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SECTION 1
EXECUTIVE SUMMARY

The purpose of this study was to prepare a forecast of Space Shuttle
flight regquirements in support of the launch of ¢ommercial communications
satellites. The study was prepared for NASA Headquarters by Future Systems
Incorporated. |

The forecast for the number of communications satellites which have to -
be launched is based on a 25-year traffie forecast which was prepared by Future
Systems Incorporated. It is important to note that this study “covers only
commerecial communications satellite requirements, which constitute only one part

of the satellites which will be launched by the Space Shuttle.

Table 1-1

Scope of Forecast

Bystems Which Are Ineluded in the Forecast

1. Domestic and regional commerecial commumcatlons
satellite systems

2. Videc econferenecing satelllte systems

3. . Direct TV broadeast satellite systems

4. The INTELSAT System

5. Maritime and aeronautical communications systems

Examples of Systems Which Are Not Included
in the Foreeast

1. Government communieations satellite systems, rn111tary
operational and experimental

2. Earth sensing satellite systems, Landsat, meteorologieal
programs ' ' _

3. Secientific experiments

4. DBegreh and rescue, nav1gat10nal, trackmg data relay
satellites, ete. : _ . _ _
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One of the inputs to the traffic forecast is a set of demographic data
for world model zones containing countries of similar political and economie
characteristics. Demographic data including forecasts for future population and

- GNP was teken from a variety of future oriented information sources which are

referenced in an Annex to this report. Highlights of the demographic data sare

shown in Table 1-2,

Table 1-2 v
Highlights of Demographic Data
(GNP in 1877 Dollars)

North Asia¥ World

America : Total
1977 GNP/Capita (Dollars) 8,000 240 1,600
2002 GNP/Capita (Dollers) = 13,000 570 © 2,700
2002 Population {Millions) 290 2,100 6,000
2002 GNP ($Billions) 3,800 1,200 16,000

*Excludes Japan and Chi_na



The traffie forecast for domestic and regionsl satellite communications

includes the following categories:

Telepheny Traffie, ineluding Telegraphy and other‘ low speed data
New Data Services

TV Distribution

Video Conferencing

Direct TV Broadcast

Aerbnautical and Maritime Services

Since there is extensive background of eonventional telephony transmis-

sion, the model for telephony satellite traffic is based on correlation factors which |

have besen _derived from historical data, and which are appliéd io forecasts of future
population and GNP numbers.

~ The forecast for new data services is based on & market stﬁdy by
Satellite Business Systems (SBS) which was filed with the FCC in 1976. The SBS
data traffic forecast which covers only the USA has been applied to other eountries
and future years by sc&lmg in proportlon to each courntry’s GNP.

_ Video conferencing is another rapidly emerging new service which will
be further stimulated by the depletion of the world's oil reserves and rising travel
costs.  Current satellite and terrestrial transmission facilities are totally
inadequate for the high eapacity requirement of video cohferencing systems, since
one wdeo channel is equivalent to about 300 voice channels. New speecial purpose

. high cepacity sateliite systems will furnish this service. .

A summary of the total world traffie is shown in Teble 1-3.
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Table 1-3 -
Summary of Cominereial Satellite Communications Traffic
For the Year 2002 .

(Exeluding INTELSAT)
Traffic Category ' ; Quantity bnit
_ Telephony, - Telegraphy : 2,700 Reference traﬁspondérs*
New Daia Services 800 Reference transponders
TV Transmissicn ' " 145 Referencev transponders
Video Conferencing ' 160 1,000 two-way video
clrcmt“**

Difect T\-r Broadeast 140 Video channels

Maritime Communications 720 . Voice eireuits
Aeronautical Communications 18 Ground-to-air voice

channels

*A reference transponder has a bandwidth of 36 MHz, an EIRP of 33 dBW emd
earries 1,000 one-way voice channels.

*¥A two-way eircuit is equal to two one-way channels.



Future communications traffiec will be transmitted over advanced
technology satellite transmission systems. Such systems will provide spacecraft
with multiple spot beams to permit frequency re-use in all satellite communica-
tions bands ineluding 18/30 GHz. Interconnection of spot beams will be
gccomplished by satellite-switehed TDMA. Future high capacity satellites will
ineclude the equivalent capacity of 200 reference transponders.

Lower capacity satellites operating execlusively at C-band will eontinue
to be used for domestic and regional communications for developing eountries.
Technology improvements will emphasize spacecraft antenna sidelobe control to
perm;t re-use of the same orbital position by satellites which provide coverage to
different zones. For example, the same orbital location may be used for satelhtes
providing coverage to a South American country and to an African country.

~ Improvements in coding techniques will permit operation at lower carrier-to-noise

ratios at little loss in capacity, which will make the signals more immune to.
interference.

New video econferencing satellites will be designed with eapacities of
about 8,000 two-way video circuits in conjunction with -speeial bandwidth
compression technigues for video conferencing.

The INTELSAT Systém will eontinue to evelve along the trend set since
the start of Esrly Bird operations in 1965. In six successive generations of
satellites deployed over a perjod of 15 years, the capaecity per satellite has risen
from 240 circuits of Early Bird to 12,000 two-way telephony circuits of INTELSAT
V which is to be launched by 1979 or 1980. The spacecraft wezgh in orbit
increased from 38 kg for Early Bird to 967 kg for INTELSAT V. The system will
continue to grow, primarily by phasing in higher capacity satellites.

Domestic and regional systems will grow in a similar fashion. As
eapacity requirements inerease, systems will go from one to {wo gnd then to three

operaiing satellites. . As eapacity requirements increasse, new generations of - -

spacecraft will be deployed with higher capacity. This leads to a gradual increase
of spacecraft we1ght from the Delta class to the Atlas class of spacecraft, and
fmally toa spaceeraft which requu'es the total eapablhty of the Spaﬁe Shuttle.
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. The first domestic system was that of Telesat which became opera-
tional in 1972. In the 5-year period since 1972, six domestie systems have been
established with a total of 15 satellites in orbit.

Because of improved technology ineluding the availability of econven-
ient, low ecost reliable launches, the introduction of domestic systems will
accelerate. This trend will be reinforced by oil shortages and consequent increases
" in travel costs. By the year 2002 we expect that a total of 67 separate satellite
communieations systems will be in operation, plus the INTELSAT System and a
maritime/aeronautical communications satellite system. Table 1-4 shows the

distribution of these systems.

Table 1-4
Satellite Systems Distribution

Communications Satellite Systems

Regional | 10

Domestic 28

Total | 38

~ Video Conferencing Systems

Regional 7

Domestic - . 8

Total 12
TV Broadeasting Systems

Regional g

Domestie 8

N o Totel - o 1T

INTELSAT 1
Aeronautical/Maritime . . . S

Grand Total | 69
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, The rate at which new systems are added will rise to four per year in
the mid 1980's and will then taper off to one per year around the year 2000.

In developing & count of Space Shuttle flight requirements, we have
exeluded the launch requirements for the USSR and for Eastern Europe, since these
satellites will be launched by Russia, For the remaining systems, the occasjonal
use of expendable launch vehicles will only have a minor impact on Shuttle flight

" requirements. The Space Shuttle will be less expensive and more reliable as well as

more readily available on short notice than expendable vehicles. Nevertheless,
there will probably be some launches of communications satellites by Ariane and by
Japanese launch vehicles, These will have to be relatively low capacity satellites,

China will have a llarge requirement for satellite launches, and the use
of launch facilities will be a political decision. We have assumed that 50 percent of

the Chinese satellites will be launched on the Space Shuttle.

Table 1-5 shows the summary of satellites in orbit, excluding satellites
for the USSR and for Eastern European requirements.

Based on past history of replacement of satellites in orbit and on the

" trend of improved spaeecraft reliability, we used an average of 6 years as the
satellite replacement eyele. This includes replacement due to failures and system -

obsoleseence. Excluding the USSR and East European requirements, 92 pement'of
all satellites will be launched by the Space Shuttle. Launch religbility will be

improved as the result of the Shuttle use, but a failure rate of 9 percent for SSUS,
AKM or TUS as applieable was assumed in egleulating total launch requirements.

Based on the above considerations, numbers of annual spacecraft
launches have been determined as shown in Table 1-6. These launch requirements
have been translated into Shuttle flight requirements by assuming a 160 percent fill
factor for all Shuttle flights. We find thet Shuttle flight requirements rise from

- five per year in the early 1980% to 10 per year in the mid 80'. They level off at
_ around 17 per year in the m1d 1890%. As stated earlier, these requlrements include

only commerexal commumca‘tmns satellites; they exelude government communica-
tions satellites and many other satellite categories. .
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Table 1-5

Total In-Orbit Requirements

For All Services
Year 2002

Service Type

Batellite Size*

A B C

INTELSAT, eomfnunicaﬁons and

video conferencing 15

Maritime and aeronautical - 8

Domestic and regional

communieations 38 36 15

Domestie and regional

video conferencing 23
- Direet TV broadeast . 22
 Total | 47 58 53

Grand Total - All Sizes 158

*A = Delta equivalent, B = Atlas Centaur equivalent

" C = IUS equivalent
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‘ Table 1-6
l _ Satellite Launch and Shuttle Flight Requirements
l Year Satellite Launched | Number
: Size* of Shuttle
I A B C Flights
1982 8 , 4 1 5.00
5 83 10 7 0 §.00
84 .o 8 2 8.25
§ 85 11 7 1 7.25
86 10 9 3 10.00
87 11 8 b 11.75
H 88 11 9 3 10.25
. 89 S 11 9 5} 12.25
1990 10 10 6 13.50
i _ 91 11 10 [ 13.75
. 92 10 il 7 15.00
| 93 10 g 6 13.00
! 94 9 11 g 16.75
95 - - 8 11 9 16.50
96 9 11 .9 16.75
97 ' 8 9 _ g 15.50
98 5 10 11 17.25
99 3 8 g 15.00
2000 6 9 S 11 - 17,00
2001 8 8 11 17.00
2002 7 8 12 . 17.75
. Total 150 - 1B . 136 - - 275.50
Average :
Per

Year 9.05 8.86 _6.43 13.12

© #A = Delta équivai‘eﬁf; B = Atlas Centaur equivaleht
C = 1US equivalent




SECTION 2
INTRODUCTION

This foreéast of Space Shuttle Flight'Requirem'ent's for Commereial
Communications Satellites has been prepared for NASA Headguarters by Future

Systems Incorporated (FSI) under Order No, W14.367. The Order date was August» '

9, 1977, and the required completion date is September 7, 1977.

The forecast of the number of Space Shuttle flights which will probably

be required for the launsh of commercial communications satellites is based on & .

25-year traffic forecast for domestic and regional satellite eommunications, which

had previously been prepared as an FS] funded progect. The results of this forecast

are also documented in this study report.

It js important to note that commerecial communications satellites
constitute only one part of the communications satellites which will be launched by

the Space Bhuttle. The study does include inte‘rngtional, regional and domestic

communications satellite requirements, fixed and mobile applications, as well as
speecial purpose satellite systems such as direet TV broadeast systems and video

conferencing systems. It does not include, however, the 1mportant categories of B

government communications satellite systems, both m111tary and expemmental,
earth sensing satellite systems such as LANDSAT and meteorologxcal satellite

systems, seientifie experiments, search &.nd rescue sa‘telhtes, navigational satel-

lites, traciking data relay satellities, ete.

The present forecast is therefore addressed only to a portion of the
total requirements for Space Shuttle flights in support of satellite launches. The

- methodology, which has been developed during the course of this study, is, however, |
equally applicable to the generation of similar forecasts for Space Shuttle flight:
-reguirements in support of the launch of the other satellite categories. .

SR



#

SN

"

Initial plans were to develop a computer program for delivery to NASA
which would compute probable Shuttle flight requirements as a function of time,
using the methodology deseribed in Seection 3 of this report. Such a program can
also be extended to include all types of satellite missions instead of only
commereial communications satellites. The advantége of such a program would be
the ability of entering new informeation as it becomes available, and thus
maintaining an accurate estimate of Shuttle flight requirements in light of the
latest developments.

For exrimple; in 1976 the government of Brazil announeed firm plans to

‘construet its domestic satellite system starting in 1977. Representatives of

Telebras/Embratel held exploratory talks with NASA ccneerning the procurement
of launeh vehicles In support of the program. In May of 1977, however, it was
announced that the Brazijlian communications satellite program had been indefi-
nitely deferred. On the other hand, ‘the INSAT Program, which was in the planning
stages for a long time and whose implementation was in doubt until recently, was
approved by the Indian Government in June of 1977. The availability of a computer
program would facilitate convenient and quick updating of the total Shuttle flight
estimates whenever new program decisions are announced. However, because of
the short time that was available for the preparation of this report, it was not
possible to include the computer program with this study.

11
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SECTION 23
METHODCLOGY

This seetion provides a brief description of the methodology which was
used in deriving forecasts of Space Shuttle flight requirements.

3.1 . Traffic Forecasts

The first step is the determination of forecasts of communieations
traffie that will likely be handled by commereial communications satellites. To
develop such foreeasts we look into the past to see what we ean learn from historic
developments in the telecommunications area in order that we can extrapolate into
the future. We also look at other predictions for future developments in order to
evaluate how the extrapolations of past trends will be modified by expected

developments in other areas.

