
quency spectrum. and provisions to limit interference between chronous orbit, and the method to achieve it. was the subject of
users of the frequency allocations. The Regulations, when rati- WARC-ORB-85. 88. The first session worked out principles and
fled by the member nations, have the legal force of a treaty. methods of planning and narrowed the choices of services and

Revision of the Radio Regulations is carried out in general and
speia WoldAdmnitrtiv RdioCofeencs WARs4an frequency bands to which they would apply. The second sessionspecial World Administrative Radio Conferences (WARCs) and eveloped a global allotment plan r the fixed-satellite service in

in Regional Administrative Radio Conferences (RARCs). A gen- frequency bands little used vet and improved the coordination

eral WARC was held in 1979 and was authorized to consider a preduesot bands in c mmone. the pla naran
comlet reisin o th Raio eguatins.Thepreiou geer- procedures for the bands in common use. The plan guarantees

complete revision of the Radio Regulations. The previous gener- each nation at least one orbit slot within a predefined arc, and 8(X)
al WARC was in 1959. and the next is expected about 1999. Spe- MHz of bandwidth.
cialized WARCs and RARCs occur more often. Each is chartered The CCIR (from the French for International Radio Consulta-
to address revisions of the Radio Regulations concerning a spe- tive Committee) is another permanent ITU agency. It studies
cific topic. Conferences that considered satellite matters have in- technical and operational questions in the feld of radio communi-
cluded the WARC tfor Space Telecommunications (1971). thecludedtheWARC for Satlit pradcasting (1977)mth s 1C fr Stete cations. The CCIR is organized into more than a dozen special-W A RC for Satellite Broadcasting (1977). the R A RC for Satellite iz d s u y g o p . T se m t r l va t o th s t l i eized study groups. Those most relevant to the satellite
Broadcasting in Region 2 (1983), and the WARC for Mobile Ser-

vices (1987). The most important satellite conference since 1979 communications are

was the two-part WARC on the Geostationary Orbit (WARC- • Group I--Spectrum Utilization and Monitoring.

ORB-85. 88). WARC-92 will cover a variety of frequency alloca- • Group 4-Fixed Service Using Communication Satellites.
tion issues, some of which are for space. ° Group 9-Coordination and Frequency Sharing Between

The International Frequency Registration Board (IFRB) is one Systems in the Fixed-Satellite Service and Terrestrial Radio-
of the permanent ITU agencies. It is responsible for maintaining Relay Systems.
the international list of frequency assignments for both earth and In addition, the Mobile and Broadcasting Services groups study
space stations. This responsibility includes the process of notifi- matters related to satellites. Each study group or working parties
cation, coordination, and registration of new and modified fre- and task groups. which have representatives from any nation in-
quency assignments, including those for space systems. The terested in its work. meet once or more a year. Much of the
process is basically as follows: group's work depends on inputs from national study groups. The

" Several years before a new system comes into use. the na- United States has active national study groups corresponding to
tional administration notifies the IFRB of its technical char- each of the CCIR groups. Every four years. the entire CCIR has
acteristics. a Plenary Assembly. The assembly considers new recommenda-

"• These characteristics are published in the weekly IFRB cir- tions. modifies existing recommendations, prepares resolutions.
cular. and considers the study program for each group for the next four

"* Any administration concerned about potential harmful inter- years. Recommendations,. reports. and resolutions are published

terence from the proposed system may make comments to. after every Plenary Assembly. Although the CCIR outputs are not

and request coordination with, the notifying administration, binding. they are often adopted by international or national
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agencies as technical standards. In addition. the CCIR has prepa- cates whether the allocation is primary. secondary. or by means of

ratory meetings six months to one year before WARCs. a footnote. This status determines the priority of the various allo-
The Radio Regulations define thirty-eight radio services and cations in interference questions. The fifth column (Power Limit)

specify which services are allowed to use each portion of the indicates allocations where the power density of a downlink is
spectrum between 9 kHz and 275 GHz. The accompanying ta- limited. The actual limitations are given in Table 3. The sixth
bles show the allocations applicable to the satellites described in column (Notes) references the notes given at the end of Table 2.
this report, for frequencies up to 100 GHz. Table I shows the first which give more information about specific allocations. Howev-
allocations, which were made in 1963. It is provided for compar- er, this table and its notes do not contain all of the details that are
ison with the current allocations given in Table 2. Nations may in the ITU frequency allocation table.
modify the allocations table for use within their own boundaries. * • * * * *

In the United States. this has occurred, a typical modification is I Table ofFrequenc Allocations 10 kclx to 40 Ge/s. modified
the split of an allocation into government and nongovernment b. the Exrardinay Adistative Radio Conferce todAl-
sub-bands. Furthermore, each nation authorizes, uses, and as-
signs frequencies within its own jurisdiction. In the United locate Frequency Bands for Space Radio Communication
States, the Interdepartment Radio Advisory Committee controls Purposes (Geneva 1963). International Telecommunication

federal government use of the spectrum. and the Federal Commu- Union. Geneva (1966).

nications Commission controls other uses. 2. ITU Convention (Mala1a-Tnrrenulino. 1973). International
The allocations in Table 2 are separated by the service to Telecommunication Union. Geneva (1974).

