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Introduction 

By way of introduction to this special edition of the ESA 
Bulletin, devoted to communication satellites, it may be of 
interest to review briefly the extraordinarily rapid develop
ment of satellite communications and to give an idea of the 
promising future that is open to this sector . Technological 
progress has not been the only marked feature of the evolution 
of satellite communications; it has also been accompanied by 
remarkable developments both from the geographical point of 
view and also in the diversification of applications. We may 
cite, for instance, their introduction into the fields of maritime 
and aeronautical communications and of television broad
casting. 

PROGRESS OF INTELSAT NETWORK 

Let us cast a glance over the last ten years, noting the 
tremendous progress made since the launch on 6 April 1965 of 
Early Bird, the first commercial geostationary communications 
satellite, which followed a series of experimental spacecraft 
such as Score, the first communications satellite, Echo I and 
11, Courrier, Telstar, and finally Syncom, the first of the 
geostationary satellites. 

Early Bird represented the first generation of Intelsat satellites 
and now, only a few years later, we are witnessing preparations 
for their fifth generation. Early Bird's 66 telephone circuits 
between North America and Europe developed successively, in 
1966, to 240 circuits on Intelsat 11 and 1200 on Intelsat III 
with world-wide coverage, and finally to Intelsat IV's 5000 
circuits, whilst the ground network expanded to more than a 
hundred stations providing round-the-clock service with 
near-100% reliability. Continuing under its own impetus, the 
INTE LSAT network is already preparing its next generation, the 
Intelsat V satellites, which are due to take over in about 1980 
and will provide the users with yet another considerable 
increase in capacity. In the meantime, in order to preclude 
network saturation before then, it is planned to place in orbit 
a number of Intelsat IV-A satellites of an improved design and 
with doubled capacity, the first model of which was launched 
in 1974. 

The evolution we have witnessed from 1965 to 1975 has been 
marked by impressive technological progress in satellite design 
and, to a lesser extent, in the sector of ground stations. From 
an operational viewpoint, this progress has resulted in increas
ed capacity and in the service being extended to more 
participants, as well as in greater circuit reliability. From an 
economic point of view, the technical improvement has led to 
a steady lowering of tariffs. Everything suggests that this 
evolution will continue in the coming years and that there will 

Comme introduction a cette edition speciale du Bulletin ESA 
consacre aux satellites de telecommunications, il est interes
sant de retracer tres brievement I'evolution extraordinairement 
rapide des ttHecommunications par satellites, et ceci pour 
montrer a quel point ce secteur est plein d'avenir. L 'evolution 
de ces systemes n'est pas uniquement caracterisee par le 
progres technologique mais egalement pas un developpement 
remarquable tant sur le plan geographique que sur celui de la 
diversification de leurs applications. Citons par exemple leur 
entree dans le domaine des communications maritimes et 
aeronautiques et dans celui de la diffusion de la television. 

PROGRES DU RESEAU INTELSAT 

Jetons un rapide coup d'oeil sur les dix dernieres annees. Que 
de progres realises depuis le 6 avril 1965, jour du lancement 
d'Early Bird, premier satellite stationnaire de telecommunica
tions a usage commercial, lui-meme precede par une serie de 
vehicules experimentaux comme Score, premier satellite de 
telecommunications, Echo I et 11, Courrier, Telstar et enfin 
Syncom qui fut le premier des satellites geostationnaires. 

Early Bird constitua la premiere generation des satellites 
Intelsat, et aujourd'hui, quelques annees plus tard, nous en 
sommes deja au demarrage de la 5eme generation. Des 66 
circuits telephoniques d'Early Bird entre I'Amerique du Nord 
et I'Europe, on est successivement passe en 1966 a 240 circuits 
sur Intelsat 11 et a 1200 'circuits sur Intelsat III avec une 
couverture mondiale pour arriver aux 5000 circuits d'lntel
sat I V avec un tel developpement du reseau que le nombre des 
stations au sol a depasse la centaine permettant des liaisons 24 
heures sur 24 avec un fiabilite proche de 1000/0. Continuant sur 
sa lancee, le reseau INTELSAT prepare deja la prochaine 
generation de satellites, les Intelsat V, qui doivent normale
ment prendre la releve vers 1980 et mettre a la disposition des 
utilisateurs une capacite de trafic encore considerablement 
accrue. D'ici la, et pour parer a I'eventualite d'une saturation 
du reseau se produisant avant cette date, il sera mis en place un 
certain nombre d'lntelsat I V-A de conception amelioree et de 
capacite doublee, dont le premier modele a ete lance en 1974. 

L 'evolution a laquelle nous avons assiste au cours de cette 
periode, 1965-1975, a ere marquee par un progres technolo
gique impressionnant dans le domaine de la conception des 
satellites et, dans une moindre mesure, dans celui des stations 
terriennes. Sur le plan operationnel, ce progres s'est traduit par 
une augmentation de la capacite et I'extension du service a un 
plus grand nombre de participants, ainsi que par une ameliora
tion de la fiabilite des liaisons. Sur le plan economique, cette 
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be a further leap forward with the introduction of Intelsat V. 

ADVANTAGES OF SPACE LINKS 

With the constant increase in available traffic capacity, a new 
tendency is taking shape for the utilisation of Intelsat satel· 
lites. Whereas hithero the network has been used for inter
continental links only, several countries are now preparing to 
call on INTELSATto improve their internal telecommunications. 
Algeria, Brazil, Norway, Chile and others will be among the 
first to set up links of this type. A particularly interesting 
example is provided by Norway, which has concluded an 
agreement for the renting of half a repeater aboard Intelsat IV . 
In this case it was not a matter of making up for a deficiency 
in the conventional telecommunications network, but of 
establishing a new service to link the mainland with the 
prospecting and drilling platforms operating in the North Sea. 
In view of the geographical location of the rigs, their distance 
from the mainland, and the fact that some of them are mobile, 
th is problem cannot be solved easily by traditional means : 
submarine cables are relatively vulnerable and moreover lack 
the flexibility required for this type of mission ; the range of 
over-the-horizon microwave links is limited to some three or 
four hundred kilometres and they are subject to constraints 
because of the need to avoid interference between the 
different systems; and, finally, short-wave links do not offer 
sufficient capacity . I n these conditions space links appear to 
offer the most attractive solution, since they do not possess 
any of the inherent drawbacks of the conventional solutions. 
They are eminently flexible and allow changes in configuration 
to be made without difficulty ; they are unaffected by changes 
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amelioration technique a eu pour resultat une baisse continue 
des tarifs. Cette evolution, tout semble I'indiquer, se pour
suivra dans les annees qui viennent et connartra un nouveau 
bond avec la mise en service des Intelsat V. 

AVANTAGES DES LIAISONS SPATIALES 

Avec la mise a disposition d'une capacite de trafic de plus en 
plus importante, une nouvelle orientation se dessine dans 
I'utilisation des satellites Intelsat. Alors que, jusqu'a mainte
nant, les services du reseau n'etaient utilises que pour des 
liaisons intercontinentales, plusieurs pays s'appretent a re
courir aux services de I'INTELSAT pour ameliorer leurs 
telecommunications internes. L 'Algerie, le Bresil, la NorVfige, 
le Chili et d'autres sont parmi les premiers a etablir ce genre de 
liaisons. 

Un exemple interessant est celui de la Norvege qui a conc/u un 
accord pour la location d'un demi-repeteur a bord d'un 
Intelsat I V. Dans ce cas, le probleme a resoudre n 'est pas de 
pallier I'insuffisance du reseau de telecommunications tradi
tionnel mais de mettre en place un nouveau service des tine a 
relier avec le continent les stations de prospection et de forage 
etablies par des compagnies petrolieres en Mer du Nord. Etant 
don ne la position geographique des points terminaux, la 
distance qui les separe du continent et le fait que certains 
d'entre eux sont mobiles, ce probJeme ne peut etre aisement 
resolu par des moyens classiques. Les cables sous-marins 
sont relativement vulnerables et, de plus, n'ont pas la souplesse 
requise par ce type de mission, les liaisons hertziennes trans
horizon ont une portee limitee a 300-400 km et sont 
soumises a des contraintes imposees par la necessite d'eviter 
des interferences entre differents systemes, et les liaisons en 
ondes courtes enfin n 'offrent pas une capacite suffisante. Dans 
ces conditions, les liaisons spatiales apparaissent comme la 
solution la plus attrayante en raison du fait qu'elles ne 
presentent aucun des inconvenients des solutions c/assiques. 
Elles sont eminemment souples et permettent toute modifica
tion de configuration sans difficulte; elles sont insensibles aux 
changements de distance et procurent simultanement qua/ite 
et fiabilite de service avec des terminaux fixes aussi bien que 
mobiles. 

Ces remarques a propos de I'exemple d'INTELSA Tsoulignent 
une ten dance qui se poursuivra vraisemblablement au cours des 
prochaines anmies et verra les systemes de communications par 
satellites se developper a un rythme acceiere et etre de plus en 
plus utilises pour des applications specifiques repondant a des 
problemes particuliers. Cette expansion sera favorisee par un 
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still in the area of conventional public telecommunications -
consider national and regional systems. Here again, in less than 
five years, progress has been enormous. The first domestic 
systems in Canada and the United States have been operating 
for some time, others are about to become operational, and 
the list of countries that have already decided to follow suit, 
or are about to do so, grows daily . The same goes for the 
regional systems now being considered. Expansion in this area 
is necessarily less rapid than in the case of national systems in 
view of the slowness of international decision-making. Two 
groups, however, are about to set up such systems, namely the 
Arab countries and the European countries belonging to the 
CEPT, the latter group doing so within the European Space 
Agency's communications satellite programme, referred to in 
this Bulletin. 

In the case of the trans-oceanic links of the INTELSATsystem, 
the basic objective is an economic one and involves on the one 
hand the procurement of cheaper telephone circuits, and on 
the other the establishment of intercontinental television 
relays. But in areas where distances are shorter, where there is 
no major obstacle such as an ocean to be overcome, and where 
terrestrial networks are already highly developed, what reasons 
are there in favour of a satell ite system? I n the specific case of 
Europe, for instance, even though the cost may finally turn 
out to be lower than that of terrestrial links - which is 
certainly the case with television traffic - the economic factor 
does not play a dominant part. In any event, when the 
European Space Agency's communications satellite program
me was initiated in 1971, the European Ministers of Posts and 
Telecommunications declared that, economically speaking, it 
would be sufficient if the space circuits cost approximately the 
same as their equivalent terrestrial counterpar'ts . What the 
CEPT is essentially seeking in the setting up of a regional 
satellite system is diversification of facilities, rEjdundancy of 
routes, and hence greater reliability and greater operational 
flexibility . Indeed, in addition to duplication pf routes for 
point-to-point circuits, the satellite offers - wit~in the frame
work, for example, of a time-division multiple access system -
very considerable flexibil ity of operation, since the capacity of 
the space segment can in principle be allocated in different 
ways to the various stations, according to requirements. 

In fact, the use of satellites will not only lead to improved 
operations in conventional transmissions (telel'lhone, telex, 
telegraphy, television). it will also - and this will later turn out 
to be the most important aspect - open the way for new 
services for which space links will prove to be particularly well 
suited, such as wideband data exchanges (especially between 
computers and data banks). distribution of information to a 

progres technique ininterrompu et I'accroissement de la duree de 
vie des satellites en orbite. Par ailleurs, la conception du secteur 
spatial devenant de plus en plus sophistiquee, celle des stations 
terriennes pourra, dans certains cas, aller en se simplifiant, ce qui 
devrait avoir un autre effet stimulant sur I'economie des 
systemes. 

EXPANSION DES SYSTEMES DOMESTIQUES ET REGIO
NAUX 

Apres ce coup d'oeil sur le systeme mondial, passons ensuite, 
toujours dans le domaine des telecommunications publiques 
traditionnelles, aux systemes nationaux et regionaux. La aussi, 
en moins de cinq ans, un long chemin a ete parcouru. Les 
premiers systemes domestiques du Canada, des Etats-Unis sont 
operationnels depuis un certain temps deja, d'autres sont sur le 
point de le devenir et la liste des pays qui ont pris, ou sont sur 
le point de prendre la decision d'aller de I'avant, s'allonge sans 
cesse. 11 en est de meme des systemes regionaux consideres en 
ce moment. L 'expansion dans ce domaine est forcement moins 
rapide que pour les systemes purement nationaux etant donne 
la lenteur du processus des decisions internationales. Deux 
groupes sont toutefois sur le point d'etablir ce type de 
systeme: les nations arabes et les Etats europeens de la CEPT, 
ces derniers dans le cadre du programme de satellites de 
telecommunications de I'Agence spatiale europeenne traite 
ci-apres dans ce Bulletin. 

Dans le cas des liaisons transoceaniques du systeme INTEL
SA T, I'objectif fondamental etait economique, a sa voir d'une 
part I'obtention de liaisons telephoniques moins coOteuses et, 
d'autre part, I'etablissement des transmissions televisuelles 
intercon tinen tales. Mais dans le cas de plus courtes distances et 
la ou il n'y a pas d'obstacle naturel majeu'r a franchir, tel un 
ocean, et ou les reseaux terrestres sont deja tres developpes, 
quelles sont les raisons qui militent en faveur d'un systeme par 
satellite? Dans le cas precis de I'Europe par exemple, meme si 
le coOt des transmissions via satellite s'avere finalement etre 
moins cher que celui des liaisons terrestres, ce qui est certaine
ment le cas pour le trafic de television, le facteur economique 
ne joue pas un rIJle dominant. D'ailleurs en 1971, lors du 
demarrage du programme de telecommunications de I'Agence 
spatiale europeenne, les ministres europeens des PTT ont 
declare ace sujet qu'en ce qui concerne I'aspect economique, il 
suffirait que les coOts des liaisons terrestres ou spatiales soient 
sensiblement equivalents. Ce que la CEPT recherche essentiel
lement dans la mise sur pied d'un systeme regional par 
satellite, c'est la diversification des moyens, la redondance des 
liaisons et, partant, une plus haute fiabilite et une plus grande 
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large number of users, and teleconference circuits. This type of 
service could then soon undergo considerable development in 
view of its usefulness in the world of commerce, banking and 
industry. 

TELEVISION BROADCASTING BY SATELLITE 

It is therefore also because of these prospects of evolution 
towards new systems and services that a number of telecom
munication administrations, both in the highly industrialised 
countries and in the developing countries, are already setting 
up satellite communications systems around the world, provid
ing, of course, for conventional services to begin with. Still, in 
the matter of fixed telecommunications, it should also be 
noted that in the medium term an important feature will be 
television broadcasting by satellite. This is a case where the 
satellite is an extraordinarily useful tool. In countries that do 
not yet have a complete ground-distribution network the space 
system provides the obvious means of rapidly setting up a 
system to serve the whole population. 

In the case of Europe, where the VHF and UHF ground 
networks are near saturation, the introduction of additional 
television programmes is hardly conceivable except with the 
assistance of satell ites broadcasting in the 12 GHz range. 
Further to this technical consideration, the introduction of a 
television broadcasting channel covering an average-size coun
try through a space system will in future cost less than setting 
up an equivalent network of ground transmitters and radio 
relays. 

This type of service, which at present is still only at the 
experimental stage - under the Canadian and Japanese pro
grammes, for example - will be called upon to play an 
important role as from the next decade. There will be a 
number of variants, making use of the 2.5 GHz or 12 GHz 
frequency bands and providing a service in which television 
broadcasting will range from distribution to urban or regional 
collective receiving antennas (semi-direct broadcasting) to 
individual reception on domestic antennas (direct broad
casting). 

AERONAUTICAL AND MARITIME MISSIONS 

Turning now to more specialised fields of application, partic
ular attention should be paid to maritime and aeronautical 
missions. 
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souplesse des operations. En effet, en plus du dedoublement 
des routes pour les connexions de point a point, le satellite 
offre en plus, dans le cadre par exemple d'un systeme d'acces 
multiple dans le temps, une tres gran de souplesse d'exploita
tion, la capacite du secteur spatial pouvant en principe etre 
f/§partie differemment entre les diverses stations en fonction 
des besoins. 

En fait, le satellite permettra non seulement une amelioration 
des operations dans le domaine des transmissions de type 
classique (telephone - telex - telegraphe - television), mais 
egalement, et ceci se revelera ulterieurement etre I'aspect le 
plus important, il ouvrira la voie aux services nouveaux pour 
lesquels les liaisons spatiales s'avereront etre particulierement 
bien adaptees tels les echanges de donnees a large bande, en 
particulier dans le domaine des calculateurs ou des banques de 
donm§es, la distribution d'information vers un grand nombre 
d'utilisateurs, les circuits de teleconterence, etc. Ce genre de 
service pourrait alors prendre rapidement un essor considerable 
en fonction de son utilite dans le monde commercial, bancaire 
et industriel. 

DIFFUSION DE TELEVISION PAR SATELLITE 

C'est donc egalement en raison de cette ouverture et de cette 
evolution vers des systemes et des services nouveaux que bon 
nombre d'administrations des telecommunications, tant des 
pays fortement industrialises que des nations en voie de 
developpement, etablissent des a present et un peu partout 
dans le monde des systemes de telecommunications par satel
lite, en commen9ant bien entendu par des transmissions 
traditionnelles. Toujours dans le domaine des teJecommunica
tions fixes, il importe egalement de noter I'importance a 
moyen terme de la diffusion de television par satellite. " s'agit 
la d'un exemple oil le satellite se revele etre un outil extraordi
nairement utile. Dans le cas de pays non encore equipes d'un 
reseau complet de distribution au sol, le systeme spatial est la 
solution evidente a la mise sur pied rapide d'un service 
couvrant I'ensemble de la nation. 

Dans le cas de J'Europe, oil les reseaux VHF et UHF au sol 
sont proches de la saturation, I'introduction de programmes de 
television additionnels ne peut guere se concevoir qu'a I'aide 
de satellites diffusant a la frequence de 12 GHz. En plus de 
cette consideration technique, le coat d'installation d'une 
chalhe de diffusion de television a I'echelle d'un pays de 
dimensions moyennes est desormais interieur dans le cas d'un 
systeme spatial a celui du reseau equivalent de relais hertziens 
et d'emetteurs au sol. 
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Aeronautical satellites have been the subject of great con
troversy over the last few years, although their future useful
ness has never been in doubt. The discussions have concerned 
essentially the date of introduction and the precise definition 
of an operational network, and whether or not to set up a 
preparatory system in the meantime. The problem is that, 
whereas there do not appear to be any urgent requirements as 
regards navigation proper, aeronautical communications over 
long ocean routes or sparsely equipped continental areas are 
far from giving full satisfaction. In some places HF radio 
communications can be either impossible or extremely bad. 
Moreover, at least in the long term, air traffic controllers 
obviously ought to have access to an independent control 
system providing reliability of the same order as is now 
available over the continents. The successive delays encounter
ed in this area have been due to the serious economic 
difficulties which civil aviation has had to face for some time. 

However, a great step forward has now been taken with the 
setting up of Aerosat, an international experimental program
me involving three partners - the Federal Aviation Admin
istration (FAA) of the United States, the Canadian Govern
ment and the European Space Agency - who recently agreed 
to go ahead with the industrial stage of the work. 

In the maritime sector, progress has been much more rapid, 
COMSAT general having just provided the United States Navy 
with their first satellite communications system, the MAR ISAT 
network, which can later be used by the merchant navy. 

The European Space Agency has been following the same path 
and intends, within the next two years or so, to launch the 
Marots satellite, which is specially designed to meet the future 
requirements of maritime communications. This type of 
system will undoubtedly open up fresh prospects, since shore
to·ship communications will then become practically instanta
neous and can be conducted in wider bands, whereas at 
present we still have fairly elementary radiotelephony and 
radio·telegraphy systems of relatively low reliability . The 
advent of satellite systems in this area will obviously make a 
notable contribution to the improvement of operational 
techniques in the maritime world. 

INDUSTRIAL POLICY 

Finally, this brief review of space communications calls for a 
few remarks about the manufacturing prospects open to 
industry . Even though the total number of circuits made 
available to users will become quite impressive, the fact 

Ce type de service, qui n'en est encore aujourd'hui qu'au stade 
de la phase experimentale, #dans le cadre des programmes 
canadien et japonais par exemple, est appele a jouer un role 
important des la prochaine decennie. Un certain nombre de 
variantes verront le jour utilisant les ban des de frequences de 
2,5 ou de 12 GHz et fournissant un service aI/ant d'une part de 
la distribution de television vers des antennes receptrices au 
niveau des vil/es ou des regions (reception semi-directe) et, 
d'autre part, a la reception individuel/e chez I'habitant (diffu
sion directe). 

MISSIONS MARITIMES ET AERONAUTIQUES 

Passant maintenant a des domaines d'application plus particu
liers, il est opportun d'insister sur les missions maritimes et 
aeronau ti ques. 

Les satellites aeronautiques ont ete I'objet d'importantes con
troverses durant ces dernieres annees. Leur utilite future n'a 
toutefois jamais ete mise en doute et les discussions ont 
essentiel/ement porte, d'une part, sur la date d'introduction et 
la definition precise d'un reseau operationnel et, d'autre part, 
sur I'interet entre-temps de mettre sur pied un systeme 
preparatoire. En effet, si du point de vue de la navigation 
proprement dite, il ne semble pas y avoir de besoins pressants, 
par contre les services de communications aeronautiques sur 
les grands trajets oceaniques ou dans des zones continentales 
peu equipees ne donnent pas, a I'heure actuel/e, pleine satisfac
tion, loin de la. Les liaisons HF en certains endroits peuvent 
etre soit impossibles, soit de tres mauvaise qualite. D'autre 
part, a long terme en tout cas, il est evident qu'il y aura interet 
a ce que les services de controle du trafic aerien puissent 
disposer d'un instrument de surveillance independant et d'une 
securite comparable a ce qui existe aujourd'hui au-dessus des 
continents. Ce sont en fait les difficultffs economiques 
serieuses dans lesquel/es I'aviation commerciale s'est vue 
plongee depuis un certain temps qui ont provoque les retards 
successifs dans ce domaine. 

Aujourd'hui, toutefois, un grand pas a finalement ete franchi: 
Aerosat, un programme international a caractere experimental, 
a ete mis sur pied. Les trois partenaires, a savoir I'Administra
tion de I'Aviation civile americaine (FAA), le gouvernement 
canadien et I'Agence spat;ale europfienne, se sont recemment 
mis d'accord pour aI/er de I 'avant et aborder le stade des travaux 
industriels. 

En ce qui concerne le secteur maritime, les progres auront ete 
beaucoup plus rapides puisque COMSA T General vient de 
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remains that the number of satellites to be supplied will 
initially not be high (and will not need to be, in view of the 
increase in the unit capacity of each spacecraft). The number 
of manufacturers will therefore necessarily have to remain 
small. Consequently, industrial procurement policy will need 
to ensure that each manufacturer of space equipment can 
receive a sufficient portion of the relevant development and 
production contracts, otherwise the industries concerned 
cannot hope to maintain the desired degree of quality nor 
keep their prices down to a sufficiently attractive level. These 
two factors - competence and competitiveness - will be 
fundamental to the full growth of this highly promising 
industrial and operational sector. 

CONCLUSION 

In conclusion it can be said, after observing the progress made 
in the capacity carried in orbit by all geostationary systems, 
that satellite communications, by extrapolation, can look 

8 

mettre cl la disposition des forces navales des Etats-Unis un 
premier systeme de communications via satellite. Par la suite, 
ce f/§seau MAR/SA T pourra etre utilise par la marine mar
chande. 

L 'Agence spatiale europeenne s'est ega/ement engagee dans la 
meme voie et, d'ici deux ans environ, mettra en orbite le 
satellite Marots specifiquement con9U pour repondre aux 
besoins futurs des communications maritimes. Ce type de 
systeme ouvrira sans aucun doute de nouveaux horizons 
pUiSqU'cl ce moment les communications terre-mer deviendront 
pratiquement instantanees et pourront s'effectuer cl plus large 
bande alors qu'aujourd'hui nous en sommes toujours au stade 
d'une radiotelephonie et radiote!egraphie assez e!ementaires et 
relativement peu fiables. 1/ est evident que I'avimement du 
satellite dans ce domaine contribuera notablement cl I'amelio
ration des techniques operationnelles du monde maritime. 

POLlTIQUE INDUSTRIELLE 

Finalement, au terme de ce bref apef/;U concernant les tele
communications spatiales, il importe de faire quelques remar
ques cl propos du marche de fabrication ouvert aux industriels. 
Si, du point de vue du nombre global de circuits mis cl la 
disposition des utilisateurs, les chiffres deviendront impression
nants, il n'en reste pas moins que la quantite de satellites cl 
fournir n'atteindra pas, dans I'immediat, un niveau tres eleve, 
surtout si I'on prend en compte I'accroissement de capacite 
unitaire des engins. Le nombre de fabricants devra donc 
necessairement demeurer restreint. Par consequent, dans le 
cadre de la politique industrielle des approvisionnements, il 
faudra veil/er cl ce que chacun des fabricants de materiel spatial 
puisse acquerir une proportion suffisante des contrats de 
developpement et de production sans lesquels ces industries ne 
pourront maintenir le degre de qualite desirable ni un niveau 
de coOt suffisamment attrayant. Ces deux facteurs, competen
ce et competitivite, seront en effet fondamentaux pour 
I'epanouissement de ce secteur industriel et operationnel par 
ailleurs tres prometteur. 

CONCLUSION 

En conclusion, en observant I'evolution de la capacite mise en 
orbite pour I'ensemble des systemes geostationnaires, on peut 
aisement conclure, par extrapolation, que I'avenir des telecom
munications par satellite est remarquable et que cette techni
que est appelee cl jouer un role tres important en paralfele avec 
les autres moyens de transmissions developpes jUSqU'cl ce jour. 
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forward to a remarkable future and that this technique will be 
called upon to play a major role side by side with the other 
communication methods developed so far. It is also clear that 
space systems will in general be used in association, rather than 
competition, with the ground networks. Moreover, more and 
more new services will be set up for which the satellite will be 
a particularly suitable component. Improvements in reliability 
and in the cost of the hardware will also contribute to greater 
economy, and this will stimulate expansion all the more. 

As regards the organisation of operations, it can easily be 
imagined that, in order to cope with this increased and 
diversified traffic, a number of new national and international 
institutional frameworks will need to be set up. 0 

1/ est d'autre part clair que les systemes spatiaux seront en 
gem§ral utilises en association plutOt qu'en competition avec 
les reseaux terrestres. Par ailleurs, de plus en plus de services 
nouveaux seront mis sur pied pour lesquels le vehicule spatial 
sera particulierement bien adapt(}. La fiabilite et le cout de 
fabrication du materiel continueront egalement d'aller dans le 
sens de /'economie, ce qui stimulera d'autant plus le processus 
d'expansion. 

