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PERSPECTIVEON THE 1960'S- INTERNATIONALCOMMUNICATIONS

YEAR OF
FIRST LAUNCH

INTELSAT I INTELSAI" II INTELSAT III

®

1965 1967 1968

HEIGHT (CM) 60 67 104

WEIGHT IN
ORBIT (KG) 38 86 152

ELECTRICAL
POWER (KW) 0.04 0.075 0.1.20

CAPACITY
(TELEPHONE CI RCUITS) 240 240 1,200

DESIGN
LI FETIME (YEARS) 1.5 3 5

INVESTMENT COST
PER CIRCUIT YEAR $32,500 $11.400 $2,000

8.2
COST PER SIC ON ORBIT
(MILLIONS OF $) 11.7 12.2

30 METER
STANDARD A

28



PERSPECTIVEON THE 1970'S

INTERNATIONALSYSTEMS

ORIGINAL PAGE I$
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30METER 10-13 METER
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NATIONALSYSTEMS
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PERSPECTIVE ON TIlE 1980'S

INTERNATIONALSYSTEMS

-k_J .l"i .¥__

,rA,-,,--,. w:__- "T '_.Ji

11 i r'_ _ll
1111|1 TM III

30 METER
gTA_DARD A

10-13 METER
STANDARD B

NATIONALSYSTEMS

11-10METER 4.6 METER
CA-IrV CA-1V

REGIONALSYSTEMS

3 ML_YER
MEOIA
DISTRIBUTION
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1984

NO. AMERICAN DOMSATS IN GEOSTATIONARY ORBIT

COMMUNICATIONS SATELLITE TRENDS AND OPPORTUNITIES

POINT-TO-POINT

E
POINT-TO-

MULTIPOINT

E

CATV DISTRIBUTION _x

BROADCAST-

NETWORK

MOBILE i

DATA RELAY/

COLLECTION

_TI_

AUDIO_

1960

MARISAT

_NY

VSAT

1970

_TER

INMARSAT _'-J

TORSS\ _

1980 1990 2000
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FUTURE ROLES OF COMMUNICATIONS SATELLITES

• SATCOMS ARE A NATURAL MEDIUM FOR BROADCAST OR

INFORMATION/ENTERTAINMENT

• SATCOMS PROVIDE AN OPTIMUM SOLUTION FOR MANY

TYPES OF MOBILE COMMUNICATIONS

• SATCOMS PROVIDE FOR EFFICIENT POINT-TO-MULTIPOINT

COMMUNCIATIONS

SATCOMS CAN EFFECTIVELY REACH THIN ROUTE LOW

POPULATION DENSITY AREAS NOT ECONOMICALLY SERVED

BY TERRESTRIAL NETWORKS

SATCOMS CAN EFFECTIVELY SERVE ISDN AND LOW DATA

RATE/CAPACITY USERS IN THE 50 KBPS TO T1 (1.544 MBPS)
RANGE

PERSPECTIVE OH THE ]HC_E IN SATCOHBANDWIDTHIN THE 6EOSTATIO_RY ARC

OmECT_Oe4AL,
ANTEImlA

DESPUN
pARABOlIC
ANI'Ek_tS

OFF-SET
FED MUETIPILE

FEED REFUECIOR9

OUML

REFLECIO_I

IAI_ET
BEAM FORNI_IG
FEED ARRAY8

WIIH
Oi:F-SET RED
I_FLECIORS

_lEccN_mm/_L!
m4o _,N4

FEED
NVIAYII

MONOUngO
iHTEORM1ED

AMPUFIER
AND FEEDS

lO

N

(_ 8-

n)

.04-

• FREQUENCY REUSE BY ORTHOGONAL POLARIZATION

• FREQUENCY REUSE BY SPATIAL SEPARATION (SPOT BEAMS)