which they apply. (Fixed-satellite service and mobile-satellite 3. Radio Regulations. Edition of' 1982. International Telecom-
service refer to whether the terminals, not the satellites, are fixed munication Union. Geneva (1982). two volumes.
or mobile.) Sorne links qualify to use allocations for two types of 4. M. Mili. "The International Telecommunication Union-De-
systems. For example. in a system that serves mobile terminals. velopment of Modern Telecommunications," Paper A. 1. In-
the link between a satellite and a fixed terminal (e.g., a shore sta- ternational Confrrence on Comnmunications: ICC "82 (June
tion in a maritime satellite system) may use either the fixed termi- 1982).
nal or mobile terminal system allocations. When an allocation is 5. D. V. Doran-Veevers. -The International Telecommunication
not specified for uplinks or downlinks. it can be used for either or Union." Paper 13. 1. International Cont'lence on Comnmuni-
both. The third column (Recion) indicates the availability of the cations: ICC 7N (June 1978).
allocation by the three ITU regions. A blank in this column indi- 6 R. C. Kirby. "CCIR Past, Present and Futurc." Paper 9.1, hi-
cates worldwide availability. The fourth column (Status) indi- ter.nC. Koirbyl CnR eratn'ce on (nsmenicaitont: ICC '79 (June

Table I. Initial Frequency Allocations Made in 1963 1979).
7. XVIh Plenary Avsenmh/yv olf t CUR. 1982. International Tele-

OOWNLINK, MHz UPLINK, MHz communication Union. Geneva (1982). 14 Volumes.
8. "'International Frequency Registration Board-ITU." Paper

3400-3700 4400-4700 I A.3. International Conti 'ren'e on Communicatio•s: ICC "N2
5725-5925 (June 1982).

3700-4200 5925-6425 9. M. K. Khabiri. "International Frequency Registration Board

7250-7300 7975-8025 (IFRB)." IEEE Transaction.s on Elh'ctromagnetic Compatibil-

7300-7750 7900-7975 itY. Vol. 19, No. 3 (August 1977).

8025-8400
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Table 2. Current Frequency Allocations

DOWNLINKa UPLINK 8  REGIONb STATUSC POWER NOTES DOWNLINKa UPLINKa REGIONb STATUSC POWER
LIMd NOTS auMPrd NOTES

7250-7375 F Yes
Fixed-Satellite Service (FSS) 7900-8025 F
2500-2535 MHz 3 P Yes e 14.0-14.5 GHz F

2500-2655 2 P Yes e 15.4-15.7 F
2655-2690 2 P Yes e 19.7-20.2 S

2655-2690 3 P e 20.2-21.2 P
3400-4200 P Yes 29.5-30.0 S
4500-4800 P Yes 30.0-31.0 P

5000-5250 F f 39.5-40.5 P Yes
5725-5850 1 P 43.5-47.0 P
5850-7075 P 1 50.4-51.4 S

7250-7750 P Yes 66.0-71.0 P
7900-8400 P 71.0-74.0 P

10.7-11.7 GHz 1 P Yes g 81.0-84.0 P
10.7-11.7 P 95.0-100.0 P
11.7-12.3 2 P h
12.2-12.5 3 F Yes h Broadcasting-Satellite Service (BSS)t
12.2-12.7 2 F i 620-790 MHz F

12.5-12.75 1 P Yes 2500-2690 P Yes e
12.5-12.75 3 P Yes 11.7-12.5 1 P

12.7-12.75 2 P 11.7-12.2 2 F u u
12.75-13.25 P 11.7-12.2 3 P
14.0-14.5 P j 12.1-12.7 2 P
14.5-14.8 k,2,3 P k 12.5-12.75 3 P

15.4-15.7 F f 22.5-23.0 2,3 P
17.3-18.1 P g 40.5-42.5 P

17.7-19.7 P Yes 84.0-86.0 P
19.7-21.2 p

27.0-27.5 2,3 P Intersatellite Service (ISS)
27.5-31.0 P 5000-5250 MHz F f

31.8-33.8 3 F 1 15.4-15.7 GHz F
37.0-39.0 3 F 1 22.55-22.55 P

".5-40.5 P Yes 25.25-27.5 S V
42.5-43.5 P 32.0-33.0 P
47.2-50.2 P m 54.25-58.2 P
50.4-51.4 P 59-64 P
71.0-75.5 P

81.0-84.0 p Amateur-Satellite Service
92.0-95.0 P 7.0-7.1 MHz P

14.0-14.25 P
Mobile-Satellite Service (MSS)n 18.068-18.168 P

235-322MHz F o 21.0-21.45 P
335.4-399.9 F 0 24.89-24.99 P

406.0-406.1 p p 28.0-29.7 P
608-614 2 S 144-146 P

806-890 q,2.3 F r 435-438 F o
942-960 q.3 F r 1 1260-1270 F o

1530-1544 P 2400-2450 F 0
1544-1545 P s 3400-3410 2,3 F o
1545-1559 P 5650-5670 F a

1610-1626.5 F 5830-5850 F
1626.5-1645.5 P 10.45-10.5 GHz S
1645.5-1646.5 P s 24.0-24.05 P
1646.5-1660.5 P 47.0-47.2 P

2500-2535 3 F Yes r 75.5-76.0 P
2655-2690 3 F r 76.0-81.0 S

5000-5250 F
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Table 2 (continued). Current Frequency Allocations

DOWNLINK 8  UPLINK8  REGIONb STATUSC POWER NOTES h National and subregional systems only.
LIMrTd N BSS is the primary use. FSS must not cause more interference nor

require more protection than the BSS.

Radiodetermination-Satellite Service (RDSS)w May be used outside Europe for broadcast satellite feeder links.
1610-1626.5 MHz 2 P I x k Broadcast satellite feeder links only and outside Europe only.

