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IN T R O D U C T IO N

As in every other year since 1969, the International Telecom m unication 
Union organized the “ Space and R adiocom m unication” sym posium  which 
took place on M onday, 28 M ay 1973 in connection with the In ternational 
A ir and Space Show. This third sym posium  was held under the distin
guished patronage o f M r. H ubert G erm ain, the French M inister o f Posts 
and Telecom m unications, who presided over the opening meeting.

The them e for 1973 was “ Space radiocom m unications after the decisions of 
the IT U  second W orld A dm inistrative R adio  C onference for Space Tele
com m unications, G eneva, 7 June—17 July 1971” .

M ore than  a hundred international specialists attended the lectures which 
gave rise to  sustained discussions under the guidance o f the D eputy 
Secretary-G eneral o f the ITU , M r. R ichard  E. Butler.

The program m e for tha t day as well as the texts o f the lectures are given 
below.

The fourth “ Space and R ad iocom m unication’’sym posium  will be held in 
principle in 1975—on Friday, 6 June—in conjunction with the 31st In ter
national A ir and Space Show at Paris-Le Bourget.
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Programme of the third symposium “ Space and Radiocommunication”, 28 May 
1973

1000 h Official opening o f the symposium

Opening address by Mr. H. GERMAIN, French Minister of Posts and Telecom
munications .....................................................................................................................5

Address by Mr. R. E. BUTLER, Deputy Secretary-General of the ITU • ■ 8

The introduction of digital techniques in satellite telecommunication systems
•  D. LOMBARD, Telecommunications Engineer, CNET, F rance..................12

Satellite broadcasting in the context of communication planning
•  E.L. SOMMERLAD, Chief, Division of Communication Research and Plan

ning, U N E S C O ..................................................................................................... 24

The decisions of the World Administrative Radio Conference for Space Telecom
munications, 1971 and ESRO’s Programmes
•  G.F. BLOCK, Engineer, Technical and Industrial Policy Division, ESRO

311230 h End o f morning session 

1500 h Start o f  afternoon session

Space radiocommunications in the service of man
•  B. MANUALI, Chief, Applications Programmes Division, Programmes and 

Industrial Policy Directorate, CNES, F ra n ce .................................................41

United States experience resulting from the WARC-ST (1971)
•  W. DEAN, Jr., Assistant Director, Frequency Management, Executive Office 

of the President, Washington, D C ...................................................................65

Space radiocommunications following the decisions of the second World Admi
nistrative Radio Conference for Space Telecommunications (Geneva, 1971)
•  P. MAGNE, directeur technique, Division des faisceaux hertziens . . . .  75

•  B. BLACHIER, Bureau spatial. Division des faisceaux hertziens, 
Thomson-CSF, F ran ce .......................................................................................... 75

1800 h End o f symposium

Closing speech by Mr. R.E. BUTLER, Deputy Secretary-General of the ITU
84
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OPENING OF THE SYM POSIUM

Opening address by 
Mr. H. G E R M A IN  

French Minister o f  Posts and Telecommunications

F rance is glad to  welcome all the participants in this sym posium . I am  per
sonally very happy to  be acting as its C hairm an.

In connection with this Show concerned with aeronautics and space, the
them e o f this sym posium  “ Space and rad iocom m unication” is a p a r
ticularly happy choice:

— when thinking o f international com m unications, it is now quite natural 
to  think o f space,

— this shows the ground th a t has been covered since the first operational 
telecom m unication satellite link in 1962,

— at the present time, two satellites routing a to ta l o f  3500 circuits connect 
us with other continents,

— there is now talk o f  satellites for links within one continent, and even 
within one country  (C anadian , U nited States, E uropean satellites),

— other satellite uses are com ing into being—navigation, radio  and tele
vision, m eteorology,

— all these users have to share tw o non-extensible com m on properties: the
geostationary  orbit and the radio-frequency spectrum ,

— hence the necessity o f such sym posia, with a view to optim um  utili
zation.
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F urtherm ore, I wish to pay a tribute to the oldest intergovernm ental organi
zation, which I regard as a model:

— the ITU  is over a hundred years old, having been set up here, in Paris, 
in 1865;

— it is nevertheless more active than ever, since it keeps pace both with 
ever more rapid advances in technology and with m ankind’s 
ever-increasing requirem ents in com m unications—thus, the num ber of 
telephones has increased tenfold in thirty  years and now stands at 300 
million;

— the ITU  consists o f 146 countries, representing all regimes and 
ideologies. It has been able to rise above political quarrels, remaining 
faithful to its twofold objective:

— the development o f telecom m unications throughout the world, with 
special reference to international links,

— extension o f co-operation btween countries with regard to all types 
of telecom m unications;

Mr. Hubert Germain, French M inister o f  Posts and Telecommunications, addresses the parti
cipants. On his left, Mr. Serge Dassault, Commissioner-General o f  the International A ir  and  
Space Show. On his right, Mr. R ichard E. Butler, Deputy Secretary-G eneral o f  the In ter
national Telecommunication Union, and  Mr. Louis-Joseph Libois, D irector-General o f  Tele
communications at the French M inistry o f  Posts and  Telecommunications
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— under the distinguished direction and im petus of its present 
S ecretary-G eneral, Mr. Mili, supported by all the senior officials o f the 
G eneral Secretariat and o f the C onsultative Com m ittees, the ITU m ust 
continue its work. It should be noted th a t the P lenipotentiary 
Conference, the suprem e organ o f  the U nion, is to meet in Septem ber of 
this year.

O ur country  has associated itself with the two objectives o f the ITU:

— we are participating  actively in the developm ent o f the world telecom 
m unication network, both through such organs as IN T E L SA T  and 
through m ore specific action, exemplified by T A T -V I, or the future 
cable between F rance and the United K ingdom ;

— in the area o f  co-operation, m ention should be m ade o f our activities in 
M exico, the People’s Republic o f Poland and Africa.

Telecom m unications have a fundam ental p art to  play in bringing all 
countries closer together and in developing m utual understanding and a 
sense o f belonging to  the sam e com m unity, the com m unity o f m ankind.

(O riginal language: French)
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W elcom in g address delivered by M r. R .E . B U T L E R  

D ep u ty  Secretary-G eneral o f  the IT U

M onsieur le ministre,
M onsieur le com m issaire general du salon,
M esdam es et messieurs,

I should like to thank  you very m uch, M onsieur le ministre, for your kind 
words, which em phasize the interest you show in initiatives like these, de
signed to bring about better understanding, or better “ com m unication” , 
between experts in space telecom m unications (designers, developers and 
users) all o f whom have substantial responsibilities to ensure the m ost effec
tive deploym ent o f this new technology to  service m ankind.

This third sym posium  is opening two years after the last W orld A dm inistra
tive Radio Conference for Space Telecom m unications held in G eneva from 
7 June to 17 July 1971.

The second sym posium , held ju st before the Conference, gave participants 
an opportunity  to  express their views and wishes concerning the w ork of the 
Conference.

T hat is why we thought it advisable to  set as the them e for this sym posium  
“ Space and rad iocom m unication” following the decisions o f the ITU  W orld 
A dm inistrative Radio Conference for Space Telecom m unications in 1971.

In 1957, nearly 16 years ago, m an entered upon the space age. V ast hopes 
were placed in the new possibilities tha t the conquest o f space offered to 
m ankind. A lready we take for granted space flights; equally the various 
spin-offs such as the transoceanic and intra-continental telephone, telegraph, 
d a ta  transm ission and television relays, the m ore reliable w eather forecasts
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facilitated by space applications—and not to  overlook the direct and indirect 
benefits to  industrial engineering, health and scientific research for example.

If  we check the accounts for these past 16 years, we see tha t a long distance 
has been covered and th a t the balance is undeniably favourable.

N aturally  the dram atic  break-through with these applications could only be 
arranged with conscientious and realistic international collaboration—indeed 
regulation—in which the In ternational Telecom m unication Union has shown 
its vitality as an organ providing consultation, co-ordination, planning and 
regulation for the orderly integration o f the new technology into the world 
telecom m unication network.

Even ahead  o f  the U nited N ations expression o f its rightful interest in regard 
to fundam ental political and associated legislative fram ew orks concerning 
outer space in the early 1960s, the U n io n ’ s In ternational R adio C onsu lta
tive Com m ittee (C C IR ) was studying the necessary standardization  for the 
effective and efficient application o f space radiocom m unications alongside 
conventional system s—public aviation, m aritim e, broadcasting , radio as tro 
nom y, radio am ateurs, etc.—quite apart from  the exchanges o f  scientific and 
technical d a ta  in the consultative process o f  the Union.

The first W orld A dm inistrative R adio Conference in 1963 established the 
first frequency allocations for space radio services, the technical and co
ordination conditions to  be observed in the establishm ent and operation of 
such services. A t th a t time the accent concerned space applications for com 
m unication satellites (telephony, telegraphy and television distribution), 
space research and satellite aids to  m eteorology.

Subsequently we have seen a virtual explosion in telecom m unication 
requirem ents for all services, an ever-increasing dem and on the uses o f the 
radio frequency spectrum  and a diversity o f potential applications for other 
services which include:

— aviation and m aritim e (for both traffic and navigational purposes);

— the prospects o f direct television reception with its potential dram atic 
contribution to the rem oval o f illiteracy and to social and educational 
progress; and

— the further p rospect o f earth  exploration and environm ental satellites to 
im prove m a n ’s well-being.

The success o f  the second W orld A dm inistrative R adio C onference in m eet
ing the dem ands o f  various service interests canno t yet be truly m easured. 
Its value is enhanced m onth by m onth. The six weeks o f  intensive w ork by 
all the delegations in 1971 following the sustained and collective technical 
preparations by m em ber nations individually and collectively th rough the
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C C IR  have opened up enorm ous com m unication possibilities—undream t o f 
even 15 years ago when the C om m ittee began its orderly study o f appli
cation and integration o f new techniques. F or the innovator, the designer 
and the applications engineer, work can begin on the radio system s o f the 
next decade—with consequent effect not ju s t in space but on mobile and land 
term inals, providing the necessary interfaces—even a contribution to  the 
Third Development D ecade to enable the optim ization of investm ent and 
further econom ic progress.

The papers presented to this sym posium  cover m any m atters arising from 
the second Space Conference and I am pleased to have with me today my 
colleague Mr. A. Berrada, M ember of the U n io n ’s International F requency 
Regulation Board (IFRB ), to join in the discussions on the practical con
sequences of the C onference’s decisions, including:

i) the introduction into the R adio Regulations o f not only new technical 
param eters in the use o f various system s but also detailed co-ordination 
procedures to be observed by the planners o f satellite services, including 
through the IFR B , the effective and efficient use o f the radio spectrum ;

ii) use with equality o f rights o f radio frequency bands;

Hi) no perm anent pre-emption of the spectrum  (including o f orbital 
positions) for the “ first u se rs” , who have also a responsibility to take 
the necessary practical and technical m easures to enable others to 
establish their planned services at a later date;

iv) a new and very specific principle in providing tha t M em bers establishing 
satellite broadcasting services have a responsibility to take all the techni
cal means available to reduce to the m axim um  extent possible the
radiation of signals over countries unless there has been prior agree
ment;

v) resolutions which foresee further planning conferences and regional 
agreem ents for the planning and operation o f satellite broadcasting ser
vices.

The dem ands for the expansion o f certain fixed and mobile services have 
already led to the suggestion o f an ITU  W orld Conference in regard to plan
ning of certain frequencies to be shared with broadcasting services. O ur 
Adm inistrative Council has decided to  recom m end to the ITU  Plenipo
tentiary Conference, to be held in Septem ber-October o f this year, that such 
a W orld Planning Conference should be convened in the foreseeable future, 
possibly between 1978 to 1980—a further example o f the Union showing 
once again its vitality by looking to the long-term future, meeting the
dem ands closer at hand and enabling sound and orderly technical
preparations, so essential to the successful outcom e o f the Regulatory
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Conferences because o f their significant contribution to the effective appli
cation o f  new technology and the effective use of the huge investm ents con
cerned.

These are a few indications o f a general character to set the curtain o f  our 
third sym posium .

Mr. M inister, it is a g reat honour for me to m eet with you again and to parti
cipate in the opening o f this sym posium  under your patronage.

I appreciate very m uch the substantive contribution that F rance and your 
M inistry have always m ade to the history and progress o f the IT U —right 
from  its form ation, som e 108 years ago, not far from here.

I thank  you for your continued support.

Thus it is with great pleasure th a t I call upon Mr. L om bard o f C N E T  to pre
sent the first paper.

(O riginal language: E nglish)
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THE INTRODUCTION OF DIGITAL TECHNIQUES IN  
SATELLITE TELECOMMUNICATION SYSTEM S

by
D . LO M BARD  

Telecommunications Engineer 
Centre national d’etudes des telecommunications (CNET)

France

1. Introduction

The first satellite telecom m unication system s greatly benefited from  the 
technical experience gained with terrestrial radio-relay systems. They 
therefore used mainly analogue techniques.

A m ovem ent tow ards digital techniques is a t present discernible both in 
terrestrial transm issions and in satellite telecom m unications. Is this another 
case o f the space sector imitating the terrestrial sector, o r is it a developm ent 
prom pted by real advantages? W e shall try  to  provide some answ er to  this 
question by m aking a com parative study o f analogue and digital satellite 
telecom m unication system s. There is no question here o f giving a full 
account o f all these system s, but rather o f describing the characteristics of 
interest for the com parison we have in mind. In doing so, we shall follow the 
historical order: we shall deal first with analogue and digital frequency - 
division multiple access system s, and then with multiple access system s by 
time division. M ultiple access system s by analogue frequency division 
(frequency m odulation) are the only ones at present in use in the 
IN T E L SA T  netw ork; the S P A D E  system , which uses a digital form  of 
frequency-division multiple access (phase-shift m odulation), is in the full- 
scale test stage on an In te lsa t-IV  satellite. Following a num ber o f successful 
feasibility tests, IN T E L S A T  is draw ing up the specification, in preparation 
for full-scale testing, for a  time-division multiple access system.
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2. Frequency-division multiple access (FD M A )

2.1 Definitions

Originally, the expression “ multiple ac ce ss” m eant the possibility for signals 
from  a num ber o f earth  stations to  be amplified in the sam e satellite tran s
ponder.

M ultiple access is said to  be by frequency division when signals o f different 
origin are sent to  the satellite on separate frequencies. The origin o f a signal 
can then be identified by its frequency. In other words, in a frequency- 
division multiple access system , each station emits one or m ore carriers 
tow ards the satellite and all the carriers are amplified sim ultaneously by one 
o f the satellite’s transponders. Such sim ultaneous amplification o f several 
carriers is only possible because satellite transponders used in multiple 
access have no signal limiter. This highly non-linear element, which is 
necessary in radio-relay system s (and even in a non-geostationary satellite) 
owing to the wide range o f levels received, is superfluous in a geostationary 
satellite because, at the frequencies used (4 and 6 G H z), level fluctuations 
are slight. W e shall see, however (2.2), th a t the amplifier itself is non-linear 
and gives rise to  interm odulation noise which increases with the num ber of 
carriers to be amplified.

To reduce the num ber o f  carriers needed to  handle the traffic and to simplify 
the equipm ent o f  earth  stations, it is found preferable to com bine the 
telephone channels for several links in a single multiplex at the earth  station 
transm itter which m odulates a single m ultiple-destination carrier. This 
m akes it possible to  reduce considerably the total num ber o f carriers to  be 
amplified in the satellite’s transponders and im proves transm ission con
ditions. A t the receiving end, there m ust be a receiver for each carrier 
containing telephone channels destined for the station; after dem odulation, 
only these channels are m aintained. O peration  with m ultiple-destination 
carriers leads to  an asym m etrical structure for the equipm ents o f an earth  
station, the num ber o f carriers transm itted  usually being smaller than the 
num ber o f carriers received.

2.2 Intermodulation

The prim ary  power on board  existing satellites is limited. To obtain the 
m axim um  possible rad ia ted  pow er the amplifier unit (travelling-wave tube — 
TW T) o f  the satellite transponder is used in the non-linear p art o f its
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characteristic. In F D M A , the coexistence o f several carriers in a non-linear 
element results in:

1. A reduction of the available output power as com pared with operation 
with a single carrier;

2. The appearance of parasitic frequency com ponents (interm odulation 
products) which, as a whole, behave like an additional noise, called interm o
dulation noise. ( ')  This interm odulation noise, due to the non-linearities o f 
the TW T, is accom panied by the noise due to the am plitude-phase con
version of the TW T, which contains com ponents at the sam e frequencies as 
the non-linear interm odulation noise. (2)

As the num ber of carriers reaching a satellite transponder increases, the two 
phenom ena described above produce an appreciable reduction in its capa
city. As an example, table I shows the capacity  of an In te lsa t-IV  transpon
der (assum ed to be connected to a global coverage transm itting antenna) as 
a function of the num ber of FM  carriers amplified. (3)

Table I — Capacity of an Intelsat-IV transponder 
used with a global coverage antenna

number o f carriers 
reaching 

transponder
transponder

capacity

number o f 
channels 

per carrier

frequency band 
used by carrier 

(MHz)

14 336 24 2.5
7 420 60 5
3.5' 456 132 10
1 900 900 36

1 T h r e e  c a r r i e r s  o f  132 c h a n n e l s  a n d  o n e  o f  6 0  c h a n n e l s .

The data  in table I correspond to configurations in which the carriers are 
assum ed to be o f  the sam e capacity. In practice, this is not the case: it may 
thus be advantageous to adopt frequency plans in which the m ost serious 
interm odulation products fall outside the useful band o f the transponder, so 
tha t they will be filtered out in the satellite. This m ay place certain 
constrain ts on the usable frequency plans.
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3. The SPA D E  system * (PC M /PSK /FD M A )** (4-6)

In IN T E L S A T ’s F D M A /F M /F D M  system (frequency-division multiple 
access/frequency m odulation (of each carrier)/and  frequency-division m ul
tiplexing (of telephone channels)) the minimum available size is 12 channels. 
Since, m oreover, the circuits between two correspondents are perm anently 
established, such a system  is m ost suitable for establishing links of high or 
medium capacity , but is unsuited to the needs o f users who require a large 
num ber o f light-traffic links.