• FREQUENCY REUSE BY MULTIPLE SPOT BEAMS (WITH S,.R-TDMA

AND/OR ON-BOARD PROCESSING)

i'l, I'll , I-III

1960'1= I 1970'e J

1963 1970 1980

I-VI

1980'1

ACTS
OPERATIONAL

PLATFORMS
ANTENNA FARMS

AND
CLUSTERS

i 1990'z l

1990 2000
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HASAPROGRAMSIN ADVANCEDTECHNOLOGYANDSPACESYSTEHDEVELOPHENT

o ADVANCEDCOHHUNICATIONSTECHNOLOGYSATELLITE(ACTS)

o HOBILESATELLITESYSTEHHSAT

o SHUTTLE-ACTSLASERLINK

o SPACESTATIONCOMUNICATIONS/ANTEHNATEST RANGE

o GEOSTATIORARYCOPIHUNICATIONSPLATFORM

THE ENABLING TECHNOLOGIES FOR
SPACE SWITCHING CENTERS AND

GEOSTATIONARY INTERCONNECTION

TECHNOLOGY

• NARROW BAND (,_,5 KBPS)
SUBSCRIBER COMMUNICATION

• WIDE BAND ( 56 KBPS) TRUNK
SWITCHING

• INTERSATELLITE LINK

• SUPER COMPUTER FOR SPACE

WHERE IN DEVELOPMENT
u,

MOBILE SATELLITE

ACTS SATELLITE

ACTS - SHUTTLE EXPERIMENT

IN DEVELOPMENT IN PRESENT
MARKET PLACE

TIME FRAME

1988 ON

1990

1990

1995
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PRIMARY OBJECTIVES:

TO PROVE THE FEASIBILITY OF

ADVANCED COMMUNICATIONS

SATELLITE TECHNOLOGIES IN THE

ENVIRONMENT OF SPACE AND

REPRESENTATIVE EARTH

ATMOSPHERIC CONDITIONS:

• FIXED AND SCANNING SPOT BEAMS

• FREQUENCY REUSE

• BEAM INTERCONNECTING VIA

SATELLITE SWITCHING

• SYSTEM NETWORKING

• RAIN COMPENSATION TECHNIQUES

SECONDARY OBJECTIVE:

OPTICAL INTER-SATELLITE LINK
RESEARCH FACILITY

ACTS SYSTEM OmO_AL PAGE IS

_O_ POOR QUALITY

y'i. DiVE.S,.J ER

I LTESMANLLALI

RAIN LOSS: I LARGE
I TERMINAL

CODING

RATE CHANGE RAIN LOSS:

POWER BOOST DIVERSITY

MAX. BURST RATE CAPABILITY: 550 MBIS

FLIGHT EXP. BURST RATES: 110 OR 220 MBIS

NASA NO (12.1 ! 12(1|

REV. 7.21412

ACTS SYSTEM COVERAGE

STEERABLE
ANTENNA

HOPPING SPOT
BEAM ANTENNA

ALASKA

1 HAWAII

CARIBBEAN

I FLEXIBLE COVERAGE I NASA HO IEI:II-IOt (I)
|,11.11
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ACTS 30/20 GHz Experimental System (CPS Mode)

PROCESSING SATELLITE

RECEIVER H BASEBANDpROCESSORH U/C & TWTA

RECEIVE2.2 METER
MULTIBEAM ANTENNA

30 GHz

TRANSMIT 3.3 METER
MULTIBEAM ANTENNA

20 GHz

Mesh Network of |.8m

Multiple T-1 for voice, data,
teleconferencing

SIC basebandprocessor(demod,
routing, adaptive FEC decoder)

Satellite-switching like Number 4
ESS

,LOSANGELES

ACTS SYSTEM
• FLIGHT SYSTEM

ELECTRONICALLY HOPPED

ANTENNA BEAMS

\
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OF PoOR QUALITY

OPTICAL INTER-SATELLITE LINK

ACTS J OPTICAL

(_ RECEIVER

20 GHz RF DOWNLINK /" /"
__ / / LASER _ LASER

SHUTTLE
OPTICAL

_MOBILE OPTICAL" " _ TRANSMITTER
TRANSMITTER

SHUTTLE TO ACTS LASER LINK -220 MBPS 0.86 MICROMETERS

FREE SPACE ANTENNAANTENNA

B..__-;"""""tJ-_.!:;0 ! 0_i-ytY, y_-----------=-_-,,_;,-:-0,,,..c_
i!;l" E-" ..'_-.-4".t ...................... "_...'_'-..-HI_ _ ;'" APD