_ Many faetors contribute to the shaping of ecommereial satellite
communications systems of the future, including:

Requirements
Technology
Economies
Regulation

New technology will both stimulate requirements as it permits the |
introduetion of new services and meke it possible to satisfy these reguirements
economiecally. Shortage of fossil fuels will inerease travel costs temporarily which
will stimulate the partial substitution of communications for travel, thus increasing
communications requirements. Improving economie conditions will increase the

- demand for communications services. Policy makers will plan ahead and make

these regulatory ehﬁnges which will be required to meet increased satellite-
communications requirements economically with new technology. -

12
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For a 25~year traffic forecast for telephony requirements we eonsidered
it appropriate to review 25 years of the history of telecommunications. From this
review we developed certain correls .ion factors which were then applied to predict
future traffie, |

One very useful correlation factor was found te be the measure of GNP
per telephone. It was found that this factor generally converges to similar
numbers, as each country progresses in its economie and technoleogical develop-
ment. Another important facter is the ratio of long distance telephone cells per
telephone. Finally, we used the ratio of leng distance eglls per unit GNP as another
correlation factor.

Using these factors for predictions of future traffic requires assump-
tions regarding certain demeographic data of the future. Specifically, we require -
estimates of future_ GNP and population in the countries or world regions under
study. Fortunately, a suitable range of these numbers is well documented and

" generally agreed upon by a variety of sources. Literature references to these

forecasts are given in Annex A to this report. Using these demographic forecasts
and the correlation factors which were developed from historie telecommunieations
statistics, we predicted future long distance telephone traffic. Number of calls
were transiated into a required number of trunks by the use of information on the
average eall duration, number of channels per trunk and a desired grade of service.

_ Next it was necessary to determine the perecentage of the total traffic
that would likely be transmitted via satellites. This is a matter of economies and
depends also on the extent of development of the terrestrial network. For
example, in the USA the economic break-even peint Detween tei‘réstfi&l and’
satellite transmission is gbout 500 miles. This means that communications of over
5G0 miles are cheaper via satellite. Communications between two points whieh are
less than 500 milés apar't are generaily cheaper via terresirial facilities. This is a
typical figure whieh varies with a veariety of assumptions. In developing countries,

eespecially -in the tropies, the terrestrial transmission facilities are much less
developed, and where they exist they are more costly. In such countries the break-

even distance is smeller, and a larger percentage of _the traffie can be expected 'tp
be earried via satellites. Based on these considerations the total telephony traffic
estimates were developed.
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Extrapolation of historic data leads us only to a traffie estimate for the
types of traffic which has been earried in the past. New technology and other
changing conditions lead to the introduction of new services for which traffic

estimates must be based on market forecasts and other considerations. One major

category of new services is the type of data ecommunieations traffic which is the
target of Satellite Business Systems {(SBS). Our forecast for this type of service is
besed on the SBS market survey, which was deseribed in a 1976 FCO filing. A
variety of other forecasts and considerations led to the generaticn of a traffie
model for other new services.

3.2 Technology Development

If we translate the total communications traffic requirements for the |

year 18990 or 2000 into satellite requirements based on present technology
satellites, we find that the equatorial are would quickly become saturated. This
would be a very expensive solution and would inhibit the growth of satellite traffie.
In order to make a realistic forecast of satellite requirements, it is necessary to
predict technology advances which will be introduced durmg the pemod of time

under study. These technology advances W1]l permit the construetion of h1gher'

capecity satellites than are existing or are being planned today..

Technology 'édvances can also improve the satellite life. Longer
satellite life means fewer failures end therefore fewer replacement launches.

For these reasons a technology forecast has been made to form an input

to the eonstrucuon of satellite systems rnodels from whieh the number of launch
requmements can be determined.

3.3 The INTELSAT System

The INTELSAT System has carried traffic since 1965, & 12-year period.
INTELSAT has also made estimates of future traffic which would be carried by the
system. We have not attempted to duplicate these estimates, but rather we have

extrépolated the aveilable INTELSAT data to develop a model for future launeh

requirements.
14
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INTELSAT has also eniered the business of leasing transponders for
domestiec communications. If INTELSAT pursues this business opportunity
vigorously, domestie traffic may become a large portion of its total traffiec.
However, sinee INTELSAT has not yet announced its policy in this respect, we have
not included new domestic traffie in the INTELSAT systems model.

3.4 Domestie and Regional Systems

The traffic models which were generated in Section 5 show the satellite

communications traffie that can be expected if satellite systems are constructed to |

satisfy the particular traffic. Section 8 provides a review of the general conditions
in each region under study and identifies specific systems and their likely date of

introduetion and subsequeh_t development, Thus, satellite systems models are

generated from which launeh requirements can be derived.

3.5 Expendable Launch Vehicles

In Section 9 a discussion is given as to which systems are likely to use
expendable launeh vehicles instead of the Space Shuttle.

3.8 Space Shuttle Flight Requirements -

Based on the work in the preceeding sections, in Section 10 we have
generated requirements for Space Shuttle flights in support of the launch of
eommereial communications satellites on a year by yéar basis. The launches are
those required for the initial introduction of each system, those for replscement
satellites for in-orbit failures and finally for the replacement of cbsolete satellites
by a new gener&fion.- |

15




SECTION 4
DEMOGRAPHIC DATA

Certain demographic data is needed for the forecasting of communica-
tions requirements. These are, namely, GNP and population for dlfferent world
regions as a funetion of time.. '

~ In global fore_casting it is standard p_ra_etic_:e to segregate countries into
world medel regions of similar political and economic characteristies. ' For the FSI
model we have segregated the world into two major groups as follows:

Group I . North America
' Western Europe
. USSR -
- Eastern Eurcpe
Japan

Group II - - Latin America
' Middle East
China
Asia
- Africa

Other Countries Those not covered in Groups I and II

In this model North Afriea has been included in the Middle East Group.

~Japan and China have been exeluded from the As:ta Group, and the Afmea Group . .

excludes South and North Afrlc:a.

The Edison Eleectrie Institute prepared a 25-—year foreeast for. the-
elnctmc power compames. S1rmlar1y, the FAA is working on a zs-year foreeast for -
the aviation environment. (See Annex A for both references.) In the FSI trafflc'
model we have also selected a 25-year period as the range for our forecast. The

basic d‘emographlc data that was used in this forecast is hst,ed in Table 4-1.

18
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Table 4-1 -

- Demographie Data

World Total

*Ihcludes North Afries . .

- #%Eyeludes Japan and China '

**’?‘h.xeludes bouth Afriea and Norﬂ1 Africa

" Region . 1977 . GKP-.- 2002 - 2002 2002
' GNP/Cap. Growth GNP/Cap.  Popula- GNP
(Dollars) Rate  (Dollars} - tion ($ Bﬂl)
®/Y) ML)
. Groupl S
North Ameriea 8,000 2.0 13,000 290 3,800
Western Europe = 6,000 2.0 . 9,800 400 3,900
USSR - ... .. 8,300 2.3 ' 5,800 340 1,880
~ Eastern Europe 3,000 . 2.3 5,300 125 . - 660
Japan = 4,800 2.5 9,000 130 - 1,150
 Total 9,000 1,285 11,500
‘Group I . . .
Latin America 800 3.5 1,900 450 850
Middle East* 1,100 3.0 2,300 300 590
China "300 5.0 . 1,000 . 1,200 - 1,210 .
Asia®* 240 3.5 570 2,100 1, 200
Africa*#® - 210 - 3.5 500 500 - ._250
 Total | 900 - 4,550 4,300
Other 1,500 2.5 32,800 110 310
2,700 6,000 16,000

17



N

-

T o e

The starting point is the 1877 GNP per capifa. One will find that these
numbers are higher than those usuelly shown in finanecial statisties. This is due to
the fact that they are expressed in 1977 dollars, while many other statistics use
dollars of earlier'years as g reference. '

The GNP growth rates from 1977 to 2002 and the populaticn by the year
2002 are based on a consolidation of estimates and forecasts given in various
references listed in Annex A. Current and historie data was also derived from
various references in Annex A. It should be noted that all figures are rounded to
avoid giving the impression of a higher degree of precision than is warranted. For
this reason the totals in each column do not add up precisely.

_ Some of the highlights of the forecast of demographic data are
summarized in Table 4-2. {Figures are rounded.) -

“Table 4-2

Highlights of Demographié Data
Year 2002
Population Developed countries 20% of world population
Developing countries 80% of world population
GNP , ) ~ Developed countries 75% of world total
Developing eountries 25% of world total
GNP Per Cepita Developed countries ~  $9,000
Developing countries $ 900

18
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Thus, even 25 yeers from now the disparity between the average
developing countries and developed countries is still a factor of 1 to 10 in GNP per

~ capita. However, if we compere North America with Asia and Africa, the .

differential is even larger, as shown in Table 4-3,

7 Table 4~3
North America Coinpared With Asia and Afriea
o Year 2002 -
~ North Asia end ~ Ratio
- America . Afriea ' _
~ (average)
' 1977 GNP Per Capita -~ 8,000 230 35
2002 GNP Per Capita _
(in 1977 Dolars) ~ 13,000 - 550 25
i9

& |
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traffie m'odel:

SECTION 5
TRATFFIC FORECAST

FSI has developed a 25-year traffic forecast for domestic and regional
satellite cornmunications. This forecast includes conventional telephony traffie,

" new data serv'ices; TV distribution, video eonferencing and direet TV broadeast -

traffic. For the purpose of es{imating Spaece Shuttle flight requirements in support
of the launch of commereisl communications Satellites, we have also included an
estimate of seronautical and maritime ser".vice're-quirements. Launch requirements
for the INTELSAT System are derived separately, as described in Seetion 7.

9.1 Telephony Traffic

Bince there is extensive background of conventicnal telephone telecom-

‘munications, the model for telephony satellite traffic is based on correlation

factors which have been derived from historical data, and which are applied to

. forecasts of future population and GNP numbers.

Table 5-1 summarizes the derivation of transponder requirements for a
simplified world model. Transponders are expressed in terms of typical domestie
C-band transponders with an EIRP of about 33 dBW and a bandWidﬂl of about 36
MHz ané being able to cﬁrry about '1;000 multiple access one-way telephone
channels as & ‘weighted a've'rag.'e' for. domestie epplications. This measure was
chosen merely as & convenient reference with which everyone is familiar. Aectual
domestie satellite systems of the future will use a variety of other arrangements.

The following correlation factors were found to be useful in deriving the

GNP Per Tel__ephone; ) o
' Long Distance Calls Per Telephone
Long Distance Calls Per $1,000 Dollars GNP

20




These factors vary from country to country and with time, but they
follow a general trend. Detailed information on these factors is shown in Annex B
of this report, where curves are plotied for 17 representative countries.

In estimating domestic traffic requirements, the so-called regional
system requirements have been meluded For example, the European traffie that
will be carried on ESA‘S ECS sate]hte which will follow OTS is considered
European domestie traffic. Likewise, the traffic on the Arab regional system, on
the ANDEAN and the ASEAN Systems, etc.; is lumped in the domestic category.

This is not to say that such traffie eould not be carried on the INTELSAT System. |

It may well be included in part in the INTELSAT System through transponder lease
or s regular traffic, if INTELSAT implements a distance-dependent rate.

This inclusion perrnlts us fo construct a model in which the size of a
country is not important. A large country like the USA has very little 1nternat1ona1
traffie, when such traffic is expressed as a percentage of the total traffic. Smalier
counti'ies,- such as those of Europe, have a much larger percentage of international
traffic sinee by nature of their size they found it beneficial to establish elose
relations with their neighbors. Similar relationships will grow in developing
countries. Thus, large eountries have their proper domestie satelliie traffic while
small countries require regional systems to benefit from the same economies, and
the traffie of these systems is ineluded in the mode} presented in this report.

Figure 5-1isa sumfnary of the GNP per telephone correlation faetors.
North America has the most advanced telephone network, which is expected to

‘Lottom out at $10,000 GNP per telephone. - Japan is about to overtake Western

Europe, while Russia and Eastern Europe are lagging behind. The Middle East is

-expandmg its telephone network rap1dly, and Asia and Afnc.e are makmo' rapid

relative progress.

Figure 5-2 shows the number of long distance:calls per $1,000 GNP.
The real cost of long distance ealls is dropping rapidly, and the number of calls per

: $1 000 GNP is therefore mereasmg. By the. year 2002 most countnes wﬂl have S
between 10 and 15 long distance calls per $1 000 GNP.
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The extrapolated figures of GNP per telephone for the year 2002 are
taken from Figure 5-1 and listed in Table 5-1. Although these figures are not used
directly in the generation of the traffie model, they are used as a check on the
reasonableness of the model.

The present telephone density in the USA is about 70 telephones per 100
population. In some cities the density is already above 100. In our model the total
number of telephones per 100 population for the developed countries in the year

2002 is 75, slightly higher than in the USA today. The total world average by the B

year 2002 is 20 telephones per 100 population, compared to about 10 today. This
implies an annual growth of 4.7 percent for the world's telephones, while the world
population will grow at an average rate of 1.6 percent per year.