1610-1626.5 1,3 S x,y I Japan only and only until 31 December 1990.
2483.5-2500 2 P Yes m 47.2 to 49.2 GHz is primarily for broadcast satellite feeder links.
2483.5-2500 1,3 S Yes y n Some allocations restrict use to one or more of the MSS subsets: mari-
2500-2516.5 F Yes y time-MSS, aeronautical-MSS, land-MSS.

5117-5183 2 P Yes o Must not cause harmful interference to primary or secondary uses.

5117-5183 1,3 S Yes y P Solely for low-power beacons for emergency position location.
q Only Norway and Sweden in Region 1.

a frequency band centered in these two columns may be used for both r Limited to operations within national boundaries.
uplinks and downlinks. s Solely for distress and safety uses.

b A blank indicates worldwide applicability. Numbers indicate applicability t Uplinks are normally in FSS allocations.
in some regions, which are defined in the figure. u FSS is the primary use. BSS limited to 53-dBW ERR BSS must not

c P= primary, S = secondary, F = footnote. Secondary uses must not in- cause more interference nor require more protection than the FSS.
terfere with primary uses nor claim protection against interference from v Limited to Earth Exploration-Satellite Service.
primary uses Footnotes imply particular restrictions; see notes. Also, w Systems for position determination of mobile subscribers and for limited
secondary or footnote status usually implies a power limit, two-way message service; links between satellites and mobiles are

d Power limit: it yes, see Table 3. below 3 GHz; links between satellites and base stations are above 3
e National and regional systems only. GHz in RDSS or FSS allocations.

Only when used in conjunction with aeronautical radio navigation and/or Constraints exist on use of 1610_ 6-1613.8 MHz, to orotect radio astron-
aeronautical mobile service. omy.

9 Only for broadcast satellite feeder links. Y Primary status in some countries.

Table 3. Maxinumn Power Density on the Earth s" Stofiwe, dIBW/n2

ELEVATION
ALLOCATION BANDWIDTH

620-790 MHz -129

2483.5-2690 -152 -152 + 10 - 5) -137 4 kHz

3400-42000
I 6-5

4500-4800 -152 -152 + 2 -142 4 kHz

7250-7750

5117-5183 -159 -159 -159 4 kHz

10.7-11.7 GHz -150 -150 + 0- 5 -140 4 kHz2

12.2-12.5 (region 3) -148 -148 + 5-138 4 kHz

12.5-12.75 (regions 1 and 3)J 2

17.7-19.7} -115 -115 0-5 -105 1 MHz
37.5-40.5,) 2

Note: Density measured with the specified bandwidth. Power density limits may be exceeded on the territory of any country with its approval.

10. W. H. Bellchambers. et al., "The International Telecommuni- 13. G. A. Codding, Jr.. "*The 1989 ITU Plenipotentiary and the
cations Union and Development of Worldwide Telecommuni- IFRB," Telecommunications. PolicY., Vol. 12. No. 3 (Septem-
cations." IEEE ('ommutnication Magazine, Vol. 22. No. 5 her 1988).
(May 1984). 14. S. E. Doyle. "Space Law and the Geostationary Orbit: The

II. D. J. Withers. "The Role of CCIR Interim Working Party 4/I ITU's WARC-ORB-85-88 Concluded." Journal (f Space
in Satellite Communications," Paper 43.1. International Con- Law, Vol. 17, No. I (1989).
ference ol Commnunications. ICC '84 (May 1984). 15. L. W. Barclay. "The Working of the CCIR.'" Electronics and

12. R. E. Butler, "The Role of the ITU in the Use of the Geosta- ConimnitticatirPt Engineering ,lournal, Vol. 2, No. 6 (Decemn-
tionary Orbit," Acta Asftronautica, Vol. 17. No. 6 (June 1988). her 1990).
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APPENDIX B

TELEMETRY, TRACKING, AND COMMAND SUBSYSTEMS

All satellites have some form of telemetry, tracking, and com- Space-Ground Link Subsystem
mand (TT&C) subsystem to provide control and monitoring of The space-ground link subsystem (SGLS) is used for TT&C
satellite status and to obtain data from which the satellite position for all operational military communication satellites of the United
can be computed. The major types of I'T&C subsystems now in States, Britain, and NATO. These satellites use frequencies be-
use by communication satellites are described here. tween 7250 and 8400 MHz for communications. The SGLS is en-

Intelsat/Domsat tirely separate, using 1760 to 1840 MHz for commands and 2200
to 2300 MHz for telemetry. Each satellite is assigned to one of

This subsystem is used by Intelsat and by the United States do- twenty channels within these bands. In addition, most of the sat-
mestic satellites and those domestic satellites built in the nd ellites also transmit telemetry on beacons in the 7250- to 7750-
States for other countries. This system is described as in-band, MHz communication band.
because the TT&C frequencies are within the frequency bands al- The SGLS command structure uses three tones: one, zero, and
located for communications. Inteosat TT&C frequencies are near S. The S tone is transmitted during commanding whenever either
the center of the band (6168 to 6182 MHz for command and 3945 of the other tones is not used. Only one tone is used at a time in
to 3955 MHz for telemetry). The Domsats use either the top or an FSK format. The tones are amplitude-modulated with a syn-
bottom 5 MHz of the communications band. i.e.. 5925 to 5930 chronization signal and phase modulate the command carrier, a
MI-49 or 6420 to 6425 MHz for command and 3700 to 3705 MHz format designated FSK/AM/PM. The command signal trans-
or 4195 to 4200 MHz for telemetry. Domsats that use the ii- to mission rate is usually 1000 baud, and the command sets vary in
12- and 14-GHz bands follow the same pattern and typically as- size from about 100 to 700 commands. All the satellites have
sign TT&C frequencies near the upper or lower band edge. As a provision for cryptographic security on the command link.

