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Motivations for space activities started in 1958: it was then a small laboratory of Institute of Astrophysics of Liege
(IAL). In 1962, under the name of IAL-Space, it began real space activities observing the auroras in ultraviolet by
sending around twenty sounding rockets, launched mostly from the base of Kiruna (Sweden). IAL-Space was finally
recognized in 1975 as a coordinated test installation of the European Space Agency. It moved to Sart Tilman in 1984
to reach more spacious buildings. Subsequently IAL-Space got the status Research Center in 1988, it became a
PRODEX Institute and changed its name to CSL in 1992. Lately it has further expanded with the commissioning of
a new test facilities like FOCAL 3, FOCAL XXL, enabling to perform tests in the infrared range. Centre spatial de
Licge is now a research Centre dedicated to space instrumentation including environmental test facilities and high
level laboratories. It works for the European Space Agency (ESA), for the space industry and for regional industries.
From the beginning of its more than 50 years long history, CSL develops, assembles, calibrates and/or tests
observation instruments and relevant sub-systems capable to operate in a harsh environment, in order to serve the
demands of the space science. Space Systems Program focuses its effort to incorporate CSL into the teams dedicated
for definition, design, integration and/or ground and in flight calibration of scientific payload missions, mainly under
the final authority of the most prestigious Space Agencies (ESA, NASA, JAXA, CNES, BELSPO, ...). Today, more
than 15 complex pieces of CSL technology have been launched in space, all of them operating nominally. Some of
the most significant instruments made by CSL are: S2 / S68 telescope on TD1/ESRO, Halley Multicolor Camera
(HMC/GIOTTO), FOC (HST), EIT solar telescope (SOHO), HI (STEREO), SWAP (PROBA 2), optical monitors
with OM (Newton), OMC (INTEGRAL) and various contributions on PACS (Herschel), MIRI (JWST), UVS
(JUNO) and COROT. In 2011, this strong heritage allows CSL to be awarded with the Extreme UV Imager (EUI)
Plship of Solar Orbiter (ESA M1 science mission). For the Future, CSL is involved in the L1 JUICE, L2 ATHENA,
M1 Solar Orbiter, M2 EUCLID, M3 PLATO, S1 CHEOPS, S2 SMILE ESA missions as well as the SPP, ICON
NASA Missions. CSL is an Academic Member of IAF since 1988. The presentation will concentrate on the
development of Space Instruments during this half a century of Space Adventure, focusing on Solar Physics and
Space Weather Instruments.

scientific knowledge, talents, prestige and great
cultural influence, a perpetual source of power and

1. INTRODUCTION ideas within international aero-space community

It is an honor for me to present the 6th Paolo Santini
Memorial Lecture corresponding to the 10th
anniversary of his death. In 2006, ten year ago,
Professor Paolo Santini was supposed to give the
Breakwell Lecture choosen by the Astrodynamics
Committee. for the IAC 2006 Congress in Valencia.
Unfortunately a deadly disease attacked him and
shortly took him to death the 5th of May 2006.

Professor Paolo Santini was Professor at University
of Rome “La Sapienza”. He was the co-founder of
the IAF Materials and Structures Committee and one
of the outstanding personalities within IAF and the
TIAA for almost 40 years. He was a man of great

(IAF, AGARD, ICAS).

The Materials & Structures Committee of the IAF
was proud to have established the Paolo Santini
Memorial Lecture starting from 2011. Paolo Santini
performed during almost 50 years in the aerospace
field. His researches spanned many arguments,
encompassing: flexible space structures,
optimization, stability analysis, thermal analysis,
smart structure, Orbital problems, heat conduction
and its related thermo-elastic problems in the space
structures, the study of the stability in flexible
orbiting structures, the problem of the sloshing in
satellites , the acoustics of the launchers to the study