- The extrapolated values of long distance calls per $1,000 GNP from
Figure 5-2 are also listed in Table 5-1. These figures, together w1th the GNP
forecast, are then converted into transponder requirements. '

Table 5~2 provides another cross-cheek on the correlation faetors. It is .

found that the long distance calls per telephcone range from 120 to 250 per year.

This is quite reasonable, sinee the number of long distance ealls per telephone for

Sweden and Germany have already exceeded 200 per year in 1875.

The next step in generating transponder requirements as shown in Table
5-1 consists of tramslating long distance calls into satellite eall minutes. An
average eall duration of 9 minutes was used for this caleulation, which was based

on a summary of international statisties. Furthermore, it was assumed that from 5
~ to 15 pereent of all long distance traffic by the year 2002 would be suitable for

transmission via sateliite. This percentage varies with the region and is dependent

.on the extent of the terrestrizl transmission f&CIhtIES presenﬂy exzstmg

At present the break-even distance for satellite and terrestrial

: eommumcatmns in the USA is about 500 miles. In the USA at present, only about 5

percent of the total long distance traffie would be smtable for transmlssmn via

satellite. This follows from an FCC flhng_by AT&T of the dlstmbutlon of route -

miles of leased lines.' In the future, however, long distance transmission costs' will

~ continue fo drop, and there Wlll be 2 shlft of long dlstance trafflc to longer. -
distances. ' '

24

s = e e S Nvdmgt m p o mm e e e ietan e T Lt tmb e mre et b A o drp me e s

ki o it dinm e AT

el e ek ek Y B



———

Already today, the packet communications network of Telenst offers
data communieations with distance independent rates. A Washington to Los
Angeles connection costs no more than a Wsshington to Baltimore connection. A
similar trend will be experienced with {elephony transmissions in the future. This

. will increase the portion of traffic which can best be carried by satellites.

_ In developing eountries the expansion of the terrestrial network is more
expensive than in Europe and the USA, becmuse the repeater stations for the
microwave links would be inaccessible and would be difficult to maintain. For
these reascns, developing countries will opt to expand the transmission faecilities
with comrnunications satellites to a greater extent than the alresdy develeped
countries. As the result of these considerations we have selected the following
percentages of totsl long distance traffic as being suitable for satellite transmis-

sion:

Western Europe 5% Western Europe has a very well devel-
oped terrestrial network and the PTT's
are in part opposed to domestic and
regional satellite eommunications.
Germany, for example, is said to be
opposed to the sgteilite system because
it would lose transit revenues for traf-
fie that would otherwise be transmitted
through the country.

Japan _ 6% Japan galso has a very well developed
terrestrial system but has nevertheless
giready started to implement domestic
satellite communications. One of the
alleged reasons for this system is the
objective of techneclogy edvancement.

North &merica 8% In spite of the well developed terres-
trigl system, there are already threa
domestic satellite systems in operation
(not counting American Satellite Cor-
poration, which leases transponders

v from Western Union), and =a fourth
system (SBS) will probably start con-
stroction in the near futura.

Devemping; Countries - 15% . For all developing couniries we have
assumed that 15% of the long distance

traffic will be suitable for satellite
communications.
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As the finai step, satellite call minutes are iranslated intc transponder

requirements as follows:

aﬂ

It was assumed that the total traffic is distributed over the
equivalent of 2,460 busy hours per year. On this basis the
Erlang load is ealculated as:

1 billion eall minutes/2,400 hours x 60 = 6,944 Erlangs

The trunk distribution and grade of service are such that the
required ratio of Erlangs to circuits is 0.8. Therefore, 1
billion eall minutes per year requires 8,680 cireuits.

One reference transponder handles 1,000 one~-way channels or

500 two-way cireuits. Therefore, 1 billion eall minutes per
year requires 17.4 transponders.

26



L%

Table 5-1

Transponder Requirements Based on Extrapolation of Present Services

GNP in 1977 U.8. Dollars

*Ineludes North Afriea

**Excludes Jepan and China
*¥*Excludes South Africa and North Afriea

=

Region GNF/ Tele~ Tele- Calls Billion LD Percent Billion Trans-
Tele. phones phones Per Calls Per Satellite Satellite ponder
($x) (Mill.) /100 Pop. $1000 Year Traffic Call Min. Req.
' GNP Per Year

Group 1

North America 10 380 130 12 45 8 32 560
Western Europe 13 . 300 75 14 55 5 25 435
USSR 18 1256 40 12 24 10 22 380
Eastern Europe 16 40 30 12 8 7 5 85
Japan 10 115 90 14 i6 6 9 155
Total 960 75 13 150 93 1,600
Group II

Latin America 12 70 15 12 10 15 14 240
Middle East* 18 40 13 12 8. 15 11 190
Chinsa 15 50 4 10 12 15 16 280
Asia** 25 50 2 10 12 18 16 280
Africa**s 25 10 2 10 3 15 4 _10
Total 220 5 45 15 61 1,060
Other 15 a0 20 12 4 10 4 0
World Total 13 1,200 20 12 200 158 2,700
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Summary of Correlation Factors for Year 2007 .

Table 5-2

(Figures are rounded)

LD Calis Per

LD

*Includes North Africa

. **¥Eyeludes Japan and Ching -

#=*Excludes South Afriea and Noxth Africa

Region GNP Per _ _
Telephone Telephone Calls
$1,000 - Per Year _ Per
$1,000 GNP
Group 1
North Ameriea 10 120 12
Western Europe 13 180 14
USSR 16 190 12
Eastern Europe 16 190 12
dJapan i0 149 14
Totgl 13
Group II
Latin Ameriea 12 140 12
Middle East* ig 210 12
Chinsa 25 250 10
Asig*# 25 250 i
Africa¥* 25 . 250 10
Other 15 i80 12
World Total - 13 160 12
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As a result we find that the world total requirement for the yvear 2002 is
2,700 transponders.

For those who have previously not looked at long range forecasts in
telecommumeatlons, this result may appear staggering. Let us check whether it is
reasongble,

The only domestic satellite communications system which has reached
relative maturity is the Telesat System. Canada has presently a population of
about 23 million people, and there are 14 million telephones in fhe couniry. Canada
also has two Anik A satellites in operation, each with 12_ transponders. Anik B with

- increased capacity is being built by RCA Astro-Electronies, and Anik C was just

contracted to Hughes Aireraft Company.

Assuming that the Telesat System at present uses only 12 transponders
for telephony transmission, we find a situation where 23 million people use 12

- transponders, or 2 million people per transponder. If the world average would use

satellite communications as extensively by 2002 as Canade does today, the world's
6 billion inhabitants would require 3,000 transponders. This compares reasonably

" well with the 2,700 transponders of our model.

I‘t is 1mportant to remember that the reference trensponder eqmvalen‘c

tol {]00 one~way channels was used only as a convenient measure for traffic; the

actual 1mp1ementat1on of dornesue systems by the year 2002 will rely on more'
advanced high eapaeity setemtes, as deseribed in Section 6. o

5'.2 New Iiata Ser\iie_e_s-

Advances in computer teehnoiogy and application have introduced new
data transmission services which will be in extensive use by the year 2002. These

- services will require spece segment capacity in addition to that which has been
'extrapolated from the historical use of the telephone system,
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In an FCC filing of April 1976, SBS shows that 415 major U.S.
corporations create & market for 80,000 voice cireuits and data requirements

equivalent to 160,000 circuits for transmission vie satellite by 1985. At.1,000 one- .

way ehahnels,_ this eorresponds to 200 equivalent C-band transponders. SBS states

that the market is further increased by requirements from smaller corporations and -
from government agencies. To be conservative, we have cut this forecast in half

and applied it to each countiry or region in proportion with the GNP.

In our model the 1985 GNP of the USA expressed in 1977 dollars is 2,020
billion dollars. Therefore we allocate one ’_transpbnder per 28 biliion GNP.

The resulting transponder requwements are shown in Table 5-3. The_
~world total for 2002 is 800 trancpendﬁrs B

5.3 TV Distribution

Satelites are ideal for the transmission of network TV to affiliated

stations throughout the country. Such services are already carried, and more
extensive use will be made in the future. Considering the various networks and the
1mpact of the time zones in the USA, as well as requ:rements for CATV program
distribution, Home Box Office, ete., it is estimated that the U.S. reqmrement in

2002 will be 60 TV channels which ean be carried on 30. transponders.  ‘In the

sbsence of another measm'e,' we have tied this requirement again to GNP, which
resulfs In one transponder for each 110 biilion dollars GNP.

However, for real widespread use the capacity of the present terrestrial

transmission system is wholly inadequate. Likewise, the capacity of any of the = -

current or planned communications satellite programs is insufficient. For example,

a TDRBS type satellite would provzde capaclty for only 56 two-way video elremts o
“of good transmlssmn quahty The reason for this Iow capaclty is the fact that one

‘T'V channel requires the equivalent capacity of about 300 voice channels. Tlns ratio

‘ varies, dependmg on the codmg and transmlssmn quahty used,

30

T el T S A U P S

NPT

oy

nee Al nn e Eadk S C



™ 3

!

Table 5-3

~ Total Transgondeé Requirements for Telephony, Data and TV Distribution

{Equivalent C-band Transponders, 33 dBW, 35 MHz, 1,000 Channels)

(Figures are rounded)

Region Telephony New Data TV Total
~ {from Table Services  Transmission
' 5-1) ' ' '
Group i
North America 560 190 35 765
Western Europe 435 185 35 665
USSR 380 100 20 500
Eastern Europe . 85 - 33 5 125
Japan 155 _60 10 225
Total 1,600 275 105 2,200
Group IL
Latin America 240 43 8 290
Middle East*® 190 35 6 230
China 28¢ €1 i1 350
Asia¥* 280 60 11 350
Africa®er 10 13 2 85
Total 1,060 210 38 1,300
Other 70 16 3 96
World Total - 2,700 800 145° 3,600

*Includes North Afries
**Excludes Japan and China ,
*¥*¥Excludes South Africa and North Afriea

1000 A e e o i s = s ARy g e 5t
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In order to permit the widespread use of video conferencing, special

high capacity satellites will have to be developed. We believe that NASA should

develop such a high capacity video éonfereneing system and we have propesed that
NASA conduct preliminary studies towards the implementation of this system. The
description of this system is reproduced in Annex C of this report. The proposed
satellite design, in conjunction with special pieture coding to be developed for
video conferencing, will have a capaeity of 8,000 voiee cireuits. We expect that
three such satellites will be bearr'ying‘ opeéatiunal'traffic for the USA in the yeaf
2002. Similer satellites will be used in Europe, and other smaller eapacity video
conferencing satellites will be used by other countries and also for international
video conferencing. The latter feature will be provided by INTELSAT.

In terms of developing a traffic estimate, we have assumed that the
world total for TV distribution is 145 transponders.

Telephony, TV and data transmission will use the same types of
transponders. The total requirements for these three services can therefore be
summed, as shown in Table 5-3, to obtain total transponder requirements. The
world total is 3,600 transponders for the year 2002.

5.4 Video Conferencing

As the world's ©il reserves near depletion, oil prices wiﬁ continue to
inerease and we will face sharply increased air travel costs, Eventually there will
be developments of non-petroleum energy sources suitable for air transportation,
but in its 25-year forecast the FAA states that it is not likely that such systems
will be available during the current eéntury. For this reason we expect that there
will be a growing desire and necessity to replace some travel by telecommunica-
tions. The result will be increased use of video conferencing. . '
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Several organizations including NASA are already operating video
conferencing facilities. ERDA has & video link between its Germantown and
Washington offices, and in April 1877 AT&T started to offer video conferencing
services between Washington, San Francisco, Chiesgo and New York. AT&T plans
to expand this service to eight more eities in January 1978. Ja spite of the relative

inconvenience {conferences have to be booked a day in advance and both parties

have to go to the video eonference room, which in the case of Washington is in the
C&P building at 17th and H Streets) and of the high cost (aimost $400 per hour for

" & Washington-San Franeiseo conference), the use of the system is growing rapidly.

Video eonferencing would replace about 15 percent of the air travel. In

 addition, video conferencing will be used as & new and improved service for

applications for whieh no travel would have taken place in the absence of the video
conferenecing system. - o .

‘Based on calculations shown in Annex C, a capacity of 16,000 eireuits is.

requiréd to replace 20 percent of the U.S. air travel for 1874, The FAA study
assumes that air travel will increase by up to a factor of 4 between 1974 and the
year 2000. Based on the conservative assumption of doubling "the'air ’cravei, als
percent replacement requires a espacity of 24,000 eireuits, or three operating
satellites. A fourth operating satellite is assumed for service applieations, which

are not substitutions for travel. Total video conferancing eapacity is then 32,000

circuits.