result of this frequency selection, most radio frequency TT&C The DSCS Ill satellite has an additional in-band command ca-

functions are handled by communication subsystem components. pability. The uplink at a pproximately 8 GHz is received by the

During normal operations, TT&C signals are routed through satellite and down-converted to the SGLS frequency and handled

communication subsystem antennas. Broad coverage omnidirec- by the SGLS equipment.

tional antennas are used from launch vehicle separation through by the SGLS equipment.

deployment and in the event of loss of signals through the corn- capabilty is p le. alw modulation at isaloM

municationscapability is possible. The typical modulation rmat is PCM/
Thebasicion mmantenastr PSK on a subcarrier that phase modulates the carrier. TelemetryThe basic command structure uses three tones for transmission

of information, namely. one, zero, and execute tones. The infor- rates are 250 or 1000 bps, with from 200 to almost 1000 points

mation FSK modulates the tones. Some systems add one to four monitored.
maddiional cSKmanduatoes. uhtsuallyomersystgmmsands one poto fUnlike other TT&C subsystems discussed here. SGLS uses aadditional command tones, usually for analog commands or pilot pseudorandom binary sequence to determine range. The se-

tones for spin rate or antenna pointing control on dual-spin satel-

lites. The tone set frequency modulates the command carrier. quence phase modulates the command carrier and is remodulated
Thes.iThe oftheommane set s freqenv aresu tohebout800 command s aon the telemetry carrier by the satellite. The phase shift over the

The size of the command sets varies up to about 800 commands. round trip path is used to compute range. The sequence bit rate is
The telemetry portion of the subsystem has two separate sets IMps

of equipment transmitting on separate frequencies. Each set of I Mbps.

equipment can be commanded to handle either digital or analog LES-8 and -9
telemetry. Analog telemetry frequency modulates a subcarrier. The experimental satellites LES-8 and -9 were developed and
Two digital formats are used, either PCM/PSK or PAM/FM mod- are operated by the MIT Lincoln Laboratory for DoD. These sat-
ulation of a subcarrier. In all cases, the subcarrier phase modu- ellites use a TT&C subsystem des gned by Lincoln Laboratory.
lates the carrier. The normal command link to a satellite is an FSK-modulated

Tracking is accomplished by sequentially modulating an up- UHF carrier. Alternate command paths are via a K-band commu-
link carrier with four tones that the satellite retransmits on a nication link, either from the ground terminal or on the crosslink
downlink. The tones vary in frequency from 35 Hz to 27.8 kHz. from the other satellite. The commands are transmitted at about
The range to the satellite is determined by measuring the tone one per second, and there are about 220 commands.
phase shift during the round trip transmission. Successively high- The primary telemetry link is at S-band - 2.24 GHz for one sat-
er tone frequencies provide increased accuracy. with the lower ellite and 2.25 for the other. The bit rate may be either 100 bps or
tones used to resolve ambiguities that occur with the higher tones. 10 kbps. Alternate paths are a UHF downlink or (at 100 bps only)
The ranging signal can be transmitted using the command and te- a K-band downlink or crosslink. About 800 telemetry points are
lemetry carriers but is typically transmitted through one of the monitored.
communication transponders during on-orbit operations.

The SBS and Anik C satellites use the same TT&C subsystem. NASA
However, their communication subsystems operate in the 12- and The NASA Spaceflight Tracking and Data Network (STDN)
14-GHz bands rather than in the 4- and 6-GHz bands. They use provides TT&C services in several frequency bands. All the ATS
4- and 6-GHz transmissions through omnidirectional antennas and CTS satellites as well as the Japanese ECS and ETS-I satel-
prior to orbital deployment and 12- and 14-GHz transmissions lites used the VHF capability. Some European satellites had
through the communication subsystem thereafter. STDN-compatible VHF TT&C for launch and orbital insertion

and for backup during operations.
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Command frequencies wvere in the 147- to I 55-MH/ hand. PM with a rate of 128 bps. The telemetrN formlat is PC.MI/PSK/
Both PSK and FSK SUbcarrier formats v\ere used, \kith phase PM at a rate of 250 bps.
modulation of the carrier. ATS 6 had a command set of 5 12 com- NASA TT&C services through TDRSS use a ne\w format. he-
mands and a tirallnnmission rate of 128 or 120(0 bps. The (CTS had Cause the existing suhcarrier modulation methods are inefficient
a total ol 225 comlmantSds and a 1(()0-bpns transmission rate. The for transmission throtugh a rela satellite. In most case.s. separate
Japanese ECS had a total of 168 commands and a transmission psCudonoise codes modulate the inphase and quadrature compo-
rate of 128 bps. NI'S 0 had an alternatix e command path through nents of the carrier in a QPSK formal. The code rate is about 3.!
ai communlnl1ications uplink at about 0 (Ji/. Mcps. Commands are modulo 1\%wo added to the code w, hich is

'e leinetrx fiqUCieLicis \\crc aunsignCd in] the 136- io 138-NIH/ used for the inphase modulation. Transmitter poxx er is split 4:1
band. Ty+pical mllodulation formats x\\ere PCNI/PM or PCM/FM/ o inphae:quadrture). so the modulation is called unbalanced
PM. ATS 6 had t\\o telemetr+ carriers ai rates of about 40)0 bps. QPSK. The codes are used both for rangiing and to reduce the
About 10)50 telemetry points \\ere monitored. CTS had a single poxer spectral density of the signal. The same arrangement is
carrier at 1536 bps %\ ih a ittotal of 276 telemetry point,. JECS had used for low\ rate telenletr\. Above 300 khps. the information di-
about 70) points atnd i tel emetr\ rate of, 25( bps. rectly modulates the carrier w\ ithout use of a pseudonoise code.

