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evropean space agency

The European Space Agency was formed out of and took over the rights and obligations of, the.two earlier European Space Orgonisations — the
Furopean Spoce Research Orgarisation (ESRO) ond the European Organisation for the Development and Consiruction of Space Vehicle Lounchers
(ELDO), The Member States are Austrio, Belgium, Denmark, Finland, France, Germany, Ireland, ltoly, the Netherlands, Norway, Portugol, Spain,
Sweden, Switzerland and the United Kingdom. Canada is o Cooperating Stote.

I the words of its Convention: the purpase of the Agency shall be to provide for ond to promate for exclusively peaceful purpases, co-operation among
European States in spoce research ond fechnology and their space applicafions, with a view to their being used for scientific purposes and for operational
space opplications systems:

() by elaborating and implementing o long-term European space policy, by recommending space objectives o the Member States, and by concerting
the policies of the Member States with respect o other nafional and international organisafions and institutions;

(b) by elaborafing and implementing activities and pragrommes in the space field;

(¢) by co-ordinating the European space programme and nafional programmes, and by integrating the latter progressively and os completely os
passible info the European space programme, in particulor os regards the development of applications satellites;

(d) by elaborating ond implementing the industrial policy appropriate to ifs programme and by recommending o coherent indusirial policy to the
Member States.

The Agency is directed by o Council composed of representatives of the Member States. The Director General s the chief executive of the Agency and
ifs legol representative.

The ESA HEADQUARTERS ore in Paris.

The major establishments of ESA are:

THE EUROPEAN SPACE RESEARCH AND TECHNOLOGY CENTRE (ESTEC), Noordwilk, Netherlands.

THE EURDPEAN SPACE OPERATIONS CENTRE (ESOC), Darmstadi, Germany

ESRIN, Frascati, Haly.

Chairman of the Coundil: P Tegnér

Director General: A. Rodoti

agence spatiale evropéenne

L'Agence Spatiale Eurapéenne est issue des deux Organisations spatiales européennes qui 'ont précédée — |'Organisation européenne de recherches
spatiales (CERS) et ['Organisation européenne pour la mise au point ef o canstruction de lanceurs d'engins spatiaux (CECLES) — dont elle a repris es
droits et obligations. Les Etats membres en sont: |'Allemagne, I'Autriche, la Belgique, le Danemark, I'Espagne, la Finlande, lo France, I'rlonde, [ialie,
Io Norvége, les Pays-Bas, le Portugal, le Royaumi-Uni, lo Suéde et lo Suisse. Le Canada bénéficie d'un statut d'Etat coopérant.

Selon les termes de la Convention: /'Agence a pour mission d'assurer ef de développer, d des fins exclusivement pacifiques, lu coopération enire Flats
européens dans les domaines de lo recherche ef de ln technologie spaiales e! de leurs applications spotiales, en vue de leur utilisotion & des fins
scientifiques et pour des systémes spatiaux opérationnels dapplications:

(a) en élaborant et en mettant en ceuvre une politique spatiale suropéenne d long ferme, en recommandont aux Etals membres des objectifs en
‘matiére spatiale et en concerfant les politiques des Etats membres d I'égard d'autres organisatians et insfitutions nationales f internationales;
(b) en élaborant et en mettant en oeuvre des aclivités ef des programmes dans le domaine spatial:

(¢) en coordonnant le programme spafial européen ef les programmes nationauX, ef en intégrant ces derniers progressivement el aussi
complétement que possible dans le progromme spatial européen, nofamment en ce qui concerne le développement de satellites d'applications;
(d) en élaborant et en mettant en osuvre o politique indusirielle appropriée @ son progromme ef en recommandant aux Elals membres une politique

industrielle cohérente.

L'Agence est dirigée par un Conseil, composé de représentants des Elals membres. Le Directeur général est e fonctionnaire exécutif supérieur de
I'Agence et la représente dans fous ses actes.

Le SIEGE de I'Agence est & Poris.

Les principaux Etablissements de |'Agence sont:

LE CENTRE EUROPEEN DE RECHERCHE ET DE TECHNOLOGIE SPATIALES (ESTEC), Noordwilk, Poys-Bas.

LE CENTRE EUROPEEN D'OPERATIONS SPATIALES (ESOC), Darmstod, Allemagne. Cover: ESK' Rosefta mission, dve for lounch in
ESRIN, Fosat, aly January 2003 (see page 10)
Président du Conseil: P Tegnér
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Contraves i el

Under a contract with the European Space Agency (ESA) SREM (Standard Radiation Environmental Monitor)

has been developed and manufactured by Contraves Space in co-operation with the Paul Scherrer Institute
(PSl} in Switzerland.

Performing a wide range of in orbit Radiation Monitoring functions,
the Radiation tolerant SREM helps keeping your Spacecraft onboard
instruments safe from major Radiation events.

SREM is compatible with all common spacecraft interfaces

and mission constraints.
Main Features :
e Compactsize » Three (3) precision particle detectors
Internal dose measurement
Internal temperature measurement

e Low weight e Microprocessor, memory and data storage capacity for autonomous operation
during several days
* Low power » Data downloading on request via host spacecraft telemetry

Operational monitoring accessible from host spacecraft
data handling system

Manufactured SREM's have been attributed to specific missions:
¢ STRV-1C Now flying
* PROBA Now flying
e Integral Now flying

and are selected for upcoming missions:
e Rosetta, Mars Express, GSTB, PROBA 2, Herschel, Planck.

SREM on INTEGRAL

e
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SREM on PROBA
SREM in orbit data

= . | Contraves Space AG
any| Marketing and Sales Phone +4113062812
Schaffhauserstrasse 580 Fax +4113062210

CH-8052 Zurich, Switzerland eric.staub@ unaxis.com
WWW.contravesspace.com jack.schneider@unaxis.com



Alcatel Espacio
Your Best Spanish Space Supplier

ain Products

¥ Digital Electronic Equipment

- On-Board Data Handling
- Digital Payload Engineering

- Antenna Pointing Systems

¥ Rediofrequency Equipment .
- S-Band TTC Digital Trans, _
- SBand TTC Spread S
- SBand TTC High P

LBand Tran

RF Active and Passive, On-Board Data Handling Equipment and Subsystems is our main line of business.

We are specialised in the development and manufacture of a few equipment, through parinership
with the main space prime contractors.
Our track record includes participation in more than 45 programs satellites.

Alcatel Espacio is a Spanish subsidiary company of Alcatel Space Industries

v

ALCATEL

ARCHITECTS OF AN INTERNET WORLD

Alcatel Espacio, S.A. C/ Einstein, 7. 28760 Tres Cantos (PTM) ® Madrid - Spain. Tel. 34 91 807 79 00 - Fax 34 91 807 79 99

www.alcatel.es/espacio/index_i.htm
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COMPACT ENVIRONMENTAL ANOMALY SENSOR

FEATURES:
pp ° Compact: 10x 10x 8.1 cm, 1 kg
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» Flexinle 1/0: supports 15536

DC AN
and BS422

111

jelet

* Full GSE and operational software
» On-hoard determination of
| 1,u_l.rr-‘_ll.,a.._;1% conditions

il

ud

,‘u:: S a rgm,.r Act, re u:li tion hard, low power,
J,J ace “weather” H;Li,'r_] ensor developed to monitor
rn«- If_;f..gi r«th: { _rl drulr_mm *r;f -snr_l (o} ,1!,)*11,{.)

e
1l
1

L)

o J“E:'_l-'lﬂ.:: _:
AR A

Amptek has a long and distinguished
track record in the manufacture of space
2 the! instrumentation. Mission examples include:
re-p ritlze lts operatlons DMSP, TIROS, CRRES, NEAR and APEX.

a'y sensmve tasks such as attitude Current off-the-shelf Amptek sensors measure

J nts, or initiate other prudent actions spacecraft charging, thermal and suprathermal
as dicated by the CEASE warning flags. Device and high energy particles. 2

degradation mechanisms and radiation tolerance of In addition, Amptek

components can also be monitored. provided the X-ray
S B I D OBIENSEIAS SSiecte PATHFINDER Mission.

CEASE for several missions, including:
- TSX-5 High reliability components from Amptek have
- STRV-1C been the number one choice of many missions,

= SBIRS LADS including: GALILEO, CASS|N|, GIO'ITO. AXAF,

; SUISEI, CLUSTER, SOLAR, GEOTAIL, SOHO,
and the DSP operational spacecraft. INTEGRAL. WIND and AMPTE.

IAMP >

‘[-H . AMPTEK INC.

L 6 DE ANGELO DRIVE, BEDFORD, MA 01730-2204 U.S.A.
Tel: +1 (781) 275-2242 Fax: +1 (781) 275-3470 email: sales@amptek.com hitp://www.amptek.com
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For over twenty years Gore Space Wire and Cables have contributed to the
success of many space missions, such as Moon Landing, Spacelab, EURECA,
ERST + 2, ltalsat, SAX, SPOT, ISO, Envisat, XMM, Metop, Integral, scientific

research in space, Columbus

As a special cable supplier we support

|
you in planning the next step info space
Call us now. EURE |

TEL -+ AQ/QW 44/6 01-0 Creative Technologies
FAX:+ 49/91 44/60 14 53 WergREs
electronics.europe@wlgore.com
www.goreelectronica.com




DISCOVERING
SPACE WITH YOU

Innovative solutions
for space missions.

Attitude sensors,
missions payloads,

RF equipment,

solar arrays,

power supply,
automation & robotics.

@ Galileo Avionica

A Finmeccanica Company

Space Equipment Business Unit
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knowledge management for complex systems
multi-disciplinary project teams

multi-user simulation solutions
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Dear Reader,

| would like to welcome you to this issue of the ESA Bulletin, in its
new format, with a more pictorial and less technical content. It is
my hope that this change in presentation will help to put the
excellent work that the Agency is doing in the different facets of the
space business into a broader context, and more clearly highlight
its value for the citizens of Europe, both now and in the future.

The leading-edge research and applications work that ESA is doing
at the very challenging frontiers of space — in science, earth
observation, telecommunications, satellite navigation, space
transportation, human spaceflight and microgravity — is already
producing many spin-offs that are having far-reaching benefits for
our everyday lives. The new-look Bulletin will endeavour to keep
you, as a European taxpayer and hence a contributor to this
exciting effort, fully informed in that regard.

This issue features the Rosetta scientific mission, which will be
launched in January 2003. Some ten years in development with
European industry, and after an eight-year trek through the inner
Solar system, Rosetta will complete the most comprehensive
examination ever made of a comet, orbiting and sending a Lander
to the surface of this piece of primordial cosmic debris.

| hope that you will enjoy reading this and future issues of the new
Bulletin and that it will stimulate your interest in our exciting
European space missions and programmes.

; \
Antonio Rodota
Director General, ESA

esa bullelin 112 - november 2002



@esa Sdence

Rosetta:

Claude Berner, Loic Bourillet, Jan van Casteren, John Ellwood, Michael Kasper, Philippe Kletzkine,
Rita Schulz & Gerhard Schwehm
ESA Directorate of Scientific Programmes, ESTEC, Noordwik, The Netherlands

Manfred Warhaut
ESA Directorate of Technical and Operational Support, ESOC, Darmstadt, Germany

Peter Bond
Space Consultant, Cranleigh, United Kingdom

Why ‘Rosetta’?

The Rosetta spacecraft is named after the famous Rosetta Stone, a slab of
volcanic basalt now on display in the British Museum in London. French soldiers
discovered the unique Stone in 1799, as they prepared to demolish a wall near
the village of Rashid (Rosetta) in Eqypt’s Nile delta. The carved inscriptions on
the Stone included hieroglyphics — the written language of ancient Egypt — and
Greek, which was readily understood.

By comparing the inscriptions, it eventually became possible fo decipher the
mysterious figures that had been carved several thousand years earlier. Most of
the pioneering work was carried out by the English physician and physicist,
Thomas Young, and French scholar Jean Francois Champollion. As a result of
their breakthroughs, scholars were able to piece together the history of a long-
lost culture for the first time.

Just as the discovery of the Rosetta Stone eventually led to the unravelling of
the mysterious hieroglyphics, so Rosetta will help scientists to unravel the
mysteries of comets. Whereas hieroglyphics were the building blocks of the
Egyptian language, comets are considered to be the most primitive objects in
the Solar System, the building blocks from which the planets formed.

Billions of these giant chunks of ice still linger in the depths of space, the
remnants of a vast swarm of objects that once surrounded our Sun and
eventvally came together to form planets. Virtvally unchanged after 5 billion
years in the deep freeze of the outer Solar System, they still contain ices
and dust from the original solar nebula. They also contain complex organic
compounds which some scientists believe may have provided the raw
material from which life on Earth evolved.

10 esa bullefin 112 - november 2002
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Comet (

n the night of 12-13 January 2003,
one of the most powerful rockets
in the world will blast off from
Kourou spaceport in French Guiana.
On top of the giant Ariane-5,
cocooned inside a protective
fairing, will be the Rosetta comet
chaser, the most ambitious
scientific spacecraft ever built in
Europe.
Rosetta’s mission is to complete the most comprehensive
examination ever made of a piece of primordial cosmic
debris — a comet. After an eight-year trek around the inner
Solar System, the spacecraft will home in on its fast-moving
~ target, eventually edging to within just a few kilometres of the
solid nucleus, the icy heart of Comet Wirtanen.
By the summer of 2012, the Rosetta Orbiter will be close
enough to map and characterise the nature of the dormant
nucleus in unprecedented detail. Once a suitable touchdown site
is identified, a small Lander will descend to the pristine surface,
the first object from planet Earth to soft-land on one of these
primitive worlds. Meanwhile, as the comet inexorably continues on
~its headlong rush towards the inner Solar System, the Rosetta
Orbiter will catalogue every eruption of gas and dust as Wirtanen’s
volatiles vaporise in the warmth of the Sun.

The final chapter in Rosetta’s decade-long tale of exploration will
take place in July 2013, when the roving explorer returns once again to
the vicinity of Earth’s orbit. However, as with any complex, exciting
adventure, it is worth delving into the historical background in order
to understand how it all began. In the case of Rosetta, the tale began

17 years ago in a conference room in Rome.

The Rosetta Lander is released from its
‘mother croft’ as it orbifs the nuclevs of
Comet Wirtanen

W esa.in esa bulletin 112 - november 2002 11



Comet Nucleus Sample Return

In January 1985, Ministers responsible for
space matters in ESA’'s Member States
came together to approve an ambitious and
far-seeing programme of scientific and
technological research. One of their most
significant decisions involved approval of
a long-term science plan, which was then
named ‘Horizon 2000°. A Resolution
drafted by the Ministers stated, “The
Council agrees to reinforce space-science
activities in Europe during the next decade
with a view to enabling the scientific
community to remain in the vanguard of
space research.”

Based on inputs from the European
space-science community, the
revolutionary plan included ground-
breaking missions that would be launched
between the mid-1990s and the early years
of the 2Ist century. The proposed
programme was founded on four major
Cornerstones, one of which was described
bodies
including return of pristine materials”.
Even before its Giotto spacecraft reached
Comet Halley, ESA was looking forward
to establishing a leading role in the
exploration of the smaller bodies of the
Solar System by bringing back samples of
material from either a comet or an asteroid.

After Giotto’s remarkably successful
Halley flyby in March 1986, the emphasis
switched to comet sample return, but it
soon became clear that the cost of such a
mission would be too prohibitive for
Europe to carry out alone. As a result, the
ESA Science Executive began to
investigate the possibility of conducting
the Planetary Cornerstone as a
collaborative venture with NASA, which
was already pursuing its own Comet
Rendezvous and Asteroid Flyby (CRAF)
mission.

At this stage, scientists on both sides of
the Atlantic were excitedly anticipating
sending a mission to land on a relatively
active, ‘fresh’ comet that did not approach
too closely to the Sun. Apart from
characterising the surface of the nucleus
and obtaining high resolution imagery of
the landing site, it was hoped to obtain
three types of sample: a ‘core’ drilled to a
depth of at least one metre; a sealed sample

as “a mission to primordial

12 esa bulletin 112 - november 2002

Artist’s impression of the ESA-NASA Rosetta Comet Nuclevs Sample Return spacecraft

of volatile, icy material; and a sample of
non-volatile surface material. Stored at the
same frigid temperatures experienced on
the comet, the samples would be returned
for comprehensive analysis in laboratories
on Earth.

By 1991, a joint ESA-NASA Rosetta
Comet Nucleus Sample Return mission
had been defined, with launch anticipated
in December 2002. The spacecraft was to
comprise three modules. A large NASA
Mariner Mark II Cruiser would provide
attitude control, navigation, power,
propulsion and communications. Attached
to the main bus would be a Lander, which
was to carry a drill and surface sampling
tool, and an Earth-Return Capsule. Once
the samples were safely transferred to a
container in the Capsule, the spacecraft
would lift off, leaving the Lander behind
on the comet. Two and a half years later,
the Capsule would parachute into the
ocean with its precious cargo, ready for
collection by helicopter and ship.

A Revised Rosetta

Within two years, NASA’s financial
difficulties and resultant cutbacks in its
space-science programme (notably the
cancellation of the CRAF mission) forced
ESA to reconsider its options for Rosetta.

The prime consideration was to define a
core mission that could be performed by
ESA alone, using European technology —
although the door was left open for other
agencies to participate. The revised
baseline mission that emerged involved a
rendezvous with a comet and at least one
asteroid flyby. It was hoped that a small
Lander would be added as an additional
experiment provided by one or more
scientific institutions.

To all intents and purposes, that is the
mission that has survived to the present.
The Rosetta that will be launched towards
Comet Wirtanen in January 2003
comprises two spacecraft: a 3 ton Orbiter,
including 165 kg of scientific instruments,
and a 100 kg Lander provided by a
consortium including ESA and institutes
from Austria, Finland, France, Germany,
Hungary, Ireland, Italy and the United
Kingdom, under the leadership of the
German Space Agency (DLR).

“That such a complex mission can be built in
parinership and delivered on time is a great tribute fo
the management and cooperative spirit of industry,
the scientists and the many agencies involved, as well
as ESA's staff.” says John Fllwood, Rosetta Project
Manager.

wnw.esa.int



Rosetta —

—-—_electrical cable — are also built into the

Anatomy of a Spacecraft

Rosetta is truly an international enterprise,
than 50 industrial
contractors from 14 European countries
and the United States.
spacecraft contractor is Astrium Germany,

involving  more

The prime

while Astrium UK (spacecraft platform),
Astrium France (spacecraft avionics) and
Alenia Spazio (assembly, integration and
verification) are major subcontractors.
The Rosetta Orbiter resembles a large
aluminium box, 2.8 x 2.1 x 2.0 m. The 11
scientific instruments are mounted on the
Payload Support Module (the ‘top’ of the
spacecraft), while the subsystems are on
the ‘base’” or Bus Support Module
Several kilometres of harness -8
heart d&f each module.
~"On one side of the Orbiter is

the main communications

dish — al2.2 m—dyimeter,
steerablck High-gain -
antenna \—~ while  the

e
Lander is attachéd to—the
{'l|'l|‘il_'l.\'i|i.' faee,

Two enormous solar wings extend from
the other sides. These panels. each 32 m”
in area, have a total span of about 32 m tip-
to-tip. Each of them comprises five panels,
and both may be rotated through +180 deg
to capture the maximum amount of
sunlight.

In the vicinity of Comet Wirtanen, the
scientific instruments will almost always
point towards the comet, the
antennas and solar arrays point towards the
Sun and Earth (at large distances, they
appear fairly close together in the sky).

while

www.esa.int

By contrast, the Orbiter’s side and back
panels are in shade for most of the mission.
Since these panels receive little sunlight,
they are an ideal location for the
spacecraft’s radiators and louvers which
regulate its internal temperature. They will

Navigation
cameras

Pressurant tank

Power supply
units behind
the panel

Thrusters\

N

Y

also face away from the comet, so that
damage from cometary dust will be
minimised.

At the heart of the Orbiter is the main
propulsion system. Mounted around a
vertical thrust tube are two large propellant
tanks, the upper one containing fuel and
the lower one the oxidiser. The Orbiter also
carries 24 thrusters for trajectory and

. computers

attitude control. Each of these thrusters
pushes the spacecraft with a force of
10 Newton, equivalent to that experienced
by someone holding a bag of 10 apples.
Over half the Taunch weight of the entire
spacecraft — more than 1.7 tonnes — s
made up of propellant.

Low-gain antenna

l'l.. ﬂ
i

On-board

antenna

Exploded view of the
Rosetta Orbiter

esa bullelin 112 - november 2002 13
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OSIRIS (Optical, Spectroscopic, and Infrared
Remote Imaging System): A Wide Angle
Camera and a Narrow Angle Camera to
obtain high-resolution images of the comet’s
nucleus and asteroids Siwa and Otawara.