of the multibody systems and the active control of the
vibrations through the use of the so-called smart
structures etc. just to mention the ones more related
to the space field. This presentation will mainly be an
historical ([1] [2] 3): the half century of Space
challenges at Centre Spatial de Liége. During the
presentation, whenever possible as long as time
allows it, technologies close to Professor P. Santini
and to this session will shortly be mentioned: Stable
Structure, thermo elastic deformations and its
verification (4 ..11), Additive layer manufacturing for
Space  Subsystems  (11....17), Design and
qualification of Space Instruments Space (18...28),
thermal control with PCM (29...31), MEMS based
magnetometers (32...34), thermal radiation transfer
modelization (35...36), astrodynamics and orbit
determination (37), contamination (38...40), structure
dynamics of flexible structures (41...44), solar panels
with concentrators(45), aeronautic subsystems (46)

In the early 1960’s, two European institutions
were created for developing space research. The
ESRO (European Space Research Organization) was
charged of the building of scientific satellites; the
Eldo (European Launcher Development
Organization) would develop the necessary rockets.
In order to discuss financial, management and
priorities, from 1966 to 1975, the European space
conference (ESC) conveyed regularly the European
ministers in charge of the space research. Belgium
participated to the European space effort since the
beginning and was actively involved within
intergovernmental negotiations. Théo Lefévre and
Charles Hanin, ministers in charge of scientific
research, were particularly active as chairman of
ESC. Théo Lefévre fighted on several frontlines to
save space Europe; he was convinced of the necessity
to ensure the European control of launchers. With
France and Germany, Belgium was until the end
member of the Eldo. Starting in 1969, Théo Lefévre
negotiated with the United States, an European
participation to the ambitious American post-Apollo
program. But it was under Charles Hanin presidency,
thanks to his intuition and his tenacity, that, during
the ESC summit of 31 July 1973, an agreement was
reached on three points: 1) the merge of Eldo and
Esro in one European space agency (the future Esa);
2) the new program Ariane; 3) the building of the
orbital laboratory Spacelab as the European
participation to the American post-Apollo

program.([1])

2. Early days of the team and development of
CSL in short
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Space Activities at the University of Liege started
earlier in the framework initiated by the work of the
International Geophysical Year (IGY, 1957-1958)
and was the reason of the launch of the first artificial
satellite, into an East-West rivalry atmosphere which
provoked widespread interest in space activities and
the actuation of major financial resources.

Europe has quickly positioned itself as the third
global partner by creating COPERS (Provisional
Commission for Studies and Space Research) then
ESRO (European Space Research Organization) and
finally the ESA (European Space Agency). These
organizations were created from the efforts of the
scientific community. Professor Pol Swings at the
University of Liége was one of the founders and long
remained active at European level. He proposed the
first two European experiments (S1 and S2) to be
embarked on the first three axes stabilized satellite
TDI1. The other protagonist of the Belgian Space
Research was his student Marcel Nicolet, Secretary
General of the IGY and founder in 1965 of the
Institute for Space Aeronomy, the I.A.S.B. The grant
of spatial vectors was ensured at European level
through the financial contributions of member states,
which was relatively easy to obtain given the positive
atmosphere enjoyed by the Space Research
internationally. ([1] [2])

Belgian Grants were modest but sufficient to
financially support national experiences; they were
eventually taken over by the Scientific Policy
Programming Services.

Closely with COPERS later with ESRO, the Institute
of Astrophysics was able to initiate in 1964 a series
of sounding rockets flight the first in Sardinia, then in
1966 the first sounding rocket launch from Kiruna
(Esrange).

In 1967, the S2 proposal from Professor A. Monfils
was selected by ESRO for TD1. The Belgian/UK
Ultraviolet Sky Survey Telescope (S2/68) in the
ESRO TD1 satellite carried out a controlled scan of
the entire sky. In collaboration with a group from the
University College of London, CSL was responsible
for the design, development and calibration of the
main  spectrophotometric  Ultraviolet telescope,
S2/S68, of that satellite.