"File Iracking scheme Used multiple tones in the same manner Europe
ats the Intelsat n stelllm .lst described above. The highest tone lie-
qUelnC. \\i st, 2t) kH/. The tones usuall\ \\xre rtransmitted at the Tile E[uropean satellites use in-band TT&C. often %kith a VHF
comnlmand and telemeltr, fr'equencies. JECS. hoxexer. did its back-up. in some cases. VHF is used utntil orbital insertion.
ranging thro ugh a 4- and 6-GCH/ satellite transponder. Their Cotilmunication bands are 4 and 6 GH/ in some cases. I I

The Japanese CS satellite has a TT&C subsx ,term \\ ith txo taiid 14 GH/ in others. Formats are similar or identical to the In-
transmission hands. One is an in-band arrangement \er\ similar telsat and NASA formats already described. The data rates and
to that of Intelsat. The other is compatible \\ ith STDN•s S-band number, of coni mands and telemetry point.s are all within the
eqtmipmenit and Utses 2.11 (GH/ for comiinandine and 2.2865 GH/ iaiige of 11)0 to 1000. the same ans most of the satellites pre\iousl]
for telenetrv. In both cases, the command flormat is P('CMIFSK described.
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APPENDIX C

SATELLITE BEACONS FOR PROPAGATION RESEARCH

The atmosphere can alfIfect electromagnetic waves in several f0r nMilitary ComnmuniCation satelliteS. yet it is characterized by
%%aas. Parameters that can be affeCoted include amplitude, phase. signiticant amplitude and phase fluctuations. Theref'ore, several
polari/ation. and direction of propagation. The magnitude of communications-related experiments have been conducted in this
each of these elfects is dependent on several factors: band. These experiments have made use of the communications

"• FreqtuencV. polari/ation. and elevation angle of the ,ave transponders of several satellites including those of the ATS se-

* Ground terminal location and altitude ries and LES-5 and -6. Other measurements were made using the
" Tine d year254-MHz beacon on Tacsat and the 40-. 140-, and 360-MHz bea-

dnd year cons on the ATS 6. LES-3 was a beacon satellite launched in
"* The condition (f* the atmosphere 1965 specitically as a signal source for propagation measure-

These disturbances need to be considered in the design of ments at approximately 240 MHz. The Defense Nuclear Agencv
coimnltinicatiOln satellite systems. Therefore. they hawe been. and had an experiment on STP satellite P76-5 launched in 1976. This
continue to be. studied in order to quantify them for use in coin- experiment transmitted signals at 138 MHz. 1.24 and 2.89 GH,.
munication link analyses. These disturbances are also studied to and at seven firequencies in the 378- to 448-MHz band. This ex-
gain knowledge about the composition and behavior of the atmo- periment vwas continued v\ith a beacon on STP Satellite P83- I.
sphere. In most cases, the quantification is statistical rather than which transmitled li\ e of the same frequencies. and a similar bea-
detfinitive: results are often specified by plotting link degradation con on Satellite P87- 1.

versus the probability o(i exceeding the degradation.
In general. measurements of atmospheric effects that are made ABOVE 10 GHz

using hori/ontal paths cannot be accurately related to inclined Atmospheric effects in the 4- Ito 8-GH/ hands are relativeh\
earth-space paths. Theretore. an electromagnetic wave propagat- mild. Measurements in this frequency range ha\e been accotm-
ing obliquely through the atmosphere is necessary. The sun can plished using the regular equipment on communication satellites.
be used for a source but only for a limited set of measurements. The need for more band\width is causing svstemns to be designed
because it is not a coherent emitter. Sone amplitude statistics can using allocated bands above 10 OH/. Above this frequency. both
be inferred fromn measuring the sky noise temperature \\ithou, t us- atmospheric gases and rain can have signilicant effects ont coin-
inm any signal source. However. the most satisfactorv and often m1+unication links. Many experiments are being conducted, panic-
the only way to measure atmospheric effects is to use a satellite- ularly to qumanlify the attenuatiin and polari/ation eftects off rain
based signal source. This source may be a beacon generated oil in the 10- to 30-GHl, range of frequencies.

the satellite or a retransmission of a signal recei\ ed from a ground ATS 5 was the first satellite it) have equipment ftor propagation
terminal. Occasionally, ground-based signal sources and satellite measurements above If) GH/. It wvas launched in 1969 and had
receivers are used. w'ith the received signal parameters teleme- an experiment " ith a 31.65-OH/ uplink and a 15.3-GH/ down-
tered to the ground. link. ATS 6 followked \\ith a 13- and 18-(H/ uplink experiment

Satellite beacons and transponders used in propagation re- and a 20- and 30-GH, do\\nlink experiment. The uplink experi-
search for c0iitllltlunicatimns engineeriing purposes are discussed m1en1t included ternminals sited to study di\ersitx a,, a nmcans to
here. This research is concentrated in three frequency hands. miercome rain loss. The dox% ulink experiment had three modes:

ail tinmlidulated carrier, a 1.4-(H/ \wide line spectrum. or retrans-
BELOW 30 MHz miission of a modulated 6-GH, uplink. These experiments %%ere