Au titre de /'organisation des operations, on peut facilement 
imaginer que, pour faire face a cet accroissement et cette 
diversification du trafic, un certain nombre de cadres institu
tionnels nouveaux seront crees aux niveaux nationaux et 
internationaux. o 

W. Luksch 

Director of Communication Satellite Programmes Directeur des Programmes de Satellites de Communications 
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A Possible Evolution of European Communications Satellite 
Systems 

T. F. Howel! & ·S. HEmel!, Directorate of Communications, ESA, Paris 

Europe has a well-developed infrastructure of telecommunica
tions networks which are continually being improved to meet 
increasing demands for communications. New advanced net
'works for services such as public data transmission will be 
operational in several countries at the end of this decade, and 
digital multiservice high-level networks foreseen for the next 
decade may be forerunners of future nation-wide and Euro
pean integrated-service digital networks interconnecting 
regional and local wideband networks. The long-term evolu
tion of the CATV (cable television) network may be the 
advent of local wideband networks accessible to individual 
households, carrying a variety of two-way communications 
services in addition to locally and nationally generated broad
cast programmes. 

The evolution of European communications satellite systems 
will progress with the launch of the Orbital Test Satellite, 
OTS, in 1977 and the introduction of the first·generation 
European regional communications satellites in the early 80's . 
These first-generation satellites will mainly provide traditional 
communications services such as telephony and television 
distribution involving one or two large earth stations in each 
participating country . Nevertheless, satellite links provide an 
ideal medium for the relay of high-quality wideband digital 
transmissions and it may be anticipated that future European 
communications satellites will provide a variety of 'specialised' 
wideband communications services which may benefit econo
mically and operationally from using small earth stations 
located close to the origins of the traffic through the satellite. 
These satellite communications services could be valuable 
complements to the traditional services. 

This article discusses the possible evolution of the European 
Communications Satell ite (ECS) system against the background 
of the developing European terrestrial telecommunications 
services and facilities . The possible effects of an early imple· 
mentation of technically and economically attractive satellite 
links on the growth of telecommunications services which are 
not widely used today because of limitations on the terrestrial 
networks or the high costs of providing the services using 
terrestrial means are considered . 

* Relying on signal reflection from the earth's tropospheric layer to 
'bounce' signa)s from transmitter to rece iver. 
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SPECIAL COMMUNICATIONS SATELLITE SERVICES 

During the course of ESA's work on a European regional 
system, a number of studies have been made to identify 
possible missions which may be filled either by direct use of 
the technology being developed for the basic mission, or by its 
minimal adaptation. Overall, the possible missions can be 
characterised as 'specialised communications' , including: 

Communications to areas of difficult access (e.g . North-Sea 
oil rigs) 
Data network communications 
Computer communications 
Remote printing 
Teleconference service 
Videophone service 
Electronic mail service 

Of the missions listed, the last two are somewhat long·term in 
their needs, but, conversely, the communication links to 
offshore oil exploration and production facilities in the North 
and Celtic-Sea regions have already reached the stage of being 
incorporated in the mission model for the first ECS operatio
nal satellites, which will carry at least one dedicated trans
ponder for this purpose. 

Offshore Communication Service 

Offshore oil and gas exploitation activities on the continental 
shelf below the North Sea and the adjacent sea areas are 
expected to increase considerably during the next decade. 
Consequently, the number of offshore installations and the 
geographical area covered by exploratior. and production 
facilities will increase considerably. A widening of the oil and 
gas exploitation activities beyond the current level and geo
graphical extent must be matched by a corresponding increase 
in the coverage and capabilities of the communications fac il
ities available to the offshore operators . Given the technical 
and economic limitations of current terrestrial communica
tions systems, satellite links may offer a flexible and economic 
solution for the overall communications needs in the North 
Sea area after 1980. 

Offshore production complexes are currently using a network 
of I ine-of-sight and troposcatter * I inks to communicate 
between structures belonging to the same complex and 
between the centre platforms in the complexes and shore 
stations. These communications systems provide adequate 
facil ities for voice, data and teleprinter messages, but difficul 
ties in obtaining frequencies for additional troposcatter 
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Figure 1 - Offshore satellite communication system. 

systems and their inherent inflexibility limit their growth 
capacity. In fact, the available troposcatter bands (2 - 2 .5 GHz) 
are already close to saturation. 

The Ekofisk project, in the centre of the North Sea, exploits 
one of the largest offshore oil and gas fields in the world. 
When completed, it will comprise about 30 permanent off
shore structures arranged about a central field terminal. All of 
these structures will be connected by line-of-sight radio links 
and the central platform will be in contact with Teeside in 
England and Emden in Germany via troposcatter links. The 
central Ekofisk platform will also be connected to Stavanger in 
Norway via satellite links operating in the 4 and 6 GHz 
frequency bands. 

Troposcatter links also provide reliable communications 
channels to pump and compressor stations associated with the 
sea-bottom oil and gas pipelines connecting the Ekofisk 
complex to England and Germany . Reliable communications 
facilities are mandatory for continuous monitoring of flow 

rates, pressures and temperatures in the pipelines to allow 
instantaneous detection of any anomalies and to facilitate 
remote computer operation of the pipeline system. Ekofisk is 
the world's first computer-controlled offshore production 
facility. 

The shortage of frequency bands and the high cost of tropo
scatter systems make it highly desirable to utilise existing links 
to the full. This is borne-out by the current trend to use the 
field terminals equipped with troposcatter facilities to com
municate with shore stations, as communications hubs serving 
nearby fields via radio links and additional troposcatter 
systems. 

During the planning and implementation of the Ekofisk 
complex, various alternative means of communication were 
investigated. These included submarine cables, which could 
provide the capacity and the quality required of the system . 
However, difficulties associated with reliability of the cables, 
in addition to the high cost of providing redundancy, indicated 

11 

Figure 1 - Offshore satellite communication system. 

systems and their inherent inflexibility limit their growth 
capacity. In fact, the available troposcatter bands (2 - 2 .5 GHz) 
are already close to saturation. 

The Ekofisk project, in the centre of the North Sea, exploits 
one of the largest offshore oil and gas fields in the world. 
When completed, it will comprise about 30 permanent off
shore structures arranged about a central field terminal. All of 
these structures will be connected by line-of-sight radio links 
and the central platform will be in contact with Teeside in 
England and Emden in Germany via troposcatter links. The 
central Ekofisk platform will also be connected to Stavanger in 
Norway via satellite links operating in the 4 and 6 GHz 
frequency bands. 

Troposcatter links also provide reliable communications 
channels to pump and compressor stations associated with the 
sea-bottom oil and gas pipelines connecting the Ekofisk 
complex to England and Germany . Reliable communications 
facilities are mandatory for continuous monitoring of flow 

rates, pressures and temperatures in the pipelines to allow 
instantaneous detection of any anomalies and to facilitate 
remote computer operation of the pipeline system. Ekofisk is 
the world's first computer-controlled offshore production 
facility. 

The shortage of frequency bands and the high cost of tropo
scatter systems make it highly desirable to utilise existing links 
to the full. This is borne-out by the current trend to use the 
field terminals equipped with troposcatter facilities to com
municate with shore stations, as communications hubs serving 
nearby fields via radio links and additional troposcatter 
systems. 

During the planning and implementation of the Ekofisk 
complex, various alternative means of communication were 
investigated. These included submarine cables, which could 
provide the capacity and the quality required of the system . 
However, difficulties associated with reliability of the cables, 
in addition to the high cost of providing redundancy, indicated 

11 



radio-transmission (e.g. troposcatter) systems to be the prefer
red solution . Suitable satellite links were not commercially 
available at that time and this possibility was therefore 
discounted at the planning stage. 

Against this background of expanding oil and gas exploitation 
in the North Sea, it is mandatory to plan and implement 
facilities that can accommodate the growing needs for com
munications. The Norwegian Telecommunications Administra
tion is solving the problem in their country's sector by leasing 
pre·emptible capacity on the Atlantic I ntelsat satellites, a 
decision taken after careful analysis of alternative terrestrial 
systems had revealed the limited frequency resources for radio 
communications!troposcatter systems. 

The Intelsat system operates in the 4 and 6 GHz frequency 
bands which are allocated, with equal right, to fixed satellite, 
fixed and mobile terrestrial communications systems. Anti
cipated problems in co-ordinating satellite and terrestrial 
services operating in these bands make it difficult to use them 
for communications with offshore platforms in the British 
sector of the North Sea. 

The advent of a European regional satellite communications 
system operating in bands particularly suitable for offshore 
communications could provide a highly desirable medium for 
expanding satellite communications in the British sector and 
providing the Norwegian sector with additional capacity when 
the satellite system presently serving it is saturated, some time 
after 1980. The European ECS system , which is planned to be 
operational in 1980, is expected to include capabilities for 
offshore communications in the 11 and 14 GHz frequency 
bands. These bands are not yet congested by terrestrial facilities 
and planning for their future use could take the requirements of 
the offshore operating companies into account . 

The earth segment of the ECS system would comprise two 
types of ground station: 

Main stations operating as central shore stations and com
municating with several offshore platforms. 
Remote stations located on offshore platforms (i .e. produc· 
tion, drilling and pipeline booster pump and compressor 
platforms) . 

An overall impression of the communications possibilities is 
given in Figure 1. 

It is hoped to be able to perform a representative pre
operational experiment with OTS, to test system and modula· 
tion approaches and to verify and improve the operational 
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Figure 2 - Integrated terrestrial and satellite data communication 
system. 

system that can be made available to potential users prospec
ting for and producing oil and gas in European waters. 

Data Transmission Service 

Several European countries are planning dedicated public data 
transmission networks separate from or partly integrated with 
the public switched telephony network. These data trans
mission networks will be operational at the end of this decade 
and will include processor-controlled data switching exchanges 
and digital multiplexers or concentrators . The associated long
haul networks connecting multiplexers and data switches will 
evolve into fully digital networks during the next decade . 

The dedicated public data transmission networks are generally 
designed to meet the requirements of a large variety of data 
services, varying from interactive communication between 
remote data terminals to text-retrieval and bulk-data -transfer 
systems . Low-speed (300 bit/sI. medium-speed (600-4800 
bit/sI and high·speed (9600 bit/ sI data rates can be accom
modated in the same network. Data rates not compatible with 
the bandwidth of the telephony channel (e .g. 48 and 64 kbit/s) 
can be accommodated using dedicated wideband circuits 
between the users and the multiplexers or concentrators in the 
network. Generally, the user is connected to the high·level 
data transmission network via dedicated local telephony 
circuits. 
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services, varying from interactive communication between 
remote data terminals to text-retrieval and bulk-data -transfer 
systems . Low-speed (300 bit/sI. medium-speed (600-4800 
bit/sI and high·speed (9600 bit/ sI data rates can be accom
modated in the same network. Data rates not compatible with 
the bandwidth of the telephony channel (e .g. 48 and 64 kbit/s) 
can be accommodated using dedicated wideband circuits 
between the users and the multiplexers or concentrators in the 
network. Generally, the user is connected to the high·level 
data transmission network via dedicated local telephony 
circuits. 



Satellite links can be used to upgrade dedicated terrestrial 
(national and/or international) data transmission networks, the 
satellite system adding a centralised data switching function 
and a flexible wideband capability to the integrated satellite 
and terrestrial data transmission network. The flexibility of 
the satellite system can be fully explored when its earth 
stations are of low cost and equipped with fixed-pointed 
antenna systems suitable for roof mounting. Generally, the 
interfaces between the satellite links and the terrestrial net
work would be at the data switching exchanges, the multi
plexers or the concentrators in the terrestrial network. An 
example of the network that can be envisaged is shown in 
Figure 2. 

The use of satellite links during the implementation of the 
data transmission network is particularly attractive in view of 
the flexibility they offer. The links can be allocated to the 
users according to their varying traffic demands and the 
economic consequences of uncertainties in forecasted growth 
can be reduced significantly. 

Computer Communication Service 

Several large computer communications networks interconnec
ting computer centres and data bases in various European 
countries are expected to be operational during the next 
decade. I n fact, the equipment and systems currently being 
developed for the experimental European Informatics Net
work (EIN) will provide the elements for designing an opera
tional European computer communications network, 'Euro
net'. 

Satellite links provide an ideal medium for the transmission of 
high-quality digital data and, in view of the possible large 
distances between European computer centres and data bases, 
they may become an economic proposition for the long-haul 
communications networks of future European computer 
systems. The satellite system provides a star-shaped communi
cations network with the satellite acting as a central 'traffic 
node' or communications hub, along the lines shown in 
Figure 3. 

The satellite and the terrestrial communications networks 
would operate in an integrated fashion and the flexibility and 
the wideband traffic-routing capability of the satellite links 
would be emphasised in the design of the integrated network. 

A preliminary analysis has been made of the satellite-system 
requirements for such a network and again it is hoped to be 
able to conduct representative experiments with OTS. An 
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Figure 3 - Computer communication network employing satellite 
links. 

indication of the type of experiment planned is given in 
Figure 4. 

The proposal envisages, in its basic form, the installation of 
satellite earth stations, with transmitting and receiving capabil
Ities, at three high-energy physics laboratories; CERN 
(Geneva), Rutherford (UK) and DESY (Hamburg). The main 
objective is the transmission of large data samples from CERN 
to the Rutherford and DESY laboratories via OTS. Typically, 
the transmitted data sample would be 100 Mbit and the 
transmission rate over the satellite link 1 Mbit/s, with a low bit 
error rate (,.:;; 10-9 L corresponding to that available to phys
icists at CERN using its central computers for sample data 
analysis. This experiment will permit the use of computers in 
the experimenters' home laboratories to control the running of 
experiments at CERN. 

In the proposed experiment, two modes of returning opera
tional information and results of data analysis from collabora
ting laboratories to CERN are envisaged. The transmitting 
capability of the earth stations can be used to provide return 
channels via the satellite. Scheduling and simple switching 
systems will guarantee that the return transmissions do not 
interfere with the wideband 'forward' transmissions. Secondly, 
the European Informatics Network or some other terrestrial 
communication link, can be used to provide a return channel 
from a collaborating laboratory to CERN. In this case any 
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Figure 4 - Example of wideband satellite data distribution. 

transmission via a return channel will be completely indepen· 
dent of the wideband forward satellite transmission, which 
should substantially improve the efficiency of the system. This 
is thus an extremely important experiment in the integration 
of terrestrial and satellite communications. 

Remote Prin ting Service 

Remote printing for press and news oissemination, requiring 
wideband multidestination communications channels, is a 
developing communications service (e.g. La Stampa, Herald 
Tribune, etc.) which is not yet widely used in Europe. The 
broadcast feature of the downlink transmission from a com
munications satellite makes it an ideal medium for the future 
communications needs of the press and publications users. 

The remote-printing satellite service generally requires uni 
directional multidestination wideband links from a central 
composing site to a number of remote printing sites. The 
central composing site can be connected to a large multi 
purpose earth station with transmit and receive capabilities 
(e.g. the ECS earth stations) via terrestrial communication 
channels. Low-cost receive-only earth stations would be loca
ted at the remote printing sites. The antennas of these earth 
stations could be fixed-pointed and suitable for roof moun
ting, i.e. the receive-only earth stations are located close to the 
printing equipment. 

Low-speed data channels from the remote printing sites to the 
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composing centres may be required for operational reasons . 
These channels could be provided via dedicated terrestrial data 
transmission networks or via the switched telephony network 
(e.g. teletype transmissions). 

It should be noted that the current trend for news agencies to 
provide data-bank services may lead to extensive use of 
satellite links for such purposes in the not too distant future . 

Teleconference Communication Service 

A limited video conference ('Confravision') service is already 
available in some European countries (e.g. UK, Sweden), 
provided via standby television-broadcast distribution links. In 
addition, international video conference circuits are occasion
ally established using the International Switched Video Service 
(e.g. Eurovision) network. 

The demand for an international video conference service may 
well be stimulated when the television channels on the opera
tional ECS satellite system become available . The terrestrial 
I nternational Switched Video Service may then be used in
creasingly for transmissions between video conference stud ios 
located close to the switching or traffic centres of the 
Switched Video Service network, and as early as the beginning 
of the next decade occasional use may be made of the ECS 
television channels for this service. 

The future (after 1985) teleconference service in Europe may 
need to include a variety of services ranging from purely audio 
conferences to video conferences with a picture quality similar 
to that of present television broadcasts. In addition, a video
phone system can be used for conferences of short duration 
and with limited attendance, or when the transfer of high
quality graphical or pictorial material is emphasised. Audio 
conference services in combination with narrow-band visual 
display systems such as the electronic blackboard, may also 
prove both useful and economical. 

Future expansion of European teleconference services to 
include at least one conference studio in each major European 
city may depend on the availability of wide band satellite links 
operating in frequency bands that do not require frequency 
co-ordination with fixed and mobile terrestrial services . 

Use of flexible low-cost earth stations which can be located at 
the premises of major teleconference users , as indicated in 
Figure 5, is highly desirable for both international and national 
systems. System analyses have again shown the adaptability of 
OTS/ECS technology to this service, and it is hoped to 
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perform system experiments with OTS. 

Videophone Service 

The technical facilities for the videophone service have been 
available for several years, but the service has not yet grown to 
a significant level and is mainly used for demonstrating the 
capabilities of future public telecommunications services. The 
major obstacles preventing growth are the shortcomings of the 
existing public telecommunications networks and the high 
costs associated with dedicated communications links. 

A limited switched wide band service may be available in some 
European countries after 1980, but the videophone service is 
not expected to attain a significant level compared to other 
(narrowband) public telecommunications services over the 
next ten years. In fact, the videophone service may evolve as a 
form of video conference service and the availability of flexible 
wideband satellite links may prove to be a factor in its future 
growth. 

Electronic Mail Service 

The electronic mail service has been studied extensively in the 
USA, where it is oriented towards the transmission of short 
routine messages, the ultimate goal being to relieve the postal 
system of the transfer of vast amounts of printed material 
which can readily be transmitted and delivered by electronic 
means. The future evolution of a nationwide electronic mail 

service, if it becomes a reality, could include the following two 
development phases: 
(i) Long-distance messages carried via telecommunications 

facilities, with local distribution by conventional mail 
(ii) Long-distance transfer and local distribution of messages 

via telecommunication facilities . Bi-directional CATV 
systems may be used to transmit the local messages. 

The use of satellite links would probably be limited to the 
interregional and long-haul communications system associated 
with an international and/or national electronic mail service. 

An electronic mail system between satellite earth stations 
located at major postal offices is one approach that has been 
considered and may deserve further attention with a view to 
possible implementation before 1990. 

CONCLUSIONS 

A number of European communication service needs have now 
been outlined. One of these, that of communication to oil 
exploration and production platforms in the North and Celtic 
Seas, has been the subject of detailed work, and it now appears 
probable that a dedicated transponder for this service will be 
flown on the first operational European regional satellites in 
1980, satellites whose basic mission until now has been bulk 
telephony and television-programme exchange. 

As far as the other services are concerned, they have not yet 
reached the same advanced stage of implementation. For 
several of them it is hoped to be able to perform representative 
experiments with the OTS satellite scheduled for launch in 
mid-1977 . I n particular, analysis to date has shown that all of 
these services can be provided by equipment and technology as 
already developed within the basic OTS/ECS programme, or 
with only minor modifications. The basic question that 
remains is whether the demand for these services in Europe will 
become large enough to warrant a separate, specialised-service 
space segment, or whether they can be incorporated into an 
expanded ECS mission as it develops during the 1980's. 0 
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Probh!mes et possibilites de la radiodiffusion par satellites 

c. Rosetti, Direction des Programmes futurs et des plans, ESA 

Les systemes de telecommunications par satellites appartenant 
au service fixe ont pris une place des plus importantes dans 
I'arsenal des moyens modernes de telecommunications et ont 
prouve rapidement non seulement leur haut rendement econo
mique, mais aussi leur fiabilite. Ces systemes etaient des le 
debut capables de relayer des images de television, mais I'etat 
de developpement de la technique ne permettait pas encore la 
transmission de ces images vers des petits terminaux de 
reception, accessibles au grand public. 

Avec le developpement progressif des techniques spatiales et 
en particulier le developpement des tubes amplificateurs a 
puissance et rendement eleves, fonctionnant en ondes centi
metriques, ainsi que des antennes 11 faisceau etroit, est apparue 
la possibilite d'effectuer des emissions de television directe
ment vers des utilisateurs individuels equipes de recepteurs de 
type domestique. 

L'apparition de ce nouveau type de systeme ne suscite plus le 
scepticisme des utilisateurs sur le plan technique mais pose des 
problemes d'ordre politique et juridique lies 11 son utilisation. 
Ces problemes ne devraient pas etre difficiles 11 resoudre car il n'y 
a pas de difference majeure entre un systeme de radiodiffusion 
utilisant des emetteurs de Terre et un systeme utilisant des 
satellites, sauf pour le rendement technique et economique de ce 
dernier. 

Dans le cas d'une application particuliere de la radiodiffusion 
par satellite, notamment les emissions educatives, le scepticis
me des special istes a ete provoque principalement par des 
experiences executees 11 I'aide d'emetteurs 11 Terre, experiences 
qui sont loin d'avoir donne les resultats escomptes. 

Les causes de ces detai Ilances sont tres variees. Elles sont dans 
certains cas dues 11 une mauvaise adaptation des techniques 
pedagogiques aux media, au fait de substituer un appareil de 
television au professeur ou mailre d'ecole tout en utilisant des 
methodes qui en requierent un. Dans d'autres cas, c'est la 
mauvaise qualite du logiciel qui est en cause, sa production 
ayant ete confiee sou vent 11 des debutants, ou bien encore le 
manque de moyens financiers necessaires pour produire des 
programmes de bonne qualite. 
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Quelles qu'en soient les raisons, on ne peut pas faire de 
I'instrument de transmission le bouc emissaire de ces detaillan
ces, sauf dans les cas ou ses caracteristiques techniques ou 
economiques ont ete mal detinies. 

11 est donc essentiel, tant pour les producteurs que pour les 
utilisateurs de I'instrument technique de transmission, d'une 
part de trouver les caracteristiques techniques les meilleures 
par rapport 11 la zone que I'on se propose de servir, et d'autre 
part d'adapter le logiciel aux possibilites specifiques du moyen 
de transmission et aux besoins socio-culturels de la population 
concernee. 

CLASSIFICATION DE CAS PARTICULlERS 

Bien que les caracteristiques du systemes doivent etre adaptees 
11 chaque cas particulier, il est possible de reunir les differents 
cas possibles en quelques groupes principaux: 

(a) Pays industrialises de faible etendue, qui peuvent etre (ou 
sont) bien servis 11 I'aide de reseaux de Terre. Ces pays 
n'ont aucune motivation pour adopter des systemes de 
satell ites pour la radiodiffusion. 

(b) Pays industrialises de moyenne et grande superficie, posse
dant des reseaux de radiodiffusion de Terre bien develop
pes. Ces pays sont dans la plupart des cas confrontes au 
probleme de la production de programmes de radio
diffusion necessaires pour 'remplir' les chaines existantes 
et non pas 11 un probleme d'augmentation du nombre des 
chaines. De plus, si pour des raisons economiques plaidant 
en faveur du satellite, il est souhaitable de changer de 
systeme, on est confronte avec le probleme de la transi
tion du segment recepteur qui peut compter des mill ions 
d'equipements vers un systeme nouveau, avec lequel les 
equipements existants ne sont pas directement compa
tibles. Le probleme de I'introduction d'un systeme a 
satellites pourrait se poser pour ces pays seulement dans 
I'optique des plans 11 moyenne ou longue echeance. 

(c) Pays industrialises de moyenne et gran de superficie ayant 
des reseaux de radio diffusion de Terre peu developpes et 
une densite ou configuration demographique particuliere. 
Pour ces pays le satellite peut etre dans I'immediat la 
solution la meilleure. 

(d) Pays en voie de developpement ou souvent les infrastruc
tures energetiques, de radio et de telecommunications ont 
une faible etendue. Ces pays connaissent 11 I'heure actuelle 

Probh!mes et possibilites de la radiodiffusion par satellites 

c. Rosetti, Direction des Programmes futurs et des plans, ESA 
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Figure 1 - Un systeme de radiodiffusion par satellites 

un taux eleve d'expansion sociale, et I'implantation des 
moyens de diffusion doit s'adapter au mieux a cette 
expansion rapide. Ceci veut dire que parmi les differents 
moyens techniques il faudra choisir celui qui, pour un 
investissement initial modeste, assure la couverture totale 
du pays dans les delais les plus courts avec toute la 
flexibilite voulue. Seules les caracteristiques des satellites 
paraissent repondre aces contraintes. 

OUELOUES CARACTERISTIOUES DES RESEAUX 
D'EMETTEURS TERRESTRES ET DES SYSTEMES A 
SATELLITES 

Pour servir la totalite de la population d'un pays avec des 
programmes de television diffuses par des reseaux d'emetteurs 
terrestres, il est necessaire d'implanter un grand nombre 
d'emetteurs principaux et secondaires, relier entre eux ces 
emetteurs par des faisceaux hertziens, assurer au site de 
I'emetteur I'energie electrique, les voies d'acces et surtout le 
potentiel technique et humain requis pour la maintenance et 
I'exploitation des installations . 

Le nombre d'emetteurs requis pour assurer une couverture 
convenable d'un pays varie selon ses dimensions et ses caracte· 

RECEPTION 
INDIVIDUELLE 

ristiques geographiques en fonction desquelles doivent etre 
calcules les frais d'investissement et d'exploitation technique 
du reseau. 

Pour des territoires d'une superficie de 250 000-400 000 km 2 

et ayant un relief varie, le coOt d'exploitation annuel d'une 
chaine de television de Terre assurant un taux de couverture de 
90% environ se monte a 20-30 millions de dollars US. Le 
calendrier de realisation d'un tel reseau est de I'ordre de 10 a 
15 ans. Ces chiffres sont bases sur des donnees caracteristiques 
a certains pays de l'Europe occidentale qui, au moment de 
I'implantation des premieres chaines de television, avaient 
d'ores et deja le benefice d'un inventaire assez complet pour ce 
qui concerne les infrastructures energEhiques et de telecom
munications. Dans les pays en voie de developpement, le coOt 
et le calendrier indiques pourraient etre plus importants. 

Un satellite pour la radiodiffusion offre I'avantage d'assurer, 
pour un investissement initial modeste, la couverture a 100% 
d'un territoire, des sa mise en orbite. 

Les coOts annuels d'exploitation et de maintenance du seg
ment spatial d'un systeme a satellites, estimes dans les memes 
conditions que ceux indiques ci-dessus pour un reseau terres
tre, se montent selon le systeme choisi, a 2-5 millions de 
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dollars US, c'est-a-dire entre 4 et 15 fois moins qu'un systeme 
d'emetteurs terrestres et dans les limites d'un calendrier de 
realisation qui ne pourrait etre concevable pour ces derniers. 

On constate donc, en comparant seulement les caracteristiques 
des segments de transmission des deux systemes, que tant sur 
le plan economique que sur celui du calendrier de realisation, 
les systemes a satellites presentent des avantages incontestables 
par rapport aux systemes a emetteurs terrestres. 

Mais le systeme ne se compose pas seulement d'emetteurs au 
sol ou en orbite, mais aussi de recepteurs. Ceci souleve dans 
certains cas le difficile probleme de la transition d'un systeme 
a emetteurs de Terre vers un systeme a satellites et constitue a 
I'interieur d'un systeme a satellite un parametre economique 
tres important. 