The situation is som ew hat sim ilar to tha t o f telephone subscribers invited to 
lease on a perm anent basis as m any lines as they have correspondents: the 
problem  would be solved m ore econom ically for the small users and for 
their adm inistrations if they were connected to an autom atic exchange. 
IN T E L S A T  has thought about this problem  and now offers the equivalent 
o f an autom atic exchange between its participating stations: the SPA D E 
system.

An autom atic exchange establishes a connection between the calling and the 
called party  for the duration o f a call. In the sam e way, S PA D E  establishes 
on dem and a link between two earth  stations for the duration o f a call: it is 
an F D M A  system with dem and assignment.

Eight hundred carriers, each phase-m odulated by a previously coded chan
nel, are available to  participating stations. F or each call, a pair of 
frequencies is assigned to the sations concerned. W hen the call is com pleted, 
the two carriers are returned to  the frequency pool for reassignm ent. In this 
way a system  o f m utual aid is established over the 400 available circuits for 
all the participating stations.

It is the total peak traffic, which is well below the sum o f the traffic peaks at 
each station, tha t the system is designed to  handle. But deterioration due to 
interm odulation in an F D M A  system  is aggravated when the num ber of 
carriers is increased and S PA D E  is an F D M A  system  with 800 carriers. 
A lthough it uses digital signals, it would none the less suffer from very high 
interm odulation noise if it were not equipped with voice detectors which 
interrupt transm ission when the channel is inactive during a conversation; 
for, owing to  the simple fact tha t two people conversing do not usually 
speak both at the sam e time, the channel is unoccupied half the time.

* S P A D E  is a  m n e m o n i c  a b b r e v i a t i o n  fo r  S in g le  c h a n n e l  p e r  c a r r i e r  P C M  m u l t ip l e  A c c e s s  
D e m a n d - a s s i g n m e n t  E q u i p m e n t .

** P u l s e  c o d e  m o d u l a t i o n ;  p h a s e  s h i f t  k e y i n g ;  f r e q u e n c y - d iv i s io n  m u l t ip l e  a c c e s s .
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The com plexity of S PA D E  equipm ents is due, however, not to the trans
mission system but to the m anagem ent o f the dem and assignm ent system, 
as the equipm ents at a given SPA D E  station have to:

— decode the telephone signalling received from the international transit
exhange;

— converse with the other S PA D E  stations to select the pair o f frequencies 
to be used for the circuit;

— set up the circuit to the S P A D E  station of destination;

— transm it the telephone signalling to the transit exchange o f destination.

In addition, they have to  carry  out corresponding operations on receiving 
any request for a circuit from  other stations in the system.

Despite its com plexity, S P A D E  should succeed in proving its viability as it 
is progressively put into service. It is to be hoped th a t the fact tha t it is 
available will help to  encourage the establishm ent of new earth  stations in 
countries with very scattered traffic.

4. Time-division multiple access (TDM A) (7' 8)

4.1 To avoid the lim itations im posed by the sim ultaneous amplification o f 
several carriers in a travelling-wave tube, the idea is contem plated of 
amplifying the signals from different stations sequentially by a periodical 
process. In that case the full power o f the tube can be used and one can tune 
to the sam e frequency because the satellite receives only one carrier at a 
time. Such a procedure requires, o f course, that the inform ation, i.e., the 
analogue speech signal, should be put into a form  which perm its such 
sequential transm ission. F or this, pulse code m odulation (PC M ) is used, in 
which each telephone channel is sam pled at a rate o f 8000 samples per 
second and then coded in the form o f 7 or 8 bits. All the outgoing channels 
from a station are then tim e-multiplexed to form a fram e of n x 7 (or 8) bits.

In setting up a time-division multiple access system , one first of all defines 
the recurrent time-slot which separates tw o successive transm issions from a 
station. It seems logical, to simplify the system , to  take for this interval an 
integral multiple o f the tim e-slot between two successive samplings, or n x 
125 ps. This recurrent interval is then divided into as m any unit intervals as 
there are stations using the satellite. Each station, during the unit interval 
allotted to it, transm its at high speed the data  burst corresponding to a 
fram e (or as m any fram es as the recurrent time-slot will contain). As in the 
case o f frequency-division multiple access, it receives all the bursts relayed
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Figure I —  Frame and  bursts fo rm a t in TD M A system

by the satellite and extracts from  them  the channels addressed to it. Two- or 
four-condition phase shift keying is used because it constitutes the best 
pow er-passband com prom ise for the transm ission o f digital data.

F or defining the tim e-slots allotted to each station, there m ust be a time base 
synchronized on a signal (synchronization burst) em itted by a reference 
station.

4.2  Figure 1 shows a typical configuration o f a T D M A  frame. It will be 
noted tha t the bursts em itted by the different stations are separated by guard 
tim es long enough to  avoid overlapping due to the inevitable inaccuracies of 
synchronization.

4.3 Comparison o f FD M A  and T D M A  system s

4.3.1  F rom  the standpoint o f transm ission alone, T D M A  system s have a 
decisive advantage over F D M A  system s: in T D M A , a single signal passes 
through the satellite’s T W T , there is therefore no dim inution of output 
pow er or interm odulation noise. The satellite T W T  can therefore be used up 
to sa turation  point.

W hat are the draw backs tha t go with this advantage?

4.3.1.1  Very exact synchronization  has to be m aintained between the 
bursts em itted by the various stations. The following orders o f m agnitude
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give an idea o f the difficulty o f achieving such synchronization: two factors 
affect the frequency and the sharpness o f the corrections to be m ade to the 
position o f the bursts em itted; one o f these depends on the satellite station 
keeping accuracy. A geostationary satellite never has a perfectly circular 
orbit in the plane o f the equator; it generally describes a slightly elliptical 
path, inclined at some tenths o f a degree to the plane of the equator. The dis
tance between the earth  and the satellite therefore varies in course o f time 
and. with it, the propagation time. F or a typical case (inclination to the 
equator 0.5°, eccentricity o f the orbit 4 -1 0 -4), the drift o f a burst with res
pect to a reference burst m ay be 15 ns/s depending on the geographical 
position o f the s ta tio n s .(I0) A t 60 M bit/s in 4-condition m odulation 
(30 M bauds), a symbol lasts 33 ns; it will thus be seen that, if one wishes to 
keep the guard time between bursts within the limit o f a few sym bols, very 
accurate phase m easurem ents and very frequent corrections m ust be made.

Synchronization based on the calculated characteristics of the orbit would 
be far too inaccurate. A station m ust therefore constantly  m easure the 
position o f its own burst in relation to the reference burst after re trans
mission by the satellite and correct the drift every 300 ms (more frequent 
corrections would cause instability in the synchronization loop owing to the 
time-lag between the correction and the m easurem ent o f the result produced 
by it). The second factor is linked to the stability o f the digital clocks o f the 
T D M A  term inal; if a stability of the order of 10-9 is selected for these 
clocks, the drift due to clock instability becomes negligible in com parison 
with that due to the D oppler effect. In the present state-of-the-art, such 
stability can be attained w ithout undue difficulty.

We have ju st referred to  the question o f perm anent synchronization; the 
acquisition of such synchronization requires the design o f additional equip
ments. Before starting to  transm it, a station (other than the reference 
station) does not know at w hat instant in the fram e its burst is going to 
reach the satellite. If it transm itted at full power, its burst might overlap and 
interfere with a burst already in place; it m ust therefore start by sending a 
low-level auxiliary signal to find out the phase o f its local fram e clock in 
relation to that o f the reference station; this low-level signal (20 dB below 
the nom inal level o f the carrier) will not interfere appreciably with the 
emissions o f other stations already in operation because digital m odulation 
is fairly insensitive to  interfering signals (especially if they are not on the 
sam e frequency as the carrier). Once the phase is known, the entering 
station will introduce its low-level signal in the middle o f the time-slot
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allotted to it and will then transm it its bu rst at the nom inal level. Acquisition 
is then com pleted. Such acquisition procedures have been successfully tried 
out on the three T D M A  system s so far tested (TTT, T D M A  1 and the G er
m an system). An au tom atic  version is being studied by C O M SA T  on behalf 
o f IN T E L SA T .

4.3.1.2  The T D M A  dem odulator has to operate in particularly difficult 
conditions. This coherent dem odulator has very little time at the beginning 
o f each burst to reconstitute the phase and tim ing o f the wave received. 
N um erous tests ( “ ) suggest th a t the only suitable dem odulator is one whose 
phase recovery circuit consists o f a multiplier by 4 (in 4-condition PSK) 
followed by single-pole filter. To facilitate the operation o f  the dem odulator, 
carriers o f quite high stability (to 10”7) will be used to minimize frequency 
drifts between consecutive bursts. (A t the beginning o f a burst, a dem odula
tor has a certain m em ory o f the carrier frequency and phase of the previous 
burst.) One aspect o f the dem odulation problem , therefore, is the difficulty 
of designing a dem odulator with a perform ance as close as possible to the 
theoretical ideal. In passing it m ay be noted that, in digital m odulation, a 
loss o f perform ance o f 1 dB reduces the capacity  o f a transponder by 1 dB 
(25% ) in the channels. A nother aspect is the loss o f capacity  imposed by the 
absolute need for a pream ble at the beginning o f a burst; these pream bles 
are a dead loss as far as the actual transm ission o f inform ation is concerned, 
and the greater the num ber o f pream bles per unit o f time, the greater is the 
loss. H ence the idea of m aking the duration  o f a T D M A  fram e a multiple of 
125 (is. The octets at transm ission and reception have then to be mem orized 
so tha t they can be recovered at the norm al channel sam pling rate. 
IN T E L S A T  has w orked out an econom ical com prom ise involving a TD M A  
fram e o f 750 ps =  6 x 125 ps (a value particularly  well suited to operation 
in PSK 4 and then in PSK 8).

4.3.1.3  As a result o f these various reductions of capacity , which have 
to be accepted in a T D M A  system as opposed to  the transm ission of a con
tinuous carrier at saturation  level, In te lsa t-IV  (global coverage) tran sp o n 
ders have an average capacity  o f 900 telephone channels each.

4.4 To return to the question o f  the load factor in digital transm ission, we 
will now talk about call concentration system s.

It m ay be pointed out that the gain in capacity  with a TD M A  system  as 
com pared with a S P A D E  system  is not very great: 900 as against 800 chan
nels. W hy is this?
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The answer to this question has already been given in connection with the 
SPA D E  system : in digital m odulation, the carrier load is the sam e whether 
the channel is active or not. T D M A  system s therefore carry  partially 
loaded digital frames. By a system  sim ilar to  th a t o f the S PA D E  voice 
detection system, the capacity  o f a T D M A  system can be doubled. For 
some years past, TA SI system s have been in use on subm arine cables; they 
use the inactive times during conversations to  interpolate other calls on the 
same bearer circuit. The gain thus obtained is o f the order o f  two. A TA SI- 
type system can be used with T D M A ; the use o f digital techniques facilita
tes the operation o f such a system , for example, the voice detection function 
can be multiplexed. ( I2)

W ithout going into details, it will be noted tha t call concentration system s 
do not require any processing o f the telephone signalling; they are 
“ tran sp a ren t” . There are no interface problem s with transit exchanges.

With a TD M A  system and a call concentration system (C E L T IC ), the 
capacity  o f the In te lsa t-IV  transponder is doubled and is o f the order o f 
1800 channels. We see, therefore, tha t when the TD M A  concept is used 
with its natural com plem ent, call concentration, it affords a substantial gain 
as com pared with similar system s.

5. Further developments

M ore elaborate techniques are already being thought out to increase the 
efficiency o f the systems.

It is contem plated using T D M A  in narrow  coverage zones with satellites o f 
the sam e structure as In telsa t-IV . There is an obvious power gain from 
avoiding radiation to  unw anted areas; but synchronization o f the TD M A  is 
then difficult because certain stations can no longer receive their burst 
retransm itted by the satellite. ( 10) W hen several satellite transponders use a 
TD M A  system , it is proposed to use a single transm ission/reception chain in 
earth  stations which will be switched from one frequency to the other as the 
bursts come in. This is only possible with com m on synchronization of all the 
TD M A  system s ( (12) meeting G).

For the next generation o f satellites, the possibility o f  switching on board the 
satellite is being studied. Practical applications o f this idea have already 
been made ( ( l2) meeting G).
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6. Conclusion

The above survey shows tha t a wide range of system s suited for specific pur
poses is available at the present time.

The main characteristics o f the system s described above have been 
sum m arized in table II. W e see how  prom ising the digital system s are; but 
they will have to  be developed with great care if operators are not to yearn 
for the “ good old d a y s ” o f analogue system s.

(O riginal language: French)
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Table II — Telecommunication systems usable with 
satellites of the Intelsat-IV generation

multiple access frequency division (FDMA) time division (TDMA)

system FDMA/FM SPADE SPADE TDMA TDMA/CELT1C

modulation analogue digital digital digital digital

number o f  carriers 
per transponder about a dozen 800 800 1 1

demand assignment no yes no no no

voice detection no yes yes no yes

capacity o f  
Intelsat-IV  
transponder 
(channels)

400 800 800 900 1800

stage o f  
development

in operation
being introduced 
in the INTELSAT
system

will be tried 
on Symphonie

specifications completed; 
being developed

volume o f  traffic 
per link fo r  
which suited

considerable low medium

bo
bo
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SATELLITE BROADCASTING IN  THE CONTEXT 
OF COMMUNICATION PLANNING

by
E. Lloyd SOM M ERLAD  

Chief, Division o f  Communication Research and Planning 
United Nations Educational, Scientific and Cultural

Organization (UNESC O )

In the course o f an address at C olum bia University last year, the 
Secretary-G eneral o f the U nited N ations, M r. K u rt W aldheim, m ade this 
statem ent on the future o f com m unication in the cause o f peace:

“ Failure to assert the prim acy o f policy over technology is an alarm ing 
and increasingly dangerous phenom enon o f the m odern world. All too 
often, those responsible for the future developm ent o f technology are 
insufficiently aw are of the far-reaching political, econom ic and social 
im plications o f their choices. This danger is present also in the area of 
com m unication. Unless th a t danger is rem oved, future developm ents in 
the fields o f com m unication m ay well produce consequences which were 
neither foreseen nor desired from  a m ore com prehensive national and 
international perspective. Often such consequences can only be modified 
later at considerable cost, if  a t a ll.”

Perhaps it is not very appropriate to em phasize this aspect o f developm ent 
strategy in the atm osphere o f Le Bourget A ir Show, surrounded as we are 
by the w onders o f m odern science. But it explains in p art why U N ESC O  
concerns itself with the problem s o f satellites and other technologies which 
have produced w hat som e people call the com m unication revolution, but 
which others would prefer to  see form  p art o f a well-planned com m unication 
evolution.

Arising from  its constitutional m andate to  prom ote the free flow o f ideas by 
w ord and image, U N E S C O ’s program m e has naturally  evolved to concern
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itself with problem s o f  u tilization o f com m unication technologies. W hile, on 
the one hand, U N E S C O  has encouraged the developm ent o f all the m edia of 
com m unication, on the other it reflects the concern o f  all nations abou t the 
quality o f  inform ation and the content o f the m essages diffused to ever grea
ter audiences as a result o f  technical advances. Through its organizational 
structure, U N E S C O  has established close links with large num bers o f non
governm ental organizations, including m any in the com m unications field, 
and has helped to  draw  them  into the international com m unity. C o n 
sequently, in technical conferences U N E S C O  frequently finds itself in the 
role o f  spokesm an for “ u se r” interests and for organizations who have the 
responsibility o f providing m edia services to  the public.

Technology and utilization, naturally , should go hand  in hand, and national 
policies should aim at full exploitation o f  technology in a socially acceptable 
way. The dilem m a faced by m any countries today  is tha t the com m uni
cation revolution has found them  unprepared politically, legally, o rgani
zationally  and econom ically for application o f the technical possibilities. 
Hence, the growing em phasis on research, policy form ulation and strategic 
and operational planning in the whole field o f com m unication.

W e in U N E S C O  who are concerned with developing the O rganization’s 
program m e in this area use the w ord “ com m unication” in a wide sense. It 
includes the inform ation m edia in their various form s (new spapers; books, 
radio, television, cinema), the carriers o f the m essage (telecom m unications, 
print, film, records, tape, video-tape) as well as other form s o f social com 
m unication such as theatre  and direct inter-personal contact.

All countries, developed and developing, are involved today  in far-reaching 
debates on issues which not only affect the nature and role o f their com m u
nication system s but the very shape o f society itself. Even in those countries 
where com m unication policies have traditionally  been implicit rather than 
explicitly form ulated, there is a growing recognition o f the need for consis
ten t policies and plans serving society and the individual, and covering a 
nation’s diverse com m unication activities as a whole.

It is in this context th a t the potentialities o f  com m unication satellites to  help 
attain  national goals should be examined.

The problem  m ay be approached  in two ways. The first is to  sta rt with the 
technology and exam ine w ays in which it m ight be applied or adopted to the 
problem s o f developm ent—the establishm ent o f com m unication networks, 
the extension o f broadcasting  facilities, the im provem ent o f  the education 
system . The second is to  sta rt with an anlysis o f a coun try ’s com m unication
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needs, a statem ent o f objectives, a listing o f available resources, an exam i
nation and costing o f various system  alternatives, an evaluation o f satellite 
uses in the overall com m unication plan. Then, if space technology is rele
vant, precise goals to  be attained should be defined so tha t an appropriate 
system configuration and satellite design m ay be developed.

Both approaches are valid in certain circum stances. The very existence o f a 
new technology acts as a spur to  innovators to  experiment with its appli
cation in areas o f their professional interest. The use o f  radio and later tele
vision for educational purposes are cases in point.

Space com m unication is no exception. Few recent technical discoveries 
have so excited the interest o f educators, for example, as the possibility 
offered by broadcasting satellites to  transm it television program m es directly 
to schools in rem ote and poorly served areas. The satellite is acting as a 
catalyst to  p rom pt a critical review o f traditional educational structures, 
curricula and m ethods, as well as to stim ulate studies and experim ents in its 
application to school and adult educational problem s.

D uring the first decade o f the space age, U N E S C O ’s program m e in the 
space com m unication field has to a large extent concentrated  on prom oting 
the use o f  satellites for the free flow o f inform ation, the spread o f  education 
and greater cultural exchange. This program m e helped build an awareness 
o f the potential of space com m unication to. solve some of the problem s of 
the developing world. A t the request o f a num ber o f countries, U N ESC O  
and ITU  m ade prelim inary surveys o f possible satellite applications for edu
cation and developm ent, and it is interesting to  note tha t the first two such 
studies, in India and Brazil, have been followed by detailed investigations 
and the elaboration o f plans for dom estic satellite systems.