ALICE (Ultraviolet Imaging Spectrometer):
Analyses gases in the coma and tail and
measures the comet's production rates of
water and carbon monoxide/dioxide. Also
provides information on the surface
composition of the nucleus.

VIRTIS (Visible and Infrared Thermal Imaging
Spectrometer): Maps and studies the nature
of the solids and the temperature on the
surface of the nucleus. Also identifies comet

~ gases, characterises the physical conditions

of the coma and helps to identify the best
landing sites.

MIRO (Microwave Instrument for the Rosetta
Orbiter): Used to determine the abundances
of major gases, the surface outgassing rate
and the nucleus subsurface temperature. It
will also measure the sub-surface
temperatures of Siwa and Otawara, and
search for gas around them.

ROSINA (Rosetta Orbiter Spectrometer for
lon and Neutral Analysis): Two sensors will
determine the composition of the comet's
atmosphere and ionosphere, the velocities of
electrified gas particles, and reactions in
which they take part. It will also investigate
possible asteroid outgassing

The Rosetta Payload
The Orbiter’s scientific payload includes
11 experiments and a small Lander, which
will conduct its own scientific
investigations. The ‘mgtruments on the
Rosetta  Orbiter  will\
examine every aspect of
the small cosmic iceberg
(see side panels). 7
Wide and Narrow Angle >
Cameras will image the comet’s
nucleus and asteroids Siwa and
Otawara in order to determine

their volume, shape, bulk density
and surface properties. Three
spectrometers  operating  at
different wavelengths will analyse
the gases in the near-nucleus
region, measure the comet’s
production rates of water and carbon
monoxide/dioxide, and map the
temperature and composition of the
nucleus.

Our knowledge of the nucleus should be
revolutionised by the CONSERT
experiment, which will probe the comet’s
interior by transmitting and receiving radio
waves that are reflected and scattered as
they pass through the nucleus.

Four more instruments will examine the
comet’s dust and gas environment,
measuring the composition and physical
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characteristics of the particles, e.g.
population, size, mass, shape and velocity.

The comet’s plasma environment and
interaction with the electrically charged
particles of the solar wind will be studied
by the Rosetta Plasma Consortium and the
Radio Science Investigation.

The 100 kg Rosetta Lander carries a
further nine experiments, as well as a
drilling system to take samples of sab-
surface material. The Lander instruments
are designed to study in situ for the first
time the composition and structure of the
surface and subsurface material on the
nucleus.

www, estint

COSIMA (Cometary Secondary lon Mass
Analyser): Will analyse the characteristics of
dust grains emitted by the comet, including
their composition and whether they are
organic or inorganic

MIDAS (Micro-Imaging Dust Analysis
System): Studies the dust environment
around the asteroids and comet. It provides
information on particle population, size,
volume and shape.

CONSERT (Comet Nucleus Sounding
Experiment by Radiowave Transmission):
Probes the comet’s interior by studying radio
waves that are reflected and scattered by the

_ nucleus.

GIADA (Grain Impact Analyser and Dust
Accumulator): Measures the number, mass,
momentum and velocity distribution of dust
grains coming from the nucleus and from
other directions (reflected by solar radiation
pressure).

RPC (Rosetta Plasma Consortium):

Five sensors measure the physical properties
of the nucleus; examine the structure of the
inner coma; monitor cometary activity; and
study the comet’s interaction with the solar
wind.

RSI (Radio Science Investigation): Shifts in
the spacecraft’s radio signals are used to
measure the mass, density and gravity of the
nucleu; define the comet’s orbit; and study
the inner coma. Also be used to measure the
mass and density of Siwa, and to study the
solar corona during the periods when the
spacecraft, as seen from Earth, is passing
behind the Sun.

esa bulletin 112 - november 2002 15




The Rosetta Lander

The box-shaped Lander piggybacks on the
Orbiter until it arrives in close orbit
around Comet Wirtanen. Once the
‘mother craft’ is aligned correctly, the
ground commands the Lander to push off
and unfold its three legs, ready for a gentle
touch down at the end of the slow descent.
On landing, the legs damp out most of the
Kinetic energy to reduce the chance of
bouncing, and they can rotate, lift or tilt to
return the Lander to an upright position.

Immediately after touchdown, a
harpoon is fired to anchor the Lander to
the ground and prevent it escaping from
the comet’s extremely weak gravity. The
minimum mission target is 65 hours, but
surface operations may continue for many
months.

The Lander structure consists of a
baseplate, an instrument platform, and a
polygonal sandwich construction, all made
of carbon fibre. Some of the instruments
and subsystems are beneath a hood, which
is covered with solar cells for power
generation. An antenna transmits data
from the surface to Earth via the Orbiter.

16 asa bullein 112 - november 2002
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A Space Odyssey

Although its cometary target has changed
since Rosetta was first envisaged, the
launch date has altered very little.
Rosetta’s 10-year odyssey will begin in
January 2003, when an Ariane-5 launcher

Otawara.
speed fro
by close flyh
in 2005 and 20

After a large
Rosetta will break the
cell-powered spacecraft as it o
path carries it some 800 million km from -
the Sun. It will then be re-activated for the
most difficult phase of the mission — the
final rendezvous with the fast-moving
comet.

Arriving in the comet’s vicinity in
November 2011, Rosetta’s thrusters will
brake the spacecraft so that it can match
Comet Wirtanen’s orbit. Over the next six
months, it will edge closer to the black,

www.esa.int



|
|

Rosetta Lander Scientific Experiments

g and Composition experiment): One of two evolved gas
es complex organic molecules from their elemental

s analyser, which obtains accurate
elements

‘and Subsurface Science): Uses sensors
exterior o measure the thermal and mechanical

) fta ' tometer and Plasma Monitor): A magnetometer and
mﬁlnr sIldv the local mgnatk field and the comet /solar-wind

SESAME (Surface Electrical, Seismic and Acoustic Monitoring Experiments): Three
instruments measure properties of the comet’s outer layers. The Cometary Acoustic
Sounding Surface Experiment measures the way in which sound travels through the
surface. The Permittivity Probe investigates its electrical characteristics, and the
Dust Impact Monitor measures the dust environment to the surface.

APXS (Alpha X-ray Spectrometer): Lowered to within 4 cm of the ground, it
detects back-scattered alpha particles and alpha-induced X-rays, which provide
information on the elemental composition of the comet’s surface.

CONSERT (Comet Nucleus Sounding Experiment by Radiowave Transmission):
Probes the internal structure of the nucleus. Radio waves from the CONSERT
experiment on the Orbiter travel through the nucleus and are returned by a
transponder on the Lander.

CIVA: Seven micro-cameras - six mono and one stereo pair - take panoramic
pictures of the surface. A visible-light microscope and coupled infrared spectrometer
studies the composition, texture and albedo (reflectivity) of samples collected from
the surface.

ROLIS (Rosetta Lander Imaging System): A CCD camera to obtain high-resolution
images during descent and of the nucleus surface below the Lander and of the areas
sampled by other instruments.

$D2 (Sample and Distribution Device): Drills more than 20 ¢m into the surface,
collects samples and delivers them to different ovens or for microscope inspection.
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Rosetta

dormant nuclens until it is only a few
dozen Kilometres away. The first camera
images will dramatically improve
calculations of the comet’s position and
orbit, as well as its size, shape and rotation.

By the summer of 2012, Rosetta will
enter orbit around the comet, sweeping to
within a few kilometres of the coal-black
surface. However, the almost imperceptible
gravitational pull of the ‘dirty snowball®
will mean that Rosetta need only circle
Wirtanen at a snail’s pace — a few
centimetres per second. With the alien
landscape now looming large. the
Orbiter’s cameras will start to map the
nucleus in great detail. Eventually, a
number of potential landing sites will be
selected for close observation.

Once a suitable site is chosen, the
Lander will be released from a height of
about 1 km. Touching down gently at
walking speed — less than 1 metre per
second — the ambassador from Earth will
anchor itsell to the nucleus before sending
back high-resolution pictures and other
information on the nature of the comet’s
ices and organic crust. Scientists back on
the distant Earth will eagerly await the
treasure trove of data from the pristine
surface as it is relayed to ground stations
via the Orbiter.

The way will then be clear for the
exciting comet chase towards the Sun.
Over a period of 12 months, the Orbiter
will continue to orbit Wirtanen, observing
the dramatic changes that take place as the
icy nucleus begins to warm and vaporise
during the headlong rush towards the Sun.
The escort mission will end in July 2013, at
the time of the comet’s closest approach to
the Sun (perihelion). More than 3800 days
will have elapsed since Rosetta’s dramatic
space odyssey began.

“The Rosetta mission is something that
we could only dream about 17 years ago,
and now it is becoming an exciting reality”,
says Gerhard Schwehm, Rosetta Project
Scientist.
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“When beggars die, there are no comets
seen:

The heavens themselves blaze forth the
death of princes.”

Shakespeare’s Julius Caesar

or centuries, comets have inspired

awe and wonder. Many ancient

civilisations saw them as portents of
death and disaster, omens of great social
and political upheavals. Shrouded in thin,
luminous veils with tails streaming behind
them, these ‘long-haired stars’ were given
the name ‘comets’ by the ancient Greeks
(from the Greek word kome meaning
‘hair’).

Apart from their links to soothsaying
and astrology, comets — particularly the
very bright objects visible to the naked eye
— have always been popular targets for all
kinds of observations and speculation.
Their sudden appearance and spectacular
shape make them very appealing for
amateur astronomers and photographers
everywhere, and the 1997 apparition of
Comet Hale-Bopp made headlines around

Exploring A Cosmic
lceberg

esa bullelin 112 - november 2002

Image of Comet Wirtanen taken from Calar Alto Observatory
in Spain on 6 September 2002 in a 3 minute exposure with
a broadband red filter (courtesy of K. Birkle & J. Aceituno)
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the world. But why are scientists so keen (o
study these beautiful intruders into the
inner Solar System?

Planetary Building Blocks

Comets are small icy bodies, usually only
a lew Kilometres across. Their basic
ingredients are dust and frozen gases that
were formed and preserved at very low

temperatures in the vast, rotating cloud of

material which surrounded the young Sun.
Since they have not been altered by
internal heating and spend most ol their
lives far from the Sun. these primitive
bodies have changed little since their
creation. Today we believe that comets
represent the oldest building blocks of our
Solar System. cosmic icebergs trom which
the planets were assembled some 4.6
billion (4 600 000 000) vears ago.

In those violent times. many comets
crashed into the infant planets. Craters
caused by ancient comet and asteroid
impacts can still be seen on the surfaces of
the Moon, Mercury and many planetary
satellites. Comets may also have provided
much of the water that now forms Earth’s
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Hubble Space Telescope time-lapse composite
image of Comet Shoemaker-Levy approaching
the planet Jupiter in 1994

oceans. and may even have delivered the
complex organic chemicals that led to the
first primitive life forms.
By learning more about individual
comets. scientists also hope to get a
History of o comet broader understanding of the formation
and evolution of our Solar System as a
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whole. Like detectives trying to gather
clues about a case. they need to obtain
detailed information about the physical
and chemical properties of comets in order
what the
environment was like when the planets
were born. Unfortunately, this is far from
easy since most of the comets have been
hurled into the outer parts of the Solar
System by gravitational interactions with
the giant outer planets. As a result, only
the modest number of comels deflected

to discover interplanetary

towards the Sun become accessible to our
scrutiny.

Dirty Snowballs

Until the 1986 flyby missions to Comet
Halley, no one knew what a comet nucleus
was really like. The icy heart of a comet is
so small that it is almost impossible to see
and analyse from Earth. As soon as the
nucleus moves close enough to us for
detatled observation, it is obscured from
view by the coma, an all-enveloping
shroud ot gas and dust. When it is inactive,
and not hidden by the coma. it is too far
away to be resolved by even the best
telescopes and too faint to allow detailed
spectroscopic analysis of ils
material.

surface

The most popular theory about the
nature of comets was put forward by
American astronomer Fred Whipple, often
known as the ‘grandfather’ of modern
cometary science. Whipple believed they
were like dirty snowballs — large chunks of
water ice and dust mixed with ammonia,
methane and carbon dioxide. As the
snowball approached the Sun. its outer ices
began to vaporise. relcasing large amounts
of dust and gas, which spread through
space to form the characteristic tails.

Today, largely thanks to data from ESA’s
Giotto and two Russian Vega spacecraft,
along with the recent encounter by NASA's
Deep Space 1, that
Whipple’s model was fairly accurate.
Giotto's pictures provided the final proof
that Comet Halley resembles a lumpy,
peanut-shaped body. about 15 km long and
7-10 km wide. The ‘dirty snowball’ was
indeed very dark in appearance — blacker

we now know

than coal. The images also showed at least
seven jets of vaporised ice and dust
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spurting through vents in the surface
that
convincing evidence (o

nucleus -
support the
concept that comelary activity is confined
to a small number of localised active areas

material coated the

on the rotating nucleus.

Analysis of the material released when
Halley’s nucleus was exposed to the Sun
led to major progress in the understanding
of the comet’s composition. New insights
were provided into the physical and
chemical processes taking place in the
inner coma, and the way in which the

interacted with the electrified
particles of the solar wind.

comet

Simple organic (carbon-rich) molecules,
such as formaldehyde and methanol, were
also detected for the first time. A major
surprise was the discovery of a new class
of minuscule particles. each less than a
miltionth of a metre across — too small to
be detectable by remote-sensing techniques.
These were dubbed ‘CHON’ particles
because they were rich in the light
elements carbon, hydrogen. oxygen and
nitrogen.

Giotto Halley Multicolour Camera (HMC)
image of Comet Halley with, inset, a sketch of
its main features (courtesy of MPAe Lindau)
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Breakthroughs with Rosetta

The images and other data returned during
these short-lived flybys have improved our
knowledge of comets tremendously.
However, despite such significant
advances, scientists want to learn more
about these fleeting visitors to the inner
Solar System. Further studies
important in order to answer these key

are

questions. What role, if any, did comets
play in the evolution of life? How and why
does a comet change during repeated
approaches to the Sun? What lies at the
heart of the nucleus, beneath its mysterious
black blanket? Questions such as these can
only be answered by Rosetta, the most
sophisticated spacecraft ever to investigate
a ‘long-haired star’.

Rosetta will not just cast a cursory
glance at its target, Comet Wirtanen, but
it will provide the first intimate look at
one of these intriguing objects. The
investigation will begin while the intruder
is still in deep space, 650 million km from
the Sun. As it accompanies the comet on
its headlong charge towards the Sun at
speeds of up to 135 000 km/h, instruments
on the Orbiter will determine the basic
properties of the frozen, inactive nucleus,
measuring its size, shape, mass and
density.

www esa.int

After the Rosetta Orbiter has moved to
within a few kilometres of the pristine
surface, the entire nucleus will be surveyed
at wavelengths covering almost the entire
electromagnetic spectrum. Close-range
images taken in visible light will be
combined to map every bump and surface
crack in the alien landscape down to a
resolution of just a few centimetres.
Parallel mapping from infrared to
millimetre wavelengths will measure the
corresponding  surface temperatures,
identify individual icy and mineralogical
components and determine their
distribution on the surface.

This will only be the beginning. As the
nucleus 1s heated, the frozen volatiles
(gases) start to vaporise and the dust is
released, Rosetta will become the first
spacecraft to witness how a dormant
nucleus begins to stir into activity and
evolve.

Over a full year, the Orbiter will observe
from close range the extraordinary
metamorphosis that takes place in the
nucleus and its surrounding coma,
providing the long-awaited information
needed to understand the physical and
chemical  processes  causing  this
phenomenon. Will the material be
smoothly released from the entire heated

Mass spectrum of a cometary ‘CHON' particle
recorded in 1986 by the Soviet Vega-1 spacecraft's
dusl-impact anolyzer. The numbers are Atomic
Mass Units (AMU)

area through micropores, or will the
surface be cracked open at certain areas to
release the material underneath? Nobody
yet knows, but Rosetta will be on station to
solve the mystery.

As soon as the nucleus becomes active,
the Rosetta Orbiter will start to analyse the
material that is released. The comet watch
will continue as Wirtanen accelerates
towards the inner Solar System and
activity on the nucleus becomes ever more
frenetic. Instruments will measure the
elemental, molecular and isotopic
composition of the gas and dust, along
with the dust size distribution. Individual
dust particles will also be collected and
scanned by an atomic force microscope
with an imaging resolution of a millionth
of a millimetre.

From all of these studies, scientists will
discover how the level of comet activity
influences the properties of the material it
spews into space. The interaction of the
comet with the interplanetary magnetic
field and the particles of the solar wind
will complete the monitoring of the
comet’s evolution. Only when Wirtanen
reaches perihelion, the closest point in its
orbit to the Sun, will Rosetta’s remarkable
mission be terminated.
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Rosetta Lander Science

By making the first soft landing on a comet, the Rosetta Lander will be able to
conduct unique investigations into what the nucleus of Comet Wirtanen is made of.

s Equipped with 9 scicnl'ii"ic,L-xpcrinmnlls, the Imx-shapc(i
spacecraft is dedicated to studies of the physical properties
and the composition of the nucleus. All of the instruments
will take at least one corftingency measurement immediately
after landing, and then continue to follow the evolutidn of
the nucleus at it approaches the Sun. These in situ
investigations will provide unprecedented knowledge of the
comet’s icy heart.

Samples of material will be obtained, not only from the
surface but also to a depth of 20 em, using a special sample
drilling and handling device. The samples will then be
imaged in visible and near-infrared light, and analysed in
detail to discover their elemental, isotopic, molecular and
mineralogical composition.

Panoramic and close-up images of the surface around and

beneath the Lander will give Earthlings their first views of

the alien, hostile landscape. The physical properties of the
strange, black surface material, the local magnetic field and the comet/solar wind
interaction will also be studied. Meanwhile, the CONSERT instrument (half of
which is on the Lander and half on the Orbiter) will sound the interior of the 1.1
km-wide nucleus, rather like a physician using ultrasound to study an unborn child
in its mother’s womb.
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Asteroid Science

On the outward leg of its eight-year trek to
Comet Wirtanen, Rosetta will make two
excursions into the main asteroid belt
between the orbits of Mars and Jupiter.
This will enable the spacecraft to encounter
two contrasting asteroids, 4979 Otawara in
July 2006 and 140 Siwa in July 2008. These
primordial, rocky worlds — leftovers from
the formation of the planets — have been
selected after careful evaluation of the
scientific significance of the reachable
targets combined with an assessment of the
spacecraft’s fuel budget.

Siwa, a C-type (carbon-rich) asteroid, is
particularly interesting. Unlike the more Comet 140 Siwa
common S-type, the C-type asteroids are
believed to have undergone little or no
heating, so they are considered to be unaltered, volatile-rich bodies, darkened by opaque organic material. The
meteorite analogues of these primitive asteroids are carbonaceous chondrites. Approximately 110 km in
diameter, Siwa will be the largest asteroid ever studied during a spacecraft flyby.

Once Siwa was identified as the prime target, subsequent mission analysis showed that Rosetta’s fuel budget
would also allow a visit to Otawara, a 4-km-wide S-type asteroid. Otawara rotates faster (about once every three
hours) than any asteroid so far visited by a spacecraft and so Rosetta should be able to image most of its surface
during the fly past.

A multi-wavelength study will be performed of both asteroid targets. Apart from their basic characteristics such
as size, shape and mass, the measurements will allow scientists to discover the mineralogical composition of their
surfaces and to search for frozen volatiles, particularly water ice. Very sensitive sensors, designed to analyse the
gas and dust in the coma of Comet Wirtanen, will also be switched on to search for evidence of any very sparse
comas surrounding the asteroids, particularly the much larger Siwa.

4979 - Otowara

951 - Gaspra
433 - Eros

_ 13-da ()
253 - Mathilde i ' Dactyl

140 - Siwa’

Relative sizes of Otawara, Siwa and other known asteroids
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he International Rosctta Mission

was approved as a Cornerstone

mission within ESA’s Horizon 2000
Science Programme in November 1993.
Even at this early stage. it was envisaged
that the ambitious mission would be
scheduled for launch in the 2003
timeframe and a number of comet-
rendezvous opportunities were identified.
Although the original target, Comet
Schwassman Wachmann 3, has since been
superseded by another periodic intruder
into the inner Solar System. Comet
Wirtanen. there has been little shift in the
original launch schedule. Rosetta is now
set for lift-off from Kourou on the night of
12-13 January 2003.