SYSTEMES A,SATELLlTES 

Un systeme de radiodiffusion par satellites comprend (Fig. 1): 

un ou plusieurs emetteurs montes a bord d'un satellite 
geostationnaire et transmettant des programmes dans un 
ou plusieurs faisceaux d'antenne; 
des equipements de reception au sol - (selon les caracteris
tiques du systeme, ces equipements de reception peuvent 
soit adapter un poste de television classique pour la 
reception des signaux transmis par le satellite, soit 
recevoir les emissions du satellite et les distribuer aux 
utilisateurs par I'intermediaire d'un reseau de cables ou 
par un re-emetteur); 
une ou plusieurs station(s) transmettant les programmes 
a partir du studio vers le satellite, et pouvant remplir en 
plus des fonctions de contr61e du fonctionnement du 
satellite. 

Enfin, pour assurer une haute fiabilite au systeme, il est 
necessaire de placer en orbite, outre le satellite operationnel, 
un satellite de reserve qui le remplace immediatement en cas 
de panne. 

SEGMENT TERRESTRE (RECEPTEUR) - SON INFLUEN
CE SUR LE CHOIX DES CARACTERISTIQUES DU 
SYSTEME 

Comme on peut le voir sur la Figure 1, il existe trois systemes 
principaux de reception: 
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Reception directe a I'aide d'installations individuelles 

Le terme 'individuel' n'est pas entierement exact car de tels 
equipements peuvent etre utilises pour la visual isation 'collec
tive' des programmes, par exemple dans une maision de la 
culture, dans une classe d'ecole, etc. Le terme 'indidividuel' 
indique simplement que cet equipement est, du point de vue 
prix, accessible aux possibilites d'achat d'une personne privee. 
En effet si la puissance du satellite est suffisamment elevee, il 
est possible d'obtenir une reception de bonne qualite a I'aide 
d'equipements a performance modeste et a coOt relativement 
bas. Le coOt de ces equipements varie selon les estimations de 
I'industrie entre 150 et 350 dollars US pour des equipements 
pouvant recevoir des emissions effectuees dans la bande de 
12 GHz. 

Reception semi-directe a I'aide d'equipements de performance 
plus elevee (ce qui reduit la puissance requise du satellite) 

Les programmes re~us sont dans ce cas soit distribues dans un 
reseau a cables, soit rediffuses par des emetteurs terrestres et 
re~us a I'aide de recepteurs classiques. Le coOt de I'equipe
ment varie (toujours dans I'hypothese de I'utilisation de la 
bande de 12 GHz), selon les performances requises, entre 600 
et 8000 dollars US (ou plus). Dans la comparaison entre les 
caracteristiques economiques des differents systemes, il faut 
ajouter le coOt du reseau de distribution soit a celui du 
satellite, soit au pro rata, a celui des equipements de reception . 
Le choix des caracteristiques du segment recepteur d'un 
systeme de radiodiffusion par satell ites est extremement 
important car dans un systeme developpe, la partie la plus 
chere est representee justement par le segment recepteur 
terrestre . 

En fait, dans certains cas, le coOt du segment emetteur spatial 
represente a peine 5-10% du coOt total du systeme. Ceci veut 
dire qu'iI y a interet a maximiser la puissance du satellite afin 
de minimiser le coOt des equipements de reception. 

Le choix d'une puissance maximale du satellite off re en outre 
un avantage supplementaire. En fait, si I'on choisit une 
puissance modeste, on est force d'util iser exclusivement des 
equipements de reception de haute performance (et d'un coOt 
plus elevel. appeles d'habitude 'equipements communautaires' 
et completer le reseau par cables et re-emetteurs, ce qui n'est 
pas toujours economique. Par contre, le choix d'une puissance 
plus importante a bord du satellite don ne la possibilite de 
choisir les techniques de reception les plus economiques, et les 
mieux adaptees aux caracteristiques geographiques et demo-
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graphiques particulieres aux differentes regions du pays a 
servir. 

Systeme mixte (reception individuelle et communautaire) 

Dans le cadre d'un tel systeme, les regions urbaines pourraient 
envisager I'utilisation de stations communautaires perform an
tes alimentant des reseaux de distribution, ainsi que I'utilisa
tion des equipements de reception individuelle, tandis que 
dans les regions a population dispersee, il serait egalement 
possible d'utiliser des systemes de reception communautaire cl 
re·emetteurs en VH F/UH F et d'installations de reception 
individuelle dans les endroits ou les systemes cl re-emetteurs ne 
seraient pas rentables. 

Dans ce meme contexte, il est important de mettre en evidence 
la difference entre les criteres d'evaluation applicables au cas 
de la plupart des pays industrialises et ceux applicables au cas 
des pays en voie de developpement. 

Dans les pays industrialises, I'investissement, le cout d'exploi
tation et de maintenance du reseau sont cl la charge de 
I'o rganisme utilisateur, tandis que le prix des equipements de 
reception est paye par chaque utilisateur individuellement. 
Dans ce cas I'optimisation au niveau du systeme entier n'est 
pas essentielle. II suffit de choisir des caracteristiques qui 
rendent le systeme acceptable tant pour I'organisme d'exploi 
tation que pour les moyens financiers des utilisateurs indivi
duels. 

11 est difficile de supposer que dans les pays en voie de 
developpement, surtout s'il s'agit de systemes cl vocation 
educative, le cout des equipements de reception soit paye par 
des utilisateurs prives; il sera donc cl la charge de I'autorite 
competente qui met en place le systeme et, dans ce cas, 
I'optimisation dans le sens de la minimisation du cout au 
niveau du systeme entier prend une grande importance, les 
economies real isables etant considerables. 

DEFINITION DE LA ZONE DE SERVICE DU SATELLITE 

Deux possibilites existent pour la definition de la zone de 
service des satellites de radiodiffusion: 

couverture multinationale (regionale) 
- couverture nationale. 

Bien que la couverture multinationale (regionale) off re I'avan
tage d'un coCa par habitant moins eleve pour le segment spatial 
du systeme, il a ete indique precedemment que ce cout 
represente un faible pourcentage du cout total du systeme. Ce 

type de service presente en outre des inconvenients importants 
qui peuvent en compromettre la faisabilite: 

Problemes politiques et juridiques: il serait dans la plupart des 
cas bien difficile de produire des programmes de radio
television et, en particulier, des programmes educatifs qui 
puissent satisfaire aux habitudes, aux traditions socio-culturel 
les de chaque pays appartenant cl une region. Les problemes de 
droits d'auteur qui se poseraient dans le cas d'un service 
multinational souleveraient en outre des difficultes supple
mentaires. 

Diversite des langues: dans certains pays en voie de developpe
ment, meme un service de radiotelevision cl couverture natio
nale se heurterait au probleme de la diversite des langues. Ce 
probleme devient d'autant plus difficile cl resoudre dans le 
cadre d'un service multinational. 

Differences de fuseaux horaires: les differences horaires entre 
les extrElmites d'une region supranationale pourraient etre 
suffisamment importantes pour susciter des contraintes opera· 
tionnelles. 

Pour toutes ces raisons, il est probable que les services cl 
couverture nationale auront plus de chances de s'imposer. 

CHOIX DE LA BANDE DE FREQUENCES 

Le choix de la bande de frequences pour un systeme de 
radiodiffusion par satellite a une importance capitale tant pour 
I'economie que pour les possibi lites d'evolution ulterieure du 
systeme. 

En fait le reglement des radiocommunications prevoit pour la 
radiodiffusion par satell ite trois bandes de frequences qui, du 
point de vue de la disponibilite de la technologie, peuvent etre 
utlisee cl moyenne echeance. 11 s'agit des bandes de frequences 
autour de 800 MHz, 2500 MHz et 12 GHz. Les deux premieres 
sont extremement etroites et assujetties par la reglementation 
a une limitation de la puissance rayonnee par le satellite. Ceci 
impose I'utilisation d 'equipements de reception cl performance 
elevee et donc relativement chers et limite le systeme cl la 
reception communautaire, sans possibilite d'evolution ulte · 
rieure . Enfin, I'utilisation des bandes de frequences de 800 et 
2500 MHz pour des services cl couverture nationale dans des 
pays de superficie moyenne (200000-400 000 km 2

) sera it 
extremement difficile, car les dimensions des antennes du 
satellite souleveraient des problemes d'encombrement difficiles 
cl resoudre. 
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Par contre, I'utilisation de la bande de 12 GHz, bien que 
penalisee d'un affaiblissement des ondes radio-electriques plus 
important que celui des deux autres bandes de frequences 
disponibles, n'est pas assujettie a une limitation de la puissance 
rayonnee, ce qui peut reduire d'une maniEne considerable le 
coOt des installations de reception_ Le spectre des frequences 
disponibles est assez large pour satisfaire aux besoins de tout le 
monde. Enfin il est possible de realiser des faisceaux d'antenne 
etroits permettant la couverture nationale, meme dans le cas 
des pays relativement petits. 

CHOIX DE LA CLASSE DU SATELLITE 

Comme il a ete evoque precedemment, un des facteurs econo
miques les plus importants est le coOt des terminaux de 
reception. Pour minimiser ce coOt, il est necessaire de maxi 
miser la puissance de transmission des emetteurs installes a 
bord du satellite . 

D'autre part, le coOt de la mise en orbite du satellite est 
suffisamment eleve pour justifier le developpement de satel 
lites ayant une duree de vie operationnelle excedant au moins 
5 ans. Ceci conduit a un accroissement de la masse du satellite 
tant par la redondance supplementaire a prevoir, que par la 
quantite d'ergols necessaires pour le controle de I'orbite . 

En tenant compte du besoin de rayonner plus d'un canal de 
television afin que le systeme soit attrayant pour les utilisa
teurs, meme un calcul sommaire indique que les types de 
satellites correspondant aux lanceurs ayant une capacite equi
valente a celle de TO 3914 sont soumis a des contraintes 
importantes soit en ce qui concerne leur duree de vie opera
tionnelle, soit en ce qui concerne leur capacite exprimee en 
nombre de canaux et/ou puissance. 

La classe de satellite qui semble etre techniquement et eco
nomiquement la plus attrayante se situe aux environs de 
750 kg en orbite geostationnaire . Aller au -dela de cette limite 
presenterait des risques economiques, du moins jusqu'a ce que 
les techniques spatiales permettent la reparation en orbite des 
satellites, ce qui ne parait pas envisageable avant les annees 90. 

ACTIVITES DE L'ASE DANS CE DOMAINE 

L'Agence spatiale europeenne a commence en 1971 I'etude des 
divers systemes de radiodiffusion par satellite possibles. Ces 
etudes ont couvert le segment spatial du systeme, le segment 
recepteur dans toutes ses variantes, ainsi que la technologie 
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requise pour la realisation de ce type de satellite. 

Les programmes de developpement technologique de I' Agence 
et de ses Etats membres ont debouche sur des realisations 
importantes en ce qui concerne la conception et les performan
ces des sous-systemes necessaires pour la realisation de satel 
lites de radiodiffusion de haute puissance fonctionnant dans la 
bande de 12 GHz. 

II est probable que ce type de mission soit mis en or bite a la 
fin de cette decennie ou au debut des annees 80. 

CONCLUSIONS 

L'ensemble des travaux d'etudes menees par l'Agence indique 
que les caracteristiques techniques et economiques des satel
lites de radiodiffusion sont bien meilleures que celles des 
systemes terrestres equivalents surtout dans les pays en voie de 
developpement. L'utilisation a cette fin de la bande de fre 
quences de 12 GHz off re des avantages incontestables par 
rapport a toute autre bande de frequences actuellement 
assignee a ce service. 

Une large cooperation interdiscipl inaire entre les utilisateurs 
potentiels et I' Agence est indispensable pour la dMinition 
detaillee du satellite . 

Dans la phase initiale d'introduction de ce nouveau systeme, la 
cooperation internationale peut jouer un role important sur 
plusieurs plans: 

entre pays industrialises et pays en voie de develop
pement: assistance technique, transferts de technologie, 
etc; 
entre pays en voie de developpement: cooperation dans 
le domaine de la production de logiciels et, par exemple, 
utilisation en partage du temps d'un satellite, permettant 
ainsi, lors de la phase initiale, d'importantes economies; 
pendant la phase pleinement operationnelle de tels 
systemes spatiaux, des economies appreciables pourraient 
etre realisees par une utilisation rationnelle du 
segment spatial et des moyens de controle des satellites. 

Enfin, avec le lanceur lourd Ariane, I' Agence disposera apres 
1980 d'une capacite independante de mise en orbite de 
satellites libres de contraintes, ce qui assurera la viabilite, sur le 
plan technique et surtout economique, de la radiodiffu:;ion 
visuelle et sonore par satellite. 
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Technological Developments needed for Communications 
Satellite Systems 

8. Stock well et al., Communications Satellite Programme Office, Directorate of Communications, ESTEC, Noordwijk, The 
Netherlands 

The first several generations of commercial communications 
satellite systems were intended to meet relatively modest 
mission requirements and operated in the 4/6 GHz frequency 
band. They employed spin stabilisation, and were based to 
some extent upon military predecessors. These satellites 
became progressively more complex from generation to gener
ation, culminating in the early 70's in the Intelsat IVA vehicle. 
At the same time interest in the advantages of three-axis 
(body) stabilisation concepts, in different missions in com
munications terms, and in alternative operating frequencies 
gained ground, and the power demands and payload complex
ity for the various missions increased considerably. 

Thus the Symphonie project was started, leading to a first 
launch in 1974, and employing momentum-wheel spacecraft 
stabilisation and a deployed solar array. Also in the early 70's 
the Intelsat V requirement appeared to lead naturally to a 
departure from the spin-stabilised concept (with four of the 
five current offers to INTELSAT employing body-stabilised 
configurations), and to the use of frequencies other than 
4/6 GHz. 

In parallel, the aeronautical and maritime missions gained 
ground, while the semi-direct or even direct broadcast TV 
mission became of more and more interest, and implied 
considerable technical advance in terms of power levels, beam 
width and pointing-accuracy requirements. 

In ESRO, interest in the late 60's in the communications 
satellite field initially centred on body-stabilised configur
ations for telephony and for television distribution . Then in 
1969 concentration switched to a limited mission with a 
relatively low capacity spin-stabilised vehicle, in order to meet 
a simple television distribution mission. From 1970 onwards, 
with the mission again broadened, all emphasis was placed on 
body-stabilisation, and on use of the 11/14 GHz frequencies 
(the latter for reasons both of spectrum crowding, and because 
of the need for a European regional system to get in close to 
the cities). 

At the same time, ESRO investigated derivative programmes 
aimed towards the maritime and aeronautical applications, the 
latter in particular being rather demanding in terms of power 
and antenna complexity. 

The movement towards more sophisticated stabilisation 

systems, more complicated repeaters, and new and higher 
frequencies brought in train the need for significant technol
ogical advances. In the United States these could in some cases 
at least be supported from military programmes, but in Europe 
national and international funding became necessary if these 
advances were to be realised. 

The ESRO Telecommunications Programme of the early 70's 
contained, therefore, a significant technological development 
effort. At the same time the national agencies (in particular in 
France and Germany) devoted considerable funding to such 
development, and as a coherent whole the programme allowed 
relatively major activities to be undertaken. 

The main lines of such activity are described below, with 
particular reference to the OTS/ECS Supporting Technology 
Programme of ESA, taken in the context of other ESA and of 
national efforts. The overall result has been a broad technol-
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Travellinrrwave tube developed by AEG, Germany. 

ogical first-generation advance embodied now in the OTS and 
Marots satellites, the achievement of significant advances for 
application to the second-generation ECS operational system, 
and the commencement of activities in support to missions 
beyond that (an improved ECS, and television broadcast, in 
particular). At the same time of course, the world has not 
stood still since 1970, and a number of domestic, regional and 
international satellite systems and system proposals have 
emerged embodying major advances. It is necessary to run in 
order to stand still. 

COMMUNICATION REPEATERS 

In the pre-development phase for the Orbital Test Satellite 
(OTS), major efforts have been devoted to the development of 
a modular repeater operating in the 11/14 GHz bands. The 
repeater uses the dual conversion principle with down conver
sion from 14 GHz, and amplification of the signals in the 
1 GHz frequency region. The signals are then again up~onver
ted to the 11 GHz frequency region with radio-frequency (RF) 
power sufficient to drive the 20 W travelling-wave tubes 
(TWT's) used as power output stages. Particularly challenging 
and successful developments include the 14 GHz parametric 
amplifier, the high-gain, high-power TWT's associated with 
their power conditioners, special linear phase I F (intermediate 
frequency) filters and an I mpatt diode oscillator/amplifier. 
These developments are incorporated in OTS (to be launched 
in mid-1977), which carries a main communication repeater 
with two 40 MHz and two 120 MHz channels, each pair 
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Travellinrrwave-tube amplifier developed by Thomson-CSF, France and 
CGE-Fiar, Italy. 

operating with frequency re-use and opposite linear polarisa
tions. OTS also carries two narrow-band repeaters (together 
with the I mpatt diode oscillator beacons) for propagation and 
data-transmission experiments, the two chains operating again 
in frequency re-use, but this time with opposite circular 
polarisations. 

For the European Communications Satellite (ECS), the OTS
developed technology will be re-used, the hardware being 
modified to meet ECS requirements. In this case up to twelve 
80 MHz channels are to be operated in frequency re-use. 

I n the last few years, the technology of field-effect transistors 
for the 11/14 GHz frequency region has made considerable 
progress. Therefore, the use of single-conversion-type repeaters 
may now be considered in order to obtain the benefits of 
simplicity and low mass inhe~ent in this design, and significant 
work has been put in hand in this area. 

For communications missions requiring increased traffic 
capabilities, hardware developments using higher frequencies 
(20-30 GHz) are of interest. Combination of systems using 
the 20-30 GHz and 11-14 GHz frequency bands would 
become very attractive through the use of satellite on-board 
baseband signal switching, for which demodulators, modula
tors and switching matrices need to be developed. Together 
with multibeam, high-gain antennas, the use of solid-state, 
medium-power-output amplifiers could become cost effective, 
and again development work has been and has to be undertaken . 
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Structural-model vibration testing of OTS at IABG, Munich 

For high-power communications, such as in television-broad
casting, reliable high-power amplifiers and low-loss output 
networks must be developed, and significant work has been 
undertaken in this area _ 

COMMUNICATION ANTENNAS 

ESA-supported development activities on antennas have been 
directed particularly towards meeting the various communica
tions mission requirements. These call for antenna ground 
coverages extending from continental coverage in the case of 
European telephony and television distribytion missions, to 
(for the future) very narrow, spot-area coverage in the case of 
television-broadcast missions. Special development emphasis 
has been placed on mass- and cost-effective design, high 
electrical efficiency and, for the European telecommunication 
mission, dual channel operation with high cross-polarisation 
purity to allow frequency re-use in the 11-14 GHz frequency 

bands. These particular programme requirements have been 
met through the development of front-fed parabolic antennas 
using conventional, glass-fibre, honeycomb circular dish con
structions of various sizes, both for circular and elliptical 
coverage patterns. 

In parallel with the work related to specific projects, investiga
tions have been undertaken to improve the performance of 
these first-generation antennas. More demanding telecommuni
cation missions become feasible through the use of special
design offset feeds, special dish profiling, and use of materials 
such as carbon fibre, leading to improvements in electrical 
efficiency, optimised gain shaping across the desired coverage 
area and, in particular, cross-polarisation purity. 

New antenna developments will be needed, and indeed in many 
areas are underway, for missions with requirements which 
cannot be met with presently used frequency bands because of 
frequency saturation, or with requirements for communication 
links between a multitude of small earth stations distributed 
over a regional area. In particular, large, accurate and stable 
multi beam antennas producing a number of narrow spot 
beams at frequencies possibly higher than those used now need 
to be developed, together with special beam-shaping techni 
ques for improved power-flux illumination . Along with these 
developments, R F sensing and associated antenna steering 
needs to be developed in order to maintain the desired high 
antenna pointing accuracies, and a number of studies have 
been completed in this field_ 

POWER 

In view of the relatively high power requirements of communi
cations satellites, mass and cost considerations more and more 
impose the use of three-axis-stabilised spacecraft with sun
tracking solar arrays. An important effort has been devoted in 
the past years to the development of mass-effective solar 
arrays, including participation by ESA in the Canadian CTS 
programme, where flexible solar-array blankets were developed 
for integration into a fold-out system, the development of a 
flexible-solar-array roll-out system, and the development of 
lightweight, rigid solar arrays to be flown on OTS and Marots 
(Maritime Orbital Test Satellite). Parti[ular effort was required 
to develop special solar-cell interconnections able to withstand 
the extreme temperature excursions to which extended solar 
arrays are subjected during the sunlight-eclipse' transients. For 
future applications, higher efficiency solar cells need to be 
developed to flight standard, i.e. violet solar cells with special 
shallow junctions which convert to useful energy more of the 

23 
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ultraviolet portion of the solar spectrum, and so-called 'black' 
solar cells, which should significantly reduce sunlight reflec
tion, thus enhancing the amount of sunlight that can be 
converted to useful power. For higher power applications, 
these developments, together with flexible/rigid hybrid solar 
arrays or ultra·lightweight rigid solar arrays, as the need may 
arise, will be extended to flight application. 

In the area of storage batteries, most of the activities have 
been directed towards obtaining well·understood and therefore 
well·designed nickel ·cadmium battery systems for reliable 
operation over seven-year lifetimes and longer. Special test 
programmes have been undertaken to investigate the behaviour 
of such batteries with various capacities during geostationary 
cycling and storage in terms of electrochemical, temperature 
and reliability performance. Weight reductions will be achieved 
through optimisation of battery cell design and thermally 
efficient packaging techniques. For future applications, new 
electrochemical elements need to be investigated and develop· 
ed, e.g. nickel-hydrogen and silver-hydrogen cells, the use 
of which would improve storage capability per unit mass by at 
least a factor of two. 

In the field of power conditioning, efforts have been directed 
towards the improvement of designs for main-bus shunt 
regulators and battery-discharge regulators. Multiphase AC 
power·distribution systems have been studied as alternatives to 
the common DC distribution system. A major effort has been 
started to reduce the size, mass and power consumption of 
power systems through the introduction of hybrid thick-film 
techniques. Activities have now started to develop breadboard 
typical thick-film circuits into qualified, high-reliability com 
ponents . Future activities are required to achieve higher 
efficiencies together with more mass·effective packaging of 
power-subsystem equipments . 

TELEMETRY, TRACKING AND COMMAND (TTC) 

TT&C radio·frequency links in European programmes have 
been implemented in a mission-specific manner, the evolution 
of the technology resulting in the development of VH F 
systems which are compatible with ground-station networks, 
but more particularly with the peculiar demands of large·body 
sate 11 ites. I n the case of OTS, the TT&C frequency has been 
placed both in VH F and in the operations communication 
band of the satellite. This has involved the development of a 
telemetry transmitter operating at 11 GHz and a command 
receiver operating through the communications payload . 
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OTS model in acoustic chamber. 

Current methods of processing and transmitting data are 
constrained essentially by the availability of suitably qualified 
types of electronic devices, as reflected by the extensive use of 
medium/Iow-power, bi-polar, transistor logic in discrete com· 
ponent or MSI (middle-scale integration) form. The resultant 
mass and power consumption still leaves considerable scope 
for improvement and future programmes will undoubtedly 
include increasing application of CMOS and thick-film technol · 
ogy until the advent of suitably qualified LSI (large-scale 
integration) functions (analogue/digital converters, micro· 
processors, etc.). This development will facilitate a standardis· 
ed modular data-handling system suitable for a variety of 
missions in a cost- and mass·effective manner. 

Future TT&C systems are expected to evolve towards single· 
frequency systems, possibly operating in the main communica· 
tions band (as opposed to the dual SHF/VHF systems of OTS 
and Marots). This would both simplify the ground segment 
and give mass and power advantages on the satellite . This 
evolution will require the development of technologies to 
produce a standardised range of band-specific transponder 
units and standard antenna designs which may be accom· 
modated without interference with the satellite, and which are 
relatively independent of the satell ite configuration . 
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Double-gimballed momentum wheel developed by Teldix, Germany. 

ATTITUDE AND ORBIT CONTROL 

The advancing demands of this subsystem have, in recent 
years, given rise to major development activities, and in 
particular to an extensive phase of equipment development 
within the framework of the ESA Supporting Technology 
Programme. This development has covered actuators, sensors, 
and propulsion devices and as a result of this programme 
(taken together with national fundingsl. the following equip
ments are now sufficiently developed for application to 
current and future-generation missions (and indeed are quali
fied by at least two European suppl iers): 

Fixed momentum wheels 
Two-axis infrared horizon sensors 
Low-thrust hydrazi ne thrusters 
Propellant tanks for zero-gravity application. 

The next investment effort will be devoted to cost reduction, 
mass reduction and increased reliability, while at the same 
time improved sensing accuracy and improved efficiencies have 
to be sought. 

Cost reduction can be achieved by the standardisation of 
equipments, while there will be an increasing tendency for the 
electronics boxes to be designed around these equipments, 
with the trend being towards the standardisation of the 
electronics boxes as well. The first steps in this direction are 
presently being taken by ESA with the introduction of standard 
thick-film modules for frequently used circuits within the 
electronics boxes. 

As for mass reduction, if mission requirements permit, the 

OTS fixed momentum wheel developed by Philips, The Netherlands. 

most efficient way to reduce the mass of communications 
satellites is by suppression of north-south stationkeeping. In 
this case, at least one additional degree of freedom between 
the spin axis of the momentum wheel and the spacecraft is 
required, leading to the development and qualification of a 
single gimbal mechanism that together with anyone of the 
standard momentum wheels forms a single gimballed momen 
tum wheel. A breadboard model has already been manu
factured under an ESA supporting-technology contract and a 
prototype is expected by end of this year. Alternatively, 
multiple fixed wheels can be employed to provide the same 
function. 

If north-south stationkeeping is necessary, then significant 
mass reduction can be achieved by increasing the specific 
impulse of the propellant, leading to the development of 
power-augmented electrothermally decomposed hydrazine 
systems and electric propulsion systems. Development activ
ities in both areas are continuing on a national basis in the 
United Kingdom, France and Germany. 

Further mass reduction can be expected from increased pack
aging density due to the introduction of thick-film technology 
and large-scale integrated circuits. 

STRUCTURE DEVELOPMENTS 

There is an obvious need for more lightweight structures and 
much work is underway in this area. This involves develop
ments in structural materials, test methods, and in analytical 
techniques. 
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Infrared horizon sensor developed by Galileo, Italy. 

Capillary expulsion tank developed by SEP, France. 

Under ESA auspices, considerable work has been undertaken 
as part of Structural Mass Optimisation Programme, which was 
directed to accumulating experience in the use of advanced 
materials, such as carbon-fibre-reinforced plastics, and improv
ing construction methods using both these new materials and 
conventional materials. 

The representative structure produced during this programme 
enabled studies to be made of different and more adaptable 
analysis and test methods, such as modal survey techniques, 
with a view to enhancing, or even replacing, certain tests. Such 
modaf surveys offer promise of better understanding of the 
entire spacecraft dynamic performance, and allow identification 
of both prime structures and major equipment (such as solar 
arrays and antennas) that could be optimised to improve 
performance. This method could also be a powerful tool for the 
development of a 'bus' capability for alternative payloads, 
indicating the efficient modifications available to accommodate 
such wider applications of any given structure. 
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In a support role in another direction, initial investigations 
have been made of the advantages of other advanced structure 
materials - such as beryllium and kevlar. Beryllium is already 
used for special purposes on mechanisms in OTS. The need is 
now for a better understanding of the manufacturing problems 
in their application to structures, the most cost-effective areas 
for use, and the practical limitations of these materials. 