To find a measure for estimating the requirements for other coUn’cries, '

we have again tied this service to GNP. The 2002 GNP for the USA is about 3,400

bilion dollars {in 1977 dollars). This results in about one video ecireuit per 100

million dollars GNP. The resulting vidéo conferencing traffic model is s_hown_iri
Table 5-4.

ya



Table 5-4
~ Video Conferencing Traffic Model

R T TP, Sy

Region : : 2002 GNP Number of - ~. Number of
(¢ Bil.) Video Conferencing Operating
Circuits Video Con-
(1,000%) ferencing
i ’ : Satellites
Fr]
L - Group I
T North America 3,800 : 38 6
4 - Western Europe 3,900 39 5
: L USSR, - L : 1,980 - 20 3
P> Eastern Europe : 660 7 1
Japan 1,150 : 12 2
. Totar | 11,500 s . 1T
) - Group I )
: Latin Ameriea 850 g 2
Middle East*® 690 7 2
= China 1,210 . 12 -2
1 Agig¥® S 1,200 ' 12 2
e Africg®*s o x 250 3 1
T Total 4,200 42 g
™ Other 310 | 3 | 1
T Worldd Totel. -~ 16,400 - 160 X
1 #*Includes North Afriea
e **¥Exeludes Japan and China
#*xFxeludes SouthAfrice and North Africa
o 24
e
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5.5 Direct TV Broadeast

Direct TV broadecast will be of great interest for educational and other
purposes to many countries. We expect that by 2002 it will be in use by many of
the countries which we now eall developing. (By 2002 many of those countries will
be developed by today's standards.) However, plans for direet TV broadeast are
also being made by developed éountries. Examples are the Canadian TV breadeast
satellite and NORDSAT, a direct TV broadcsst satellite for the Scandinavian
countries. The latter is foreseen to provide about 20 TV channels already in the
mid 1980%.

The recently approved INSAT System includes a direct TV broadcast |

facility, and Japan has a system under consfruetion. There is some uncertsinty
about the speed of implementation, since the East Bloek countries object to spili~
over of the antenna patierns into their territories.

An eStima’ge of direct TV broadeast channel réquirements-is’ shbwn in
Table 5-5. The world total for the year 2002 is 140 direct TV broadeast ehannels.

5.6 Aeronautical and Maritime Services

Cne commercial maritime system, the MARISAT System, is now in
operation., The European MAROTS System is planned for implementation, and
there is an international conference aimed at the establishment of INMARSAT; an
international ofganization for providing maritime satellite serviee, similar to

INTELSAT for fixed services. (The charter of INTELSAT permits it to provide

maritime eommunications services, and INTELSAT has from time to time studied
the possibility of providing such services.).

AEROSAT was intended to provide experimentsl seronautical satellite

- communications service. - It was intended as a joint venture by COMSAT General

¥,

and ESA, with some Canadian participation. In early 1877 this program was

indefinitely deferred due to lack of funding.
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Table 5-5

So o aBhids ) g, o poiy

Direct TV Broadeast Servic‘es

b e Rl L . et

Region 2002 2002 2002

fim

ey

Direct TV

GNP/Cap. Population GNP Broadecast

(Dollars) - (Mill. ) ($ Bin.) (Channels)
Group I _
North America 13,000 290 3,800 10
Western Europe 9,800 490 3,900 30
USSR _ 5,800 340 1,980 20
Eastiern Burspe 5,300 125 - 660 5
Japan 5,000 130 1,150 3
Total 1,285 11,500 70
Group II
Latin America 1,900 450 850 20
Middle East¥ 2,300 300 . 690 10
China 1,060 1,200 1,218 5
Asig** 570 2,100 1,200 i5
Africa®** 500 500 250 15
Fotal 4,550 4,200 85
Other 2,800 110 310 5
World Total 2,700 6,000 16,000 140

*Includes North Afriea

**Exeludes Japan and China ~ -
**xFxeludes South Africa and North Afriea
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In May 1977 Mr. Pritchard of Satellite Systems Engineering and Mr.

Stamminger of Futlre Systems Incorporated completed a study of the technical and

economic aspects of eombining maritime and aeronsutical communications satellite

services for the years 1985 to 2000. This study was prepared for the OTP and

" includes traffie estimates for the time frame through the year 2060. The same

traffic estimates will be used for the present NASA study on Shuttle launch
requirements. ' ' |

As a starting point for the generation of the maritime traffie "
reqmrements model, the traffic estimates developed by the IMCO Panel of ”
Experts* was used. The Panel of Experts had assumed that ships with over 10,000
grt would provide most of the market for ship terminals. It then estimated a
number of paid minutes per ship per day and assumed that the busy hour traffic
would be twice the average traffic for 330 days per year. The number of voice

channels was then determined based on the Erlang statisties with 5 percent
probability of eall blocking.

o " -

The stﬁdy report for the OTP used the IMCO forecast for maritime
traffic through the early 1990's and extended it to the year 2060 by assuming
growth rates of 10 pei'eerit, 15 pereent and 20 percent. This traffic model includes
telephony and telegraphy as well as other low speed data. In addition, it is assumed
that requirements for higher speed data transmission will develop which are not
included in the voice/telegraphy -data. This ‘higher speed data transmission

™ requirement will result largely from the exploration for undersea minerals and
e petroleumn and from the ineclusion of off-shore platforms in the maritime
Vo communieations system. '

One example for this data transmission requirement is the "Brightspot"

=2
~H

techmque of oceen floor mapping that is used to determine likely locations of oil.

e

At present, large amounts of data are recorded on tape for computer analysis some
g’ _ weeks later, It would be desirable to transmit this information via satellite tc a
computer for real time processing. With increasing shortages of natural resoureces,
we expeet that oeean floor exploration will intensify over the next 2 decades.
H . Accordingly, a data traffic model has been generated, starting with 500 kBps in
. © 1985 for the Atlantic and gfowi’ng at 15 gercent per year.

*IMCP Panel of Experts on Marltlme Satellites. Report to the International
Conference on the Estabhshment of an Internatlonal Marltlme Sate]llte S;gstem.
_September 1974. _ - _ : . v .
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The Pacifie and Indian Ocean traffie requirements are generally about

" half of those for the Atlantic. Traffic is summarized in Table 5-6.

Table 5-6
Estimate for Voiece and Data Traffie for Maritime Communications

(Equivalent Vsice Cireuits - Year 2000)

Area ' Voice Circuits Data Traffic - Total Equivalent
' _ : in Equivalent Voice Cireuits.
Voice Circuits

Atlantie Ocean 240 120 360

Ihdian and Paeific ‘
Ocean, Each 120 60 - 180

Aeronautical ecommunications requirements were derived from an

ARINC research report prepared for the FAA*. The report bases iis traffic ..
forecast on "peak instantsneous aireraft in the gap (PIAG)" estimates. For 1975

the Aflantic PIAG was 150. The Year 2000 estimates range frorn 250 to 360
correspondmg to annual growth rates of 2 to 3.6 pereent o

* A Study of Communications Requirements for a 1985 to 2000 Oper‘ational. :

Aeronautical Satellite System, Volume I, May 1975 and Volume II March 1976.

Prepared for the U.S. Department of Transportation by ARINC Researeh-

Corporation. Report No. FAA-RD 75-80.
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Different velues of traffic are found depending on the operating

diseipline used, For the year 2008 estimate of foreward channels (ground to
aireraft) which are the most demanding on spacecraft power, the estimates range

from 6 to 12 chamnels. The 13-channel estimate results from so-called

“undiseiplined voiee” which is the most desirable mede of operation,

it is also possible that a requirement will develop for publie cbrrespon—
dence channels on gireraft. At present, the aeronautical frequency band cannot be
used for this type of service, but it is possible that the ITU frequency allocations
wiil be chan'ged to permit this use. With present frequency sallocation rules, public
correspondence traffie from aireraft eould be provided in the maritime frequency
band, but this would result in technical diffieulties causing interference in the

maritime systems due to the large power differences which are reqguired. For this _
reason, we have not included an estimate for public correspondence traffic in our
“model. |

A summary of the ARINC estimates is shown in Table 5-7.

Table 5-7
Year 2000 Traffic Estimates By ARINC

" Ocesn Ares  Forwerd Channels Return Channels

Atlentie ~ 8 9
Pacific -7
_indian- - . 5
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SECTION 6
TECHNOLQGY DEVELOFMENT

6.1 General Areas of Development

The use of the Space Shuttle will provide much lower launch costs than
would result from the use of conventionai launch vehicles. It will be possible to
design spacecraft with more redundancy and higher reliability and with longer in-
orbit lifetimes. The longer life eoupled with lower launch costs and higher ecapaeity
will reduee annual costs per channel.

Ton engines will form the primary means of station-keeping propulsion.
Solar cell efficiencies will be increased, and the weight efficiency of power
generation eguipment ineluding solar cells, cover glass and back-up structure will
be inereased from 15 W/kg to 35 W/kg. Niekel-hydregen batteries will be used with
a storage capability of 40 watt hours per kg instead of present day nickel-cadmium
batteries with 14 watt hours per kg. The increased weight efficiencies will permit
higher satellite EIRP, which can be translated into lower cost earth station
antennas. |

Advanees will be made in baseband processing which will permit
transmission of a given quality at fewer bits. At the same time there will be
advances in the low cost implementation of error control codes which permit
operation at lower earrier-to-noise ratios. An improvement of 5 dB will be
practical in each of these two areas. This will be important especizlly for mobile
transmission applications.

8.2 Miilti-beam Satellite-Switehed TDMA Systems:

The mejor advance in technology which will have a great impaet on
future domestic satellite systems will be the use of high-speed satellite-switched
TDMA with multiple spot beam antennas.

o+
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To meet the traffic requirements of the year 2002 and still leave rcom
for growth it will be desirable to illuminate the coverage area of a given domestic
or regional system by multiple spot beams.

Muiltiple 'spot beams offer the following advantages:

Multiple spot beams permit frequency re-use
Spot beams increase the satellite transmit EIRP and receive G/T.

Interference from adjacent beam sidelobes will make operation at
low C/N ratios desirable, perhaps calling for rate 7/8 or rate 3/4
error coding, which reduces C/N reguirements by 3 and 4 dB
respectively, relative te uncoded transmissions. These low opera-
ting C/N ratios will also make the system less sensitive to
interference from adjacent satellites, thus permitting smaller
satellite separatmns

- Spot beams make the system less sensitive to mterferenee from
terrestrial sources. The reduced earth station transmit EIRP
reduces interference into other systems, _

Satellite-switched TDMA provides a flexible means of mterconnectmg
multiple spot beams. With 4-phase PSK, 8 percent guard bands between TDMA
carriers, 8 percent frame eificiency and rate 7/8 coding; the useful communica- .
tions bit rate for each 500 MHz band is 640 MBps. With 64 kBps PCM this results in
& capacity of 10,000 one~-way channels per 500 MHz frequeney band. With six times
frequency re-use, the k-band ecapacity of a single satellite is 60,000 channels. The
practical usable eapacity is 40,000 channels,

6.2 Systems Operating By The Year 2002

6.2.1 High Density Routes

High”density routes will be served by satellites operating in the 18/30
GHz bands with space dwersfcy to reduce propagatlon outages and s&telhte _
By dwersﬁy to avoid sun outages.
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The total bandwidth of 2,500 MHz will be re-used perhaps six times.
Considering practical traffic distributions, some beams will saturate earlier than
others, and the usable bandwidth will be about 10,000 MHz. The corresponding
usable capacity is 200,000 one-way channels. This corresponds to 240 equivaient C-
band transponders as postulated in the traffic model in Secticn 2.

6.2.2 Medium ané Low Density Routes

Satellites at these frequencies will alsc employ multiple spot bearn:s for
area coversge. For medium density routes, satellite-switched TDMA will be
employed, and for low density routes there will be a trade-off between satellite~

switched TDMA and SCPC. The latter is cheaper to implement on the ground but

imposes a greater beam distribution problem on the satellite. The usable capacity
is 40,000 channels per satellite.

These satellites will also provide C-band transmission with wider area
coverage with a single-shaped beam. The C~band will be used for muiti~-destination
traffie, such as TV distribution. In developed countries, currently established earth
stations at C-band will continue to operate at these frequencies; new stations will
become progressively more difficult to implement because of frequeney coordina-
tion diffieulties.

6.2.3 C-band Satellites ‘

C-band satellites will be used primarily in developing countries in
tropical zones where K-band transmission outages without diversity would be
objectionable. The satellites will use rhultiple transponders, but probably wider
than the present 36 MHz, They will be used with SCPC for light route demand-
assigned traffic and with TDMA and DSI for medium density routes. The capacity
is 10,000 one-way channels per baam without DSI and corresponmngly hlgher when
DSI is used. Dual polarization can double tms capacity.
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A single satellite may proﬁde several spot beams to widely separated
areas. This will be efficient and eost effective, but it may be difficult to
implement because of ownership and control problems. It will be an obvious
solution for those cases where INTELSAT will furnish transponder lease servmes
Each beam ean have the above-mentioned eapacity.

6.2.4 TV Eroadeast Satellites

TV broadeast satellites will operate at K-band and at 2.5 GHz. The
former will be preferred where large numbers of channels are required; the latter
will be used by developing countries where the simpler receiver is imporiant. A
single E-band broadcast satelhte will typically have a capaerty of about 20 TV

_ channels.

6.2.5  Video Conferencing Satellites

Video conferencing satellites willi be speecially designed' for high
capacity. They will operate in the 18/30 GHz frequsney bands in the developed
.count'ry zones, where traffic requirements are especially 'high and where the
temperate rain climate makes the rain attenuation at these frequencies acceptable,
They will also operate at 12/14 GHz and at 4/6 GHz for lesser traffic requirements
and for higher continuity of service in areas of tropical rain.

