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1.0 .INTRODUCTION

1.1 Background df Study

This report presents the results of a study performed
by Canadian Astronautics Limited for the Department of
Communications, under DSS Contract Number 155V.36100-9-0836,
to assess the potential impact of the large multifunction
space platform (MSP) on Canadian satellite systems. The Statement
of Work for the study is presented in Appendlx A, and summarized
in the Table on the next page. :

. In recent years there has been a growing international.
interest  in the possibility of using large, hybrid spacecraft
to carry large and/or multiple payloads in geosynchronous
orbit. This interest has resulted in a number of detailed
studies, particularly in the United States, aimed at deter-

‘mining the major technical and economic parameters and ,
drivers of such systems. In addition to the studies, there
have been a number of editorial articles published in the
literature, presenting both positive and negative opinions
concerning the replacement of the current families of single-
payload satellites with fewer, larger spacecraft. The
purpose of the present study is to review and evaluate the
detailed work being done elsewhere, and to provide an assess-
ment of the potential application of the large multifunction
space platform to meeting Canadian needs. It is a long
range planning study, designed to identify likely trends in
the development .0f such systems, and determine whether they
could be used to satisfy our requirements. The major tech-
nical, economic, and institutional factors which may influence
a decision to choose multi-purpose or single purpose
satellites are identified, and the advantages and disadvantages
of this approach are discussed. Potential problems areas, and
those requiring further study, are highlighted.
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CANADIAN ASTRONAUTICS WAS UNDER CONTRACT TO:

® CARRY OUT A TECHNOLOGY FORECAST FOR BOTH MULTI-
FUNCTION SPACE PLATFORMS (MSP'S) AND THEIR
SUPPORTING TECHNOLOGIES

® DEFINE CANADIAN SATELLITE MISSION MODELS FOR THE
'RELEVANT' TIME FRAME -

® DETERMINE THE APPLICABILITY OF MSP'S TO MEETING
THE REQUIREMENTS OF CANADIAN MISSION MODEL

@ CONSIDER TECHNICAL ASPECTS OF USING MSP'S TO MEET

CANADIAN NEEDS

' CONSIDER ECONOMIC & INSTITUTIONAL ASPECTS OF USING

MSP'S TO MEET CANADIAN NEEDS

® DISCUSS ADVANTAGES/DISADVANTAGES OF MSP'S WITH -
' RESPECT TO CANADIAN USAGE, & IDENTIFY PROBLEM
AREAS

THE STUDY IS PART OF A LONG RANGE PLANNING PROGRAM; ITS
- PURPOSE IS TO REVIEW AND EVALUATE THE WORK BEING DONE

ELSEWHERE,

' CANADIAN ASTRONAUTICS LIMITED



l.2 ReportlFormat'

Canadian Astronautics Limited has taken an overall
systems approcach in assessing the potential application of
multifunction space platforms to Canadian satellite systems,,
and this is reflected in the report format.

Chapter 2 provides the required background information
for the study. It contains a summary of the reasoning
behind the early development of the MSP concept, followed
by a. description of what that concept was. This is then
related to the specific Canadian concerns which the study
addresses. Flnally, the manner in whlch the overall study
was conducted is descrlbed.

. Chapter 3 presents the Canadian mission model derived
during the study. The goals of the mission model survey,
and the methodology used in conducting the survey are
described, followed by presentation and discussion  of the
results. These are then compared to the results of similar
U.S.~-based studies in order to assess their accuracy, and
finally a basellne m1551on model is defined in some detall

, The technology of MSP's is evaluated in Chapter 4,
commenc1ng with a description of the evolutlon of thought
concernlng the definition of what consti tutes a multifuncticn

ace platform.

The technical impact of MSP's on satellite systems
in general is discussed, and then the major technical
concerns of Canadians are separately hlghllghted Work
being done to address the problem areas is described, with
emphasis on the particular elements which are likely to be
critical or pacing items in the development of the tech-
nology Chapter 4 concludes with two strawman versions of
MSP's, one carrying all the payloads defined in the mission
model for the next generation of Canadian geostationary
satellites, and the other a subset thereof. The technical
constraints and tradeoffs performed during derivation of
the spacecraft conflguratlons are presented in detail.

The economics of multifunction space. platforms are,
discussed in Chapter 5, commencing with a descrlptlon of”
the pivotal role economy of scale has played in the develop-
ment of the MSP concept, and the continuing concern being
expressed about the true economic trade-offs between
conventional satellite systems and MSP systems. The published
economic studies, all of which have been conducted in the U.S.,
are evaluated next, and their results critically analyzed, “
with both purely domestic and international programs being
considered. A rough order of magnitude cost estimate is made
for both platform and individual satellite systems meeting
the needs of the baseline mission model, and these are
compared. o
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The 1nst1tutlonal aspects are discussed in Chapter

6. This is one area which has apparently received

relatively little attention, and yet will have a major
impact on any decision to develop operational MSP systems.
There are - generic institutional problems which will

“have to be solved before the technology can be fully
exploited anywhere,; and in addition there are 51gn1f1cant_

Canadian-specific institutional concerns which will
further impact its application in this country. Both A
sets are described and analyzed in Chapter 6, and major

. areas requiring further study are highlighted.

The majdr conclusions.of the report;are summarized
in Chapter 7, and the resultant~recommendations'are made .

- in Chapter 8.

Background lnformation, including a detailed »
blbllography of the llterature surveyed, is presented in
a series of Appendlces ' ’

The main body of the report (Chapters 2 to 8) is
modular in format, with each two page spread con51st1ng
of a text (left hand page) accompanied by graphics (right

“hand page) It is intended that the graphics complement

the text in one of three ways: illustrating the concepts
discussed, highlighting major pOlntS, or presentlng tabular
or numerical results.’

CANADIAN ASTRONAUTICS 'L!MITEB




2.0 BACKGROUND OF THE MULTIFUNCTION SPACE PLATFORM & STUDY

2.1 Introduction

< The launch of Syncom into geosynchronous orbit in

1963 marked the beginning of the era of practical satellite
communications. In the past seventeen years there has been
a proliferation of domestic, regional and international
systems designed to capitalize on the high capacity and
cost effectiveness of communications satellites. This has
resulted in increasing congestion of both the geostationary
orbit and the portlons of the RF spectrum allocated to-
satellite services. In addition to the historical growth,
recent market forecasts show even greater increases in demand
for communications satellite traffic over the next twenty
years.

Various methods are now being employed to improve
the efficiency of orbit and spectrum utilization, and
“even newer, more advanced concepts must be developed for
the future. The bandwidth available for satellite communi-
cations is limited, and must be reused by wvarious means.
At present, two means of frequency reuse are employed. The
first is spatial reuse, in which satellites are spaced far
enough apart on the geosynchronous arc to ensure that a
ground station antenna pointed at one satellite doesn't
pick up a strong enough signal from adjacent satellites to
"cause interference. - This system ‘has worked well up to now,
but the growth in requirements is such that soon more
satellites, and hence closer spacing, will be requlred
This is largely undesirable, because it forces narrowing of
the ground station antenna patterns, which in turn forces
users to buy larger, more expensive antennas. A means of
overcoming this, and increasing the available spectrum.
capacity by a factor of two, is polarization isolation, in
which the spectrum is reused by transmitting and receiving
two sets of signals on cross—polarized beams. This system
can be made to work well for fixed svstems, but is less
generally useful for mobile systems. In the latter case many
of the ground terminals proposed are simple omnidirectional
antennas which are unable to discriminate between opposite -
senses of circularly polarized signals. In addition, as in the
case of physical separation of satellites around the orbit,
even the limit of capacity using this technique will be
reached in the near future. :

The proliferation of small systems has also caused
some concern about the ability to maintain the natural
competitive advantages which satellite communications systems
have had. Intelsat in particular has expressed concern
that the form of growth experienced is actually inhibiting
further improvements in the economies of scale which make
satellite~-based systems so attractive.
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At the same time as the orbit and spectrum crowding
starts to become severe, a new transportation system
capable of placing very large satellites into geostationary
orbit w1ll become available.

By the mid to late 1980's, the U.S. Space
Transportation System (8TS), consisting of the Shuttle
orbiter and a series of high energy upper stages, will
provide the capabilitysof routinely and economically
delivering heavy (up to 6000-7000 kg per £flight) payloads
to geostationary orbit. The STS will also be able to
provide a base for on-orbit construction, allowing even
larger geostationary payloads to be delivered to Low
Earth Orbit (LEO) in multiple flights, assembled there,
and then transferred to geostationary orbit (GEO). A
projected long term addition to the STS is a teleoperator
system which would carry items from LEO to GEO and back
again. When this becomes operational, on-orbit repair and
refurbishment of suitably designed geostatlonary satellites
will be 00551ble. ,

raNnNanIoN OSTRONQUTICS LIMITED
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THE 1980°s AND BEYOND WILL SEE THE DEVELOPMENT AND
EVOLUTION OF THE SPACE TRANSPORTATION SYSTEM

SHUTTLE ORBITER = MODIFIED CENTAUR |
: | NEW UPPER STAGE = = =

+
(LONG TERM)

~ ON ORBIT SERVICING

' CANADIAN ASTRONAUTICS LIMITED




Starting in the mid 1970's, a few visionary engineers
looked at these two developments, and proposed a solution to
the orbit/spectrum crowding problem which would utilize the
(anticipated then) soon-to-be available STS.

Their solution was the large geostatlonary communi-
cations platform (or multifunction space platform - MSP).
It was conceived as a very large satellite designed to
carry one or more large antennas (l10's of meters in diameter)
and multiple payloads. The large diameter antennas produce
very narrow (1~ or less) spot béams. By suitably designing
the feeds, an'entire country, region or hemisphere could be
covered by these spots, with either overlap or 'butting' of
adjacent beams. Provided that sidelobe levels could be
controlled to acceptably low vadlues, any two non-adjacent
beams could use the same transmission frequencies without
interfering, thus conserving spectrum. The most common
re~use plan proposed was one in which the available bandwidth
was divided into three sub~bands, each of which was used by
a third of the beams, as illustrated opposite. With this plan,
coverage of a continent (say) by 100 small spot beams would '
~allow over thirty reuses of the same frequencies.

An added. advantage of this spot~beam concept was seen -
" to be a higher EIRP obtainable with reasonable sized output
stages, as a result of the higher antenna gain. This would
permit the development of smaller, cheaper earth stations,
and potentially expand the market greatly. Because there
would be fewer satellites in orbit, they would be spaced
farther apart, and hence not interfere with each other,
despite the wider beams of the small ground stations. It
was also prophesied that by interconnecting payloads on board
the satellite, the gquality of certain services would be
improved and spectrum would be conserved by avoiding unnecessary
double hops.