This important contribution allowed 'strengthening
the role and status of the team of André Monfils.
Paradoxically this major success closed the first
golden age of the team. The team lost in fact after
that time, its main supports at the University and at
the region but the IAL Space Team remained strongly
unified in these difficult conditions, which could
counterbalance an academic environment less
favorable. With limited funding’s, the team could
nevertheless contribute to the development of the
Photon Detector Assembly (PDA) of the Faint Object
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Camera (FOC) of the Hubble Space Telescope and of
the Halley Multicolour Camera (HMC).

The FOC was designed to take imaging observations
of astrophysical sources from the near ultraviolet to
the near infrared (1150 to 6500 Angstroms). The
instrument was removed from HST during Servicing
Mission 3B in March, 2002

The HMC was the imaging system on the Giotto
spacecraft and was the only remote sensing
instrument on board which could look at the nucleus
of comet Halley. The FOC was one of the 4 original
axial instruments aboard the Hubble Space Telescope
(HST).

To keep the entire team in activity, the team leader
André Monfils accepted to participate to less
academic activities like calibration tests of the
METEOSAT radiometer making use of the testing
facilities developed for S2/TD1. This decision was
the wright decision because this led IAL Space the
possibility to become an Coordinated Test Facility
and later test the different versions of METEOSAT
radiometers. The Coordinated Test Facility of IAL
Space was obtained with the support of Belgian SPPS
(Les Services belges de la Politique et de la
Programmation Scientifique; Gilberte Dehoux at that
time) and the European Space Agency (Georges
Pieter Van Reeth); IAL Space acquired for 5 years,
renewed several times, the status of "Coordinated
Facility Space Agency European ". Through this
status, TAL Space received a high-performance
hardware, and was given responsibility for many
important projects.

The long period of competition for subsidies and for
recognition as autonomous group was at that time
forgotten and gave way to an atmosphere of
cooperation beneficial to both spatial theoretical
astrophysics, and finally at the University of Lic¢ge.
At the retirement of Professor A. Monfils in 1990, the
Space team included then forty-eight members. Later
in 1991, for clarity purpose, and at the request of the
University, we changed the "IAL Space" acronym
into "Centre Spatial de Liege", which is working
since then under the direct responsibility of the Board
of 'University. (Figure 1).

—_———

Figure 1: Change of name in 1992

This name recalls the Toulouse Space Centre, and
refers to the name of the Astrophysics Institute of
Paris, which had been suggested at the time by P
Swings.
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The projects come from diverse backgrounds,
including always the European Space Agency. They
now cover almost the entire spectrum of
electromagnetic radiation.

CSL acquired cruising speed and the number of
employees has exceeded one hundred.

The story of CSL can be simplified in different
periods corresponding to small changes in activities
and orientations

Period 1 (1960-1975): Space Instruments and the
research associated to the in house developed
instruments

Period 2 (1975 -1988): ESA Coordinated Test
Facility associated with assembly, alignment,
calibration, space qualification of Remote Sensing
Instruments for ESA Science or Earth Observation
Directorates, coming from ESA or European
Industry. During that period, the funding for in house
Space Instruments and associated research were
drastically reduced.

Period 3 (1988 a 1999): With the creation of
PRODEX in 1986 and the adoption in Belgium in
1991, funding became available on a more regular
basis for the development of Remote Sensing
Instruments up to launch (without the associated
research which became funded to other Institutes
associated to CSL), in addition to the ESA
Coordinated Test Facility; CSL got an Institute
Agreement in the frame of PRODEX. The first
instruments developed under PRODEX are outlined
in Figure 2.
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Figure 2: Space Instruments developments
between 1988 and 2005

Period 4 (1999-2005): In addition to the already
existing activities, the University of Liége and the
Walloon region push CSL to develop new products
and create around 10 Spin-offs in the domains of
Optical Metrology, Earth Observation image
analysis, LASER technologies and others. CSL was
at the origin of the creation in 1999 of Wallonia
Space Logistics (WSL) an incubator which is focused
on technologic start-up firms whose technologies are
most of the time the result of spatial R&D projects.
The incubator’s mission is to support young
entrepreneurs coming mainly from Walloon
universities in creating their company, to help to get
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it going and to accompany the project during its first
years of growth so as to contribute to increase the
number of high tech firms in Wallonia.