With the advent of large, three-axis-stabilised applications 
satellites, and the probability of these developing into 'bus' 
type projects, the returns from a mass-efficient, cost-effective 
adaptable structure optimisation programme are considerable. 

THERMAL CONTROL 

Thermal control can often be achieved, at least in principle, 
using available materials and finishes, as is the case with OTS, 
but a lengthy programme of tests is normally needed to 
qualify these materials for the required long-life exposure in 
the orbit environment. As part of the technology preparation 
of ESA, a test programme has been undertaken, and the test 
series is now in its second phase (in collaboration with CNESI, 
the irradiation of surfaces to electrons, protons, and UV 
radiation being carried out at the DERTS facility at Toulouse. 
Electrically conductive paint and second surface mirror 
materials are included in the current test series, it being 
possible to measure the sample electrical resistance during test 
to support current interest in charge-build-up phenomena. An 
additional, fuller study is now commencing in this important 
area of high-voltage charge build-up on materials exposed to 
radiation in a geosynchronous orbit, it being realised that arc 
discharges precipitated by this build-up are a potential cause of 
thermal material degradation and also a potential source of 
spurious R F signals. Qualification of conductive materials 
could assist in the prevention of such charge build-ups, with 
benefit to current and future communications spacecraft. 

In another area, the difficulties of correlation of thermal 
analysis and test data from thermal vacuum test have 
prompted the development of a set of computer programs 
which could eventually enable these correlations to be carried 
on in real time, with a potential saving in programme costs and 
schedule time. 

In anticipation of higher powered pay loads for later generation 
satellites, a development programme for heat pipes has also 
been set up. Several contractors have made valuable contribu
tions in the area of bendable heat pipes for radiators, and two 
heat pipes were successfully tested at zero-gravity on the 
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International Heat Pipe Experiment sounding-rocket flight in 
1974. Additionally, a number of heat pipes presently on life 
test are maintaining very satisfactory performance. Work is 
also proceeding on gas-controlled heat pipes, which offer the 
additional advantage, besides normal high heat transfer, of 
closer temperature control. 

COMPONENTS, MATERIALS AND PROCESSES 

The evolution of the applications satellite has required, and in 
some cases given cause for, quite spectacular advances in the 
fields of electronic and mechanical components, material and 
process technology, and reliability assessment. 

The increased miniaturisation and package density of elec
tronic equipments is requiring a rapid translation of discrete 
component designs to integrated-circuit technology with 
maximum utilisation of custom-built 'chip'-Ievel thick/thin
film integrated modules. Logic, ampl ification and signal
conditioning circuitry, optimised for response time, power 
consumption, reliability and mass, are now being designed and 
manufactured and considerable effort is being devoted to 
achieving qualification for a seven to ten-year geostationary 
orbit life . ESTEC-initiated supporting technology programmes 
have addressed, and still are addressing, such aspects as: 
radiation effects, microwave component characterisation 
changes under certain operating conditions, long-term high 
parametric stabil ity, and catastrophic 'degradation' failure 
mechanisms. Technologies currently under qualification for 
the second-generation applications satellites (ECS) include 
CMOS, Schottky, gallium-arsenide-based transistor diodes, 
thick- and thin -film technologies. Component behaviour, in 
general, is being analysed, in minute detail, and tested over 
long periods of time. Acceleration testing techniques have 
been developed, e.g. for slip-ring assemblies and radiation 
testing, but much work is needed in this area. Nonaccelerated 
life testing, however, is still necessary and due to the early 
ESTEC commencement of such activities, e.g. TWT amplifier 
(cathode) and momentum-wheel tests, orbit-correlatable data 
- and hence orbit-useable hardware - is now available. 
Interface effects in the communications payload equipments 
must be pred icted and complex component-level modelling 
test ing techniques have been, and are being, developed, e.g. 
microwave transistor/diode reliability models. 

An appl ications satellite is essentially a carefully designed and 
fabr icated set of components, materials and processes. The 
stringent performance, lifetime and 'cleanliness' requirements 
- in a radiation-exposed, hard-vacuum, thermally changing 

environment require careful selection and development 
qualification of materials, coatings, and material joining pro
cesses. Significant developments undertaken for OTS, with 
direct applications on later satellites, include high-stability/ 
reliability microwave, and high-density single and multilayer 
printed-circuit boards. 

EARTH SEGMENT 

The earth segment required to establish a satellite communica
tions system consists of two main elements, the user com
munications station network and the system employed to 
monitor and control satellite operation . Of concern here is the 
latter system, which consists mainly of a network of earth 
stations and an Operations Control Centre (OCC) . During the 
launch process, a global network of stations is necessary to 
receive telemetry from, send commands to, and track the 
satellite as it is manoeuvred in transfer orbit, injected into 
near-synchronous orbit, and placed in its final orbit location. 
During this phase also the OCC has a high level of round-the
clock activities to compute and control the execution of the 
required manoeuvres. In contrast, the on-station routine 
monitoring and control of a geostationary communications 
satellite can be accomplished with a single station and require 
a relatively low level of oce activity. 

To perform the functions outlined above, Europe has develop
ed a sophisticated system of stations, communications links, 
and control -centre software, computer hardware and man/ 
machine interactive devices, utilising equipment which is 
almost exclusively of European manufacture . Traditional 
reliance on NASA for stations and control facilities is dimin
ishing, and during 1974/75 the Symphonie satellites were 
successfully placed in orbit under CNES/DFVLR control, with 
NASA support being required only for supplementing the 
CNES/DFVLR station network . By 1978, and probably in 
time for the launching of Marots, it is intended that a suitable 
global network of European stations will have been completed 
as a final step in achieving independence . Routine on-station 
control of the European communications satellites is to be 
performed from project-dedicated control stations (for OTS, 
for example, from the Satellite Control and Test Station at 
Fucino, described elsewhere in this Bulletin) linked to an OCC, 
with a future trend being towards simplification of the 
monitoring task such that it could be performed by a small 
real -time computer located at the project station with only 
occasional recourse to the more powerful (and expensive) 
main OCC facilities . 

o 
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environment require careful selection and development 
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real -time computer located at the project station with only 
occasional recourse to the more powerful (and expensive) 
main OCC facilities . 

o 

27 



Mesures et experiences de propagation 
dans le cadre du programme ECS 

P. Barth%me, Bureau du Programme de Satellites de Telecommunications, 
Direction des Communications,ESTEC, Noordwijk, Pays-Bas 

Lorsque les dix pays membres du CERS deciderent en 1970 de 
rnettre sur pied un programme de satellites de teh~communica
tions, I'objectif qu'il convenait de donner cl ce programme fut 
naturellement la mise en place d'un systeme regional en 
Europe, qui serait utilise conjointement par les Administra
tions des Postes et Telecommunications nationales. La condi
tion que ces administrations mirent immediatement cl ce projet 
fut que le systeme en question ne pourrait en aucune fac;on 
fonctionner, comme le reseau INTELSAT, dans les bandes de4 
et 6 GHz allouees cl titre non exclusif au service de radiocom
munications par satellite entre points fixes. Un service regio
nal, en effet, ne pouvait se concevoir que si les stations 
terriennes se trouvaient cl proximite des centres de transit 
telephonique, c'est-cl-dire en general pres des capitales. Or la 
densite des liaisons terrestres par cable hertzien operant dans 
ces bandes etait telle qu'elle avait force les administrations cl 
installer leurs stations INTELSAT dans des regions eloignees 
des centres urbains afin d'eviter les interferences mutuelles. 11 
n'y avait donc pas d'autre issue que de chercher refuge dans 
des bandes moins encombrees cl des frequences plus elevees. 

CHOIX DES BAN DES DANS L'ECHELLE DES GIGAHERTZ 

Le choix existait entre la bande de 10 a 15 GHz deja 
partiellement utilisee ou en voie de I'etre, et d'autres a 20 et 
30 GHz OU le champ etait totalement libre. Aussi attrayante 
que fut I'idee de gravir I'echelle des gigahertz pour echapper 
aux sujetions du partage des frequences, il convenait de ne pas 
perdre de vue les problemes techniques que cela ne manquerait 
pas de soulever. De plus, il etait bien connu que I'atmosphere 
devient de moins en moins transparente quand la longueur 
d'onde diminue et qu'il y aurait a compter avec des affaiblisse· 
ments non negligeables des signaux dus a I'absorption causee 
par les chutes de pluie et de neige. 

II fut donc decide de choisir deux bandes de 500 MHz, I'une 
pour les liaisons Terre-satellite aux environs de de 14 GHz et 
I'autre pour les liaisons en sens inverse aux environs de 
11 GHz. 

La premiere tache etait de rassembler d'urgence des donnees 
statistiques sur I'importance des affaiblissements causes par les 
precipitations atmospheriques et sur la frequence a laquelle ils 
se produisent. De la connaissance que I'on avait des taux de 
pluviosite rencontres en Europe, on pouvait deduire a I'aide de 
modeles mathematiques que I'ordre de grandeur des affaiblisse-
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ments atteindrait une dizaine de dB, mais on etait dans 
I'impossibilite de decider si la marge a introduire dans les 
calculs des liaisons par satellite pour obtenir un pourcentage de 
disponibilite de 99,9%, par exemple, devait etre de 5 ou de 
10 dB. On conc;oit qu'avec une telle marge d'incertitude 
correspondant a un rapport de puissance de 1 a 3, le risque 
etait grand de mettre en oeuvre un systeme qui aurait ete so it 
sous-dimensionne soit au contraire trop largement calcule. 

Un autre probleme en rapport avec la propagation dans 
I'atmosphere se posa des qu'iI apparut necessaire de recourir a 
des techniques de reutilisation du spectre des frequences pour 
donner au satellite la capacite de transmission requise . Parmi 
les differentes techniques applicables en principe a un satellite, 
celle qui paraissait la plus prometteuse pour le systeme ECS 
etait la transmission sur deux polarisations parfaitement ortho
gonales, soit rectilignes et perpendiculaires, soit circulaires et 
de sens opposes. Cette technique permettait de transmettre 
deux signaux differents dans le meme canal de frequence, ce 
qui ferait passer la bande utilisable pour ECS de 500 a 
1000 MHz. La faisabilite de cette technique etait bien entendu 
etroitement liee a la possibilite de maintenir entre les deux 
polarisations une isolation telle que les interferences mutuelles 
restent negligeables. 

Une telle isolation devait etre maintenue d'un bout a I'autre de 
la chaine de transmission qui va d'un emetteur d'une station 
terrienne au recepteur d'une autre en passant par un certain 
nombre d'elements tels que transitions orthomodes, polari 
seurs, antennes et milieu de propagation . Parm i tous les 
elements constituant cette chaine, I'atmosphere, en tant que 
milieu de propagation susceptible d'alterer la polarisation des 
on des, etait le moins bien connu et le seul dont on ne pouvait 
modeler les caracteristiques. 11 fut donc decide de se mettre 
sans tarder a I'etude du comportement de signaux a polarisa
tions orthogonales se propageant dans I'atmosphere. 

MESURES D'AFFAIBLlSSEMENT A 11 ET 14 GHz 

En I'absence d'un satellite emettant des signaux aux frequen 
ces de 11 et 14 GHz, force fut de recourir a une methode 
indirecte pour mesurer I'absorption atmospherique. Cette 
methode dite du radiometre passif, consiste a mesurer le bruit 
radioelectrique du ciel dans la direction d'un satellite hypo
thetique et a en deduire I'affaiblissement qu'un signal subira it 
s'iI se propageait dans la meme direction. Elle repose sur le 
principe suivant. 

L'atmosphere se comportant comme un corps noir a la tempera-
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Figure 1 - Antennes de radio metres a 11 et 14 GHz, instaltees sur le 
toit du siege de I'Administration suedoise des Telecom
munications a Farsta, Stockholm. 

tu re Ta dont le facteur de transmission est t, la temperature de 
bruit rayon nee est egale a (1-t) Ta. En I'absence d'atmosphere, 
la temperature de bruit du ciel peryU par une antenne pointee 
vers le cosmos serait Tc. Affaiblie par I'absorption atmospheri
que, cette temperature est en realite t. Tc. La temperature peryue 
par I'antenne est donc T = t. Tc + (1-t) Ta. Les valeurs de Tc et 
Ta etant connues (5 et 270 K respectivement), on voit que 
I'affaiblissement atmospherique peut etre aisement deduit de la 
valeur de T mesuree par un radiometre. En fait, le principe meme 
de la methode est tel que la temperature de bruit mesuree tend 
asymptotiquement vers la temperature physique de I'atmos
phere, c'est-a-dire vers 270 K lorsque I'absorption augmente, et 
la mesure devient tres imprecise lorsque I'affaiblissement 
depasse 10 dB, ce qui dans le cas considere Mait parfaitement 
acceptable . 

Neuf radiometres, dont huit fonctionnent a 11,4 GHz et le 
neuvieme a 14 GHz, furent installes en plusieurs endroits 
d'Europe representatifs de differents climats, a savoir Stock
holm, Darmstadt, Berne, Milan, Fucino, Porto, Madrid et Graz. 
Tous ces radiometres dont le premier fut place r Milan en 
1972 sont encore en activite aujourd'hui . Leurs an1ennes sont 
dirigees dans la direction supposee du futur satellite ECS, de 
sorte que les angles d'elevation du pointage varient entre 20 et 
45°. Le radiometre a 14 GHz est installe a Stockholm oll il 
fonct ionne en parallele avec un autre a 11 GHz, ce qui permet 
de comparer directement les attenuations aux deux frequen-

ces. Ces deux equipements, confies aux soins de I' Administra
tion suedoise des Telecommunications, sont installes sur le toit 
du siege de cette administration (Fig. 1). 

Les donnees des mesures sont enregistrees automatiquement 
sur bande de papier perfore et envoyees a I'ESTEC oll elles 
sont depouillees et analysees sur ordinateur pour obtenir des 
courbes de repartition statistique mois par mois. De I'examen 
des resultats, on a pu tirer plusieurs conclusions importantes: 

(j) On constate en chaque endroit la me me concentration des 
periodes d'affaiblissement eleve au cours des mois d'ete, le 
reste de I'annee etant nettement plus calme. Chaque annee 
comporte son plus mauvais mois pour lequel la courbe de 
repartition est tres differente de la courbe des douze mois 
reunis . II n'est donc pas indifferent que les specifications de 
performance du systeme, etablies en termes de pourcentage de 
disponibilite, s'appliquent a un mois ou a une annee. 

(ji) Les courbes de repartition du plus mauvais mois varient 
considerablement d'une annee a I'autre. On ne pe ut obtenir de 
donnees statistiques valables a long terme qu'en poursuivant 
les mesures pendant plusieurs annees. Les statistiques de 
pluviosite qui sont recoltees par ailleurs depuis de nombreuses 
annees dans la plupart des pays d'Europe confirment qu'on ne 
peut etablir une image statistique valable en moins de dix ans . 

(jii) Etant donne la dispersion des resultats obtenus d'un 
endroit a I'autre, d'un mois a I'autre et d'une annee a I'autre, il 
est impossible de mettre en evidence une relation quelconque 
entre les statistiques d'affaiblissement recueillies et I'angle 
d'elevation de la direction dans laquelle les mesures sont faites, 
du moins dans la gamme reduite de 20 a 45° couverte par le 
reseau des radiometres. Les memes marges d'affaiblissement 
peuvent donc etre appliquees en tous endroits, au moins 
provisoirement. 

(iv) II n 'existe aucune correlation instantanee entre I'affaiblis
sement et le taux de pluie mesure a cote du radiometre . 
Toutefois une assez bonne correlation existe a long terme, ce 
qui laisse entrevoir la possibilite de determiner de fayon assez 
precise des statistiques d'affaiblissement a partir de statistiques 
de pluviosite deja disponibles dans de nombreux pays. 

L'ensemble des resultats recueillis jusqu'a maintenant a 
11 GHz est presente a la Figure 2 sous forme d'attenuation 
depassee pendant un certain pourcentage de temps. Chaque 
point se rapporte au mois le plus detavorable d'une annee pour 
un des huit endroits enumeres plus hauts. On voit qu'aux 
faibles pourcentages de temps la dispersion est considerable. 
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Pour la conception d'un systeme a satellite, iI serait toutefois 
excessif d'utiliser les valeurs les plus elevees qui correspondent 
au pire mois de la pire annee; on a donc decide d'utiliser pour 
le systeme ECS les valeurs medianes qui vont de 0,4 dB par 
temps clair a 7 dB au niveau de 0,03% (99,97% de disponi
bilite)_ 

Quant a I'affaiblissement a 14 GHz, on constate que ses 
courbes de repartition sont fort semblables a celles obtenues a 
11,4 GHz, le rapport entre les valeurs en dB etant de I'ordre de 
1,3. 

LE SATELLITE ATS-6 

Le satellite ATS-6 de la NASA comporte entre autres experien
ces des balises a 20 et 30 GHz ainsi qu'un repeteur construit par 
la COMSAT capable de recevoir des signaux a 13 et a 18 GHz 
et de les renvoyer apres transposition a 4 GHz. Ces equipe:' 
ments ont ete conc;:us pour permettre d'etudier la propagation 
et ont ete utilises jusqu'en mai 1975 pour une campagne de 
mesures aux Etats-Unis. Le satell ite, qui a ete deplace au cours 
de rete 1975 et est maintenant au-dessus du Kenya, a ses 
antennes pointees alternativement sur l'lnde et sur I'Europe. II 
est mis a la disposition des experimentateurs indiens et 
europeens qui font des mesures de propagation. L'ASE se 
charge de la coordination de leurs activites et des contacts avec 
la NASA et la COMSAT avec laquelle elle a passe un contrat pour 
le depouillement des donnees. 

MESURES DE DEPOLARISATION 

Pour I'etude du comportement des signaux de polarisations 
orthogonales se propageant dans I'atmosphere, iI fallait neces
sairement disposer de liaisons point-a-point repondant aux 
exigences suivantes: 

extremites equipees d'antennes a double polarisation 
presentant un degre d'isolation tres eleve entre les deux 
modes; 
trajet suffisamment degage pour etre exempt de re
flexions parasites sur le sol susceptibles d'affecter la 
polarisation des signaux transmis. 

Trois bases de mesures furent mises sur pied, la premiere a 
Bradford (Royaume-Unil, la deuxieme pres de Fucino (Italie) 
et la troisieme au Jungfraujoch (Suisse) . Ces trois experiences 
ont des caracteristiques differentes (voir Tableau). 
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d 'attenuation se trouvent depasses . 

Figure 2 - Attenuation totale a 11A GHz au eours du mois le plus 
defavorable de /'annee. 

earaereristiques Bradford Fueino Jungfraujoeh 

Longueur (km) 13,6 8 10 
Altitude emetteur (m) 400 2000 3690 

Altitude recepteur (m) 200 800 1090 
Pente (degrlls) 1 9 14 
Frequence (GHz) 11 11 ,6 13 
Polarisation Horizontale Rectiligne Circulaire 

et verticale puis circulaire 
Antennes Reflect. parab. Casshorn Reflect . parab. 

a source frontale a source frontale 
Isolation par 

temps clair (dB) 40 35 35 

A I'inverse des radiometres dont le traitement des donnees est 
centralise, les trois experiences sont confiees aux soins de 
l'Universite de Bradford, de la societe Telespazio et de l'Entre· 
prise des PTT suisses respectivement, qui se chargent egale
ment du traitement des donnees et de I'analyse des resultats . 
De I'ensemble des renseignements recueillis jusqu'a present sur 
ces trois experiences, on a pu etablir un certain nombre de 
conclusions importantes pour la conception du systeme.j:CS : 

(i) Les polarisations rectilignes orthogonales, horizontale et 
verticale, sont relativement peu affectees par les precipitations. 
L'isolation ne tombe guere en-dessous de 25 dB a moins 
d'evenement exceptionnel tel que tempete ou forte chute de 
neige fondante ou elle pe ut descendre jusqu'a 20 dB. 

(ii) La polarisation circulaire est, comme la theorie le predit, 
plus vulnerable aux effets des precipitations. Les chutes de 
I'isolation a 20 dB sont moins rares et, exceptionnellement, 
peuvent atteindre 15 dB. II s'agit dans ce dernier cas d'evene
ments ne se produisant guere qu'une fois par an et ne durant 
que quelques minutes. 

(iii) Dans un cas comme dans I'autre, on n'observe pratique
ment pas de correlation entre I'attenuation et la diminution 
d'isolation, excepte lorsqu'on a affaire a une forte chute de 

(suite page 43) 
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Projects under Development 
Projets en cours de realisation 

THE ESA DEVELOPMENT AND OPERATION PROGRAMME (as at April 1976) 

1976 1977 1978 1979 BEYOND 1979 

GEOS 
.A~ --:::..~~ 

~ -
IUE JI.~~ ~ ~ lifetime - 3 years 

ISEE-B t;s:::y. ~ ~~ lifeti me - 3 yea rs 

EXOSAT •••• •••••••• 0 launch - Sept. 1980 
lifeti me - 2 years 

METEOSAT ¥-....Y ~ ~ lifetime - 3 years 

0 ,~ 
launch FU 2-

AEROSAT 1st Otr 1980 
lifetime - 5 years 

MAROTS .A~ ~ .lifetime up to 7 years 
-' 

OTS ~--::::. ~ ~ lifetime up to 7 years 

ECS ••• • • ••• 0 launch - early 1980 
lifetime - 7 years 

SPACE LAB @JIIIIIUIIUIIIIUIIUIIII 
1 st flight - mid 1980 
2nd flight-late 1980 

ARIANE ~ testflights 2,3 and 4 

• ••••• = phase B (des ign definition) 

= phase CID (development) 

o = award of hardware contract 

6 = launch 
1111111111111111111111111 = susta ined engineering support 

= operat ion 

~ = delivery to NASA 

\l = t est fl ight 

GEOS 

To maximise the chances of maintaining a 
launch in April 1977, the spacecraft 
development programme has been revis
ed, so as to concentrate all available 
resources on the integration, testing and 
preparation for launch of the fl ight 
model. Activities on the qual ification 
model will continue on a nonpriority 
parallel line, this spacecraft being utilised 
for auxiliary system tests including the 
final compatibility tests with the ground 
segment. 

Flight model 
I ntegration of the fl ight model has made 
good progress. As part of the revised 
programme, it was decided that critical 
spacecraft units which would arrive too 
late for the integration deadline would be 
replaced by prototype units. This implied 
that the corresponding units on the qual 
ification model would be drawn from the 
earlier development model, but this will 
detract only slightly from the value of the 
tests. 

Qualification model 
Formal functional tests on the integrated 

qualification model have been completed 
and will be followed by electromagnetic
cleanliness tests with all experiments 
operating. The spacecraft will then 
proceed to DC magnetic tests at IABG . 
Ottobrunn . 

Scientific payload 
All flight experiments have undergone or 
are completing acceptance tests and will 
be delivered for integration during April. 

Propulsion system 
The batch of four acceptance apogee 
motors has been assembled, loaded with 
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propellant, and X-ray inspected at the 
cold temperature condition. Selection of 
two motors for flight usage will be made 
in April. [In the previous Bulletin a 
typographical error ascribed this motor 
to SNIAS-SEP; its development is a 
collaborative effort by SNIA (Italy) and 
SEP (France)]. 

Ground segmen t 
The MSSS computer system has success
fully completed its acceptance tests. Soft
ware for control of flight dynamics is well 
advanced. The Odenwald ground station 
is expected to be in operation for early 
testing in June . 

GEOS flight model during integration at 
BAC, Bristol. ~ 

tSEE spacecraft prior to mating, at tABG, 
Munich. ~ ~ 

IUE 

Solar array 
The first series of flight array tests (vibra
tion, acoustic noise, deployment) have 
been completed successfully at SNIAS. In 
the first week of March, the flight array 
arrived at ESTEC where the second series 
of acceptance tests is continuing with 
electrical measurements, rapid depressur
isation (all completed successfully). and 
thermal cycling of both paddles. 

Ground system 
Civil-engineering work at the Villafranca 
station was completed and the station 
passed its acceptance test during March. 
Completion and acceptance of the elec
trical and air-conditioning installations is 
expected in April. Installation of the 
hardware will begin soon after, with the 
arrival of the computer system. 

The S-band antenna has been formally 

32 

accepted and an arrangement with NASA 
is in preparation for the loan of the VH F 
command antenna. 

Ground-station and observatury-system 
design work is in progress and it is plan
ned to review the design concept in the 
course of May. 

Agreement has been reached with the 
Spanish Authorities on the provision of a 
microwave link between the station and 
Madrid in support of telephone, telex, 
and data-traffic requirements. This facil
ity must be operational by the end of 
1976 to allow ground-station testing and 
commissioning prior to the IUE launch. 

ISEE 
The structural model of the spacecraft 
has completed mechanical qualification. 
The mass models of the various electrical 
subsystems have been removed and the 

structure is being refurbished and therm
ally painted in readiness for its second 
role as the basis for the integration-model 
spacecraft . 

By using an improved manufacturing 
process for the hinge booms, it is hoped 
to eliminate the stiffening webs without a 
recurrence of the buckling previously 
observed. 

The delays in the delivery of the power 
and telecommunications subsystems for 
the integration-model spacecraft have 
been somewhat reduced by technical and 
managerial actions. The remaining delays 
have been compensated for by a replan
ning of the integration schedule by ESA 
and the prime contractor. A number of 
small manufacturing problems have 
occurred on most subsystems, but actions 
on the part of design and product-assur
ance staff have so far prevented these 
from having any major schedule or cost 
impacts. 
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GEOS 

Pour s'assurer le maximum de chances de 
realiser le lancement en avril 1977, le 
programme de developpement du 
vehicule spatial a ete revise de far;on a 
concentrer toutes les ressources disponi
bles sur I'integration, les essais et la prepa
ration au lancement du modide de vol. 
Les activites relatives au modele de quali
fication se poursuivront parallelement 
mais sans priorite, ce modele etant utilise 
pour les essais de systemes auxiliaires et 
notamment les essais definitifs de com
patibilite avec le segment sol. 

Modele de vol 
L 'integration du modele de vol avance de 
far;on satisfaisante. Dans le cadre du pro
gramme revise, il a ete decide que les 
elements critiques du vehicule spatial qui 
arriveraient trop tard pour pouvoir res
pecter la date limite d'integration seront 
remplaces par les elements prototypes. 1/ 
s'ensuit que, pour le modele de qualifica
tion, il faudra prelever les elements cor
respondants sur le modele de developpe
ment anterieur, mais ce fait jouera peu 
sur la valeur des essais. 

Modele de qualification 
Les essais fonctionnels officiels sur le 
modele de qualification integre sont 
acheves. I/s vont etre suivis des essais de 
proprete electromagnetique avec toutes 
les experiences en fonctionnement. Le 
vehicule spatial subira ensuite chez IABG, 
a Ottobrunn, les essais magnetiques stati
ques. 

Charge utile scientifique 
Tous les modeles de vol des experiences 
ont deja subi ou terminent actuellement 
les essais de recette; ils seront livres, pour 
integration, dans le courant d'avril. 

Systeme de propulsion 
Les quatre moteurs d'apogee constituant 
le lot de recette ont ete assembles, rem-

plis de propergol et contro/es aux rayons 
X au niveau de froid specifie. La selection 
des deux moteurs destines au vol se fera 
en avril. (Par suite d'une erreur typogra
phique, le precedent Bulletin attribuait le 
moteur d'apogee a SNIAS-SEP alors que 
ce moteur a ete developpe en collabora
tion par SNIA (ltalie) et SEP (France). 