Economy of scale would be preserved by the use of
shared housekeeping subsystems on the platform.  Duplication
of structure, thermal, and attitude control systems was"
one of the expenses of multiple satellite systems which would
hopefully be avoided. It was also anticipated that the STS
facilities would be more cost effectively used, by filling
the entire payload bay and carrying less airborne support
equipment per unit of actual payload.

These economies were proposed to be also applied to
~non-communications missions (e.g. meteorological) which
could share platform real estate with the primary payloads.
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THE MULTIFUNCTION SPACE PLATFORM WAS PROPOSED TO:

0 ALLEVIATE ORBIT & SPECTRUM.CROWDING

0 MULTIPLE SPOT BEAM ANTENNAS FOR FREQUENCY
REUSE ‘

0 INTERCONNECTION oF SERVICE To AVOID
" MULTIPLE HOPS

0 PROVIDE ADDITIONAL ECONOMY OF SCALE
0 SHARED SUBSYSTEMS ‘
O MORE COST EFFECTIVE USE OF STS
0 SMALLER, LESS EXPENSIVE GROUND TERMINALS

0 ?ROVIDE_PERFORMANCE IMPROVEMENTS
'O INTERCONNECTIVITY
0 EXPANSION OF TYPES OF SERVICE -
0 EXPANSION OF VOLUME -OF SERVICE

VMULTIPLE SPOT BEAMS ANTENNA PATTERNS WOULD PERMIT A LARGE
INCREASE IN FREQUENCY REUSE: |

0 AVAILABLE SPECTRUM SPLIT .INTO THREE SUB-BANDSl,

AVAILABLE BANDWIDTH
1 | 2 3
SUB-BANDS

0 COVERAGE AREA BLANKETED BY SPOT BEAMS, EACH
USING ONE SUB-BAND
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Canadian interest in MSP's is at present more of an
academic, or long range planning nature than that of the
U.S. organizations and Intelsat, since our foreseeable
capacity requirements are relatively modest, and could be
served by conventional satellite systems. There are,
however, a number of reasons for studylng MSP's at thlS
time, and they are enumerated opposite.

e Bl Y a B Y eds el O a B L adlad o T W L JduaX )

ol s

,ii .

-




P ™

-

. b

o G > R e w

WHY THE CANADIAN INTEREST IN MSP's AT'THIS“TIME? N
O PREVIOUS STUDIES (TECHNICAL & INSTITUTIONAL)

ADVOCATE THE DEVELOPMENT OF HEMISPHERIC
COVERAGE (N, & S. AMERICA) MSP’S TO OBTAIN"
MAXIMUM BENEFIT OF ECONOMIES OF SCALE., THE

'OWNER/OPERATOR OF THE. PLATFORM WOULD BE

U.S: BASED OR AN INTERNATIONAL CONSORTIUMT

O THIS HAS-A DIRECT & EXPLICIT EFFECT -
ON CANADIAN SATELLITE SYSTEM PLANNING. ..
DO WE WISH TO PLACE OUR PAYLOADS ON .
AN INTERNATIONAL MSP, AND IF SO, UNDER
WHAT CONDITIONS? HOW DO WE RESPOND TO
OUTSIDE PLANNERS WHEN THEY APPROACH us?

IF THE PREDICTED ECONOMIES OF SCALE ARE REAL,

- THEY MAY ALSO APPLY TO A CANADIAN DOMESTIC MSP '

CARRYING ALL OUR FIXED, MOBILE, & TV BROADCAST

SERVICES

0 ARE THESE ECONOMIES REAL?

O DO THEY APPLY TO THE CANADIAN SCALE OF
NEEDS?

O IF DOMESTIC MSP'S WERE USED TO CARRY -
CANADIAN PAYLOADS, WHAT WOULD THE EFFECTS
BE ON THE CANADIAN SPACE COMMUNITY. 7

- TELESAT HAVE DETERMINED THAT THE CURRENT DISTRIBUTION

OF PAYLOADS ON MULTIPLE SATELLITES BEST SERVES THEIR
NEEDS OF THE FORESEEABLE FUTURE. HOWEVER, UPCOMING
INSTITUTIONAL DRIVERS, SUCH AS THE PLANNING CONFERENCES
OF THE ITU (RARC: 1983 & WARC-SPACE: 1984/85),

MAY REMOVE SOME OF THE FLEXIBILITY FROM THE SYSTEM
ARCHITECTURE PLANNING FUNCTION

O IF WE END UP WITH RESTRICTIONS, HOW DO
WE BEST REDEFINE THE_OVERALL SYSTEM?
- WHAT ARE OUR OPTIONS?

SOME IDENTIFIED CANADIAN PAYLOADS, PARTICULARLY ADVANCED
MOBILE COMMUNICATIONS, WILL REQUIRE ‘A LARGE ANTENNA..

O WOULD IT BE DESIRABLE TO TAKE ADVANTAGE OF
AN ALREADY LARGE SATELLITE & HYBRIDIZE IT.

CANADIAN ASTRONAUTICS LIMITED
12 ’



2.2 The Concept of the Multifunction Space Platform

The early concepts of the Multifunction Space
Platform were on a grand scale -~-- very large satellites
(6000 - 24000 kg, 20~-280 kW primary power) carrying many
and/or complex payload packages supported by common bus
subsystems such as structure, electrical power, attitude
~and thermal control, stationkeeping, propulsion and TT&C.
The payloads would serve many missions in areas of
vlnternatlonal and domestic fixed communications, mobile
communications, navigation, search and rescue, meteoro-
logical service, and data collection. Very few (4 or 3)
'satellites would be required to serve all the global (non
military) needs; they would be lnterconnected by RF or
Laser inter-satellite links.
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There were a number of common elements among all
of the early MSP concepts. Many of them are generic
characteristics of all multifunction space platforms; others
are specific to the versions having the scope of an 'OAF'.
or 'Switchboard in the Sky'. Although this latter group
represents only the end item in a long evolutionary growth
process, 1t has come to be generally identified with all
MSP's. '
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BASICVCOMPONENTS OF THE EARLY MSP CONCEPTS WERE'V
0 SINGLE BUS - STRUCTURE, PowER,:ATTITuDEfCONTéoLQ
THERMAL CONTROL, TT&C, PROPULSION

'SUBSYSTEMS

0 LARGE (TENS OF METERS) DIAMETER ANTENNAS FOR FREQUENCY
REUSE '

O MULTIPLE PAYLOADS
0 ON-BOARD SWITCHING AMONG PAYLOADS
O ASSEMBLY IN ORBIT (LEO OR GEO)

O MODULARITY FOR O PAYLOAD ADDITION
| O REFURBISHMENT

0 LONG LIFETIME - 20 YEARS & UP

OTHER COMMON ELEMENTS NOT SPECIFIC TO}THE PLATFORM ITSELF
ARE : o

O OPERATIONAL LEO ASSEMBLY CAPABILITY & TOOLS
O REUSABLE ORBIT TRANSFER VEHICLES (LOW THRUST)

O MODULE INTERCHANGE MECHANISMS (MANNED OR ROBOTIC)

e 'CANAOIAN ASTRONAUTICS LIMITED




For purposes of the present study the MSP concept .
was made more general. While it is recognized that the
large grandiose designs originally proposed may well
represent the state of the art of operational communica-
tions satellites at some point in the future, they are
‘unlikely to be realized in the '1990's, as originally:
predicted by the visionaries. The transition from present
systems to those put forth in the early literature is
more likely to be evolutionary than revolutionary.

Consequently, it was decided to study the potential
impact of not only the "OAF/Switchboard" form of space-
craft on Canadian satellite systems, but also the various
early forms of MSP, as they evolved. 1In order to allow
us to do this, the definition of what constitutes an MSP
was modified as shown opposite. The basic elements are |
in agreement with the revised definitions now being used.

by other workers in the field, and represent the characteri-

stics which are unique to MSP's. Note that the definition -
is now based more on the capabilities and functions of the
spacecraft systems, rather than their configurations.
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- REVISED

CONCEPT OF AN MSP

CARRIES MULTIPLE PAYLOADS
O ECONOMY OF SCALE
O INTERCONNECTION POTENTIAL

INTERCONNECTS SERVICES - AS REQUIRED

USES MULTI-BEAM ANTENNAS
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2.3 Study Goals and Objectives

The objective of the study was to assess the likely
impact of MSP technology on Canadian satellite systems,
" by evaluating the work being carried out elsewhere and
applying the results to the Canadian context. Particular
emphasis was to be placed on both the anticipated major

concerns of the Canadian space community and those which
were revealed by the study.

The communlty of interest was deflned as broadly as
‘possible. It consists of three main groups: planners and
builders of satellite systems, operators of satellites and
(potential satellite-based) communications networks, and-
end users of satellite services. These groups are not
mutually exclusive; there is in fact a high degree of
“overlap.

The relatlonshlp between the needs at any particular
time and the technology available to meet those needs will
be a major determinant of whether MSP's can or should be
considered for Canadian satellites. However, a matching. of .
technical needs and capabilities only defines the relevance
-0of the platform concept to the Canadian context. The
impact of the technology must be analyzed from two additional
‘points of view: the basic economic trade-offs must be
performed and lnstltutlonal concerns addressed.

Since this study is part of a long range planning,
program, its goal was not to solve the problems in detail,
but rather to determine what the advantages and disadvantages
of combining payloads on MSP's are, discover where potential
- problem areas lie, and define what needs to be done to solve

them. ‘
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THE TOP LEVEL OBJECTIVE OF THE STUDY WAS TO:A

O ASSESS THE LIKELY IMPACT OF 'MSP. TECHNOLOGY ON
CANADIAN SYSTEMS BY ' - o

O EVALUATING WORK BEING DONE IN THE FIELD
APPLYING IT TO THE CANADIAN CONTEXT -
O WITH EMPHASIS ON MAJOR CANADIAN SPECIFIC. .
 _CONCERNS . o

o

THE TMPACT ON

O SYSTEM PLANNERS & OPERATORS
O SPACECRAFT INDUSTRY | |
0 MAJOR GEOSYNCHRONOUS SATELLITE SERVICE USERS

'WAS CONSIDERED FROM

0 TECHNICAL
0 FINANCIAL
0 INSTITUTIONAL

POINTS OF VIEW
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The objectives of the study were met in the following
manner. - ‘ ' :

The starting point was an evaluation of Canadian needs
and major concerns about MSP's. A mission model was derived
by means of a survey of Canadian satellite system planners,
operators, and users; two different questionnaires were
used, one for the planners and operators, and the other for
major users. These were answered by various experts in
their respective fields, and the results were used to
determine the volume and nature of Canadian requirements for
the various geosynchronous orbit satellite services (commu-
nications and others) over the next fifteen to twenty years
(the longest period over which reasonable estimates could be
made) . At the same time as the quantitative market
assessments were being made, the respondents weré also asked
to list their own technical, institutional, and economic.
concerns, with respect to both the concept of the MSP in
general, and its specific applications to Canadian systems. °

In parallel with the mission model survey, an assess-
ment was made of the ongoing technical work related to the
evolution of large multifunction spacecraft. The literature
was surveyed, and major investigators were interviewed, in
order to derive a 'technology model'. For each of the major
spacecraft systems and support technologies, advances
reguired to support platform development. were identified,
and estimates made of when these advances would be available.
The elements studied were not only those specific to MSP's
but also peripheral, but related, ones such as advanced orbit
transfer vehicles (OTV's) and on-orbit construction techniques.