Period 5 (2005 - now) : While CSL is still
performing tests for ESA and Industry , this is no
more coordinated as an ESA Coordinated Test
Facility since 2005 but due to the specific tasks
realized by CSL and the expertise of CSL in Optical
metrology (ISO, NEWTON, Tiger team on Herschel
Telescope, PLANCK optical testing, ...) and in
Straylight Testing and Simulation (COROT and
CHEOPS baffle, STEREO HI, SO HI, SPP WSPR,
PROBA V), CSL becomes a Center of Excellence in
Optics.

From that period, the Space Instrumentation
development is no more limited to PRODEX and the
Science Directorate but to Industrial Contracts for
Earth Observation Instruments and subsystems.

(See Figure 3).

&St

Volume of activity in €

Figure 3: Volume of Space Instrumentation activities
for PRODEX under the arrow compared to the
volume of Space Instrumentation under Industrial
contracts.

New technical Research activities are also starting
financed by the Wallonia’s Marshall Plan and by the
European Community H2020. In an effort to boost
the competitiveness of the Walloon Region in sectors
where it already had potential, the Walloon
government adopted the Marshall Plan in September
2005. This plan is encouraging collaboration in
Research between Industries and Research Centers
and Universities.

The presentation will concentrate on the development
of Space Instruments and their qualification during
this half a century of Space Adventure, focusing on
Solar Physics and Space Weather Instruments.

CSL Space Technologies [4] will be very shortly
presented.

3. Scientific instrumentation at CSL
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CSL participates in the development of several
remote sensing instruments developed mainly for
ESA, NASA, CNES and BELSPO see Figure 4

£t Participation to ESA and NASA Science Missions

Figure 4: Participation to Science Missions

In 1960 started the design, realization, calibration and
testing of instruments for sounding rockets under
COPERS support which will become ESRO in 1962
(operational only in 1964).

The spectrometer R81 was launched on the 20th of
November 1966 on a CENTAURE sounding rocket.
The team performed 11 CENTAUR flights between
February 1967 and november 1971
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Centaure Sounding Rocket of ESRO

In 1967 the S2 proposal from Professor A. Monfils
was selected by ESRO for TDI1. The Belgian/UK
Ultraviolet Sky Survey Telescope (S2/68) in the
ESRO TD1 satellite carried out a controlled scan of
the entire sky. It measured the absolute ultraviolet
flux distribution between 2740A and 1350A of point
sources down to 10th visual magnitude for
unreddened early B stars.

The Belgian/UK Ultraviolet Sky Survey Telescope
(S2/68) in the ESRO TD1 satellite

Al ;
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$2/S68 in space conditions in the space simulator ,
FOCAL 2 of IAL Space
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TD-1A satellite

The TDI1 Catalog of Stellar Ultraviolet Fluxes
represents results from the sky-scan experiment on
the TDI satellite of the European Space Research
Organization (ESRO), now part of ESA. It lists the
absolute fluxes, in four passbands, for 31,215 stars
TD-1A, or Thor-Delta 1A, was a FEuropean
astrophysical research satellite which was launched in
1972. Operated by the European Space Research
Organisation, TD-1A made astronomical surveys
primarily in the ultraviolet, but also using x-ray and
gamma ray detectors

The S2 / S68 tests last several months but even after
the validation of experience, FOCAL 2 remains not
idle. At the end of the campaign, the facility is used
to conduct new calibration tests on various space
instruments including a Swedish instrument to
embark on a satellite Interkosmos (USSR).