117 Db GAIN [ COARSE,F,NEL---J
mw I .O,.T,.O/.r'_

I (_UADRANT

].ooo.....o._,o.._.o.!ANOTRACKIN61 - - I
DATA IN OIAII LASER D|OOES ELECTRONICS ,J,#--,......-,,,--a

AVALANCHE

PHOTO TRANSISTOR

DATA

OUT

TYPICAL AT&T FTX TERRESTRIAL FIBER OPTIC 430 MBPS LINK

6=/_llnP LASER DIODE TRANSMITTER -6 DBm

I_...."'T'"....i,Io I/

"_._"___
F_(OIIACl. UOOUL JTC_I
llOOt_l[ ImgOU_[

GaAslnP

AVALANCHE

PHOTO TRANSISTOR

RECEIVER

E

DATI

OUT

TEuPtmAVUm[ SENSO_

TMC_¢_¢ ¢_

¢ONXmO
_ODU_E
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Land Mobile
Satellite

O_TGr_:4L PAGE 18

D.E .DOOR QUALIT_

ORBIT

1990

1996

ELECTRONIC/

STEERED

PHASED

ARRAY

SUBSCRIBER

TERMINAL

CANDIDATE VEHICLE ANTENNAS FOR
MOBILE SATELLITE COMMUNICATIONS

MECHANICALLY STEERED
TILTED MICROSTRIP ARRAY

(7" HEIGHT, 38" DIA.)

ELECTRONICALLY STEERED
PHASED ARRAY

(1.5" HEIGHT, 38" DIA.)
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LATER GENERATION SYSTEMS

20-55 METER

REFLECTOR

CONCEPT OF FREQUENCYREUSE

IAIBIClDI

I-.--x ,,.---I
X - TOTAL ALLOCATED SPECTRUM

A, B, C, D " REUSABLE SUBBANDS

STEERED

ANTENNA

EVOLUTION OF CRAY COMPUTER*

" SUPER COMPUTER GENERATION IS 3 YEARS

• IN 1987 - CRAY 3 WILL HAVE

-- 16 PROCESSORS

-- EACH 1/2 BILLION 64 BIT WORDS

-- 12" x8" x4"

• BY THE TIME WE GET TO CRAY-6,-- 1995---,
CRAY-3 WILL BE HAND HELD

• PROCESSING POWER WILL BE IN GREATER DEMAND
THAN BANDWIDTH AS IT BECOMES AVAILABLE IN SPACE

APPLICATIONS

"MR. BRETT BERLIN. 1985

38



EVOLUTION OF TERRESTRIAL SWITCH
TECHNOLOGY

TO SIZE AND POWER COMPATIBLE WITH SPACECRAFT

ITEM

RELATIVE VOLUME

POWER _WAI-I'/BIT

SPEED pSEC

MEMORY IN MEGABYTES

65

3840

2800

5.5

1.18

SHEET

FARRITE

104 FT.

LONG

71

320

175

5.5

1.18

CORE

YEAR

77

80

70

1.4

1.18

SEMICON-
DUCTOR

4K RAM

78

20

2O

.7

.79

SEMICON-
DUCTOR

16K RAM

81

2

4

.55

1.05

SEMICON-
DUCTOR

64K RAM

89

1

1

.55

1.0

SEMICON-
DUCTOR

256K RAM

NASA HQ ECN-200(ll
10.28.85

IMPACT OF CHALLENGER DISASTER

CHALLENGER LOSS

i RESUME SHUTTLE FLIGHTS

BUILD SPACE STATION

FY84I eSI " I e7I e8i e9i 90I 91I 92I 93I 94I 95196I 97I 90i 99I 2000
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THE PATHS OFINTERCONNECTIVITY SPACE-EARTH ANTENNA BEAMS