: Once the miséion‘model and large platform technology
forecast had been completed, they were compared and the
following two questions addressed:

o Is there sufficient user need and payload
compatibility at any point in the relevant
timeframe to make the use of hybrid spacecraft
pract1cal° ‘ ‘

o Will the multifunction platform technology
of the period be capable of meeting these
needs?

As will be seen, the answers to these questions were in -
the affirmative, so the technical means of meeting the require-
ments on a multifunction platform were investigated. This was
done by developing two strawman spacecraft configurations. These
configurations were not analyzed in any great detail, but were
~used in two ways. First, they provided a means of confirming
that the available platform technology would be adequate, and
it would be possible to place the payloads on one spacecraft.
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made.

The second use of the configuration derivation exercise was

to learn first-hand what some of the major trade~offs and:
difficulties were likely to be in an actual MSP design, and to
provide a base for comparative costing in the Canadian context.

" All three aspects (technical, economic, and lnstltué
tional) of the impact of platform technology on Canadian systems

were evaluated once the potential applicability was ‘established.

The major concerns and drivers were determined for each category,
and further work needed to resolve them determined. This was ..
done not only for purely domestic platforms, but also '
international ones which might affect Canadian systems.

‘The findings were summarized, and recommendations then

24
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3.0 CANADIAN SATELLITE MISSION MODELS

3.1 Introduction and Derivation of the Mission Model

3.1.1 Introduction

The starting point for a study of the potential
impact of multifunction space platforms on Canadian
satellite systems is by necessity a definition of user
requirements, in the form of a mission model. All
Canadian satellite systems to.date have been applications
oriented, and it is anticipated that this will continue
in the future, with even scientific satellites continuing
to stress 'applied' rather than 'pure' science. In
addition, existing communications satellite systems are
operational, and the proposed new systems (both communica-
tions and remote sensing) are planned to be proto-operational,
transitioning smoothly into follow=-on operational ones..
Consequently, it has been assumed for purposes of this study
that a Canadian multi-function space platform will not be
developed for its own sake (as a potential export item),
but only if it is determined a priori that it is the best
technical, and most cost effective, means of meeting the
Canadian operational systems' needs of the time.

A mission model survey was conducted in order to
determine what the perceived Canadian needs will be as a
function of time, and allow us to ascertain whether there
is adequate commonality of timing and payload compatibility
to make the use of multifunction space platforms practical
and/or desirable.

The survey has been restricted to those missions
which are in geosynchronous orbit. The time frame of"
interest is the next twenty vears. A first generation
experimental platform is being studied by NASA, with a
target launch date of the late 1980's; operational systems
are planned to follow almost immediately. This places
the start date for the mission model at the mid 1980's.
Forecasting uncertainties affect the latest date for
which requirement estimates can be believed. It would be
desirable to have a mission model extending beyond 2000;
however, there is already much uncertainty in mission
planners' predictions for 1995, so the model has been
terminated at that date. '
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o THE CANADIAN SATELLITE MISSION‘MODEL IS:

0 A CANDIDATE SET OF MISSIONS (COMMUNICATIONS
& OTHERS)

O USING GEOSYNCHRONOUS ORBIT éATELLITES B
0 MEETINGICANADIAN NEEDS FROM.THE‘LATE’1980'S o
ONWARDS .
0 ITS PURPOSE IS TO DETERMINE WHAT NEEDS ARE FORECAST
0. AS A FUNCTION\OF TIME
0 OVER THE NEXT 20 YEARS

o [T WILL BE USED TO |
0 DETERMINE THE NUMBER & TYPES OF PAYLOADS
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ANTICIPATED

DETERMINE THE TIMING OF THE NEED FOR “THE
IDENTIFIED PAYLOADS '

~IN ORDER ‘TO ASCERTAIN WHETHER ADEQUATE

O COMMONALITY OF TIMING

- 0 PAYLOAD COMPATIBILITY

EXIST IN ORDER.TO CONTEMPLATE THE USE OF
MSP’'S TO MEET ‘THE NEEDS
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3.1.2 Derivation of the Mission Model

A survey of operators and possible users of satellite
services was conducted in order to determine the potential-
Canadian missions for inclusion on a multifunction space
platform. It represents one of a number of different
methods which have been used to derive 'future' mission
models for planning purposes, lncludlng user surveys (73,
extrapolation of existing trends(73.74,76, and models
based on demographic parameters(79X It would be beyond the
scope of . the present study to develop a detailed mission
model by any of these methods; however, it was determined
that the user survey would be the most efficient means of
deriving a coarse model which would meet the needs of the
study.

A survey was prepared which consisted of two
guestionnaires, one for each of two groups of respondents
(see Appendix B). The first questionnaire was intended
for common carriers, satellite system operators, and’
satellite system planners. Its aim was to determine. the
. views of those people most directly involved in the
- provision of satellite services with respect to the
envisaged nature and size of future requirements, as
well as their specific feelings and concerns about meeting.
these requirements with multifunction space platforms.

The second guestionnaire was for potential users of
geostationary satellite services. It was aimed primarily
at determining the nature and level of the services which
would have to be provided to the users, and hence was most
concerned with the performance and institutional aspects
of satellite service provision, and less concerned with
the technical means of providing the service. Users were
~asked to consider all types of geosynchronous satellite
services, not only communications.

At the same time as the questionnaires were being
prepared, potential respondents were identified. These
were” knowledgeable individuals in both industry and govern-
ment, representing a total of seventeen different organiza-
tions. Following discussions with the customer (DOC)’, they
were grouped into two 'tiers'. The first tier consisted
of known major users and all the planners, representing
seven organizations in total. It was anticipated that they
would be able to provide the necessary level of information
for derivation of the mission model, and that it would only
be necessary to interview selected individuals in the second
tier if major inconsistencies or gaps were discovered in the
first set of results.

Appointments were set up with each of the first-tier
users to present the questionnaires, and honerully receive
many of the answers in a joint discussion session. All of
the selected respondents were willing to participate, and
many reguested that other individuals in their organlzatlon
be also given an opportunity to respond, either in a group
session or individually. This was agreed to, and a ccmplete
list of the respondents is contained in Appendix D.
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In most cases the questionnaire was answered in the
initial meeting, with follow-up sessions required to obtain
more detailed information in only two instances. It was
found that the dialogue format worked very well, as the
respondents were able to ask clarifying questions, and
present their views in both greater depth and breadth than
-would be expected from purely written replies.

Once the survey was completed-the results were
transferred to a common form and analyzed. It was found
that there was remarkable consistency, both in projected
level of service requirement and timing. Consequently, it
was decided not to extend the survey to the second tler
of responaents.

In addition to the basic service volume and tlmlng
predictions, the planners and users were also asked to
provide estimates of the major performance parameters of
the systems, such as operating frequencies, downlink/uplink
satellite antenna patterns, .and ground station figure of
merit. These were obtained in order to determine the major
spacecraft payload constraints, such as antenna configura- .
tion and output amplifier power.

: It was determined that the most practical means
of achieving the desired confidentiality of the inputs
while maintaining the usefulness of the mission model
would be to aggregate the results by frequency band,
listing only the major parameters and uses of each
payload without specifically identifying the relatlve
fraction used by the individual servmces

" Keeping this constraint in mind, a baseline mission
model was created from the results of the survey, and
formally presented to a group consisting of the respondents
and knowledgeable individuals within DOC. This provided an
opportunity for additional feedback and a final revision of
the model before it was used in other portions of the study.

In addition to the guestions specifically directed
at deriving the mission model, the survey contained a number
of gquestions designed to obtain background information for
the economic and institutional portions of the study. The
respondents were asked to highlight their major technical
and institutional concerns, and if possible present informa-
tion likely to be useful in the cost trade-off analyses. It
was found that the questionnaire had its desired catalytic
effect, and much useful technical and institutional input
was received. Unfortunately, little economic information was
received.
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‘GOALS OF THE MISSION MODEL SURVEY

0 DETERmINE.BY TYPE OF SERVICE
0 VQLUME;REQUIREMENTS.Vé TIME
0 FREQUENCY BANDS uséh |
0 MAJOR'EEREORMANCE‘#AﬁAMETERs"

0. DETERMINE USERS' TECHNICAL CONCERNS' WRT
MEETING THEIR NEEDS WITH MSP's

0 DETERMINE USERS' INSTITUTIONAL CONCERNS

O OBTAIN BACKGROUND INFORMATION FOR COST - :

TRADE STUDIES
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3.2 Mission Model Survey'ResultS

3.2.1 Responses to the Questionnaire for System Planners
and Service Providers -

This questionnaire was answered in part or in total
by six individuals from within three different organizations
(Department of Communications, Telesat, TCTS). It was
stressed to all of them that it was their personal estimates -
and .opinions which were being solicited, and not official
- corporate or departmental positions. Despite this caveat,
there was almost total agreement in both the guantitative
answers related specifically to the mission model, and the
qualitative responses and opinions given to the questions
concerning technical, economic and institutional concerns.
Consequently, it has been assumed that the survey results
are a reasonable representation of the current state of
Canadian communications satellite system planning.

All respondents addressed the 'Fixed', 'Broadcast',
and 'Specialized' service portions of the questionnaire, but
only the DOC people answered the 'Mobile' service portion.
The others chose to skip this section since they did not
feel that they had sufficient current relevant knowledge to.
provide meaningful answers. a '

In general, the results paint a very conservative
picture of. communications system growth, especially when
compared to the recent, and continuing, explosive eXxpansion
of satellite services in the United States. Some of those.
interviewed expressed .the belief that, even with current
regulatory and contractual constraints, a marketing and
pricing policy could be developed which would profitably
£ill all presently planned systems soon after launch. This’
optimism was not reflected in the gquantitative projections
provided by the planners, however. Not only is the growth
of existing services predicted to be slow, but there was
negligible support for the development of 'new' or specialized
services on any significant scale. The two cases which
stand out in this regard are full-motion videoconferencing
and direct-to-user fixed voice/data communications, both of
which are predicted to grow considerably in the next decade
within the U.S., but neither of which is expected to grow
significantly in Canada over the time frame under consideration.’