Ever since the mission was accepted and
given a slot in the long-term Horizons
2000 programme. the teams of ESA
engineers and scientists have been engaged
in arace against time. Once the design and
specifications of the spacecraft and its
payload were fixed in 1998, just four years
remained for the Assembly. Integration and
Verification phase.

Following the conventional spacecraft
development philosophy. the Rosetta
project team and its industrial partners
were first required to build a Structural and
Thermal Model in order to evaluate the
design and thermal characteristics of the
satellite. This was to be followed about
seven months later by the delivery of an
Engineering and Qualification Model that
would be wused to demonstrate that
Rosetta’s electrical and other subsystems
would operate correctly in the extreme
environment of deep space. Only then
would the Flight Model be assembled and
put through a final series of exhaustive
tests that would check out overall
performance and flight readiness.

Rosetta Structural and Thermal Model undergoing vibration
festing at ESTEC in January 2001
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Rosetta . .

Meanwhile, teams from many countries
were also required to deliver a Structural
and Thermal Model, an Engineering and
Qualification Model and a Flight Model of
each of their instruments that would be
used to survey the comet. With a three-
month launch campaign scheduled to
begin in early September, there was no
time to pause for breath and 24-hour shifts
became commonplace for the engineers
and scientists who endeavoured to ensure
that Rosetta would leave the pad on time.

“The heavens have their own fimetable and the
comet won't wait for us if we're late,” said John Ellwood,
Rosetta Project Manager.

The Flying Italian

Preparing a 3 tonne spacecraft for a series
of endurance tests is far from easy. Before
the thermal vacuum checks could take
place, intrepid Alenia Spazio engineer
Natalino Zampirolo was required to
imitate an acrobat on a high wire.
Suspended from an electric hoist, the
engineer was required to ‘fly’ alongside the
spacecraft at a height of 5 metres above the
floor of the giant test chamber.

Dangling next to the Rosetta orbiter,
Zampirolo gingerly removed the ‘red tag’
items — protective covers, arming plugs on
the explosive connectors etc. — that were
fitted as a safety precaution during normal
work on the spacecraft. With his task
successfully accomplished. the flying
Italian was relieved to retreat to safety,
leaving the spacecraft armed and ready to
start its thermal trial.

Rosetta Runs Hot and Cold

One of the key stages in the test
programme was 1o establish whether
Rosetta could maintain reasonable
working temperatures throughout its
circuitous trek to the orbit of Jupiter and
back. In order to check the efficiency of
Rosetta’s thermal-control system. engineers
at the European Space Research and

www.esa.inl

Technology Centre (ESTEC) in the
Netherlands placed the spacecraft in a
thermal-vacuum chamber where the wildly
fluctuating temperatures that Rosetta will
experience could be replicated.

Imprisoned in the giant airless chamber,
the Rosetta Orbiter, the Lander and their
complement of 20 scientific instruments
were alternately baked and frozen. In order
to simulate the warmth of the inner Solar
System, the exterior of the spacecraft was
heated to a sizzling 150°C by a solar
simulator comprised of 12 lamps each
radiating 25 kW. During subsequent tests,
liquid nitrogen was pumped through pipes
in the chamber, causing the temperature
inside to plummet to -180°C.

Sensors indicated that the spacecraft’s

insulation and heat control systems
enabled Rosetta to survive these thermal
tortures in fine shape, with internal
temperatures restricted to between 40°C
and -10°C. ESTEC engineers confidently
predicted that, with the aid of its radiators
and reflective louvers, Rosetta will be the
‘coolest spacecraft’ around.

“These tests show that Rosetta can survive the
fremendous temperature contrasts it will endure as it
flies from the vicinity of the Sun to the orbit of Jupiter,”
says Claude Berner, Payload and Operations Manager.
“This gives us great confidence that the spacecraft will
be able to survive its long exposure to the harsh
environment of space.”
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Rosetta Breaks the Sound Barrier

Even betfore Rosetta has left the planet, the
spacecraft has managed to break the sound
barrier. In April 2002, the Flight Model
was removed from the thermal vacuum
chamber and prepared for the next stage of
its pre-launch punishment. Once the high-
gain antenna and huge solar arrays were
mounted, the Orbiter was subjected to a
series of deafening vibration tests in order
to check whether it can survive the stresses
it will experience during launch.

“The spacecraft was powered on, while the Lander
the high-gain antenna and the solor arrays were all in
launch configuration,” explained Claude Berner. “Even
the propellant tanks were filled with ‘dummy fuel’.”

Placed in a giant acoustic/vibration
chamber, a barrage of sound was directed
at Rosetta from a huge amplifier in order
to simulate the noise expected during lift-
off. Soaring to a maximum of 135 decibels
— ten times louder than Concorde at take-
off — the sound levels were so severe that
anyone straying into the chamber would
have been killed within seconds.

Following these not-so-good vibrations,
Rosetta returned to the clean room to
complete a rock-and-roll ride on a giant
shaker in order to simulate its ride into
orbit aboard an Ariane-5 rocket. Attached
to a table capable of moving the 3 tonne
spacecraft from side to side like a metallic
toy being mauled by a mastiff, Rosetta was
severely shaken, first horizontally and
then vertically, over a wide range of
frequencies. Several hundred accelero-
meters on the structure were used to
monitor the spacecraft’s performance
during each three-minute simulation. The
results confirmed that the launch by the
powerful Ariane-5 would leave Rosetta
shaken but not stirred.

Solar Wings
Once the engineers at ESTEC had verified
that all of the spacecraft’s electronics had
survived intact, it was time to check
whether the pair of 14 m-long solar arrays
and the delicate instrument booms had
survived their potentially shattering ordeal.
Most critical of all were the deployment
tests on the two giant ‘wings’ that will

26 esa bulletin 112 - november 2002

power Rosetta throughout its 10-year
mission to deep space and back. These
arrays, stretching one and a half times the
length of a tennis court, must gently unfold
to expose the special silicon cells that will
generate electricity for the spacecraft to
sunlight.

The ‘minus-y’ array, located to the left of
the dish-shaped high-gain antenna, was the
first to be unfolded. This was followed a
day later by deployment of the ‘plus-y’
array on the opposite side of the
spacecraft. Held in place by six Kevlar
cables that will embrace the arrays during
launch, each solar array was released after
commands sent via the spacecraft activated
the deployment sequence. ‘Thermal
knives’ then severed each cable in turn by
heating it to a temperature of several
hundred degrees Celsius.

After the sixth cable was cut, the array
began to unfold like a giant accordion.
Attached to a huge, specially developed,
deployment rig, the five panels in each
array were gradually extended to their full

www.esa.int
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Rosetta Flight Model in
the Acoustic Chamber
of ESTEC

length across the clean room. To simulate
the zero-gravity conditions of outer space,
the weight of the arrays was
counterbalanced by a mass-compensation
device equipped with dozens of springs.

“Both tests went very well and there was a big round
of applause when they were successfully completed ”
said Wolter Pinter-Krainer, Principal AlV Systems
Engineer for Rosefta.

Checking the Booms

Confident that their  spacecraft’s
powerhouse would deploy properly after
launch, the engineers went on to check out
Rosetta’s other movable parts. First came a
partial deployment of the orbiter’s 2.2 m-
diameter high-gain antenna, when three
pyros (explosive charges) were fired to
release the dish from its stowed launch
position.

The engineers also had to retreat to the
safety of an observation area in the clean
room for the firing of more pyros during
the deployment of the upper and lower
experiment booms on the Orbiter. Each
2 m-long boom carries probes and other

equipment that will investigate the
magnetic field and particle environment
around Comet Wirtanen.

The fifth and final deployment test
involved the release of a wire antenna to be
used by the CONSERT experiment. After
another explosive charge was fired, this
unusual, H-shaped aerial was gently
unfolded, suspended beneath five helium
balloons to simulate the weightlessness of
space.

The:CONSERT experiment unfolded -

“Once again, the trial was completed without a
hitch,” announced a proud Marc Schwetterle, one of the
payload engineers responsible for the fests.

“All of the deployment tests were very successful”
commented Walter Pinter-Krainer. “These were crucial
moments in our fest programme and we were very
happy to see everything working so well.”

Roseita Cleared of Interference
The hectic schedule continued in June
when Rosetta was moved into another
large test chamber at ESTEC, known as the
Compact Test Range, where it was
subjected to an extensive electromagnetic-
compatibility (EMC) check.

In order to simulate the EMC
environment during its long trek through
deep space, Rosetta was placed inside a

Unfurling of the spacecraft’s solar array
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chamber lined with cones that absorb radio
signals and prevent reflections. To avoid
TV or radio interference, the chamber
form a steel ‘Faraday cage’,
impenetrable to electromagnetic signals
from the outside world. In this radiation-
free environment. the ESTEC team was
able to study the radio signals and
electrical noise coming from the various
systems on the spacecraft and to check
whether they caused any electromagnetic
interference with each other.

walls

“Before a satellite is launched it is essential to ensure
that the electrical and electronic equipment within o
spacecraft functions correctly,” explains Flemming
Pedersen, a senior AIV engineer for Rosetta. “For
example, it could be fatal if, when switching on one unit,
other instruments or systems such as the
telecommunication link, were disturbed or even
disrupted.”
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Like some alien creation, the spacecraft
was cocooned in protective plastic foil
while the engineers and scientists
painstakingly prepared to switch on
Rosetta’s systems and payloads. At first,
the see-through wrapping proved to be too
tight. causing the spacecraft’s temperature
to rise. Once this was remedied and the
staff vacated the chamber, all was set to
simulate the various phases of Rosetta’s
10-year mission.

“For some of the time we were measuring the energy
emitted by the spacecraft’s high-gain antenna, and this
is hazardous, so the chamber was completely closed and
everyone had to remain outside it whilst the
measurements were made,” said Flemming Pedersen.
“It would be like exposing the engineers to the radiation
from thousands of mobile phones simultaneously.”

The first series of tests studied how the
spacecraft behaved in ‘launch mode’. At

A ‘tocooned” Rosetta Flight Model in the Compact Test Range facility at ESTEC

this nme Rosetta was in its launch
configuration, with a minimum of systems
active while awaiting the lift-off of the
Ariane-5 rocket. This was to ensure that
signals from the spacecraft would not
interfere with communications between
the rocket and ground control during the
launch phase.

Subsequent EMC tests took place when
the spacecraft was at various levels of
activity — from quiet periods when no
science payloads were operaling, to spells
of hectic scientific investigation.

“We could switch on each instrument individually and
measure the electromagnetic waves coming from it”
explains Bodo Gramkow, Principal Payload engineer
and EMC expert. “The rest of the instiruments were put
into listening mode 1o see if any of them detected any
disturbance.”

“On other occasions we switched on all of the
instruments, including those on the Lander, in order to
see whether we got any unexpected ‘moise’ or
inferference,” he says. “From this we could defermine
wheiher we will need to switch a particular instrument
off when we are making a very sensitive measurement
with another one.”

“All of the EMC tests proved 1o be very successful”
says Bodo Gramkow. “This was the last of the three big
system-validation fests and Rosetta passed with flying
colours.”

Ironing-out the ‘Bugs’ (from the Pilot's Seat)
One key question that needs answering
with confidence is: “Will Rosetta fly?” If
the onboard computers are receiving all the
right signals to convince them that the
spacecraft is flying, will they react
correctly? That question was asked and
answered several times throughout 2002 in
the form of an extensive set of Mission
Simulation Tests.

It’s 6 a.m. and a new shift starts. Into the
control room come the software experts
and they take up their positions in front of
large, crowded, computer screens. Two sets
of computers are synchronised: one set, on
the ground, simulating a ‘real-space’
environment for their counterparts

wrow.esa.int
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onboard. The ground equipment feeds the
Spacecraft Star Tracker with a simulated
star-field the onboard
computers react and command a small
attitude change for the spacecraft body.

Standing in the clean room and watching
from the outside, nothing changes. but on
the inside, from the perspective of the
many onboard computers .... Yes! Rosetta
is flying! So it goes on. For each mission
phase the spacecraft computers are put
through their paces.

image, and

“The functional testing of such a complex spacecrafi
as Rosetta should no! be underestimated ” says Mark
Nesbit, the ESA engineer responsible for defining much
of the functional test programme. “We fest the
spacecraft system in many closed-loop simulations, with
the full scientific payload on-line, performing comet
observations just as it will during the actual mission.”

www.eso.int

The Rosetfa Team, with the Flight Model spacecraft in the background

“But for Rosetta,” Mark continues, “we have fo go a
few steps further and we give the onboard computers a
hard time. We feed them with unexpected situations,
where the onboard autonomy has to take over and
automatically recover the spacecraft into a safe mode.
The variety in the mission profile and the long periods
without ground contact mean that Rosetta has to be able
to take care of itself, and on the ground we have to
convince ourselves that it can.”

The Trip to the Tropics
With  the the ALV
programme, the final leg of Rosetta’s race
to the launch pad could get under way. It
was time to transport ESA’s comet chaser
to the Kourou spaceport on the other side
of the world. First to be packed was the
ground-support equipment, which was
loaded onto transporters for the short
road journey to Rotterdam. There, the
containers were transferred onto a regular
Arianespace supply ship for the two-week
voyage to French Guiana.

This was followed in early September by
the Rosetta spacecraft itself, minus the
large high-gain antenna and the twin solar

completion of

arrays. Cocooned inside a protective

The Rosetta Lander undergoing festing at ESTEC

container and purged with nitrogen to
prevent contamination, the Orbiter and the
attached Lander were loaded onto a
Russian Antonov-124 air freighter at
Amsterdam airport for the flight to
Cayenne.

Over the four months, the
spacecraft would be prepared for launch in
the specialist facilities at Kourou. After
installation of the high-gain antenna, the
folded solar wings, the explosive pyros and
the spacecraft batteries, Rosetta is to be
moved to another building for hazardous
operations where its propellant tanks will
be filled and pressurised. By early January
2003, it is scheduled for mating with the
upper stage of the Ariane-5 launch vehicle.
Five days after the fairing installation on 6

next

January, the huge rocket and its precious
payload will inch along the causeway to
the launch pad.

If all goes well, Rosetta’s long, hard road
from initial acceptance to successful
launch will take place on the night of 12-
13 January. Eight years later, the odyssey
will be completed when Comet Wirtanen
sails into view and the expedition to
explore this small, primordial world begins
in earnest. Cesa
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osetta Rises to
he Challenge

ew enterprises are more difficult or hazardous

than space travel. Yet, even when compared with

the achievements of its illustrious predecessors,

ESA’s Rosetta mission to orbit Comet Wirtanen and

deploy a lander on its pristine surface must be regarded

as one of the most challenging ventures ever undertaken
in more than four decades of space exploration.

The first of the challenges faced by the

. Rosetta project team, the scientific

' collaborators and  industrial

. partners was to design, build and

test the complex comet chaser in

time to meet the scheduled

launch date in January 2003.

With less than four years from

the beginning of the

development phase to launch,

it was only possible to meet

the series of tight deadlines

through highly efficient and

motivated team work, long

shifts and remarkable
dedication by all involved.

Having  overcome  the time

constraints associated with the launch,

the hundreds of engineers and scientists

involved in Rosetta are now about to face the ultimate

assessment of their endeavour — the ability of their
creation to not only survive in deep space for more than
a decade, but to successfully operate in the close vicinity
of a comet and return a treasure trove of data that will
revolutionise our knowledge of these mysterious worlds.

WWW.es.int
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The Launch Window

As history has frequently shown, the first
hours of a spacecraft’s journey to the
depths of the Solar System can be among
the most critical. In the case of Rosetta, the
odyssey will begin with launch from
Kourou spaceport aboard an enhanced
version (P1 Plus) of Ariane-3.

The first obstacle to be overcome is the
limited launch window. In order to meet up
with Comet Wirtanen, Rosetta must be
launched within a period of 19 days,
starting on 13 January 2003. On six of
those days there will be a launch window
of just 20-30 minutes. The remaining days
account for a roll back of the rocket for
replenishing of the cryogenic fuel. If this
opportunity is missed, the mission will
have to be postponed while another target
is selected.

www.esa.ini

Fortunately, the Ariane-5 operator,
Arianespace, has an excellent record in
launching payloads within such a restricted
time frame and has expressed
willingness to do everything possible to
ensure that the launch will take place
within the three-week window.

Meanwhile, the project team is also
taking precautions to ensure that Rosetta
launches on time:

“We do not anticipate any drastic launch
postponement,” says John Ellwood, Rosetta project
manager, “However, it is always prudent fo have
contingency plans. For example, we are able to work
three shifts a day if the spacecrafi testing or preparation
fall behind schedule. There will be a spare upper stage
at the Kourou launch centre if there are problems with
Ariane-5 close 1o faunch. A spare Ariane-5 main engine
will also be on hand in France ready for shipment within
24 hours.”

its

After the EPS upper stage and its
Rosetta payload have been safely placed
into a trajectory around the Earth, the next
challenge will be to send the spacecraft on
its way towards Comet Wirtanen, just two
hours after lift-off from Kourou. Prior to
reaching perigee (the closest point to the
Earth), the upper stage will be re-ignited to
inject Rosetta into the required Earth-
escape trajectory towards Mars and the
asteroid belt. This will be the first time that
an Ariane-5 has boosted a spacecraft
beyond Earth orbit.

Survival in Deep Space
Ensuring that the spacecraft survives the
hazards of travelling through deep space
for more than 10 years is one of the great
challenges of the Rosetta mission. This
prolonged journey will provide the
ultimate test of the spacecraft’s long-term
reliability, robustness and ability to cope
with unexpected problems.

Once the spacecraft is safely on its way,
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its solar arrays and booms have been
deployed and its systems checkout has
been completed. Rosetta will have to
survive lengthy periods of inactivity,
punctuated by relatively short spells of
intense action — the encounters with Mars.
Earth and two asteroids.

Apart from the hazards posed by the
hostile space environment — dust impacts,
energetic solar particles, cosmic rays and
extremes of temperature — the spacecraft
will roughly
hibernation. To limit consumption of
power and fuel. almost all of Rosetta’s
electrical systems will be switched off,

spend two years in

with the exception of the radio receivers.
command decoders and power supply. At
such times, the spacecraft will spin once
per minute while it faces the Sun, so that
its solar panels can receive as much
sunlight as possible.

Onboard Autonomy
Apart from the necessity to place Rosetta
in hibernation for half of its interplanetary
trek, the operational situation is further
complicated by occasional communication
blackouts (up to four weeks long) due to
solar occultations. when the spacecraft
passes behind the Sun. Even
optimum conditions, daily communication
opportunities from the Australian ground
station will Tast a maximum of
about 12 hours.

So what happens if some

under

malfunction  or
damage during  the
prolonged interplanetary voyage?
There were two options: (i) to

unexpected
oceurs

provide Rosetta with enough
“artificial intelligence’ to solve
the problem without human
intervention; or (ii) to analyse the
problem on the ground and
transmit remedial instructions to
the spacecraft.

Unfortunately, although the

second of these is usually

preferable, the laws of physics
and the vast distences nvelved

e

venturing all the way oul to the orbit of
Jupiter. 780 million kilometres from the
Sun. Even travelling at the speed of light
(300 000 km/s). radio signals will take up
to 45 minutes to cross the vast gulf between
the distant spacecraft and the Earth. By the
time Rosetta receives a response. at least
one and a half hours will have elapsed.
Since and
monitoring from the ground are out of the

real time command
question. Roselta has been designed with a
considerable degree of autonomy. Although
four onboard computers are programmed
to deal with tasks data
management and attitude and orbil control,
only two are required to be operational at
any one time. If the onboard monitoring
system detects a problem that threatens the
health of the spacecraft, the computers
will take immediate corrective action,
switching to a backup system if necessary.

such as

“Rosetta has been designed fo carry multiple
computers that provide it with a sophisticated failure
recognition and recovery capability,” explains Jan van
Casteren, Spacecraft System Manager “It’s a highly
autonomous system based on two computers, each with
two separate parts that can be interchanged. We always
have the option to upload new, enhanced software over
the 10-year mission. The software for each computer
can also be interchanged. This means that both the Data

Management System and the Attitude and Orbit Control
subsystem can be run on all processors. If the spacecraft
is in serious trouble, it automatically goes into safe
mode — in other words, it goes into hibernation with its
solar arrays pointing at the Sun. These backup systems
should ensure that the spacecraft will remain
operational during critical mission phases, including the
highly complex scientific observations when Rosetta is
orbiting close to the comet's nucleus.”

Solar Power

Venturing far from the Sun puts other
serious constraints on Rosetta’s design and
performance, particularly its electricity
supply and temperature.