Through these campaigns, capabilities and expertise
of the scientific and technical team of Professor
Monfils begin to be recognized at European level and
IAL Space is approached in 1974 by the French
company " Engins Matra ". Engins Matra is, at this
time, in charge of developing a key radiometer of
"Meteosat". This instrument, a radiometer, is the
heart and brain of the satellite. It must be calibrated
under vacuum.

The technological challenges are extraordinary. The
operating conditions of the radiometer in
geostationary orbit impose to cool the infrared
detectors to - 190 ° C in a particularly demanding
thermal environment. FOCAL 2 must be equipped
with a cold screen cooled to temperatures close to
absolute zero. This is only possible by using liquid
helium (4 K) and this application will mark the start
of an important collaboration between the Monfils
Group with the Laboratory of Low Temperatures led
by Professor Roger Blanpain at the University of
Licge.
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From left to right: Claude Jamar, Roger Blanpain,
André Monfils and Antonio Cucchiaro

With the visibility provided by the Meteosat program,
TAL Space sign new contracts with British Aerospace
and Matra. The team is selected to participate in the
certification of the Faint Object Camera (FOC), one
of the first instruments of the mission "Hubble Space
Telescope", the famous giant NASA space
observatory.

FOC is a very high resolution camera for the study of
extremely distant and faint objects . IAL Space is
responsible for certifying and calibrating its sensors
(Photon Detector Assembly - PDA) as well as to
participate in a consortium conducting thermal testing
of the complete instrument at ESTEC (Test Centre of
the European Space Agency Noordwijk in the
Netherlands).
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The Faint Object Camera (FOC), one of the first
instruments of the "Hubble Space Telescope"

This project offers a unique opportunity to IAL Space
to develop its test facilities park. In order to calibrate
the "PDA“, FOCAL 2 is not suitable because it is not
equipped to perform measurements in the far
ultraviolet (120nm - 650nm). IAL Space then order a
new vertical axis vacuum chamber of 1.5m in
diameter and 0.7m in height, coupled with a
monochromator. This tank is used to go at least 107
mB of internal pressure and reproduce controlled
thermal environments between + 120 °C and -190 °C.
Commissioned in 1978, it was named "Focal 1.5" by
analogy with its bigger sister “FOCAL 2”.

-~

"Focal 1.5" tank coupled with a monochromator.
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PDA under tests

With these investments, IAL Space gets a new
recognition of the European Space Agency being
distinguished as a leading location in Europe for
certification and calibration of instruments combining
optics and electronics in space environment.

This recognition will have an immediate effect. IAL
Space is integrated in a consortium of European
research institutes who proposed an instrument to the
space probe "Giotto".

Giotto is an extraordinary ESA mission. Its ambition
a little crazy to go to the Halley's Comet which is
coming back in the vicinity of the earth after 76 years
of loop in the solar system. To achieve these
objectives, the probe carried a payload consisting of
not less than 10 scientific experiments designed and
conducted by various European and American
scientific institutions. Among these we have mass
spectrometers, various plasma analyzers, a
magnetometer and a camera in several colors.
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The instrument was remarkable but still not easy to
certify. This task was devoted to IAL Space. Given
the severe constraints of the encounter, it was
necessary to design and implement an
optomechanical system with 7 degrees of freedom,
computer driven, allowing not only to perform an
optical diagnostic and calibration of experience, but
also define the dynamic capabilities of the shooting
in the acquisition and pursuit of the comet.

Calibration of HMC at CSL

GIOTTO was launched in 1985, photographed the
nucleus of Halley's Comet in 1986. The the
spacecraft Giotto, passed a few hundred kilometers
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away from the well-known comet of HALLEY in
1986. The mission was very successful and many
people will certainly recall the live shows with the
beautiful and dramatic images of the discovery of the
nucleus of a comet, seen for the first time by the
mankind.

First images of Halley Comet

Dr Uwe Keller, Principal Investigator for Giotto's
Halley Multicolour Camera, describes a projection of
findings from the comet encounter, at ESOC in
March 1986.