Early in the space age. there was interest in low-frequencN used for several years in the United States. and for one \eai in Eu-
earth-space links. This interest w\as the result of terrestrial use Of rope. \while ATS 6 \kias stationed at 35 lonEgitude. The AT&T
frequencies below 30 MHz for long-distance communications. Comstar satellites had beacons at 19.04 and 28.56 OH/. The 28-
Waves at these frequencies can propagate far beyond the hori,on GH/ sienal %%ias modulated to produce sidetonle.s ill either ±264.4
under some conditions. This feature is useful for lone-distance or ±528.9 MH/. and the 19-GH/ signal \\ as sx\kitched betxxeen or-
conmmnicatiorn xith satellites at Iow altitudes. Howe\er. as the thogonal linear polari/ations at a I -kHi rate. ETS- I kas,, a Japa-
space age proigressed. the performance and reliabilit\ of satellite- nese beacon satellite that operated for more than one \ear

borne micro\waxc hardwhare impro\ed greatly. and the use of the transmittmg at I 1.7. 11.5. and 34.5 GH/.
sy\nChr1on0i.,, equatorial orbit xvas perlected. These txvo develop- Several experimental communication isatellites haxe been built
ments evenlually oxershadowed interest in the low\er frequenicies to operate in the I0- to 3()-OH,/ range. All are used to sonile ex-
lfor almost all conmimiuniications applications. tent in propagation tests. Siriox \\as used for propagat i ii iea-

The majority olfexperiments in this freqLlency raige wVere ori- suremeillnts \xith both uplink and dox\\ tl in k sige ials or. for
ented toxxard atmospheric aind ionospheric physics. These in- communication tests. It operated atl 11.6 and 17.4 GH/. The OTS
elude ORBIS (1964). OV4-1 ( 1966). ()V I- I 7A (1969). and an operated in the 12- and 14-OH/ bands. Of its five traiisponder,.
experiment oil the Space Test Program (STP) satellite S74-2 one \kas dedicated to propagation studies. Propagation measture-

1976). The UloSAT I. ai amateur satellite launched in 1981. had ments also haxe been made usingL the C(anadalN,.\SA ("I'S and are
heacons at 7. 14, 21. and 28 M H/. included in the experiiental programs of thle Japanese BS. ('S.

VHF AND UHF and EI'S. the liuropean O1 nympus. the Italian Italsat. Aussat B.
aMid the NASA ACTS. These satellites cover the allocated fre-Most experiments, in+ the loxwer part (if the VHFl baned. approxi- (luency bands at II- 12. 14, 18•-20). and 28-31) OH,. Ital,,at also

mately 30) to 100 M H,. are scientific studies. Oscar 5. launched hits ha nd al 41 and 5- G;/. et a, sat also

in 970 ha hecoms a 2945 nd 44NI I, or ~iilii~iiicai~iis has, beacons ait 40) and 51)0 GH/ to beviti experiments in those fre-ill 19 7 0), had heiaco nvs ill 29 .4 5 and 144 M II/ f'(r co nmnm unicatio~ n ',s l e I N h n ,

measurements. The hand hetxxc-i 225 and 400 Mz lis imtportanti
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GLOSSARY

BLOCK DIAGRAM SYMBOLS

The communication subsystem block diagrams included for sion, and channel switching and combining. The following sym-
most of the satellites herein are relatively simple: they primarily bols are common to all the block diagrams; specialized symbols
show antennas and diplexers. amplification, frequency conver- are defined in the figure in which they occur.

> Amplifier (type not specified) Fjmj Limiter

[•>Z=5 Frequency in MHz

Parametric amplifier F
[• Channel numbers

Transistor amplifier

Tunnel diode amplifier 
Bandwidth

t Indicates input to mixer from local oscillator
STraveling wave tube amplifier Te Switch network - connects the two inputs to

any two distinct outputs
SMixer

Switch network - connects any two inputs to

[SJ Switch: equivalent to F- distinct outputs

Switch: equivalent to .A switch matrix, with more than three inputs or
outputs, which can form many different one-to-one
interconnections of its input and output ports, excess

[C Channel combiner input or output ports are terminated

Four-port hybrid Antenna beam forming network

D Diplexer

FI Triplexer T Antenna (any type)

Poe nto Parabolic reflector

L-P] Power splitting network

SFilter [U Feed horn (or array of horns)
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GLOSSARY

ABBREVIATIONS AND ACRONYMS

ACTS Advanced Coninunications Technology Satellite CS Japanese communication satellite
(NASA) CTS Conmmunications Technology Satellite (known as

ADCSP Advanced Defense Communication Satellite Hermes in Canada)
Program CW continuous wave

AFSATCOM Air Force Satellite Communications DATS Despun Antenna Test Satellite (DoD)

AM amplitude modulation DARPA Defense Advanced Research Projects Agency

Amsat Radio Amateur Satellite Corporation dB decibel

AMSC American Mobile Satellite Corporation (United DBS direct broadcast satellite (or system)
States) dBW decibel watt

APPLE Ariane Passenger Payload Experiment (India) DC. dc direct current

Arabsat Arab Satellite Communications Organization DCA Defense Communications Agency

ARPA Advanced Research Projects Agency (now DCP data collection platform
DARPA)

ASC American Satellite Corpora-on DFS Deutsche Fernmeldesatellit (German Telecom-
lmunications Satellite)

ASEAN As.,ociation of Southeast Asian Nations DFVLR Deutsche Forschungs und Versuchsanstalt fr