Rosetta will set a record as the first
space mission to journey far beyond the
main asteroid belt while relying solely on
solar cells for power generation.
Unfortunately, there is a price to pay. When
Rosetta reaches the orbit of Jupiter, where
levels of sunlight are only 4% those on
Earth, the spacecraft will be generating
only 1/25th of the electricity that it can
produce when in the inner Solar System.,

In order to compensate for this drop in
power, Rosetta is equipped with two
enormous, steerable solar arrays that span
32 m tip-to-tip (longer than a tennis court)

and cover an area of 62 square metres.
Each of the ‘wings’ comprises 5 panels and ,
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is fitted to the spacecraft body
with a yoke and drive mechanism,
allowing 180° rotation in order to
capture the maximum amount of
sunlight. Both sides of the arrays
are electrically conductive, to
avoid a buildup of electrostatic
charge.

More than 22 000 non-reflective
silicon cells have been specially
developed for the Rosetta mission.
The main challenge was to achieve
maximum efficiency by designing
a pyramid-shaped, non-reflective
upper cell surface. Optimised for
low-sunlight (40 W/m?), low-
temperature (-130°C) operation,
these cells should provide an end-
of-life conversion efficiency of
15%. They will generate up to
8700 W in the vicinity of the Earth
and around 400 W (equivalent to
the power consumed by four
normal light bulbs) during the
deep-space comet encounter.

Hot and Cold

Imagine leaving home for 11 years, to
embark on a trek that will take you from
the frozen wastes of Antarctica to the
scorching deserts of Arabia. Working out
how to survive such extremes of hot and
cold would be a major headache.

In the same way, dramatic temperature
variations were a major cause of concern
for Rosetta's designers. When the
spacecraft is cruising around the inner
Solar System, bathed in the warmth of the
Sun, its surface temperature may soar to
130°C, and even internal equipment may
reach 50°C. However, in order to
rendezvous with Comet Wirtanen, Rosetta
will have to probe the frigid regions
beyond the asteroid belt,
temperatures plummet to -150°C.

Since it is not feasible to wrap a
spacecraft in multiple layers of warm
clothing for periods of deep freeze, then
strip these away when sunbathing is the
order of the day, Rosetta has been provided
with alternative ways of regulating its
temperature.

Near the Sun, overheating will be
prevented by using radiators to dissipate

where

www.es.inl

surplus heat into space. 14 louvers — high-
tech Venetian blinds that control heat loss
from the spacecraft — are fitted over the
radiators on two sides of the spacecraft.
Lovingly polished by hand, these
assemblies of thin metal blades must be
handled like precious antiques, since any
scratching, contamination or fingerprints
will degrade their heat-reflecting qualities.

The principle behind the louvers is quite
simple. In the balmy regions between
Earth and Mars, they are left fully open,
allowing as much heat as possible to
escape into space from Rosetta's radiators.
During the prolonged periods of
hibernation and rendezvous,
however, heat conservation is the order of
the day. Since the spacecraft’s limited
internal power supply — equivalent to the
output from a few light bulbs — then
becomes the main source of warmth, it is

comet

essential to retain as much heat as possible.
This means completely closing the louvers
to prevent any heat from escaping. Heaters
located at strategic points (e.g. fuel tanks,
pipework and thrusters) will also be turned
on and the multi-layered blankets of
insulating material come into their own.

Communications

Communications play an even more
important role in space missions than they
do in our everyday lives. Whereas it is
reasonable to believe that a good friend is
safe and sound after several weeks without
speaking to them, the same cannot be
assumed for a spacecraft millions of
kilometres from home.

The task of keeping in touch with the
far-roaming Rosetta falls on the operations
team in the Mission Control Centre at the
European Space Operations Centre
(ESOC) in Darmstadt, Germany. They are
responsible  for mission  planning,
monitoring and controlling the spacecraft
throughout its circuitous voyage to Comet
Wirtanen. The flight-dynamics team at
ESOC will calculate and predict its attitude
and orbit, prepare orbit manoeuvres, and
evaluate  spacecraft dynamics and
navigation. Ground controllers will also
evaluate Rosetta’s performance, preparing
and validating modifications to onboard
software when necessary.

Planning of the scientific mission and
generation of commands to experiments
will be conducted either from the Science
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Operations Centre at ESOC or from
ESTEC. During the climax of the mission,
ESOC will be responsible for pre-
processing, archiving and distributing the
unique cometary data to the scientific
community. Lander operations will be
undertaken from the DLR Lander Control
Centre in Cologne, Germany, with support
from the CNES Lander Science Centre in
Toulouse, France.

In order to keep in touch with their
itinerant explorer, ground control will be
able to use radio communications at both
S-band (2 GHz) and X-band (8 GHz)
frequencies. Rosetta itself has the
capability to ‘speak’ and ‘listen’ to Earth

The New Norcig ground station in Western Australia

data rate will be 5 kbit/s. New computer
software will be used to compress the data,
so compensating for the limited downlink
bandwidth and ensuring that as much
information as possible will be returned.
The unique from Rosetta’s
experiments can be stored temporarily in
the spacecraft’s 25 Gbit mass memory for
relay to Earth at a convenient time.

To ensure that optimal contact is
maintained with the wandering spacecraft,
ESA’s network of ground stations has been
augmented with a specially-built ground
station at New Norcia (Western Australia).
Equipped with a newly constructed 35 m
dish and cryogenically cooled, low-noise

results

At the time of the critical near-comet
operations, it is very likely that many of
the engineers who designed and tested the
spacecraft 10 or 15 years earlier will no
longer be available to offer support if
unforeseen circumstances arise. In fact, a
fair number of them may well have retired.
In preparation for this inevitable turnover
of personnel, a number of younger people
are being drafted into the instrument
teams, including several principal
scientific investigators. In order to ensure
that the replacements can slot into the
programme as easily as possible, the
Rosetta project is creating a database that
contains complete information about the

via several antennas. Two low-gain
antennas with wide-angle coverage will
support emergency operations in S-band.
There are also two medium-gain antennas,
one for S-band and one for X-band.
However, the primary communications
link will be the 2.2 m-diameter high-gain
antenna, which will be able to send and
receive large amounts of data at both
frequencies. This lightweight steerable
dish is largely made of carbon fibre and
tips the scales at just 45 kg, including the
electronics.

The rate at which information can be
transmitted from the spacecraft will vary
considerably with its distance from Earth
(up to 930 million km) and its level of
activity, ranging between 8 bit/s and 64
kbit/s. However, during the comet-
exploration phase, the minimum telemetry
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amplifiers to receive Rosetta’s weak radio
signal, the state-of-the-art antenna will be
remotely controlled from ESOC. NASA’s
Deep Space Network will offer back up for
telemetry, telecommand and tracking
operations during critical mission phases,
while the Kourou station in French Guiana
will provide additional support during the
launch, early-orbit and near-Earth phases
of the mission.

Longevity

One of the most significant but least-
tangible challenges to Rosetta’s success is
the insidious passage of time. Not only
must the hardware survive for more than
10 years in the hostile environment of
space, but the mission teams must continue
to function efficiently throughout the
entire voyage.

spacecraft and its complex mission.

The unusual duration of the mission
means that considerable attention must be
paid to proficiency and cross training of
staff to guarantee backup support, while
refreshing skills and motivation. Facilities
available at ESOC to support tests and
simulations will include a spacecraft
simulator, an onboard-software maintenance
facility, and the spacecraft electrical
model. If spacecraft anomalies arise, these
items at ESOC will be indispensable for
reproducing the problems, developing and
testing solutions prior to implementing
corrective actions on the spacecraft itself.

“The first eight months of the mission will involve
intensive activity that will enable everyone to become
familiar with the spacecraft’s behaviour” explains
Manfred Warhaut, Rosetta Ground Segment Manager.

W, esa.int
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“There will then be periodic training and communication
activities — once every 6-12 months — to keep the team
on the ball, as well as for the operations during the
Farth and Mars flybys. We will take care to have
adequate training before each manoeuvre.”

Navigation

Rosetta’s mission resembles a multi-
million-kilometre, high-speed chase,
hopefully culminating with the spacecraft
and comet travelling alongside each other
on parallel paths. Unfortunately, if Rosetta

Artist’s impression of Rosetta’s Mars flyby

arrives too early or too late, the comet will
not be there to meet it!

Achieving a long-distance rendezvous
and matching orbits requires some highly
complicated navigational calculations,
particularly since not even the powerful
Ariane-5 has the capability to send a three

tonne spacecraft directly to Comet
Wirtanen. To match the comet’s velocity,
Rosetta will have to be accelerated by
7.8 km/s after leaving Earth orbit. To
achieve this, the spacecraft will bounce
around the inner Solar System like a
cosmic billiard ball, gaining speed from

www.esa.int

three planetary flybys. After an initial
boost of 3.4 km/s from Ariane-5s upper
stage, the spacecraft must take advantage
of gravity assists from Mars (in 2005) and
Earth (in 2005 and 2007).

In order to ensure that Rosetta stays on
course throughout this circuitous passage,
ground controllers will have to carefully
monitor the spacecraft's velocity and
position. This will be done by monitoring
the telemetry and navigation images from
the spacecraft, and by visual and radar

tracking during the Earth encounters.
Studies of the shift in frequency of the
radio signals coming from Rosetta — the
Doppler shift — will reveal how fast the
robotic ambassador is travelling towards or
away from us.

However, this is not sufficient to tie
down Rosetta’s motion. Like a Space
Shuttle pilot trying to rendezvous with the
fast-moving International Space Station, it
is essential to know the quarry’s position,
speed and direction of movement.
Unfortunately, comet orbits
severely influenced by the gravitational

can be

pull of nearby planets. In the case of
Comet Wirtanen, the orbit
significantly altered by close encounters
with Jupiter in 1972 and 1984. As a resul,
the comet’s orbital period was shortened
from 6.7 years to 5.5 years. Outgassing
from the nucleus may also modify a
comet’s trajectory, so a continuous
observational programme using ground-
based observatories has been put into place
to accurately pin down Wirtanen’s path.
Even if Rosetta follows the optimum
route to its target, the final
rendezvous is complicated by
the fact that the comet’s and
the spacecraft’s orbital planes
do not coincide. Thus, about
8.5 years into the mission, the
spacecraft’s  bi-propellant
reaction-control system will
have to be fired to make the
largest manoeuvres of the
mission in order to phase
Rosetta’s orbital plane with
that of the comet. Once the
onboard navigation cameras
have detected the dark,
inactive comet from a
distance of some 300 000 km,
the task of closing on the
nucleus will become more
straightforward.

was

Remote Science

Rosetta exists for one purpose
— to complete humankind’s
first extended exploration of a
comet. Although it has been
equipped with a suite of state-
of-the-art instruments, this
alone is insufficient to ensure a successful
outcome. Different experiments need
different conditions to work properly and
optimally. A particular environment,
spacecraft orientation or orbit that is
perfect for one instrument might fatally
compromise the performance of another.
For instance, Rosetta’s dust-collecting
instruments must pass through a dust jet
from time to time to gather the ejected
pristine material, but care must be taken to
ensure that too much dust does not collect
on optical instruments and other sensitive
surfaces.
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Clearly, proper coordination of the
science operations is very important and
every effort has to be made to coordinate
these operations in order to maximize the
outcome of the mission. This has been
done by defining different ‘mission
scenarios’ to meet the needs of the
different the above
example, one mission scenario will be
dedicated to the collection of dust (and
gas) in a very active part of the coma (a
jet), during which the cameras will be
protected by leaving their covers on.

Each investigation also presents its own
challenges. One of the most revolutionary
experiments is CONSERT, which will send
short pulses of radio waves through the
cometary nucleus. By transmitting and
receiving the pulses on the Orbiter and the
Lander, the attenuation and the time delay
of the radio signal propagating through the
comet are determined. From this sounding
data, information on the interior of the
nucleus can be retrieved.

Since the time taken for
propagation through different nucleus
materials varies by tiny amounts, it is
crucial to ensure that the clocks on the
Orbiter and Lander are offset by no more
than 5 to 100 nanoseconds (a nanosecond
is a billionth of a second).

Imaging with instruments such as
OSIRIS presents a different type of
challenge. During the fast flybys at two
asteroids, scientists want to take as many
images as possible of the illuminated
areas, as well as numerous high-resolution
images when Rosetta is at its closest to the
surfaces.

A number of constraints have to be
considered here. Due to the rotation
required to follow the asteroid, the
spacecraft has times where it is not stable
enough to take images. Between images, it
may be necessary to turn the filter wheel
very rapidly. Furthermore, the precise
flyby time is uncertain until a few hours
beforehand and the number of images has
to be restricted because of the limited
memory onboard the spacecraft.

Simultaneous imaging of very luminous
and very dim objects is a particular
headache close to the comet. One of
Rosetta's main objectives is to image the

instruments. In

wave
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Rosetta orbiting Comet Wirtanen (artist’s impression)

faint dust jets emanating from the nucleus
whilst the brightly illuminated nucleus
is also in the field of view. Such
requirements were a major design driver
for OSIRIS and could only be achieved by
a combination of extremely flat mirror
optics, complex high-resolution readout
electronics and considerable work by the
developers to remove any ‘noise’ from the
system.

Landing on a Dirty Snowball

Landings on other worlds are remarkably
difficult to achieve. During the last 40
years, the only objects in the Solar System
on which robotic spacecraft have soft-
landed have been the Moon, Venus, Mars
and the near-Earth asteroid Eros. A decade
from now, it will be the turn of Rosetta to
make history with the first touch down on
a comet.

By the summer of 2012, instruments on
the Rosetta Orbiter will have mapped
every square centimetre of the Comet
Wirtanen’s surface, enabling scientists to
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select a suitable landing site. The Orbiter's
position and speed must by that stage have
been precisely determined to within 10 cm
and 1 mm/s, respectively, to ensure that
Lander ejection takes place at the correct
time for arrival at the selected site.

Following instructions uploaded from
mission control, the 100 kg Lander will be
released from the Rosetta Orbiter about
one kilometre above the comet’s nucleus.
After a gentle push away from the ‘mother
ship’, the box-shaped craft will deploy its
landing gear and edge towards its target,
prevented from tumbling by an internal
flywheel that provides stability as its spins.
A single cold-gas thruster will be able to
provide a gradual upward push to improve
the accuracy of the descent.

After a nail-biting 30 minute descent,
sensors onboard the Lander will record the
historic moment of touchdown for the
helpless mission team back on Earth. Since
the nucleus is so small, its gravitational
pull will be extremely weak — 100 000 to
200 000 times lower than on the Earth’s

Wi esa.im
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surface — causing the Lander to touch
down at no more than walking pace.
Nevertheless, a damping system in the
landing gear will be available to reduce the
shock of impact and prevent a rebound.

The Lander also carries two harpoons.
One of these will be fired at the moment of
touchdown to anchor the spacecraft to the
surface and prevent it from bouncing. Ice
screws on each leg will also be rotated to
bite into the nucleus and secure the Lander
in place. The second harpoon will be held
in reserve for use later in the mission if the
first one becomes loose.

“Hopefully, gradient will not be a problem, since the
spacecraft s designed to stay upright on a slope of up fo
about 30 degrees,” says Philippe Kletzkine, Rosetta
Lander Manager.

The operational lifetime of the Lander is
highly uncertain. Its survival will depend
on a number of factors such as power
supply, temperature or surface activity on

The Rosetta Lander on Comet Wirtanen's surface (artist’s impression)
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the comet. In order to ensure a significant
science return, the most important images
and measurements will be obtained within
60 hours of arrival. The remaining, more
detailed investigations will be conducted
as long as the Lander continues to
function, relying on the remaining battery
power and energy from the solar cells on
the exterior of the Lander.

No one knows what this first soft
landing on a cosmic iceberg will reveal.
What we can be sure of is that the Orbiter
and its little Lander will revolutionise our
knowledge of comets, providing new
insights into the nature and origins of these
primordial objects. Eesa
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Payloads for Mars in
Partnership with
Industry

] ( Diredorute for Scientific Programmes,
dwijk, The Netherlands

Artist’s impression of the Mars Express spacecraft
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The Mars Express
programme is the first
ESA scientific mission for
which management of the
payload interface has been
enfrusted to Industry. It is the first of
the so-called ‘flexi-missions’. With all flight
payloads now delivered and integrated with the

spacecrafi, it can safely be said that this new approach has
benefited ESA, the science partners (the Principal
investigators) and the spacecraft prime contractor (Astrium
SAS). It will therefore be repeated for (at least) the
forthcoming Venus Express programme

he decreasing frequency of scientific-satellite

launches, together with the need to maintain a

balance in the future missions between the
different scientific communities, has led the ESA
Scientific Programmes Directorate to revise its Long-
Term Programme. One of the new elements in that
revised programme, known as ‘Cosmic Vision’, are so-
called ‘flexi- (or ‘F’) missions’, which are designed to
cost half as much as the previous ‘medium-sized (or ‘M’)
missions’. This revised plan will allow ESA to launch
missions more often than the shrinking Science budget
would have otherwise allowed. Mars Express was
selected as the first ‘flexi-mission’.

In parallel with this programmatic re-direction, a new
management approach has been introduced for this type
of mission, with an ESA team half the size of those for
the traditional missions. As a consequence, key tasks
such as the management of the interface with the
scientific instrument teams, of the technical interface to
the launch authorities, and of the test-facility
procurement has been delegated to the Mars Express
prime contractor.

After the Mars Express mission’s initial approval by the
Agency’s Science Programme Committee (SPC) in June
1997, an intensive phase of preparatory work for the
Announcement of Opportunity (AQ) for the scientific
investigations and for the industrial study activities was
undertaken at ESA, during which the feasibility of the
project also had to be ascertained.

The industrial ‘study phase’ effectively began in
October 1997 with a competitive study contract. The AO
for the scientific instruments was issued in December,
with replies due at the end of February 1998. The
Invitation to Tender (ITT) contained only the top-level
requirements and it was intentionally left to industry to
elaborate the detailed mission design.
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The industrial study phase was divided
into two parts. During the first six weeks,
the contractors had to develop a conceptual
design for the spacecraft based on the
model payload as recommended by the
SPC. Their designs were then further
refined during the second, four-month
period. The scientific community’s
responses to the AO were received at the
start of that second phase. A formal
science-payload-proposal review cycle
was then initiated, in which the industrial
competitors were fully involved where
appropriate. A procedure for information
and data exchange was applied whereby
interactions between the payload selection
committee, the competing industrial
contractors and the scientific community
were facilitated without breaching the
confidentiality requirement.

To minimise the time and resources
required to freeze the payload config-
uration, the PI teams had to be kept fully
informed about the capabilities and
limitations of the spacecraft platform
selected. Close liaison between the project
personnel and the PI institutes was
essential to achieve this early in the
project.

There were three iteration loops during
which the Peer Review Committee
identified either specific questions to
industry or preferred sets of payload
elements. In parallel. industry assessed the
feasibility of these preferred sets against
their spacecraft concept. For a better
understanding of the instruments, industry
could also raise questions, via ESA. to the
respective  instrument teams. The
instrument teams’ answers were also

Principal Investigator

R. Lundin, Sweden

C. Pillinger, UK

6. Neukum, Germany
M. Pétzold, Germany
G. Picardi, laly

J.P. Bibring, France

Acronym Measurement Type

ASPERA Energetic Neutral Atom Analyser

BEAGLE-2 Mars Lander

HRSC High-Resolution Stereo Camera

MaR$S Mars Radio-Science Experiment

MARSIS Sub-surface Sounding Radar Altimete

OMEGA Visible and Infrared Mineralogical Mapping
Spectrometer

PFS Planetary Fourier Spectrometer

SPICAM Ultraviolet and Infrared Atmospheric

Spectrometer

V. Formisano, ltaly
J.L. Bertaux, France

Mars Express payload elements and their Principal Investigators (Pis)

channelled through ESA. More than 700
questions were satisfactorily processed
during this phase. Only after the
confirmation by ESA’s Solar System
Working Group of the recommended
payload composition did ESA allow
industry to enter into direct contact with
the instrument teams.

The competitive study phase was
completed by May 1998. The formal ITT
tor industry proposals was issued by ESA
in June, and the responses were received
and evaluated in the autumn. Astrium was
subsequently chosen as the prime
contractor, and the spacecraft development
programme began in early February 1999.

Initiated during the proposal work, and
effective from the time of their selection as
prime contractor, Astrium (formerly
MMS) have applied a novel working

ESA
Science Performance 7 N Spacecraft Design
and Operations A and Operations
/ ’,§ \\\\
s N
yed Experiment \k\
“ Interface Document %

—>  Astrium SAS

Experiment Interfaces
and Procurement
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scheme with respect to all instrument

matters for Mars Express:

— The Principal Investigators, together
with ESA, remain responsible for the
scientific performances of the instruments
and related in-flight operations.