Perhaps in 1973 an aw areness o f the exciting possibilities o f  satellite b road
casting has been sufficiently established, and there m ay no longer be a need 
to  prom ote the idea o f applying the new technology for purposes o f infor
m ation and education. So rem arkable has been the scientific progress that 
the technology, although still developing, m ay be taken for granted by the 
planning strategist who is certainly looking ahead five to ten years in 
preparing a national developm ent plan.

Consequently, it m ay now be appropriate in m ost cases to adopt the second 
o f the two approaches I m entioned earlier and, starting from  an exam ination 
of total com m unication needs, develop a long-term  integrated plan, which 
will take full account o f the particular characteristics o f satellites, along with 
other alternatives and advanced technologies such as video cassettes, cable
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television distribution, com puter-based instruction, facsimile new spapers 
and so on.

Strategic planning o f com m unication takes place under certain constraints, 
m ost o f which are national, but som e key issues m ust be influenced by the 
need to  conform  to internationally  form ulated norm s and standards. Some 
governm ents also are vitally concerned about the flow o f inform ation to and 
from  other countries which m ay have political, cultural and social effects 
which canno t be disregarded.

C om m unication  planning, therefore, m ust take account o f international obli
gations in such fields as copyright, im ports and exports, postal and 
telegraphic services and radio frequency utilization, as well as broad natio 
nal policy issues relating to  freedom  o f com m unication and the free flow or 
restriction o f news and inform ation m aterials both  inw ards and outw ards.

This brings us to the them e o f this sym posium —space and radiocom m uni
cations—following the decisions o f the second IT U  W orld Adm inistrative 
Conference for Space Telecom m unications (W A R C -ST , G eneva 1971). The 
resolutions and recom m endations o f th a t conference were o f the highest sig
nificance for authorities responsible for policy form ulation and the planning 
o f  developm ent o f com m unication media.

The Conference allocated, for the first time, frequency bands for the b road
casting satellite service and laid down a num ber o f technical conditions 
applying to  their use. This perm itted the transm ission o f  television program 
mes directly from  satellite to com m unity receivers, and in the long term  
when technically feasible to  individual receivers.

One o f the problem s which developing countries in particular faced at the 
W A R C -S T  was tha t they could not know  precisely w hat their requirem ents 
for satellite broadcasting  frequencies m ight be during, say, the forthcom ing 
ten years. Some had expressed concern th a t the m ore technologically advan
ced countries might pre-em pt the available spectrum  space and orbital 
positions, if a principle o f “ first com e, first se rved” should apply. To give 
m ore time to  evaluate needs and develop possible plans for using satellites 
for broadcasting , proposals were m ade for procedures which would ensure 
co-ordinated frequency planning in all regions o f the world, and which 
would take into account future needs as well as present dem ands for b road
casting satellite frequencies.

H ence the im portance o f  the resolution, adopted by the Conference, recog
nizing th a t all countries have equal rights in the use o f  frequencies and the
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geostationary orbit, agreeing th a t the registration with the IT U  o f satellite 
frequencies should not provide perm anent priority for their use, and deci
ding tha t stations in the broadcasting satellite service should be established 
and operated in accordance with agreem ents and associated plans adopted 
by world or regional adm inistrative conferences.

Decisions have not yet been taken as to  when such planning conferences 
should take place, but it is understood th a t they m ay com m ence in the next 
three or four years.

As a result o f these decisions, therefore, the opportunity  exists, before bind
ing decisions are taken, for all countries to  undertake the necessary research 
and planning to determ ine whether or not they m ay need satellite b ro ad cast
ing facilities in the foreseeable future. W hile it is recognized th a t television 
via satellite has enorm ous potential for extending inform ation and education 
services to rural audiences, thus contributing to developm ent, it is also ac
knowledged th a t satellite system s will only be econom ical if they serve a 
very large and dispersed population. C om paratively  few countries are large 
enough or have sufficient resources to contem plate establishing an exclusive 
satellite system  for dom estic use. M ost o f such countries already have the 
possibility under study. But other countries, though seeing no likelihood of 
launching their own satellite, m ay have the opportunity  in the future of 
participating in a system  shared with their neighbours.

The ITU has already circulated a questionnaire to its M em bers seeking to 
elicit inform ation, particularly from  developing countries, about likely future 
requirem ents for satellite television. U N E S C O  has followed up this initia
tive, through its own channels, offering in co-operation with the ITU  to pro
vide advisory services to M em ber States to assess their needs for satellite 
broadcasting frequencies.
As indicated earlier in this paper, these needs should be seen in the context 
of overall com m unication planning, and particularly  o f television develop
m ent—whether terrestrial or via satellite and whether on a national or a 
regional basis. Before a national decision can be m ade as to  whether a 
satellite frequency assignm ent will be required, it is necessary to  define w hat 
television services will be provided; w hat will be the nature and design of the 
system —is it to  be used for education, if so at w hat levels and how 
frequently; is it to be a centralized or decentralized service; how m any 
sim ultaneous program m es are required; is the whole population to be ser
ved; can a system  o f com m on regional program m ing be arranged with other 
countries; w hat are the costs and available resources and the desired 
phasing o f television expansion?
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The answ ers to  these questions require a com prehensive survey, based on 
research, taking into account national policy decisions and leading to a 
com m unication  developm ent plan with wide im plications. C ertainly the 
satellite option, as p art o f the solution, should not be lightly discarded, 
bearing in mind the possibility o f participating in a regional system.

It is obvious, however, th a t if States are to  be ready in a few year’s tim e to 
say “ y e s” or “ n o ” to the assignm ent o f satellite frequencies, there is no 
tim e to  lose before putting in train  the m ajor planning exercise which must 
precede far-reaching decisions on future com m unication development.

O ther decisions o f the W A R C -ST  im posed in ternational constrain ts on 
com m unication system  developm ent and touched on some sensitive policy 
questions relating to  the future o f satellite broadcasting. The Conference 
revised Article 7 o f the R adio R egulations by adding the following section:

“ In  devising the characteristics o f a space station in the broadcasting- 
satellite service, all technical m eans available shall be used to  reduce, to 
the m axim um  extent practicable, the radiation  over the territory  o f other 
countries unless an agreem ent has been previously reached with such 
countries. ”

F urtherm ore, when allocating the band  2 500-2 690 M H z to the b ro ad cast
ing satellite service, the C onference im posed the condition tha t the use of 
the band was limited to  dom estic and regional system s for com m unity 
reception and subject to  agreem ent with the adm inistrations concerned.

The ITU , not being concerned under its C onvention with the content o f 
transm itted  m essages, established these restrictions on technical grounds. 
N evertheless the decisions reflected the concern o f m any countries, expres
sed elsewhere, th a t in the absence o f in ternational agreem ent they might be 
exposed to satellite b roadcasts o f  foreign origin tha t were objectionable on 
either political o r cultural grounds.

It w as to  meet this foreseen situation th a t the G eneral Conference of 
U N E S C O , as long ago as 1968, asked the D irector G eneral to form ulate a 
declaration  o f guiding principles on the use o f  satellite broadcasting for the 
free flow o f inform ation, the spread o f education and greater cultural 
exchange. A fter lengthy consultations the text o f the declaration was appro
ved by the U N E S C O  G eneral Conference last year. The declaration is not a 
binding legal instrum ent, but is an ethical statem ent, backed by the inter
national com m unity, for guidance in the developm ent and use o f space 
broadcasting. A m ong the principles enunciated is one which confirm s the
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technical decision o f the W A R C -ST  tha t States should reach prior agree
ment on direct satellite broadcasting to  the population o f countries other 
than the country  o f origin o f the transm ission.

The United N ations is also engaged in a study o f this sam e problem  and the 
G eneral Assem bly last Decem ber called upon its O uter Space Com m ittee to 
undertake the elaboration of principles governing the use by States o f arti
ficial earth satellites for direct television broadcasting  with a view to conclu
ding an international agreem ent. Both the U N E S C O  declaration and the 
W A R C -ST  decisions m ay be regarded as contributing to  the evolution of 
internationally accepted standards in the peaceful use o f outer space.

The Adm inistrative Conference o f 1971 m arked a large step forw ard in 
establishing a regulatory fram ew ork fot the developm ent o f space b roadcast
ing. It now remains for its potentialities to be examined in the context of 
com prehensive and integrated com m unication planning and for the 
technology to be exploited in conform ity with national policies and goals.

(O riginal language: E nglish)
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THE DECISIONS OF THE
WORLD ADM INISTRATIVE RADIO CONFERENCE 
FOR SPACE TELECOMMUNICATIONS, 1971 
AND E SR O ’s PROGRAMMES

by
G. F. BLOCK

Engineer, Technical and Industrial Policy Division  
European Space Research Organisation (ESRO)

Introduction

“ W hat im pact does the outcom e o f the W orld A dm inistrative Radio 
Conference for Space Telecom m unications (W A R C -ST) held in G eneva in 
June-July 1971, have on E S R O ’s program m es, in both the scientific and 
applications fields? D o the results o f the W A R C -ST  solve all previous 
problem  areas and lay a sound base for the O rganisation’s future w ork in 
space technology? ”  These questions com e to mind when reviewing the Final 
A cts o f the W A R C -ST , 1971, which are the official record  o f six weeks’ 
w ork by several hundred delegates and specialists.

E urope is not alw ays a simple area for spacecraft designers and operators. 
The high density o f com m unication links in the terrestrial services 
established long ago does not leave m uch room  for additional users, and so 
Region 1 could be called the Cinderella o f all regions, as concerns space 
service frequency allocation. H owever, E SR O  being a European O rgani
sation has to  live with the facts and try  to  please its custom ers as best it can.

E SR O  undertook to  review the Final A cts in relation to its present p rog
ram m es, and would now like to  report on some o f its findings. O bviously, 
som e ESR O  program m es are in a m ore advanced stage o f definition than 
others so th a t not all areas could be covered in the sam e detail. M oreover, 
this report is m eant to  be a review o f the results o f W A R C -ST  and not 
necessarily a proposal for ways to  im prove the situation it created.
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Space research satellites

Frequency allocations o f  interest to  the space research service in the light of 
present technology are found in three bands o f the spectrum : V H F, U H F  
(S-band) and S H F (X-band). A llocation o f higher frequencies would at pre
sent dem and that new technologies be developed.

It is im portant to note tha t for space research one usually likes to  work with 
a single antenna for up link and down-link—provided both are in the same 
general band—in order to simplify the spacecraft design. Thus the ratio o f 
the up-link to  the down-link (or vice versa) should be around 1.1, which 
means that the antenna bandw idth would be of the order o f 10%. The 
separation between the two links in this case is sufficiently large to avoid the 
need for excessively com plex diplexers in order to control cross-coupling in 
the on-board R F  system. This ratio is thus a liveable com prom ise. If the 
ratio were to be increased to 1.2 or 1.3 (resulting in an antenna bandw idth of 
20-30% ) constrain ts on efficient antenna design would becom e very severe 
and in some cases sharing o f one an tenna between the two links might even 
becom e impossible.

■ VHF

The classical V H F telem etry band, 136-138 M H z, has rem ained unchanged 
and even though it is densely occupied will continue to serve space research 
and particularly its low-orbiting satellites. F or the associated telecom m and 
frequencies, however, the W A R C -ST  departed from  the originally allocated 
two discrete frequencies (148.2 and 154.5 M H z) and allocated the band 
148-149.9 M Hz. W elcome as this increase in available bandw idth is, it in
evitably leads to considerable co-ordination problem s. The 148-150 M H z 
band is densely occupied by fixed and mobile services, and the space 
research service—having footnote s ta tus—has to  co-ordinate with these.

In a ground station network com prising quite a num ber o f stations in 
different countries and regions this m eans tha t the network authority  would 
have to try to obtain clearance for one or several frequencies from  a con
siderable num ber of different PTT authorities. This could be quite a com pli
cated business, and it m ay be tha t the only way o f solving the problem  will 
be by an iterative process in which frequencies are identified tha t can be 
agreed to by all parties involved. ESR O  has so far not yet initiated any 
action on these lines but will have to do so in the near future for the transfer 
orbit operations o f its Geos satellite, to be launched in 1976.
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■ UHF

A particular situation exists for the S-band frequencies. The Region 1 repre
sentatives to the W A R C -ST  did not agree to  the Region 2 proposal to make 
available 100 M H z (2 200-2 300 M H z) for the down link and 95 M Hz 
(2 025-2 120 M H z) for the up-link, the reason for this refusal being the fact 
that Europe is extrem ely densely covered by m icrowave radio-relay links 
handling an im portant percentage o f the national telecom m unications traf
fic. Region 1 has to  live with 10 M H z bandw idth in each direction 
(2 290-2 300 M H z for the down-link and 2 110-2 120 M H z for the up-link, 
except for Spain which agreed to the Region 2 allocation for the up-link, see 
footnote 356AB). The two 10 M H z bands available in Region 1, however, 
are the classical frequency bands used by N A S A ’s “ deep space netw ork” 
(D SN ) which is equipped only for these bands. N A SA  would naturally be 
very reluctant to assign frequencies in the D SN  bands to spacecraft other 
than their deep space probes, for fear o f harm ful interference to the latter.

This situation has recently caused considerable problem s to ESR O , which 
has decided to participate—with the establishm ent o f a ground station in 
Europe—in the N A SA  IU E (international UV explorer) project. ESR O  was 
com pelled to plan a second ground facility for geostationary satellites, the 
first one being located about 30 km from  ESO C , E SR O 's Space O perations 
C entre in D arm stad t. Fortunate ly  the Spanish G overnm ent was prepared, 
exceptionally, to gran t ESR O  protection outside Region 1 allocations on a 
site close to M adrid for the IU E  telem etry down-link.

1UE is only a first case; others could arise in the future. The difference in 
available bandw idth and the existence o f the D SN  will, for instance, call for 
very close co-operation with N A SA  when assigning a telem etry frequency 
to E S R O ’s Geos project which, being a E uropean project controlled from  a 
European station, will have to  use Region 1 bands. Furtherm ore, even in 
these bands ESR O  is experiencing extrem e reluctance on the part o f some 
PTT authorities to assign frequencies to  the space research service.

■ SHF

F or the tim e being, ESR O  is not considering the assignm ent o f frequencies 
in the X -band. It m ust, however, be recognized that the two bands 
(7 145-7 235 M H z up-link and 8 400-8 500 M H z down-link) are so widely 
separated  tha t an an tenna bandw idth o f about 20%  becom es necessary, 
resulting in design problem s. F urtherm ore, standard  range and range-rate 
tracking equipm ent defined for the V H F  and U H F  bands, where the ratio  of
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up- and down-link frequencies in the transponder can be expressed by 
240/221, cannot be used. The sam e problem s o f heavy occupation o f the 
bands by m icrowave radio relays in Europe appear to arise as in the case of 
the U H F  bands.

Meteorological satellites

F or its M eteosa t program m e ESR O  will use the bands 1 680-1 700 M H z for 
the down-link and 2 096-2 120 M H z for the up-link. The sam e general 
bands are used by N A S A /N O A A  for their S M S /G e o s  project. The next 
higher bands—7 450-7 550 M H z for the down-link and 8 175-8 215 M H z 
for the up-link—might be considered for later generation spacecraft with 
increased bandw idth requirem ents. O ther allocations exist only beyond 
20 G H z.

W hen deciding on the M eteosa t frequency bands, ESR O  had to recognize 
shortcom ings inherent in the U H F  allocations. The two bands for up-link 
and down-link are separated by 450 M H z, which im poses a significant 
dem and on the on-board antenna design.

A nother severe lim itation originates from  Footnote 354A ; it allocates to 
fixed and mobile services in som e E astern European and African countries 
o f Region 1 the only portion o f the band, nam ely 1 690-1 700 M H z, which 
would otherw ise be allocated exclusively to  m eteorological services and thus 
could well be used for data  dissem ination to  m eteorological users. This 
Footnote, together with the application o f  Regulations 470N E , N F  and N G  
limits, for Region 1 and particularly  for Europe, the power flux density on 
the ground to —154 d B W /m 2 in any 4 kH z. This lim itation has a budgetary 
im pact on the design o f data  users’ stations operated by m eteorological or 
other interested services. Instead o f being able to  w ork with small receiving 
antenna diam eters and simple receiver/pream plifier system s, users are now 
forced into procuring m ore expensive ground equipment.

The restriction in available up-link bandw idth in the 2 096-2 120 M H z band 
as imposed by F ootnote 356A C , in com parison to Footnote 356AB for 
Regions 2 and 3 and Spain, leads not only to the considerable antenna 
bandw idth already m entioned, but also to  a difficult sharing situation with 
the space research service in Region 1, particularly with the deep space ne t
work o f NA SA .

Finally, it should be noted tha t the ratio  o f up- and down-link frequency 
bands, which is about 1.3, precludes the use o f standardized range and 
range-rate tracking equipm ent developed for space research satellites.
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To sum up, it can be stated that the frequency allocations to the m eteorolo
gical satellite service are not fully satisfactory in Region 1. The technical dif
ficulties can obviously be overcom e, but only at som e financial cost.

Earth exploration satellites

ESR O 's earth observations or earth  resources satellite program m e is still at 
a very early stage, but as p art o f the program m e definition ESR O  is conduct
ing research into the active sensor field, such as side-looking radars, etc.

The Special Jo in t M eeting (SJM ) o f the C C IR , February  1971, held in 
p reparation o f the W A R C -ST , considered the question o f active sensors and 
concluded tha t the spectral region selected for these devices would, in prin
ciple, be the microwave-window between 3 cm and 1 m (300 M H z-10 GHz). 
However, the SJM  felt tha t insufficient inform ation was available at that 
time for a proposal to be subm itted to  the W A R C -ST , which subsequently 
decided not to allocate frequencies for active sensors. This situation is felt by 
ESR O  to be unsatisfactory. As side-looking radars m ay prove to be very 
prom ising sensors for earth  exploration, an attem pt should be m ade to 
change it in the future.