AT&T American Telephone and Telegraph Company Luft-und Raumfahrt (Germany)

MI'S Applications Technology Satellite (NASA) DNA Defense Nuclear Agency

AW Advanced Westar DoD Department of Defense

BAPPT"A bearing and power transfer assembly domsat domestic communications satellite

BEAR Beacon Experiment and Auroral Research DPSK differential phase shift keying

BFN beamn forming network DQPSK differential quadriphase shift keying

bps bits per second DSCS Defense Satellite Communication System

BS 4 or BSEI Meditum-Scale Broadcasting Satellite tor Experi- DSI digital speech interpolation
imenial Purpose (Japan) EB di European Broadpasting Union

BStB British Satellite Broadcasting. Ltd. EC ear Bo a d g
EC earth coverage

13S Broadcasting-Satel lite service ECS European Communication Satellite

( AS Cooperative Applications Satellite EHF extremely high frequency (in science. 30-300

C-band 3 to 7 (GH/ (in satellite communications) GH-z: in satellite communications,. approximately

C('IR from the French for International Radio Consul- 20 - 50 GH/,
tati\c (Comm1n1ittee EIRP effective isotropic radiated power

('I)AS command and data acquisition station ERP effective radiated power

CDM A code div ision multiple access ESA European Space Agency

C(I)M companded frequcncy division multiplexing ESRO European Space Research Organization

C'IFAS Consortium Industriel Franco-Allemuand pour Ic ETS Engiineering Test Satellite (Japan)
Satellite Symphon ie (France-Germana) Eutelsat E.uropean Telecommnnications Satellite Organi-

CMI - a joint venture of Comsat General. MCI. and /ation
Lockheed Aircraft. called CMI. Satelli,. Corpo- tCC Federal Communications Commission
ralion

FDMI frequency di\ ision multiplexing
CNES Centre National d Etudes Spatiales (France) di

FI)NIA frequcncy divisio utpeacs
('N F Centre National d 'Etudes Telecommunications on Multiple access

(France) FFP FI"SATCOM EH F package

('NR ('onsielio Na/ionale della Richerche (Italian Na- FET field effect transistor

tional Research ('ouncil ) HFTSATC(OM Fleet Satellite Communications 4 DoD1

C(omat ('0 1 l1uIIicaltions Satellite (Corporation) FM frequency mnodulation
('()NUIS Continental U nited States [FSK frequency shift keine

C(')SPAS (omicheska a Sistyema Poiska Avarivyich Su- FSS Fixed-Satellite Ser\ice
do\ Russi.ian for Space System for the Search of HnV frontier t,'levision (terminal) (4Canada)
Distressed Vessels) (I)A 6inbaled dish antenna
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GF General E-Ilectric L-Sat Large Telecommunications Satellite (Europe)

(L( S GeodN rulinicN I \1priffmental Oceanl Satelli te (flow O1llmPus)

C;ITiS (irU\ it\ -Graddienl Test Satellite LUT local user terminal (Sarsat-Cospas)

(Dli/ ui~lc het, ( I (iH/ lOt) MH/i M A multiple access (TDRSS)

(;IA)NR Global Ilo\ Orbiting, Messave Rela\ Niac~sat Mul tItipl e acceess comm unitcat ions satellite
(DARPA)

(GOEMS (icstazt na r\ (The rat i'onal En i n 'iimental SatelI- Marecs Maritime European Communication Satellite
lite

GPS (Global Posit online Sstel Marlots Maritime Orbital Test Satellite

( sat GTE: Satellite ('orporatll M MB multibeamn

Girlanto oicemeatr ratio Mib niecabit

GTEri General]leleplione and Electronic,, MBA miultibeamn antenna

HCI Hugheis Cjotmmunications. Inc. Mbps megabits per second

H ENIT highi electron mobil it\ transistor MCI Microwave Commun1.11ications. Inc.

H F-hig lrquelc\I i scenc. 3to () I~iMCS maritime communication subsystem ( Intelsat V I

HIR Heax\, route I terminal ) (Canada) MESH a west European industrial consortium

H1-Sat Hea%\ (Thmunications Satellite (Europe) (nio\\ tIimgael
0l\ rilpirS) MIT Massachusetts Institute of Technolog\

H/ hiert/ NMMD mean m~ission duration

113S Intelsat Business Service MMW mili imeter w\a\ve

I ICSP Initial lC1*fense Commu11.nication Satellite Proeram NMSS Mobile-Satellite Serv ice

!D)R Intermediate Data Rate (Intelsat) MTBF mean time before failure

I DSCS initial DCefense Satellite Comm11unlication Syrstemj MTTF mecan time to failure

IF: intermed1Ciate lrequenev\ NASA National %-eronaUliCS and Space Administration

II-R B Intern-fationial F-requent:\ Reiistration Board N ASDA National Space Dvewlopmerit Agency (Japan)

IMNO Inlterumeosmitmental Maritime Or-ani/ation NATO North Atlantic Treat\ Oreani/ation

inn ia rsat Inma ~m Man iime Sate] iie Organi.'ation N B narrow, band

In tel sat It lme nt ion al Tel ecommuinu iicat ion Satellite Orca- N iCd nieckelI cadmini um (batter\
ili/ationl NiH, nickel hsdrosen (batter\)

ISR() Indian Space Research Organi/ation rnti nautical Mile
ISS I niersatell ite Serv ice NOAA National Oceanic and Atmospheric Administra-
IT I Intermnat ional TIC Tel ee( m 1i iitnat ionl U.nion t i ol