Segment sol 
Le systeme de calculateur MSSS a passe 
avec succes les essais de recette. Le logi
ciel de controle de la dynamique de vol 
est bien avance. La station sol dans 
I'Odenwald devrait etre prete a fonction
ner pour les premiers essais en juin. 

IUE 
Reseau solaire 
La premiere serie d'essais du reseau 
sola ire (vibrations, bruit acoustique, 
deploiement) s'est achevee avec succes a 
la SNIAS. Dans le courant de la premiere 
semaine de mars, le reseau de vol est 
arrive a I'ESTEC ou la deuxieme serie des 
essais de recettes se poursuit avec des 
mesures electriques, des essais de pressuri
sation rapide (tous reussis) et le cyclage 
thermique des deux panneaux. 

Systeme sol 
Les travaux de genie civil a la station de 
Villafranca sont termines et la station a 
subi avec succes son essai de recette dans 
le courant de mars. On prevoit pour avril 
I'achevement et la recette des installations 
electriques et de c1imatisation. La mise en 
place des materiels commencera peu 
apres, avec I'arrivee du systeme de calcul. 

L 'antenne en ban de Sa ete officiellement 
receptionnee et un arrangement avec la 
NASA est en cours d'elaboration pour le 
pret de I'antenne de telecommande VHF. 
La conception de la station au sol et du 
systeme d'observation est en cours et il 
est prevu qu'elle sera reexaminee dans le 
courant de mai. 

Un accord a ete conclu avec les autorites 
espagno/es pour la fourniture d'un liaison 
hyperfniquence reliant la station cl 
Madrid, en soutien des besoins en tele
phone, telex et lignes de donnees. Cette 
liaison devra etre operationnelle pour la 
fin 1976, de telle sorte que la station sol 
puisse etre testee et mise en service avant 
le lancement d 'IU£' 

ISEE 
La qualification mecanique du modele 
structurel du vehicule spatial est achevee. 
Les modeles de masse des differents sous
systemes electriques ont ete enleves, et 
I'on procede au reconditionnement et a la 
peinture thermique de la structure pour 
preparer celle-ci a jouer son deuxieme 
role comme base du modele d'integration 
du vehicule spatial. 

Grace a une amelioration des procedes de 
fabrication des bras articules, on espere 
pouvoir supprimer les raidisseurs sans que 
se reproduise le f/ambage observe aupara
vant. 

Des mesures prises sur le plan technique 
et sur celui de la gestion ont quelque peu 
reduit les retards de livraison des sous
systemes de puissance et de telecommuni
cations destines au modele d'integration 
du vehicule spatial. Pour compenser les 
retards qui restent, I'ASE et le contrac
tant principal ont remanie le calendrier 
d'integration. Des problemes de fabrica
tion mineurs se sont poses pour la plupart 
des sous-systemes, mais les mesures prises 
par le personnel responsable de la concep
tion et de I'assurance de qualite du pro
duit ont jusqu'a present permis d'eviter 
que ces retards aient de graves repercus
sions sur le calendrier ou sur les coOts. 

Parallelement aux taches techniques, les 
negociations contractuelles se sont pour
suivies et des prix forfaitaires sont desor
mais fixes pour taus les sous-systemes. 

33 

GEOS 

Pour s'assurer le maximum de chances de 
realiser le lancement en avril 1977, le 
programme de developpement du 
vehicule spatial a ete revise de far;on a 
concentrer toutes les ressources disponi
bles sur I'integration, les essais et la prepa
ration au lancement du modide de vol. 
Les activites relatives au modele de quali
fication se poursuivront parallelement 
mais sans priorite, ce modele etant utilise 
pour les essais de systemes auxiliaires et 
notamment les essais definitifs de com
patibilite avec le segment sol. 

Modele de vol 
L 'integration du modele de vol avance de 
far;on satisfaisante. Dans le cadre du pro
gramme revise, il a ete decide que les 
elements critiques du vehicule spatial qui 
arriveraient trop tard pour pouvoir res
pecter la date limite d'integration seront 
remplaces par les elements prototypes. 1/ 
s'ensuit que, pour le modele de qualifica
tion, il faudra prelever les elements cor
respondants sur le modele de developpe
ment anterieur, mais ce fait jouera peu 
sur la valeur des essais. 

Modele de qualification 
Les essais fonctionnels officiels sur le 
modele de qualification integre sont 
acheves. I/s vont etre suivis des essais de 
proprete electromagnetique avec toutes 
les experiences en fonctionnement. Le 
vehicule spatial subira ensuite chez IABG, 
a Ottobrunn, les essais magnetiques stati
ques. 

Charge utile scientifique 
Tous les modeles de vol des experiences 
ont deja subi ou terminent actuellement 
les essais de recette; ils seront livres, pour 
integration, dans le courant d'avril. 

Systeme de propulsion 
Les quatre moteurs d'apogee constituant 
le lot de recette ont ete assembles, rem-

plis de propergol et contro/es aux rayons 
X au niveau de froid specifie. La selection 
des deux moteurs destines au vol se fera 
en avril. (Par suite d'une erreur typogra
phique, le precedent Bulletin attribuait le 
moteur d'apogee a SNIAS-SEP alors que 
ce moteur a ete developpe en collabora
tion par SNIA (ltalie) et SEP (France). 

Segment sol 
Le systeme de calculateur MSSS a passe 
avec succes les essais de recette. Le logi
ciel de controle de la dynamique de vol 
est bien avance. La station sol dans 
I'Odenwald devrait etre prete a fonction
ner pour les premiers essais en juin. 

IUE 
Reseau solaire 
La premiere serie d'essais du reseau 
sola ire (vibrations, bruit acoustique, 
deploiement) s'est achevee avec succes a 
la SNIAS. Dans le courant de la premiere 
semaine de mars, le reseau de vol est 
arrive a I'ESTEC ou la deuxieme serie des 
essais de recettes se poursuit avec des 
mesures electriques, des essais de pressuri
sation rapide (tous reussis) et le cyclage 
thermique des deux panneaux. 

Systeme sol 
Les travaux de genie civil a la station de 
Villafranca sont termines et la station a 
subi avec succes son essai de recette dans 
le courant de mars. On prevoit pour avril 
I'achevement et la recette des installations 
electriques et de c1imatisation. La mise en 
place des materiels commencera peu 
apres, avec I'arrivee du systeme de calcul. 

L 'antenne en ban de Sa ete officiellement 
receptionnee et un arrangement avec la 
NASA est en cours d'elaboration pour le 
pret de I'antenne de telecommande VHF. 
La conception de la station au sol et du 
systeme d'observation est en cours et il 
est prevu qu'elle sera reexaminee dans le 
courant de mai. 

Un accord a ete conclu avec les autorites 
espagno/es pour la fourniture d'un liaison 
hyperfniquence reliant la station cl 
Madrid, en soutien des besoins en tele
phone, telex et lignes de donnees. Cette 
liaison devra etre operationnelle pour la 
fin 1976, de telle sorte que la station sol 
puisse etre testee et mise en service avant 
le lancement d 'IU£' 

ISEE 
La qualification mecanique du modele 
structurel du vehicule spatial est achevee. 
Les modeles de masse des differents sous
systemes electriques ont ete enleves, et 
I'on procede au reconditionnement et a la 
peinture thermique de la structure pour 
preparer celle-ci a jouer son deuxieme 
role comme base du modele d'integration 
du vehicule spatial. 

Grace a une amelioration des procedes de 
fabrication des bras articules, on espere 
pouvoir supprimer les raidisseurs sans que 
se reproduise le f/ambage observe aupara
vant. 

Des mesures prises sur le plan technique 
et sur celui de la gestion ont quelque peu 
reduit les retards de livraison des sous
systemes de puissance et de telecommuni
cations destines au modele d'integration 
du vehicule spatial. Pour compenser les 
retards qui restent, I'ASE et le contrac
tant principal ont remanie le calendrier 
d'integration. Des problemes de fabrica
tion mineurs se sont poses pour la plupart 
des sous-systemes, mais les mesures prises 
par le personnel responsable de la concep
tion et de I'assurance de qualite du pro
duit ont jusqu'a present permis d'eviter 
que ces retards aient de graves repercus
sions sur le calendrier ou sur les coOts. 

Parallelement aux taches techniques, les 
negociations contractuelles se sont pour
suivies et des prix forfaitaires sont desor
mais fixes pour taus les sous-systemes. 
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In parallel with the technical work, con
tract negotiations have been proceeding 
and fixed prices have now been agreed for 
all subsystems_ 

NASA will start integration of the 
ISEE-A spacecraft in the near future_ The 
task of liaison between the ESA ISEE-B 
and NASA ISEE-A project teams is 
becoming more important as spacecraft 
development advances, although no 
insuperable problems have yet been en
countered_ A mission operations working 
group has been set up to facilitate the 
establishment of the ISEE operations 
centre at Goddard Space Flight Center 
and in particular to co-ordinate the soft
ware tasks . 

The European and American manufactur
ed experiments are all on schedule for the 
integration-model spacecraft and most 
have already completed unit-level testing . 
The extent of the problem caused by the 
low radiation resistance of CMOS com
ponents and in particular the possible 
effect on the delivery of the experiment 
flight units is still under investigation . 

In general, the project is proceeding as 
planned and the problems encountered so 
far do not affect the scheduled launch 
date of October 1977. 

EXOSAT 
Following the formation of a project 
team, which replaces the working groups 
set up in late 1975, all documentation 
required for the Invitation to Tender 
(lTT) was completed for sending out 
to industry on 2 April. 

Current planning, which has been delayed 
so as not to clash with the tender action 
for Aerosat, anticipates a tender-prepara
tion period of four months. The first 
in-house evaluation will therefore start on 
2 August. 
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I n the meantime, ESOC are studying the second half of 1976, in order to take 
mission constraints imposed by the Earth, into account subsystem qualification 
Moon and Sun on the one hand, and the results as well as P1 satellite results. 
availability of suitable stars for satellite 
attitude-reference purposes on the other . 
The results of the study will be used in 
establishing a suitable star-sensor con
figuration. 

Scientific experiment 
Definition of the Exosat payload has 
progressed satisfactorily, both in industry 
and at the institutes of the experimenters . 
The scientific-model development phase 
is well in hand and the first experimental 
results are expected at mid-year. 

At present work is going on to develop 
the X-ray optics (both in the direct and 
replica techniques), the position-sensitive 
detector, and its associated electronics. A 
contract for the development of the 
medium-energy experiment has recently 
been placed . In-house activities are con
tinuing at the experimenters' home 
institutes and at ESTEC on the channel 
multiplier array detector, the gas-supply 
system for the position-sensitive detector 
and the transmission gratings and filters 
for the low-energy systems. 

At the end of March, a meeting was held 
between the experimenters and the 
Exosat Observation Programme Panel 
representing the user community - at 
which the baseline mission was discussed 
and the present payload configuration 
presented. 

METEOSAT 
Space segment 
All P1 subsystems have now been deliver
ed, as well as all test equipment. P1 satel 
lite integration was completed in March 
and testing at satellite system level was to 
start in the first week of April. To im
prove efficiency, the Development 
Results Review has been rescheduled to 

On 29 January, the Meteorological Pro
gramme Board decided to fly a three
channel radiometer on Meteosat. Inclu 
sion of this promising experiment makes 
Meteosat unique among first-generation 
geostationary meteorological satellites . 

Ground segment 
The Data Acquisition Telecommand and 
Tracking Station (DATTS) antenna was 
accepted in November, and the last set of 
receivers is now undergoing acceptance 
testing. 

The plan of activity for station integra 
tion has been modified, and completion is 
now expected in August, with space/ 
ground compatibility tests scheduled to 
start in October . 

The Data Collection Platform (DCP) 
study report has been issued in January 
and it is expected that the platform itself 
will be available by November . 

The tenders for the Primary and Second
ary Users ' Stations (PDUS/SDUS) are 
under evaluation and it is planned to 
place the contract with industry by June . 

The ICL 2980 service has started and 
some programmes are already runn ing. 
However, due to the prototype nature of 
this computer, it will be some time before 
a full service is available . Most of the 
peripherals for the 2980 machine have 
been delivered to ESOC and the software 
has now entered its 'development phase'. 
Coding of basic programmes has started. 

SESA has issued the full set of technical 
and implementation specifications and 
the system review phase has been com
pleted. 

A special effort is now being made to 
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La NASA va commencer tres prochaine
ment I'integration du w§hicule spatial 
ISEE-A. Assurer la liaison entre les 
equipes projet ASEIISEE-B et NASAl 
ISEE-A devient de plus en plus important 
a mesure que progresse le developpement 
des vehicules spatiaux, mais aucun pro
bleme insurmontable ne s'est pose jusqu'a 
present. Un Groupe de travail charge des 
operations de mission a ete cree pour 
faciliter la mise sur pied du Centre des 
operations ISEE au GSFC et en particu
tier pour coordonner les travaux de logi
ciel. 

Toutes les experiences fabriquees en 
Europe et aux Etats-Unis sont pretes pour 
le modele d'integration du vehicule 
spatial et la plupart d'entre elles ont deja 
subi les essais au niveau des unites. On 
continue a etudier le probleme pose par la 
faible resistance aux rayonnements des 
composants CMOS et en particulier par 
son incidence eventuelle sur la livraison 
des unites de vol des experiences. 

Le projet continue dans I'ensemble a se 
derouler comme prevu et les problemes 
qui se sont poses jusqu'ici ne modifient 
pas la date de lancement fixee pour 
octobre 1977. 

EXOSAT 
Apres la constitution d'une equipe de 
projet, qui a remplace les groupes de 
travail crees fin 1975, toute la documen
tation requise pour I'appel d'offres a ete 
detinitivement mise au point pour etre 
envoyee a I'industrie le 2 avril. 

Le planning actuel, qui a ete retarde de 
fa(:on a ne pas gener I'appel d'offres pour 
Aerosat, prevoit une periode de quatre 
mois pour la preparation des sou missions. 
La premiere evaluation interne commen
cera donc le 2 aoOt. 

Entre-temps, I'ESOC etudie d'une part les 

contraintes de missions imposees par la 
Terre, la Lune et le Soleil et d'autre part 
la possibilite de trouver une etoile pou
vant servir de point de reference pour 
I'attitude du satellite. Les resultats de 
I'etude doivent permettre de definir une 
configuration de senseur stellaire appro
priee. 

Experiences scientifiques 
La definition de la charge utile d'Exosat a 
progresse de fat;on satisfaisante tant dans 
l'industrie que dans les instituts des 
experimentateurs. La phase de developpe
ment du modele scientifique est bien 
avancee et les premiers resultats experi
mentaux sont attendus vers le milieu de 
I 'an nee. 

Les travaux se poursuivent actuellement 
sur le developpement du systeme d'opti
que a rayons X - en technique directe et 
en technique 'replication' - du detecteur 
de position et de son electronique. Un 
contrat a ete recemment passe pour le 
developpement de I'experience a moyen
ne energie. Les activites internes dans les 
instituts des experimentateurs et a 
I'ESTEC se poursuivent sur le detecteur 
du reseau de multiplicateurs d'electrons a 
microcanaux, le systeme d'alimentation 
en gaz du detecteur de position et les 
reseaux et filtres de transmission pour les 
systemes a faible energie. 

A la fin de mars a eu lieu une reunion 
entre les experiementateurs et le Groupe 
charge du programme d'observation 
Exosat - representant la communaute 
des utilisateurs - reunion au cours de 
laquelle la mission de reference a ete 
discutee et la configuration actuelle de la 
charge utile a fait I'objet d'une presenta
tion. 

Tuyere verticale de Metliosar. 
Meteosat vertical thruster. 

METEOSAT 
Secteur spatial 
Tous les sous-systemes du modele P1 ont 
main tenan t ete livres ainsi que tous les 
equipements d'essai. En mars, I'integra
tion du satellite P1 etait terminee et les 
essais au niveau satellite prets a demarrer 
au cours de la premiere semaine d'avril. 
Dans un souci d'efficacite, I'examen des 
resultats du developpement a ete reportee 
au deuxieme semestre de 1976 de telle 
sorte qu'il so it possible de prendre en 
consideration les resultats a la fois de la 
qualification des sous-systemes et des 
travaux sur le satellite P1. 

Le 29 janvier, le Conseil directeur du 
programme meteorologique a decide 
I'embarquement sur le premier vol de 
Meteosat d'un radio metre a trois canaux. 
"s'agit d'une experience prometteuse et 
sans precedent sur les satellites meteoro
logiques stationnaires de la premiere 
generation. 
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synchronise the results of minor space
craft modifications with the related soft
ware. 

Operations 
The Sixth Co-ordination Meeting on Geo
stationary Meteorological Satellites 
(CGMS-VI) convened in Washington in 
early April to refine the operational 
patterns for data collection, dissemina
tion and special meteorological projects. 

In the same period a Meteosat team will 
visit NOAA/NESS to study operational 
experience with the SMS and GOES satel
lites. 

AEROSAT 
Space segment 
The R FP (Request for Proposals) for the 
supply of the two Aerosat spacecraft was 
issued on 1 March 1976, with the follow-
ing schedule: 

submission of proposals by 15 June choice of Siemens as contractor for the 
target contract award date 15 Novem- design and construction of a satellite con-
ber. trol facility. This station will be located 

at Villafranca del Castillo and will be 
European co-ordinated programme 
This part of the programme will be run 
by an ESA team in association with a 
European Civil Aviation team, the two 
working in close collaboration and both 
located at ESA Headquarters in Paris. 
These two teams are presently being set 
up. 

MAROTS 
Work on the Marots satellite is somewhat 
less advanced than that on OTS, due to 
the later launch date. However, work is 
continuing and the engineering model is 
currently being manufactured. 

I n November 1975, the Agency's I ndus
trial Policy Committee approved the 
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connected to the main Operations Control 
Centre at ESOC. 

During the Second INMARSAT Con
ference held in February 1976, ESA's 
Director General, Mr. R. Gibson, offered 
the space segment capacity of the Marots 
satellite to INMARSAT as a European 
contribution to a world-wide maritime 
system. This offer, which would be valid 
from soon after launch to the end of the 
satellite's useful life, was made on behalf 
of the ESA Member States participating 
in the programme, after consultation in 
the Agency's Joint Board on Communica
tion Satellite Programmes. The new 
organisation will, it is anticipated, COil

stitute a Preparatory Committee and it is 
in this forum that the Marots offer will be 
considered. 

OTS thermal model in Toulouse. 

Mod/He thermique d'OTS a Toulouse. 

OTS 
The satellite is now more than half way 
through development and has reached the 
stage of qualification-model manufacture. 
In parallel with this, activities in the 
ground·support area have continued. 
Major software milestones have been 
passed and it is anticipated that the Satel
lite Control and Test Station at Fucino 
will be available early in January 1977. 
Work has also progressed on planning the 
utilisation of OTS, in association with the 
Permanent Nucleus of CEPT and its 
specialised subgroups. 
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Secteur terrien 
L 'antenne de la Station d'acquisition des 
donnees de te!ecommande et de poursuite 
(OA TTS) a ete receptionnee dans le 
courant de novembre 1975 et le dernier 
jeu de recepteurs subit actuellement les 
essais de recette. 

Le planning d'integration de la station a 
ete remanie, la date d'achevement etant 
maintenant prevue pour le mois d'aoOt 
le demarrage des essais de compatibilite 
secteur spatial/secteur terrien pour 
octobre 1976. 

Le compte rendu de I'etude sur la plate
forme de collecte de donnees (DCP) a ete 
publie dans le courant de janvier et la 
OCP sera en principe disponible pour le 
mois de novembre. 

Les sou missions relatives aux Stations 
primaire et secondaire d'utilisation des 
donnees (PO US/SO US) sont en cours 
d'evaluation, le contrat devant etre passe 
avec I'industrie d'ici juin. 

Le service ICL 2980 a commence de fonc· 
tionner et des programmes passent deja 
en machine. Toutefois, ce calculateur 
etant au stade prototype, il faudra un 
certain temps avant que le systeme soit 
pleinement satisfaisant. La plupart des 
peripMriques relies aux calculateurs prin
cipaux 2980 ont ete livres a I'ESOC et la 
phase de developpement des logiciels a 
commence. Le codage des programmes 
de base est deja entame. 

La SESA a publie la totalite des specifica
tions techniques et des specifications de 
mise en oeuvre et la phase de reexamen 
du systeme est terminee. 

Un effort particulier est fait pour syn
chroniser les resultats des modifications 
mineures apportees au vehicule spatial et 
la realisation du logiciel correspondant. 

Operations 
La Sixieme Reunion de coordination sur 
les satellites meteorologiques geostation
naires (CGMS- VI) s'est tenue a Washing-

Assemblage du sous-systeme d'antenne de 
Metliosat. 
Assembly of Meteosat antenna subsystem. 

ton debut avril pour perfectionner les 
scMmas d'operations relatifs a la collecte 
et a la diffusion des donnees ainsi qu'aux 
projets meteorologiques speciaux. 

Au cours de la meme periode une equipe 
Meteosat se rendra a la NOAA/NESS 
pour y etudier I'experience acquise au 
cours de I'exploitation des satellites SMS 
et GOES. 

AEROSAT 
Secteur spatial 
C'est le 1er mars 1976 qu'a ere lance 
lappel d'offres pour la fourniture des 
deux vehicules spatiaux Aerosat, le calen
drier etant le suivant: 

remise des offres le 15 juin 
date-objectif d'attribution du contrat 
le 15 novembre. 

Programme coordonne europeen 
Cette par tie du programme sera dirigee 
par une equipe ASE et une equipe Avia
tion civile europeenne qui, instal!ees 
toutes deux au siege de I'ASE a Paris, 
travailleront en etroite collaboration. Ces 
deux eqtJipes sont actuellement en cours 
de constitution. 
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mineures apportees au vehicule spatial et 
la realisation du logiciel correspondant. 
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Assemblage du sous-systeme d'antenne de 
Metliosat. 
Assembly of Meteosat antenna subsystem. 

ton debut avril pour perfectionner les 
scMmas d'operations relatifs a la collecte 
et a la diffusion des donnees ainsi qu'aux 
projets meteorologiques speciaux. 

Au cours de la meme periode une equipe 
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In November 1975, an Engineering Model 
Design Review was held, upon successful 
completion of the satellite engineering
model tests. The acoustic and vibration 
tests on the structural model are now 
almost complete. 

Integration of the qualification model is 
currently in progress and hardware fabric
ation for the flight model is continuing. 

SPACELAB 
Instrument Pointing Subsystem (IPS) 
On 3 March, the Agency's Industrial 
Policy Committee awarded a contract to 
Dornier System (Germany) for the devel 
opment and manufacture of an Instru 
ment Pointing Subsystem (IPS) for Space
lab. The IPS will be designed to provide a 
pointing accuracy of few arc seconds for 

Spacelab experiments of various scientific 
and application disciplines, in particular 
those for astronomy and earth resources. 
It is planned to use the IPS, which will be 
installed on the Spacelab pallet and will 
be able to carry pay loads of up to 
2000 kg, for the first time in late 1980 on 
the second Spacelab flight . 

The fixed-price contract for the I PS will 
cover work of approximately 16.5 million 
accounting units . The major subcontrac
tor to Dornier System is MBB, and ERNO 
will be associated with the contract for 
the I PS/Spacelab interface tasks . 

NASA and ESA have agreed to the devel 
opment of the I PS by ESA under the 
terms of the Spacelab Memorandum of 
Understanding. 

Interface control 
Major progress has been achieved in the 

detailed definition of the Orbiter/Space
lab interface specifications. Three Inter
face Control Documents (lCD). signed by 
NASA, ESA, VFW-Fokker/ERNO and 
Rockwell International, were established 
for the mechanical, structural, avionics 
and environmental control and thermal 
interfaces. Approximately 80% of the 
interface specifications have been agreed 
upon. Changes to the agreed specifica
tions require approval from both NASA 
and ESA, and the Space Shuttle and 
Spacelab contractors. 

Spacelab hard mock·up in manufacture at 
Aeritalia 
Fabrication de la maquette en dur du Spacelab 
chez Aeritalia 

Main antenna under construction at Fucino 
Satellite Control and Test Station. 
Antenne principale en construction a la Station 
de contr61e et d 'essai de satellite a Fucino. ~ 
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MAROTS 

Les travaux sur le satellite Marots sont 
relativement moins avances que ceux de 
lOTS, car la date de lancement est plus 
tardive. L 'activite ne s'en poursuit pas 
moins et, a I'heure actuelle, la fabrication 
du modele d'identification est en cours. 

En novembre 1975, le Comite de la Politi
que industrielle de I'Agence a approuve le 
choix de Siemens comme contractant 
pour I'etude et la construction de I'instal
lation de controle du satellite. Cette 
station, qui sera installee a Villafranca del 
Castillo, sera reliee au Centre de controle 
des operations de I'ESOC, ou auront lieu 
toutes les operations de contr61e et de 
telecommande 

Au cours de la deuxieme conference 
INMARSA T, qui s'est tenue en Fevrier 

1976, M. Gibson, Directeur general, a 
offert a I NMA RSA T, a titre de contribu
tion de I'Europe a un systeme maritime 
mondial, la capacite du secteur spatial 
Marots. Cette offre, dont la validite 
s'etendrait de quelques mois apres la mise 
sur orbite du satellite a la fin de sa vie 
utile, a ete faite au nom des Etats partici
pant au programme, apres deliberation au 
sein du Conseil directeur des Programmes 
de satellites de communications de 
I'Agence. 11 est a prevoir que la nouvelle 
Organisation constituera une Commission 
preparatoire a laquelle il appartiendra des 
lors d'examiner I'offre Marots. 

OTS 
Le programme de developpement du 
satellite est plus qu'a moitie realise et le 
stade de la fabrication du modele de 

......... 

qualification est atteint. Parallelement, les 
activites se sont poursuivies dans le do
maine du soutien au sol. les principales 
etapes du developpement du logiciel ont 
ete franchies, et I'on prevoit que la Station 
d'essai et de controle du satellite de 
Fucino sera prete au debut de janvier 
1977. Le planning d'utilisation de I'OTS 
en association avec le Noyau permanent 
de la CEPT et avec ses sous-groupes 
specialises a egalement progresse. 

En novembre 1975 a eu lieu I'examen de 
conception du modele d 'identification du 
satellite, les essais de ce modele ayant 
donne toute satisfaction. En ce qui con
cerne le modele de structure, les essais 
acoustiques et vibratoires sont mainte
nant presque acheves. L 'integration du 
modele de qualification est en cours et la 
fabrication des elements du modele de vol 
se poursuit. 
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Industrial work 
The emphasis of the work has shifted 
from development definition and docu
mentation to the detailed design and 
hardware development phase. A hard 
mock-up and development units are 
presently being built. 

A schedule review initially showed some 
delay in certain subsystem areas . Study of 
recovery options has led to an improved 
concept for the integration and test cycle, 
especially for use of the Electrical 
Systems Integration (ESI) unit, qualifica
tion of components, and manufacture of 
the engineering model. As a result, the 
schedule has been consolidated to the 
point of still being compatible with 
NASA's need dates for the flight unit and 
the engineering model. 