N or is the frequency allocation for space-to-earth  links in Region 1 con
sidered capable o f  satisfying earth  exploration missions, which require 
extrem ely wide bandw idths. N o prim ary allocation is available below 
21.2-22 G H z, and this is a band which is still difficult to handle with present 
technology. The tw o other bands, 1 525-1 535 M H z (which is regarded as 
too narrow ) and 8 025-8 400 M H z have secondary status only. Considering 
the high occupation  o f the lower X -band by (prim ary) fixed and mobile 
services it appears very unlikely th a t this band can be used w ithout suffering 
harm ful interference. This m eans th a t earth  exploration missions in 
Region 1 would have to  rely on the availability o f 20 G H z equipm ent for 
spacecraft in the future.

The only up link which is explicitly allocated to  the earth  exploration 
satellite service in Region 1 is the band 2 096-2 120 M H z (Footnote 
356A C). The whole o f this band is shared with the m eteorological satellite 
service, and the portion 2 110-2 120 M H z is additionally shared with the 
space research service.

The situation for the earth  exploration service in Region 1 is not at present 
very satisfactory  and a future ITU  conference should try  to correct it so as 
to  ensure th a t the earth  exploration satellite service in this Region does not 
suffer from  severe disadvantages.
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Communications satellites

In the field of com m unications satellites ESR O  is not entirely free to select 
the frequency bands to be used for this service. A lready in 1970 the 
European Space A uthorities had decided to  operate the first E uropean com 
m unications satellite in the 11 G H z band for the down-link and in the 
14 G H z band for the up-link. This decision sought to  avoid interference in 
Europe between the ground stations operating in the 6 G H z bands and the 
existing m icrowave links, and to  allow these stations to be located near traf
fic centres. This decision was also aimed at giving industry the possibility of 
developing 12 G H z technologies to  m eet long-range traffic forecasts.

The present considerations are consequently limited mainly to the situation, 
following the W A R C -ST , in the 11 and 14 G H z bands.

Initial proposals to the W A R C -ST  by different delegations had been to allo
cate in both directions, ea rth —space and space—earth, a continuous band o f 
1 G H z, which was regarded as being satisfactory  from  the point o f  view o f 
actual telecom m unications needs. In the course o f its deliberations, however, 
the W A R C -ST  did not go along with the initial proposals. It allocated only 
a continuous band of 0.5 G H z for the up-link (14-14.5 G H z), and the 
down-link even suffered a split into two 250 M H z bands covering the ranges 
10.95-11.2 and 11.45-11.7 G H z. A dditionally, the band 12.5-12.75 G H z 
was authorized for both directions (earth—space and space—earth), w ithout 
pow er flux density lim itation except in the case o f those countries listed in 
Footnote 405BD.

In particular, the splitting o f the down-link band has a considerable im pact 
on the design of E SR O ’s com m unications satellites, the first o f which is 
O T S  (Orbital Test Satellite). The bandw idth o f 2 x 250 M H z leads to 
non-optim um  spectrum  utilization with the T D M A  techniques planned for 
O TS.

O T S  will have two antenna beam s: the so-called Eurobeam  (illuminating 
Europe and the M editerranean basin) with a repeater bandw idth o f 40 M H z 
for transm ission o f 60 M bit/s and the spotbeam  with 120 M H z for tran s
mission o f 180 M bit/s. The factor 3 between the two transm issions is caused 
by a difference o f 3 (or 5 dB) in the gain o f the two antennae, assum ing 
equal power flux density. T hus, only.tw o spotbeam  repeaters can be accom 
m odated in each o f the 250 M H z bands. A part from  this w aste o f band
width, the splitting o f the band causes additional problem s on board  the 
satellite, e.g. with the repeater local oscillators.
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In order to increase the spectrum  utilization efficiency ESR O  plans to 
experim ent with O T S  techniques involving frequency re-use by orthogonal 
polarization. Each carrier frequency is transm itted sim ultaneously, once in 
linear vertical and once in linear horizontal polarization, with the two polari
zations carrying different inform ation.

It is evident th a t the shortage o f bandw idth and the splitting o f the band has 
im posed som e constrain ts in the layout o f the satellite.

Broadcasting satellite

The particular problem s which arise from the frequency allocations of the 
W A R C -ST  have to be separated into those associated with the down-link— 
where the broadcasting satellite service bands are applicable—and those 
associated with the up-link, where the fixed satellite service bands will be 
used. Only one o f the bands allocated for the down-link can at present be 
envisaged for use: 11.7-12.5 G H z, i.e. an 800 M H z bandwidth. The four 
other bands available suffer considerable draw backs: both the 620- 
790 M H z band and 2.5-2.69 G H z band are shared service bands with 
power flux density lim itations im posed, apart from  their bandw idth being 
insufficient for the type o f service foreseen at European level. The two other 
bands, at 41-43 and 84-86 G H z, are presently out o f the question and will 
rem ain so for some time, since the corresponding technology is not yet 
available in respect o f either the satellite or the individual ground receiver 
equipm ent.

Only the band 11.7-12.5 G H z will therefore be considered here. This band is 
shared with the terrestrial fixed, mobile and broadcasting  services. However, 
F ootnote 405 BA restricts the use o f  these services by ruling tha t they shall 
not cause harm ful interference to  the broadcasting  satellite service, i.e. no 
pow er flux density limit is imposed on the broadcasting  satellite service. The 
application o f this footnote could result in serious network planning diffi
culties for the restricted services since the broadcasting  satellite service will 
m ake sharing difficult because o f its high power levels, relatively large band
width and the great num ber o f  channels to be radiated.

The situation for the broadcasting  satellite service down-link can thus only 
be regarded as satisfactory  once the PTT  authorities o f the participating 
countries are prepared to  gran t this service the protection F ootnote 405BA 
calls for.

W hereas the down-link allocation provides for 800 M H z bandw idth there is 
no up-link with an equivalent bandw idth available below 27.5 G H z. ESRO
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is studying the implications o f using the different possible up link frequency 
bands. The 14.0-14.5 G H z band is shared with radionavigation (14- 
14.3 G H z), radionavigation satellite (14.3-14.4 G H z) and fixed and mobile 
(14.4-14.5 G Hz). Furtherm ore, this being a band o f the fixed satellite ser
vice, it is very likely that com m unications satellites will also file their claims.

A severe problem is created by the limited bandw idth available when trying 
to relate the down-link channels to the 11-14 G H z up-link bandw idth. One 
way to overcom e this shortage would be to use digital m odulation or narrow  
band FM  in the up-link or to plan on several satellites and practise 
frequency re-use by orbital separation. These solutions, however, might 
raise technological problem s on board  the satellite or would have the con
siderable disadvantage o f “ pollu ting” the geostationary orbit, particularly  in 
orbital positions already in heavy dem and by other geostationary  satellite 
services. A nother way might be the use o f the 30 G H z band.

Aeronautical satellites

A eronautical satellites for the evaluation of com m unication and surveillance 
techniques as planned jointly  by ESR O , the United States and C anada, 
require tw o different classes o f links: the satellite—ground links and the 
satellite—aeronautical links.

It has been agreed to use for the satellite—ground link the C band, 5.0-5.25 
G H z, which is allocated to aeronautical radionavigation. Since the total 
num ber o f channels foreseen for the A erosa t system  does not require m ore 
than a few m egahertz bandw idth, the feasibility o f a diplexer with about 5% 
spacing between up- and down-link frequencies does not pose a very diffi
cult problem , bearing in mind tha t at these frequencies the satellite design 
can m ake use o f lightweight waveguide techniques. However, should a 
second generation system require substantially m ore channels, this m ay 
become a problem area.

As far as L-band frequencies are concerned only one area where problem s 
might arise is worth mentioning: nearly the entire band available for both 
the aeronautical and the m aritim e mobile satellites, i.e. the band 1 540- 
1 560 M H z, m ust be shared with the terrestrial fixed service in the Federal 
Republic o f G erm any and in A ustria according to Footnote 352D . This 
sharing situation will probably not cause any problem s in aircraft equip
ment, as aircraft are presently not planning to use the system  over C entral 
Europe. It might however, under unfavourable conditions, m ean som e dis
turbances to the satellite receiver equipm ent, if by chance a terrestrial fixed
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service transm itter were pointing tow ards the orbital position o f the 
aeronautical satellite. The signal-to-noise density at the spacecraft receiver 
input o f the signals received from  the aircraft m ust be as low as practicable, 
in order to  keep the aircraft equipm ent simple and light. T ransm issions of 
terrestrial transm itters pointing in the direction o f the satellite would be noti
ced as additional noise in the band and might lead to some deterioration of 
the incom ing aircraft signal. The extent o f  the interference is obviously a 
function o f the power and spectral com position o f the interfering signal. 
ESRO  feels, however, tha t if this problem  arises it should be possible to 
solve it by suitable co-ordination with the Federal Republic o f G erm any and 
A ustrian  PTT authorities.

Maritime satellites

As in the case o f the aeronautical satellite, two classes o f links are also 
needed for the m aritim e satellite. The functions o f this satellite are mainly 
com m unications, distress alerting and search and rescue activities. As a 
secondary  assignm ent the satellite would also provide radionavigation aids.

The W A R C -ST  did not allocate any particular bands for the space
c ra ft-g ro u n d  links o f the m aritim e satellite; however, it was generally agreed 
tha t the m aritim e mobile satellite service would be granted equal footing 
with other services in the fixed-satellites frequency allocations. As a result o f 
reviewing these bands, it is believed that the bands 10.95-11.2 G H z for the 
down-link and 14-14.5 G H z for the up-link would m ost probably be used, 
as all o ther (lower) bands (which m ake use o f available technology) are 
already densely occupied by other users. The 11-14 G H z bands would, 
m oreover, be com patible with frequency allocation for a world-wide system 
covering Regions 1, 2 and 3. Ensuring availability in the near future of 
11-14 G H z technology for the m aritim e mobile satellite service does not 
appear to pose a problem , thanks to  the developm ent w ork undertaken both 
on national initiatives and, in particular, under ESR O  sponsorship within 
the fram ew ork o f the E uropean C om m unication Satellite Program m e. 
Technology for the next higher bands, 17-21 and 27.5-29.5 G H z, has not 
yet been developed in Europe.

The problem  tha t m ay arise in the m aritim e satellite—m aritim e mobile link 
in the 1 535-1 660 M H z band is sim ilar to th a t already outlined for aeronau
tical satellites. The sharing with fixed services in the Federal Republic of 
G erm any and in A ustria m ay have the sam e effect on the satellite receiver 
input as in the aeronautical case. How ever, a better signal-to-interference
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ratio can be expected at the satellite receiver input, since the m aritim e 
mobile E IR P  is m uch higher than tha t foreseen for the aeronautical mobile.

The available bandw idth in the L-band for transm issions between m aritim e 
satellite and m aritim e mobile is considered sufficient for the first generation 
system. However, it is likely tha t future generation spacecraft will have to 
meet increased user requirem ents which it will not be possible to accom m o
date within the bands presently available.

Inter-satellite links

The failure of the W A R C -ST  to allocate space-to-space links at any 
frequency below 54.25 G H z forces the use o f experim ental frequencies for 
inter-satellite links. This is acceptable while the space-to-space links rem ain 
o f an experim ental character, but im m ediately operational use between two 
satellites is envisaged it ceases to  be in line with the Radio Regulations.

The fact that no band below 54.25 G H z is available for this service m ay 
thus effectively preclude the operation of space-to-space links for quite a few 
years to com e, as it will undoubtedly take a  considerable tim e to develop the 
necessary technology.

Conclusions

Eight different space services have been reviewed, and in m ost services it has 
been found tha t the situation after “ W A R C -ST  1971” is liveable, but in 
quite a few instances life could have been m ade easier—and cheaper—for the 
spacecraft designer. It is fully realized th a t the terrestrial services, which 
share the bands and m ay at some tim e dem and a certain  prio rity—on the 
grounds tha t m odern society needs them  (or simply on grounds o f their 
seniority!)—have their own problem s. P erhaps there is room , however, in 
some areas for even closer collaboration between terrestrial and space com 
m unications engineers, thus enabling both  to  understand and appreciate 
each o thers’ problem s and to w ork jointly  tow ards optim um  utilization of 
the frequency spectrum .
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The space age has opened up vast opportunities for radiocom m unications 
and during the last ten years am azing progress has been m ade in world 
radiocom m unications thanks to the In te lsa t and M olnya  satellites.

This progress has taken place against a background o f recurren t political 
tensions, but it is a rem arkable fact th a t world-wide co-operation between 
States has nevertheless been established and is functioning effectively, while 
the vital interests o f  individual States have been safeguarded.

Looking to the future, it is evident th a t the need for com m unications is 
im m ense and it seems unthinkable th a t co-operation am ong States should 
not be developed and strengthened. Such co-operation, however, should not 
be regarded as an end in itself; the only ultim ate goal is hum an well-being 
and satellites constitute an extrem ely powerful m eans for prom oting it.

E conom ic criteria, which are doubtless extrem ely im portan t for decisions on 
the m anufacture o f  satellites, canno t be dissociated from  hum an criteria, 
which m ust weigh heavily in any decisions taken. It is im possible, for 
exam ple, to  assess the value o f  educational television by satellite solely on 
the basis o f econom ic studies when the satellite probably  represents the only 
solution to  problem s o f illiteracy, the abolition o f which should be a prime 
objective o f  States, especially the m ost affluent. Similarly, the functions o f  a 
m aritim e satellite system  canno t be geared to  econom ic criteria alone when 
the safety and living conditions o f  seam en are at stake and the need for p ro
tecting the environm ent—in particu lar in the event o f shipwreck o f tankers— 
m ust be taken into account.
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Lastly, the collection of data  and the location o f  beacons on the ea rth ’s sur
face, either by non-synchronous or by geostationary  satellites, should p ro 
m ote the developm ent o f new countries and facilitate the study o f m arine 
and air pollution which are indispensable for the im provem ent o f the 
environm ent.

These three areas of application o f satellites are analyzed in greater detail 
below. They constitute three m ajor b ranches o f  the activities o f the C N ES 
(C entre national d 'etudes spatiales) and every effort will be m ade to  ensure 
that, w hatever the difficulties, the program m es produce quick results.

1. Experiments with educational television by satellite

1.1 World educational needs; the possibilites of television and the advantages of 
using satellites

In all countries o f the world the increase in the num bers receiving education 
o f one kind or another, the breakdow n o f  the school’s form er m onopoly of 
the teaching function, which is now being superseded by perm anent edu
cation for people o f various age groups, and the critical questioning by the 
newly-independent peoples o f the m ethods and program m es form erly im
posed from  outside, have compelled educationists to rethink the very 
foundations o f their activities.

A t the sam e time, whereas the financial cost o f education continually rises 
owing to the increase o f the population, the quality o f  education deterio
rates. In m ost o f the developing countries, not only are the schools unable to 
cope with the flood o f illiterates, but only too often the pupils educated  by 
the existing system have great difficulty in finding a place in the econom y 
and society o f their countries, despite the la tte rs’ desperate need o f their 
brains and their capacity  for work.

Traditional m ethods are powerless to  solve the world educational crisis. 
D rastic innovation is needed.

The very m arked trend tow ards calling on the resources o f m odern 
technology, which can be observed in m any countries (Brazil, N iger, Ivory 
C oast, the United States, F rance, India, A ustralia, the A ndean countries, 
the A rab  States) is bound to spread because it provides an answer to  the 
problem s o f the m utation in education. Education is in transition from  the 
handicraft to  the industrial stage.
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Recourse to industrial solutions m akes it possible:

-  to use teachers m ore effectively,

-  to provide high-quality education,

-  to organize an efficient system  o f refresher and further training courses 
for teachers,

-  to reach a very large audience quickly.

In brief, it m akes it possible to provide better teaching for larger num bers at 
costs appreciably lower than those o f  the traditional system.

This educational revolution is o f  particular im portance for the developing 
countries which are com pelled, on the one hand, to devote a considerable 
part o f their budgets to  directly productive investm ents and, on the ether, to 
train the men who will ensure th a t the investm ents bear fruit.

A m ongst the m eans which technology has m ade available to education, tele
vision is destined to  play a m ajor role.

The exam ple o f educational television in N iger  shows, over a limited area, 
the advantages o f  this type o f teaching which is better adapted to the hum an 
and geographical conditions. These include the quality o f the televised p ro
gram m es prepared by a highly com petent team , the possibility o f using, at 
the outset, less qualified teaching staff and o f giving them  practically con
stan t training, the powerful m otivation tha t television can provide, and the 
virtual elim ination o f school drop-outs.

It should be pointed out that, in this system  of educational television, the 
actual b roadcast is only one element, designed to convey a strictly p rog ram 
med m essage. The other two com ponents o f the system are utilization o f the 
b roadcast and the use o f active m ethods. The user’s freedom is fully 
safeguarded.

The project now being im plem ented in the Ivory Coast goes even further. 
The objective is to  educate the whole population (children, adolescents 
w ithout schooling and adults) by the rapid installation of television on a 
m ass scale. This seemed to  be the only way o f solving the problem  o f p ro
viding a form  o f  post-prim ary education geared to  basic education and 
training for active life. This year, m ore than 800 classes, or 40 000 pupils, 
are receiving the educational television program m es. The results are very 
encouraging and, by 1977-1980, nearly 700 000 pupils will have received 
schooling by television.
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In m any countries, however, the distances between population centres are so 
great tha t the transm ission network required for such a system  is expensive 
and difficult to build. In such cases it is tem pting to replace the conventional 
radio-relay netw ork by a satellite and this has led to  a system  o f  an entirely 
new conception.

Educational television program m es are produced at a centre by team s of 
educationists and television experts; they are transm itted  by a large antenna 
to a stationary satellite which relays them  to receivers in the various schools. 
If the transm issions are sufficiently powerful to be picked up by the schools, 
a direct broadcasting  system can be used; the so-called distribution  system  
involves the reception o f the satellite emissions by earth  stations which relay 
them to the schools (see figure 1).

Similar ideas have been adopted by the G overnm ents o f India and o f the 
United States, which recently decided to  conduct an experim ent with edu
cational television in 5000 villages in 1975, using the A T S -F  satellite 
launched by N A SA . C om parab le educational projects for South Am erica 
(the A ndean countries and Brazil) are being studied.

The United N ations is anxious to  encourage the technical and econom ic 
study of system s o f this kind, and U N E S C O  and the ITU  have m ade fea-

Figure 1 — Operating principle
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sibility studies o f different regional system s while conducting parallel experi
ments concerning the content and presentation o f the televised message.