The other area in which conservatism is evident is
the response to the 'interconnection of service' question.
One of the major advantages put forth for MSP's is their
ability to switch among different payloads on board. This
allows users to interconnect various services (e.g. fixed
telephony and sea mobile) without the use of double hops,
as required by present systems. It was generally acknowledged
that it was plausible to consider on-board service inter-
connection, but that the regquirements would be toc low to
justify the added cost and complewicy, '

A basic conclusion which can be drawn from these
conservative growth predictions is that 6/4 GHz and 14/12
GHz systems will provide more than adequate bandwidth to
meet the user requirements throughout the time frame of
interest, so there is no requirement to develop a 30/20 GHZ
system or go to multiple spot-beam frequency reuse antennas
based solely on Canadian commercial communications
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0 ALL RESPONDENTS TO THE "SYSTEM’PLANNER/SERVICE'PROVIDER"
QUESTIONNAIRE PROVIDED INPUTS TO THE 'FIXED', BROADCAST';E
& 'SPECIALIZED' SERVICE PORTIONS. |

0 THERE WAS BASIC AGREEMENT WITH RESPECT TO

VOLUME OF SERVICE REQUIRED AS A FUNCTION OF TIME
"TIMING OF INTRODUCTION OF NEW SERVICES |
FREQUENCIES TO BE USED BY EACH SERVICE ,
UPLINK ‘& DOWNLINK SATELLITE ANTENNA PATTERNS
GROUND STATION PARAMETERS '

O 0 o b o

O THE RESULTS PRESENT A VERY CONSERVATIVENOUTLOOK

0 PRESENT PLANS FOR TRUNKING SYSTEM GROWTH ARE
'BASED ON A TIMELY LAUNCH OF ANIK C. THERE WILL
BE A REAL REQUIREMENT FOR ITS CAPACITY WHEN IT
IS LAUNCHED. THIS REPRESENTS A ‘QUANTUM JUMP IN

- TOTAL REQUIRED CAPACITY AT THAT TIME

0 THERE WILL BE A 'SIMILAR QUANTUM JUMP WHEN
~ OPERATIONAL TV BROADCAST SERVICE IS INTRODUCED |
IN THE LATE 80's -

O ONCE EITHER OF THESE SERVICES IS INTRODUCED THE
" GROWTH WILL BE Low 207 OVER 5 YRS)

0 THERE WILL BE NEGLIGIBLE INTRODUCTION OF 'NEW'
SERVICES, INCLUDING TELECONFERENCING -

O THERE WILL BE NEGLIGIBLE GROWTH IN THE GROUND
SEGMENT, WITH RELATIVELY FEW, LARGE TERMINALS‘
CONTINUING TO. DOMINATE ‘ '

0 THERE IS NEGLIGIBLE REQUIREMENT FOR INTER-
CONNECTION OF SERVICES (E.G. FIXED MOBILE VOICE) N
ON THE PLATFORM

o 6/4 anp 14/12 GHz SYSTEMS WILL PROVIDE ADEQUATE
'BANDWIDTH THROUGHOUT THE TIMEFRAME OF INTEREST
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3.2.2 Responses to the Questionnaire for Users of
Satellite Services

This questionnaire was answered by a total of eleven
individuals within four government departments which were -
considered to be '‘potential major users of satellite services
other than those provided by the common carriers. . The
departments represented were: Department of National Defence,
Ministry of Transport (Air Branch and Coast Guard), Energy
Mines and Resources (CCRS), and Department of the Environment
(AES). As in the case of the first gquestionnaire, .it was
stressed to all respondents that the views being presented
were recognized as those of knowledgeable individuals in
the field, and not official departmental policy. :

All four of the departments presently use the common
carriers for most of their communications (including the
military for operational communications). They are happy
with the service they are receiving, and prefer . to treat
the communications systems as black boxes. It makes no
difference to them what method is used to carry the
information, as long as all their performance requirements

are met in the most economical manner.

In all but one case, several individuals from
the user organization were present during the interview.
This group format tended to stimulate discussion and free
thinking, with the result that a large number of potential
new pvayloads, or new uses of existing payloads, were
identified. 1In each case an attempt was made to identify
when these might be implemented, if at all. The result was
a sorting into two categories: those to be included in
the baseline mission model, and those to be excluded, since
their probability of occurrence by 1995 was negligible. The
-result of this filtering exercise was to add a total of
three channels to the fixed communications service require-
ments, and leave five other payloads out of the baseline.

It was hoped that a number of non-communications (e.g.
remote sensing) payloads would be identified at this
stage; however, such was not the case. Most of the new
payloads were communications oriented, with the result
that the platform concept arising out of the survey 1s
more a multifunction communications spacecraft, and less
of a general purpose geosynchronous platform than was

originally anticipated.

A A basic conclusion which can be drawn from the
results of the user survey is that the basic performance
characteristics and requirements of the next two genera-
tions of Canadian geosynchronous satellites are known to,
and will be driven by, the present service providers and
planners. It is unlikely that an individual user will
generate a new requirement large enough to 51gn1f1cantly
alter the system concept.
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THE USERS INTERVIEWED:

0 CONCENTRATED ON POTENTIAL COMMUNICATIONS APPLICATIONS

-0 WERE BASICALLY HAPPY WITH THE COMMUNICATIONS SERVICES
PROVIDED BY. THE COMMON CARRIERS ’

-0 WERE FREE-THINKING IN IDENTIFYING POTENTIAL ADDITIONAL
OR GROWTH AREAS OF USAGE

0 WERE CONSERVATIVE IN THEIR ESTIMATES OF WHEN (OR IF)
THE IDENTIFIED POTENTIAL WOULD BE REALIZED

THE IDENTIFIED POTENTIAL SERVICE REQUIREMENTS BEYOMD THOSE
PROVIDED BY THE COMMON CAPRIERS OP PLANNED MOBILE SERVICES
ARE ‘

0 1 CHANNEL FOR REMOTE SENSING DATAEBACKHAUL FROM THE
ARCTIC - '

0 1 CHANNEL FOR DND ARCTIC COMMUNICATIONS

0 1 CHANNEL FOR REMOTE MONITORING OF WEST COAST RADAR
~ STATIONS | -

ADDITIONAL 'LOWER PROBABILITY' PAYLOADS IDENTIFIED, BUT NOT
INCLUDED IN THE BASELINE MISSION MODEL ARE:

0 MILITARY FIXED COMMUNICATIONS AT 7/8 GHz

0 \406 MHz copep ELT'SEARCH & RESCUE TRANSRONDER i
O PROGRAMMABLE. ATMOSPHERIC SOUNDER

0 HIGH RESOLUTION SEVERE WEATHER MONITOR

O 'SPECIALIZED DATA RELAY FOR WEATHER MONITORING
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3.2.3 Results of the Survey - By Type of Service

The next five charts show the quantitative results
of the mission model survey. The first four present the
basic parameters of each category of service (Fixed,
Mobile, Broadcast and Specialized). 1In keeping with the
request of some respondents that their predictions of

required capacity as a function of time remain confidential

no capacity requirements have been indicated for either
the 'Fixed' or 'Broadcast' service. These are presented
in aggregate form in the fifth chart, which lists the
total 14/12 GHz and 6/4 GHz transponder requirements,
without identifying the specific fraction allocated to
each service. A range of capacity requirement predictions
was received for all four services. -In each case the -
maximum of the range was chosen for the baseline mission
model, since this would place the greatest constraint on
the platform configuration and power system, and hence
result in the worst-case design exercise.

The first service considered is the Fixed Satellite
"Service. Note that the basic operating parameters of the
system are not predicted to change greatly. It was stated
by three respondents that the proliferation of small
(¢ 2m diameter) earth terminals was desirable, but this
was not forecast to happen by the planners. :
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FIXED SATELLITE SERVICE

0 MAJOR SUBGROUPS

VOICE (TELEPHONY) ‘

LOW SPEED DATA (E.G. TELEX, FAx)
HIGH SPEED DATA (=>9600 BPS)
SPECIALIZED DATA NETS (E.G. WEATHER)

o O O O

O DATES OF INTRODUCTION
O ALL SUBGROUPS NOW EXIST VIA COMMON CARRIER
0 DIRECT TO USER IN MID-TO-LATE 1980's

O FREQUENCY BANDS USED & SATELLTTE.ANTENNA PATTERNS

0 6/4 GHz
0 ALL-CANADA COVERAGE IN A SINGLE BEAM
' FOR BOTH UPLINKS & DOWNLINKS

0 14/12 GHz '
o 4 zoNE BEAMS (aPPROX 20 BY 30 EACH)
COVERING ALL CANADA FOR DOWNLINKS
0 . SINGLE ALL-CANADA COVERAGE BEAM FOR
UPLINK i ~

0O EARTH STATION CHARACTERISTICS

0 6/U4 GHz:  8-10M DIA FOR TRUNK SERVICE.
8M DIA FOR MEDIUM ROUTE
4,5M DIA FOR THIN ROUTE

0o 14/12 GHz: 8M DIA FOR TRUNK SERVICE
4,5M DIA FOR LIGHT TDMA

O EARTH STATION OWNERSHIP
0 EXPECTED TO BE DOMINATED BY TELESAT

O DEVELOPMENT OF SPECIALIZED COMMON CARRIERS
WITH THEIR OWN STATIONS MAY OCCUR NEAR
END OF PERIOD
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The Mobile Satellite Service is presented next.

It consists of three basic subsets: land, sea, and
air mobile, all of which are presently available to some
degree internationally. Military land and air mobile
systems are operational, as are both civilian and military
maritime mobile systems covering the three ocean basins.

The services being addressed in the survey are specifically

those provided to mobile stations on or over the Canadian
land mass and coastal waters. '

- In parallel with the present MSP study, DOC are
conducting separate studies aimed at defining various
options for providing land-mobile satellite commuhications.
One of the tasks in those studies is the definition of
the communications architecture. At the time of writing
no final architecture has been defined, but the options
being considered differ from that in this report, which
is based on an earlier study conducted by Canadian
Astronautics Ltd for DOC (82) and the results of the
user survey. This architecture has been retained because
of the lack of firmness of any potential updates.
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MOBILE SATELLITE SERVICE
0. MAJOR SUBGROUPS
0 LAND (VOICE & LOW SPEED DATA)
0 SEA (VOICE & LOW SPEED DATA) 5 MILITARY & CIVIL -
0 AIR (VOICE & LOW SPEED DATA)/
O DATES OF INTRODUCTION
O SEA - SMALL SCALE NOW VIA MARISAT
O LAND - LATE 1980's - BOTH MILITARY & CIVIL
0 AIR - MID 1990's AT EARLIEST FOR MILITARY . .
A - UNLIKELY BEFORE 2000 FOR cIVIL
0 FREQUENCY BANDS USED & SATELLITE ANTENNA PATTERNS "
0 -240-400 MHz (MILITARY LAND & SEA, POSSIBLY AIR).
0 ALL CANADA & COASTAL ZONES IN A SINGLE
BEAM : - '
- POSSIBLY GLOBAL (VISIBLE DISC)
o 806-890 MHz (civiL LAND, POSSIBLY AIR) -
0 24 oF 10 SPOT BEAMS COVERING CANADA
0 L-BAND (CIVIL SEA, POSSIBLY AIR)
' O ALL CANADA & COASTAL ZONES IN A SINGLE

BEAM
0 "VOLUME OF SERVICE, TIME PHASED (TOTAL BANDWIDTH
REQUIREMENT) ‘
‘ 1985 1990 1995
0 LOW UHF L MHz NO GROWTH
O HIGH UHF b MHz 6 MHz 15 MHz
0 L-BAND 500 KHz GROWTH To 1 MHz

O EARTH STATION CHARACTERISTICS

O LOW UHF : TRACKING HELIX/YAGI OR OMNI,
VARIOUS G/T

O HIGH UHF: OMNI, -25 DB/K _
O L-BAND : TRACKING DISH, -4 DB/K

O EARTH STATION OWNERSHIP

‘ O BOTH USERS & SPECIALIZED COMMON CARRIERS FOR
CIVIL

0 MILITARY OWNS ITS OWN COMPLETE SYSTEM

CANADIAN ASTRONAUTICS LIMITED



The Broadcasting Service is the third presented.