A detailed desecription of a video coriferéncing satellite system is g_iveri
in Annex C to this report, '
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SECTION 7
THE INTELSAT SYSTEM

7.1 Historieal Data

The INTELSAT System has been in operation sinee the launch of Early

'Blrd in Aprll 1965, over 12 years 8gG. ' Because of this extensive history it is

reasonable to use historical data for the predietion of future launeh reguirements..

‘A substantial planning effort is underway at INTELSAT for the

‘prediction of future traffic and for estimates of future launch requirements. Even

though INTELSAT V is not scheduled for launch until 1979, there are already plans
for an INTELSAT VI generation. However, at this stage INTELSAT's plans are

confidential, and we have therefore based assumptmns for future launches on
'pubhshed information and on an extrapolation of past data. : '

To date, INTELSAT has attempted the launch of 24 sate]htes. Of these
launch attempts there were three launeh vehicle failures and tWo apogee motor
. failures.. A total of 19 satellifes were ‘suecessfully injected into orbit. More
detailed information on the hlstory of the INTELSAT satellites i is shown in Annex D‘*
* of this report. ‘

_ * Table 7-1 shows the distribution of launches -'Q‘.-"er' time. An anelysis of
the information in this Table shows that the 24 launch attempts over 121 years

averaged at 1.9 launch attempts per year. Furthermore; the launch frequeney was
higher in the first 6-year period than in the subsequent period. For the first 6 years

the launches averaged 2 2 per year, and this fxgure dropped to 1 7 for the seeaond

period, -

The reason for the higher launch f;-equency in the earlier years is the. -

shorter I1fet1me of the earlier sateIlrtes - The average lifetimes of the INTELSAT

- geries are as shown in Table 7-2.
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Table 7-1

INTELSAT Launches Versus Time

Year

Number of

bauneh

- 65

Launches Vehicle
1 Thor Delta

36 i - Thopr Delta -

87 3 Thor Delta

68 2 Thor Delta

69 3 ‘Thor Delta

70 3 Thor Delta

71 2 - Atlas Centaur

72 3 Atlas Centaur

73 1 Atlas Centaur
74 1 Atlas Centaur
75 2 - Atlas Centaur

76 o 1 tlas Centaur

77 (mid-year) 1 Atlas Centaur
‘Total 24

Average 1.9 per year

45



;

] e e

Table 7-2
Average Lifetimes of the INTELSAT Series

Satellite Typbe Design life Actual life

in Years in Years
INTELSAT 1/ i%/3 4.1
INTELSAT IO 5 3.0

INTELSAT IV T 7.0

INTFLIAT V is considerably more ecomplex than INTELSATS IV and IV~

A, and it is also designed for & 7-year life. ZLonger life than 7 years js not

considered to be very useful, sinee traific grows so quickly and technology changes.
A satellite program becomes obsolete after 5-7 years; even if the satellite lifetime
is longer. For this reason, we have assumed that INTELSAT will eontinue to work
with 6-year mean mission cyelés for the rest of this century.

7.2 Future INTELSAT System Configurations

- The INTELSAT Systems concept started with & sing'le operating satellite
in ezach ocean area, each pfoteeted by an in-orbit spare. When the time arrived
where a single satellite eould not earry the entive traffic of the Atlantic Ocean
areé, a system with two opetating satellites was implemented. In crder to
minimize requirements for second antennas, only earth stations with large traffie

‘requirements were assigned traffic in the second satellite, thus the name “Major'

Path" satellite. Full connectivity between all countries was maintained through the
"Primary" satellite. |
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For the next 25 years, there will be a minimum of three operating
satellites and one space in the Atlantic area, two operating and one spare in the -
- Indian Ocean area, and one operating with one spare satellite in the Pacific area.

In addition, there will be special transponder lease satellites in the Atlantic and
Indian Ocean areas, although with inereased satellite reliabﬂity some of the
transponder lease traffic will be carried on the spore satellites. Table 7-3 lists the
countries which lease INTELSAT transponders.

: Table 7-3 - |
Countries Which Lease INTELSAT Transponders

Transponder Lease in Service' . .. - Algeria
' ' Brazil
Malaysia
Nigeria
Norway
- Spain
Nigeria
- Franece .
Saudi Arabia
Sudan '

Transponder Lease Approved But Zaire
Not Yet In Service ' Colombia =
| . - Chile
India

. Transponder Lease Planned But , Philippines
- Not Yet Approved Oman
- ' Uganda

- Mauritania
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‘We consider it likely that INTELSAT will provide greatly in_crea_.sed
transponder lease services in the future. chevlgr, to the extent that INTELSAT
provides such serviees, 'they will reduee the traffic estim_é.’_ces for the domestic and

' reglonal systems shown in Section 5. of this report Since INTELSAT has not -

announced & policy decision in this regard, no speeial satellites for transponder
lease service will be included in the launch model.

It is a]so possable that INTELSAT will provide marltlme communications

sate]lxte services m the future. To the extent that this is ‘the- case, ‘the traffic
" estimates for mamtlme trafflc in Seetion 5 will be reduced. - Again, since

INTELSAT has not announced any poliey ‘with respect to mamtlme trafflc, no

" .special sate]lz’ces have been meluded in ‘the NTELSAT launch model. '

7.3 International Video COnfer'encing Satellite

Internatmnal vldeo conferencmg will beeome an 1mportant aspect of
future INTELSAT busmess. This is the 0[)11’11011 of FSI and not rlecessarﬂy that of

INTELSAT. We belleve that INTELSAT will implement an international video
confereneing system based on. speclal purpose: high capae1ty satelLtes. - We have

ineluded such satellites in the launch schedule,
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SECTION 8
DOMESTIC AND REGIONAL SYSTEMS

8.1 Historic Development of Domestic Systems

Table.B—l shows the development of domestie satellite communieations
systems. The first system was the Telesat System of Canada which became
operational in 1972. It was followed by Western Union's Westar System in 1974.
Two systems were introduced in 1975, RCA's Satcom and Russia’s Statsionar
System. They were followed by two more systems in 1976, COMSAT's Comstar
System and the Indonesian System. A total of six systems with lsrsate]iites in orbit
were introduced in a time span of § years.

In addxtlon, during the lest 2 years 11 countrles started operation of
domestic sate]llte commumeatlons on transponders leased from INTELSAT. Four
more couatries have their transponder lease already approved, and four additional
countries are planning to lease INTELSAT transponders. These countries are listed

In total, 16 separate systems have started domest1c satelhte communi-

. eations during the past 5 years.

-

Figure 8-1 1s a plot of the development of separate domestic satellite
systems and of the number of countries which lease INTELSAT transponders. The
trendlines show that new systems have been introduced at the rate of approxmate—
Iy one per year; and that ecountries have started to lease INTELSAT transponders at
approximately five per year. '

Fzgure 8-2 shows the number of transponders whlch Were placed into

.orbn: for use in domestie communications satellue systems. Over a period of 5
. years, approximately 200 transponders were: plac d ‘in orbit; and sccording to-

reports from Hughes and RCA, none of them have failed yet. (Information on
poss1ble faxlu.r:es of transponders in the Statsionar System was not avallable.) The
overall growth of domestm commumcatlons satellites transponders in orblt is about

40 per year.
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Table 8-1
Development of Domestic Satellite Systems

-

System o Date of Number of

First Satellites

Operation  in Orbit
Telesat — Anik _ - 1872 . 2
Western Union - Westar 1974 2
 RCA - Sateom 1975 2
Russia ~-Statsionar 1875 4
Indonesia - - - '1876 2
COMSAT - Comstar 1976 2

Total: 6 Systems and 15 Satellites

8.2. Systems in Operation by Year 2002

Table 8-2 lists domestic and repional satellite systems which will

probably be in operation by the year 2002. This summary table shows 2 total of 67

systems, broken down as shown in Table 8-3.

T e R LR PP L] S -

T




_ Table 8-2
Domestie and Regional Sate]lite_Systems.Summagy

World Region

Country or Operating Communi- Video TV Total
Entity cations  Confer- Broadeast Systems
Satellite encing System
System System

North Ameriea

7

Western Europe

USSE |
Eastern Europe
Japan

9
Canada X X X
RCA X '
Western Union X
AT&T X
SBS X
Videosat Corporation X
Publiec Broadeasting ' X

8
ESA/PTT's - Regional X X
EBU - Regional | ' | X
Nordie Countries -~ Regional X X
Denmeark X |
Statsionar ~ Regional X X X
Regional X X X

£ X X

e
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, ‘o Table 8-2, Continued _
Domestic and Regional Satellite Systems Summary
World Region Country or Operating Communiea~  Video Con- TV Total
- Entity tions Satellite ferencing Broadeast Systems
: System System System '
Latin America 8
Brazil X X
Colombia X
& Chile/Argentina X
Regional b:4 X X
‘Mexico/Caribbean X
Midd!~ East 7
' ' ‘Regional Arabsat X X X
Iran ' X
Saudi Arabia X
Algeria X
Lybis X
Chine X X p:4 3
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Table 8-2, Continued
'Domés’cic and Regional Satellite Systems Summary
World '-_Regioni_z Country or Operating Communica~- Video Con- TV - Total
o Entity ‘ tions Satellite  fereneing Broadeast Systems
_, . System System System ;
~ Asia _ ‘ 11
. India X X
_ " Indonesia X X
@ Philippines X
Pakistan X
Regional X X X
Thailand X -
Malaysia X
_ Afriea 8
s Nigeria X X
Regional I X b4 X
Zaire : X
Sudan | s X
Regional I ' A
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Table 8-2, Continued
Domestic and Regional Satellite Systems Summary

~ World Region

Country df-"Operati_ng Commuiica~"  Video Con-
Entity tions Satellite  ferencing
. ~ System System

TV
Broadeast
-System

Total
Systems

Other

Australia

‘South Africa

South Pacifie - Regional_'
' New Zegland

alke

P4 M

Total

17

67




" Table 8-3

Satellite Systems Distribution

»

Communieations Satellite Systems

Regional
Domestie
Total *

19
28

38

Video Coniereneing Systems

Regional
~ Domestic _
Total

12

TV Broadeasting Systems
Regional
Domestie

Total

17

Grand Total

67
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From expemence we know that all eeuntnes have the desn:e to control :
and OWn the telecommumeatmns facilities wh:eh they use. This has led countries

“to purchase "indefeas1b1e rxghts of ownership” in submarme cables. and INTELSAT

earth stations. INT“‘LSAT member countries are aJso entitled to ownershlp af 8

- share of the INTELSAT System, the exaet amount depending on the degree of
utilization. At present, lease of" a pre-emptable transponder Jor ‘domestic

communications services does not entitle a country to pro—rata ownershlp in the

' INTELSAT Systern Therefore, we expeet that the fol.owmg trend will deVelop, R

Countries wﬂl mmally lease II\TTELSAT transpondezs to develop a .
domestie system. As their traffie grows, there will be a pomt in time where it
beeomes econommally p0551b1e to switeh to a dedicated satellite system. At this

B pomt many eountries will ehoose to 1rap1ement their own system. ‘Under present‘ .
_arrang‘emen’rs, the INTELSAT antenna beams are g’enera.ly not well. matched to

most countnes domestie requ]rements, and the lease eosts are hlgher than the cost _
of ownmg 8 dedicated system when a eountry has enough trafﬁe to fill 8 te 12
transponders. ‘

. If INTELSAT decides to pursue demestie and regienal traffie in a |
busmess-hke manner, it is clear that INTELS A.T wﬂl beina posmon to prov1de very

. efficient service at a Jower cost then would result from ownership. of & dedma‘ted_'

system. This is the case for all but the larges"c systems, where INTELSAT couild not

-+ offer much of an advantage due to economies of scale. For many small-and

medium size systems, INTELSAT could design: more efﬁelent conﬁguratmns by
employing *‘requeney re—use with multiple spot beams and by sharmg of spare

- satellites. For example, the same satellite could p"ovxdn domestic coverage for an

African and a South American country by using separate antennsa beams operating

-in the same frequency bands. Sucha dual ser\nee sate}hte is eertamly cheaper than
: two separate satellites. However, outs1de INTESLAT it would be very d1ff1eu1t if
not 1mpossﬂ:>1e, for the two eountrxes to proeure and maintain a joint system. In.

summary, INTELSAT could eanture and retam a substential portion of the domiestic
and regional satellite systems traffic. Howev_er, since INTELSAT has not yet
announced a poliey to indicate that this. eourae of action will be pursued, we have
not meluded any of the new domestie and regional traffle in th\_ INTELSAT System "

and have mstead assumed a]l separate systems. ' a '
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The . INTELSAT 'agreéménts eontain certain clauses’ conce’rnihg the .
establishment of feglonal systems by INTELSAT membe; countmes. in summary,

such systems are not permitted if their 1mp1ementat10n ‘would cause INTELSAT

-_.,ubstantl_al economic harm. Therefore, the INTELSA_'I‘ membeps who mtend to build -
regional systems generally take the position that their regional system is intended -

for traific that would otherwise not be carried on sateliites at all, or that the

percent of traffic that will be diverted from the INTELSAT System is so small.‘_that
it will not cause substantial economic harm. It is generally expected that in the

long ruri the INTELSAT agreements will not prevent the establishment of regmnal

- systems.