F rance and the Federal Republic o f G erm any, which are preparing to 
launch the Sym phon ie  telecom m unication relay satellite in 1974, are plan
ning to use the satellite for a num ber o f educational television experiments 
designed to  familiarize users with space techniques and to give them  a 
clearer idea o f the educational and operational problem s involved in the use 
of space system s. It should be possible to meet the requirem ents form ulated 
either by adapting Sym phonie  for specific m issions or by developing more 
sophisticated satellites.

1.2 “ Symphonie” and its possibilities for educational television

a) The “S ym p h o n ie ” program m e provides fo r

— the construction and launching o f a p ro to type and two flight models o f 
the satellite;

— the construction  o f two earth  stations.

Figure 2 — The “Sym phonie” satellite
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The Sym phonie  satellites will be geostationary. The two flight models and 
the prototype will be positioned above the A tlantic O cean at longitude 
1 1.5° W (see figure 2).

The satellite will be able to receive signals in the 6 G H z band from  its whole 
visibility zone and to  re-transm it them  by m eans o f two 13 W m icrowave 
transponders in the 4 G H z band. Each o f the transponders can be connec
ted. at will, with either o f the two transm itting antennae whose service areas 
are Europe and A frica for the one and the western part o f A m erica for the 
other (see figure 3).

The two earth stations o f the jo in t program m e are equipped with 15-16 m 
diam eter parabolic antennae, and non-cooled param etric amplifiers (figure 
o f merit 3 1.5 dB/K ). The two stations are being built at P leum eur-B odou in 
F rance and at Raisting in the Federal Republic o f G erm any.

The capacity  o f one Sym phonie-type  transponder in a system  equipped with 
such antennae will be one television channel or 300 telephone circuits.

The operations o f launching, positioning and control during the life o f the 
satellites (expected duration: one year for the pro totype and five years for 
the two flight models) will be carried out by m eans o f specialized stations 
belonging to the French and G erm an space research institutions (C N E S and 
D FV LR ). The C N ES has undertaken the construction o f an S H F  control 
station at Toulouse with a 9 m diam eter antenna.

A jo in t F ranco-G erm an technical research program m e has been draw n up 
to try  out various techniques for the transm ission o f telecom m unication 
signals.

O ther points w orthy of mention are:

— the O R T F  has purchased a mobile station with a figure o f  merit o f  31.5 
dB /K  for outside broadcasting;

— in the island o f Reunion, the French P&  T is installing a station which 
will be able to w ork with Sym phonie.

b) The possibilities o f  “ Sym phonie ” fo r  sm all-antennae television

In addition to the transm ission possibilities described above, there are great 
possibilities for using Sym phonie  with sm aller—and therefore cheaper—an
tennae. The quality obtained in the first case is tha t prescribed by the C C IR  
when a satellite transm ission is followed by a com paratively long terrestrial 
transm ission. W hen the television signal is distributed on a m ore limited 
scale, reception quality requirem ents can be reduced.
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Figure 3 — Areas serviced by a “Symphonie A ” satellite

Television program m es can then be received with 8 m antennae and non
cooled pream plifiers (figure o f m erit 26.5 dB/K ). W ith these diam eters, 
antennae w ithout autom atic tracking can be used; they cost about 
1.2 million French francs.
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By m eans of Sym phonie  it will be possible to carry  out television reception 
experim ents—e.g., in the educational field—in so far as the necessary earth 
stations are available.

W ith these sm aller stations, black-and-white o r even colour television chan
nels can be distributed locally:

— either by a m ore or less high-powered transm itting station, depending 
on the size of the area to  be covered;

— or over a still smaller area, by a cable network.

In areas where the received flux is quasi-m axim um , it m ight even be possible 
to transm it two black-and-w hite television channels p er  transponder.

The num ber o f television receivers participating in an experim ent will 
depend on the scope o f the experim ent and the service area which can be 
covered by the distribution facilities employed.

The television signal will be transm itted  to  the satellite by one o f the 
available transm itting stations; this might be the P leum eur-Bodou station or 
the O R T F  mobile station, but any other solution might be considered. If an 
educational television experim ent is carried out, a team  o f educationists will 
have to be responsible for the planning and execution and for evaluating the 
results.

Sym phonie  will thus enable interested States in the satellite’s service areas to 
conduct educational television experim ents. The content o f the teaching p ro 
gram m e will o f course be a m atter for the States concerned.

The nom inal position o f  the satellite at longitude 11.5 0 W  offers these possi
bilities to m any countries (Africa, the A rab  countries, South Am erica). If 
the satellite were shifted to longitude 4 0° E, it could serve India and A frica 
(figure 3).

Experim ents can begin in O ctober 1974; all the results required could 
probably be obtained in an experim ental period of two years.

1.3 The modified “ Symphonie ” satellites and their possibilities

A fter the initial dem onstrations described here, an operational system  can 
be expected to develop between 1976 and 1980.
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If  the results o f the dem onstrations are favourable, they could gradually  be 
extended to  form  a w idespread operational network for the distribution of 
educational television program m es by modified Sym phonie  satellites.

a) The first m odifications will essentially a ffect the transm itting  antennae. 
The use o f satellites with transm itting antennae adapted  for smaller service 
areas will obviously im prove reception possibilities. In the case, for example, 
o f a 3.5° service area, the E IR P  (equivalent isotropic radiated power) increa
ses from  29 dBW  to 34.5 dBW  (33 dBW  in an area o f 6°). In this case, it is 
possible to receive via each  receiver:

1) with an 8 m an tenna and a non-cooled param etric  amplifier, or a 12 m 
an tenna and a less efficient am plifier (noise factor 4.5 dB):

— one colour television channel +  several sound channels o f a quality 
approaching C C IR  standards,

— or two  black-and-w hite television channels o f acceptable quality;

2) with a 5 m antenna:

— one black-and-w hite television channel o f acceptable quality.

Such a satellite would be im m une to one o f the principal criticisms levelled 
at the C N E S /S o cra te  study m ade som e years ago: nam ely, tha t it d istribu
ted only one program m e over a  vast geographical area (W est Africa). W ith 
the new pattern , fo u r  channels w ould be available, one o f which could be 
reserved for the basic school subjects (history, m athem atics, natural 
sciences, F rench) and the other th ree used by the various countries on a 
tim e-sharing basis.

Such a satellite would also m eet the needs o f countries like India or Brazil; if 
only two channels were necessary (one channel per transponder), 5 m 
antennae could be used.

The grea t advantage  o f  a system  meeting the requirem ents o f the various 
regions m entioned in paragraph  1.2 b) is th a t it would be possible to use 
identical satellites  and a com m on stand-by satellite and even to  arrange for 
m utual backup in orbit.

In this w ay, w hereas one regional system  would require the building of three 
satellites a n d  two launchings, the equivalent figures for two parallel regional 
system s could be fo u r  a n d  three  respectively, which would mean a saving o f  
about 30% . The possibilities for the at least partially jo in t use o f  the ground 
installations would imply a further reduction o f cost.
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b) Sym phonie  satellites can also be modified in respect o f the frequency  
bands u sed ; the 2.5-2.69 G H z band allocated by the W A R C -ST  to com m u
nity broadcasting  seems to be m ore convenient in the tropical and equatorial 
countries (though the problem o f co-ordination rem ains a difficult one).

A study carried out by the C IF A S  G roup o f a space telecom m unication and 
educational television system  for Brazil concluded tha t it would be possible 
to install two 4-6 G H z transponders (of smaller power: 8 W instead of 
13 W) and one 2.5-6 G H z transponder; an educational television channel on 
2.5 G H z could then be received by 8 m antennae. If  only one 4-6 G H z 
transponder was used, two 2.5-6 G H z transponders could be installed.

1.4 Satellites after 1980

Later, in the 1980s the satellites derived from  Sym phonie  will be replaced by 
bigger satellites (350 to  500 kg) on the basis o f the studies carried out for the 
European telecom m unication satellite.

One possibility would be for a E uropean satellite to  take over part o f the 
w ork o f the Sym phonie  satellites; this would therefore be a mixed— 
4-6 G H z (or 2.5-6 G H z) and 11-14 G H z—satellite. The cost o f putting the 
transponder in orbit would be m uch reduced in the case o f a 500 kg satellite, 
thus reducing the cost o f the space segment.

A second possibility would be to go over to direct broadcasting  during the 
1980s. A broadcasting  satellite, while continuing to serve the areas already 
equipped with distribution facilities, would be able to reach areas of 
scattered population which could not be covered by other m eans. It is p re
cisely the inhabitants o f such areas which, by reason o f  their isolation, have 
the greatest need for contacts with the outside world.

A rough calculation based on the service area and costs assum ed in the 
Socra te  study shows that the investm ent cost o f a terrestrial system  would 
be 50%  higher and that, in ten years, an equivalent sum  would be spent on 
operations, w hereas the operating costs o f a space system  are negligible.

Space system s therefore offer very prom ising possibilities. It is im portant 
tha t governm ents should realize this fact and should at least explore them 
with the aid of the experim ental Sym phonie  satellites.

The use of these satellites for the educational and hum anitarian  purposes 
outlined above will certainly receive every encouragem ent from  the States 
which developed the program m e.
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2. Use o f satellites by shipping

A ship at sea m ust be able to find its position and to com m unicate with land. 
A t the present time navigational aids and com m unications are still alm ost 
exclusively provided by conventional terrestrial m ethods. It was, however, 
apparen t from  the first artificial satellite launchings tha t space techniques 
could be used to  great advantage in these fields. D uring the past ten years 
the basic techniques have been developed and applied in the military sphere. 
T here is no doubt tha t in the years to com e space techniques will play their 
part in the civilian sector and in the near future, thanks to satellites, shipping 
will enjoy im proved services or even services which do not exist at present.

M aritim e telecom m unications  will be the first to  benefit from  a satellite serv
ice. A t present coast stations and ships com m unicate by radio, the medium 
frequencies being used for interm ediate distances (about 500 km) and high 
frequencies for long-distance com m unications.

G enerally speaking, this service does not give satisfaction, particularly  in the 
case o f long-distance links:

1) owing to  defects in propagation  it is very difficult to  link certain widely 
separated areas and generally speaking the quality o f the link is very 
fluctuating (and often bad);

2) the setting up o f com m unications is not autom atic and has to be done 
by the radio officer who is on w atch for 8 hours per day;

3) the frequency ranges used are becom ing m ore and m ore congested and 
it will not be long before sa turation  point is reached.

In all, the setting up o f a call m ay take several hours (a period o f  12 hours is 
not uncom m on in the “ coast sta tion—sh ip ” direction) and then the quality 
m ay be bad, so there is undeniably a need for faster and m ore reliable tele
com m unications. A sta tionary  satellite situated above an ocean would p ro
vide an ideal relay for signals exchanged between land and ships.

Satellites have the following advantages:

— telecom m unications are m ore distinct and are o f unvarying quality;

— access time is minimal (of the order o f a few minutes);

— operations are autom atic so it is unnecessary to  have radio operators on 
board;

— there is greater secrecy than with ordinary  com m unications.
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A m aritim e com m unication-satellite system should m ake it possible to p ro 
vide a ship’s crew with telephone and telex equipm ent and even a com puter 
term inal, i.e. a service com parable to  that provided for office staff on terra  
firm a .

F or latitudes below 70°, a system of three geostationary  satellites would 
cover all the oceans. It is planned to introduce such a service by satellite 
under the aegis o f an international organization to be set up for th a t purpose 
by 1978. Experimental system s m ay be available before tha t date.

Very accurate radiolocation  o f ships is also possible with a satellite system. 
W ith system s consisting o f one geostationary satellite per ocean and a con
stellation o f three or four synchronous satellites inclined over the equator, a 
position can be located anyw here on the ocean between 70° N  and 70° S to 
within a distance o f less than 100 m.

Figure 4 — Radiolocation using two geostationary satellites.

A narrow beam illuminates areas with high traffic density requiring surveillance or 
monitoring (North American seabord, Western Europe). An antenna with global 
coverage ensures radiocommunications and radiolocation over the entire ocean

52



A system  with only two geosta tionary satellites  (see figure 4) ensures an 
accuracy  o f the sam e order for medium  and high latitudes and their per
form ance is limited only in areas around the equator. On the whole, satelli
tes can be used to provide a  radiolocation system  which is m uch superior to 
the conventional system s. M oreover, a com bined radiolocation and telecom 
m unication service, which is very simple to  achieve with a satellite system , 
can considerably enhance the safety o f a ship at sea by:

1) notably improving the accuracy o f traditional navigational m ethods;

2) in certain  areas, providing a system  o f surveillance or even control o f 
m aritim e traffic from  the land;

3) considerably increasing the efficiency and speed o f rescues at sea.

2.1 Navigation

N avigation involves taking constan t decisions on the best and shortest route 
for a ship to take to  her destination, avoiding the various hazards she might 
encounter:

— fixed hazards: shoals, wrecks ...,

— m oving hazards: other ships,

— bad w eather areas.

There are various w ays in which the crew can obtain inform ation which, 
a fter analysis on board , can be used to  determ ine w hat course to take.

W ith an integrated radiolocation and telecom m unication system , satellites 
can provide inform ation which is superior both in quantity  and quality.

■  In particular, an anti-collision system  can becom e m uch m ore efficient.

■  Very accurate location in coastal areas prevents ships fr o m  running  
aground  in the shallows.

■  Finally, the receipt o f m eteorological inform ation m eans tha t the ships 
can avoid bad  weather areas, which cause delay and sometim es dam age 
to the vessel and the cargo.

U sing these m ethods, the basic principles governing navigation are retained: 
the crew itself decides which course to follow; the satellite has merely increa
sed the efficiency o f  the aids to navigation.
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2.2 Surveillance

Satellites, with their scope for com bining radiolocation and telecom m uni
cation operations, can bring about a com plete change o f attitude with 
respect to the piloting of ships.

A land station can have at its disposal a considerable am ount o f inform ation 
concerning the ships in a given area (position, course, speed, etc.). It will 
also possess general inform ation about the area (state o f shipping routes: 
position o f wrecks, shoals, w eather conditions, etc.).

Knowing at any given time the situation in the area as a whole, the earth 
station can provide surveillance over tha t area, following the m ovem ents o f 
the different ships and intervening if a difficult situation arises.

To som e extent the surveillance scheme on land is a form  o f support for the 
crew on the bridge of the ship. With such organization a good num ber o f  the 
accidents due to hum an error in navigating can be avoided. This type of 
surveillance could be carried out in very dense traffic areas or in sectors 
where the im portant sea lanes pass near coasts.

A traffic control system  could be introduced in certain areas considered to 
be particularly  critical (narrow  straits with heavy traffic such as the 
Channel). The control station would co-ordinate the m ovem ents o f the 
various ships and thus increase safety at sea.

Industry in F rance has m ade a study o f this subject, using the concrete 
exam ple o f the Channel. It has shown tha t technically such control is 
possible.

For the Channel a system o f parallel lanes with a set speed was suggested. 
The ships would follow the axis o f the lane at a fixed and steady speed. 
W hen they deviated from  the axis and went beyond a certain threshold, or if 
the distance between a vessel and a ship forw ard or aft o f  it in the sam e lane 
were no longer correct, the control centre would transm it a signal.

In the D over S trait, with a two-way traffic o f 250 boats in 24 hours, with 
two lanes each way having a width of 2 nautical m iles each (which is 
entirely possible: see figure 5), a 10-minute interval between locations and 
ships keeping reasonably well on course (85%  probability o f being less than 
0.25 nautical miles from  the axis o f the lane), the num ber o f collisions could 
be reduced to one every eight years  if all the boats were equipped. On an 
average one intervention per boat would be necessary by the control station 
for a Channel passage (figure 5).
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Figure 5
Two channels, each 2 nautical miles wide, can be established in both directions on 
the recommended routes

2.3 Search and rescue

F or m aritim e safety purposes, the advantages o f a system  com bining au to 
m atic and accurate radiolocation with reliable telecom m unications are 
obvious. A t the present time, search operations in the event o f an accident 
often take several hours owing to the lack of an accurate  location system. 
C o-ordination o f rescue facilities is m anaged as well as possible under the 
circum stances. Reliable telecom m unications com bined with radiodeterm i
nation would provide alm ost im m ediate inform ation on disasters and where 
they had occurred.

To sum  up, satellites will enable the m aritim e telecom m unication services to 
bring their quality and efficiency up to  the level regarded now adays as no r
mal for the land service. It will be possible to link vessels at sea with the 
general land network, thus facilitating the m ore rational m anagem ent o f 
m erchant shipping (an A m erican study has shown tha t for a typical United 
States fleet o f  300 vessels, savings o f  the order o f  17 million dollars could be 
m ade if m anagem ent were im proved by efficient com m unications).
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There will be an appreciable reduction in the relative isolation o f ships’ 
crews.

The increased efficiency o f radionavigation m ethods and the possibility o f 
introducing a system of surveillance will substantially im prove the safety of 
shipping, thus reducing losses (which are at present o f the order o f 
50 million dollars a year for m aterial alone). M oreover, the risk of serious 
dam age to  the environm ent inherent in sea transpo rt would be brought 
within tolerable limits.

3. Location and collection o f data

3.1 The developm ent o f space techniques m akes it possible to  envisage the 
operational use o f satellites for centralizing small quantities o f d a ta  from  a 
large num ber o f inexpensive stations at one or m ore central stations. A naly
sis o f the signals received from  the station by the satellite—m easurem ent of 
D oppler effect and propagation delay—can also provide very useful infor
m ation on the location o f mobile stations (drifting buoys or fixed-ceiling 
balloons).

The satellites now being studied or developed by C N E S for these purposes 
derive more or less directly from  the findings o f the E ole  satellite launched 
by a Scou t rocket in A ugust 1971. This technique can be used in various 
projects: a sub-system  for the location and collection o f  d a ta  installed in the 
low-orbit, global-coverage A m erican m eteorological satellite, Tiros-N , an 
experim ental geodesic satellite launched by D iam ant, the Dialogue  satellite 
which is to pave the way for the operational precise-location satellite Geole, 
and a data-collection system  associated with the E uropean geostationary 
satellite M eteosat.

3.2 The “ Eole” programme

The C N E S data-collection and location program m e began with the Eole 
m eteorological experim ent and is being continued through the so-called 
com plem entary E ole  experim ents. These include:

— the transm ission o f com m ercial messages from  m erchant ships and the 
sim ultaneous location o f the vessels to  facilitate centralized m anage
ment o f the fleet;

— the transm ission o f  m eteorological m essages from  ships selected by the 
French M eteorological Service;
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— an experim ent with d a ta  collection and location from  drifting or 
anchored buoys;

— experim ents with a w ater m anagem ent system  for a hydrological basin.