This service encompasses all forms of broadcasting
related satellite transmissions, both radio and TV, from
network trunking of programs through community antenna
(incluéing pay=-TV). and direct-to-home systems. :

Satellite fed cable systems, many of which carry
pay TV, have proliferated in recent years in the United
States, but a different regulatory climate has prevented
a similar growth in Canada. Most respondents stressed
this, and prefaced their answers related to CATV, direct-
to-home, and pay-TV with the caveat that the development
of these subsystems would be strongly dependent on the
outcome of the ongoing CRTC hearings. :

Direct broadcast of radio signals is predicted to
be carried along with the direct TV signals. UHF direct-
to-receiver radio broadcasting is a long range likelihood,
but not expected to develop within the timeframe of the
survey. '
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BROADCASTING SERVICE

0 MAJOR SUBGROUPS
0 NETWORK TRUNKING (RADIO & TV)
O CATV FEEDS S
0 PAY Tv (SUBSET OF CATV)
0 EDUCATIONAL TV
0 DIRECT TO RECEIVER (RADIO & Tv)

O DATES OF INTRODUCTION
-0 NETWORK TRUNKING - NOW
O CATV FEEDS - NOW. ,
O PAY TV: DEPENDENT ON CRTC,
‘0 EDUCATIONAL TV: 1983-85 :
0 DIRECT TO RECEIVER (OPERATIONAL) - LATE 1980 S

0 FREQUENCY BANDS USED & SATELLITE ANTENNA PATTERNS
0 6/4 GHz (NETWORK TRUNKING & CATV)
0 4 zone BeAms (20 x 39) For DOWNLINKS
0 ALL CANADA FOR UPLINKS

0 14/12 GHz (NETWORK TRUNKING, DIRECT BROADCAST,'
& EDUC) :
0 U ZONE BEAMS (2O x 39) FOR DOWNLINKS.
O ALL CANADA FOR UPLINKS -

O EARTH STATION CHARACTERISTICS - »
o 6/4 GHz : 8-10m DIA FOR TRANSMIT & NETWORK
RECEIVE
1,54 DIA FOR CATV RECEIVE: ONLY

o 14/12 GHz: 8-lOM DIA FOR TRANSMIT: -
4,5M DIA FOR NETWORK RECEIVE
1.2-2.5M DIA FOR ETV & DIRECT
BROADCAST RECEIVE ONLY

O EARTH STATION OWNERSHIP
0. TELESAT FOR UPLINKS
0 USERS (INCLUDING NETWORKS) FOR DOWNLINKS
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Specialized Services

This category contains many relatively small volume
subgroups, and one potential system driver: full motion
video teleconferencing.

Projections of the turn of the century capacity
requirements for teleconferencing range from near zero,
to an order of magnitude greater than all other fixed
communications systems combined. The high predictions
are based on an extrapolation of current business travel
levels, and the assumption that fuel prices will drive the
cost of travel high enough that a significant fraction
(5=10%) will be replaced by video teleconferences.
Estimates of the typical duration and number of conferences
are then made in order to derive the required satellite
capacity. Those making low estimates argue that user
acceptance of a teleconference instead of a face to face
meeting is presently negligible, and likely to remain so,
no matter what the cost incentives. Those guestioned
during the survey fall into the latter category of 'low
growth' predictors, so very little teleconferencing
capacity has been included in the mission model.

The remainder of the subgroups were predicted to
start at low levels with the introduction of Anik C, and

remain at low levels.




—

SPECIALIZED SERVICES

.0 MAJOR SUBGROUPS IDENTIFIED BY THOSE SURVEYED

o O O o

VIDEO TELECONFERENCING
- ELECTRONIC FUNDS TRANSFER

ELECTRONIC MAIL
REMOTE PRINTING ;

O DATES OF INTRODUCTION

0

VIDEO TELECONFERENCING - CAPABILITY NOW

“ EXISTS USING STANDBY FACILITIES, BUT

NOT BEING EXPLOITED
ELECTRONIC FUNDS TRANSFER - NOW VIA

- COMMON CARRIERS

ELECTRONIC MAIL - AT LOW LEVEL WITH ANIK C
REMOTE,PRINTING - 1981 |

0 FREQUENCY BANDS USED & SATELLITE ANTENNA' PATTERNS

0

14/12 GHz IN LONG RUN'FOR ALL
0 4 zoNe BeamMs (20 x 3°) coveriNG

ALL CANADA

0 EARTH STATION CHARACTERISTICS

0

EXTSTING 8-10M DIA STATIONS:-IN COMMON
CARRIER SYSTEMS FOR MOST

SOME 4,5 & 6M DIA STUDIO-BASED ANTENNAS
FOR TELECONFERENCING -

0 EARTH STATION OWNERSHIP
0 TELESAT

CANADIAN ASTRONAUTICS LIMITED
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The f£inal chart presents the SHF capacity requirements
in aggregate form. They contain all the identified Fixed,
Broadcasting and Teleconferencing requirements, and the three
'additional' payloads identified by users.

|
l‘
I
T
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SHF TRANSPONDER REQUIREMENTS

O .. BASIC ASSUMPTIONS:

0 6/4-GHZ

‘0 EACH TRANSPONDER HAS A BANDWIDTH oF 36 MHz
O SERVICES PROVIDED ARE:

0 FIXED COMMUNICATIONS (TELEPHONY
& DATA) . :
0 -BROADCAST DISTRIBUTION (NETWORK

- FEEDS) | : :
0 REMOTE SENSING & MILITARY DATA
- BACKHAUL FROM THE NORTH

0 14/12 GHz

0 EACH TRANSPONDER HAS A BANDWIDTH OF 54 MHZ
0. SERVICES PROVIDED ARE:

0 FIXED COMMUNICATIONS (TELEPHONY
& DATA) - -

‘0 DIRECT BROADCAST & VIDEO
TELECONFERENCING

0O REMOTE SITE RADAR MONITOR BACKHAUL

0 ONE TRANSPONDER CARRIES. TWO'DIRECT TV
BROADCAST CHANNELS

0 TRANSPONDER REQUIREMENTS, TIME PHASED

1985 1990 1995
0 b6/4 GHz 15 19 24
o 14/12 GHz 9 20 25

' CANADIAN ASTRONAUTICS LIMITED
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3.2.4 Results of the Mission Model Survey - Summary

The basic objectlves of the mission model survey
were achieved:  Canadian geosynchronous orbit payload
requirements were defined over the period of 1nterest,
and their operating parameters were obtained in sufficient
detail to determine whether they could feasibly be
accommodated on a domestic multifunction space platform.

The total payload requirements are modest, with
only 49 operational SHF channels and a total L- band/UHF
bandwidth of 20 MHz being predicted for 1995. The
total coverage areas for all services are similar,
so that a common orbit slot could be used without compro-
mising any payload's needs. 1In addition, the currently
planned time frame for introduction of the mobile and
broadcast services matches that for the next generation of
Telesat spacecraft. Consequently, it would appear to be
feasible to meet the system requirements identified in the
missionh model survey with a single multifunction space
platform launched in 1987-89, and sized for the 1995
,requlrements. It -would be an 8-year lifetime satellite.
This concept w1ll be examlned further in sections 3. 4
and 4.4.

CANADIAN ASTRONAUTICS LIMITED
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IN CONCLUSION:

0 THE TOTAL PAYLOAD REQUIREMENTS OF THE MISSION MODEL
' ARE MODEST, ESPECIALLY WHEN COMPARED TO MISSION.

MODELS IN OTHER SPACE PLATFORM STUDIES

O BASIC MISSION TIMING COMPATIBILITY EXISTS

0 ~ NEXT FAMILY OF ANIK's: LATE 1980's, .

BOoTH 14/12 & 6/4 GHz

0 MOBILE SYSTEM IMPLEMENTATION DATE: LATE 1980's"

O OPERATIONAL DIRECT BROADCAST IMPLEMENTATION

DATE: MID TO LATE 1980's

0 AN EARLY GENERATION PLATFORM COULD BE USED TO CARRY

SOME OR ALL OF THE PAYLOADS AT THAT TIME

AND/OR

THE REPLACEMENT SYSTEMs (MID 1990'S) cOULD BE :PLACED

" ON A LARGER, SECOND GENERATION MSP

O ANTICIPATED REQUIREMENTS ARE:

1985 1990

LOW UHF 4 Mz 4 Muz -
HIGH UHF ~ 4 ‘MHz B MHZ
L-BAND 500 KHz e -
C-BAND 15 cH 19 cH

KU~BAND 9 cH 20 cH

46

1995

4 MHZ
15 MHz
1 MHZ

24 cH
25 CH

CANADIAN ASTRONAUTICS LIMITED
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3.3 Comparison of the MlSSlon Model Survev Results with

other Models

3.3.1 Introduction

In the past two years NASA have funded a number of

studies to evaluate the market demand for fixed communi-
cations service via satellite (73-77), and other studies which
contain similar market demand derivations as subtasks(29:79),
These have been aimed at determining when. either 30/20 GHz
systems, or multiple spot-beam frequency re-use antennas -
(on platforms), will be required to meet total capacity
demands which exceed the capabilities of 'conventional'

C- and Ku-band satellite systems. Because it is the point-
to-point communications services which are predicted to
dominate the capacity requirements within the U.S., they are
the ones which have been studied in most detail. '

One of the studles(zg) explicitly includes a
Canadian component but the remainder are restricted to the
U.S. market. It is nevertheless useful to analyze the
study methods and results, not only as a guide to the
reasonableness of the present mission model, but also as
an indicator of the range. of estimates which can be.
obtained from even detailed studies.

The other payloads identified in the Canadian
mission model survey (mobile and direct broadcast) have
been included in most lists of candidate payloads for MSP's.
However, since their requirements are not the primary ones
which will drive the development of platform~based systems,
they were not analyzed in nearly the same depth as the
point-to-point services.