ARIANE 

A 720 ton tower was raised by 6.5 m in 
seven hours at the Ariane Launch Site in 
Guiana on 24 March . The task was to 
raise the 50 m high Europa 11 tower to 
make it compatible with the Ariane laun
cher, which is 47 m high compared with 
the 32 m of the Europa II rocket . 

The tower's new lower section was erect
ed during the next two days. Jointing 
work began immediately afterwards and 
is expected to be finished late in April. 
This relatively long time span is due to 
the rain, which makes welding particular
ly difficult. 

The remaining civil-engineering work on 
the launch site is on schedule. The 
launch table foundation is 60% complete 
and will be finished by the end of July . 
Work on the propellant-storage areas has 
started recently, and the situation is now 
as follows: 

40 

UDMH: retention lagoon protecting wall 
completed 
retention lagoon completed 
work started recently. 

Construction of the iced-water tank has 
also begun. This will constitute a reserve 
for cooling stored propellants and for 
airconditioning the premises within the 
launch table foundation and the Control 
Centre . 

The roadways have been laid out and will 

Spacelab plate structure during manufacture at 
Dornier System 
Structure en t61e de chaudiere du Space lab en 
cours de fabrication chez Dornier 

scientists are able to fund the experi 
ments they propose, but not the associa
ted costs for the platform to carry them 
nor the costs of integration . The working 
assumption now under consideration is 
use of a COS-8 model as a platform on 
which to integrate the experiments, the 
costs being borne by the Agency. If this is 
agreed by the Council , the experimenters 
will only have to bear the cost of their 
experiments . Potential experimenters wil l 
be consulted along these lines, and final 
selection is expected to take place in 
September/October. This satellite, named 
COSARI, would - together with the 
radio-amateurs satellite and the Indian 
telecommunications satellite - be a can
didate for flight L02. 

The technological experiments that are 
still proposed are elements of the satel
lites considered for APEX and in particul 
ar elements of the Ariane-type heavy 
platform that would result from a concer
ted European effort. 

be complete at the end of the summer. The Apart from the heavy platform, which 
assembly building has been refurbished would be launched on flight L04 the 
and the acceptance inspection should autonomous experiments at present 
take place in May. under consideration for launch on L03 or 

L04 are : 

APEX PROGRAMME 

As already forecast, the number of expe
riments initally proposed has been con
siderably reduced -- from 71 to 37 -
principally through the abandonment of 
French experiments . 

The proposed scientific experiments pose 
a major problem as regards funding . The 

a communications satellite using an 
OTS platform 
a Meteosat satellite, possibly modified 
a Symphonie satell ite 
a satellite derived from the Canadian 
Telecommunications Satellite (CTS) . 

Final selection of passenger experiments 
for flights L03 and L04 is expected at 
the end of the year. 
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SPACELAB 
Sous-systeme de pointage d'instruments . 
(lPS) 
Le 3 mars, le Comite de Politique indus
trielle de I'Agence a approuve la passation 
avec Dornier System (Allemagne) d'un 
contrat pour le developpement et la fabri
cation d'un systeme de pointage d'instru
ments (lPS) destine au Spacelab_ L'IPS 
sera com;:u de far;:on a permettre une 
precision de pointage de quelques secon
des d'arc pour les experiences embarquees 
et touchant a difterentes disciplines scien
tifiques et d'applications, en particulier a 
I'astronomie et aux ressources terrestres. 
Instal!e sur le porte-instruments du Space
lab, I'IPS pourra supporter des charges 
utiles d'un poids global pouvant aller 
jusqu a 2000 kg. 11 doit en principe etre 
utilise pour la premiere fois sur le 
deuxiflme vol du Spacelab fin 1980. 

Le contrat a prix forfaitaire pour I'IPS 
couvrira un montant de travaux d'environ 
16,5 millions d'unites de compte. Dornier 
System a pour principal sous-traitant 
MBB. La firme ERNO sera en outre asso
ciee au contrat pour les activites d'inter
face entre I'IPS et le Spacelab. 

Aux termes du Memorandum d'Accord 
ASE-NASA sur le Spacelab, les deux 
Agences se sont mises d'accord sur le 
developpement de I'IPS par I'ASE. 

Contr61e des interfaces 
La definition detail!ee des specifications 
d'interface entre 1'0rbiteur et le Spacelab 
a beaucoup progresse. Trois documents 
de contrale des interfaces (lCD) ont ete 
signes par la NASA, I'ASE, VFW-Fokker
ERNO et Rockwell International; ils 
portent sur les interfaces mecaniques et 
structurels, I'avionique, la regulation 
d'ambiance et la regulation thermique. 
Les specifications d'interfaces sont 
approuvees a environ 80'70. Toute modifi
cation des specifications exige I'accord 
des deux Agences et des contractants 

responsables de la Navette spatiale et du 
Spacelab. 

Travaux dans I'industrie 
L 'accent, mis jusqu 'ici sur la definition et 
la documentation relative au developpe
ment, porte desormais sur la phase de 
conception detaillee et de developpement 
des materiels. Une maquette en dur et des 
unites de developpement sont actuelle
ment en cours de construction. 

Un reexamen du calendrier a fait appa
rai'tre un certain retard pour quelques 
sous-systemes. L 'etude des solutions de 
rattrapage a abouti a un nouveau concept 
ameliore pour le cycle d'integration et 
d'essai, surtout en ce qui concerne I'utili
sation de I'unite d'integration des systemes 
electriques (ES!), la qualification des 
composants et la fabrication du modele 
d'identification. Le calJndrier a ainsi pu 
etre consolide de maniere a rester compa
tible avec les dates auxquelles la NASA 
aura besoin de /'unite de vol et du modele 
d'identification. 

ARIANE 
Sept heures pour elever de 6,50 m une 
masse de 720 t, c'est la performance qui a 
ete accomplie le 24 mars a la Base de 
Lancement Ariane en Guyane. 11 s'agissait 
de surelever la tour Europa 11 haute de 
50 m pour la rendre compatible 
avec les dimensions du lanceur Ariane. 
La fusee Europa 11 mesurait environ 
32 m contre 47 m pour Ariane. 

La nouvelle structure de base a ete mise 
en place au cours des deux jours suivants. 
Les travaux de jonction ont debute aussi
tot et doivent etre acheves fin avril. 
Le temps relativement important pour 
les travaux de jonction est da a la 
pluie qui rend I'execution des soudures 
particulierement delicate. 

Les autres travaux de genie civil de la 
Base de Lancement Ariane se poursuivent 
normalement. La construction du massif 
de support de la table de lancement est 
achevee a 6(Jfo et les travaux seront termi
nes a la fin du mois de juillet. Les travaux 
relatifs aux zones de stockage des ergo Is 
ont commence recement et la situation 
actuelle est la suivante: 

UDMH: cuve de retention et mur de 
protection termines 

N2 O2: cuve de retention terminee 
LH2: les travaux viennent de commencer. 

On a aussi commence les travaux de cons
truction de la cuve d'eau glacee qui consti
tuera une reserve pour le refroidissement 
des ergols stockables et pour la climatisation 
des locaux du massif et du Centre de Contrale. 

L 'ensemble des routes a ete trace et les 
travaux seront termines apres I'ete. 
La retection du Hall d'assemblage a ete 
terminee et la recette devrait intervenir en 
mai. 

PROGRAMME APEX 

Conformement aux previsions, le nombre 
des experiences initialement proposees a 
sensiblement diminue, passant de 71 a 37, 
principalement en raison de I'abandon 
d'experiences franr;:aises. 

Les experiences scientifiques proposees 
posent un probleme majeur en matiere de 
financement. Si les scientifiq«es peuvent 
financer les experiences qu'ils proposent, 
ifs ne peuvent par contre pas supporter les 
coats assoc;es de plate-forme d'accueil ni 
ceux d'integration. L 'hypothese de travail 
actuellement consideree est I'utilisation 
d'un modele de COS-B comme plate
forme d'accueil sur laquelle seraient inte
grees les experiences acceptees, les coats 
correspondants etant supportes par 
I'Agence. Si cette hypothese est approu
vee par le Conseil, les experimentateurs 
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41 



n'auront cl supporter que le cout de leurs 
experiences. Une consultation aupres des 
experimentateurs potentiels va etre faite 
dans ce sens, la sfHection finale etant 
prevue pour septembre/octobre 1976. Ce 
satellite, baptise COSARI, serait avec le 
satellite Radio-Amateurs et le satellite 
indien de telecommunications candidat 
au vol L02. 

Les experiences technologiques proposees 
sont des elements de satellites consideres 
pour Apex et principalement des elements 
de la plate-forme lourde de type Ariane 
qui resulterait d'un effort europeen 
concerte. 

Outre la plate-forme lourde, qui prendrait 
passage sur le vol L04, les experiences 
autonomes actuellement considerees, qui 
seraient donc embarquees sur les vols 
L030u L04, sont 

un satellite de telecommunications 
utilisant une plate-forme OTS 
un satellite Meteosat modifie ou non 
un satellite Symphonie 
un satellite derive du satellite canadien 
CTS. 

La selection finale pour les experiences 
passagers des vols L03 et L04 est prevue 
pour la fin de i'annee. 

Tra vaux d 'etevation de la tour Ariane sur la 
Base de lancement, Guyane 

Lifting work on tower in progress at Ariane 
Launch Site, Guiana 
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pluie ou de neige fondante. On peut donc considerer que 
I'application de la theorie qui consiste a determiner I'affai
blissement et la depolarisation a partir du taux de pluie 
conduit a des resultats legerement pessimistes puisqu'ils 
impliquent que les deux phenomenes soient concomitants et 
cumulent leurs effets, ce qui, I'experience le montre, ne se 
produit pas systematiquement. 

D'une fac;:on generale, on peut conclure que les perturbations 
atmospheriques, bien que pouvant causer des chutes percep
tibles dans I'isolation entre polarisations orthogonales, ne 
mettent pas en question la faisabilite de la reutilisation des 
frequences dans un systeme a satellites tel qu'ECS. Toutefois, 
comme on I'a deja dit, une voie de transmission par satellite 
comporte bien d'autres elements que le milieu de propagation 
et c'est finalement au vu de la performance de la chaine entiere 
que I'on pourra porter un jugement definitif. C'est dans cet 
esprit qu'il fut decide de mettre en oeuvre une experience plus 
elaboree simulant plus exactement les conditions reelles recon
trees sur une liaison par satellite. 

L'EXPERI ENCE DE TRANSMISSION A LARGE BANDE DE 
LAJUNGFRAU 

Tirant parti de la presence d'une station de relais hertziens de 
l'Entreprise des PTT suisses situee a 3700 m d'altitude pres du 
sommet de la Jungfrau, I' ASE a, en collaboration avec cette 
administration, installe a cet endroit un mode le du satellite 
OTS avec lequel communique une petite station situee dans la 
vallee pres d'lnterlaken. Cette station, qui prefigure une 
station terrienne du futur reseau europeen, est capable 
d'emettre a 14 GHz des signaux a large bande vers le pseudo
satellite qui les renvoie a 11 GHz. On peut ainsi tester une 
chaine complete traversant deux fois les couches les plus 
perturbees de I'atmosphere. 

Cette liaison experimentale a commence a fonctionner en 
decembre 1975. La Figure 3 en montre le terminal inferieur 
qui contient des equipements de mesure entierement automati
ques et dont les donnees peuvent et re transmises par ligne 
telephonique au siege des PTT a Berne. Les essais faits jusqu'ici 
ont porte sur la transmission de signaux numeriques a la 
cadence de 180 Mbit/s et donnent des resultats tres encoura
geants. 

On espere egalement recueillir de cette experience des donnees 
permettant d'etablir de fac;:on plus precise les avantages res
pectifs des polarisations rectiligne et circulaire pour la reutilisa
tion des frequences. Ainsi qu'on I'a dit plus haut, la polarisa-

Figure 3 - Terminal inferieur de la station de la Jungfrau. 

tion rectil igne semble moins vulnerable que I'autre aux effets 
de depolarisation dans I'atmosphere. Ceci n'est cependant vrai 
que si les deux plans orthogonaux sont le plan vertical et le 
plan horizontal. II faut en effet se garder de conclure trop 
hativement a la superiorite de la polarisation rectiligne car la 
theorie indique que cette superiorite disparait si les plans 
tournent a 45°. Or, dans un systeme a satellite, les plans de 
polarisation, qui sont fixes par rapport aux axes du satellite, ne 
peuvent avoir la meme orientation pour toutes les stations 
terriennes, lesquelles se referent toutes a leur verticale locale 
propre. Pour OTS par exemple, les plans de polarisation des 
quatre antennes a polarisation rectiligne seront vus vertical et 
horizontal a Stockholm, seront inclines a 45° pour les lies 
Canaries et les A<;:ores a I'extremite ouest de la couverture et 
seront inclines de 30° en sens oppose a I'extemite est, 
c'est-a-dire au Proche-Orient. 

Grace a I'experience de la Jungfrau, il sera bientot possible de 
faire des observations simultanees sur des signaux polarises 
differemment et d'etudier de fa<;:on systematique I'impact du 
choix de la polarisation sur la qualite des transmissions. 

CONCLUSIONS 

Les etudes entreprises par I' ASE depuis quelques annees dans 
le domaine de la propagation aux frequences de 10 a 15 GHz 
ont permis de faire progresser considerablement I'etat des 
connaissances et de lever un grand nombre d'incertitudes qui 
pesaient lourdement sur la conception du systeme ECS; en 
particulier, I'amplitude des affaiblissements est en general 
mains severe que prevu et les phenomenes de depolarisation, 
dont on ignorait tout, ont des effets qui restent dans des 
limites acceptables. 

Ces activites ont egalement eu comme resultat secondaire 
particulierement heureux I'etablissement ou le resserrement de 
liens de cooperation entre I' ASE et un grand nombre d'organis
mes, administrations, universites et centres de recherche 
interesses par les etudes de propagation et par la mise en 
oeuvre de systemes de telecommunications par satellite. Un 
exemple recent du role d'agent catalyseur joue par la propaga
tion dans les relations internationales est I'accord qui vient 
d'etre signe entre I' ASE et les autorites iraniennes pour 
I'installation d'un radio metre au College de Science et de 
Technologie d'lran a Teheran. 0 
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The Satellite Control and Test Earth Station at Fucino 

C. Hughes, Communications Satellite Programme Office, Directorate of Communications, ESTEC, Noordwijk, The Netherlands 
H. Uhrig, Ground Equipment Engineering Division, ESOC, Darmstadt, Germany 
S. Tirr6, Telecommunications Department, Telespazio, Rome, Italy 

The Satellite Control and Test Earth Station (SCTS) currently 
being constructed at Fucino, near Rome, will be the first 
major terminal to be completed for use with ESA's Orbital 
Test Satellite (OTS) and the first major terminal in the world 
to operate with dual-polarisation frequency re-use in the 
11/14 GHz frequency band. The station, which is being built 
by AEG-Telefunken (prime contractor) and will be owned 
jointly by ESA and Telespazio, is scheduled for completion in 
November 1976. It will be the principal tracking, telemetry and 
command station for OTS, and ESA will use the station 
extensively for a programme of orbital tests following satellite 
launch. Telespazio will build up their use of the SCTS 
progressively as a participant in the orbital communications 
experiments, culminating in the use of the station for live 
pre-operational telephony traffic via OTS. 

Figure 1 - Satellite communications stations planned or already under 
construction (as per December 1975) 
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THE ROLE OF THE SCTS 

As its name implies, the SCTS has two primary functions: 
Satell ite control (tracking, telemetry and command of 
OTS) 
Test (participation in all aspects of the OTS orbital test 
progra mme). 

Satellite Control Function 

The station will perform the following tasks within the general 
sphere of satellite control: 

reception of the SH F telemetry from the satellite , with 
subsequent signal conditioning and transmission to the 
Operations Control Centre (OCC) at ESOC, Darmstadt 
transmission of SHF commands initiated at the OCC 
ranging of the satellite using a carrier signal modulated with 
appropriate ranging tones for orbit-determination purposes 
tracking of the satellite to obtain azimuth and elevation 
angles for orbit-determination purposes. 

Test Function 

A large number of earth stations of various types, ranging from 

• PROPAGATION EARTH STATIONS 

• LARGE EARTH STATION S 

( 
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major stations similar to the SCTS to small receive-only 
stations, are planned or in course of construction by the 
national PTTs and other interested bodies (including scientific 
establishments, universities, and other international organisa
tions), and will take advantage of the wide range of experimen
tal and pre-operational test possibilities provided by OTS's 
communications payload. Some of the stations currently 
foreseen are shown in Figure 1. These stations will work 
together, through the satellite, to achieve a number of experi
mental and test objectives known collectively as the Orbital 
Test Programme (OTP). In outline, this programme comprises: 

Determination of the in-orbit characteristics of the satellite 
payload from measurements on the ground. This includes 
measurement of satellite antenna gain and pointing, satellite 
antenna beam shape, polarisation purity of satellite anten
nas, frequency stability, receiver noise, power output, etc. 
Transmission tests between co-operating PTT earth stations, 
including test transmissions of 60, 120 and 180 Mbit/s 
burst-mode digital signals and television signals. 
Pre-operational tests by co-operating PTT administrations, 
including trials of TDMA (Time Division Multiple Access) 
operation between a number of stations and television 
exchanges. 

Propagation measurements by administrations, universities 
and scientific establishments. 
Data transmission by a number of interested bodies. 

There are two antennas at the SCTS, a main antenna for 
high-speed digital and TV transmission and an auxiliary anten
na for propagation measurements and transmission tests. Both 
antennas and their associated equipment will be utilised 
initially to perform the in-orbit OTP satellite measurements. In 
this role the station will be used as a measuring instrument and 
as such its characteristics will need to be stable and accurately 
known. 

As a prelude to the satellite measurements proper a series of 
tests will be conducted using the line-of-sight radio path which 
exists between Fucino and Monte Magnola, a mountain peak 
approximately 20 km away. Communications equipment 
similar to that used on the OTS satellite will be installed on 
Monte Magnola and this will allow most of the OTP tests to be 
rehearsed in conditions as close as possible to those in 
operational use. The Monte Magnola link will also be used to test 
the TTC (Telemetry, Tracking and Command) system and to 
measure the mutual interference between TTC and OTP 
transmissions (Fig. 2). 

Figure 2 - Satellite Control and Test Earth Station system interfaces 
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Figure 3 - Simplified block diagram of the SeTS facility at Fucino 

THE DESIGN OF THE STATION 

A simplified block diagram of the SCTS station is presented in 
Figure 3. 

The station is divided into two physically separate installa
tions, the antennas and their associated equipment being sited 
some 400 m from the main Fucino building. Most of the signal 
generation and detection equipment is located in the main 
building, as is the telemetry -telecommand equipment and the 
Control Centre Interface (CCI) equipment. 

A computer-to-computer data link is provided with the Opera
tions Control Centre at ESOC, through which the telecom 
mand , ranging and telemetry operations are controlled. The 
link also carries station equipment status signals and vital 
parameter information, including the antenna azimuth and 
elevation data, which is needed for orbit-determination pur
poses. 

The signal generation and detection equipment for the OTP 
comprises modulators and demodulators for 180, 120 and 
60 Mbit/s transmissions, together with appropriate digital 
sequence generators and error detectors. These provide the 
capability to carry out digital transmission tests using burst-
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mode signals and to measure the signal impairments caused by 
the earth station, the satellite repeaters, and propagation 
phenomena, under various operating conditions. As an alter
native to the 120 Mbit/s or 60 Mbit/s transmissions it is 
possible to send and receive FM television signals, for which 
test modulation and demodulation equipment has been prov id
ed. 

Main Antenna 

The main head employs a 17 m diameter dual linear polarised 
antenna operating in the receive frequency band of 11 .45 GHz 
to 11.8 GHz with later extension to 10.95 GHz to 11 .8 GHz . 
The transmit frequency band is 14 to 14.5 GHz, again util ising 
dual linear polarisation. There are three high -power amplifiers, 
with associated transmit chains of equipment, each delivering 
approximately 2 kW of RF (radio-frequency) power. The 
transmit chains are arranged so that the telecommand capabil 
ity is always available through one high -power amplifier, the 
other two being employed for communications or OTP trans
missions, but always available to carry telecommand if requi r
ed . The high-power amplifiers employ travelling-wave tubes 
(TWT's) and the carriers are combined together using wide
band couplers. This arrangement allows full flexibility in 
frequency allocation within the 500 MHz transmit band. Three 
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comprises modulators and demodulators for 180, 120 and 
60 Mbit/s transmissions, together with appropriate digital 
sequence generators and error detectors. These provide the 
capability to carry out digital transmission tests using burst-
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mode signals and to measure the signal impairments caused by 
the earth station, the satellite repeaters, and propagation 
phenomena, under various operating conditions. As an alter
native to the 120 Mbit/s or 60 Mbit/s transmissions it is 
possible to send and receive FM television signals, for which 
test modulation and demodulation equipment has been prov id
ed. 

Main Antenna 

The main head employs a 17 m diameter dual linear polarised 
antenna operating in the receive frequency band of 11 .45 GHz 
to 11.8 GHz with later extension to 10.95 GHz to 11 .8 GHz . 
The transmit frequency band is 14 to 14.5 GHz, again util ising 
dual linear polarisation. There are three high -power amplifiers, 
with associated transmit chains of equipment, each delivering 
approximately 2 kW of RF (radio-frequency) power. The 
transmit chains are arranged so that the telecommand capabil 
ity is always available through one high -power amplifier, the 
other two being employed for communications or OTP trans
missions, but always available to carry telecommand if requi r
ed . The high-power amplifiers employ travelling-wave tubes 
(TWT's) and the carriers are combined together using wide
band couplers. This arrangement allows full flexibility in 
frequency allocation within the 500 MHz transmit band. Three 



receive chains are employed, two for normal operation and 
one stand-by. Each receiver has an input bandwidth of 
750 MHz and employs an uncooled parametric amplifier with 
a noise temperature of approximately 200 K. 

Auxiliary Antenna 

The auxiliary head employs a 3 m diameter antenna which 
operates in dual circular polarisation. The transmit and receive 
frequency bands are located above those employed for the 
main-antenna transmissions and have a maximum bandwidth 
of approximately 10 MHz. 

There are two chains of transmit equipment, one for each 
polarisation sense. The two power amplifiers have RF power 
outputs of 10 Wand 175 W, respectively . On the receive side, 
two identical receive chains are employed, each with a noise 
temperature of approximately 200 K, achieved with para
metric amplifiers identical to those employed in the main 
head. As with the main head the signal generation and 
detection equipment is contained in the main building. The 
auxiliary head can be used for propagation measurements, as 
a measuring instrument to measure satellite static characteristics 
(group delay, frequency response, etc.), or for transmission 
tests. 

THE TECHNOLOGY 

As far back as 1972 it was realised that there were a number of 
critical components that would be required for OTS and ECS 
earth stations which had not yet been developed, in Europe or 
elsewhere . This situation arose primarily because OTS and ECS 
would employ new frequency bands (11/14 GHz), frequency 
re-use by polarisation, discrimination, and high·speed digital 
transmission in the burst mode at up to 180 Mbit/s. None of 
these techniques had previously been utilised for satellite 
communication. The critical subsystems of the SCTS will 
therefore be briefly reviewed, with reference to their develop
ment background where relevant . 

Antenna Feeds, Antennas and Calibration 

Figure 4 shows the dual-polarisation antenna feed developed 
by AEG·Telefunken for an ESA transmission experiment on 
the Jungfrau in Switzerland. This feed is almost identical to 
that used in the auxiliary head of the SCTS and employs most 
of the critical electrical components necessary for the main 
antenna feed . The subsystem has a bandwidth of more than 
500 MHz in both the transmit and receive directions, and 

Figure 4 - Feed horn for the auxiliary 3 m antenna 

Figure 5 - Auxiliary 3 m diameter antenna 

produces a linear polarisation discrimination of better than 
40 dB (35 dB for circular polarisation) within the 1 dB beam 
width of the secondary pattern when used with a suitable 
reflector. Figure 5 shows the AEG-Telefunken 3 m diameter 
antenna tested on the Jungfrau. It is almost identical to that 
under construction for the SeTS auxil iary head. 
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Figure 6 shows the main antenna at Fucino being raised onto 
its pedestal, a rather unusual approach for this size of antenna, 
which is normally assembled in position. This method of 
erection does, however, allow some preliminary alignment 
before mounting and also allows both pedestal mount and 
antenna to be constructed in parallel, with a consequent time 
saving. The Fucino antenna has been designed and constructed 
by Alpha Engineering (Netherlands) to SCTS requirements. It 
is fully steerable and has a surface accuracy of better than 
0.5 mm RMS at the working elevation angle. Two further 
antennas of the same design have been ordered by Telespazio 
for use with the Sirio satellite and these are also in the course 
of construction. 

Before going into service, the main antenna will be calibrated 
as accurately as possible, using cosmic radio sources (stars). 
This is standard practice for large antennas used in satellite 
communications, but in the case of the SCTS, because the 
frequency of operation is such that the available star flux is 
small , more refined measurement techniques are necessary. 
The ,mtenna is therefore equipped with a built-in radiometer 
which will be used to calibrate the gain and also to measure 
pointing accuracy with respect to the indicated azimuth and 
elevation angles from the digital encoders. 

This last point is particularly important since accurate know· 
ledge of satellite angular position will be an essential part of 
the OTS orbit determination. 

High-Power and Parametric Amplifiers 

The high-power amplifiers for the SCTS are being designed and 
fabricated by SIT Siemens, Milan. The most critical compo
nents here are the high-power travelling-wove t ubes, developed 
by Thomson-CSF (France) which have an output power of 
2 kW and a bandwidth of more than 500 MHz. 

The parametric amplifiers are being developed for the SCTS by 
GTE of Milan . They are room-temperature stabilised and have 
a bandwidth of 750 MHz and a noise temperature of 200 K. 
Five identical units are employed, three for the main head and 
two for the auxiliary. 

Figure 6 - Main 17 m diameter antenna being lifted onto its pedestal 

Digital Equipment 

OTS is designed to handle two digital transmission rates, 
namely 180 and 60 Mbit/s, but recent decisions concerning the 
preferred design for later ECS satellites have made it desirable 
to introduce a third 120 Mbit/s capability into the SCTS 
equi.pment. The 180 Mbit/s modulation and demodulation 
equipment has been developed by AEG-Telefunken specific
ally for Fucino, while the 60 Mbit/s equipment is very similar 
to that already developed for other applications. The digital 
equipment includes random sequence generators to simulate 
live traffic and error detectors to measure overall error rate . 

CONCLUSIONS 

It is hoped that the SCTS will be the forerunner of many earth 
stations to be built by PIT administrations and others for the 
European communications system. In fact, one other major 
terminal is already under construction in France, and work is 
starting on similar terminals in Germany, the United Kingdom 
and Spain. There is little doubt that much useful experience 
has been and is being derived from the design, construction 
and testing of the Fucino station . It is hoped that this 
experience can be efficiently applied to other stations now 
being considered or in the course of construction . 