These experim ents have tended to  crystallize the requirem ents that can be 
m ade of space system s which, in som e cases, constitute the only possible 
m ethod o f meeting them.

3.3 The “ Tiros-N ” project

Tiros-N , the first o f a  new series o f A m erican non-geostationary  satellites, is 
to be launched in 1977. It will com prise a system  for the location of p la t
forms and the collection o f  data. N A SA , which has suggested international 
participation in the program m e, has asked C N E S , in view o f its experience 
with sim ilar problem s (Eole), to  take part in the construction o f  the satellite 
by designing and supplying a location and data-collection system.

The system  should be capable o f  locating and o f collecting data  from fixed 
or drifting platform s o f different types (buoys, balloons, terrestrial stations). 
The service should be available to  users from  1977 (launching o f the first 
satellite in the series) till at least 1981. To com plete this long mission, a 
series o f about four satellites will have to be launched.

The practical utilization o f  a location and data-collection system is mainly 
conditioned by the cost o f the whole system  and m ore particularly by that o f 
the beacons. It is aim ed to achieve the cost reduction on which the success 
o f the operation depends by m axim um  simplification o f  the platform s which 
will ju s t consist o f transm itters.

Characteristics and  perform ances

— num ber o f satellites in flight sim ul
taneously : 1

— orbit : circular heliosynchronous at
1600 km

— coverage : world-wide

— transm itted  power o f  stations : 3 W  at 400 M H z

D ata  collection

— m ethod o f collection : random  access

— storage : static m em ory + recorder

— m essages : from  4 to  32 param eters at 8
bits (accuracy  0.5% )
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— probability o f  collection : 98%

— maximum density of  stations : 600 in the satellite’s circle of
visibility (radius 4000 km) for 
32-sensor stations (without 
location)

— maximum number of  stations : 6000 on same assumptions as
above

— frequency of  satellite passes : at least five times per day

— restitution time : about 3 hours

Location

— principle : measurements o f  frequencies
received by satellite

— precision of  location : 5 km for fixed and 5 to 8 km
for mobile platforms between 
+ 55° and —55° of latitude

— maximum density of  stations : 200 in the circle o f  visibility
for stations with location and 
4 sensors

— maximum number of  stations : 2000

— location frequency : twice a day

— restitution time : 5 to 7 hours

— probability of location : 95%

3.4 The “ M eteosat” project

The M eteosa t project, proposed by the CN ES, is being implemented as part 
o f  E S R O ’s European programme; M eteosa t will be one of the five geo
stationary meteorological satellites launched for the 1977 G A R P  global 
experiment. The launching is scheduled for the end of  1976.

The main objective of  M eteosa t is the infrared observation of  clouds and the 
distribution of  images processed at a central station to secondary receiving 
stations. It will, in addition, be equipped with a sub-system for the collection 
of  data  in real time.
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— multiple access: the station emits an alarm  signal whenever the param e
ter it is m easuring falls outside pre-arranged limits;

— interrogation by a central station; 

p  program m ed access.

This system  does not include location.

Characteristics and  perform ance

— num ber o f satellites : 5 (2 A m erican)
(1 Japanese)
(1 Soviet)
(1 E uropean)

— orbit : geostationary

— m ethod o f operation and data
collection : 1) multiple access

: 2) interrogation 
: 3) program m ed access

— respective capacities o f three m ethods : 1) 100 stations
: 2) 1000 stations
: 3) 3000 stations

— transm itted  power:
— fixed stations (directive antenna) : 4 W

— mobile station (non-directive 
antenna) : 20 W

— messages : 28 at 4000 bits

— coverage : + 60° latitude (see figure 6)

3.5 “ Geole ”

The survey m ade by C N E S showed tha t a num ber o f requirem ents for 
accurate location are not met by existing system s either because they are 
insufficiently precise because restitution times are too long, or because they 
are too  com plicated to  use. F o r this reason, C N E S thought it would be 
interesting to  study a system  for meeting these needs: this is the Geole sys
tem  (contraction  o f geodesy  and E ole) which is based on the sam e principle

Three types o f stations are planned:
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as Eole. The non-geostationary satellite would have two functions: first, it 
would m easure (by Doppler effect) the distance and radial velocity o f the 
beacons to be located and it would date the m easurem ents by the stable 
clock on board; second, it would record these d a ta  in a m em ory and re
transm it them by telem etry to a network station when this is visible.

The target set for the satellite (location to within 10 m on a single visible 
pass and to 1 m calculated over a day ’s m easurem ents) has a num ber of 
implications. It means tha t the path-tracing—to be carried out by a w orld
wide network established during the first m onths of the satellite’s life (geo
metrical geodesy mission)—would have to be extremely precise. It also deter
mines the system characteristics: satellite on circular orbit a t an altitude o f 
3500 km (optim um  value), inclined at 60° to 70° to the equator; distance 
m easurem ents accurate to 2 m and radial velocity m easurem ents to 2 m m /s.

Figure 6 — World-wide observation network o f three geostationary satellites
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Characteristics and  perform ance

— number of  satellites in flight simul
taneously : 1

— coverage : world-wide

— automatic and transportable stations

a) m easurem ents during one day

— restitution times

— to calculating centre : 1 hour 30 minutes
— to located station : 7 hours

— calculating time at station : 24 hours

— precision

— stations with
directional antennae : 1 m

— stations without
directional antennae : 5 m

b) m easurem ents during one visible 
pass

— restitution time

— to calculating centre : 1 hour 30 minutes
— to located station : 7 hours

— location frequency : five times a day
— precision

— stations with
directional antennae : 10 m

— stations without
directional antennae : 50 m

Studies are being made with a view to carrying out the location calculations 
on board the satellite, which would virtually eliminate the restitution time to 
the located station.

3.6 “ Dialogue”

This experimental project is designed to test the Doppler and 
distance-measuring sub-systems developed for the Geole system.
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Figure 7

“Geole ” location system — Satellite-beacon-satellite measurements o f  distance and 
Doppler effect are taken and then stored on board until such time as the satellite 
passes over a station in the network and a telemeasurement can be made

These tests will cover:

— the general w orking of the system s,
— distance m easurem ents in com parison with sim ultaneous laser m easure

m ents,
— D oppler m easurem ents by different m ethods (integration or 

differential),
— Geole processing methods.

In addition, Dialogue  will help to interest potential users in Geole by 
associating them with the project, which will m ark an im portant stage in the 
credibility o f the system.

The D ialogue  satellite is to be launched at the end o f 1976 by the D iam ant 
launcher.
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3.7 The advantages of locating and data-collecting satellites

It would be long and tedious to  enum erate all the advantages o f locating and 
data-collecting satellites, but som e m ention m ust be m ade of the services 
they will render to various hum an com m unities.

In the first place, the collection o f data  and the low-precision (5 km) location 
o f buoys and fixed-ceiling balloons and o f  isolated stations will help to 
supplem ent the operational m eteorological synoptic m easurem ent network. 
The buoys and fixed-ceiling balloons can also be used for scientific experi
m ents in oceanography  (studies o f currents) and in m eteorology (study of 
ocean-atm osphere interaction, o f winds, etc.), as well as for studies o f 
m arine and atm ospheric pollution w ithout which no genuine control o f 
pollution is possible.

Figure 8

Prospecting fo r  oil — Owing to the very high cost o f  operating drilling platforms, 
drilling points at sea have to be pinpointed with the greatest accuracy
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Technologically highly sophisticated system s, like Geole, will, inter alia, 
help to  improve the productivity o f petroleum  prospecting, geodesic and ca r
tographic team s, because highly accurate locations can be m ade in record 
time, w hatever the w eather conditions. The system s will therefore facilitate 
and accelerate the developm ent o f the new countries while avoiding certain 
deteriorations (clearing o f trees for sighting) which are inevitable with 
traditional cartographic m ethods.

(O riginal language: French)
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UNITED STATES EXPERIENCE RESULTING FROM  THE 
W ARC-ST (1971)

by
W. D E A N , Jr. 

Assistant Director, Frequency Management 
Office o f  Telecommunications Policy 

Executive Office o f  the President 
W ashington, DC

Introduction

A s this audience is aw are, com m unication is the nervous system  o f our 
m odern society. It is th a t capability which perm its us to  flash words, 
pictures, and d a ta  from  one place to  another with the speed o f  light; a m ajor 
ca ta lyst in such areas as in ternational politics, econom ics, and world peace.

W ith the advent o f  satellites sixteen years ago, a new com m unication 
capability becam e available to  m an. The first Space C onference o f  the ITU  
w as held in 1963, prim arily to provide spectrum  resources which would fos
ter the application o f  space com m unications. Such actions are necessary at 
the in ternational level since the spectrum  is a limited and highly contested 
natural resource wherein all o f the w orld’s uses o f radio m ust be accom m o
dated. In ternational co-operation is vital, for uncontrolled spectrum  
pollution would render the resource useless. Thus, the role o f the ITU .

The 1963 C onference m ade provisions for first generation com m unication 
satellites, navigation satellites, and m eteorological satellites. Som e provision 
w as also m ade for other applications such as space research, radio astro 
nom y and support functions.

The advancem ent o f space technology since 1963 has been truly phenom e
nal and portends even greater future strides. The 1971 W orld A dm inistra
tive R adio  Conference for Space Telecom m unications (W A R C -ST) o f the! 
ITU , with over 100 countries and 700 representatives participating, was 
successful in setting an in ternational course for the expansion o f  space tele
com m unications for the next ten to twelve years. Precise engineering criteria
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were agreed upon at this Conference, providing the foundation for con
siderably expanded spectrum  allocations for space com m unications. 
Detailed procedures were also developed, aimed at ensuring the necessary 
co-ordination am ong nations in planning for and implementing their 
terrestrial and space system s. W hile all attending adm inistrations signed the 
Final A cts o f the Space W A R C , it was necessary for the results to  be 
ratified by the cognizant authorities in the respective countries. The United 
States Senate gave advice and consent to  ratification on 13 June 1972, and 
Presidential signature was appended on 14 July 1972.

Actions taken

Im m ediately upon com pletion o f the 1971 Conference, the appropriate 
agencies in the United S tates—prim arily the Federal C om m unications C om 
mission (FC C ) and the Office o f Telecom m unications Policy—initiated 
action to bring national regulations into conform ity with the Final A cts of 
the W A R C -ST. Such regulations were modified to  incorporate the m any 
changes in procedures for the co-ordination and notification of frequency 
assignm ents. The N ational Table o f Frequency A llocations was also 
modified and, as a subsequent action, national allocations to terrestrial 
services were initiated above 40 G H z, to  com plem ent those established for 
space services as a result o f the W A R C -ST .

F or the rem ainder of this presentation, I should like to outline some 
experiences o f the United States in the area o f space telecom m unications 
since the 1971 W A R C -ST ; forecast developm ents in space telecom m uni
cations as seen by the United S tates; and touch on certain problem s 
encountered and conclusions reached to  date.

International communication satellites

IN T E L SA T , with C O M S A T  as the operating agent, has continued to 
expand its global operations, and by the close o f 1972 four In te lsa t-IV  
satellites were in operation. These satellites provide for full coverage o f  the 
three m ajor ocean areas with a capacity  o f 3000 to 9000 voice circuits in 
each satellite depending upon the type o f service, area to be served, and 
other factors. The space segments were designed to  provide service for a 
seven-year period.

O perations in all areas, i.e., telephony, record, and television, continue to 
expand. As an exam ple, by the end o f 1972 the num ber o f television tran s
mit and receive hours had nearly doubled from  tha t at the close o f the
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previous year. Also, the num ber o f  earth  stations and participating countries 
having access to the IN T E L S A T  system  increased during 1972 from  52 
earth stations in 39 countries to  65 earth  stations in 49 countries.

Dom estic satellites

In the case o f dom estic com m unication satellites, as in m any other areas, 
technical solutions have been easier to  arrive at than institutional ones. A fter 
several years o f considering policy alternatives in the exploitation of satel
lites for dom estic com m unications, the F C C  recently adopted a policy of 
multiple entry for com m ercial enterprises. Initially, the C om m ission had 
before it eight applications for com plete system s, plus several for 
receive-only earth  stations.

M arkets to be served in the near tim e fram e include the provision o f  circuits 
for long-distance sw itched m essage service, leased private lines for voice 
and /o r data , and the transm ission o f video program m es directly to  cable 
system s. Future uses include distribution o f television program m es from  net
w ork origination points to local television b roadcast stations and m ore 
advanced, specialized services not now provided by electronic means.

The first construction  perm its for dom estic satellites have been issued and 
system s could be in operation by early 1974.

M ost o f the pending applications are based on 12, 24 or 48 transponder 
spacecraft w orking with either a few large earth  stations (30 m diam eter 
antennae), or with a larger num ber o f sm aller earth  stations (10 m diam eter 
antennae). M ost system s plan to  use 4 and 6 G H z, but the newly allocated 
12 and 14 G H z bands m ay be em ployed as well.

Broadcasting satellites

During the 1971 W A R C -ST  and in forum s o f the United N ations during 
1972 it was increasingly evident th a t the possibility o f  b roadcasting satellites 
is a m atter o f interest to  m any countries. The W A R C -ST  identified two 
m odes o f reception in the broadcasting-satellite service, i.e., individual 
reception and com m unity reception. C oncerns expressed thus far are pri
m arily in regard  to individual reception or so-called “ direct b ro ad castin g ” 
w hereby it is envisaged by m any tha t the w orld’s television receivers of 
today  could eventually be receiving program m es via broadcasting satellite. 
Such a concept appears open to  question.

O f m ajor relevance is the fact tha t, a t least in a practical sense, the 
stipulations o f the Radio R egulations serve to  preclude “ direct b ro ad 
cas tin g ” in frequency bands now used for sound or television broadcasting.
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It is possible tha t for certain bands, e.g., 620-790 M H z, the future could see 
the developm ent o f relatively low-cost, small-size antennae and low noise- 
level pream plifiers tha t would enable direct broadcasting  despite existing 
power flux density lim itations. On the other hand, it is highly questionable 
whether such system s would be technically and econom ically feasible, p a r
ticularly in face o f the increasing use being m ade o f the bands by terrestrial 
services.

The new allocation at 12 G H z is the lowest band in which direct b road 
casting appears m ost feasible, there being no lim itation on power flux den
sity. However, even with requisite power in a satellite, a  direct broadcasting 
capability could not becom e a reality at 12 G H z until either a new family of 
receivers were developed or m ajor augm entation m ade to existing equip
ment.

Progress has been m ade in the developm ent o f satellite prim e pow er and 
E IR P  capabilities, but the fact m ust be borne in mind tha t direct b ro ad 
casting-ind iv idual reception—envisages small, relatively inexpensive recei
ving equipm ent tha t an average family could have on and in the home. In 
the United States view, a direct broadcasting  satellite system  to serve indi
viduals o f the general public is m any years and dollars aw ay, econom ic con
siderations being a m ajor retarder.

In the light o f econom ic and technical realities, the United States believes 
that a broadcasting  satellite planning conference, as proposed by the 1971 
W A R C -ST , would be prem ature if convened before 1980 at the earliest. On 
w hat bases would an earlier conference be able objectively to  deal with its 
intended w ork? W hen will there be valid  requirem ents for incorporation in a 
plan, rather than “ reserv ing” frequencies and orbital positions for system s 
tha t m ay never com e into being? W hat bandw idth will be the basis for a 
channelling plan, considering that research is under way on new m odulation 
techniques and ways to com press the spectrum  required for a television 
channel? These and other questions m ust be assessed objectively in light o f 
the fact that any direct broadcasting satellite system  is going to be 
enorm ously expensive and will entail virtually a com pletely new set o f equip
m ents from  the ground up. In the opinion o f  the United States, the develop
m ent o f practicable direct broadcasting satellite system s will be a slow pro
cess and the co-ordination procedures contained in Resolution No. Spa 2-3 
o f the 1971 Conference will serve adequately for m any years to  come.
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Amateur satellites

D uring 1972, Oscar-6, the sixth in the series o f orbiting satellite carrying 
am ateur radio (Oscar), was launched and is presently relaying transm issions 
from  am ateurs in Europe, N orth  A m erica, A ustralia, and other countries o f 
the world. Oscar-6  was developed and built by am ateurs o f the United S ta
tes, A ustralia, and G erm any, and has been designed for one year o f  service. 
It will accom m odate single-sideband voice, radio teletype, and slow-scan 
television transm issions. In addition to form al am ateur com m unication, per
tinent am ateur groups are developing experim ents and dem onstrations to 
indicate the potential o f am ateur satellites for providing com m unications 
during periods o f special em ergencies or natural disasters.

Aeronautical and maritime satellites

Satellites offer a particularly  attractive m eans for meeting world-wide needs 
o f the aeronautical and m aritim e mobile radio services; com m unications 
currently  hindered by the shortcom ing o f high-frequency radio. The 
technology for such capabilities is currently  at hand and specific operational 
requirem ents are now being defined. Thought is also being given as to  how 
national and international institutions should be used to  guide the appli
cations o f this new technology.
C anadian  and U nited States G overnm ent officials and representatives o f the 
E uropean Space Research O rganisation (ESR O ) are developing a p ro 
gram m e o f in ternational co-operation for the experim ental use o f satellite 
capability  in support o f air traffic control activities in the N orth  A tlantic 
area, and possibly other areas, during the next several years. ESR O  has in 
progress a review o f potential U nited States com m ercial partners. 
M eanwhile, the U nited States D epartm ent o f T ransportation  and the 
Federal A viation A dm inistration (FA A ) are continuing w ork with ESR O  on 
an intergovernm ental m em orandum  o f understanding which will facilitate a 
tim ely and responsive program m e definition.
In the m aritim e area, com m ittees o f the Intergovernm ental M aritim e C on
sultative O rganization (IM C O ) have been exam ining the feasibility o f 
various approaches to  the in troduction o f satellite services, for com m uni
cations an d /o r navigation, in support o f international m aritim e activities. 
The possibility o f  creating a new international organization for this purpose 
has been proposed and other options, such as use o f the IN T E L SA T  global 
satellite system , are being discussed. Some adm inistrations are o f the view 
th a t there is no need for an additional international institution to m ake pos
sible the near future introduction o f m aritim e satellite services. The U nited 
States G overnm ent shares this view.
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Meteorological satellites

The United States meteorological satellite program m e was developed to 
satisfy three basic goals:

— to provide global atm ospheric coverage regularly and reliably, day and 
night, including direct readout to ground stations within radio range o f 
the satellite;

— to provide continuous viewing of w eather system s, and also serve as a 
relay point between rem ote sensors and meteorological centres;

— to sound the global atm osphere on a regular basis to provide quan tita
tive m easurem ents needed in num erical prediction models.