Dr Uwe Keller, Principal Investigator for Giotto's
HMC, at CSL in June 2016 (30 years after GIOTTO
results).
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GIOTTO satellite assembling

First image of the nucleus of Halley's comet

While IAL Space engineers and technicians simulate
Halley's comet, the European Space Agency is
launching new science projects. Among these is an
ambitious survey project of stars in our galaxy. This
project, initiated in 1980, named after the Greek
astronomer who compiled one of the first star
catalogs "Hipparcos" (for HIgh Precision Parallax
Collecting Satellite).
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"Hipparcos" (for HIgh Precision Parallax Collecting
Satellite).

The realization of the satellite and its equipment is
attributed to Aeritalia and Engins Matra. Almost
naturally, Engins Matra turns to IAL Space to
achieve the vacuum testing of the double field of
view telescope the satellite payload. Teams of IAL
Space are enthusiastic but soon realize that there is a
huge difficulty.

A new vacuum chamber larger than FOCAL 2 is
necessary and adequate room is needed to install it.
But there is no way to extend the Institute of
Astrophysics building in Cointe.

During the year 1983, the decision was taken to
construct a new building for IAL Space. Largely
funded by the Walloon Ministry of Technology and
supported by the European Space Agency, a building
of 3640 m? will be erected in the Science Park of
Sart-Tilman where the technological spin-offs of
university begin to settle.

The new facilities were inaugurated in November
1984. For IAL Space, it is a new era which begins. In
his opening address, Professor Monfils will hammer:
"IAL Space is a university department managed like
a private company."

The building is designed around a large clean room
of 480 m? of floor area and 10 meters high. Equipped
with a bridge of 5 tons, it will house the new space
simulator "FOCAL 5", a cylindrical steel monster 5
meter diameter and 7 meters long, made also by the
Ateliers de la Meuse.
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480 m? and 10 meters high clean room. Equipped
with a bridge of 5 tons, it will house the new space
simulator "FOCAL 5".

The new facility is quickly requested. While Giotto's
validation campaign continues at Cointe, two models
of the Hipparcos instrument are tested and calibrated
under vacuum in this new facility between 1985 and
1987 using optical calibration means (OGSE Optical
Ground Support Equipment) specially designed and
assembled at CSL
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Hipparcos instrument in FOCAL 5

ISO satellite is an ESA scientific mission which will
make observations of the cold universe and
interstellar dust in the infrared spectrum. To operate
at these wavelengths (between 2.5 and 200 microns),
the focal plane of the instrument must be cooled to a
temperature of about 4K (-269 ° C). In the late 80s,
there are only few laboratories in Europe able to
prepare and conduct such tests. IAL Space is part of
this exclusive circle.

ISO (Infrared Space Observatory)
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On this occasion, IAL Space implements creative
ways including a double-wall thermal enclosure
disposed in the simulation chamber Focal 5 and fed
with nitrogen and liquid helium. This chamber also
allows the sight of the focal plane by a
interferometric  collimator measuring the optical
quality of the instrument.

The helium consumption needed for these tests
requires the acquisition of the first liquefier of IAL
Space, the Koch 1630, still operational today, capable
of producing liquid helium at -296 ° C (4 ° K) from
pure gaseous helium.

Cooling system
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In 1988, CSL is been prime contractor for the
instrument "Extreme Ultraviolet Imaging Telescope"
EIT launched on the satellite NASA / ESA SOHO
(SOlar and Héliocentric Observatory) in 1995; it
photographed the solar corona. Pierre ROCHUS is
the Project Manager of a Consortium of 3 Countries
and 7 laboratories. EIT will be the first Instrument
funded under PRODEX.