One of the studies(79) specifically excluded broad-
cast services from the candidate payload list. The
argument used was that the communications architecture
(multiple spot beams) of platforms is not well adapted to
video distribution, which requires wide area dissemination
of common signals. For this reason, it was expected that
small specialized satellites would be used for most TV
distribution (other than specialized local programming
. and network trunking). This apparent incompatibility does
not exist in Canada. On the contrary, the downlink antenna
patterns for Ku-band telephony service defined in the
mission model survey (4 regional beams) match those desired
for broadcast, and the traffic levels identified are low
enough that smaller beams will not be required for spectrum
conservation through additional frequency re-use.

CANADIAN ASTRONAUTICS LIMITED
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"o NASA HAVE FUNDED A NUMBER OF STUDIES CONTAINING'

MISSION MODELS TO DERIVE!
0 TRANSPONDER REQUIREMENTS FOR FIXED
SERVICES (POINT TO POINT)
0 OVER THE NEXT TWENTY YEARS

0 FOR BOTH MULTIFUNCTION PLATFORM & 30/20 GHz _
PLANNING PURPOSES :

o - THE MAJOR STUUIES WERE CONDUCTED BY

0 SPACE PLATFORMS '

 COMSAT
FUTURE SYSTEMS: INCORPORATED
AEROSPACE CORPORATION -
GENERAL DYNAMICS/CONVAIR

0 30/20 GHz
0 WESTERN UNION

o O O O

0 ITT

o -MOBILE AND BROADCASTPAYLOADS
O INCLUDED IN MOST MSP CANDIDATE
PAYLOAD LISTS |

0 NOT STUDIED IN SAME DEPTH AS
POINT TO POINT

CANADIAN ASTRONAUTICS LIMITED
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'3.3.2 1Individual Market Studies

Future Systems Incorporated (FSI)

FSI have produced a number of satellite service
requlrement forecasts based on demographic and economic
indicators and service use correlation factors. One
such forecast is contalned(ln)a cost trade study they’
performed in 1979 for NASA 79 , and their work has al%o
been heavily relied upon by ?he Aerospace Corporation
and General Dynamics/Convair in the conduct of their
geostatlonary platform studles.

The FSI study provides a forecast of U.S. point-
to-point telephony and data traffic. Video services .
were excluded on the grounds that they would not be
carried on MSP's. The two sets of traffic estimates
were obtained by separate means.

The telephony traffic model was developed using
correlation factors derived from historical data, and
subsequently applied to forecasts of future population -
and GNP. FSI have found that GNP per telephone is a
factor which is nearly uniform for all countries at
similar levels of economic development. This factor was
coupled with another known one, the ratio of long distance
calls per telephone, to derive the ratio of long distance
calls per unit GNP. This correlation factor was applied
to estimates of future population and GNP per capita to
predict the volume of long distance telephone traffic.
This was then converted to the number of trunks reguired
using statistics on average call duration and number of

channels per trunk. The 'capture fraction', or portion of

this total service which would be carried by satellite,.
was estimated from a comparison of the economic break-even
point (distance) between terrestial and satellite trans-

mission, and the distribution of long distance calls versus

distance. The final conversion was to the number of
'equivalent 36 MHz transponders' required to handle the
traffic, based on a capacity of 1000 half circuits per
transponder. '

Because data transmission is a new service for which
the above method ¢annot be applied, market forecasts must
‘be used. FSI chose to base their estimates on .an SBS
‘market survey described in a 1976 FCC filing. -For purposes
of digital data transmission, an equivalent 36 MHz trans-
ponder was assumed to be capable of handling 64 Mbps.

Four sets of traffic predictions are shown opposite:
the FSI study numbers, and those in' the two other reports
which relied heavily on FSI data. Note that one set
expllc1tly includes a Canadian model.

The fourth set of data is labelled 'FSI-Update'.
This yegr?sents the results of a recent (March 80) FSI
study which has reworked the estimates based
on more recent information. The study results are
stated to be contingent on the development of high
capacity advanced satellites of the type described in
the report (387 equivalent 36 MHz transponders, 4440 kg,
11 kW). The study report has been recently received,
and not yet analyzed in detail.

A o~
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o FSI ESTIMATED, FOR UNITED STATES NOMESTIC COMMUNICATIONS

0 TELEPHONY TRAFFIC. USING DEMOGRAPHIC & ECONOMIC ‘
FACTORS ’ : ‘ :

_ o DATA TRAFFIC USING AN- SBS MARKET SURVEY ,
o THEIR STUDY EXCLUDED VIDEO TRAFFIC FROM CONSIDERATION
o RESULTS BASED ON THEIR METHODS ARE:*
| YEAR 1980 1985 - 1990 1995 - 2000
Fst sTUDY (REF.79 ) 108 298 Ug5 665 890
Fs1 UPDATE (Rer, 30) 73 313 734 1128

AEROSPACE CORP'N . o : B43 900 1260I

stupy (Rer. 71 ) - (55 vip) (75 vip) (105 viD)

GEN. DYNAMICS - uss 574 688 -
stupy (REF. 29 ) - . e .
~'CANADIAN e S | \QZ.‘I- L59_ 71

0. BOTH AEROSPACE & GENERAL DYNAMICS STUDIES INCLUDE e
VIDEO DISTRIBUTION , ‘ ‘

0 CAPTURE FRACTIONS: FSI - 8% OF TELEPHONY OvER 500 NI
AEROSPACE - 10% OF TOTAL CIRCUITS
G-D/C - UNDEFINED

0 *CAPACITY DEFINED IN TERMS OF 'EQUIVALENT 36 MHz
TRANSPONDER ' |

-0 1000 HALF circulTs (voICE)

OR O 64 mBps (DATA)
OR O 2 CHANNELS (VIDEO)

0 BOTH ORIGINAL FSI STUDY & AEROSPACE PREDICT 7%
GROWTH IN 1990's, 6-D/c PREDICTS U7
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COMSAT Laboratorles

COMSAT Labs performed a Geostationary Platforms(75)
Mission and Payload Requirement Study:  for NASA in 1979
Its main objectives were to identify time-phased missions
and payloads for potential accommodation on geostationary
platforms, and to identify the engineering requirements
placed on the platform housekeeping elements by selected
payloads.

The study was aimed more at determining the- technical
parameters of the potential MSP payloads than the actual
capacity requirements. The parameters were obtained from
a detailed user survey, which contained one.question
related to capacity. The respondents were asked to esti-
mate what portion of the total communications marketplace
would be served by satellites in 1984. The results of /
approximately 25 gquestionnaires were consolidated, and a
'most probable' estimate derived for each service. These
were then extrapolated to 1989. It was the intent that
the actual transponder requirements be established by
applying the capture fractions thus arrived at to the total
communications ma egs be%g? estlmated as part of the
30/20 GHz Studies (13,714,768

The 'capture fractions' are higher than those
estimated by FSI. _

CANADIAN F?STRONF)UTICS LIMITED
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COMSAT" LABS

O USED A

O.

0

0 .THE E’STIMATED'CARTURE FRACTIONS ARE:

@] @] o o,

RANK MISSIONS IN ORDER OF "IMPORTANCE

'CARD SELECTION’ FORM OF USER SURVEY TO

n

ESTIMATE WHEN NEW SERVICES WOULD BE .
INTRODUCED

DETERMINE MAJOR TECHNICAL PARAMETERS
ESTIMATE THE MARKET SHARE ( CAPTURE

FRACTION ")

1984 1989

TELEPHONY . o 0m 252
NETWORK TV & caTv 907 973
HIGH SPEED DATA & EFT ~ 108 359
OTHER DATA (INc." 'Qﬁf - 35% _r‘iZSS%_

TELECONF)
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Western Union

Western Union(73’ﬂ” was one of two contractors who
developed satellite fixed communications system service
demand assessments for NASA in 1978-79. The stuqy was
simed at determining the need for 30/20 GHz services,
but its basic mission model is equally applicable to an
MSP service demand study.

The model was derived in a bottom-up fashion. A
detailed literature survey was used to develop a data
base of both current communications requirement levels:
and market trends/forecasts. The inital results were
discussed with government, university and industrial
(communications and market research industries) experts,
and suitably modified. A set of market forecasts were
then developed using computer modelling, with "high",
"low", and "expected" scenarios being produced. The

'expected' case, which was based on lower risk, predictable

events and 'normal' levels of growth was used as the
baseline forecast. This forecast was then further modi-
fied by the application of market determinant and cross
impact factors to yield what was defined as the "impacted
baseline forecast". The application of distance-related
constraints to this model produced the net long haul
traffic forecast.: ‘

‘This forecast was converted to a "net addressable

satellite market demand" by applying three sets of criteria

(user/usage characteristics, technical considerations,

terrestial/satellite cost crossover) to arrive at potential
( = "addressable") capture fractions. These were converted
from the basic communications units (e.g. half-circuits for-

voice) to number of transponders by assuming a transponder

bandwidth of 36 MHz for 1980, and 50 MHz for 1990 and 2000.

This assumption takes into account both the introduction
of wider bandwidth transponders at Ku and Ka band, and
(implicitly) the introduction of improved bandwidth
utilization techniques. '

CANADIAN ASTRONAUTICS LIMITED
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THE WESTERN UNION STUDY FLON WAS:

Y 10 PREDICTABLE*©

-0 LITERATURE-SURVE EVENTS

A'BASELINE‘
MARKET

O INTERVIEWS
0. COMPUTER MODELLING O NORMAL

GROWTH

FORECAST

| 0 REGULATORY ENVIRONMENT
0.NEW SERVICES
0 -TECHNOLOGY DEVELOPMENTS
0 SOCIO/ECONOMIC FACTORS

O PRICE"- ELASTICITY

- O DISTANCE - ;
.. NET LONG - t< ~ IMPACTED |.
7| HAUL FORECAST L. CONSTRAINTS__ | BASELINE |

| ; ' FORECAST .

0 USAGE CRITERIA
0 TECHNICAL CRITERIA
{0 COST CRITERIA | |
TNET ADDRESSABLE. ADDRESSABLE! ’
SATELLITE MARKET! MARKET IN |
DEMAND . O CONVERSION , EQUIVALENT: -

| TRANSPONDERS:

[RS

Lol - - [P, N

ey

Yol

FACTORS

'THE RESULTANT 'ADDRESSABLE MARKET” TRANSPONDEP REQUIREMENTS{N

AND CAPTURE FRACTIONS ARE

1980
VOICE 346 (16%)
DATA 6 (437)
VIDEO - 72 (45%)
L4

TOTAL

54

2000;

1990 |
630 (18%) 1862 (21%)
- 42 (467> 201 (53%)
157 (62%) 258 (72%)
829 2321
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International Telephone and Telegraph (ITT)

17t 7477 was the other contractor providing
30/20 GHz market assessments for NASA, and they also
developed their model from the bottom up, in a method
very similar to that used by Western Union.