D ay and night coverage becam e possible in 1970 following launch o f the 
Itos  (im proved Tiros operational satellite), a follow-on to Tiros (television 
infrared observation satellite)—the w orld’s first satellite system  developed 
specifically to satisfy m eteorological needs. In 1972, the satellite capability 
was further expanded with the launch o f N oaa-2—the first operational 
environm ental satellite to  rely entirely on scanning radiom eters for im agery 
in lieu o f video system s. W ith the advent o f Noaa-2, the first operational 
environm ental satellite capable o f  sounding the atm osphere on a near-global 
basis, the third operational goal was satisfied.

The next generation polar-orbiting satellite system  will be the T iros-N  series 
o f satellites. This series will replace Itos  in the latter half o f the 1970s and 
will include state-of-the-art advances in spacecraft and launch vehicle 
technology. The planned on-board sensor com plem ent includes a four-chan
nel high-resolution im agery radiom eter; an advanced m ulti-channel vertical 
tem perature sounder; and com m unications, processing, and storage instru
m entation to  provide a location and d a ta  collection service for free-floating 
balloons and ocean buoys. D irect readout o r real tim e im agery will continue 
to be available.

Environmental satellites

The successful A T S  (applications technology satellites) satellites form  the 
technological base for the first operational geostationary satellites, to be 
known as the geostationary operational environm ental satellite (Goes). The 
prototype satellite, N A S A ’s synchronous m eteorological satellite ( S M S )  is 
planned for launch in late 1973. The S M S /G o e s  series will perm it day and 
night objective determ ination o f cloud cover and wind fields using film loops 
and com puterized wind-determ ining techniques. This series o f satellites will
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include a d a ta  collection system  for gathering d a ta  from  rem ote environ
mental sensor platform s and a direct readout system  to selected locations.

The Goes data  collection system  will be available for international partici
pation by environm ental services and organizations in program m es of 
m utual interest. Form al announcem ent o f the data  collection program m e 
has been m ade through the W orld M eteorological O rganization (W M O). A 
Phase II im proved Goes system  is contem plated for the end o f this decade 
or the early 1980s.

The foregoing total system  will consist o f satellites o f the Ito s /T iro s  variety, 
orbiting underneath a United States two-satellite geostationary  Goes system. 
If other nations were to provide two additional geostationary  satellites, the 
world would then have a truly global m eteorological and environm ental net
work.

An earth  resources technology satellite (E R T S ) was also launched in 1972. 
This polar orbit capability is providing useful data  in such areas as agri
culture, geology, geography, hydrology, ecology, and oceanography. 
Results to date are good and co-operative program m es with other countries 
are being pursued.

Space research

Since the 1971 W A R C  for space telecom m unications, the United States has 
m ade use o f m any o f the frequency bands allocated to the space research 
service. Planned program m es will em ploy m ost o f the others in the 
foreseeable future.

For exam ple, since m id -1971 there have been three m anned Apollo  flights to 
the m oon, ten scientific satellites, all still sending useful data, and seven 
research satellites launched for other countries. A dditionally, som e 24 other 
U nited States and three foreign satellites, all launched prior to  the 1971 
Space W A R C , are also being readout regularly. The norm al w orkload of 
N A SA  data  readout stations averages about 45 satellites requiring operatio
nal support on a regular basis.

C om ing events in N A S A ’s space research program m e include the Skylab  
w orkshop with three m anned visits planned; the jo in t United States-U SSR 
A pollo -Soyuz  test project and the space shuttle Orbiter, a m anned re-usable 
vehicle for placing payloads in space and servicing satellites already in orbit. 
A num ber o f p lanetary  spacecraft are also scheduled, including orbits and 
landings on M ars, and visits to  M ercury, Venus, Jupiter, and Saturn.
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Between now and 1976, over a dozen scientific satellites will extend our 
knowledge o f the ea rth ’s environm ent as regards various radiations from 
space and their sources o f origin. The ea rth ’s upper atm osphere will be 
studied, m agnetosphere and celestial source radio signals will be investigated 
and the density o f the therm osphere and exosphere m easured. W ork will be 
continued in improving com m unication technology and higher frequencies 
for earth—space—earth uses will be evaluated. The earth  exploration satellite 
program m e will continue, gaining in sophistication and im proving the 
w orld’s w eather forecasting and investigating disciplines. A num ber of 
special program m es and launches for other nations are also scheduled 
during the rem ainder o f the 1970s.

Radio astronomy

The United States continues to  have strong interest in the field of radio 
astronom y to explore the universe and its com position.

W hile being generally gratified with the results o f the Space W A R C  from 
the standpoint o f radio astronom y, some difficulty is being experienced in 
implementing certain  o f the footnotes involving the use o f bands shared with 
o ther radio services, i.e., the determ ination from  a practical standpoint as to 
how radio astronom y can coexist with other services within footnote limi
tations. The answers will be greatly dependent upon the specific nature of 
the other services involved. A sim ilar problem  involves the increased use o f 
line-of-sight transm issions by aircraft and space vehicles in frequency bands 
adjacent to radio astronom y allocations. The advantages o f site protection 
and terrain shielding becom e ineffective for aircraft and satellite tran s
missions w here interfering signals m ay be above the horizon for long periods 
o f time.

In the next decade, the sensitivity o f radio astronom y receivers will increase, 
com pounding the difficulties o f coexistence o f radio astronom y with other 
services in adjacent bands. Design problem s are thus raised, calling for the 
developm ent o f m ore linear com ponents both in transm itters and receivers 
and greater im provem ents in filter techniques.

Need for better engineering

As can be gathered from  w hat has been said thus far, the advent o f satellite 
technology has afforded exciting new avenues o f adventure and expanded 
service to man. A t the sam e time, it has also increased the already heavy 
burden on the radio frequency spectrum , particularly  in the u ltra high
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frequency and extrem ely high frequency regions which are ideally suited for 
both space and certain terrestrial applications, prim arily m icrowave relay 
and radiolocation. The results o f the 1971 Space W A R C  attest to  the 
increased spectrum  pressures brought about by space telecom m unications, 
wherein the frequency spectrum  allocated for space purposes was increased 
by a factor o f 35. Experience to date shows tha t millions o f dollars and 
m any m an years are being spent engineering high-powered space system  
earth  station transm itters and com panion sensitive receivers into areas 
already congested with other telecom m unications system s.

In the view o f the United States, one o f the m ost serious problem s 
encountered in implementing the results o f the W A R C -ST  1971 is that o f 
ensuring electrom agnetic com patibility, i.e., obtaining high levels o f confi
dence, prior to developm ent and procurem ent, th a t com m unication-electro- 
nics system s will be able to operate satisfactorily in their intended opera tio 
nal environm ents w ithout causing or receiving harm ful interference.

In dealing with the subject of electrom agnetic com patibility, one is faced 
with several com plex param eters—spectrum  congestion, the vagaries o f 
radio wave propagation , lim itations im posed by the state-of-the-radio-art, 
and the inadequacies o f curren t engineering practices.

Analysis is the cornerstone to  understanding and treating electrom agnetic 
com patibility problem s. An analytical capability is needed to  provide the 
m eans for predicting electrom agnetic environm ents, based on projected uses 
o f equipm ents and the radio frequency spectrum . Based on United States 
experience, the attainm ent o f a com petent analytical capability should be the 
cata lyst to bring other pertinent needs into perspective. Effective analysis 
dictates the need for valid d a ta  inputs on equipm ent technical characteris
tics, accurate environm ental data, sound engineering standards, improved 
m easurem ent techniques and test procedures, better instrum entation, 
and—as a continuing goal—better spectrum  allocation procedures and p lan
ning.

R igorous treatm ent o f  electrom agnetic com patibility introduces a new era in 
spectrum  m anagem ent, one requiring a process o f extensive education. The 
problem s associated with optim izing the use of the frequency spectrum  must 
be recognized at all levels o f radio com m unications—experiment, design, 
developm ent, and operational deploym ent. Unless the experim enter, the 
builder, and the user understand m ore fully the capabilities and lim itations 
o f  system s placed a t their disposal, they will neither be able to obtain op ti
mum benefit from  electronic capabilities nor to  evaluate the adverse effects 
or benefits which m ay result from  the use o f electronics by others.
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W ithin the United States, analysis and im proved procedures are being 
developed and applied prior to  each o f  the stages in the evolution o f  govern
ment radio system s—advanced planning or concept developm ent, experi
m entation with techniques or equipm ents, system s developm ent and 
procurem ent, and operational deploym ent. Looking to the future, it is 
foreseen tha t this analysis capability for im proved spectrum  m anagem ent 
would be expanded so as to  be oriented prim arily not only along engineering 
lines, but also to em brace on a m ore effective basis such considerations as 
the im pact o f econom ics, possible biological side effects o f electrom agnetic 
radiations, and social values. Such a b readth  o f  com prehension dictates that 
we plan for interdisciplinary capabilities to be brought increasingly to bear 
in w hat, heretofore, has been principally an engineering area o f endeavour.

The problem  o f electrom agnetic com patibility is not unique to any single 
adm inistration or to  a few selected countries. It is a problem  to be recogni
zed and treated by all—individual adm inistrations, neighbouring countries, 
regions, the ITU  and other international organizations concerned with the 
use o f  radio, e.g., IM C O , W M O , and IC A O . In short, it is a  com m on need 
to  which all practicable resources should be applied to bring about greater 
efficiency and savings as regards time, m oney, and perhaps m ore im por
tantly, the limited and vital natural resource which we choose to call the 
radio frequency spectrum .

I appreciate the opportunity  to have been able to  share with you briefly 
som e o f the United States activities since the W A R C -ST , to take a look into 
the future as regards space telecom m unications, and to touch on som e of 
the problem s encountered and foreseen.

T hank you.

(O riginal language: E nglish)
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SPACE RADIOCOMMUNICATIONS 
FOLLOWING THE DECISIONS OF THE SECOND  
WORLD ADM INISTRATIVE RADIO CONFERENCE 
FOR SPACE TELECOMMUNICATIONS 
(GENEVA, 1971)

by
P. M A G N E  

Directeur technique 
Division des faisceaux hertziens

and
B. BLACH IER  

Bureau spatial 
Division des faisceaux hertziens 

Thom son-CSF (France)

I. Introduction

A s m anufacturers o f space and terrestrial radiocom m unication equipm ent, 
we are very interested in all decisions which might increase the quantity  o f 
such equipm ent and, consequently, our activity in this field.

By draw ing up regulations perm itting the coexistence o f terrestrial and 
satellite radio system s, the 1971 G eneva C onference opened up for the 
industry a vast field o f  new applications, w ithout closing the old ones.

This is w hat we hope to  be able to  show  in this paper; and for this purpose it 
is first o f all necessary to define space radiocom m unications and then to 
indicate w hat are the practical consequences for them  of the decisions m ade 
at Geneva.

II. Space radiocommunications

II. 1 Space radiocommunications in general

Every satellite com m unicates with the ground by radio. Space 
radiocom m unications, therefore, concern all satellites, irrespective of 
whether they are for telecom m unications, b roadcasting , radiodeterm ination, 
space research, m eteorology or radio astronom y.
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It is impossible, within the limits o f this paper, to  describe all the different 
types o f satellite. We shall therefore give particular attention to “ fixed 
service telecom m unication satellites” . These are also the heaviest consum ers 
o f the frequency bands, which they have to share with terrestrial rad iocom 
m unications and the other satellite systems.

W e shall not deal with the other types o f radiocom m unications here but they 
operate with techniques similar to  those o f fixed telecom m unications; we 
shall occasionally refer to  some o f their peculiarities.

II.2 The fixed satellite telecommunication service

I I .2.1 Basic principles

■ Geostationary orbits

A lm ost all fixed telecom m unication satellites use a geostationary orbit. We 
may mention, as a m atter o f interest, the non-geostationary satellites used in 
the U SSR; but such satellites are justified only when com m unications have 
to be established with arctic regions.

The accuracy o f positioning and attitude of geostationary  satellites improves 
from year to  year: for example, the angular definition o f the In te lsa t-IV  
satellite now being operated for IN T E L S A T  over the A tlantic is better than 
0.5° for all earth  stations; its altitude varies between 35 739 and 36 230 km.

It is therefore conceivable that all points on the earth within the visibility 
zone o f geostationary satellite could com m unicate with one another; this is 
w hat is called “ multiple access” .

■ Multiple access

H itherto, telecom m unication satellites have been “ tran sp a re n t” , tha t is to 
say, all the signals from earth  stations are amplified and retransm itted  by 
the satellite w ithout m odification. F or tw o stations visible from  the sam e 
satellite to com m unicate with each other, all tha t is necessary is for each 
station to send a signal to the satellite which relays it on to the other station. 
When several pairs o f stations are com m unicating with each other sim ul
taneously, the sam e process is em ployed, but the signals o f all the stations 
m ust not interfere with one another. They can, therefore, be separated by 
using different frequencies; this is known as multiple access by frequency 
division. It is also possible to separate them  in time, with each station 
sending its signals in turn; this is multiple access by tim e division.
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It is probable tha t in the near future certain  telecom m unication satellites will 
cease to be “ tran sp a ren t” and will carry  out some processing o f signals on 
board. To understand the reason for this, we m ust describe the system in 
som ew hat greater detail, indicating how the two fundam ental p a ra 
m eters—the power radiated from the satellite and the frequency band used— 
tend to  limit the telecom m unication capacity  o f satellites.

■ Radiated power and telephone capacity of satellites

A t present, and for a long time to com e, the power supply on board satellites 
will be obtained from solar cells. It is evident tha t the greater the power, the 
greater the m ass o f the satellite. The cost o f putting a geostationary satellite 
into orbit is o f the order o f 20 000 US dollars per kilo. If a system  is to  be 
profitable and com petitive, the weight, and consequently the pow er con
sum ed on board the satellite, m ust be minimized. N ow  it is the later stages of 
R F  am plification—carried out by travelling wave tubes (TW T)—which 
account for the bulk o f the power consum ed on board satellites.

W hen the purpose o f a satellite is to enable earth  stations in different parts 
o f the world to com m unicate with one another, the satellite uses a small 
slightly directional (17° x 17°) global coverage an tenna which can easily be 
accom m odated on board a satellite. On the other hand, the power on board 
m ust be considerable, because it is directly proportional to the area illumi
nated and the num ber o f  channels to  be transm itted. This pow er can only be 
reduced by using large antennae on the ground, because the strength o f  the 
signal received on the ground is proportional to  the surface area o f the 
antennae. To reduce the cost o f antennae on the ground, there is therefore a 
tem ptation  not to  use very high frequencies, because the m anufacturing pre
cision of antennae increases with the frequency.

W hen the purpose of a satellite is to  establish com m unications between 
points grouped together in one or m ore definite areas, it is possible to save 
pow er on board the satellite by fitting it with directional antennae. The use 
o f high frequencies reduces the dim ensions o f the satellite antennae and, 
possibly, the cost o f  the satellite, if the pow er on board does not have to be 
increased.

■ Frequency band used and telephone capacity of satellites

The power per telephone channel to  be transm itted from the satellite is a 
function o f the bandw idth available per telephone channel. There is 
therefore an advantage in using frequencies in which the available bands are 
widest, i.e., the high frequencies.
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a) Frequencies and  atm ospheric absorption

A tm ospheric attenuation increases with the frequency and with the length o f 
the path through the atm osphere. Since the paths through the atm osphere 
used by satellite system s are short in com parison with those of radio-relay 
system s, for example, it is reasonable enough to assign high frequencies to 
them.

A t 11 G H z, attenuation m ay am ount to 7 dB for 0.1%  of the tim e in a 
tem perate climate, whereas the attenuation is only 1 dB at 4 G H z. It is 
therefore im portant to use to the best advantage the frequency bands in 
which atm ospheric attenuation is low. There is thus a tendency to re-use 
frequencies.

b) R e-use o f  frequencies

The capacity  o f satellite system s depends on the re-use o f frequencies. There 
are three w ays of doing this. Several satellites can be spaced at angles in the 
geostationary  orbit. The greater the directivity o f the earth stations and the 
smaller their side lobes, the nearer together the satellites operating in the 
sam e frequency band can be placed. This way o f  re-using frequencies m eans 
increasing the num ber o f antennae on the ground or m anufacturing a m ulti
pencil beam type o f antenna. F urther on we shall see tha t this possibility is 
limited. The second way consists in the sim ultaneous use o f two crossed 
polarizations. The third m ethod consists in producing, on the satellite, direc
tive pencil beam s decoupled from  one another so tha t an earth  station in the 
radiation area of one beam is sufficiently decoupled from  the radiation of 
the others. A n exam ple is In te lsa t- IV A ,  now under construction, which 
twice re-uses the frequencies in the east and west o f the A tlantic. M ore 
generally, when a satellite has several directive pencil beam s and re-uses the 
whole band allocated to  each o f these beam s, a switching problem  arises on 
board the satellite, which can be solved, as in the case o f multiple access, by 
frequency or time division.

Everything we have said above about fixed satellite telecom m unications can 
be applied equally to other types of satellite com m unications.

III. Practical consequences o f  the decisions o f  the W ARC-ST (Geneva, 
1971)

The decisions o f the 1971 G eneva W A R C -ST  fill a 350-page publication. It 
would be a laborious process to describe and com m ent on the whole docu-
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ment. W e shall therefore, as before, confine ourselves to  the decisions rela
ting to fixed satellite telecom m unications:

— frequency allocations,

— the technical provisions relating to  the lim itations on the power and the 
position o f  satellites,

— the technical provisions relating to  the lim itations on the power o f earth 
stations.

