International Conference on Space Optics—ICSO 1991
Toulouse, France

25-27 September 1991
Edited by Guy Cerutti-Maori

-

 HORIZONS

DE L'OPTIQUE

' &t
ICS0'91

Session 1: Optical Space Communications

s,
7y

&\@? esa icso proceedings é cnes

International Conference on Space Optics — ICSO 1991, edited by Guy Cerutti-Maori, Proc. of SPIE
Vol. 10571, 1057101 - © 2018 SPIE - CCC code: 0277-786X/18/$18 - doi: 10.1117/12.2326750

Proc. of SPIE Vol. 10571 1057101-1



ICSO 1991 Toulouse, France
International Conference on Space Optics 25-27 September 1991

THE SILEX PROJECT THE FIRST EUROPEAN OPTICAL INTERSATELLITE
LINK EXPERIMENT

B. LAURENT - 0. DUCHMANN

MATRA ESPACE
FRANCE
Z.1. du Palays - 31 rue des Cosmonautes
31077 TOULOUSE Cedex (tel. 61.39.61.39)

ABSTRACT

A significant improvement of a space communication system can be achieved through
the implementation of a 1link between two geostationary satellites or one
geostationary satellite and one Low Earth Orbiter.

in the frame of ESA ARTEMIS programme, MATRA is the Prime Contractor of the SILEX
project ("Semiconductor Intersatellite Link EXperiment™), which is the first
European optical communication system dedicated to an interorbit link. As the
hardware development phase 1is <currently starting, this paper summarizes the
concept based on 0.8 um diodes and describes the key features of the mission and
its technical definition. This will permit demonstration of a link between the
French satellite SPOT IV and ARTEMIS in 1995.
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SYSTEM TEST BED
The demonstration of the optical space communication feasability

JC BARTHES

MATRA Space Branch
Z.1. du Palays - 31 rue des cosmonautes
31077 TOULOUSE CEDEX ( Tel : 61 3961 39)

ABSTRACT

The use of laser diodes for optical communications between satellites is the object of the
European SILEX program funded by ESA for which MATRA is prime contractor. As a step
towards the development of a full scale space system , a complete System Test Bed (STB)
dedicated to optical space communication feasability demonstration has been built on groun&
It uses functional breadboards of all key equipments required for an optical terminal.
Communication and pointing functions have been studied and evaluated, both at subsystem
and system level. At system level a complete link includes two terminals, one of which is a
simulator .

Measurements results at subsystem and system level have strengthened the theoretical
predictions.As examples:

*The measured sensitivity for BER < 10 is -62.5 dBm at 60 Mbit/s (39 photons/bit). A 1.7 d3
degradation has been measured with 4 1071% W of optical background.To our knowledge, this
is actually the best performing system using direct detection.

“The one sigma pointing error in presence of nominal platform mechanical disturbances was
expected ( from simulation) to be 0.3 urd, the measured pointing error was 0.2 urd.This
result consolidates the PAT ( Pointing Acquisition Tracking ) analysis method and hence
validates the theoretical pointing budgets for flight model.

STB DESCRIPTION

The purpose that have been set to the STB are multifold. It must :

- provide an on-ground demonstration of the teasibility of optical links with a particuiar
mention of the SILEX system.

- Allow the measurements of subsystem terminal and system performances.

- Become one of the integration and verification tools for the terminal flight model.

A functional sketch of the SILEX system is shown in figure 1 and has been fransiated to a
STB functional diagram in figure 2 where a test arrangement has teen inserted to interface
between optical beams and electrical signals while the counterterminal. the CPA and the
telescope are simulated .

CPA and telescope simulations are justified in that the Far Field FPattern (FFP) conditions for
the telescope are reached for distances over 150 km and in that a Coarse Pointing Assembly
{ CPA) usually operates under 0g conditions. if the chosen model and characteristics are
representative enough, thanks to breadboarding results, much simplicity and versatility are
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Figure 1 . STLEX Functional diagram
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Figure 2 - STB Functional outline
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BALISE OPTIQUE SILEX

PJ. CREPIN

Société BERTIN - B.P. 22000 - 13791 AIX EN PROVENCE CEDEX 3

La Balise est un des équipements du programme SILEX de I'Agence Spatiale Européenne, quia

pour but d'établir une licison de télécommunications par voie optique entre satellites.

Implantée dans le terminal du satellite géostationnaire, la fonction de la balise est de générer
un faisceau optique continu intense, uniforme et collimaté, qui, dirigé vers le satellite en orbite
basse, permettra s‘assurer I'alignement précis des deux télescopes afin d'établir la liaison de

télécommunication.

La définition de cet éguipement est basée sur I'utilisation de 19 diodes laser émettant chacune
500 mwW continus. Le flux lumineux provenant de chague diode est couplé & I'aide d'une opti-
que anamorphigue dans une fibre optique multimode & saut d'indice. Les 19 fibres sont ensuite
compactées et mises en regard dune fibre unique dont les fonctions sont dassurer un
mélange incohérent des 19 flux unitaires et de garantir l'uniformité requise du flux total émer-
geant. Ce dernier est ensuite collimaté & I'aide d'un objectif dioptrique assurant la conjugaison

entre le champ proche de la fibre et le champ lointain Ia balise.

La communication présentera la définition de 'architecture générale de l'instrument établie &
partir des spécifications fonctionnelles et des besoins opérationnels (fiabilité en particulier) et Ia
définition optique en découlant. Les résultats expérimentaux obtenus sur une maquette de

développement seront également présentés.
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E2TUDY OF AN INTERSATELLITE QPTICAL LINK WITH COHERENT
RETURN LINK.ASPECTS OF MASS REDUCTION AND SUBSYSTEMS
DECOUPLING BY MEANS OF OPTICAL FIBERS.

G.Margheri and A. Mariant

Officine Galileo,Via A.Einstein 35,Campi Bisenzio
Florence ,Italy.

Reduction of masses,volumes and power consumption 1s
one of the most important tasks to be reached in order
to mako an intersatesllite aptical link attractive.

ITn thig work, we report the results of the study on
two kinds of Low Earth Orbit {LEO) satellite and
Geostationary Earth Orbit (GEQO)} optical links in which
the return LECG to GEO is realized with a TEMOC Nd-YAG
lazer beam placed on LEO satellite.

The usge of a s'agle mode laser beam makes it possible
te usc a transmitter telezcope of reduced
aperture, thanks to the very high antenna dain achievable.

Tr the present study, we consider a symmetric { equal

el s on LEO-GEQC terminals = 150 w@m)} and an
asymmeLric ( different telescopes apertures on the
terminals LEG telecscope'’s aperture =150 mm, GED
telescope's aperture = 250 mm).

Moreover,the use of a TEM0OO beam allows very high
coupling efficiencics in singlcmode pelarization-
mantaining optical fibers.Aas @ consequencs, ths

possibility of decoupling the laser scurce with the
electric supmslies from the optical aerial terminal may
be foreseen, together with a further decreasing of  the
aerial terminal mass,in particular for LED terminal.

Proc. of SPIE Vol. 10571 1057101-7