— The spacecraft contractor is responsible
for tnstrument technical-interface manage-
ment, provision of an acceptable payload
environment, progress monitoring for the
timely delivery of the instrument models,
and administration of any changes or non-
conformances.

To institute this new approach, formal
partnership agreements between the
Principal Investigators and Astrium,
precisely defining the way of collaboration
between the Pls and the prime contractor,
were established and signed. In particular,
as part of these agreements the PIs were to
support the industrial team in drafting
the various interface control documents.
In addition, for programme-monitoring
purposes, a regular cycle of progress
meetings and formal instrument reviews
was implemented, together with active
participation of the science teams in the
instrument  verification process  at
spacecraft level. This ensured a phased and
consistent approach in the overall Mars
Express spacecraft preparation activities.
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A set of Mars Express Payload Interface

Documents (or PIDs), co-written by ESA

and Astrium, define the project-

requirement links between ESA, Astrium
and the PIs. PID-A is intended to ensure
that:

— The payloads are designed, built and
verified within the scope defined by the
ESA mission and science objectives, as
constrained by the capabilities of the
spacecraft, the launch vehicle and the
ground segment.

— The spacecraft contractor is able to design,
build and verify the satellite in such a
way that the science payload is properly
integrated into the system.

— The spacecraft can be successfully
launched and operated to achieve the
complete set of ESA mission and science
objectives.

— The overall programme management
follows clear, efficient and approved rules.

As mandatory complements, the PID-
B’s, issued by the various PIs, have
recorded the technical and programmatic
status of each payload with respect to the
Mars Express PID-A requirements.

www.esa.int

Programme phases and reviews

Starting with the payload and spacecraft

contractor selections, the overall Mars

Express spacecraft procurement period

(Phases-B/C/D), initiated in early February

1999, was split into the three classical

phases:

— The Preliminary Definition Phase
(Phase-B), lasting from project kick-off
until the spacecraft Preliminary Design
Review (PDR) at the end of 1999: this
phase was intended to freeze the system
requirements, finalise the spacecraft’s
design (including the lower level elements),
and select the spacecraft unit suppliers.

— The Detailed Design and Validation
Phase, lasting from the PDR until the
spacecraft Critical Design Review (CDR)
at the end of 2001: this detailed design
phase — again down to unit level — was
conducted to authorise the development
and major validation steps for the
spacecraft items.

— The spacecraft flight-model integration
and qualification from the CDR until the
Qualification Review (QR) at the end of
2002: this phase will last until spacecraft
qualification,

These three development phases will be
followed by the launch preparations and
launch campaign (Phase-E/F), leading up
to the launch itself in early June 2003.

The Mars Express payload-development
process has followed the same logic and
review philosophy, but performed in
advance of the spacecraft-level cycle. This
has allowed all interface aspects of each
instrument programme to be reviewed by
ESA and Astrium, prior to the general
system assessments, usually at the PI's
premises. The objective was to ensure that
all instruments:

- meet the anticipated science objectives
accepted at selection (ESA the only
reviewer)

— comply with the interface requirements
of the PID

— provide a consistent development and
verification approach in meeting the
schedule delivery-date requirements.

The formal Review Board was made up
of both ESA and Astrium personnel, and
was co-chaired by the spacecraft
contractor’s representative and the ESA
Project Scientist.
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Instrument progress meetings
Regular — typically monthly — progress
meetings were held at the PIs’ premises

during the instrument early design,
development and verification programme.
Involving ESA, Astrium and the payload
teams, they were intended to ensure that
the technical-design (particularly spacecraft
interfaces) and instrument-programmatics
aspects were progressing according to plan
at the various institutes.

For each payload, two intermediate
instrument models have been developed —

structural dummies for spacecraft
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The Mars Express
electrical, functional
and validation test

bench

mechanical  qualification and an
engineering model (or at least an electrical
simulator) for anticipated system electrical
and functional bench validation — to allow
exhaustive system-level validation. These
models are in addition to a flight model
and have been fully acceptance tested
before further integration and testing on
the flight spacecraft.

The science teams were given the
flexibility to define their own development
approach model
philosophy. In some cases, this led to their
developing a specific qualification model,
either complete or partial.

and associated

The Master Development Schedule for Mars Express

This new ESA scheme for developing
payloads under direct prime contractor
control, based on a full and explicit
partnership agreement, has proved to be
both viable and highly successful for Mars
Express. With this new approach, ESA and
Astrium have paved the way for closer
contacts between science institutes and
industry. Other science-driven programmes
in ESA could follow the same route, and
the Mars Express experience should help

in fostering and developing new
relationships.

The ESA Science Directorate’s new
‘Cosmic  Vision” programme  will

endeavour to build on the Mars Express
experience in conducting the Agency’s
future missions in astronomy, fundamental
physics and solar-system science.  @esa
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Vofing in ESA -

Casting Your
Vote in ESA

Ersilia Vaudo, Lucia Linares-Calduch & Florent Mazurelle

Directorate of Administration, ESA, Paris

Andreas Diekmann

ESA Directorate of Manned Spaceflight and Microgravity, ESTEC, Noordwiik, The Netherlands
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he voting rules applied in ESA’s
l delegate bodies are defined in its
Convention. Article XI1.6(d) states
that, unless otherwise provided for under
the Convention, the majority rule is a
simple majority of Member States
represented and voting. The Convention
provides for numerous derogations to this
principle: unanimity, two-thirds majority,
simple majority of all ESA Member States,
and two-thirds majority of the Participating
States representing two-thirds of the
contributions (so-called ‘double two-thirds
majority’). The latter, applied within ESA
in only a very limited number of cases,
represents an element of weighted voting,
which means a deviation from the pure
one-country one-vote principle.

Weighted voting is also applied in other
international organisations, such as the UN
Security Council, the International
Monetary Fund, the World Bank and the
European Bank for Reconstruction and
Development. In the space sector, in

— Now and in the Future

Intelsat, Eutelsat and Inmarsat, which were
formed as intergovernmental organisations
and are currently in the final phases of
privatisation, the investment shares of its
members constitute a voting weighting
factor. In the Council of the European
Union, the Qualified Majority Vote
(QMV), which is the most frequent
modality, implies a weighted system in
which votes are attributed to each Member
State roughly according to its population.
A discussion within ESA on its voting
rules, and in particular on strengthening
elements of weighted voting, was last held
in 1998 in the framework of reflections on
how to improve the Agency’s efficiency
and decision-making process. No firm
conclusions were reached at that time, but
the discussion might attract new attention
when concrete steps towards enlargement
of the Agency — perhaps to more than 20
Member States — are undertaken. Such a
discussion, which would be driven by
political considerations, could however
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profit from a better understanding of the
statistical properties and implications of
potential alternative voting rules.

In order to provide some ‘technical’
insight in this respect, here we assess
current and alternative voting rules for
ESA in terms of their ‘efficiency’, defined
as the probability that a vote has a positive
outcome, and the voting power of Member
States, defined as the
significance of a Member State’s voting
behaviour for the outcome of the vote.
Particular attention is paid to the influence
of an increasing number of Member States
on these parameters. The statistical
approach applied is based on the
theoretical foundation of voting-power
analysis and follows the methodology
pursued when analysing the proposed
voting reforms that were discussed at the
EU Summit in Nice (F) in December 2000.

statistical

complemented by an analysis of the
practical voting behaviour of ESA’s
Council from 1999 to 2001.

Current and Potential Alternative Voting
Rules: What Lies behind Weights

The choice of alternative voting systems
explored here has been driven by the
concern to preserve the element of
equitability represented by the one-State,
one-vote rule. Thus, voting systems based
exclusively on proportional — weighted —
representation have only been investigated
for comparative purposes.

A weighted voting system is one where
different participants have different
numbers of votes. A country’s weight
might depend on its population (as in the
EU’s voting system), its GNP, or other
parameters (e.g. financial contributions),
justifying giving each country a different

The conclusions reached have been

influence over the outcome of a vote.

The European Union’s current voting system and the one provided for in the Treaty of Nice
have been adapted to ESA specificities by considering contributions* instead of
populations as the most appropriate basis for determining the allocation of weights. In
the EU’s Council, weighted votes are attributed to each Member State roughly according to
their populations: more populous states have greater weights. But there is no strict
proportionality: the ratio of weight to population is higher for the smaller Member States
and lower for the most populous ones. A proposed resolution is approved if the total
weight of those voting for it equals or exceeds a certain threshold. Following the same
riteria, the Treaty of Nice is intended to readjust institutional equilibrium by fixing afresh
the weights and the threshold in view of progressive enlargement from 15 to 27 Members.

Keeping the present weighted voting formula in the EUS Council as new Members join
would make it harder to pass a motion because the number of possible majorities capable
of blocking a given proposal increases faster than the number capable of approving it.
Therefore, dealing with this problem was considered a priority during the Nice
Intergovernmental Conference in December 2000. The Treaty of Nice, which foresees the
new weighting distribution in the accompanying table, is not yet in force as it still needs
to be ratified by referendum in Ireland. If ratified, this modified voting system will replace
the current one from 1 January 2005.

The weights for ESA Member States as derived from adapting to ESA the weighting
methodology applied in the EU are shown in the accompanying table. The minimum and
maximum weights are the same as in the EU voting systems, in order to facilitate
comparison.

*The projected contributions from potential new Member States are based on Gross National Product (GNP),
applying the ratio of average GNP to the average contributions of the present 15 ESA Member States.
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The weighted voting systems
considered here include the EU current
and potential (Nice Treaty) systems
adapted to ESA specificities, as well as
voting systems based on combinations of
simple and two-thirds majority rules
applied to a two-tier voting configuration
(one-country, one-vote + weighted vote).
They have been analysed for the current
15 Member States, for 17 Member States
(present Members plus Greece and
Luxembourg) and for 21 Member States
(present  Members  plus  Greece,
Luxembourg, Poland, Romania, the Czech
Republic and Hungary).

The nine different scenarios assessed,
including for comparative purposes the
current ESA voting systems, are:

— Current ESA voting systems
1. Simple majority of Member States

Weights '
Countries
EU EU EU EU Nice T
current | adapted | NiceT | adapted
to ESA to ESA
D 10 10 29 29
UK 10 5 29 15
F 10 10 29 29
S5 10 8 29 27
I 8 5 27 13
N 8 4 13 9
| GR 5 3 12 7
B 5 5 12 14
P 5 2 12 5
S 5 3 10 7
A 4 3 10 6
DK 3 3 7 6
FIN 3 3 7 5
IRL 3 2 7 4
L 2 4 4 4
(H 4 10
N 3 6
|
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2. Two-thirds majority of Member States

3.Two-thirds of the contributions
representing two-thirds of Member
States.

— Combinations of contributions* and

number of Member States:

4.Simple majority of contributions
representing a simple majority of
Member States

5. Two-thirds of contributions representing
a simple majority of Member States

6.Simple majority of the contributions
representing two-thirds of Member
States.

— The EU's weighted voting system adapted
to ESA (see accompanying panel):
7.The EU’s current weighted voting

system
8.The one provided for in the Treaty of
Nice.

~ Voting systems based exclusively on
proportional representation:
9. Simple majority of contributions.

* The contributions considered for the calculations are the 2001
totals. They reflect the distribution of contributions over the last 5
years, as the shares indicated in the annual budgets have remained
relatively stable.

Evaluating the Efficiency of a Voting Rule
Assuming that N Member States vote
either ‘yes’ or ‘no’ (no abstentions), there
are 2N different combinations of voting
results. For 15 Member States, therefore,
there are 32 768 possible combinations.
The choice of voting rules applied
determines how many of the combinations
are ‘winning combinations’, i.e. those that
result in a positive outcome to the vote. On
this basis, the ‘efficiency’ of a voting rule,
i.e. the chance that the vote has a positive
outcome, can be measured as the ratio of
winning combinations to the total number
of combinations.

Such a voting-rule efficiency is
obviously not a quality criterion, which
justifies per se the preference of one voting
rule to another. Although it is theoretically
casier to achieve a simple majority than a
two-thirds majority, since the efficiency
with the simple-majority rule is higher
than with the two-thirds-majority rule,
there is good reason to prefer the two-
thirds-majority rule in cases where a wider
consensus between Member States is
regarded as necessary to pass a decision.
The extreme case is the requirement for
unanimity. Although the statistical
probability of unanimity is close to zero —
as there is only one winning combination

out of all the possible combinations of
votes — unanimity is a widely established
voting rule.

The voting-rule efficiency defined above
does, however, allow the comparison of
voting rules in terms of the statistical
probability of producing positive voting
results, as well as the study of the influence
of an increasing number of voters.

As shown in graph 1**, the efficiency
of the simple majority of all Member
States rule is always 50% for an odd
number of countries, but is lower for an
even number. In the latter case, the
existence of ‘neutral’ coalitions — where
half of the countries vote ‘yes’ and half
‘no’ — lowers the number of winning
coalitions and therefore the efficiency. It
might be surprising at first sight that for an
even number, the actual efficiency depends
on the number of Member States. This is
due, however, to the fact that the share of
neutral coalitions in the overall number
decreases as the number of Member States
increases.

The influence of the number of Member
States on the efficiency of a voting rule is
even more striking for the two-thirds-
majority rule, as is apparent in graph 2.
The overall trend of decreasing efficiency
with increasing number of Member States
can be illustrated with the example of

flipping a coin: for 3 coins,

Graph 1 in 50% of the cases cither
Simple Majority Rule at ESA 2 or al 3 coins show
heads. For 15 coins, the
% likelihood of finding at
50 least 10 coins showing
heads is obviously much
20 37.70% 3B.72% less than 50%. Also, under
] the two-thirds-majority
voting rule, the evolution
30 of efficiency is not linear
with the number of
20
10
0 —
10 11 12 13 14 15 16 17 18 19 20 21 ** ESA moved directly from 11

Number of Member States
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to 13 Member States because
Austria and Norway entered
the Agency as full members at
the same time.
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countries, i.e. it is higher Graph 2 L.
with 21 voters than withg]4, 2/3 Majority Rule at ESA
but varies monotonically by %
groups of three. 20 19.38%
The probability of the ]
ESA Council passing a 18 17.19%
randomly selected decision 16 ' 15.00%
under the current and the 14 X
alternative voting schemes 12 11.89%

1s shown in graph 3.

It is also surprising that
the simple-majority rule
applied to a one-country,
one-vote system (scenario
1) or to a purely weighted
system (scenario 9) results
in the same 50% efficiency
level. In other words, the
efficiency of the simple-
majority rule is independent
of the distribution of
weights per country.

As is to be expected, the ‘dual-simple-
majority’ decision rule, i.e. a simple
majority of Member States representing a
simple majority of contributions (scenarto
4), is clearly superior in efficiency terms to
voting rules that include a two-thirds
majority (scenarios 2,3, 5 and 6). It also
exhibits very little sensitivity to an
increase in the number of Member States,
which means it could constitute a
long-lasting voting system by being able to
accommodate  potential
future enlargements.

Compared to the ‘dual- brophel %
simple-majority’ rule, the

10

[ BRI S R - =]

10.51%

Number of Member States

(scenarios 3 and 6) show a high
dependency of efficiency on the number of
Member States. An increase from 15 to 17
almost halves the efficiency !

The European Union’s actual and
potential weighted voting systems, when
adapted to ESA, display efficiencies that
are comparable to those of the existing
ESA voting systems (scenarios 2 and 3),
the adaptation of the ‘Nice Treaty’ system
providing slightly better efficiencies than
the adapted ‘current EU system’.

Evoluating the Vofing Power of Member
States

A voter’s power under a given decision rule
is defined as the amount of influence that
the voter has over the outcome of the vote.
It is a measure of the probability that the
given voter can be critical to the final
outcome of the vote or, in other words, that
the voter can reverse the outcome by
reversing his/her vote. Hence, the more
powerful a voter is, the more often the
outcome goes the way he/she votes. Such

Efficiencies of Different Voting Systems

increase in the threshold & - -
on contributions from 50 .
simple-majority to two- 40 - -
thirds-majority — while 30 n
requiring a simple majority
of Member States 20 _
(scenario 5) — almost 10 ] ‘ - =
hatves the likelihood of ol B | | e i] I EH & B
passing a randomly selectgd o ' o & ' & ' & % 5 ' 5
proposal. However, this N é‘f & 1{5 f {f & &
decision rule still maintains S & 5 " * ™y 5 $
a stable efficiency level in éf :§’ @:‘? & \1}8 {\’8 35 2
an ESA with 21 Member ‘375 §5 §’ 5_;': g‘n‘& :,;f - i o
States. & & S g I 3 &

The decision rules 03 ” N N “ Bt
including a two-thirds -

majority of Member States
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voting power is a purely mathematical
parameter, independent of real-life factors
like the ability to persuade or to convince
other voters. Such factors might result in a
much higher ‘de facto’ influence over the
outcome of the vote than the statistical
voting power alone indicates.

Of the voting schemes investigated, the
one under which all Member States have
the highest probability of being crucial to
the final outcome is the dual-simple-
majority rule, whereas under the double
two-thirds-majority rule this probability
decreases sharply*.

Ratios of Relative Voting Power between Weakest and Strongest Member States

1.0

ratio of relative voting powers is 1 because
the voting weights of all Member States
are equal. Of the dual-majority schemes,
the voting rule based on two-thirds of
Member States and a simple majority of
contributions (scenario 6) is the one
displaying the least disparity in terms of
voting power, while under the voting
rule requiring two-thirds of contributions
and a simple majority of Member States
(scenario 5), the amount of influence
exerted by the ‘weakest’” Member State
over the outcome is low, amounting to
about only 10% of that of the ‘strongest’
voter.

0.9

on an equal footing, while the second
introduces a correspondence between the
voting power and contribution level of a
Member State, thus favouring the big
contributors, avoiding their being out-
voted by the smaller ones. Achieving the
right balance between these elements is
essential to arrive at a scheme acceptable
to all Member States. However, even a
purely weighted voting rule (as scenario 9)
attains such a balance if the weights are
chosen satisfactorily for all Member
States. This could be achieved by applying
weights that are not strictly proportional to
contribution levels, in the same way that
the weights in the EU system
are not strictly proportional
to the actual population
levels.

0.8
0.7

Voting Practice in ESA:;

0.6
0.5

Majorities  Required and

Obtained

0.4

0.3

0.2
0.1

15 Member States

A picture of the relative voting power
distribution of Member States for each of
the assessed voting systems is given in
graph 4 by comparing the ratios of power
between the least and most influential
Member States: the lower that ratio is, the
larger is the difference between their
relative voting powers.

As is to be expected, under (non-
weighted) one-country one-vote rules, the

* As an example, under the dual-simple-majority scheme, France
could reverse the outcome by reversing its vote in 38% of the cases,
but only in 16% of the cases under the double two-thirds majority
rule.

www.esg.inl

In order to determine the
empirical efficiency of the
ESA voting system, regarded
as the Council’s actual ability

21 Member States

. 17 Member States

From the graphs 3 and 4 above, it
transpires that the combination of the
different yardsticks — efficiency of voting
systems and their sensitivity to
enlargement trends together with the
voting power of Member States — points to
the dual simple majority as the most
acceptable scheme for ESA on both
efficiency and political-acceptability
grounds. It also represents a long-term
solution in that it could accommodate
further ESA enlargement.

All dual schemes combine the element
of ‘one-country, one-vote’ with the
element of weighted voting. The first
element puts small and large contributors

to act, decision items
proposed to the ESA Council
— excluding ministerial

Councils — over a three-year
period (1999-2001) were
analysed. The results were

compared with the
theoretical efficiencies of
each of the required

majorities as defined above.

The analysis shows that the most
commonly applied voting rule in the ESA
Council is a two-thirds majority, applying
to 44.4% of the decision items during the
period, compared with 34.1% requiring a
simple majority and 21.5% unanimity.

In term of the final outcome of decisions
taken from 1999 to 2001, 89.6% of
Council decision items were approved,
8.2% were rejected and 2.2% were
withdrawn from the agenda. Of the items
rejected, about half were required to be
approved by a simple majority.

It should be underlined that, in practice,
disregarding the majority required,
Member States tend to seek unanimity. In
fact, 60.7% of all decision items were
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Graph 5

Decisions Approved by Required Majority
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finally approved with unanimity, whereas
only one-third actually required
unanimous approval.

Based on the results obtained for each
of the required majorities in the Council
during the period 1999-2001, we can
compare the actual percentage of
proposals approved by the required
majority and the theoretical efficiency of
the voting rule (see graph 5).