The study commenced with' a data base developed from .
a literature survey and series of interviews. For the.
mature services, correlating demographic and economic trends
were used to project telecommunications traffic levels,
which were then adjusted for the impact of regulatory trends.
Traffic models for new or rapidly changing services were
developed using studies, and estimates .of such factors as
business document flow, travel replacement, and the substi-
tution of electronic means for hard copy in data filing and
transmittal. All projections were in user oriented units.
Distance factors were then applled to produce a long
distance trafflc model.

At this point all traffic projections were converted
to common units (terabits/yr), to allow easier comparison,
and in recognition of the fact that most transmission would
be digital in the time frame of interest. Because capacity
must be provided for the maximum expected loading, estimates
were made of the relevant peak/average ratios. A series
of technical and economic analyses were performed to arrive
at satellite capture fraction estimates. The results were
presented in terms of 'digital equivalent transponders',6 a
unit which was derived to account for improved modulation -
and access techniques. The assumed capture fractions for
the various services are similar to those of Western Union.
However, the net transponder requirements are significantly
less, even when converted to common throughputs. The ITT
data projections are much higher than WU's, but this i1s more -
than made up for by a relatively low (in comparison)
telephony requirement. : ‘

CANADIAN ASTRONAUTICS LIMITED |
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[TT ASSUMED DIGITAL TRANSPONDER THROUGHPUTS OF - -

0 42 MBPS IN 1980,(c0NSERVATIVE) :
o 72 mPs IN 1990 |
o 108 MBPS IN 2000

THE TRANSPONDER REQUIREMENTS AND CAPTURE FRACTIONS ARE

1980 1990 - 2000

vorce. - 21 (@ 2505 475 (25)
pATA 51 355 (50) 438 (60)
VIDEO 35 (50) 110 (60) 210 (60)
TOTAL 61 60 - 1l

EQUIV TO WU (WU VALUE) 558‘(829) '-1364 (2321)

0 CONVERTED USING wu THROUGHPUT = 89" MBPS -
IN 1990 & 2000 -

CANRDIAN ASTRONAUTICS LIMITED .
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3.3.3 Relatlonshlp of the U S. Models to the Canadlan
Mission Model

Because of the strong similarity between the Canadian
and U.S. economies and lifestyles, it would appear reasonable
to assume that the two sets of communications markets .
would also be similar if suitably scaled according to popu-
lation. Canadian business communications are less well
developed than those in the U.S., largely because of the
difference in scale, but the lower population density would
conceivably partially compensate, putting more of the traffic
on satellites. ' A similar compensatory situation exists in
the video field, where the CATV feeder service has grown
rapidly in the U.S., but not in Canada, primarily because of
differences in regulatory and institutional aspects. The
compensating factor in this case is the heavier Canadian
use of satellites for network trunking. Consequently, it.
is assumed that potential Canadian transponder requirements
are roughly 10% of those in the U.S. This is consistent
with the General Dynamics' model. ‘ :

' The comparative values for all the referenced models
are listed opposite. The totals contain telephony, data
and video distribution services, but no direct broadcast.
All results have been converted to a'common basis of
'egquivalent 36 MHz transponders'

The Canadian planners' and users' estimates are below
even the G-D/C model values, which are themselves the lowest
of the U.S. sets of estimates. This implies that the
Canadian mission model derived during the study is relatively
conservative, and there is room for significant expan51on
beyond that foreseen.

The range of predictions among the U.S. studies is
noteworthy. The three 'primary' references (most detailed
stand-alone studies) are the Western Union, ITT and FSIT
reports, which show a range of. 250% to 350% between the low
and high estimates. Even the two concurrent studies based
on the same statement of work (WU and ITT) show a 50-70%
variation. This serves to highlight the difficulty in
projecting traffic requirements even ten years ahead of
time, a factor which must be taken into consideration in
satellite system design: there must be enough built in
flexibility to accommodate growth and/or changes in demand
which arise during the system's lifetime. ' '
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COMPARATIVE SURVEY RESULTS

YEAR | 11980

STUDY -
Wy - L4
ITT ~ b1
st’<&o VIDEO) 108
FSI-UPDATE .~ | 73
AEROSPACE

G=D/c
6-D/c (cAN)

CAL STUDY

0 PRESENT (cAL) sTuDY VALUES INCLUDE 3.5_TRANSP0NDERS
FOR POTENTIAL ADDITIONAL SERVICES IDENTIFIED BY =
USERS, BUT EXCLUDE TVBS FOR CONSISTENCY WITH OTHER

SURVEY RESULTS,

58

1985

298

513

_,29

1930
151

165

73l
643

‘455'-
7

37

‘_1995“  :_zdoo o
328
- 1897
l665 x.”890'
2
90 1260
Csm e
s - .
B ‘
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3.4 Baseline Mission Model for Configuration Studies

A specific set of payload configurations meeting
the requirements of the mission model were defined, and
. used to produce two strawman versions of potentlal
Canadian MSP's

The purpose of doing this was twofold. Basic
‘mission timing compatibility had already been determined,
but not the technical feasibility of combining all the
payloads on one platform. This feasibility could only be
ascertained by defining the payload configurations and
support requirements, and matching them to the capabilities
of the technology expected to be available at the time. 1In
addition, it was felt that the actual exercise of defining
some strawman configurations would yield valuable insight
into the types of problems likely to be encountered, and
trade-offs which would have to be made, durlng an actual
platform design.

The payloads were sized to meet the 1995 requirements
of the mission model, since there were no substantive
estimates of the requirements beyond that time. Preliminary
link calculations were performed to define the RF power
requirements. It was assumed that the spacecraft would be
launched in the late 1980's and would have an 8-year design
life. It was also assumed that the platform would be fully
deployed and checked out in low Earth orbit before being
boosted to geosynchronous altitude by a low thrust OTV
(Centaur derivative - 4700 Kg capability).

The next five charts show the basic parameters for
each payload. Preliminary link calculations are presented
in Appendix C. :
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BASELINE MISSION MODEL:

0 WHAT
O CANDIDATE SET OF PAYLOADS

O MEETING IDENTIFIED TRAFFIC REQUIREMENTS
oF 1995

0 - WHY
O DETERMINE BASIC TECHNICAL EEASIBILITY OF
A CANADIAN MSP

W.R.T. O. MASS

0 POWER |

O ORBIT SLOT REQUIREMENT
CONTRAINTS -

0 DEVELOP STRAWMAN CONFIGURATIONS

0 CONFIRM FEASIBILITY
0 HIGHLIGHT DESIGN CONSTRAINTS,
TRADE-OFFS o
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The low UHF payload provides land and sea mobile
service to the military. The antenna pattern selected was
one of two options presented; the other was full coverage
of the visible portion of the Earth. The choice of limited
coverage over global was based on a desire to include the .
more constraining of the two configurations, not the one
considered most likely.
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.240-400 MHz BAND PAYLOAD PARAMETERS

0 CAPACITY |
0 4 MHz ToTAL BANDWIDTH
0 SCPC/DAMA OPERATION

0 COVERAGE
0 ALL CANADA & COASTAL ZONES
0 SINGLE BEAM |
0 18M DIAMETER, DEPLOYABLE MESH ANTENNA

O OUTPUT STAGES
' 0 FULLY REDUNDANT SOLID STATE AMPLIFIER
o 0.5 w PER LINK, UP TO 50 IN PARALLEL

-0 MASS POWER ESTIMATES

&

‘0 30 K6 REPEATER » ,

0 90 ke ANTENNA (REFLECTOR & FEEDS)
0

100 WATTS DC POWER TO -PAYLOAD

6o CANADIAN ASTRONAUTICS LIMITED.



The high UHF payload provides civilian land mobile
service. The payload configuration is based on the
survey results, and does not reflect the configuration
studies being conducted by DOC in mid 1980.
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806-890 MHz BAND PAYLOAD PARAMETERS

0 CAPACITY |
0 15 MHz TOTAL BANDWIDTH
0 SCPC/DAMA OPERATION |

0 COVERAGE
0 ALL CANADA |
o 24 oF 1° spoT BEAMS
0 26 M DIAMETER, OFFSET FED MESH PARABOLA

O OUTPUT STAGES |
O FULLY REDUNDANT SOLID STATE AMPLIFIER
0 6.5 W MAXIMUM PER AMPLIFIER, 1 AMPLIFIER/BEAM

0 MASS & POWER ESTIMATES
0 225 K6 REPEATER |
0 250 KG ANTENNA (REFLECTOR AND FEEDS)
-0 400 wATTS DC POWER TO PAYLOAD

4 CANADIAN ASTRONAUTICS LIMITED
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The L-~band payload is interoperable with the '
INMARSAT system. The Canadian landmass is also covered
to allow for the possible development of aeronautical
mobile service.

R
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L-BAND PAYLOAD PARAMETERS

0 CAPACITY |
o 1 MHz ToTAL BANDWIDTH
0 SCPC/DAMA OPERATION

0 COVERAGE
0 ALL CANADA & COASTAL WATERS
0 SINGLE BEAM | ‘
0 7 M DIAMETER, DEPLOYABLE MESH PARABOLA

0 OUTPUT STAGES
0 FULLY REDUNDANT SOLID STATE AMPLIFIER .
0 1 WATT PER CHANNEL, UP To 50 IN PARALLEL

0 MASS & POWER ESTIMATES
0 55 KG REPEATER N
-0 U5 ke ANTENNA (REFLECTOR & FEEDS)
0o 200 wATTS DC POWER TO PAYLOAD
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The C-band payload provides the point-to-point '
services defined earlier plus the central station backhaul
for the mobile services.
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6/4 GHz PAYLOAD PARAMETERS

0 CAPACITY
| 0 24 CHANNELS TOTAL
0 EACH CHANNEL 35 MHz USABLE BANDWIDTH
0O MIXED OPERATION (TDMA,'FM/FDM/FDMA)

0. COVERAGE
| 0 REGIONAL BEAMS FOR VIDEO: 4 oF 20 x 3°
O ALL CANADA FOR TELEPHONY/DATA A
0 3 M DIAMETER, OFFSET FED PRECISION PARABOLA

0 OUTPUT STAGES
0 TWTA
0 30 TUBES FOR 24 CHANNELS, RING REDUNDANCY
0 5 WATTS PER TUBE, ALL 24 OPERABLE EOL =

0 MASS & POWER ESTIMATES
o 115 K6 REPEATER
0 40 K6 ANTENNA (REFLECTOR & FEEDS)
0 360 WATTS DC POWER TO PAYLOAD

CANADIAN ASTRONAUTICS LIMITED
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The performance parameters of the Ku-band system
provide significant margins for the fixed services. The
direct broadcast performance is adequate for the 1.5-1.8 m
diameter TVRO antenna systems predicted to be the standard
by those surveyed. However, the EIRP is lower than the
currently discussed 54 dBW EOC, and will not support a
 TVBS system using 80 cm - 1.2 m earth stations.
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14712 GHz PAYLOAD PARAMETERS