_ Technology advanees favor the economies of establishing domestic and

regional sateilite communications systems. - The advent of the Space Shuttle is: -one )
key element of reduced satellite vystems costs. Reduetion of m1n1~computer costs

reduces the costs of satellite in-orbit mamtenanee. _Qua_ntrty prod_uet_mn, which
will start in a few years; will reduce satellite costs. | | ‘

Nati‘onal_pride will play a significant role in a country's deeision to own
its own system. We expect the development of the domestic satellite communiea-
tions systems to follow the same frend as the development of airlmes, - The

_ Internatmnal Ajr Travel Guide lists over 300 azrlmes, a large pereentage of them’

flying international routes.

8.3 Rate of Systems Implementation -

While it is relatively easy to predict systems which will be operational
in 25 years, we consider it impractical to attempt a prediction as to the exact time

at which any given system will be implemented. Fortunately, for the purpose of
predieting Space Shuttle flight requirements, it is adequ:;ce to predtct the rate at
which systems will be implemented, : '

It should be noted tha_t the introduction of each new system is not

. statistieally indépendént from any of the other systems. In fact, we expect a
bunching effect, where other countries follow the lead of the:r- nelghbors wh:;ch w;ll
- speed up the proeess of systems mtruduetzon. R - '
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Crowding of the equatorial are will further contribute to the speedy
introduction of systems. Countries will tend to 1mp1ement a system earher in order _
to reserve for themselves one or more slots-in the equatomal arc.

_ .The estxmate of the rate of systems 1mplementatzon is glven in Flgure
8-3. In the mid 70' systems were introduced at the rate of two per year. Now
there is a temporary pause in sys’tems 1mplementatzon, 8s many countries opted to -
start their system via the lease of INTELSA’I' transponders..

Although OTS is labeled as an experimental program, it is intended to
be the forerunner of ECS, and we consider it to be the start of fhé ‘Burcpean
regional system. Two Japanese systerns wx]l also beeome operatlonal before 1980.
None of the other fo}low—on systerns are under contraet as. yet, but the fo]lowmg
entities are planning to have systems operating arcund 1981.

SBS
India
Arabsat

* Colombia
ASETA

From 1982 on we expeect systems to grow at abou‘t four per year,
‘tapering off to about one peér year at the end of the .;tudy pemod. We expect that
the systems implementation curve will saturate around 75 systems. Table 8-4 lists .
the number of new systems to become operational in each of the years past 1980.

8L




|  Table 8-4
Totsl Domestic and Regional
Satellite Systems In Operation

Ty

"~ Year 8nd - Total Systems - = Systems
o In Operation Added

o : : : : : - During :

% . . o - L  The Year

i 1881 o oo 12
| | 82 . 16

SR 83 . . . 28

} 84 . 24

L L 85 28
det Tl 87 - 36

, .89 _ 43
| 1880 46

00 i 0O W e e i B C0

o el e
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~ SECTION 9
EXPENDABLE LAUNCH VEHICLES

The Space Shuttle will be less expensive and more readily available than

~ expendable launch vehicles and will therefore be used for the majority of launches

of ecommunications satellites. To prepare an estimate of Shuttle flight require~
ments, it will be necessary to identify those programs which will not or may not -
make use of the Shuttle.

Within NASA we expect that expendable launch vehicles will be phased
out quickly after the first Shuttle flights are reliably available, and the Shuttle will
thereafter be used exclusively for the launch of communications satellites. The
rate at which the Delta and the Atlas__Centaur vehicles will be phased out is being
determin_ed by NASA. For the‘ purpose of this study we have assumed that all
NASA launches from 1981 on will use the Shuttle.

The development of a launch vehiele eapable of injeeting a eommunica~
tions satellite reliably into synchronous transfer orbit is a lengthy and .exp_ensive

‘program. For this reason we do not expect any new entries into this field for the

remainder of this century.

We expect that all satellites for the USSR and for Eastern Europe will

be launched by Russia.

Ariane will not be competitive: with the Shuttle with respect to price,

'availabilit_y and reliability. Nevertheless, France will probably insist on the use of .

Ariane on any program that is eontrolled by France. On others, France may
decide to subsidize the Iaunch in some form in order to get Ariane used. Ariane

~ eould thus be eompetition to the Shuttle on the following programs:

Any of the ESA programs

Afriean programs where Franee may offer a complete package
eonsisting of spacecraft, launch vehicle and earth stations
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Y We expeét'that Ariane will be used on some communications saf:é]lif.e '
. launches, but this will not have a major impact on the Shuttle flight requirements.
- In our satellite systems model we have not inecluded any programs which are

eontrolled by France, and therefore we eannot idéntifv specific programs which
will be launched on Ariane. However, to be eonservatlve, we have assumed that 20
percent of the European communleatlons satellite launches will use Anane.

Japan has developed the N-rocket and NASA has transferred technology
to Japan for the construction of an earlier version of the Thor Delta. dJapan's first
generation c_ommuniea.tions__sa_tellites will a1l be launched by NASA on the Delta,
but some later satellites will undoubtedly be launched by Japanese launch vehicles.
Their weight capability will remain to be limited for some time, and therefore all
la_rger"Japanese satellites will be launched by the Shuttle. We have assumed that -
50 percent of the Japanese satellites will bs launched on the Shuttle. We have also
assumed that Japanese launch vehlcles will not be used for any non—Japanese

systems.

China will have substantial requu-ements for commaunications satellite

_ -launches. We do not believe that China will have its’ own launeh vehicles capable of

launchmg high eapacity satellites into synchronous orbit.. Chma has in the past

- purchased earth stations for operation in the INTELSAT System from the USA. It

is therefore possible that China would have some of its satellites launched by

- NABSA. For the purpose of this study, we have assumed that 50 percent of the _
: Chmese commumeatmns sate]htes will be launched on the Shuttle.

64



(5o

R

| SECTION 10, |
SATELLITES IN ORBIT BY THE YEAR 2002

- In this section the Traffic Forecasts of Section 5, the Technology
Foreeasts of Section 6, and the Systems Forecasts of Sectlons 7T and 8 are eombmed

‘into a model of in-orbit satellltes for the year 2002.

10.1 INTELSAT, Maritime and Aeroneutical Services

_ '. INTELSAT V wﬂl be mtroduced in 1979 to 1980, INTELSAT VI will
follow in the m1d 80's and INTELSAT VII in the mid 90%. From IN’l‘r.LSAT VI on,
each satellite launch will exceed the capability of the Atlas Centaur class, and we
have essumed that the IUS (or later equwalent) will be used. The totals shown
mclude spares in orbit. ' '

Aeronautieal and maritime requirements are relatively modest and can
be satisfied with the Delta class satellites. The system could be operated by .
COMSAT General, Inmarsat or INTELSAT Fach ocean area requires three

satellites, two operating satellites for position determination and one spare.

Table 10-1 lists the Vin-for'bit requirements for INTELSAT and for
_aeronautical and maritime cb.m_n_l_unica.tions. _
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Table 10-1
In-Orbit Requirements in the Year 2002 for
INTELSAT, Maritime and Aeronautical Services

o o R : Satellite Size* .
System Ocean S A B C
INTE'LSAT N Aﬂan‘tie‘ . Communications 4
: Video Conferenecing 2
Pacific - Communications -2
: ' Video Conferencing 2
Indian = Communications 3
o Video Conferencing 2
Maritime and Atlantic ' 3
Aeronautical = : N
S ' Pacifie ‘ IR -3
'I'nd.ian 3
Total Number of Satellites . 9 15

*A = Delta equivalent, B = Atlas Centaur equivalent, C = IUS equilalent
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10.2 Domestic and Regional Communieations Services

Requirements fdr the USSR and for Eastern Europe are not included
since these satellites will be lauriched by the USSR.

~ Table 10-2 shows the number of satellites required in orbit to satisfy
the traffie foreeast for the various systems. Spares in orbit are included, but it is

‘assumed that the spare satellites will also carry traffic. Table 10~3 summarizes

the total satellite requirements for each of the regions. A total of 89 satellites is

- required in orbit.
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- Table 10-2:
) In-Orbit Requirements in the Year 2402 for
Domestic and Regional Services

B €

Region Traffic Systems Average Satellite
Traffie* Size**
Per A B G
System
North America 765 150
Canada 4
RCA Sateom 3
Western Union '
AT&T
SBS 3
Western Europe 665 _ )
: ESA/PTT!s _ - &
Nordic Countries 2
Denmark C 2 o
dapan 225 : 4
Total Number of Sateliites 2 18 11

*Traffie is given in number of reference transponders with a easpacity of 1,000 one?way
channels.

| #%A =Delta - quivalent, B = Atlas Centaur equivalent; C = IUS eguivalent
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. Table 10-2, Continued
In~-Orbit Requirements in the Year 2002 for
Domestic and Regional Services

Region Traffie Systems . Average Satellite

Traffic* Size**
Per A B
Sysiem
Latin America 290 - o 60 |
Brazil 3
Colombia 2
Chile/Argentina _ - 3
Regional - 3
Mexieo/Caribbean 2.
‘Middle East*** 230 ' : - 46 - -
: . - Regional Arabsat ‘ 3
Iran ' : 2
Saudi Arabia _ 2
- Algeria _— 2
Lybia 2
China . 350
" Total Number of Satellites - 10 14

*Traffic is given In number of reference transponders with a capacity of 1,000 one~-way

- ehannels.

*+A = Delta equivalent, B = Atlas Centaur equivalent, C = IUS equivalent

***meludes North Afries -
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Table 10-2, Continued

In—Oer.t Regiirements in the Year 2002

Domestic and Regional Services

_ Region

Traffie

' System  Average

- Traffic*
" Per
System

- Satellite
 Size¥* .

A S -

Asig¥®*

Africg¥*¥s¥

Other

350

85

90

: 50
Indiz

- Indonesia
Philippines
Pakistan
Regionsl
Thailand
Malaysia _

R 1T
Migeria :

Repgional 1

Regiongl 1T

Zaire

Sudan

22
Australia '
South Afriea
South Pacific
New Zealand

R

DO B B PO BY-

B3 B0 B O

" Total Number of Satellites

26 6 -

*‘I‘ra_fflc is gwen in nurnber of reference transponders with a eapaclty of

1,000 one-way channels,

*A = Delta equiv‘alent, B = Atlas Centaur equivalent, C = IUS equivalent

#**Excludes Japan and China

| mwxsBycludes South Africa and Northk Africa
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Table 10-3

Total Number of Communications Satellites

Year 2002

Sateliite

. 88!

Region
- - Gize* :
A B (o}
- North Americe . I i K
Western Ehrope ' 2 2. 4
Jgpan 4 '
Latin America 4 g
Middle East** 6 5
China o o
Asia®## 8 6
Africa®*¥® 18
- 'Others 8
Total Number . .
of Satellites 36

15

- ¥A = Delta equivalent, B =
C =1US equipment

**Ineludes North Afriea

***Excludes Japan and China

****ExcludesSouth Afriea and North Afriea

Atlas Centaur equivalént,_ k
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Table 10~-4
In-Orbit Reqmrements for

Video Conferencing Sate]htes

.- dapan

Total Number of Satellites

Year 2002
Region - Traffie*  Systems - - Average . Satel]ite
' ' . : Traffic Size**
- Per. ‘B C-
Bystem '
North America 38
' : = Canada 2z
Videosat Corp. 4
' We.éternFEﬁrope‘ ' 39 '.ESA/PTr:rrs 5
12 2
Latin Ajneri’ca. -9 ‘Regional 2
Middle East®¥* 7 Arabsat 2
China 12 2
_- Asig¥rsks i3 _ . Regional - 2
Afriea*sts 3 Regional 1
Other -3 Australia 1
28

*Traffic is expressed in um’cs of 1,000 two—way Vldeo cu-r.-.mts L

*hA = Delta equwalept B = Atlas Centaur equlvalent c= IUS equwalent

***‘meludes North Africa

*'***Exelu:des Japan and China

*+¥x¥+Exciudes South Afriea and North Afriea
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' In-Orbit Reguirements for

Table 10-5

Dlreet TV Broadeast Satellites

" Year 2002

Region _

Traffic*

A

Satellite Size**
_ B

(o}

" North 'A-merieéi o

. ._We_sfem Europ_.e _

Japan -

" Latin America

Middle East*#* =
China

AsigkEss

Africa***** ‘

| Cther

10

30

20

10

15

15

Canada
Publie Eroadeasting

- BBU

Nordsat

Brazil

 'Regional

Regional

- India

. Indonesia
Regicnal -

- Nigeria

Regienal '

. South Pacific

P LR CIE )

IS TN TR

el

R

: .‘T'otail : Number" of ‘-Séteni't'gsf |

_ ;a_e*;ncludg_s__-_nprth Africa - |

*#*+Excludes Japan and China

: *’Ii'afflc is. expressed 1'1 number of TV broadcast channels. :

. ®kxxkBroindes South Afries and North Afriea. .

,**A Delta equwalent B = Atlas Centaur equwelent, C = IUS equivalent
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10.3 Video Conferencing Services

Requirements for video .conferencing satellites aré shown in Table 10-4,
A special purpose, high capaeity satellite with 8,000 eircuit capability is used for

the developed countries. s includes the use of the 12/30 GHz frequency band.