FPV' instructional telcx ision (;\TS 6) NIC northern telecommtinication (terminal) 1 ocea-
I S nerial ppr Stge ionall\ namled medium route) (Canada)

JAS Japanese amlateut- satellite NTT Nippon Telegraph and Telephone Corporation

('Sat J apa t(min timmn icat ions Satellite. Inc. NTV net work telex i sit (ternmial (I anada)

J [ICS Japanrese F s en mlen ta Coll ilt inn l lo et ir Satellite OFT orbital flii ht test

K kel\i ORBIS Orbitine, Radio Beacon Satellite

K-band 1I (to 31 GH/ (in satellite communications)Ocrobiiestlteeriraaeurdo

Ka-band 17 to 21 GFH/ and 27 ito 3 1 C H (iil satellite com OTS Orbital Test Satellite (Europe)
mtinicatiols ) Ov orbitineL vehicle

Ka-ISL, Ka-band Ititersatellite Link PAMI perigee assist motor: pulse amlplitude modulation

khps kilobits per second~ PBS Publ ic Broadcast ing Serv ice

W/i kilohert/ PCM Pulse eode modulation

KS,\ K-band sinvle access (TDRSS) PEACESAT Pan Placitie edueation and communication exper-

Ku-band I10.7 to 14.5 CGII (in satellite communications)imtsb aele

k \,hI kilowatt1 hours PKM perigee kick motor

'AMN liquid apogee motor PL ACE posit ion loeation and aircraft communication e\-

[.-band 1.5 to 1.7 (jH/ (in satellite communications) perirnent I ATS 6)

ILES ILincoln Experimental Satellite P I'V phase modulation

LH-CI' left -hand circular polariiation PN; Papua New Guinea
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I'SK phase shift keying SSA S-hand sineic acces (rVl)RSS)

QPSK quadriphase shift keying SSNIA spread spectrum multiple access

RARC Regional Administrative Radio Conference SSPA solid-state pm\er amplifier

RCA Radio Corporation of Anerica SSS Strategic Satellite Sylstemn (DoD)

RCS reaction control suhbs\stemn SS-TDNIA satellite-sw iiched TDN1A

RDSS Radiodeterminalion-Satellite Service STC Satellite Telcvision Corporation

RF radio frequency STDN Spacetlight Trackilne and Data Network (NASA)

RFI radio frequency interference STEP Satellite Telecommunlln ications Experimental

RHCP right-hand circular polari/ation Project (India)

rpmll revolutions per minute STGT Second TDRSS Ground Terminal

RS amnateur radio satellites (Soviet Union) STP Space Test Program (United States Air Force)

RTG radioisotope thermoelectric generator STW Shiyan Tongsin Weixing (experimental comnmu-

RTV remote television (terminal) (Canada) nications satellite) (China)
SyraCuIse Systemn of Radcio-C'ommunlllicationt LUsinL, a Satel-

SAMSO Space and Missile Systems Organization (United y le (fRance)- - lite (FPrance)iStates Air Force) (now Space SyNstems Division)

SANY State-of-the-Art Medium Terminal (DSCS) Tacsat Tactical Comttnunications Satellite C DoDr

SARSAT search and rescue satellite-aided tracking TatZý pan
S-band 1.7 to 2.7 GHi (in satellite communications) TDA tunnel diode amplilier

SBS Satellite Business Systems TDF Telediffusion de France

SBTS Sistema Brasileiro de Telecomiunicacoes por TDMA time division multiple access
Satellite

TDRS(S) Tracking ;,lid Data Rela\ Satellite (System)
SCC Space Communications Corporation (Japan) (NASA)

SCCE Satellite Conliuration Control Elements TETR (see TTS)

SCF Satellite Control Facility (United States Air TMI Telesat MohilI. Inc. (Canada)
Force) (now SCN,

SCN Satellite Control Network (Uniled States Air TR thin route (terminal) (Canada)

Force) TRUST television relay Using small terminals (ATS 6)

SCORE Signal Communication by Orbititg Relay Equip- TT&C telemetry. tracking, and command

Illent TTS Test and Training Satellite

SCPC single channel per carrier TV Mele\ision

SCT single channel transponder (AFSATCOM) TWT traveling "va\e tube

SD)RN Satellite Data Relay Network (Soviet Union) TWTA tra\eling "mave tube antplitier (TWT plus po\%er

SECS '.mall experimental communication satellite supply )

SES Societ6 EnropIenne des Satellites (Luxembourg) UFFO UHF follo.\ -on

SGLS Space-Ground Link Subsystem (United States UHF ultrahigh frequenc\. (in science. 300-3(M) MH/:

Air Force) in satellite conmmunications. 235-40 NIHz)

SHF super high frequency t;,- -cience. 3-30 (;Hi: in UoSAT Uniiversity of Surrey (England) satellite

satellite comtiutnications. typically 7-8.4 GHit VAS Visible Atmospheric Sounder

Sirio from the Italian words for Italian Industrial Re- VHF very high frequency (in science. 30-300 MHz. in
search Satellite Organi/ation satellite conmmnications usually 137-150 MH/z

SITE satellite instructional television experiment IATS VSAT very small aperture terminal
6) WARC World Administrative Radio Conference

SMS Synchronous Meteorological Satellite WB wide band

SMSK serial minimum shift keying WSGT White Sands Ground Terminal (TDRSS)

SPADE single channel per carrier, pulse code modulation. X-band 7.2 to 8.4 GH/ (in satellite cornmunications)
multiple access, demand-assigned equipment

SPCC Southern Pa( '", ommunications Corporation
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