CONVENTIONAL

SATELLITE DESIGN

FUTURE SATELLITE DESIGN USING SPACE STATION

AS ASSEMBLY BASE

EXAMPLE OFFSET, DIRECT FED, PARABOUC
REFLECTOR CONFIGURATION

HIGH TECHNOLOGY
PAYLOAD

IW FOOT

REFLECTOR

REEDARRAY
/

SOLAR ARRAY /

WILL NOW CONTINUE WILL BE DELAYED

EUROPEAN SATELLITES WITH CENTER FED SPOT BEAM ANTENNAS - OTS

O.T.S. GROUNDPRINT-SPOT BEAM

4O



Q.,: ._ ,>OF POOR TT_rr'T_:

EUROPEAN SATELLITES WITH CENTER FED SPOT BEAM ANTENNAS-ECS

Eufobeam Spolbeam Wesl

Spolbeam "_ I Spolbeam Easl

_ _ :....____. /

.,- _ [ ___,_.,'r'.,,"l'._. %,: .....
_.. " .-._ "::! /'7 .'. , .'

' s-i_. /. .. .../. ::.;..._- ' ....i 'k

The TV and telecommunications beams of ECS

INVESTHENT IN EC5

Country |CS Share
Austria 1.97

8el|mm 4.92

Cyprus 0.97
D_nmJrk ].28

Finland ].TJ

France 16.40

West Germany 10.8]
Greece ],19

Ireland 0,22

luly I 1.48

I.uxembour| 0.22
Necherlancls 5.47

Norwal '}.51

Portulal 3.06

Spain 4.6,4

Sweden 5,47

Sw0¢l erland 4.]6

Turkey 0,9]

United Kin|dora 16.40

¥u|odam 0.96

100.00%

WARC-77

I

m -II " :

.l i

_-llg i

; ,I
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ANTENNA PATTERN
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CONTOURED ANTENNA PATTERN

8 •

MULTI-BEAM ANTENNA CONTOURING A COUNTRY

/
/

/
/

Comi_ed _t_l I_reml_._m sl I I.J_ GHl _et a JI.J_m _JGr-JW
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ORIGII_G "7',.__, ' :." ORIGINAL PAGE I$

OF POOR :.+ .. : OF POOR QUAI.,IT_

MULTIPLE-FEED OFFSET FED SATELLITE ANTENNA

AND SUPERIMPOSED BEAM PATTERNS FOR

SHAPED AREA COVERAGE ON EARTH

_mWaUAL I_-AnEA --"I
¢OL_.SIlI"UENTBEMM_,"_ ,---_ $*_lk _D(ESIRIEDEOClN.OME

...... l¢oel "IH I I | I t I I t_IOEALOZEO
-'-" "_/11 : "t' t H_ PATTEn, ' L SIMPLE OFFS[T-FED

_711f I ! ':il_, +.°,o,
I^'V _ _

SUP|RIMPOSLED COVERAGE PATTERNS

THI MO_ Fl_t_ _ N.OIIIU I..41T LOWGITUD4

Tlmmll, feed AIrcay

MULTIPLE AREA COVERAGE INTELSATS IV IVA V VA VI

GIO_I beam Heml-global

Soia¢ array _ Spot beam

Hemi.global an_Nnnae
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HAZARDS OF APRIORI PLANNING

WARC-77 COVERAGE WITH1977 LNA TECHNOLOGY IN EARTH STATION

?