Systems operatmg in zones of hlgh rain rate may be used to operate at lower
frequenecies only, with reduced capacity. '

10.4 Direet TV Broadeast Serviee

Requirements for TV broadeast sateliites are shown in Table 10-5. It

was assumed that some of these systems will operate wit’houf’ an in-orbit spare.

10,5 - - Total Requirements for all Services

Table 10-8 shows the total requirements for all services. ‘A total of 158
satellites will be in orbit, not counting the satellites for the USSR end Eastern

Europe.

This large number of satellites will lead to the early congestion of the

equatomai are, at least in some aress of the world. Satisfying the total traffie will -

require careful mtersystem eoordination and deSIgn It is expected that the

following measures will be taken to permlt coexistenee of the total number of _

satellites: .
a. Best use will be made of all four :t‘requency bands:

4/6 GHz, 12/14 GHz, 18/30 GHz and 2.5 GHz -

b. Satellité designs for low antenna sidelobe levels will permit
multiple use of the same orbital slot at the same frequency band. .
. With this concept, satellites for coverage of North Amemea, South o

America and Europe eould occupy the same slot.

"e. Consideration will be glven to the allocatmn of addltmnal frequen-

- ey bands for satellite eommunications.
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 Table 10-6 |
Total In—Orf)it Reguirements
For All Seryices - '
Year 2002

N o e smn S e AT A

Service Type - = Satellite Size*
UET , A et

communieations . . 3% .36 ..

‘Domestie and regional

" 'INTELSAT, eommumcatmns and

video confereneing
Maritime and aeronautical =~ B

Domestic and regional

videc econferencing

'-D_iréet: TV broadeast _ , 22 -

s

15

23

"rota:ti F Y- A N

GrandTotel - All Sizes. o ass

A= Delta equlvalent B = Atlas Centaur equwalent

C= IUS equwalent
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| SECTION 11 |
SATELLITE REPLACEMENT AND SYSTEMS GROWTH

" In-orbit replacement of satellites is required for two reasons:

a. Replacement of fafled satellites
b Replacement of obsolete satelhtes

In recent yeesrs the sate]life'reli'ability has become so good, that there
will be relatively few failures of satellites prior to the seheduled replacement time.

‘In the INTELSAT System, a new generation of satellites is being
introduced on the average of one every four years. Counting INTELSAT Iand Il as
one series, startmg in 1965 the systern has- progressed through INTELSAT o, IV and

IV-A to INTELSAT V in 1980. The capaecity has increased from 240 circuits to

about 12,000, a ratio of 50. The meass in orbit increased With._ each subsequent
launch from 38 kg for Early Bird to 967 kg for INTELSAT V. A summery of the
INTELSAT spacecraft characteristies is shown in Table 11-1. ' '

We believe that in the future some satellites will be designed for longer
11fe, such as 10 years, and others will have a shorter design life W1th more
eomplexny. ' For the purpose of this study we have assumed an average
replacement eyele for all satellites of 6 years. In addition, we have assumed that

- . satellites of subsequent series will generally be heavier. Both these assumptions
. are 'juS‘Eified by the operating e’xperienee with the INTELSAT System {see also

Annex D, Satellite Rehablhty History) and w1th the relatlvely mature domestle .

; systems of Telesat and Western Umon.

In developmg a satellite launch requirements model we have therefore

o assumed satellltes will be replaced 6 years after launch and that the replacement
at t1mes wﬂ_ be in the next Iarger launch wexght category._
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Table 11-1

INTELSAT Spacecraft Characteristies* 7

INTELSATI

INTELSATH INTELSATII INTELSAT IV INTELSAT IV-A INTELSAT V
TD* D D ACH** AC AC
 Year of First Launch 1965 1967 1968 - 1971 1975 1979
* Height (Centimeters) ' 59.6 67._3 : 104 528 590 1,570
Mass In Orbit (Kilogfams). | 38 : 86 152 700 790 967
P’rinﬁary Electric Pow}ér (Wat{s) 40 B " 75 120 400 500 1,200
‘Bffective Bandwidth (Megahertz) 50 130. : 500 500 800 2,300
'Capa.city (Telephone'circuits)_»: 240 2.40 i,zﬂﬂ 4,000 6,000 12 ,Obﬂ
Desig'n Lifetime (Years) . 1.5 3 | 5 7 -7 7
Investment Cost Per Qireuitéye'ar-_ $32,500 $11,400 © $2,000 $1,200 $1,100 5 800
*Burtbn 1. Edelson, ‘"Gl'opal Saté]iité 'Communications,"' S_ei_éhtifié Ameriéan, February, 1977, p.58
*+TD = Thor Delta | | o
FREAC = Ati&é_'Centauzf
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When a new system is ifltrodueed, we have assumed that the second
satellite will be launched in the second year of operation, and that the third _
satellite will be launched in the fourth year of operation. For satellites already in
orbit, we have assumed that they will be replaced 6 years after initial launch. -

An average percentage was developed for the launeh of satellites by the
Space Shuttle as opposed to launch by Ariane and other expendable launch vehieles.
The derivation of this percentage is shown in Table 11-2. Satellites for the USSR
and Fastern Europe have been excluded from this average, since we assumed zero
percent probablhty of Shuttle launch for these programs. Based on this evaluation
it was eoncluded that the Space Shuttle W111 earry about 92 percent of the
communications satellite launches, excluding those of the USSR and Eastern
Europe.

The 92 percent faetor means that calculated spaeecraft launch
requwements have to be reduced by 8 percent to account for non-Shuttle launehes.

Going back to Section 7 we find that the INTELSAT series experienced
two. apogee moter failures in 21 ‘suceessiul mjeetlons into transfer orbit, :This .is a .
failure ratlo of 9.5 percen’c. We eonSIder it reasonable to a]locate a 51m11ar ratlo '
for p0551b1e fallures of the SSUS or ‘the Us. ' '

S Within the. aecuraey of our -assurnp'tions the two ratios cancel: by first
reducing the Shuttle launches by 8 perecent to account for expendable launch
vehicles and then inereasing them by 9.5 percent we obtam roughly the same flgure _
with which we started. Of course, ‘the match of these two . Flgures is purely
coincidental. ‘
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Table 11-2
Percentage of Shuttle Launches of Total Launches

i
i

‘ ' ‘Satellite System Satellites by Percentage Satellites
a . : Year 2002 of Shuttle by Year
_ - Launches - - 2002
" Launched
On The
Shuttle

- Communications Satellites

Japan . _ 4 50 2
Western Europe - 8 80 6
. China L .4 50 2
Others - a 73 S 100 ' 73

Video Conferencing Satellites

Western Europe 5 80 4
- dapan o 2 50 1

China. ' 2 50 1
~ Others P . 14 100 - o 14

Direct TV Broadecast Satellites -

‘Western Europe 4. - 80 3
Japan o 1 50 1}
Ching ' 2 50 1
Others B 15 100 15

INTELSAT 1510 15

Aeronautieal and Maritime o . 9 _ 150 9

L Total | S 18 Loe® 148

S | 79




SECTION 12
SATELLITE LAUNCH AND SHUTTLE FLIGHT REQUIREMENTS

‘This section develops the number of satellite Jaunches in each year by

satellite class and the consequent number of Space Shuttle flights.

7 Teble 12-1 shows the results. The first four columns are the total
number of communications satellites in orbit and the break-down of satellites by
Weighf class. The next three columns sre the number of satellites launched in each
year, again segrégatedvby satellite size. The last column is the resulting number of
Space Shuttle flights (full and fractional) besed on 100 pereent f£ill factor. |

Space Shuttle flights were calculated as follows: .

1 times satellites size A
.~ plus A

1 times satellites size B
~ blus '

1 tlmes sate]htes size C

Total Shuttle flights in support of the launch of commereial communi-

7 catlons satelites rise from five per year in the early 1980' to 10 per year in the

mid 80's and level off at about 17 in the mid 90's.
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- Table 12-1

Satellite Launch and Shuttle Flight Requirements

Year ‘Satellites in Orbit Satellites Launched Number of
. : ' Size* Size*® Shuttle

Total A B C A B C Flights
1982 38 23 14 1 8 4 1 5,00
83 a7 28 18 1 10 7 0 6.00
84 57 32 292 2 g 8 ) 8.25
85 66 a7 25 i 11 7 1 7.25
86" 75 45 29 8 10 9 3 10.00
87 85 44 32 9 11 8 5 11.75
88" 99 a7 35 10 11 g 3 10.25
89 101 50 38 13 11 g 5 12.25
1890 108 51 41 16 1) 10 6 13.50
91 116 53 44 14 i1 10 6 13.75
92 123 54 47 292 0 11 7 15.00
93 157 55 48 24 10 g ) 13.00
94 134 55 51 28 g 11 9 16.75
95 139 54 53 39 8 11 9 16,50
96 144 54 55 35 9 11 9 16.75
97 146 53 55 38 8 g 9 15.50
a8 149 50 57 42 5 10 11 17.85
39 151 50 57 44 8 8 g9 $5.00
2000 153 48 58 47 6 g 11 17.00
2001 156 48 58 50 8 8 11 17.00
2009 158 47 58 53 7 8 12 17.75°
Total ' 190 186 135 275.50
9.7056 §.86 6.43 13.12

Average Per Year

*A = Delta equivalent, B = Atlas Centaur equivalent, C = IUS equivalent
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ANNEX A

FORECASTING LITERATURE AND INFORMATION SOURCES

This Annex lists reference literature which has been used in construe-
ting the f{raffic forecast for domestic satellite communications through the year
2002 for the prepavation of the spacecraft technology forecast and for general
information In areas where judgement was required.
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Figures B-1 through B-5 show the correlation factor GNP per telephone
for 17 representative countries for which adequate statisties were available, The
telephgne statistics were derived from the ITU handbook on telephone statistics

" and from the AT&T publications of "The World's Telephones™.

For the number of telephones the total phones were used; that is,
business and private phones with extensions. GNP represents 1877 figures derived
from the International Monctary Fund's "internationel Financial Statisties". The
latter lists GNP in constant 1970 monetary units. From these we derived the GNP
in 1977 monetary units for each country and translated them into dollars using the
1977 exchange rate. The translation from eonstant 1970 to eonstant 1977 monetary
units was made by using the GNP inflater. This method gives somewhat higher
infiation than when the consumer price index is used to celeulate inflation.

Figures B-6, B-T and B-8 show the number of long distance ecails per
telephone. Long distance calls are the total long distance calls including
international ecalls. The latter, however, is only a smsell perecentage of the total
long distance calls, o

Figures B-9, B-10 and B-11 show the number of long distance ealls per
$1,000 GNP. For developing countries this figure is in the range of one to two long
distance ealls per $1,000 GNP. For developed countries it is in the range of three
to 10 long distance ealls per $1,000 GNP,
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ANNEX C

VIDEC CONFERENCING

This Annex contains an excerpt of an unsolicited proposal by FSI to
NASA Goddard. It is included in this report because it gives a deseription of the
video econferencing satellite system referred to in Section 5.4 of this main report.,
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1. EXECUTIVE SUMMARY .

Future Bystems Incorporated (FSI) is pleased to present this unsolicited
proposal to NASA GSFC for a study of the conceptual design of a video
conferencing satellite system.

As we are approaching the depletion of the world's oil reserves, travel
costs will further increase, and it will become essential to substitute eommunica~-
tions for travel, where practical, Teleconferencing will play an important role in
this substitution. '

It was found for some teleconferencing applications that sound
augmented by facsimile transmission is adequate. BSuch conferencing is practical
and economical with present transmission media. For other econferencing
applications, however, high quality video is essential. The cost of present
transmission media is too high and the ecapacity too low to permit the widespread
use of video conferencing. It is suggested that NASA consider the development of
the technology required to implement a high capacity video conferencing satellite
system.

Presently existing and planned satellite systems have & capacity of 20°
to 50 two-way video eireuits per satellite, at a bit rate of 20 MBps for each one-
Way video channel. It is suggested that a special purpose video conferencing
satellite éystem can be designed, with a capaeity of 8,000 two-way video eireuits
per satellite. | - |

Such a system will be based on multiple frequency re-vse and speeial
video processing techniques. It promises travel cost savings of about $10 billion per

year for the USA and air travel substitution of about 20 percent of the 1974 ajr

travel level. The system would pay for itself quickly and be of major benefit in the
nation's oil conservation program. It is fully compatible with NASA's long-range
objective for improvement in space electronies for Global Services Systems.
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. The proposed system requires chellenging developmen{ efforts in the
following areas:

Multibeam spacecraft antennas with high beam pointing stability
and low sidelobe levels.

On-board signal proeessing and switching

Video processing for high quality transmission at low bit rates
specially designed for eonferencing applicatiuns.

We believe that without NASA support the industry will not be able to
develop such a system in this century.