It must, of course, be remembered that
the theoretical efficiency is a mathematical
parameter, which does not take into
account the fact that the Executive does not
propose random measures, or that
coalitions of Member States do not form
randomly around any proposal. In practice,
therefore, the likelihood of a positive
outcome under the three voting rules
applied — simple majority, two-thirds
majority, and unanimity — is considerably
higher than the statistics predict.

Conclusion and Prospects

This analysis of the decision-making
efficiency of the current ESA voting
system has shown that — from a statistical
point of view — the Agency’s projected
enlargement would not significantly affect
the ability of Member States to approve a
given measure. For the two-thirds-majority
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Two-thirds majority

. Theoretical efficiency

rule in particular, future enlargements
would only moderately lower decision-
making efficiency. Moreover, voting
practice in Council shows that the
empirical efficiency of the system is high
and the agreement of all Member States to
a given proposal is generally pursued and
achieved.

Based on the results of our statistical
analysis, ESA’s potential enlargement
would not require the introduction of
alternative voting rules to maintain the
Council’s efficiency to act. The main
concern is to construct a decision-making
system that remains efficient and
democratically legitimate for an enlarged
Agency with up to 21 members. At the
same time, the distribution of power, which
represents the key to political acceptability,
should be satisfactory for each incumbent
Member State.

Our analysis of combinations of simple
and two-thirds majority rules applied to a
two-tier vote configuration (number of
Member States + votes weighted on
contributions) shows that the dual-simple-
majority rule (simple majority of the
contributions representing a simple
majority of Member States) best combines
high efficiency and a ‘fair’ distribution of
voting power. This voting system would

Unanimity

also represent a long-lasting reform as its
efficiency and voting power distribution is
rather insensitive to future ESA
enlargements.

Examination of the recent voting
behaviour of Council shows that its
efficiency to act is significantly higher
than statistical analysis predicts. In
practice, the ESA Executive seeks to make
proposals that are likely to be accepted by
Council. The existence of subordinate
bodies providing for a process not only of
refining proposals, but also of consensus-
building before an actual decision is
sought, also explains the high level of
voting efficiency in Council. The impact of
future enlargement on voting efficiency is
therefore expected to materialize not so
much in statistical effects due to the larger
number of voters, but rather in the
increased complexity of reaching consensus,
which is fundamental to the practical voting
efficiency. Qesa
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and Kourou Spaceport (French Guiana).
Typical activities within the space field encompass:

¢ AlV Engineering

* Component Testing and
Failure Analysis

¢ Antenna Engineering

* Earth Observation

* Ground Segment Engineering

¢ PC Support
e Software Development

Management

Jane Marcham, Serco Europe Lid.
5th Floor, Kempton Point

Middlesex TW16 7AX, U.K.
Tel.: +44 1932 733 000

Serco is an Equal Opportunities Employer

JOB OPPORTUNITIES IN SPACE

Serco is the largest technical services contractor to ESA. We have been supporting the Agency’s programmes for over 30
years and regularly have job opportunities based at ESTEC (Netherlands), ESRIN (ltaly), ESOC {Germany), ESA/HQ (France)
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* Database Development and

IF you would like to be considered for future job opportunities with Serco please send your full curriculum vitae to:
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* IBM MVS System Ops and
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Modis is the European market leader in the provision of
human resource and project services to organisations
and industry. Modis has rightly earned a reputation for
quality, efficiency and innovation in the supply of staff

across the complete commercial and industrial spectrum,

Modis’ philosophy is to forge three-way partnerships
between our customers and our staff that will sustain
over the long term. We regard our staff as Associates -
people with whom we work to provide continuity of
employment and career development. Our customers are
partners for the long term so that Modis continuously
seeks to provide a truly pro-active service focused on our

customers’ business goals

If you would like to find out more about Modis’ services
and our opportunities then please contact:

Douglas Murdoch

Customer Developer — European Space Team
douglas.murdoch@modisintl.com

Modis

Aalsterweg 5, PO Box 155, 5600 AD

Eindhoven, The Netherlands
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EAC Trains its
First International

Astronaut Class

Hans Bolender, Loredana Bessone, Andreas Schoen & Hervé Stevenin
Astronaut Training Division,
European Astronaut Centre (EAC), Cologne, Germany
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EAC’s first internationol astronaut ISS
advanced training class, photographed

in front of the Columbus module. From :

left to right: S. Furukawa (NASDA),
S. Wilson (NASA), P. Nespoli (ESA),
T. Reiter (ESA), P. Dugue (ESA),

K. Wakata (NASDA), L. Eyharts (ESA),

T. Doi (NASDA), N. Stott (NASA) and
A. Hoshide (NASDA)

4 fter several years of planning

‘ﬂ and preparation, ESA’s ISS
A "':;'--,Atraining programme has become
operational. Between 26 August and 6
September, the European Astronaut Centre
(EAC) near Cologne gave the first ESA
advanced training course for an
international ISS astronaut class. The ten
astronauts who took part — two from
NASA, four from Japan and four from
ESA - had begun their advanced training
programme back in 2001 with sessions
at the Johnson Space Center (JSC) in
Houston and at the Japanese Training
Centre in Tsukuba.

During their stay in Cologne, the ten
astronauts participated in a total of 33
classroom lessons and hands-on training
sessions, which gave them a detailed
overview of the systems and subsystems of
the Columbus module, the Automated
Transtfer Vehicle (ATV), and the related
crew operations tasks. They were also
introduced to the four ESA experiment
facilities to be operated inside the
Columbus module. After their first week of
training at EAC, the astronauts were given
the opportunity to see the flight model of

the Columbus module being integrated at
the site of ESA’s ISS prime contractor,
Astrium in Bremen. The second week of
training at EAC included hands-on
instruction on the Columbus Data
Management System (DMS) using the
recently installed Columbus Crew Training
Facility.

In preparation for the first advanced
crew training session at EAC, two Training
Readiness Reviews (TRR) were conducted
there in June and August. These reviews
were supported by training experts and
astronauts from NASA, NASDA and
CSA (Canada), who were introduced to
ESA’s advanced training concept and the
development process, and then analysed
and evaluated the training flow, content
and instructional soundness of lessons and
courses, as well as the fidelity of the
training facilities and the skills of the ESA
training instructors. The International
Training Control Board (ITCB), made up
of representatives from all of the ISS
International Partners and mandated to
control and coordinate all multilateral
training for ISS crew and ground-support
personnel, testified to ESA’s readiness to
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provide Advanced Training by declaring
the EAC TRR successful.

The completion of this first training
course was therefore a good opportunity
for the Astronaut Training Division to
assess the status of its training programme.
The comments and recommendations of
the training experts and the astronauts who
took part have been carefully evaluated and
the results are being fed back into the on-
going training development process.

The ISS Training Flow

The multilaterally agreed ISS training
approach consists of three consecutive
phases: Basic Training, Advanced Training
and Increment-Specific Training.

The Basic Training, which takes a year,
is provided independently by each ISS

Overview of the ISS training flow

Collateral
Duty

Advanced Tralning

Basic Training

International
Astronaut Classes
1 Year at all Partner Sites

1 Year
At each Pariner Site
ESA Astronatts al EAC

Physiology Module and Biolab: Biological
Laboratory), and the Automated Transfer
Vehicle (ATV).

Basic training

This first training phase for newly
recruited astronauts focuses on providing
the fundamental knowledge, attitudes and
skills needed by a professional astronaut. It
includes an introduction to space activities
(organisations and current programmes),
spaceflight fundamentals (e.g. engineering,
and life and biomedical sciences) and
space systems and operations (e.g. US
Space Shuttle, Soyuz and ISS, incl. ESA
contributions). It also fosters the
development of the basic skills considered
necessary for future astronauts, such as
scuba-diving training in preparation for

Mission
4 (Onboard
Tralning)

Collateral
Duty

Increment - Specific
Training

Assigned Crews
1.5 Years at all Partner
Sites

Crew
Assignment

Selection Primary Training Sites

¥ ISC, Houston

¥ GCTC, Moscow ¥ NASDA, Tsukuba
¥ CSA, Montreal ¥ EAC, Cologne

International Partner for its
astronauts. The next two phases of training
are designed for international astronaut
classes and are implemented at all
International Partner training sites. During
these so-called ‘multilateral training
phases’, each Partner is responsible for
providing training to all ISS astronauts for
those elements that it is contributing to the
Space Station Programme.

ESA’s main contributions to the ISS, for
which EAC therefore provides crew
training, are the Columbus module,
including the four ESA payload racks
(EDR: European Drawer Rack, FSL: Fluid
Science Laboratory, EPM: European

own
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Extra Vehicular Activitics (EVAs), media
skills for pubic-relations purposes, and
Russian language training.

Advanced training

This also lasts a year and provides a more
in-depth understanding of ISS systems and
subsystems, payloads and payload support
systems, transport vehicles and related
operations. It focuses on generic ISS
onboard tasks and the interactions with the
ground control centres, and thoroughly
prepares crew members for their first flight
assignment. As new elements, payloads
and capabilities are added to the ISS, the
content of the Advanced Training

curriculum is augmented to reflect the
current Station configuration. It 1is
organised around generic crew jobs and
thus includes some specialisation in terms
of robotics skills, EVAs or other foreseen
tasks. A crew member completing the
Advanced Training is immediately eligible
for assignment to a range of missions.

Increment-specific training

This final training phase lasts 18 months
and its primary objective is to prepare the
prime and backup crews assigned to a
specific ISS flight for performing all of the
activities planned for that particular flight
Increment. This includes standard
operations and maintenance tasks for
systems and payloads, as well as such
preventive maintenance as exchanges of
Orbital Replaceable Units (ORUs) or
particular assembly tasks like the
activation and checkout of new ISS
elements.

The training conducted at the
International Partner’s sites focusses
mainly on single ISS elements or modules.
Other so-called ‘Multi-Segment Training’
is performed at the Space Station Training
Facility (SSTF) in Houston. As well as
addressing on-board activities like
emergency procedures, it also provides
interface training for the on-board crew
and the mission controllers at the various
control centres. The training of individual
crew members is tailored to the tasks
assigned to each of them in the Crew
Qualification and Responsibility Matrix
(CQRM) for each ISS Increment.

The Training Challenges

Several factors combine to make the ISS

crew training activities more complex and

hence more challenging than any training
programme that EAC has previously
undertaken:

— The multinational nature of the ISS
programme results in a large number of
interfaces, calling for extensive and
intensive consultation and coordination
between the Partners.

— The decentralised training at sites
around the World calls for carefully
harmonised training concepts to avoid
omissions or repetitions.
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The ODISSEA crew, who visited the
1SS on a Soyvz taxi flight in
October 2002, receiving I5S

raining ot the SSTF facility in
Houston. ESA astronaut Frank De
Winne (right) and his Russian crew
mate, Yuri Lonchakov (cenire)
during their experiment fraining on
the ESA Microgravity Science
Glovebox (MSG), supervised by the
EAC Training Coordinator, Hervé
Stevenin

— The limited crew training time available
dictates the use of the most effective
training concepts in order to achieve the
training objectives as quickly and as
straightforwardly as possible, especially
when dealing with astronaut classes
consisting of crew members with diverse
cultural and professional backgrounds.

— The ditferent crew task and qualification
level assignments require the training
programme to be tailored to the actual
tasks and responsibilities of each crew
member.

— Last but not least, the training programmes
for Increment crews have to be
harmonised with those for the Shuttle
and Soyuz crews who visit the 1SS, to
ensure that all of them can work together
safely and effectively onboard the Space
Station.

ESA and its International Partners have
taken up these challenges, implementing a
variety of measures and initiatives in order
to provide highly skilled crew members
capable of working safely and efficiently
in the ISS environment.

The ISS Partners have agreed on using
the same approach to training development,
resulting in a harmonised training concept
and structure. The underlying philosophy
of the approach, relying on an Instructional

www.esa.inl

System Design (ISD) based on research in
learning psychology and addressing the
shortfall between current and required
knowledge and skills, is shown in the
accompanying figure.
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Phases of the Instructional System Design (1SD) approach used for
astronaut training development

Payload Crew Training

The payload training is one of three main
elements of the ESA-provided ISS
training, together with the Columbus and
ATV system (raining, and is a good
example of the ISD development
principles being applied.

Payload training is being developed for
all four ESA microgravity research
facilities: the Fluid Science Laboratory
(FSL), the European Physiology Module
(EPM), a biological research facility

called Biolab, and the European Drawer
Rack (EDR). EAC is also supporting
NASA for the development and
implementation of training for the Material
Science Laboratory (MSL).

Payload training is founded on three
closely interrelated building blocks:
— the payload courseware
— the payload training facilities

training tools
— the payload instructors.

and

Development of the training courseware
has been contracted to an industrial
consortium led by Lufthansa Flight
Training (LFT), and including SAS
(Brussels) and the companies developing
the payload flight models for ESA
(Astrium, Alenia and OHB). The payload
developers are responsible for the on-board
task analysis, for defining the training
requirements and training manuals, and for
developing lessons in close interaction
with the payload training model
developers. A Curriculum Board headed
by LFT elaborates guidelines and
standards and co-ordinates the courseware
development. The course materials —
training manuals, handouts, technical
documentation, photos, videos and
computer-based training aids — for all
payloads are being produced by SAS. A
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Steering Board, headed by the ESA
Astronaut Division and consisting of
representatives from each company
involved, oversees the Curriculum Board
and the courseware production.

The payload instructors have already
undergone an introductory training phase
at EAC and have participated in Instructor
Training Courses at NASA-JSC and at
EAC, familiarizing them with the methods
and techniques of Instructional System
Design. The development of training
lessons and materials forms part of their
on-the-job training and counts towards
their instructor certification.

Columbus Crew Training

This training prepares the crew to monitor,
operate and maintain the Columbus
module’s systems and subsystems.

During the Advanced Training, the
astronauts are familiarised with the
technical layout of the module, its
characteristics and capabilities, and the
operational concepts and modes. They
receive knowledge-based training on the
different systems and subsystems, their
components, functions and redundancies.
Special attention is paid to the Data
Management System (DMS) — as seen
from a crew operations perspective —
which is a central element of the Columbus
module. Working with crew displays,
navigation within those displays, and the
monitoring and commanding are other key
elements in this training phase. The
concept, locations, functions and
maintenance of the Orbital Replaceable
Units for Columbus are also covered. This
knowledge-oriented part of the training
is concluded with instruction in the
Columbus operational After
completing this course, the crew begin
hands-on training in the Columbus Crew
Trainer.

The content of the Increment-Specific
Training for the Columbus systems is
driven by the overall activity plan for the
particular ISS Increment and the tasks
assigned to the various crew members.
Major topics in this training phase are the
preventive/corrective maintenance planned
during the Increment, the day-to-day
onboard activities to be performed using

modes.
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Hands-on training on
the Data Management
System (DMS) in the
Columbus Trainer af

EAC during the
Advanced Training in
August 2002

the various onboard tools, and
understanding how the different ISS
elements function together. During the
Multi-Segment Training in Houston, the
crew train to operate the Station as an
integrated system. This includes the
emergency training that the crews need to
handle such emergencies as fire, rapid
depressurisation or toxic spills.

Aside from the technical and operational
content, team-building is an important
element of the Increment-Specific Training.

ATV Crew Training

The ATV training focuses on three major
areas: rendezvous and docking, cargo
operations, and emergencies.

As the ATV docks automatically with
the Station — monitored by the ground
controllers and the crew — intervention
possibilities  during and
docking are rather limited. The crew can,
however, monitor the approaching vehicle
on video and via the data on their onboard
displays to check that it is on a safe
trajectory. If not, they can intervene to halt
the approach and command the vehicle to
a safe and collision-free orbit. This training
is therefore very important for overall
Station safety. The close interaction
between the onboard crew and the ATV
ground controllers in such situations is
fostered during integrated simulations
involving the ATV Control Centre and the
ATV Crew Trainer (ACT), located at EAC.

The ATV will re-supply the ISS with a
wide range of dry cargo, water, gases and

rendezvous

fuel. Experience with the MIR space
station and the first ISS Increments has
shown that the complexity of cargo
operations/handling can  often be
underestimated. After familiarisation with
the basic ATV cargo operations, crews will
therefore be trained to handle the actual
cargo complement to be flown on the
particular ISS Increment. When unloading
cargo from the ATV and re-loading it with
trash, for example, care has to be taken to
keep the vehicle’s centre of mass within a
certain range to allow safe un-docking and
departure from the Station.

The ATV emergency training covers all
types of events, including potential
emergencies specific to the ATV and 1SS
‘generic’ emergencies that could have an
impact on the ATV. The overall ATV
training programme being conducted at
EAC will therefore ensure safe and efficient
operation of the ATV by the ISS crews.

Evolution of 1SS Crew Training

A major issue for the ISS training
community is the constant evolution of the
ISS Programme, reflecting changing
boundary conditions as well as learning
from in-flight operational observations and
post-flight crew feedback. As the Station
grows and more International Partners
have to provide their training, the
requirements become more stringent and
crew training time becomes an ever more
critical resource. This makes careful
harmonisation and integration of training
flows to achieve greater efficiency and
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ESA Training Facilities

In order fo carry out the ISS training programme, training facilities had to be developed that represent
the Station’s flight equipment and systems both mechanically and functionally, and which provide the
fidelity required by the complexity, specialized nature and safety implications of the tasks to be trained
for. The choice of site for those facilities — EAC, Johnson Space Center or the Gagarin Cosmonaut
Training Centre — is driven by the need fo provide representafive training for integrated payload-
system and mulii-segment operations whilst minimizing travel requirements for the astronauts.

The two almost identical Columbus trainers located at EAC in Cologne and at Johnson Space Center in
Houston provide high-fidelity simulation of the Columbus Data Management System (DMS) and its
other systems and subsystems, but differ in terms of their simulation of payload/system interaction and
of the interface between Columbus and the American in-orbit systems of the ISS.

The Columbus Trainer will soon be supplemented with a Columbus mock-up for crew familiarisation with
the module’s topology and equipment locations, and training for mechanical tasks, especially
preventive and corrective maintenance. It is planned to partially infegrate the mechanical and
functional simulation to provide realistic training for such complex maintenance tasks as the
deactivation, exchange, re-activation and checkout of failed Orbital Replaceable Unis.

Interaction with the DMS lies ot the heart of Columbus operations. To provide the crews with a clear
understanding of its infernal architecture, processes, functions and redundancies, a special task trainer
is being developed, providing visual animations of DMS components and functionalities, and functional
simulations of some dedicated DMS processes.

The automated docking of the ATV to the Russian Service Module is a safety-critical manoeuvre in ferms
of overall ISS safety. The ATV Crew Trainer at EAC therefore includes a high-fidelity rendezvous and
docking simulator which will be used to train crew members for monitoring that crifical event. A
combined mockup of the ATV and the Russian Service Module is under development and will be
delivered to EAC in early 2003. It will be used to train for cargo operafions like the unloading of dry
cargo, water and gas transfer to the Station, and the loading of trash into the ATV,

The Payload Training Facilities at EAC will be of two different types. The stand-alone Payload Training
Models are full-scale mechanical and functional representations of the payload racks, with high-fidelity
urew interfaces and maintenance-training capabilities. The Columbus Trainer will be supplemented with
simulators for the ESA payloads, fully integrated into their rack positions. These simulators incude full-
scale representations of the payload front panels, activated by a software simulation model running on
a dedicated work station.

European Astronaut Centre, Cologne JSC, Houston

Payload Training Models
o

Columbus Trainer (COL-TRU
integrated in SSTF

Columbus Trainer
ﬁ (COL-TRE)

ey N

Shmisd ATV RVD —
ATV Mock-up GCTC, Moscow

Simulator v+ ¥ ‘ ‘
e NADSES
+OMS Part Task Trainer —————
A - El
*Computer Based Training Columbus Mock-up i ERA Training
Facilities
«Classrooms
+Physical Fitness Facility - 1 ATV RVD
Astronaut Training Database I Simulator

*Neutral Buoyancy Facility

The ESA Training Facilities
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effectiveness of the overall training
programme, exploiting synergies and
reducing redundancies, an absolute
necessity.

One of the training team’s future tasks is
therefore to develop a process for the
distribution of training time to the Partners
based on training
requirements. Crew feedback after flights
also indicates a need to redefine the
operational relevance of different areas of
the training, which also implies a higher
degree of fidelity for the training facilities.

exact Increment

Conclusion

As a result of the decision to delay the
launch of the Japanese Experiment
Module for the ISS to 2006, ESA will be
the next International Partner to launch its
ISS module. Changes being made to the
Assembly Sequence also indicate that the
Columbus launch, planned for October
2004, will no longer be a crew-exchange
flight, but most likely a visiting-Shuttle
flight. The Increment crew onboard the
ISS when Columbus arrives will have
already arrived in July 2004.