III. 1 Frequency allocations

I I I .1.1 11-14 G H z range

The lowest bands newly allocated are:

-- the bands 10.95-11.2 and 11.45-11.7 G H z, usually reserved for the 
space-to-earth  link,

— the bands 14-14.5 G H z reserved for the earth-to-space link,

— in Region 2 (Am erica), the band 11.7-12.2 G H z is also allocated to the 
fixed satellite service (space-to-earth);

— according to  the region, the band 12.5-12.75 G H z m ay be reserved for 
the up- or down-link.

These new allocations are in addition to the 500 M H z bands available in the 
4 and 6 G H z bands; the bands 7.25-7.3 and 7.795-8.025 G H z are reserved 
for use o f the arm ed forces.

Fixed satellite te lecom m unications have thus obtained a new 500 M H z band 
in the 11-14 G H z frequencies, which m eans tha t the bands o f frequencies 
below 15 G H z previously allocated to  this service have been doubled.

■ Consequences for international satellites

These are the IN T E L S A T  satellites.

In te lsa t-IV , positioned above the A tlantic, is approaching saturation . It will 
shortly be replaced by a m ore powerful satellite, In te lsa t- IV A , which will 
enable traffic to be increased by about 70% . Allowing for an annual 
increase o f 15%, the capacity  o f  this satellite will be saturated  in its turn  in 
about four years from  now. S aturation  m ay com e even sooner if the satellite 
is used by the dom estic services inside countries; but it m ay also com e later 
than  expected. W hen it does com e, In te lsa t- IV  A  will be replaced by
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In telsa t-V , which will again perm it improved re-use o f frequencies and delay 
by a few years saturation in the 4-6 G H z band. Sooner or later it will be 
necessary to use the band 11-14 G H z.

■ Consequences fos domestic satellites

It m ay be wondered whether the 11-14 G H z range is not better for dom estic 
uses than the 4-6 G H z range. The answer is not simple and largely depends 
on the existing pattern of terrestrial networks in each o f these two bands.

•  F or a country  with hardly any terrestrial radio-relay system s either in the 
4-6 G H z or in the 11-14 G H z range, the m ost econom ic solution for satellite 
links is unquestionably the use o f the 4-6 G H z range.

•  For a country  with a dense network o f 4-6 G H z terrestrial links and 
where the 11-14 G H z bands are little used, it is probable that the 11-14 
G H z range will provide a good solution for satellite links provided tha t the 
establishm ent o f the earth stations does not interfere with the future develop
ment o f the terrestrial services.

•  In a country in which the 4-6 and the 11-14 G H z ranges are both used for 
terrestrial links, it is difficult to decide on the best solution because the 
choice will largely depend on the clim ate; with heavy precipitation, 
attenuation m ay be serious in the 11-14 G H z range.

•  One way o f com bating this type of atm ospheric absorption is to install a 
diversity reception system. This m eans having alternative earth  stations so 
that the probability o f serious atm ospheric attenuation occurring at the two 
earth stations at once is very low. In certain climatic regions, where the 
probability o f heavy precipitation is low, 11-14 G H z system s can still dis
pense with diversity; this probably applies to Europe and to  m any other 
countries, but not perhaps to certain areas o f the United States. W e now 
understand the interest o f Europeans in this frequency band.

I I I .1.2 17-30 G H z range

Going up the frequency spectrum  we find:

— from  17.7 to  21.2 G H z, or a bandw idth o f 3.5 G H z,
— from 27.5 to 31 G H z, or a bandw idth o f 3.5 G H z.

O f these 3.5 G H z bands, 1.5 G H z o f bandw idth is reserved exclusively for 
the fixed satellite services.
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A t these frequencies, it will very likely be necessary to  use an earth station 
diversity reception system . The width o f the band, and hence the capacity  of 
the system s, is large enough here for diversity reception by m eans o f  earth  
stations not to  present undue econom ic problem s. There is a considerable 
future for system s using these bands, especially in heavy traffic countries, 
provided they are able to  generate high enough pow er flux densities at the 
ea rth ’s surface to  be com patible with the reduced surface area o f earth 
station antennae. Since the cost per kilo o f geostationary satellites only 
diminishes as time goes on, the 17-30 G H z bands will undoubtedly becom e 
econom inal in the near future and will be used especially for dom estic links 
in countries with high traffic density.

I I I .1.3 B ands above 30 G H z

Still further up the frequency spectrum , we find the 40-41 and 50-51 G H z 
bands which are not o f great interest.

Lastly, there are the bands 92-95, 102-105 and 140-142 G H z, ranges which 
the G eneva C onference perhaps reserved for our children, but which we 
shall probably use ourselves.

To avoid any charge o f sectarianism , we m ay add tha t the bands 2.5-2.55 
and 11.7-12.5 G H z have been allocated to the broadcasting satellite service 
on a shared basis, and the bands 41-43 and 84-86 G H z on an exclusive 
basis.

III.2 Technical provisions relating to the limitations on the power of earth stations 
and satellites

It is im portant to see how  terrestrial and space telecom m unication systems 
can coexist.

In satellite system s, the distance between a geostationary  satellite and an 
earth  station is o f the order o f  36 000 km, so th a t a considerable transm itter 
pow er—of the order o f 1 W  per channel—has to be used by earth stations. 
This is because it is impossible to  install low -tem perature receivers in satel
lites. M uch lower transm itter pow ers, on the other hand, are used by 
m odern radio-relay system s linking points abou t 50 km apart and the power 
per channel, or spectral density, is only about one-thousandth part (30 dB) 
o f th a t o f earth  stations. It follows tha t if earth  stations are not to cause 
interference to terrestrial system s, the power em itted by the form er m ust be 
strictly controlled, which am ounts to saying tha t the radiation o f antennae 
on the ground m ust be clearly specified in all directions.
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On the other hand, high quality param etric amplifiers are used for reception 
at earth stations which are 100 times m ore sensitive than  conventional 
radio-relay receivers. It is therefore im portant for all unw anted emissions on 
the ground to be effectively decoupled from  antennae receiving satellite sig
nals, which would impose severe lim itations on the characteristics o f earth 
station  receiving antennae, in so far as these considerations are not ou t
weighed by the antenna tem perature requirem ents. If  terrestrial and space 
system s are to coexist in the sam e frequency band w ithout having to be 
situated too far apart, it is essential for the earth  stations to be equipped with 
high quality antennae.

While this condition is m ore or less sufficient in itself at frequencies in which 
atm ospheric absorption is low, it is very far from  being sufficient at 
frequencies liable to atm ospheric absorption and scatter due to  precipi
tation. To prevent such dispersed energy from  causing interference to 
neighbouring radio-relay system s, the main lobes o f earth  station antennae 
m ust not intersect those o f radio-relay antennae in regions o f the 
atm osphere where precipitation m ay occur.

It is for this reason tha t the W A R C -ST  stipulated tha t the equivalent iso- 
tropically radiated power transm itted  in any direction tow ards the horizon 
by an earth station in any 4 kH z band in the frequency bands between 1 and 
15 G H z shall not exceed + 4 0  dBW , which is 15 dB lower than the value laid 
down in previous recom m endations. This specification also applies in the 
reserved band 27.5-29.5 G H z.

The values recom m ended for the power flux density at the ea rth ’s surface 
produced by emissions from  satellites are very low: —152 dB W /m 2 in any 
4 kH z band between 0° and 5° above the horizon, and —142 dB W /m 2 in 
any 4 kH z band between 25° and 90° above the horizon at 4 G H z,

an additional 2 dB is accepted between 8 and 11.7 G H z,
an additional 27 dB is accepted between 17.7 and 22 G H z.

III.3 Position of satellites

The angular position o f satellites in geostationary orbit m ust be determ ined 
to within 1°. This enables a large num ber o f satellites to  be used in this orbit 
and increases the possibilities o f re-use o f frequencies. These possibilities are 
similarly increased by accurary  in the pointing o f antennae (10%  o f the lobe 
width at 3 dB).
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IV. Conclusions

The allocation o f  new frequency bands and the provisions limiting pow ers in 
these new bands, the position and attitude o f satellites, are unquestionably 
favourable to the developm ent o f satellite radiocom m unications and, in p a r
ticular, fixed satellite telecom m unications, the future o f which is directly 
linked to the widths of the available bands since they limit the capacity  of 
such systems.

W ith existing techniques, the new frequency bands allocated are probably 
more expensive to  operate than bands lower in the frequency spectrum . But 
as the dem and for radiocom m unications grows and the cost per kilo o f geo
sta tionary  satellites diminishes, these bands will be more and more exten
sively used.

In our view, the decisions of the G eneva W A R C -ST  have safeguarded the 
future o f space radiocom m unications w ithout inhibiting the growth of 
terrestrial radiocom m unications. In any event, these two types o f rad iocom 
m unications are m ore com plem entary than competitive.

(O riginal language: French)
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Closing speech by 
Mr. R. E. BUTLER  

Deputy Secretary-General o f  the ITU

Ladies and Gentlem en,

N ow  tha t this sym posium  is draw ing to  a close I have been asked to  sum  up, 
by way o f conclusion, the m ain ideas th a t have emerged.

F irst o f all, I should like to  thank  His Excellency, M r. H ubert G erm ain, the 
French M inister o f Posts and Telecom m unications, who kindly acted as the 
patron o f this third sym posium . W e appreciate this continuing interest in the 
IT U  and telecom m unication collaboration, supported in a very practical 
w ay by his M inistry and the French telecom m unication organizations and 
industry.

M r. L om bard, telecom m unications engineer at the French N ational C entre 
for Telecom m unication Studies (C N E T), gave us in his paper clear per
ceptions o f the trend (already well apparen t in the terrestrial sector) tow ards 
the use o f digital techniques and their potential cost effectiveness in space 
telecom m unications. It is certain tha t the im plem entation o f  such techniques 
in transm ission and switching system s will bring m any practical advantages 
to  national and international telecom m unications, w here there are pressing 
needs to  achieve effective and econom ic technical solutions in m atching 
dem ands for services. The Consultative Com m ittees (C C IR  and C C IT T ) of 
the IT U  have already em barked on studies for the evolution o f relevant 
co-ordinated international standards.
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M r. Som m erlad, C hief o f the Division o f C om m unication R esearch and 
Planning a t U N E S C O , inform ed us o f  the interests o f his organization in 
satellite broadcasting  in the context o f planning o f radiocom m unications, 
stressing the problem s which could arise from  an uncritical application of 
technology w ithout regard to  the political, econom ic and social conse
quences. He indicated two possible approaches for the achievem ent o f natio 
nal objectives in the m atter o f m ass com m unication by m eans o f satellites:

— the study o f  the potentialities o f the system s and their adaptation  to  the 
coun try ’s needs; or

— the analysis o f national requirem ents, followed by an evaluation within 
tha t context o f the possibility o f using satellites.

C ertainly, the prospective advantages from  the use o f satellites as relay 
points in outer space have added new dim ensions to  the form ulation of 
policy—not only in planning and investm ent. F o r precisely this reason 
governm ents, acting th rough the ITU , convened the second W orld A dm inis
trative R adio  Conference for Space Telecom m unications in M arch  1971, 
from  which tim e com m unities have benefited directly from  the agreem ents 
affecting public telecom m unications (telephone, telegraph and television 
relays) and indirectly from  space research. T he governm ents had realized 
the expected dem and for new services and likelihood o f new applications, 
for exam ple in the m aritim e, aeronautical, educational and television sec
tors. N ew  agreem ents to  perm it the orderly planning, developm ent and 
sharing o f the radio  spectrum  between diverse services, including all the 
terrestrial services, had becom e necessary. T he new legal fram ew orks, 
dealing with co-ordinating responsibilities and obligations in regard  to  p lan
ning and the establishm ent and use o f services, signify outstanding achieve
m ent in international collaboration  and in ternational law. Long-term  
regulation for developm ent has been a hallm ark o f the C onference decisions.

M r. Block, engineer o f  the Technical and Industrial Policy Division at 
E SR O , outlined the scientific and practical im plications o f the Conference 
for E SR O , reviewing in turn  the space research, m eteorological satellite, 
aeronautical mobile satellite, m aritim e mobile satellite, and inter-satellite 
services. W hilst outlining the positive aspects o f the m easures taken at the 
C onference, he expressed regret th a t the Conference had not been able to 
m eet certain  requirem ents o f special in terest to  his research organization. 
This is a very interesting point o f view. It dem onstrates how useful 
gatherings such as this can be in bringing abou t a m utual understanding of 
the positions o f  the various users’ interests. As was explained by one o f  the
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participants, in the preparation  o f  national inputs for such conferences, 
com peting views and interests have to  be weighed and reconciled. I per
sonally cannot underline too strongly the im portance o f the expression of 
each user’s interest at a national level at a very early stage—well in advance 
o f such conferences.

M r. M anuali, C hief o f the A pplication P rogram m es Division o f  the French 
N ational C entre for Space Studies (C N ES), painted a m ost inter
esting and long-term picture o f  the efforts m ade by F rance, th rough the 
medium o f the C N ES, to  place radiocom m unication at the service o f  m an
kind. P articu lar reference was m ade to  the spheres o f educational television 
as applied, for exam ple, to  the struggle against illiteracy, to  m aritim e satel
lites, d a ta  gathering and the tracking o f buoys. H e has given us concrete 
exam ples o f the progress m ade by F rance in those spheres. H e has certainly 
given us a good insight into future development.

M r. W. D ean, Jr., A ssistant D irector for Frequency M anagem ent, Office o f 
Telecom m unications Policy, Executive Office o f the President, gave an 
account o f the experim ents conducted by the U nited States o f  A m erica since 
the 1971 W orld Conference. He indicated the m easures taken im m ediately 
thereafter by the Federal C om m unications Com m ission and M r. D ean ’s 
office with the objective o f bringing United States national regulations into 
line with the Final A cts o f the Conference.

I will not repeat the various specific exam ples M r. D ean was kind enough to 
give us. He has m ade a tim ely appeal for bold policies o f technical appli
cation o f new philosophies in the evaluation and planning o f the frequency 
spectrum . Briefly, the problem  is tha t, before designing and producing 
equipm ent, one m ust see, as he said, th a t “ the odds are on our s id e” and 
tha t the electrom agnetic telecom m unication system s will operate  correctly 
in the m edia in which they are to  be used w ithout suffering, o r causing, 
harm ful interference. Then, too, he touched an issue o f  increasing interest, 
the developm ent o f econom ic and other analytical criteria to  assist the 
achievem ent o f the m ost effective and econom ic use o f  the spectrum , i.e. to 
assist spectrum  m anagem ent in the widest practical connection. As I indica
ted for the ITU , in response to  questions, the success o f  such new and 
challenging concepts at the international level requires progress in the appli
cation or understanding o f these concepts at the national level. In any event, 
we will see the tim e when spectrum  use will dem and th a t certain  services, 
which at present share the spectrum , be transferred  to  guided transm ission 
system s, vacating the radio spectrum  for services which require m uch 
greater flexibility in transm ission or diffusion.

86



Finally, the representatives o f  T hom son-C SF  (France), M r. M agne and 
M r. Blachier o f th a t com pany’s R adio-R elay  System s D ivision, ex
plained the practical consequences for industry o f  the decisions o f  the 
W A R C -ST  o f G eneva, 1971. They com m ented on the various long-term  
frequency allocations citing, for instance, “ the bands 92-95 G H z, 102-105 
G H z and 140-142 G H z which the G eneva Conference reserved perhaps for 
our children but which we shall probably  use ourselves!

I believe th a t one o f  the substantial, and frequently not fully understood 
roles o f the ITU , in its long-term  planning for the future, is the utilization o f  
the results o f studies at a given level—in this case especially the C C IR —to 
achieve enough international agreem ent to  pro tect the future. This agree
m ent provides guide-lines for the expanded use o f the spectrum  as dem ands 
for radiocom m unications grow further. These decisions will have con
siderable benefit to  providers o f services and for general and industrial 
research and developm ent program m es. The special design characteristics 
for the mobile stations on board  aircraft and ships can now be defined by 
the interested industries and authorities.

G enerally speaking, the opinion which em erges from  this sym posium , with 
regard to  the provisions adopted  at the 1971 Conference, is a  very 
favourable one. Inevitably, a few pessim istic spots rem ain and we have had 
an exam ple o f one individual service interest which favoured different allo
cations. The survey we have m ade will certainly have the merit o f clarifying 
a good m any points. T hanks to  the authoritative opinions o f our speakers, 
we are all better inform ed. Som e o f the provocative and challenging com 
m ents will, I am  sure, stim ulate a m uch wider appreciation and under
standing o f  the necessity for continued im provem ents in preparation  for 
future conferences o f this type.

(O riginal language: E nglish)

87













Other publications on the ITU:

Book — F ro m  sem aphore  to satellite, 1793-1965 (1965)

Booklet  No. 1 — 1865-1965, a hundred years o f  international co-operation 
(1967)

Booklet  No. 2 — IT U  and space rad iocom m unica t ion  (1968)

Booklet  No. 3 — Eighth R epor t  by the International Telecom municat ion  Union
on telecom munication  and the peaceful uses o f  outer  space
(1969)

Booklet No. 4 — Sym posium  “ Space and  R ad io c o m m u n ica t io n ’’, Paris (1969)

Booklet  No. 5 — W orld Telecom m unicat ion  D ay  — 17 M ay 1969 (1969)

Booklet No. 6 — Ninth R eport  by the In ternational Telecom munication  Union
on telecom municat ion  and the peaceful uses o f  outer  space
(1970)

Booklet  No. 7 — W orld Telecom munication  D a y  — 17 M ay 1970 (1971)

Booklet  No. 8 — Tenth  R eport  by the International Telecom munication  Union
on telecom municat ion  and the peaceful uses o f  outer  space
(1971)

Booklet  No. 9 — Speeches m ade  at the inaugural meeting o f  the second W orld 
Administrative R adio  Conference for Space T elecom m uni
cations on 7 June  1971 (1971)

Booklet  No. 10 — Eleventh R eport  by the International Telecom munication
Union on telecommunication  and the peaceful uses o f  outer  
space (1972)

Booklet  No. 1 1 — Twelfth R eport  by the International Telecom municat ion
Union on telecom municat ion  and the peaceful uses o f  outer  
space (1973)

Booklet No. 12 — Inaugura tion  o f  the IT U  tower (1973)

Booklet  No. 13 — P A N A F T E L  — The pan-African  telecommunication  network
(1974)

Published by the International Telecom municat ion  Union, G eneva  1974



P ric e : 4  Sw. fr.
• ur ■' 1

Si.. ‘ ■<

P rin ted  in S w itz e rlan d
I ; . >•