Although the Fucino station has been designed specifically for 
operation with OTS, a number of features in its design, such as 
the 750 MHz receivers, will ensure its continued usefulness for 
the future operational Eu ropean communications satellite 
system. 
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Maritime Satellite Payloads 

B. Lancrenon, A. Steciw and J.A. Vandenkerckhove, AerosatlMarots Programme Office, Directorate of Communications, 
ESTEC, Noordwijk, The Netherlands 

ESA is presently developing a maritime communication satel
lite, Marots (Maritime Orbital Test Satellite), intended for 
launch in 1978. Its design is based on that of the Agency's 
OTS satellite and is characterised by a modular construction 
and the adoption of three-axis stabilisation (Fig. 1). The 
Marots payload is designed to meet a series of technical 
parameters for a first-phase Maritime Satellite System as laid 
down by the Panel of Experts of the Inter-Governmental 
Maritime Consultative Organisation (lMCO)' an agency of the 
United Nations. 

The main conclusions of this Panel, formulated in 1975 after a 
three-year study of the operational requirements for an inter· 
national 'maritime mobile satellite system', can be summarised 
as follows : 
(a) The system should use a geostationary satellite, in order 

to provide a permanent service. 
(b) Although a Thor Delta-launched, spin-stabilised dedicated 

satellite would meet the lowest traffic-demand estimate, a 
three-axis stabilised satellite would be required to meet 
the highest estimate. 

(c) The maritime satellite should provide an earth coverage . 
(d) High-quality voice/data and teletype communications 

should be provided. 
(e) Frequency Division Multiple Access (FDMA) transmission 

techniques should be used in both the shore·to·ship and 
ship-to-shore directions (i.e. different channels should be 
assigned to different frequency bands) . 

Requirements (c) and (e) lead to a payload design which is 
based essentially on the use of earth-coverage antennas and 
high·power amplifiers. 

With the requirement for high·quality communications and the 
gain limitations of ship·terminal antennas, most of the critical 
problems that arise in designing a maritime satellite payload 
are associated with the forward repeater, and in particular its 
L·band (maritime band) transmitter, for which a rather 
complex trade·off between linearity and efficiency is necess 
ary . This trade-off is made more complex by the imposed 
bandwidth limitations. 

MARITIME PAYLOAD CHARACTERISTICS 

To comply with the objectives of a maritime communications 
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Figure 1 - The Marots three·axis·stabilised spacecraft. 

mission, the satellite payload should meet the following 
requirements : 
(i) It should have the ability to cope with multiple access, 

from either shore or mobile terminals. 
(ii) It should be able to cope with very different types of 

traffic; e.g. voice, high ·speed data, low·speed data (telex 
or facsimile), network organisation messages (access) , 
distress calls. 

(iii) It should make efficient use of the allocated frequency 
spectrum. 

(iv) It should make efficient use of the power available from 
the satellite's 'generators' . 

The first generation of transponders (combined receivers and 
transmitters) for maritime satellites will be of the multiple· 
frequency·conversion type, either 'channelised' or 'broad 
band' . The number of channels foreseen for Marots precludes 
the 'channelised' solution, which is mass·consuming and 
prevents subsequent modification of channel characteristics 
when the satellite is in orbit . The broadband solution , on the 
other hand, leads to a minimal payload mass and provides the 
highest flexibility of operation, but the operating powers of 
the shore stations participating in the system must then be 
more strictly controlled (to equalise the power of carriers 
retransmitted by the sate 11 ite) . 

The Marots payload consists essentially of three repeaters : 
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a forward repeater (6 or 14.5 GHz/L·band) for shore-to
ship communications 
a return repeater (L-band/ 4 or 11 .7 GHz) for ship-to-shore 
communications, and 
a shore-to-shore repeater (6 or 14.5 GHz/4 or 11.7 GHz) 
for shore-to-shore communications (ground network co
ordination) . 

I n general, the various items of the payload rely on standard 
techniques, microwave integrated circuitry being employed 
whenever possible (Fig. 2). Nevertheless, two payload units 
merit special attention: the L-band amplifier and the L-band 
antenna. 

THE L-BAND POWER AMPLIFIER 

The L-band power amplifier, in the transmitting circuitry of 
the shore-to-ship transponder, will have to provide an output 
power of more than 60 W, while maintaining optimum effi
ciency and linearity, these being two conflicting requirements . 
Within the limits of available technology, three solutions can 
be envisaged. 

a travelling-wave-tube amplifier 
a transistorised power amplifier 
a triode amplifier . 
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Initial Marots coverage 

The Travelling-Wave-Tube Amplifier (TWTA) is not power
limited and when used in the L-band can deliver powers in 
excess of 150 W. Its efficiency at saturation can be higher than 
50%, but for the multicarrier operation and linearity required 
of Marots, this figure will be closer to 30% Thermal control 
for the TWT amplifier does not give rise to any major 
difficulties, most of the dissipated power being radiated by the 
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Figure 2 - Example of Marots payload integrated circuitry; the L-band 
receiver_ 

TWT collector, the temperature of which can be as high as 200 
to 250°C. The amplifier can be mounted in such a way that 
this collector radiates most of its power outside the spacecraft. 

Two TWT amplifiers are necessary to fulfil the reliability 
objectives of a maritime mission, and this is the solution used 
on the United States' Marisat satellite, launched in February 
1976 to provide communications to the US Navy and commer
cial shipping in the Atlantic area. 

In the maritime frequency band in which the Transistor Power 
Amplifier (TPA) must operate, the transistor has a limited 
power capability. To provide the radio-frequency (RF) power 
required for the communications system, it is therefore necess
ary to use a cluster of such amplifiers. I n addition, these 
amplifiers are normally nonlinear in their operation. With the 
necessary linearising schemes included, an output power of 
60 W is a feasible target. Thermal control for this amplifier is 
much more difficult than for the TWT type. First, safe 
transistor operatio~ requires low temperatures (40° Cl, and 
secondly the multi-amplifier concept imposes severe require
ments on temperature gradients. One of the advantages of the 
transistor amplifier solution is its flexibility as regards power 
consumption. By changing the number of operating modules, 
it is possible to match closely the prime power delivered by 
the satellite. The TP amplifier solution is preferred to the TWT 
for the Marots payload because the latter's development and 
qualification programme was found to be very costly and its 
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Figure 3 - Shaped-beam and parabolic antenna radiation curves, 
showing shaped reflector's superior edge-of-coverage 
performance. 

duration incompatible with the satellite's scheduled launch 
date. 

Like the TWT amplifier, the Triode Amplifier is not power 
limited, but its higher cathode current leads to a lower 
rei iabil ity. Special cathode designs or the inclusion of additional 
standby amplifiers (redundancy) could be used to overcome this 
problem. 

THE L-BAND ANTENNA 

The maximum gain that would be provided for earth coverage 
by using a standard parabolic-dish satellite antenna would not 
exceed 16 dB. The power flux density produced at the earth's 
surface by such an antenna would be about 5 dB greater at the 
centre than at the edge of coverage, which would lead to 
nonoptimal system performance. The shaped-beam type of 
antenna, on the other hand, is intended to equalise the power 
flux density at the earth's surface, by use of a specially shaped 
reflector (Fig. 3). 

Depending on the technical approach chosen, the antenna can 
be cla~sified into one of two categories: 

(a) Reflector-type antenna 
This is the classical solution and when applied to Marots's 
shaped-beam antenna it leads to a 2 m diameter, shaped 
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duration incompatible with the satellite's scheduled launch 
date. 

Like the TWT amplifier, the Triode Amplifier is not power 
limited, but its higher cathode current leads to a lower 
rei iabil ity. Special cathode designs or the inclusion of additional 
standby amplifiers (redundancy) could be used to overcome this 
problem. 

THE L-BAND ANTENNA 

The maximum gain that would be provided for earth coverage 
by using a standard parabolic-dish satellite antenna would not 
exceed 16 dB. The power flux density produced at the earth's 
surface by such an antenna would be about 5 dB greater at the 
centre than at the edge of coverage, which would lead to 
nonoptimal system performance. The shaped-beam type of 
antenna, on the other hand, is intended to equalise the power 
flux density at the earth's surface, by use of a specially shaped 
reflector (Fig. 3). 

Depending on the technical approach chosen, the antenna can 
be cla~sified into one of two categories: 

(a) Reflector-type antenna 
This is the classical solution and when applied to Marots's 
shaped-beam antenna it leads to a 2 m diameter, shaped 



Figure 4 - Shaped-reflector antenna to be used on Marots. 

profiled reflector . Use of this reflector causes some inter
face problems with the spacecraft, as the earth -oriented 
antenna tends to mask the field of view of the satellite's 
earth sensors. 
The antenna that has been developed for Marots is shown 
in Figure 4 . 

(b) Phased-array antenna 
It is also possible to use a phased-array antenna for L-band 
operation and this would be rather easy to install on the 
spacecraft and would provide a gain in excess of 16 dB, or 
perhaps even 17 dB, at the edge of the earth-coverage 
area . Marisat uses a four -helix phased-array antenna , but 
this has a lower gain because here it forms only a part of a 
more complex antenna system. 

MAROTS COMMUNICATION CAPACITY 

The communication capacity to be provided by Marots can 
best be illustrated by considering the number of voice channels 
as a function of the Equivalent Isotropic Radiated Power (El RP) 
per channel in the shore-to-ship direction (Fig. 5) . The two sets 
of curves give the number of voice channels expected after three, 
f ive and seven years, with and without voice activation . For 
comparison purposes, Figure 5 also shows Marisat"s communica
t ions capacity in the shore-to-ship direction. 
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Figure 5 - Radiated power as a function of number of voice channels 

for Europe's Marots satellite and the USA's Marisat. 

Within the limitations of the technology selected - essentially 
a large, shaped, 2 m-diameter L-band antenna and a linear 
L-band transistor power amplifier - the communications 
capacity of Marots is constrained by two factors: 
(i) the 2.5 MHz bandwidth of its transponder 
(ii)the DC power available for the communications payload, 

expected to be 460 Wafter 3 years and 360 Wafter 7 years. 

Marots is expected to provide 36 channels during its first three 
years in orbit. Thereafter, it will be necessary either to reduce 
the number of channels to 31 or 26, keeping channel quality 
constant, or to reduce channel quality (by 0 .7 or 1.5 dBW) 
while maintaining the same number of channels for the 
subsequent 2 to 4 years. 

o 
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The Space Segment of the Aerosat Communications System 

A. Ping/ier, Directorate of Communications, ESA, Paris 

The Aerosat programme, being carried out within the frame
work of a Memorandum of Understanding between the US 
Federal Aviation Administration (FAA), the Canadian Govern
ment, and ESA, will provide an aeronautical satellite commu
nications system which will serve as the experimental and 
evaluatory forerunner of a world-wide operational system of 
air-traffic control planned for the mid-1980's. 

The space segment of the programme, which is being under
taken jointly by ESA, the Canadian Government and COMSAT 
General, includes the development, production , launching and 
operation of the two Aerosat satellites, to be placed in 
geostationary orbit, initially over the Atlantic and with a 
separation of 25° in longitude, at the end of 1979. 

Aeronautical communication services over the ocean routes do 
not give entire satisfaction at present, particularly with regard to 
link quality, which can at times be extremely poor. The practice 
of using high frequencies for communication does not allow a 
high degree of automation, and sometimes results in a delay in 
the transmission of messages . As far as aids to navigation are 
concerned, the existing service seems somewhat better, and no 
major problems are apparent. In the relatively long term though, 
it seems that it will be preferable for the navigational aids and 
surveillance services over the oceans to be comparable in level of 
operation with those over the continents. 

The prospects for using satellites for aeronautical applications 
have already been considered sufficiently interesting to 
embark on a phase of 'concrete execution'. They can provide: 

quasi -world-wide coverage: three geostationary satellites 
can cover the ocean zones between 70° Nand 70° S 
(Fig. 1), six satellites would be required to provide radio
location in these same zones 
adequate quality and permanence for connections 
rapid access and, where applicable, fairly extensive automa
tion of the serv ice. 

Before setting up an operational system, however, a large 
number of difficulties will have to be overcome and it has 
already been found necessary to undertake a preliminary phase 
of full -scale experimentation, described elsewhere in this Bulle
t in. 

It was from these origins that the idea of the Aerosat common 
evaluation programme was born. This programme, to be 
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undertaken by , or in close co-operation with, the aeronautical 
authorities of the United States, Canada, and ESA Member 
States and encouraged by the International Civil Aviation 
Organisation (ICAOl, should make it possible to progress from 
current concepts to the implementation of a fully operational 
aeronautical communications system by the late 1980's 

ELEMENTS OF THE SYSTEM 

The Aerosat system embraces three sectors of operation: 

The space segment, which provides channels of communica
t ion that allow users on the ground and on board aircraft to 
exchange information. It consists essentially of two geo
stationary satellites, to be positioned over the Atlantic . 
From a functional point of view, the ground installations 
required for monitoring the two satellites can be included 
in th is space segment; they are a spacecraft control and 
TTC station in Europe, and a number of calibration units 
(Electronic Test Sets), very similar to the equipment in 
stalled on board aircraft , and used to check operation of 
the complete system . 

The ground segment will consist of a series of ae ronautical 
te lecommunications stations , which allow users on the 
ground to gain access to the Aerosat system . Each station 

has an Aeronautical Services Earth Terminal (ASET), for 
reception and transmission of signals via the satellites . An 
Aeronautical Satellite Communications Centre (ASCC) will 
monitor these communications, supervise user access, and 
distribute messages. Each station will also be equipped with 
a number of Electronic Test Sets (ETS), to be used to 
obtain fine orbitographical records for the satellites . 

On-board equipment covered by the aeronautical segment 
provides for reception and transmission of signals to and 
from the satellites, and also input/output interfacing with a 
number of on-board units_ 

The space segment is a shared responsibility, while the aero 
nautical telecommunications stations and avionics are individu
ally supplied and operated by each of the partners to form 
part of the co-ordinated programme. I n addition to the setting 
up of the requisite equipment both on the ground and 
on-board aircraft, the individual programmes include the 
execution of experimentaal work . Close co-ordination of these 
activities is the responsibility of the Aerosat Co-ordination 
Office. 

For the moment, a 'half-AS ET', incorporating only one anten
na and able to communicate with only one satellite at a time, 
and one ASCC are scheduled for installation in the United 
States and Canada. Europe will have one complete ASET and 
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one ASCC (Fig. 2). It is hoped to have 30 or 40 avionic units 
operational in the same period. 

FUNCTIONS TO BE PROVIDED 

Communications 

The prime interest of a satellite system lies in its capacity for 
transmitting information and evaluatory work will be carried 
out in the fields of speech and data transmission. 

For audio transmissions, a quality factor similar to that of 
average VH F radio transmissions is aimed at (for aeronautical 
applications, the acceptable articulation index is around 0.42). 
Given that the Aerosat system is designed to determine, among 
other things, the most appropriate type of modulation for an 
operation environment, various types of modulation technique 
will be tested. For practical purposes, a C/No value (a measure 
of link quality) of 43 dB Hz has been selected as the minimum 
to be achieved under all circumstances. 

For testing data transmission, a rate of 1200 bit/s has been 
selected, with a maximum error rate before coding of 10-5

, 

this being compatible with a C/No of 43 dB Hz. It is also planned 
to run tests with 2400 bit/s, and in this case the C/No value will 
be raised to 46 dB Hz. 

Surveillance 

Aerosat will be used to evaluate the possibilities of indepen
dent surveillance, based on the use of two geostationary 
satellites (Fig . 3). With a system of this type, the position of 
an aircraft can be determined in real time by measurement of 
propagation times from only one ground station, assuming 
that the positions of the two satellites are known at the time 
of measurement. I n practice, transmission from the ground 
station includes, in addition to the distance·measurement 
signal, an aircraft identification signal to which only the 
interrogated aircraft in the zone visible to the satellites replies. 
A total time of 0.5 s is allocated for localisation . 

The accuracy of this surveillance system will be affected by 
three main sources of error: 
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ionospheric errors : the propagation rate of the radio
electric wave varies as it traverses the ionosphere 
errors due to multiple trajectories: a wave reflected by the 
sea is added to the direct wave, and measurement is falsified 
errors in measured value (propagation time): related to the 
quality of the link (C/No value) . 
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Figure 3 - Surveillance and positioning system 

A further cause of possible error is incorrect knowledge of the 
positions of the satellites, as is also lack of precision in 
determining aircraft altitude. 

The cumulative effect of these different errors varies according 
to the position of the mobile unit. All things being equal , a 
mobile situated close to the equator will be comparatively 
poorly 'localised' or pin-pointed, while one in a mid-latitude 
zone can be located very accurately. This phenomenon is 
connected with the geometry of the system, and the spacing of 
the two satellites in the geostationary orbit also has an 
influence. Localisation accuracy for a mobile at a latitude of 
40° , for example, with a 40° spacing between the satell ites is 
twice as good as with a 20° spacing. 

Assuming that the latitudes and longitudes of the two satellites 
are known to within 100 m (1 a) and their altitudes to within 
50 m (1 a), the positioning error for an aircraft, the altitude of 
which is known to within 100 m, will be less than 1 nautical 
mile for latitudes in excess of 40° , and 2 nautical miles for 
latitudes between 20

v 
·and 40° in the most favourable case 

(Fig. 4). 

GENERAL CHARACTERISTICS OF THE SYSTEM 

Coverage 

One satellite will be stationed at 15° W, and the other at 
40° W, giving an angular separation of 25° . This represents a 
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Figure 4 - Location errors over the Atlantic for two-satellite ranging 
system 

compromise between a configuration giving good localisation 
accuracy, for which a high angular separation (40-50°) is 
preferable, and the need to have widespread satellite coverage. 

The coverage zone has been divided into three main sectors, 
corresponding to zones of differing interest from an aeronauti
cal point of view (Fig. 5). 

Zone A covers the North Atlantic routes, and carries the 
heaviest traffic. 
Zone B covers Europe and West Africa. 
Zone C covers the East Coast of North America, the 
neighbouring ocean zones, and South America. 

As will be seen later, this division of coverage is of consider
able interest from the point of view of satellite design. 

Link Frequencies 

The choice of frequencies to be used for links between 
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Figure 5 - Atlantic coverage, showing sectors of differing interest 

satellites and aircraft has produced a wealth of literature and 
has led to much heated argument in recent years. In 1971, the 
World Radio Communications Administrative Conference 
assigned a 15 MHz band to the aeronautical service, a 7.5 MHz 
band to the marine service, with a further 1 MHz common to 
the two services, exclusively for links between satellites and 
mobiles at 1.5-1.6 GHz (l-band). While the marine com
munity has already accepted this decision, with all projects for 
marine links by satellite using this band, argument continues in 
the aeronautical field between supporters of the L- and 
VH F·bands. It may therefore be appropriate at this point just 
to summarise the different parameters that influence this 
choice of frequency: 

Loss of propagation in free space for a stationary satellite 
with an elevation of 10° is 166.9 dB at 130 MHz (VHF), 
but 188.2 dB at 1.5 GHz (L-band). 
Ionospheric scintillation and attenuation are, however, 
more severe in the VH F-band than the L-band. For VH F, the 
reduction in levels received is less than 3-4 dB for 99% and 
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to summarise the different parameters that influence this 
choice of frequency: 

Loss of propagation in free space for a stationary satellite 
with an elevation of 10° is 166.9 dB at 130 MHz (VHF), 
but 188.2 dB at 1.5 GHz (L-band). 
Ionospheric scintillation and attenuation are, however, 
more severe in the VH F-band than the L-band. For VH F, the 
reduction in levels received is less than 3-4 dB for 99% and 

57 



less than 14 dB for 99,9% of the time, while for the L-band it 
is negligible for 99% of the time, and does not exceed 0.1 dB 
for 99.9% of the time. In addition, the ionosphere affects 
the propagation rate of electric waves, producing an error in 
distance measurement (and Doppler effect I. and thence in 
localisation. This error varies according to frequency 
(al/f21, leading to an error for the Aerosat surveillance 
system of about 800 m in the VHF, and only 10 m in the 
L-band. The use of VHF is therefore incompatible with 
accurate radio-local isation. 

Use of the L-band allows the installation of a relatively high 
gain antenna on board the satellites (for a given antenna size, 
gain increases with frequency). To this initial advantage of the 
L-band, we must add the possibility of using a multiple-beam 
antenna or even phased-array antennas with orientable mul
tiple beams. Use of the L-band also makes it easier to achieve a 
high gain on the mobile unit, so much so that it becomes 
possible to compensate for the increased propagation loss in 
the L-band with respect to VHF. 

Even if we concern ourselves purely with the communications 
aspect and leave aside problems of accurate localisation, 
necessarily involving the use of the L-band, we cannot escape 
the fact that saturation of the VH F bands, which are currently 
shared with other services, will sooner or later limit the growth 
capacities of a system using these frequencies. 

The supporters of VHF stress that the various inconveniences 
of these frequencies are largely compensated for by lower 
equipment costs, due to the use of conventional technology -
an analysis that seems to be based entirely on current prices 
for on-board equipment. 

Types of Channel 

Two categories of link must be provided: 
(i) between ground and aircraft, and 
(ii) between the various aeronautical telecommunications 

stations (ground-to-ground). 

For category (i) links in the L-band, a functional distinction 
must be made between three types of channel: 

communications channels, which have a bandwidth of 
80 kHz (at 1 dB). As already indicated, the minimum C/No 
value to be provided here is 43 dB Hz 
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surveillance channels, with the same characteristics as the 
communications channels, a single channel being used to 
transmit messages (speech or datal. or a telemetry signal 
experimental channels: planned for inclusion at the request 

Figure 6 - Aerosat L-band transmit coverage, using three 100 X 12" 
ellipses (spacecraft at 1!f' W). 

of the FAA, these wideband (10 MHz) channels will be 
used, inter alia, to test the precision of localisation. 

I n practice, therefore, two sorts of channel will be employed, 
standard channels, and wideband experimental channels. The 
total number of standard channels under normal operation will 
be five per satellite for the ground-to-aircraft direction, with 
the possibility of having up to three in Zone A and two in 
Zones Band C in Figure 6, assigned from the ground by 
telecommand. For the return link, in the aircraft-to-ground 
direction, each satellite is required to supply 15 communica
tion channels for all zones, and three surveillance channels (the 
return channels for the communications and surveillance func · 
tions are different: 40 kHz bandwidth for communications, 
and 80 kHz for surveillance) . Furthermore, it is planned to be 
able to operate one ground-to-aircraft channel in Zone A at 
double power (minimum C/No of 46 dB Hz). 

The experimental channels must be available in the continental 
zone that includes the East Coast of the USA (Zones A and C' 
in Fig. 6), and each satellite must be capable of supplying one 
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Figure 7 - Possible channelised transponder for Aerosat 

experimental channel in both directions, on telecommand 
order. 

Two VHF channels are planned for ground-to-satellite links, 
and four for the return link. The quality of these channels, 
with 25 kHz bandwidth, intended for communications or 
surveillance, will be identical to that of the L-band channels, 
and the satellites must be able to supply the VHF and L-band 
channels simultaneously at the beginning of life of the space
craft. 

Turning finally to the category (iil. ground-to-ground links, 
two C-band channels will be supplied by each satellite to 
provide co-ordination between ground stations. 

OPERATION OF THE SYSTEM 

The Aerosat system is designed to provide for the exchange of 
messages between a ground station and an aircraft, so that the 
call initiative has two possible origins. 

Channelizad 
IF Limitars 

C ha n neli zed 
IF Limiters 

Cl 

L Band 
Transmitters 

L Band 
transmit 
Beams 

to Aircraft 

L Band 

\ 
from 

Aircraft 

When the initiative for the call comes from a ground station, 
this station knows the state of occupation of the channels, on 
the basis of which it prepares a call message for the aircraft in 
question . Generally, this message comprises the aircraft code, 
the code for the channel on which communication is to be 
established, and the type of message (speech, transmission of 
data, or localisation signal). 

When the call originates from the aircraft, a number of 
possibilities exist. The aircraft can send a short call message, 
using a special aircraft-to-ground channel, indicating the 
station which it wishes to contact, its code, type of link to be 
established, etc. Using this information, the ground station 
then calls the aircraft in the same way as if the call had 
originated on the ground. 

A second possibility is the calling of all aircraft from the 
ground in rotation, an aircraft wishing to contact the ground 
then indicating so when interrogated . 

In practice, the choice between these and a number of other 
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Figure 8 - Possible alternative broad-band transponder for Aerosat 

possibilities depends partly on the number of aircraft involved 
and the degree of automation required. The Aerosat system 
will make it possible to evaluate the merits of the various 
operational possibilities. 

DESIGN OF THE SATELLITE 
, 

The search for maximum communication capacity for a 
satellite is the fundamental element ruling the various tech
nical choices to be made. Once the class of satellite has been 
fixed (launch vehicle selected), a rough idea of available 
on-board power can be obtained . The problem is then to 
distribute this available power between the largest possible 
number of telecommunications channels, whilst ensuring that 
each channel consumes a minimum of power. The most 
obvious way of reducing the power transmitted by the satellite 
is to ensure that the receiving station has a high antenna gain. 
The ground station can be given a high gain comparatively 
easily, but the mobile unit, and particularly that on an aircraft, 
suffers from the necessarily limited antenna dimensions, and 
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Under these conditions, the system is characterised by substan
tial imbalance between satellite-to-ground and satellite-to
aircraft links. The major part of the available power must be 
assigned to the latter link , thus limiting satellite capacity in 
practical terms. Very little can be done to increase the gain of 
the mobile, but the gain on board the satellite can be improved 
by the use of multiple beam antennas, referred to earlier, each 
beam covering only part of the terrestrial disc visible to the 
satellite. 

There is, however, a limit to the progress that can be achieved 
in this direction also, since the weight and complexity of the 
system increases with the number of beams, to such an extent 
that the,extra gain obtained is counterbalanced by a reduction 
in the fraction of the total satellite mass available for the 
power supply. In addition, increasing the number of antenna 
beams reduces the system's operational flexibility, as the 
switching circuits needed do not allow instantaneous channel 
arrangement selection. 
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aircraft links. The major part of the available power must be 
assigned to the latter link , thus limiting satellite capacity in 
practical terms. Very little can be done to increase the gain of 
the mobile, but the gain on board the satellite can be improved 
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beam covering only part of the terrestrial disc visible to the 
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in this direction also, since the weight and complexity of the 
system increases with the number of beams, to such an extent 
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in the fraction of the total satellite mass available for the 
power supply. In addition, increasing the number of antenna 
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switching circuits needed do not allow instantaneous channel 
arrangement selection. 



TABLE 1 
Satellite data 

Launch vehicle 
Transfer orbit payload 
Orbit 
Sate 11 i te mass 

I n stationary orbit 
In transfer orbit 
(with apogee boost motor 
and adaptor) 

Power available 
(end of lifetime) 
Configuration 

lifetime 
Station-keeping 
Possibility for change of 

position 

Antenna pointing accuracy 

Thor-Delta 3914 
900 kg 
Geosynchronous/equatorial 

410-430 kg 
850-880 kg 

Approx . 800 W 

Three-axis stabilisation and deploy
able solar panels 
7 years 
longitudinal 

One transfer to another ocean 
at a rate of 200 per week 
_ 0 .50 

TABLE 2 
Communications system 

Satellite-ta-ground link 

Satellite-ta-aircraft link 

satellite/aircraft 

aircraft/satell ite 

Transponder 
C -+ l (ground-to-aircraft 

in l-band) 
VHF transmitter/receiver 

l-+ C (return link) 

Total communications 
payload 

C-band 
Antenna : global coverage 
Gain . 17 dB 
l-band 
VHF 
l-band 

Antenna : three-beam 
Gain : approx. 21 dB 
Transmitter power: 25- 30 W RF 
per channel 

VHF 
Antenna : global coverage 
Gain : approx . 10 dB 
Transmitter power : 50-55 W RF 
per channel 

Antenna : global coverage 
l-band : gain 17 dB 
VHF: gain approx. 10 dB 
(aircraft power output: 23 dBW for 
l -band, 17 dBW for VHF) 

Mass (less antenna) : 25 kg 
Power consumption : 460-480 W 
Mass : 10-13 kg 
Power consumption : 240-250 W 
Mass . 10 - 15 kg 
Power consumption : 35-40 W 

Mass : 50-60 kg 
Power consumption : 750-780 W 

All in all, it transpires that a three-beam configuration provides 
the best operational compromise, and it is for this reason that 
Aerosat's coverage has been divided into the three main zones 
already mentioned. 