Under this scenario, preparation and
implementation of the training for the 1E
Shuttle flight and the respective Increment
will be a special challenge, not only
because it is the first flight-specific
training to be provided by ESA, but also
because it requires training for one Shuttle
crew and one prime and one back-up
Increment crew. Moreover, the training for
the Increment crews needs to be advanced
by three months compared with the
original schedule. According to the draft
assembly sequence, the first ATV launch is
scheduled for the same Increment. In this
case, the Increment crews will also have to
be prepared for ATV crew operations.

The latest training schedule updates are
currently being prepared, and Shuttle and
Increment training coordination with the
NASA training counterparts has been
initiated. The first Increment-specific crew
training at EAC can be expected in the last
quarter of 2003. Preparations have
therefore already started and we are
confident that we are on the right track to
meet the challenge ! Ceosa
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European Harmonisation & Strategy i

he process of harmonizing and

developing a future strategy for

European space technology was
initiated in 2000 in response to the
adoption of a Resolution titled ‘Shaping
the Future of Europe in Space’ at the ESA
Ministerial Council in May 1999. This
Resolution notes that
".the new and demanding chaflenges of the 21st
Century call for a concerted Furopean efforf, so that
Evrope achieves its fullest potential international
cooperation and world compeition”.

The
Strategy Initiative has therefore been
developed to achieve better coordinated
and Development (R&D)
activities among all European space sector
players, and to establish a strong
technology base as a key to the worldwide
competitiveness of European Industry and

Technology Harmonisation and

Research

the success of future space missions.
The strategy involves establishing a
coordinated European Space Technology
Policy and preparing a Technology Master
Plan through a process of concertation,
coordination, harmonisation and agreement
between ESA’s Member States, the
European Commission, European Industry
and ESA itself.

www esa.int

The 'European Sirategy for
Space Technology Werkshop' in
Seville, Spain, in May 2000

A Workshop was organized in Spain in
May 2000, by ESA’s Technology
Programmes Department in cooperation
with the European Commission (EC).
Spain’s  ‘Centro para el Desarrollo
Tecnologico e Industrial” (CDTI) and
Furospace (representing the European
space industry), to present to Delegations
and Industry ESA’s approach to the
implementation of the May 1999 Council
mandate on technology and to solicit their
opinions. The participants at this Seville

Workshop agreed that Europe had indeed
to unify and coordinate its
technology activities
European policy.

The necessity to identify needs, to map

space-

via a coherent

European capabilities and to define

common European roadmaps for future

developments was outlined and an overall
process was established based on:

— Identification of technology needs for
European programmes, strategic areas
for European independent capabilities
and leadership, and the competitiveness
of European industry in both the short
and long term.

— Acquisition of a complete overview of
all relevant technology-development
activities in Europe and the relevant skills,
specifically at European and national
level, including industry and academia.

— Definition of implementation guidelines
and funding for the necessary technology
R&D activities, harmonised in a coherent
and co-coordinated Master Plan.
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The Technology Harmonisation and Strategy process

The process starts with the elaboration
of a ‘European Space Technology
Requirements Document’ (Dossier 0) in
which all European missions and
technology  requirements are gathered
from all ESA Directorates, National
Delegations, Industry and Operators.
These requirements are then analysed, and
synthesized.

The second cornerstone of the process is
the ‘European Space Technology Master
Plan’ (ESTMP), which constitutes a
complete overview of planned institutional
space-technology programmes in Europe
and includes harmonised roadmaps. The
analysis of these planned European R&D
activities with regard to technology
requirements forms the Dbasis for
conducting the technology-harmonisation
activities with the European stakeholders.

A further strategic element is the
“Technology Observatory’. Its function is
to support the harmonisation process with
specialized inputs at critical points along
the way.

The Technology Monitoring activities
close the process loop by providing the
feedback needed to measure the
performance of the process, and to support
continuous improvement.

The actual implementation of the R&D
contracts is carried out through the various
existing ESA or national programmes.
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These principles and guidelines agreed
in Seville were endorsed by ESA’s
Industrial Policy Committee (TPC) in May
2000. The ESA Ministerial Council, at its
meeting in Edinburgh in November 2001,
reaffirmed ESA’s central role in the
coordination and harmonisation of the
European strategy and policy for space
technology and invited the Agency and

-

The Edinburgh Ministerial Council:

1. REAFFIRMS the need for a strong technology hase as the key fo the
worldwide competitiveness of Evropean industry and the success of

future space missions.

2. REAFFIRMS the central role of the Agency in the coordination and
harmonisation of European strategy and policy for space technology
and WELCOMES the good progress demonstrated in pilot cases.

3. INVITES the Director General and Member States, fogether with

other players in the space sector, fo:

a) pursue the programmatic coordination and harmonisation of 1e(hno|ogy

| Monitoring

e

Europe Space
Technology ) R&D
Master Plan Contracts

(ESTMP)

its Member States to pursue, together
with the other players in the space sector,
the programmatic coordination and
harmonisation of technology programmes
in Europe. The accompanying Ministerial
Council Resolution confirmed the vision
embodied in the joint ESA-EC Strategy for
Space for strengthening the foundations of
Europe’s space activities.

programmes in Europe and prepare the European Space Technology Master

Plan as a further step to the recently developed ESA Technology Master Plan;
b) define road-maps and harmonised implementafion schemes for the

development of critical technologies, involving industrial funding as

appropriate; and

¢) define appropriate measures fo ensure consistency between the European
Space Technology Master Plan and ESA's industrial policy.
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European Harmonisation & Strategy -

The European
Technology
Document s

Space
Requirements
intended to
collect in a single text, and
provide a complete overview at
European level of, all the
envisaged future missions and
their associated technology
requirements, including those
related to ‘technology push’.
This document is the starting
point for and a key element of
the global technology strateg
developed by ESA, which extends from the
collection of the technology requirements,
through to the implementation of the
actual technology-development activities.
Moreover, Dossier 0 is an important tool
for the generation of the individual ESA,
European Commission and national space-
technology plans. [nputs are provided by
all ESA Technical and Programme
Directorates, by the national Delegations,
the FEuropean Commission, and by
European Industry through Eurospace and
European Prime Contractors and by other
interested parties.

The first version of the Dossier 0, issued
in 1999 and widely circulated to Industry
and Member State Delegations, was well
received, confirming its importance within
the overall European technology strategy.
With the March 2002 issue, an effort has
been made to improve the traceability of
the inputs, the structure and the content of
document, and its coverage.

The consolidation process

The data collected in Dossier O have been
further processed in the Consolidated
Dossier 0 (Dossier 0-C) with the aims of
improving the document’s overall legibility
and completeness, and of providing a
consolidated view of the technology
requirements in order to better identify
synergies and commonalities.

The consolidation process was strongly
supported by all ESA Directorates, in
particular the Directorate of Technical and
Operational Support and, when needed, by
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The 2002 update of Dossier 0
on (D-ROM

Industry, Eurospace and the national
Delegations. The Dossier 0 data was
reviewed by 25 panels of ESA experts to:

(i) establish the “Technology Tree’ (which
provides a detailed classification in
terms of technology domains, sub-
domains and groups of technological
know-how required in space activities;
and

(i1) carry out a thorough analysis to ensure
the coherence, completeness and correct
classification of the various requirements
within the Technology Tree.

Service domains

Missions

Technical
Requirements

The structures of Dossier 0 and Dossier 0-C

d-esa

sier O

: ce Technology
Requirements Document

Although the contents of the Dossier O

and Dossier 0-C are similar. the
document structures differ
significantly.
The Dossier 0 data are
organised into service and

application domains, while in
the consolidated document
all  missions are grouped
together and the technology
requirements are organised into
technology domains. In
practical terms, this allows a
technology expert to find all of
the technology
pertaining to his/her field of
technical expertise grouped
independently of the application.

requirements

This helps considerably in
identifying  synergies  and
commonalities across various
applications.

The evolution process

Dossiers 0 and 0-C are already playing a
European space-
strategy. As they evolve

valuable role in
technology
further, more contributors will be included,
thereby providing ever-growing benefits to
the  European
Subsequent yearly updates will increase
both their validity and completeness. Web-
based tools are being
developed to facilitate participation in the
voluntary contribution process and to
speed up the updating process.

space  community.

informatics

Service domains

Missions

Technology domains

Technology Tree

Technical
Requirements
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The harmonisation initiative is based on
two assumptions: firstly that the resources
for basic space R&D need to be better
coordinated and prioritized; and secondly
that dedicated public budgets for space-
technology developments in Europe
will continue to be constrained, and
consequently R&D should be increasingly
financed through co-funding, partnership,
cooperation and concertation schemes, and
space agency / EC / industry agreements.

The technology-harmonisation process
takes into account the various European
developments, capabilities and budgets to
enhance the complementary roles of the
various partners in meeting common
objectives. Success relies first and
foremost on exchanging information on
future plans and on results from on-going
developments between participating
stakeholders, and on the interest and
willingness of these stakeholders to
discuss and agree on a common and
concerted approach for the benefit of
both Europe’s industry and its space
programmes. ESA is playing a central role

Selection of technology to
harmonise (for the year)

Technical Dossier

Mapping Meeting
(open)

Proposed Roadmap

Roadmap Meeting
(ESA, Member States, EC)

————— Per Technology

Conclusions &
Proceedings

Follow-up and
Status Report
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Technology Harmonisation

The major objectives of the harmonisation process are fo:
— optimise public investments in space-technology R&D
— fill strategic gaps and reduce unnecessary duplication

— ensure a fair role for each player

— specialise skills and strengthen industrial cooperation
— determine the R&D priorities fo safisfy European space ambitions, commensurate

with the available resources

— arrive of a coordinated and committed European Space Technology Policy and

R&D programme.

in this process, facilitating — through
coordination, documentation, recommen-
dation and synthesis — a fruitful dialogue
between the ESA Directorates, the national
Delegations, the European Commission
and Industry.

Given the novelty and wide-ranging
scope of the harmonisation process, a
methodology was tested on pilot cases in
2000 and 2001, covering different
situations in terms of technology maturity,
industrial competitiveness, funding needs
and political interest. The pilot cases

selected were: solar arrays, electric
propulsion, and synthetic-aperture radars
in 2000; and cryogenics, attitude and orbit
control system sensors and robotics in
2001.

The methodology followed is based on
two meetings per technology. The first is
open to all players (Industry, National
Agencies and Delegations, Operators,
EC and ESA’s Programme and Support
Directorates). Its objective is to achieve as
complete a mapping as possible of the
technology in question. ESA introduces
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the future mission and market needs, the
worldwide  technology trends, the
European state of the art, competitiveness
and strategic interest. National Delegations
present their on-going activities, industrial
expertise and plans. Eurospace presents
the space-industry-coordinated capabilities,
needs, and recommendations.

The second meeting is restricted to the
funding parties (Delegations, EC, ESA).
Its purpose is to discuss and agree on road-
maps for future R&D activities, covering
all programmatic aspects. for
discussion and decision include what
needs to be developed and by when, and
the identification of sources of finance and
possibilities for sharing skills, expertise,
capacities and resources with potential

Iltems

partners. Issues such as maturity, target

readiness, and competitive impact and

position are also assessed.

Feedback on the pilot phase from all
participants has been very positive. The
mapping meetings and the supporting
documentation have provided increased
visibility of the opportunities and
challenges related to specific technologies
and market segments. The agreed road-
maps have guided the various players in
planning their R&D efforts in the
corresponding technology areas.

The benefits obtained from harmonisation
can therefore be summarised as:

— Increased visibility of the FEuropean
situation for the technologies covered.

— Identification of inefficiencies.

— Contributions to skills specialisation and
the strengthening of cooperation between
companies across Europe.

— Helping in establishing and improving
contacts and developing partnerships.

— Facilitating the adoption of strategic
decisions by Delegations, which may
reorient their national plans and help
their industry to improve its competitive
position.

— Constituting an essential step towards
the optimisation of public investments
and the achievement of a European Space
Technology Master Plan.

The November 2001 harmonisation

meeting concluded the pilot phase, and

included a discussion with Delegations
about lessons learnt and the way forward.

www.esa.int

Harmonised Technologies

2000 2001
® Solar Arrays

® Electric Propulsion

o Synthetic-Aperture Radar

* (ryogenics
* AOCS sensors
o Robofics

It was agreed to:

— Conduct technology harmonisation on a
routine basis.

— Identify and plan harmonisation meetings
well in advance.

— Retain the two-meeting approach.

— Increase the number of cases handled
every year, with a target of two cycles/
year (4 meetings and 8 cases per year).

— Revisit each case on a regular basis
(every 2 to 3 years), to assess results and
update the road-map.

— Prepare and distribute relevant documents
(technical dossier, tentative road-map) to
participants before each meeting.

— Provide annual feedback to Delegations
and Industry regarding progress in
harmonisation.

The harmonisation process proper
started in January 2002 with the discussion
and approval by ESA’s Industrial Policy
Committee (IPC) of the cases to be
handled this The first four
technologies were harmonised during the
first quarter, and harmonisation of the
second set will be completed by December.

year.

The ESTMP has its roots in the
Technology Plans of the Member States of
the EC and of ESA, which are synthesised
in a mannecr comparable with the high-
level in ESA
Dossier 0. It supports the on-going
harmonisation process by identitying any
gaps and overlaps. The ESTMP will

requirements retained

2002

* Aerothermodynamics

® On-board Radio Novigation Receivers

o Thermal and Space Environment
Software Tools and Interfaces

* Energy Storage {Batteries)

® Onboard Computers and Data Systems

© Mechanisms and Motors

® (hemical Propulsion

® Ground-System Software

increasingly be established based on
technology road-maps agreed at European
level, giving the European stakeholders an
of planned European
institutional technology activities. It will

overall view
provide a reference for the next iteration of
Technology Work Plans for ESA as well as
its European partners, thus becoming a
common tool to define technology strategy
and policy at both national and European
level.

In addition to providing an overview of
how the contributing national, ESA and
EC technology authorities are structured
and their programmes are funded, the
ESTMP describes the various technology
programmes and lists the key contact
persons for the technology development
activities in ESA, National Delegations,
EC, and Industry within the Member
States and sometimes beyond.

Generation of the ESTMP was initiated
back in March 2002 with a letter to the
Delegations and to the key ESA players,
announcing the ESTMP activities and
describing the process milestones. Most
Member  State  Delegations  have
subsequently been briefed by key ESA
Technology Programme staff regarding the
Agency’s approach to the ESTMP, to
facilitate their participation.
contacts with EC representatives have
become part of the ESA/EC Joint Task
Force technology Working Group.

Strong support and interest was
expressed by both ESA Delegations and
ESA Programme Directorates for this
common tool.

Similar

esa bullelin 112 - november 2002 61



esa Technology

The first issue of the ESTMP (1.0) was
presented to the Agency’s Industrial Policy
Committee (IPC) on 27 November. The
IPC warmly welcomed the document and
its associated database and recommended
its extensive use at national and European
level. The ESTMP will be presented to the
ESA Council in December 2002.

One of the essential components in
formulating and implementing an effective
technology strategy is knowledge of the
results of past activities and their overall
coherence with the strategies and policies
of ESA and its Member States. ESA
has therefore initiated a Technology
Monitoring Study to develop a framework
for assessing the impact of ESA R&D
activities on European Industry.

As a validation exercise, a pilot study
has already been run, selecting a limited
set of past technology-development
activities. A detailed questionnaire
identifying the outputs of the R&D
activities in terms of generation of patent
applications, publications, etc. has been
compiled with the help of the industries
involved. The study is now in its final
phase and the preliminary results are
promising.

The watch on key activities related to
technology developments both inside and
outside Europe is a further element of the
technology strategy being developed by

62 esa bulletin 112 - november 2002

ESA. Within the remit of the ‘Technology

Observatory’, therefore,

being gathered concerning:

— European Industrial R&D capability
mapping, including the identification of
best practices.

— Identification of technology-dependence
1Ssues.

— Space-technology watch outside Europe.

— Non-space-technology watch  within
Europe.

information 1is

The envisaged output from these
Technology Observatory activities is a
series of reports, which ESA will be making
available to the National Delegations and
the technology strategy units of European
Industry. The first issues are planned by

end of 2002.

ESA’ central role in defining a European
strategy and policy for space-technology
R&D, coordinating the corresponding
programmes and  harmonising the
activities resulting from their
implementation, was reaffirmed at the
Ministerial Council in November 2001.
Space-technology research, development
and demonstration must ensure effective
technological preparation for future space
programmies, leadership in some selected
and support the worldwide
competitiveness of European space
industry. ESA has therefore developed a
comprehensive process for ensuring the
implementation of these challenging

areas,

strategic goals:

—Dossier 0 (now in its second edition)
compiles at European level future missions
and the technologies they require along
with technology ‘push’.

—The European
harmonisation process, which is voluntary
and transparent, is very strongly supported
by Delegations and Industry, and this
is key to its success. After the pilot phase
in 2000 — 2001, the process is now in a
‘running’ phase that will result in 14
technology areas being harmonised by the
end of 2002, with better-coordinated R&D
plans and well-targeted industrial activities.

— The European Space Technology Master
Plan documents the European R&D
activity and guides its implementation.
The ESTMP is a frame document that
identifies, incorporates and analyses the
European technology developments that
are institutionally funded. As they are
established, discussed and agreed, the
harmonised road-maps will constitute
the core of this Master Plan.

space-technology

The process of defining a European
strategy and policy for space-technology
research, development and demonstration
is highly dynamic, with active feedback
throughout its various phases and frequent
interactions with all parties involved.
Dossier 0 and the ESTMP will be updated
on a yearly basis, the harmonisation being
a more continuous process with the
objective of revisiting the technology road-
maps on a 2 to 3 year basis.

The authors would like to thank the
National  Delegates, Industry and
Eurospace for their strong and continuous
support, to highlight the substantial
contributions of the ESA Directorates and
in particular the Directorate of Technical
and Operational Support, and to
acknowledge the work performed by
A. Atzei, M. Novara and P. Cordero-Perez
who initiated this whole effort. Special
thanks also go to Dr. H. Kappler and
N. Jensen for their encouragement and
leadership. Qesa
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Integral in

T he Integral satellite was launched on 17 October 2002, at

4:41 Universal Time, from Baikonur aboard a Proton

rocket. The flawless launch marked the culmination of
more than a decade of work for the scientists and engineers
dedicated to making this mission the most sensitive gamma-ray
observatory in orbit.

Launch activities started in earnest at the end of August, when
the satellite was shipped to Baikonur, in Kazakhstan. Following
a short launch campaign, the highlights of which are featured in
the accompanying panels, the Russian state commission gave the
final go-ahead on the day of the launch. The countdown
proceeded according to plan, with the following key events
taking place exactly on time (all in Universal Time):

01:27 Completion of Proton propellant loading

01:49 Integral satellite powered up

03:55 Service tower rolled back

04:22 Integral satellite in launch configuration

04:30 Integral ground segment confirmed as ready for launch
04:36 Proton ignition key activated

04:41 Launch.

The flight sequence also proceeded precisely as planned. The
upper stage separated 10 minutes after launch. It then coasted
for 50 minutes until the upper stage engine fired for a 10 minute
burn. An hour and a half after launch, the Integral satellite
separated from the upper stage and its automatic activation
procedure started, with the deployment of the solar arrays.
Under the watchful eye of ESA’s European Space Operations
Centre (ESOC) in Darmstadt, Germany, the first few hours of
the orbit were carefully monitored and controlled in order to
start the commissioning of the spacecraft. By 1 November, the
four perigee-raising manoeuvres had been executed, putting
Integral safely into its operational orbit.

In parallel, instrument activation had already started, with the
full participation of the teams from the Principal Investigator
institutes, from Alenia and from ESA’s Integral Project. On 21
October, the Optical Monitoring Camera (OMC) saw its first
light (see panel). The Spectrometer (SPI) cool-down was
achieved by turning on the onboard cryocoolers and by early
November all of Integral’s instruments were working well, in full
scientific mode. They will now be carefully monitored until the
formal completion of the Commissioning Phase, planned for
mid-December 2002. At the same time, their fine tuning will
continue, both at ESOC and at the Integral Science Data Center
(ISDC) in Geneva.