Extreme Ultraviolet Imaging Telescope

CSL has also contributed actively to the following
projects:

. XMM / Newton through the development of
'Optical Monitor "

. INTEGRAL by the optics and mechanics of
"Optical Monitor Camera"

. IMAGE (NASA's medium explorer) through
the implementation of the optomechanical an imaging
spectrometer in ultraviolet.

Active in the field of instrumentation from the '70s,
CSL participates in the development of various
instruments, for example most recently:

. PACS, which is currently flying aboard the
satellite Herschel ESA;

. a heliospheric imager for NASA's mission
SECCHI / STEREO,;

. several parts of the French satellite COROT;
. several important elements of the MIRI

instrument for the James Web Space Telescope;

. the whole telescope SWAP for observing the
sun from minisatellite PROBA2.

4. Testing activities at CSL

Parallel to these activities related to the development
of scientific instruments, the Space Center of Liege is
now one of four testing facilities of the European
Space Agency (ESA) and specializes in the
performance evaluation of satellite payloads, under
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observation as well as astrophysics geophysics.
Optical vacuum tables, in the halls of high level of
cleanliness, can describe the behavior of instruments
submitted to a restored space environment. Tests can
be performed from temperatures of -270 °C to +120
°C with interferometric stability. The vacuum
chambers with optical benches range from 1 m?® to
200 m® in volume. Many space experiments have
been tested at CSL, up from METEOSAT to Planck
satellite, through the instruments of Hipparcos and
XMM / Newton, GAIA, TROPOMI, PROBA V, ...

The facilities allow CSL and implement
environmental testing in a space environment but also
on mechanical testing machine for vibration required
to certify the equipment during launches. These
vibration tests can be performed in cryogenic
conditions, which is required for infrared mission

equipment’s which are cooled before launch
(Herschel).

The CSL has equipment to measure the state of
molecular and particulate cleanliness.

5. Center of excellence in optics

As Center of excellence in optics, the CSL has
adopted advanced equipment and specialized in
various technological activities for terrestrial and
space applications. For example:

. surfaces polished by ion beam,;

. surface  structures  with  microscopic
irregularities controlled by ion beam;

. deposition of thin films and optical coatings;
. microfabrication  technology  (networks,

integrated optics, ...);

. developments in the field of photovoltaics,
including the development of concentrators for solar
panels for space and terrestrial applications;

. development of sensors for monitoring the
integrity (health monitoring).
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Astrophysics

Page 11 of 15




BELSPO Belgian Science Policy Office MIRI Mid-Infrared Instrument
CHEOPS CHaracterising ExOPlanets Satellite OGSE Optical Ground Support Equipment
COPERS Commission Préparatoire Européenne de OM Optical Monitor
Recherche Spatiale OMC Optical Monitor Camera
COROT i i
(Tjroaﬁ;igtlon ROtation and ~ planetary PACS The Photoconductor Array Camera and
. - Spect t
CSL Centre Spatial de Liége pectrometer
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"Father of Geometry"), is a space dExperlences s01ent1ﬁques
mission currently under development by SMILE Solar Wind Magnetosphere Ionosphere
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by accurately measuring the acceleration SOHO SOlar & Heliospheric Observatory
of the universe. SPP Solar Probe Plus
EUL Ext UvVI Spq - —
i X. reme. mager SPPS Services belges de la Politique et de la
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FOCAL 2 Facilité d' Optique et de Calibration a STEREO Solar TErrestrial RElations Observatory
Liege de 2 métres SWAP Sun Watcher using APS detectors and
image processing
GEERS Groupe d'Etudes FEuropeen pour la TD-1A, Thor-Delta 1A,
Collaboration dans le domaine des
Uvs
Recherches Spatiales UV Spectrometer
WISPR ide-Fi
Horschel The European Space Agency's Herschel Wide-Field Imager for Solar Probe Plus
Space Observatory (formerly called Far WSL Wallonia Space Logistics
Infrared and Sub-millimetre Telescope
or FIRST)
HI Heliospheric Imager
HMC Halley Multicolour Camera 8. REFERENCES
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