FSI proposes to conduct a study and to prepare a report on the
eoncepiual design of such & system, including economies caleulations, and to
deliver the final report 2 months ARQ. Because of the background of FSI personnel
and extensive prior in-house work, we can prepare this report covering the
complete transmission system, studio to studio, at an effort of only 1% men-
months,

The report will provide NASA GSFC with 81l required information to
permit evaluation of the desirebility to proceed with further work on the program.
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9. INTRODUCTION

' As shown in the literature listed in Attachment C, it is expected that
the world's oil reserves would be depleted in 30 to 50 years, if oil consumption were
to increase at present rates. As a result we expeet further sharp increases in oil
prices, at least until oil demand is reduced by the shift to alternate energy sources.
Air travel will be greatly affected by this process, since, aceording to the FAA, it
is not expected that aireraft operating on non-petroleum sources will be in use
during this century. '

‘For this reason it will become increasingly more desirable to substitute
communications for travel, where practical. The availability of high quality two-
way video links in addition to regular telephony transmission will .facilitate this
substitution. ' | |

Regardless of whether analog or digital transmission teehniques are
employed, the bandwidth and power requirements for high quality video transmis-
sion are about 300 times largep than »those for voice transmission. Existing
telecommunications systems have generaily been sized for telephony transmission
and are therefore not adeguate for high volume video transmission. Furthermore,
the video ’;ransmission costs with conventional systems are too high to permit
widespread use. On the other hand, a satellite system designed specifieally for high
capacity video transmission will result in substantial transmission cost reductions.

We believe that NASA should develop the necessary technology and
conduet the required experiments to bring such a system into being. A high quality
low cost video conferencing system will benefit the nation by redueing travel and
thus oil eonsumption. It will improve efficiencies in condueting business and

improve services, and eventually it will permit more decentralized 'living and work
locations which will bring about a general improvement in'the quality of life, |
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The development of such @ video conferencing system is fully
compatible with NASA's long-range objectives for Global Services Systems, which
call for a 1000-fold increase in capability at reduced cost.’

1Peater R, Kurzhals, New Directicns in Space Electronics




3. COMPARISON WITH PSCS

The pro;;osed Public Services Communications Satellite provides
CONUS coverage with four area coverage beams, steerable spot beams and special
spot beams for Alaska, Hawaii and Puerto Rico at E-band as well as UHF coverage
for CONUS. The antenna coverage at K-band is improved relative to TDRSS and
Advanced Westar presently under construction by TRW, and the proposed levels are
inereased by a factor of 5 relative to TDRSS.

"PSCS will therefore have a better capability to provide video
confereneing than currently existing or planned commercial systems, but it will not
achieve the transmission cost, savings that are possible with a satellite optimized

for video conferencing.
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4. - STATUS ON VIDEO CONFERENCING

Attachment D provides a partia} listing of some of the papers and study

“réports on the subject of teleconferencing. The following coneclusions are drawn
from these studies: '

g.

c.

e-

f.

Many experimental systems are in operation in the USA and
elsewhere.

The majority of the users like the systems and continue to use
them. . E : '

Some experimenters question the value of video in addition to
sound, in view of the high cost of the video circuits and the small
display size which does not give g life-like impression.

The extensive use of videc eonferencing will need changed
behavior patterns which will require time fo establish.

There is some reluetance to Justify videc conferencing systems on
the basis of travel cost reduetion due to the concern that this
might lead to a cut in the travel budget.

There is general agreement that a high quality TV video
confereneing with life-like video and sound presentation at low

.cost would be desirable and would lead to substantial substitution

of communications for travel.

In our opinion, the econtroversy about whether video should be provided

in addition to sound can be essily eliminated. We helieve that there will be a need

for both systems. Some conferences can well be conducted with sound only, while

others will require video. Both types of systems will be developéd and will be a

factor in travel substitution. Sound conferencing, however, can be provided

adequately with present transmission media. Only the video conferenecing system

provides a technieal challenge and a new high capacity satellite system.




5. USE OF EXISTING OR PLANNED SATELLITE SYSTEMS

Existing or plarned commereial satellite systems result in transmission .

costs per voice channel of sbout $6,000 per voice circuit year, equivalent to the

} terrestrial circuit lease costs for 500-route miles distance. The space segment
alone for a high quelity video eircuit costs about $1.5 million per year. The video
i circuit capacity of existing and planned eommereial systems 1:, as follows:

Satellite Number of
Two-Way
Video Circuits®

Westar, 12 transponders, 60 MBps per transponder 18
Sateom (RCA), 24 transponders, 60 MBps per transponder a6
Comstar, 24 transpenders, 60 MBps per transponder 36
TDRSS type, assumed 1500 MBps at k-band and

750 MBps at C-band 96
SBS satellite, 10 transponders of 43 MHz o ' i8
PSCS, assumed 3 times frequency re-use, 2,250 MBps ‘56

| It ean be seen that a single satellite can support approximately 20 to 50 -
two-way video cireuits. In comparison, the same satellites have a capaeity of 5,000
to 17,000 voice cireuits. The small video capacity inevitably keeps the cost per
video cireuit high. | o -

~ Even worse is the fact that the low video capacity per satellite will
prevent widespread use. Even if people were willing to pay the price for more
circuits, the limitations in orbital are availability would prevent the placement of

- sufficjent conventional sateliites. To have real impact, a speeial pu‘rpo'se, high
I eapacity video satellite is needed.

~ *Based on 20 MBps per one-way video ehannel
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6. MULTIPLE SPOT BEAM CONCEPT

The 'use of multiple spot beams to achieve area coverage is the most
effective way to inerease channel capacity of a satellite. Multiple spot beams have
the following advantages: ;

a. Capaecity inerease due to frequency re-use.

b.  Satellite receive and transmit antenna gain reduces satellite and
earth station power requirements and earth station anienna
antenna size requirements.

e.  Directive spacecraft antenna beams reduee the interference from
and into other systems {on a per channel basis).

The basic concept of area coverage with multiple spot beams is
illustrated below.

Development work is required to provide multibeam antennas with good

coverage without gaps and low sidelobe levels to limit self interference.

NUMBERS 1 — & INDICATE FREQUENCY ASSIGNMENT

. (-
ORIGINAL PAGE
OF POOR QUALITX
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v 7. SCPC VERSUS TDMA

TDMA is a good technique to provide multiple access to a transponder
while operating near transponder saturation. It also permits flexible eross

G

connection of antenna buams by means of time division switching. Each earth
f : station, however, must transmit at peak power levels corresponding to the whole

transponder bit rate.

SCPC permits simple demand—assigned transmission and reception on
the ground and results in less complexity for earth stations using only one or a

iy

small number of eircuits. Flexible interconnection of satellite beams, however, is
more demanding on spacecraft design, and may well require demodulation and

[

switching within the satellite.

. Both slternatives will have to be considered in detsail before a deecision

Farapmt

can be made as io which one is preferable. At this time we consider the ECPC
solution o be the more promising one. Either solution presents a challenging

|

development effort.

!

[
S

b



8. " SATELLITE CAPACITY

Satellites may operate at 12/14 GHz or 18/30 GHz or at both bands.
The available bandwidths are 500 and 2500 MHz, respeetively. The achievable
satellite capacities depend on the number of frequency re-uses.

Satelliite Capacity With Current Coding Techniques

Frequeney Band 12/14 18/30 Both

GHz GHz Bands
Bandwidth per frequency use in MHz 500 2500 3000
Megabits per second per frequency use 800 4000 4800
Two-way video circuits per frequency use 20 100 120

Video Circuits Per Satellite
With Frequency Re-use as Shown:

2 times frequency use 40 200 240
4 times freguency use 80 400 960
10 times frequency use 200 1000 1200
20 times fregquency use 400 2000 2400

o The premise of these caleulations is that high quality, two-way video is

- desirable. A bit rate of 20 MBps has been chosen for & one-way channel, since at

o | least one currently availsble system* may have adequate quality at this bit rate.

R Further advances in digital coding will permit improvéments in quality at 20 MBps
or the same quality at lower bit rates.

*NETEC by NEC

L C-l U
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Unlike network TV which requires good quality sports transmissions with
oceasional high rate of change of pictuge',content, video conferencing need not
employ zooming and panning techniques. Ti;le background is relatively statie and
the overall rate of change of picture content is smail. This feature permits the
design of special video coding eircuitry for high quality transmission at Jow bit
rates. ’

The approach that was taken by NEC may be further developed for this -
specific application as follows: '

a. Store at least one eomplete frame and transmit only frarhe to
frame changes.
b. Increase the guantizing steps for those portions of the picture

whieh are in rapid motion. The eye is not sensitive to quantizing
noise cn moving pictures.

We consider it likely that special coding will permit the reduetion of bit
rates by factors of 2 to 4, with an equivalent inerease in channel capacity.

With 20 times frequency use and 4 times improvements in coding, the
total achievable capacity is 8,000 to 10,000 two-way video circuits per satellite.

C-11
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9. IMPACT ON TRAVEL

To obtain a -genei‘él impression of the impaet on travel that one could

expect from a fully loaded video conferencing system w1th 8,000 video circuiis per

satellite, the following order of magnitude caleulations are performed:

Average conference duration, in hours

Average number of conferences per circuit day
Average number of people traveling to a conference

in the absence of video conferencing
Number of person-trips avoided:
per ecircuit day
per satellite day
per day for a 2-satellite system
Average cost per person-trip
Travel cost savings, per day, in millions

Travel cost savings, éer year, with 200 deys
per year, in billions

Average passengers per flight

Flights avoided, per day

Person-trips avoided, per year, in millions
Total emplaned passengers in 1974, in millions
Total reduction in air-travel, 1874 level

[

6
50,000
100,000
$ 500
$ 50

$ 10

100
1000
20
207

- 20%

As mentioned asbove, this is an order of mégnitude caleulation. Al

figures are estimates, exeept for the total passengers emplaned, which was taken

from an FAA study.

In practice, the satellite system will be used for 1'nproved service as

well as for travel substitution. Thus, not the total capaclty would be available for

travel substitution. On the other hand, travel substitution will favor the longer

distances, and therefore the 20 percent figure may be realistic,

C-12
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ANNEX D

SATELLITE RELIABILITY HISTORY



This *Annex provides summary information on the reliability history of
the INTELSAT satellites. This information has been used for the predietion of
future satellite lifetimes, which is required for the generation of a satellite

replacement schedule,

Tables D-1 through D-4 show the launch dates and success history of all
INTELSAT satellites launched to date. Table D-5 shows the evsluation of satellite
lifetime data based on the satellites which have failed so far, and on suecessful in-
orbit experience with the nine satellites currently in orbi¢ and stiil operating

satisfactorily.

Table D-6 is the listing of launch attempts, failures and successes.
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Satellite type
Satellite mig.

Estimated number
of parts

Number of trans-
pond_ers

Design life, years
Flight No.
Léunch date _
Date of failure.

Lifetime, years

Intelsat I

HAC

3,500

1.5
F1
4/65

5/70

5.1

*AF = Apogee Motor Failure

Table D-1

»

Intelsat X

HAC

5,000

F1 F2 F3 F4 -
AF*  1/67 3/6% 9/87
8/70 10/70 8/71

-= .> 3.6 3.6 3.9
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Satellite type

Satellite mgf,

Estimated number of parts

Number of transponders

Design life, yeafs
Flight No.
Launch date

Date of failure .

Lifetime, years

*Launch Failure

**Apogee Motor Failure

Table D-2

F2

12/68

5/70

1.4

Intelsat I

TRW

7,800

2

5

F3 F4

3/69 5/69

_ 5/69  11/72
6/77

0.2 3.5
7.3
(3.7)

F5 F6
LEF* 1/70
1/%5
— 5

F7 F8
5/T0 AF%*
5/71
1/72
1
1.6
{1.3)
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Table D-3

Satellite typé N | ~ Intelsat I\f
Satellite mig. _. '_ - | .HACv
Estimated nﬁmber of parts | E 17,000
Nurﬁber of -transpoﬁders g | ' _ | 12

o ‘Design life, years - ‘ ‘ 7

" Flight No. |  F2 T3 4 F5 F6 7 ¥ Tl

Laﬁnch date | Cyn 12/71 171 612 LEH s 1 /s
Date of faiiure o | 6/77 - ~— — | - - | -
Life time, years - 6.4 95,7 55.6 5.2 >4.0  »2.8  >2.3

*Launch Failure

e w
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Satellite type

Satellite mfg*_.

Estimated number of parts

Number of f?anspondexjs
ﬁesig"h life, yeai's
Flight No.

Lauﬁéh date

Daté: _of .failure |

»

Life -time, years.

™

Table D-4

Intelsat IV-A

HAC
19,000
- 20
7
Fl ' F2 F4
9/75 1/76 577
:>1.9‘ 1.7 0.3



i
%

- |
g

e T e L e B

ey

-~

Table D-5

Evaluation of Lifetime Data

Satellite Series Intelsat I/II Intelsat III Intelsat IV/IV-A
Actual Failures, 5.1 1.4 6.4
Years after launch 3.6 3.8
3.6 3.5
3.9 5.0
1.3
Mean Life 4.1 3.0
Standard Deviation 0.62 1.43
D-6




o i [T,

—_— o o

-
Ll

Table D-6
Launch Failures and Apogee Motor Failures

Satellite Series Launch Launch . Apogee Successful
Attempts Failures Motor Orbit
Failures Injection
Intelsat I 1 _— - 1
Intelsat I 4 - 1 3
intelsat Il 8 2 1 5
Intelsat IV 8 1 - T
Intelsat IV-A 3 -— —-= 3
Total 24 3 2 19
Percent 100 13 8 79