0 CAPACITY
0 25 CHANNELS TOTAL |
0 EACH CHANNEL 54 MHzZ USABLE BANDWIDTH
‘0 MIXED OPERATION (TDMA, FM/FDM/FDMA)

O COVERAGE
O ALL CANADA, MADE UP OF 4 REGIONAL BEAMS
0 2 M DIAMETER, OFFSET FED PRECISION PARABOLA

0 OUTPUT STAGES
0 TWTA o
0 30 TUBES FOR 25 CHANNELS, RING REDQNDANCY
0 50 WATTS PER TUBE, ALL 25 oPéRABLE EOL

0 .MASS & POWER ESTIMATES

0 240 kG REPEATER
0 30 kG ANTENNA (REFLECTOR & FEEDS)
0 3125 WATTS DC POWER TO PAYLOAD

CANADIAN ASTRONAUTICS LIMITED
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The basic payload parameters are combined in this
chart. It is seen that the mass and power requirements
are modest compared to those in early studies of large
geostationary platforms (approximately 6000-10000 KG, 10's
of kW). Estimates were made of the deck mounting area
required for each payload, and north-south facing heat
rejection area requirements.
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SUMMARY OF -CANDIDATE PAYLOADS

0 PAYLOAD PARAMETERS wass (ke)
barLosn ANTENA  ANTENNA REPEATER .ATOTAL_
LOW UHF 18 80 10 30 120
MiGH UWF 26 150 100 - 225 475
L-BAND 7 25 20 55 100
c-ea0 3 25 15 115 155
KU-BAND Wi 15 15 240 270
| | 1120 ks
0 SUPPORT REQUIREMENTS CONSIDERATIONS - o
POWER (W)  aea (WD)
PAYLOAD DC_IN - RF OUT MOUNTING - HEAT REJ'N
LOW UHF 100 25 2 A |
HIGH UWF 400 155 a 1.3
L~BAND 200 50 28
C-BAND 360 120 5. 1.3
KU-BAND 3125 125 . 6. 10,
TOTAL 4185 1600 12,1 13.8
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4,0 TECHNOLOGY OF MULTIFUNCTION SPACE PLATFORMS

4.1 - Introduction

The development of the multifunction space platform
concept can be traced to a series of study efforts under-
taken by NASA in the early 1970's to define desirable.
directions for the space program during the last quarter
of the century. :

One of those studies was conducted by the Aerospace
Corporation, and the results were publicly presented in mid
1976 (2). The goal of the study was to determine areas
in which industrial exploitation of space could occur in the
period 1980-2000. The guidelines were to assume that weekly
launches, on-orbit maintenance and continuous manned opera-
tion would become routine. The concepts were presented
purely as potential applications requiring only reasonable
extrapolation of existing technology, -and operation based on
known principles. It was intended that the publication of
the concepts would stimulate further lnnovatlon and technical
and economic discussions. -

Satellite communications was one of the fields studied.

The technology limitations which had restricted early commu-
nications satellites to being purely simple repeaters were
foreseen to disappear in the near future, and with them the
concept of a complex earth segment and simple space segment.
'Technology inversion' was advocated, with large, powerful,
and complex satellites being used to interconnect very many -
tiny, extremely low power terminals on the ground. It was
predicted that such a system would not only expand the capa- .
bilities of the overall communications system in terms of
volume and type of service offered, but would do so at lower
cost than present systems, because of the large number of
significantly cheaper user terminals. A number of potential
uses of such a system were presented, including personal
communications (portable terminals), electronic mail, data
collection, and data retrieval (Telidon-type systems).

. CANADIAN ASTRONAUTICS LIMITED
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THE MULTIFUNCTION SPACE PLATFORM CONCEPT WAS DEVELOPED

~ IN EARLY 70"s NASA STUDIES

O TO DEFINE SPACE SYSTEM CONCEPTS WITH OIENI Al
UTILITY IN 1980-2000

0 TO»EXTRACT_FROM THE CONCEPTS LIKELY NEEDS FOR

~ 0 TRANSPORTATION
0  OPERATIONAL FACILITIES
O SUPPORT BASES

THE TECHNOLOGY INVOLVED WAS

0 A REASONABLE,EXTRAPOLATION OF THAT EXISTING.AT .

THE TIME.
0 BASED ON KNOWN PRINCIPLES ‘ :
| L (2)
O ANTICIPATED TO EVOLVE RELATIVELY QUICKLY:
) NEAR-TCRM MID-TERM T RARTERM
195 1980 iots 1990 1945 2000 gy
Y Y
Low-Earth Ortst Shytte i :
Transpontation N . Cheryical LLV .
vecles Lo oiiafee e - JSS IR RO . ueruyy?
1- IIIEXF‘ENg LES
Hign-Ocilt Transted us F\il Tug A
Transporation |/ a Largy Tug .
Vehicles 5P A L rquSEPS Al
Manned Tug Clpsuie . Nuctear |7
k.
Shikile-4tached
Qroutai Manpupator .
q;er,hom Automaied Sqrvicing Unit
Vehictes . Manned Serpicing Unit
" ‘ Fefs-Flying {alecperalar,
Spacglay A
Oroutas Universal Upmanned Test Shiette -
Suppant . ISIF{BYS)
faailities A}semnl and Mainienance \_!a_rd _____ -
\varenouse any(fzorication Plnt  Permandnd Reseatyn Ly

COMPLEX, POWERFUL COMMUNICATIONS SATELLITES WERE IDENTIFIED
AS ONE SUCH CONCEPT. THE MAJOR NEW ELEMENTS W.R.T. CURRENT
SYSTEMS WOULD BE: o

O TECHNOLOGY INVERSION
O EXPANSION OF SERVICE
O INTERCONNECTION OF SERVICES
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One year after publication of the NASA study results,
the Orbital Antenna Farm (OAF) concept was presented()
This particular version was developed at Comsat Labs, and
is usually thought of as the original multifunction space
platform. : :

A system comprising five OAF's was projected to be
capable of meeting most of the global communications needs
as early as the 1990's. One spacecraft in the constellatlon,
the 'OAF Americas' was studied in more detail, in order to
estimate the number and configurations of the payloads, and
the types of support services required. This satellite was
to carry payloads capable of serving 17 communications
missions, to have a beginning of life mass of 6500 kg, to
require 20,000 watts from its solar panels and to have a
battery capac1ty of 18,000 watt~hours. The OAF Americas
satellite would be llnked to other large OAFs using inter-—
satellite links at frequencies too high to be useful for

satellite to earth links. :
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TECHNOLOGY LEVELS REQUIRED FOR OAF's

O COMMUNICATIONS

0.
0.

0 PLATFORM

LARGE, MULTIBEAM FREQUENCY REUSE ANTENNAS .

ON-BOARD 0 DEMODULATION
BASEBAND SWITCHING

'BIT REGENERATION |
ERROR CORRECTION CODING

o O O

LARGE, LIGHTWEIGHT STRUCTURES

LOW COEFFICIENT OF THERMAL EXPANSION MATERIALS
THERMAL CONTROL SYSTEMS CAPABLE OF HANDLING A
WIDE RANGE OF DISSIPATIONS ,

~ CENTRALIZED POWER ANAGEMEN SYSTEM

ACS CAPABLE OF MAINTAINING PLATFORM POINTING'
10 0.1° :
HIGH CAPACITY, ADAPTIVE TELEMETRY % COMMAND

ON-BOARD COMPUTERS: CENTRAL MINI & DISTRIBUTED -
' ' .MICROS‘

0 AUXILIARY SYSTEMS

0

0]
0

ON-ORBIT SERVICING - 'DESIRABLE’
0 MODULARITY
0 SPACE TUG/TELEOPERATOR
ON-ORBIT CONSTRUCTION TECHNIQUES
HEAVY-LIFT 0TV'S

0 TECHNOLOGY PREDICTED TO EXIST BY 1990's

0

o O O O

ADVANCED PROPULSION & POWER SYSTEMS

- HIGH-ENERGY-DENSITY FUEL CELLS

FLYWHEEL ENERGY STORAGE
ELECTRIC PROPULSION
WELL DEVELOPED ON-BOARD DATA PROCESSING
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Even though the early proponents of MSP's predicted
that they could be operational as early as the 1990's, they
did recognize that many technical problems would have to
be overcome for this to happen. The major areas in which
development was required were recognized by even the(3l4 9)
‘visionaries. In addition, a number of other authors ™ '™7’
have pointed out further technical challenges to the concept,
as well as some basic disadvantages relative to:individual
satellite systems. ’

The technical challenges can and will be met as the
need arises, although the evolution of MSP technology will
likely be much slower than originally forecast. The generic
problems are some of the parameters which must be weighed
against the advantages already stated for platforms-when
performing the detailed trade-off studies before committing
'to a specific system. Their existence does not preclude
the development of the technology, but will strongly
influence where, when and how it is applied.
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SOME OF THE MAJOR IDENTIFIED TECHNICAL PPOBLEMS RELATED TO
LARGE MULTIFUNCTION PLATFORMS ARE:

"GENERIC' PROBLEMS

0

0

0

0

A COMPROMISE ORBIT SLOT MUST BE CHOSEN VS OPTIMIZING
EACH SATELLITE'S LOCATION IN 'CONVENTIONAL' SYSTEMS

THE REQUIREMENTS OF THE INDIVIDUAL PAYLOADS ON BOARD
MAY DIFFER IN THE FOLLOWING CATEGORIES

O -ORBIT SPACING
STATIONKEEPING
ATTITUDE CONTROL
LIFETIME

GROWTH CAPABILITY

OOOO

VULNERABILITY OF MANY PAYLOADS TO FAILURE OF THE BUS

- TECHNICAL CHALLENGES.

DEVELOPMENT OF LARGE MULTIBEAM FREQUENCY REUSE
ANTENNAS

DEVELOPMENT OF FAST, HIGH CAPACITY SWITCHES
PROTECTION AGAINST RFI/EMI

DEVELOPMENT OF SOPHISTICATED & FLEXIBLE TELEMETRY
AND COMMAND SYSTEMS

DEVELOPMENT OF IMPROVED ATTITUDE CONTROL SYSTEMS
DEVELOPMENT OF IMPROVED POWER MANAGEMENT SYSTEMS
DEVELOPMENT OF THERMAL CONTROL SYSTEMS CAPABLE OF
HANDLING LARGE & VARIABLE LOADS

DEVELOPMENT OF HIGHER PERFORMANCE (LARGER CAPACITY,
LOW THRUST) 0Tv'S

DEVELOPMENT OF COST EFFECTIVE LIFETIME EXTENDERS
(I