¥

1983 LNA TECHNOLOGY

CONTOURED ANTENNA BEAM EXAMPLES

COMSAT STC DBS ARABSAT

¢ONTOUll _1_ _ISI_

e_ 2.S_

| 3t 4t

II tt N

Flgm 1: Arabsel Coverage
i
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SATELLITES WITH CONTOURED BEAM ANTENNAS

RCA SATCOMS

ORIGINALS PKG'_

JAPAN CS-2A 30/20 GHZ ANTENNA PATTERN

""l i't" / J I='_..__\'%'<

" /L,___7_,'\l ,
..tit x;"v

CS-I Colll_.llU_l Alil

12

Up link
..... Down I*e_k

40"

_10°

:lO•
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USSR STATSIONAR T2 CONTOURED 716 MHZ BEAM

OP..TGI_._13 P-_ I_ USING 96 HELICAL ANTENNA ARRAY

MULTIPLE BEAM AUSSAT

PNG i

Front reflector-- Horizontal polarisation
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IMPACT OF ANTENNA SIZE ON U S COVERAGE AT 860 MHZ

5.5 METERS 20 METERS

9 METERS 55 METERS 87 CELLS

!

THE POLITICS OF ANTENNA COVERAGE AND SPILLOVER

"_....... "_"-_ _--.X..,_._._.__ k\ _

PRIMARY COVERAGE AREA ADJACENT COUNTRY SPILLOVER
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SATCOM F4 SPILLOVER TO EUROPE

Lm,L_ * .
A4A_ ._

¢ : _.

Off-Bo#o01dk! IIIIP eoamtoero ¢AllW) ae

_w_Iom, _ F4e meeO

o,_peml_ _e.
i

( ec, _vcom ,, I

FRENCH TELCOM 1 SPILLOVER TO WARSAW PACT NATIONS
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OI_lrCT_AE PAGE 1_

OF POOR QUALITY

CANADIAN SPILLOVER TO U S

Anik D 6 GHz Receive Pattern (G I1) (Typical)

ANIK C3lZGHZ TRANSMIT PAI"I'ERN(EIRP)
(T_PtCil4
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1/TV-SAT COVERAGE
\ ..

FRENCH TDF DBS

PRIMARY COVERAGE

GERMANTV-SAT DBS

PRIMARY COVERAGE

SPILLOVER

TO GDR POLAND

USSR

WARC-77 DBS SPILLOVER

IN EUROPE

FRENCH "SPILLOVER"

TO CENTRAL AFRICA

ATHOS 644 GH= cowrage zo_el
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TRANSITIONTO GIANTANTENNAS

ORIGI_IAE, PA:G_ 1_

OF PO0._ QUALITY

IN THESPACESTATIONERA

NOW DELAYED

orr_lr! N1_11'o ii_rll INI_UAYN IMlrl_rlvA

I / SPACESTATION
I"

I

GROWTH IN ANTENNA SIZE

GIANT
SPACE-STATION-ENABLED

"°-.,%.

CONVENTIONAL %SIZE LARGE
ELV-ENABLED SHUTTLE-ENABLED

o

i _oI ,11 o21 o3I " I 9si oeI oi I oei n I =ooo
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TYPESOF GIANTAH_EHI'L4SFORUHFURL]HG

fETAl. KgON WIIAP.Rlll
IIAOIAI. llIll

THE SHUi"I"LE//-'__.THE SHUTTLE UPPER

, ; .

4 x 22 LOWtR BOOM arl_tH • 80 P,_IERS 0FFS T

11 _'--" _ DIAME1ER_)

BOOM

LENGIH • 33. BM

MASS • 90 LBS

CANDIDATE GEOSTATIONARY PLATFORMS

pj _Ar
14 Flail

m_

lur TrpolelP. Ikre LICU 4q_m _ _ _ _

++_--'- lOllll 10(311 III all Trmoder V_4ki4_lO,dl k mmllzleN _ d lit kl mIII I_141_II
unlit Irrmltl iltqt gull h Ilk4f Imlnl_klrlk II loll III pl_lllto le imrlllN 1 M
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ORIGINAL PAGE IS