With Aerosat's required operational lifetime of several years, it 
is evident that the system must be as simple as possible, so as 
to ensure a high degree of reliability. This criterion of 
simplicity was one of the reasons why use of an antenna with 
more than three beams was abandoned, and why no on-board 
signal-processing stages are envisaged. The transponder will 
merely be required to amplify and change the frequency of the 
received signal for re-transmission (Figs. 7 & 8). 

The main technical parameters/characteristics of the Aerosat 
satellite are summarised in Tables 1 and 2. The majority of the 
figures quoted are intended only as a guide, and do not 
correspond to a particular study, but the satellite defined is in 
accordance with the technical annexes to the FAA/ESA/Canada 
Memorandum of Understanding. 

It must not be forgotten that Aerosat is intended as an 
experimental system, many characteristics of which have not 
yet been frozen. The objective of the common evaluation 
programme is to study the various technical possibilities under 
environmental conditions. Modulation and multiplexing tech 
niques are among the most important of the basic character
istics of the future aeronautical satellite system which have not 
yet been frozen, and the Aerosat system will be required to 
provide guidance in their selection. 

SCHEDULE 

The schedule for the Aerosat development programme is 
currently as follows: 

Calls for Tender for the spatial segment: March 1976 
Receipt of tenders: June 1976 
Selection of contractor: November 1976 
Issue of contract and start of work: Early 1977 
Development and execution phase : Approx . 30 months 
Launch of first satellite: Autumn 1979 
Launch of second satellite. Mid-1980 
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Aeronautical and Maritime Communications Experiments 
with the ATS-6 Satellite 

D. L. Brown and Y.P. G. Guerin, Aerosat/Marots Programme Office, Directorate of Communications 
ESTEC, Noordwijk, The Netherlands 

Aeronautical and maritime satellite projects now form an 
important part of the Agency's communications satellite pro
grammes. To assist in the definition of the mobile segments 
and their possible impact on satellite system utilisation, a 
series of experiments have been conducted by ESA using 
NASA's ATS-6 satellite to investigate the performance of 
representative voice, data transmission, and ranging systems in 
the presence of sea multipath interference. In addition, several 
joint real-time aircraft control demonstrations have been 
performed over the Atlantic by ESA and the US Federal 
Aviation Administration (FAA) and a joint ESA/US Coast 
Guard search-and-rescue demonstration has been conducted, 
this being the first using satellites. 

EXPERIMENTS 

The primary objectives of the ATS-6 L-band experiments 
were: 

to investigate fading amplitude distributions and frequency 
spectra as a function of elevation angle and sea state for 
ships and aircraft, with respect to the satellite 
to investigate the effect of sea multi path signal interference 
on coherent PSK (Phase-Shift Keying) data detection, tone 
and binary PRNS (Pseudo-Random Noise Sequence) 
ranging systems 
to investigate the comparative quality of a Delta-PSK and 
NBFM (Narrow-Band Frequency Modulation) voice trans
mission under the effects of sea multipath signal inter
ference 
to assess the performance and reliability of gyro-stabilised, 
shipborne antennas and a simple phased-array aircraft 
antenna under service conditions 
to perform a series of communication experiments with a 
float-off SAR (Search-And-Rescue) beacon designed to alert 
rescue forces via satellite when a beacon-equipped ship 
sinks, and to use the buoy in a realistic search-and-rescue 
demonstration via satellite 
to perform a series of air-traffic-control demonstration tests 
via satellite in order to demonstrate to aeronautical author
ities and airlines the feasibility of satellite communications 
using L-band frequencies. 

The ATS-6 project group at ESTEC was responsible for: 
overall definition of the experiments and negotiating the 
experiment proposals with NASA, renting of the aircraft and 
ship used in the experiments, interfacing of ground-station, 
aircraft and ship equipment with experimenters' equipment 
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Aeronautical 
Experi ments 

Maritime 
Experiments 

TABLE 1 

Participating 

Country 

United 
Kingdom 

France 

Institute 

Royal Aircraft 
Establishment 
(RAE) 

SGAC/CNET 

ESTEC 
Experiment Management 
and Integration 

Germany 

France 

Norway 

United 
Kingdom 

OFVLR 

CNET/CNES 

NTNF 

Post Office 
(Telecomm.) 

ESTEC 
Experiment Management 
and Integration 

Experiments 
Performed & 
Equipment Furnished 

Comet-IV aircraft 
(leased to ESTEC) 
L-band antenna 
system (evaluation 
of coverage and 
multi path rejection) 

Oioscures TOM com
munication avionics 
(Oelta-PSK voice, 
encoded-data and 
PRNS ranging system) 

L-band transmitters 
and receiving system, 
data-logging system, 
central timing 
system, PLACE ex
periment (NBFM 
voice, OECPSK 
data tone-ranging 
and mUltipath expt.) 

Vessel 'Otto Hahn' 
(leased to ESTEC). 
SAR buoy experi
ment 

Oioscures maritime 
terminal. Quad helix 
stabilised antenna 
system 

Vessel 'Skiensfjord' . 
Phased-array anten
na system and PSK 
data-transmission 
experiment 

Companded NBFM 
and Oelta-PSK 
voice experiment 

Quadri -short back
fire antenna system 
PLACE experiment 

and integration on board the mobiles, operations management 
of the experiments, the Position Location Aeronautical Com
munication Experiment (PLACE) conducted within the project 
group, and analysis of the multi path experiment. 

Four European countries took part in the two series of 
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of coverage and 
multi path rejection) 

Oioscures TOM com
munication avionics 
(Oelta-PSK voice, 
encoded-data and 
PRNS ranging system) 

L-band transmitters 
and receiving system, 
data-logging system, 
central timing 
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voice, OECPSK 
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and Oelta-PSK 
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Quadri -short back
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and integration on board the mobiles, operations management 
of the experiments, the Position Location Aeronautical Com
munication Experiment (PLACE) conducted within the project 
group, and analysis of the multi path experiment. 

Four European countries took part in the two series of 
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communication experiments (aeronautical and maritime). The 
participating national institutes and organisations are listed in 
Table 1, where the items of equipment that they loaned for the 
duration of the experiments are also shown. 

EXPERIMENT CONFIGURATIONS AND TIMETABLES 

The experiments were organised into two main campaigns, 
from 26 August to 2 October 1974, based at Atlantic City NJ, 
USA, and 21 February to 6 April 1975, based at Terceira, 
Azores (Portugal) . 

These two separate campaigns were organised to cover the high 
elevation angles 40° down to 18° with the Comet-I V aircraft 
from the FAA facility at Atlantic City and for the MV 
'Skiensfjord' which crossed the Atlantic Ocean twice during 
the month of September 1974, and to cover the low elevation 
angles 15° down to 0° from the Portuguese Air Force/USAF 
base at Lajes during the second campaign with the Comet-I V 
aircraft and the NS 'Otto Hahn' . Figures 1 and 2 show the 
disposition of the mobile units during the two campaigns and 
Figure 3 shows a typical antenna coverage from ATS-6 during 
the Azores campaign. 

Dur ing the aeronautical experiments, 138 h of data were taken 
in 38 flights, and for the maritime experiments 54 h of data 
were taken in 16 days on board the MV 'Skiensfjord' and 
145 h of data in 30 days on board the NS 'Otto Hahn', each 
day comprising about 5 h of satellite time. 
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Following these two mobile experiment phases, a short final 
phase of experiments was conducted in late May and early 
June 1975 from a cliff top in SW England, with ATS-6 drifting 
eastward, to validate certain earlier results . This provided a 
unique opportunity with a daily increasing satellite elevation 
angle, whilst ATS-6 was being moved from its initial longitude 
of 94°W to 35° E for its second year of operation, with India. 

RESULTS AND CONCLUSIONS 

A principal reason for conducting the experiments was to 
examine the effect of multi path interference from the sea
scattered signal on the systems tested, all of which were 
candidates for future aeronautical and maritime satellite 
services. An excellent analogy of the multipath effect is seen in 
Figure 4, which shows the glistening pattern of the setting sun 
on the sea's surface. Clearly, the multi path effect only 
becomes a problem at low elevation angles, when the antenna 
pattern intersects the sea's surface. Modulation methods that 
require a signal-derived phase reference are particularly prone 
to detection problems when subjected to this type of inter
ference. Unfortunately, such methods happen to provide the 
most efficient means of information transfer at the frequencies 
in question and are thus regarded as prime candidates for such 
radio-frequency power-limited satellites as Aerosat and Marots . 

To summarise the results, TOM (Time-Division-Multiplexed) 
systems showed a marked improvement over analogue techni 
ques in the critical low-elevation-angle region, mainly because 
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Figure 3 - Typical antenna coverage from A TS-6 (L-band fan beam) during the Azores campaign. 

the encoding gain used allows the system to work satisfactorily 
in the face of multipath interference. For maritime applica
tions, however, the interference problem can be obviated by 
using more directive ship-borne antenna systems, as adopted 
for COMSAT's Marisat system, these virtually eliminating multi
path interference down to the 5° elevation angle service limit. 
For aeronautical applications, an improvement in multipath 
rejection is much more costly, bearing in mind the most 
important requirements of the aircraft antenna, a relatively 
low unit cost and very high reliability through a severe 
environment. Adoption of TDM techniques, which performed 
very satisfactorily with the slot-dipole array antenna evaluated 
on the Comet aircraft, is probably therefore a preferred 
solution. 
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AERONAUTICAL AND MARITIME SAR DEMONSTRA
TIONS 

To demonstrate the capability of the Aerosat system to 
potential users of the system, airlines and aeronautical author
ities, a series of tests using the ATS-6 satellite to relay 
operational voice and data messages were conducted (Fig . 2) . 
The operational centre for the aeronautical demonstrat ion was 
the FAA's National Aviation Facilit ies Experimental Center, 
whilst the operational centre fo r the SAR operation was the 
US Coast Guard 's Headquarters in Washington DC , both 
centres being linked by telephone lines to NASA's Rosman 
ground station . In the aeronautical demonstrat ion, vo ice and 
data messages were passed to ESA's Comet and the FAA's 
KC135 aircraft . 
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Figure 4 - An optical analogy of the multipath effect - diffuse reflec
tion of the setting sun's rays from the sea surface_ 

For the SAR demonstration, performed about 100 miles north 
of the Azores, the DFVLR buoy was placed in the water and 
transmitted its coded signal via ATS-6 to the Rosman ground 
station_ The latter alerted the Coast Guard in Washington, who 
then used satell ite links to co-ordinate the Comet aircraft and 
their cutter 'Gallatin' in the search for the buoy_ The aircraft 
obtained a fix on the buoy after a two-hour search and then 
'vectored' the Gallatin onto this fix, which was then refined by 
that vessel's direction finder. The buoy was taken out of the 
water about one hour after the aircraft fix, in conditions of 
wind force 6. This marked the successful conclusion to the first 
search-and-rescue operation to be initiated and conducted 
using satellite communications. 

RAE's Comet-I V aircraft 

The 'Otto Hahn' 
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SOS RECON Terminal 
in Morocco 

Mr. Roy Gibson, Director General, signing the Visitors' Book 
at Mohammed V's Mausoleum during his visit to Rabat, on 25 
January, on the occasion of the inauguration of the ESA Space 
Documentation Service's R ECON terminal at the National 
Documentation Centre of Morocco. 

M. Roy Gibson, Directeur general, signe le livre d'or du 
mausotee Mohammed V au cours de sa visite cl Rabat, le 25 
janvier, cl I'occasion de /'inauguration du terminal RECON du 
Service de Documentation spatiale de I'Agence, instalte au 
Centre national de Documentation du Maroc. 

ESA Scientific and Technical Review 

Revue scientifique et technique ESA 

Copies of the Review are available free of charge. Requests to 
be placed on the distribution list should be addressed to ESA 
Scientific and Technical Publications Branch, clo ESTEC, 
Domeinweg, Noordwijk, Netherlands. 

The following papers were published in Vol. 2, No . 1: 
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Whisker Formation on Electronic Materials, by B.O. Dunn 

ABSTRACT 

Filametary growths of single crystals, termed 'whiskers', 
nucleate and grow on certain electronic materials, either from 
vapour and liquid phases or by a process induced by residual 
stresses in electroplated surfaces. Whisker growth does not 
depend on the existence of an electric field and surfaces prone 
to their growth may nucleate and form whiskers as a result of 
exposure to a space environment . 
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This paper includes a detailed examination of tin whiskers 
which were found to have 1-4 J.lm diameters and lengths 
exceeding 2 mm. Some were found to carry currents between 
22 and 32 mA before burning out. Conductive whiskers can 
cause extensive short-circuit damage to spacecraft electronics, 
particularly as miniature devices progressively employ reduced 
spacing between conductors. Several modes of whisker growth 
on spacecraft electronic materials (molybdenum, tungsten, 
kovar, tin) have been observed and are described. Tin, cad
mium and zinc surfaces can support stress-induced whisker 
growth and it is recommended that these metal finishes be 
excluded from spacecraft design and possibly replaced by a 
tin·lead alloy . 

RESUME 

Les filaments monocristallins, ou 'trichites', qui se forment a la 
surface de certains materiaux utilises en electronique, prennent 
naissance soit a partir d'une phase gazeuse ou liquide, soit sous 
I'action des contraintes residuelles sur des surfaces a revete
ment electrolytique. La croissance de trichites ne depend pas 
de I'existence d'un champ electrique et peut se produire par 
simple exposition a I'environnement spatial. 

Dans cet article, on examine en detail les trichites d'etain qui 
ont atteint des diametres de 4 J.lffl et des longueurs superieures 
a 2 mm. Gertaines ont meme supporte des courants de 22 a 
32 mA avant de fondre. Les trichites conductrices, par les 
courts-circuits qu'el/es provoquent, peuvent causer des dom
mages importants a I'electronique des vehicules spatiaux, vu la 
miniaturisation de plus en plus poussee des composants et des 
espaces separant leurs parties conductrices. On decrit plusieurs 
modes de croissance des trichites observees sur des materiaux 
utilises dans I'electronique des vehicules spatiaux (molybdene, 
tungstene, kovar, etain). L 'etain, le cadmium et le zinc peuvent 
donner naissance a des trichites par simple effet de contrainte 
et il est recommande de proscrire tout revetement metallique a 
base de ces metaux dans la construction des satellites pour les 
rem placer par un alliage du genre etain-plomb. 

Rise and Set Time and Maximum Elevation of a Satellite, by 
E.A. Roth 

ABSTRACT 

The set·and·rise time of a near-Earth satellite is calculated 
analytically and the maximum elevation reached during a 
visibility period is determined . With the approach presented, it 

is not necessary to generate a detailed ephemeris, so that 
considerable computing time can be saved . The method is 
particularly appropriate if the satellite orbit is specified analyt
ically or semi·analytically. 

RESUME 

On calcule par des procedes analytiques les instants d'appari
tion et de disparition d'un satellite en orbite terrestre basse et 
on determine I'e!evation maximale atteinte au cours de la 
periode de visibilite. Gette methode rend inutile I'etablisse
ment d'ephemerides detail!ees et permet ainsi de reduire 
considerablement les temps de calcul. La solution est tout a 
fait indiquee dans le cas ou I'orbite du satellite est specifee de 
far;on analytique ou semi-analytique. 

Etablissement de modeles mathematiques pour regulateurs de 
puissance cl modulation de largeur d'impulsion (PWM) -
1. Modeles discrets, par R. Prajoux, J.-G. Marpinard & J. Jalade 

RESUME 

On cherche a etablir un modele mathematique discret de 
regulateur de puissance a modulation de largeur d'impulsions 
(PWM), destine a I'etude du comportement a petit signal des 
convertisseurs continu-continu consideres comme des systemes 
electriques comportant des changements de structure. On 
definit d'abord le vecteur d'etat discret a partir des equations 
d'etat du systeme. La methode de mise en equation correspon
dante permet d'obtenir soit la recurrence associee a ce vecteur 
d'etat, soit la transmittance en z du systeme lineaire equiva
lent. Le modele ainsi obtenu permet de calculer le gain 
equivalent du modulateur PWM associe a I'etage de sortie. Une 
methode de calcul de I'impedance de sortie est egalement 
presentee. Enfin les resultats generaux ob tenus sont appliques 
au cas concret d'un regulateur e!evateur. 

ABSTRACT 

An accurate mathematical model of a PWM power regulator is 
derived with a view to determining the small -signal behaviour 
of DC-DC converters, considered as electrical systems with 
varying structures within a given period . A discrete state vector 
is first defined from the state equations of the system. By 
using the appropriate method of equation derivation, one can 
obtain either the recurrence related to the state vector, or the 
z·transmittance of the equivalent linear system. Such a system 
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allows one to calculate the equivalent gain of the PWM 
modulator associated with the output stage. A method of 
calculating output impedance is also presented. The general 
results obtained are applied to the case of a boost regulator. 

ESA Activities in the Field of Hydrazine Monopropellant 
Technology for Satellite Auxiliary Propulsion, by H.A. Pfeffer 

ABSTRACT 

Hydrazine monopropellant systems have proved to be the 
standard solution for auxiliary propulsion of ESA's satellites. 
After a review of the origins of the Agency's technology 
programme in this field, past and present activities are 
summarised. 

Development activities cover: catalysts, catalytic engines, flow 
control valves, materials compatibility, diaphragm and 
surface·tension tanks, catalytic and electrothermal gas gener· 
ators, electrothermal decomposition engines, and theoretical 
studies. The performances of European hydrazine engines are 
presented. 

RESUME 

Les systemes de propulsion monergolique a hydrazine se sont 
revtHes comme la formule type dans la propulsion auxiliaire 
des satellites de I'ASE. Apres avoir passe en revue les origines 
du programme technologique de I'Agence, on decrit brieve· 
ment les activites passees et presentes dans ce domaine. 

Les activites de developpement portent sur les catalyseurs, les 
moteurs a catalyse, les vannes de commande de debit, la 
compatibilite des materiaux, les reservoirs a membrane et a 
tension superficielle, les generateurs de gaz a decomposition 
catalytique et electrothermique, les moteurs a decomposition 
electrothermique, et enfin les problemes theoriques. Les 
performances des moteurs europeens a hydrazine sont egale
ment presentees. 

Methodes d'etalonnage absolu des flux ultraviolets, par G. 
Marette 

RESUME 

Les diverses methodes de mesure precise des flux absolus de 
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sources lumineuses dans I'ultraviolet entre 50 nm et 400 nm 
sont passees en revue. Elles reposent soit sur des sources 
etalons emettant un continu ou de la lumiere a des longueurs 
d'onde discretes, soit sur des detecteurs etalons. Les techni
ques d'etalonnage absolu des flux sont comparees d'apres les 
resultats obtenus par les divers auteurs, en tenant compte de la 
precision demandee par les spectroscopistes. Les avantages et 
inconvenients respectifs des sources et des detecteurs sont mis 
en evidence. Enfin on presente une nouvelle methode combi
nant les avantages d'une source et d'un detecteur etalons. 

ABSTRACT 

Various methods for the accurate measurement of absolute 
flux from luminous sources in the ultraviolet from 50 nm to 
400 nm are reviewed. They are based either on standard 
sources, which emit a continuum or light at discrete wave· 
lengths, or on standard detectors. Techniques for absolute 
calibration of fluxes are compared from the results obtained 
by the various authors, taking into account the accuracy 
required by spectroscopists. The respective advantages and 
disadvantages of sources and detectors are described. Finally, a 
new method combining the advantages of a standard source 
and a standard detector is presented. 

Requirements for Propagation Research at Frequencies above 
15 GHz, by G. Brussaard 

ABSTRACT 

After indicating future requirements for use of the 20 and 
30 GHz bands for satellite communication systems, the paper 
describes the atmospheric effects on radiowave propagation in 
the 15-40 GHz range. Present knowledge regarding the 
different phenomena is reviewed and gaps and inaccuracies in 
available prediction methods are indicated. Using this inform· 
ation as a basis, the requirements for future propagation 
research by the Agency are outlined. 

RESUME 

On determine d'abord les exigences concernant I'utilisation des 
bandes de frequence de 20 et 30 GHz pour les futurs systemes 
de telecommunications par satellite, puis on decrit I'influence 
de I'atmosphere sur la propagation des ondes radio dans la 
gamme 15-40 GHz. On passe en revue I'etat actuel des 

allows one to calculate the equivalent gain of the PWM 
modulator associated with the output stage. A method of 
calculating output impedance is also presented. The general 
results obtained are applied to the case of a boost regulator. 

ESA Activities in the Field of Hydrazine Monopropellant 
Technology for Satellite Auxiliary Propulsion, by H.A. Pfeffer 

ABSTRACT 

Hydrazine monopropellant systems have proved to be the 
standard solution for auxiliary propulsion of ESA's satellites. 
After a review of the origins of the Agency's technology 
programme in this field, past and present activities are 
summarised. 

Development activities cover: catalysts, catalytic engines, flow 
control valves, materials compatibility, diaphragm and 
surface·tension tanks, catalytic and electrothermal gas gener· 
ators, electrothermal decomposition engines, and theoretical 
studies. The performances of European hydrazine engines are 
presented. 

RESUME 

Les systemes de propulsion monergolique a hydrazine se sont 
revtHes comme la formule type dans la propulsion auxiliaire 
des satellites de I'ASE. Apres avoir passe en revue les origines 
du programme technologique de I'Agence, on decrit brieve· 
ment les activites passees et presentes dans ce domaine. 

Les activites de developpement portent sur les catalyseurs, les 
moteurs a catalyse, les vannes de commande de debit, la 
compatibilite des materiaux, les reservoirs a membrane et a 
tension superficielle, les generateurs de gaz a decomposition 
catalytique et electrothermique, les moteurs a decomposition 
electrothermique, et enfin les problemes theoriques. Les 
performances des moteurs europeens a hydrazine sont egale
ment presentees. 

Methodes d'etalonnage absolu des flux ultraviolets, par G. 
Marette 

RESUME 

Les diverses methodes de mesure precise des flux absolus de 
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connaissances sur les differents phenomenes en jeu et on 
indique les lacunes et imprecisions des methodes de prevision 
existantes. A partir de la, on definit quel/e orientation il 
convient de donner aux recherches de I'Agence dans le 
domaine de la propagation. 

ESA Computer Programs for Satellite-Antenna-Pattern Predic
tion, by D.J. Brain & N. E. Jensen 

ABSTRACT 

Because experimental optimisation of antennas is a lengthy 
and expensive task, ESTEC has had a policy for several years 
of systematic development of computer programs for pre
dicting spacecraft·antenna radiation patterns. As a con
sequence of this policy, an extensive program library now 
exists at ESTEC. These programs can be divided into three 
groups according to the techniques used: Integral Equations, 
Geometrical Theory of Diffraction, and Physical Optics. A 
choice must be made between them depending upon the 
particular application . To aid in such a choice, the basic 
limitations and approximations are described, the programs 
outlined, and application results presented. 

The programs have been verified extensively by comparison 
with measurements and are now at a stage where they can be 
used as reliable engineering tools . 

RESUME 

L 'optimisation d'antennes par des methodes empiriques etant 
une tache coGteuse et de longue haleine, I'ESTEC poursuit 
depuis plusieurs annees une politique d'elaboration systema
tique de programmes d'ordinateur pour la prevision des dia
grammes de rayonnement d'antennes de satellites. Si bien qu'il 
existe desormais a I'ESTEC toute une bibliotheque de pro
grammes dans ce domaine. Ces programmes peuvent se repartir 

en trois groupes selon les methodes utilisees: equations integra
les, theorie geometrique de la diffraction, optique physique. 
Le choix depend de I'application envisagee. Pour eclairer ce 
choix, on expose ici les restrictions et approximations fonda
mentales de ces methodes, on decrit les programmes corres
pondants et on presente les resultats d'application. 

Ces programmes ont ere confronte dans un grand nombre de 
cas avec les mesures directes et ont main tenan t atteint un stade 
ou ils peuvent etre valablement utilises comme auxilaires de 
conception. 

Interactive Manipulation of Algebraic Expressions, by V. 
Casarosa & S. Trumpy 

ABSTRACT 

An interactive system for the formal manipulation of rat ional 
algebraic expressions is described . A user can define symbolic 
expressions containing the arithmetic operators +, - , X, ..,.. , * 
and symbolic names, and a set of special 'epi ·operators' is 
provided for the manipulation of these expressions. The 
system has been implemented under APL/CMS, but can be 
used on any system supporting the APL language. 

RESUME 

On decrit un systeme interactif pour la manipulation formel/e 
des expressions algebriques rationnel/es. Un usager peut definir 
des expressions symboliques contenant les operateurs arith
metiques +, - , X, ..,.., * et des noms symboliques. On donne 
egalement un ensemble d'operateurs speciaux appetes 'epi
operateurs' pour la manipulation de ces expressions. Le 
systeme a ete realise en APLICMS, mais peut etre mis en 
oeuvre dans le cadre de n'importe quel systeme travail/ant en 
langage APL. 
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This book consists of two parts. The first, introductory, part 
deals- with the various kinds of astronomical satellites, the sort 
of observations they perform and the signals they transmit to 
astronomers on earth. It explains how the different kinds of 
signal may interfere with one another and how the infor
mation sought may be masked by unwanted signals or noise . 
In particular, it deals with the interference that may be caused 
by large celestial objects such as clusters and nebulae. The 
second part is a catalogue of 320 such large, bright objects . 
Each object is identified by its equatorial, ecliptic and galactic 
co·ordinates; photographs of it and its immediate neigh
bourhood are provided and brief mention is made of any 
interesting peculiarities. The object of the book is to assist 
those engaged in the study of the data provided by astrono
mical satellites. 

Ce livre comprend deux parties. La premiere partie, qui est une 
introduction, considere les difterents types de satellites astro
nomiques, les observations qu'ils peuvent effectuer et les 
signaux susceptibles d'Otre transmis aux astronomes au sol. 
Elle explique comment un brouillage mutuel peut se produire 
et comment I'information peut Otre masquee par du bruit ou 
des signaux in desirables. En particulier, les interferences 
causees par des objets celestes de gran des dimensions tels que 
des nebuleuses et des amas d'etoiles sont considerees. La 
seconde partie est un catalogue comprenant 3200bjets 
brillants et de gran des dimensions. Chaque objet est defini par 
ses coordonnees equatoriales, ecliptiques et galactiques. Des 
photographies des objets et de leurs voisinages immediats sont 
incluses et les particularites interessantes sont brievement 
mentionnees. Le livre a pour but de faciliter la t§che des 
personnes qui etudient les donnees transmises par des satellites 
astronomiques. o 
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