0£ POOR QUALIT_
PERSPECTIVE OF THE 2000's

INTERCONNECTIVITYOF REGIONALPLATFORMSBY INTERSATELLITELINKS

PERSPECTIVEOF THE1990'S- INTERCONNECTIVITYOF REGIONALPLATFORMSBY

INTERSATELLITELINKS

ARERICASPLATFORM

\

,-.,,,

INTERSATELLITECROSSLINK EUROPE-AFRICA

SPACE TERRESTRIAL COMMUNICATION SYSTEM 1990'S

INTERSATELLITE
_, (_ .... _, ,

r

LINK

IIIIlIIlllllll# I_llW|O4_ftl

FIBER OPTIC TRUNK
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SPACE STATION COMMUNICATIONS

OS SA TECHNOLOGY EC

PLATFORM
SERVICING

NORTH SOUTH REGIONAL SATELLITE
NETWORK FOR GLOBAL INTERCONNECTIVITY

"',. "'W _J ./
".. I \ Ill�NilI//" _.."__o

-".._ I _Ntlllli/I l/f _J"

-;:;,.1_ us,.o_.s..s
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GLOBAL INTERCONNECTIVITY IN THE EARLY 21ST CENTURY

GLOBAL INTERSATELLITE (ISL)

COMMUNICATION SYSTEM 1990's

_ __ ISL ___,_

NORTH-SOUTH CONTOURS

GEOPLATFORM CLUSTER 2000's

<;;'M!/....,
,._. .............. ; .... : .... ; .........
f • . •

: : : : :

_""'": .... :.... : .... !.... *"'E)'"
!:: : : : • :

r: : : : •

",,._:......

, • .

_:'l':'.:..-" " ISL

ISL
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SATELLITE EQUIVALENT DIGITAL SWITCH HIERARCHY

CLASS

4

5

USERS SIGNAL EARTH
TYPE STATION

HEAVY TRUNK
INTERCONNECT8
WITH CLASS 4
SATELLITES OR WITH

GLASS 3/4 STATIONS
ON GROUND

PSX-TO-PSX
OR
EQUIVALENT

SUBSCRIBER TO
SUBSCRIBER

MOBILE USERS

FC-TO.PC

WRIST-RADIO

;AGING

"13 (43 Mbpl)

565 Mbps

1.8 Gbps
ICOMPATIBLE)
WITH EARTH
FIBER TRUNK
NE'nNORKS

51) Kbpl
TO

1"1 I1.M Mbpl)
1"2 111.2Mbpll

75 Bps
TO

|.E Kbps

VOICE:

-- $SB

-- 2.4 Kbm

EXPENSIVE

13 METER
HEAVY
ROUTE
STATIONS
<$1M

VSAT
TERMINALS
<$10K

VERY LOW
COST EARTH

TRANSCIEVERS
,#IK

I PRIMARY | _L

I SATCOM _ OTHER
I CLASS3 / CLASS

"-I" \
r,._-rc"l r-i-a'cc-1 _
IS I_TCOM _ SATCOM _ SATCOM I

/ TeUN_

/ JSL

I / _._,.u.,

I LOCALiSATCOM
CLASS 5

IIIIIIII
IUBSCRIBER BEAMS

TO
'rRANSCIEVERS

CLASS 3 SATELLITE

TRUNK

PATHS

ISL

CLASS 4 CLUSTER

ISL

ISL TRUNK AND

CONTROL UNK

CLUSTER

"rOLL PATHS

(SPOT BEAMS)

ISL: INTERSATELLITE LINK

56
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OPTICAL FREQUENCY COMMERCIAL GEOSTATIONARY RELAY SATELLITE

LASER LII_K

GEO-SATELLITE

RELAY

GEO-SATELLITE

LOW-ORBIT

ATELLITE

LOW-ORBIT
SATELLITE

GEO-SATELLITE

SUBSCRIBER AND
TRUNK PATHS

(SPOT AND AREA BEAMS)

ISL

SINGLE PLATFORM SPACE COMMUNICATIONS CENTER
CIRCA - 2020
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O|o PLATFORM

OF POtiR OUALITY
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