* The Integral spacecraft and its sophisticated poyload of scientific instruments were described in detail in
the August 2002 issue of the ESA Bulletin (No. 111).
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“ L-54 days: Arrival of satellite modules ‘

L-39 days: Satellite preparation and
functional tests
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L-26 days: Propellant loaded I——-—
-‘ L-14 days: Tilting and encapsulation }7

[ 17 days: Mating of the upper-stage |_
composite to Proton

L-5 days: Erection and final prepurutionh‘

| L-3 days: rehearsal with ESOC ‘
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OMC First Light
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“First light for Infegral’s Optical
Monitoring Camera (OMC) just
after the opening of ifs cover:
The brightest star is Gamma
Trianguli Ausiralis. There is some
saturation of the image pixels
due to the combination of the
brightness of the source and the
relotively long integration time
of fen seconds.

{Courtesy OMC Team)

While looking to an empty space field, the
Spectrometer sees spectral lines coming
from ifs own germanium defectors (with
the x-axis corresponding 1o the energy
channels and the y-axis proportional to
count rate). Here the two 69Ge lines at
1107 and 1117 keV can be dlearly seen.
The energy resolution around 2.5 keV
indicates excellent instrument performance
{Courtesy of SPI Team)
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Integral in Orbit -

I

A high-energy porticle frack seen by the Imager on-Boord the
Integral Satellite (1BIS). The image (infegrated on 100 msec)
shows a well-defined particle passage in terms of lime and
energy profile that can be easily discriminated.

{Courtesy of IBIS Team)

cenx3 55 _jmx1 fits

WWW,eso.inl

The first image of an X-ray star, Cen X-3, obtained with the Joint
Furopean Monilor for X-rays (JEM-X1) instrument. The ‘star’ is the small
black dot near the centre. Although maybe unimpressive, the image gives
the scientists confidence that the instruments are capable of defecting and
accurately pinpointing X-ray sources in the sky. The confour plot {above)
is based on data from the JEM-X2 instrument.

(Courtesy of JEM-X Team)

esa bulletin 112 - november 2002 6/



@esa Earth Observation

Meteosat Second Generation (MSQG) :

Gerd Dieterle & Rob Oremus

Earth Observation Project Department,

ESA Directorate of Earth Observation,
ESTEC, Noordwijk, The Netherlands

Eva Oriol-Pibernat

MSG Mission Manager,

ESA Directorate of Earth Observation,
ESRIN, Frascati, ltaly

MSG-1 in the Integration hall in Kourou, French Guiana

esa bulletin 112 - november 2002

n the evening of 28 August 2002,
OAriane—S flight 155 lifted oft from
Europe’s launch site in French
Guiana carrying the MSG-1 satellite.
Separation of satellite and launcher
occurred 36 minutes later and ESA’s
European Space Operations Centre
(ESOC), in Darmstadt, Germany, working
on behalf of Eumetsat, began operations to
move the spacecraft from the geostationary
transfer orbit (GTO) that it had just
entered, to its final geostationary operating
orbit 36 000 km above the Earth’s equator.
For Europe’s citizens, few projects have
made the benefits of space flight so
obvious as the European Meteosat
programme. Every TV channel shows
daily sequences of Meteosat pictures taken
from space and weather forecasters would
not want to do without the information that
Meteosat provides.

New Horizons for

Twenty-five years ago, Meteosat-1 was

ESA’s very first Earth-observation
satellite. From its geostationary orbit over
the Gulif of Guinea, Meteosat- 1 overlooked
almost half of the globe, including more
than 100 countries in Europe and Africa, as
well as the Atlantic ocean and parts of the
Indian ocean. To date, seven Meteosat
satellites have been launched and, since
1981, at any given moment one is
operational and one is in standby orbit in
order to guarantee an uninterrupted flow of
meteorological data.

ESA itself ran the Meteosat programme
until 1987, a few months after the
foundation of Eumetsat, which
intergovernmental organisation with 18
member states at present. In December
1995, it took over the full operation of the
Meteosat system.

In the early 1980s ESA, together with

1S an
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Weather and C

European scientists and engineers,
initiated the next step in the technological
development of meteorological satellites.
As a result and in co-operation with
Eumetsat, in 1994 European industry, led
by Alcatel-ESpace (F) under contract to
ESA, began working on the Meteosat
Second Generation, involving more than
50 European sub-contractors. MSG will
soon begin to replace the previous
Meteosat satellites.

MSG is equipped with a
12-channel imaging radiometer
that delivers one complete
picture in scanning mode every
15 minutes in high resolution
(1 km in the visible band).
It will provide meteorologists
with new insights into the
atmosphere (particularly clouds), land and
ocean surfaces, contributing significantly
to the accuracy of both now-casting and
medium-range weather forecasts.

Its data-relay function has been
upgraded from an analogue to a digital
concept, providing a ten-fold increase in
transmission capacity. MSG also carries
a system to collect and transmit

www.esa.inf

environmental data from remote platforms,
a search—and-rescue transponder for
humanitarian ~ purposes, and the
Geostationary Earth Radiation Budget
instrument (GERB) for climate
monitoring. GERB will measure the
Earth’s radiation budget at the top of the
atmosphere for the first time from
geostationary orbit.

With a seven-year design lifetime and at
least three satellites to be
launched, MSG will carry on
Europe's meteorological space
programme for the next
decade. MSG is fully operated
by Eumetsat, while ESA has
developed the technology and
is responsible for procuring
the next 2 or 3 identical
satellites.

With its ongoing and future space
programmes to monitor the Earth, Europe
is becoming a leader in climate science and
weather data applications from space. It is
the shared aim of ESA and Eumetsat to
continue this success well into the future.

Eesa

The launch of M5G-1 from Kowrou, in French
Guiana, on 28 August at 22.45h GMT

esa bullelin 112 - november 2002

Phato ESA/S. Corvajo

69



I -J!.Q...!’ _’. 1 i Qb !ab
e LY

www,esa.int

..f.‘h /AN
ﬁv(.ku.-

—

I S VA
%&@@.m_._._._ rﬁ | ....m NI = $

.% .,_.,; A .’»‘2 Aw p}r}.:-

o~
S
2
&
5
2
5
s
=
=
2
~
=
=
=
2
2
8

v
S
o
£
=
=
©
w
o
(¢

News from
Europe’s




Europe’s Spaceport _
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Fernando Doblas
Head of the Kourou Office,
ESA Directorate of Launchers, French Guiana

Introduction

Since 1975, the availability of an
operational launch base has been an
essential component for Europe of its
independent access to space. Since then,
therefore, ESA’s Member States have
borne a significant part of the running
costs and capital-investment expenditure
for the Guiana Space Centre (CSG),
Europe’s spaceport. To this end, a series of
agreements have been concluded between
the French Government and ESA covering
the utilisation and funding of the
CNES/CSG facilities for ESA’s launcher
programmes — the so-called ‘CSG
Agreement’ — and the installation at CSG
of ESA’s launch and associated facilities —
the so-called ‘ELA Agreement’.

The French Minister of Research and
ESA’s Director General signed the above
two Agreements for the period 2002-2006
on 11 April 2002. These next five years
will be very important for CSG because,
during this period, Europe’s spaceport will
see construction of the launch facilities for
the European small launcher, Vega.
Moreover, if the ESA Council gives its
approval at its December meeting, CSG
will see also the construction of launch
facilities for the Russian Soyuz launcher. It
is therefore also conceivable that, one day,
manned flights to the International Space
Station might take place from CSG!

All of these new programmes will be
developed and implemented in parallel
with the current and future exploitation of

the Ariane-5 launcher from CSG. Between
now and 2006, more powerful versions of
Ariane-5, Europe’s highly successful
workhorse in the commercial launch
sector, will be developed and exploited.
During the same period, a new type of
relationship is being established on the site
between ESA, CNES and Arianespace.
All in all, then, over the next years
Europe’s spaceport will become more
utilised and more densely populated, and
altogether a richer place in technological
terms. The foundations for these important
evolutions are already being laid.

The Main Facilities

Europe’s spaceport in French Guiana

covers a total of 850 km? and has a 50 km

coastline. The two main building
complexes are:

— The CNES/CSG establishment: This is a
French national space agency (CNES)
facility devoted to the general coordination
and support of the launching activities,
with radars, telemetry antennas, tele-
communications and meteorological
facilities, laboratories, etc. It is
complemented by ESA-owned facilities
put at CNES’s disposal for supporting
the launch activities, such as the payload-
preparation complexes (EPCU) and the
down-range tracking stations.

— The ELA Ariane launch complex: This
complex contains all of the ESA-
developed facilities devoted to launcher
preparation and integration and to
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specific launch operations. They are
exploited by the European launcher
operator Arianespace, supported by
diverse European industries. There are
also other ELA-associated facilities.
again mainly belonging to ESA, devoted
to the manufacture of such launcher
elements as the solid-propellant boosters,
and to the production of liquid oxygen,
helium and hydrogen (the latter being
the property of Air Liquide. France).

The total value of the ESA assets at
CSG. which help to make Europe’s
spaceport one of the most modern and
most efficient launch bases in the World, is
more than 1.6 billion Euro.

The Main Ariane Programme Entities

Each of the three main players in the
Ariane programme — ESA, CNES and
Arianespace — has a major presence at CSG.

ESA assures the overall direction of the
launcher development programmes. 1t also
develops the Ariane production and launch
facilities and contributes significantly to
the launch base’s fixed costs. The ESA
Office at CSG is responsible for managing
the contract through which CNES’s part of
the launch base’s fixed costs are funded
(the CSG contract).

CNES, by delegation from ESA, is the
prime contractor for the Ariane
development programmes and for the
construction of the facilities at CSG. It
also co-ordinates the operations and the
exploitation of the launch base and the
payload preparation complexes, and is
responsible for the safety and security of
people and property at CSG.

When the development phases of its
launcher programmes are completed, ESA
makes available to Arianespace (or with
the latter's agreement, to its suppliers). the
production master files and facilities
owned by the Agency, funded by the said
development programmes, necessary for
the commercial manufacture, marketing
and launching of the operational launchers.

Arianespace fulfils three principal
functions. Above all, it is responsible the
commercialisation of European launcher
services on the World market. It also
manages the Ariane launcher production
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programme. In French Guiana, it is in
charge of final launcher integration, as
well as launch operations.

There is also a substantial European
industrial presence at CSG, through the
many companies participating in the
launcher test and integration activities, in
the launch-site construction activities. and
in the maintenance and exploitation of the

helium  production),  EuroPropulsion
(Ariane-5 solid-propellant motor
integration), and EADS-G (solid-booster
stage integration). These CISG members,
plus 28 other European industrial partners,
from eight different European countries,
form the UEBS (Launch Base Union of
Employers).

One must add to this figure the many

Aerial view of C5G with: in the foreground, the CNES/CSG Technical

Cenire; beside the Ariane-5 mockup, the Jupiter 2 Control Centre and the
Space Museum; behind the Technical Centre, the new Payload Preparation
Complex (EPCU 55), and in the far distance behind that, the ELA complex

launch base. The companies with a
permanent presence at CSG fall into two
groups. The first group, the Guiana
Industrial Space Community (CISG), which
also includes CNES and Arianespace.
consists of: Regulus (Ariane-5 solid-
propellant production), Air Liquide Spatial
Guyane (liquid oxygen, hydrogen and

companies (mainly local) working as
subcontractors to the CISG and UEBS
members, and the European companies
that visit CSG to undertake particular
work packages (e.g. provision of tele-
communication networks, software, fluid
installations. civil works, etc), but who do
not have permanent representation there.

www.esa.inl
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The participation of all of these
companies means that almost all ESA
Member States are represented at CSG,
thereby helping to reinforce its European
character.

ESA's Importance in Launcher Production
ESA’s involvement in launcher activities
does not end when the launchers that have

been developed and qualified are
transferred to Arianespace for exploitation.
ESA continues to contribute to their
production by, in particular, making sure
that CSG is maintained in good operational
order, by funding the CNES/CSG fixed
costs and a part of the ELA fixed costs.
To ensure the operational availability of

www.esa.inl

the CNES/CSG systems and the associated
ESA facilities exploited by CNES at the
launch base, ESA, through a contract
placed with CNES/CSG (the CSG
Contract), funds a significant part (two-
thirds) of the fixed costs of these facilities.
The remaining third of the fixed costs is
borne by France. This represents a funding
by ESA of 423.2 MEuro, out of a total of

617.4 MEuro for the period 2002-2006. All
ESA Member States contribute to this
funding according to a contribution key
based on their Gross National Product and
on their Ariane production activities
return. In addition, ESA bears 56% of the
fixed costs of the ELA (the launcher-
specific complex), through the so-called

‘Infrastructure Programme’. This involves
131 MEuro of ESA funding for the period
2002-2004. Although this programme is
purely optional, most Member States are
contributing to it, thereby underlining their
awareness about the importance of placing
European launcher industry on a level
playing field with its competitors.

The above funding by the public sector
(ESA and CNES) of a relevant part of the
fixed costs of the launch base provides
Arianespace, the FEuropean
operator, with conditions closer (although
still not equal) to those enjoyed by their US
competitors in launch operations activities.

The ESA Office in Kourou is
responsible for the management of the
CSG Contract, and is also the Agency’s
official representative in French Guiana.

launcher

Main Attributes of the (SG Contract

Signed in Kourou on 2 May 2002, this

contract formalises the services to be

provided by CNES/CSG to the ESA
launcher programmes (with exploitation
ensured by Arianespace), as well as the
framework for the relations between ESA
and CNES/CSG for the duration of the

contract (2002-2006).

The new contract represents an
important step forward compared to
previous contracts in terms of greater
visibility for Member States and improved
efficiency, providing in particular:

— clarification and simplification: the
funding envelope is clear and easy to
trace

— cost reduction and improved efficiency:
there will be a reduction of about 10% in
the fixed costs for CNES activities at
CSG from 2001 to 2006

— enhanced ESA control and involvement
in the decision-making process: ESA
will participate in all strategic CSG
decisions, covering such areas as
procurement policy, definition and
implementation of the capital investment
plan, industrial policy and the launch
base’s European image

— a guaranteed (by CNES/CSG) return
coefficient of 0.9 to all ESA Member
States: this means that industries in all
ESA Member States should, by the end
of 2006, have received contracts to the
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Roll-out of an Ariane-5 from
the Final Assembly Building
{BAF) to the Launch Zone, at
EA-3

value of at least 90% of the ‘ideal’
entitlement based on their country’s
financial contribution to the CNES/CSG
fixed costs.

Despite the short time that has elapsed
since the placing of the new contract,
major progress has already been achieved
in most of the domains that it covers, and
particularly in terms of:

— Europeanisation of personnel

A target of 20 non-French European staff
at CSG has been established (in addition to
the Europeans working for the various
industrial companies present on-site). To
this end, the job opportunities at CSG
published on the CNES web site have been
cross-linked to the ‘Job Opportunities’
page on the ESA web site at http://www.
esa.int/hr/index.htm.

74 esa bullefin 112 - november 2002

— Procurement policy
ESA is playing an active role in
establishing with CNES/CSG the

procurement policy for CSG activities,
whereby ESA supports CNES in opening
up the launch base to European companies,
commensurate with the funding received
from their different countries of origin.
Concrete results have already been
obtained, with industry in Member States
previously absent from the launch base
getting relevant contracts (most recently,
Portugal and Norway)

Wider dissemination of CNES/CSG
Calls for Tender has been achieved by the
systematic use of ESAs EMITS system
(http://emits.esa.int), which is already well
known and widely used by European space
industry. This gives the latter immediate
access to the business opportunities on
offer at CSG.

— Industrial policy

To fulfil the obligation of ensuring
satisfactory returns for all Member States
in an efficient way, it is foreseen, whenever

possible, to actively solicit specific
industrial participation (particularly from
countries with low contributions) to avoid
excessive fragmentation of the industrial
involvement.

Measures are being taken to gain
maximum advantage from the synergies
between the industrial activities within the
CNES/CSG and other areas of the launch
base, particularly the ELAs, which are
also financed by ESA through the
Infrastructure programme.

Measures are also being implemented to
improve the European image of CSG and
to make it better known to the general
public and, in particular, the decision-
makers in Europe.
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Europe’s Spaceport -

The New Programmes

Over the next five years, the scale and
scope of CSG will change considerably,
with the arrival of ESA’s Vega launcher and
the possible arrival of Soyuz.

Vega is the small European launcher
intended to complement Ariane-5 by
putting payloads of up to 1.5 tons into
polar orbit at 700 km altitude as cost-
effectively as possible. The coherence of
the overall European launcher effort is
demonstrated by the reuse for Vega of the
launch pad built for the first Ariane
launchers (ELA-1). The civil-engineering
work on the new launch pad and launcher
preparation facilities will start in 2003.
Operational Vega flights, conducted by
Arianespace, will take place from 2006
onwards.

The well-proven Russian Soyuz-ST
launcher could also be launched in the

www.esa.int

future from Europe’s spaceport by
Arianespace.  Complementing  both
Ariane-5 and Vega, it would be able to
put payloads of up to 2.8 tons into
geostationary transfer orbit from CSG. If
approved by the ESA Council in December
this year, construction work on the Soyuz
launch pad would also start in 2003, ready
for its commercial exploitation by late-
200s.

A Soyuz presence at CSG might lead, at
a later stage, to the manned version
(Soyuz-U) being launched from the
European spaceport one day. This
possibility is presently being thoroughly
analysed by ESA and
discussed with its Russian
counterparts, in the context
of Europe’s interest in the
International Space Station
and its future evolution. A
feasibility assessment is
being made, which will be
presented to Member States
at the end of 2002.

With Vega and with the
potential expansion plans
using Soyuz still to be
decided upon by Member
States, Europe’s spaceport
could be, by 2006, an even
more  impressive  and
exciting launch base, with
an array of launchers that
would further increase its
scope and
activities.

volume of
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Conclusion

Since the start of the Ariane programmes,
ESA has built many modern facilities at
Europe’s spaceport, involving financial
investments totaling more than 1,6 billion
Euros. CNES and Arianespace too have
built a number of new facilities at CSG to
support and coordinate the on-going
launching  activities. This  fruitful
cooperation between the two Agencies, as
well as between ESA and Arianespace, has
been the key to Europe’s leading position
today in the commercial launcher market.
In CSG, Europe has developed and is
maintaining one of the best-equipped and
most efficient launch bases in the World,
which is a key element of its independent
access to space. The next five years will be
extremely important for the base’s long-
term future, with the new programmes
already decided (Vega) and to be decided
(Soyuz) providing the prospect of an
exciting new dimension. Cesa
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Introduction

Les informations
technologies développées et mises en
ccuvre dans le cadre des programmes
spatiaux civils font, depuis les tout débuts
de I'ere spatiale, ’objet de protections a
divers niveaux de la part des Etats qui en
ont permis la mise au point et qui en
assurent le développement.

Soit ces technologies tirent leur origine
de programmes de nature militaire, soit
elles peuvent également étre utilisées par
le secteur de la défense, ou bien elles
revétent, d’'une facon plus générale, un
caractere «stratégique» pour I’Etat en
question, y compris au plan de 1’avance
technologique par rapport & d’autres Etats,
ou méme sur le plan strictement
commercial.

C’est la raison pour laquelle une partie
des informations technologiques du
secteur spatial est considérée
par ses détenteurs, au plan
national, comme relevant du
secret défense, et est protégée
comme ‘information classifiée’.
Si ce niveau de protection n’a
pas été un obstacle au trés
considérable développement

relatives aux

des applications civiles des activités
spatiales au plan national en Europe ou aux
Etats-Unis dans les trois derniéres
décennies, il souleve en revanche des
difficultés particulieres dans 1’exécution
de programmes spatiaux civils par des
organisations intergouvernementales
comme I’ESA, qui ont besoin d’accéder a,
et parfois d’utiliser directement, des
informations qui font 1’objet d’une telle
protection au plan national.

Par ailleurs, le souci d’une gestion plus
efficace des ressources budgétaires
conduit aujourd’hui les puissances
spatiales européennes & une remise en
cause des traditionnelles lignes de partage
entre secteur civil et secteur de la défense:
ainsi, la défense peut-elle désormais
utiliser des répéteurs de communication
sur des satellites ‘commerciaux’ ou bien
acheter des images satellite sur le marché.
Réciproquement, I'usager civil peut
accéder a des mesures de positionnement
trés fiable issues du ‘Global Positioning
System’ développé et mis en ceuvre par le
Département de la Défense aux Etats-Unis.

Cette évolution met une organisation de
coopération intergouvernementale ‘civile’
comme I'ESA au défi de se doter des
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Informations Classifiées _

instruments lui permettant de poursuivre
sa mission de maitre d’ouvrage des grands
programmes spatiaux européens, comme
Galiléosat, dont les applications intéressent
une gamme
Inversement,
une organisation dotée de tels
instruments fournit a ses Etats

trés  vaste

d’utilisateurs.

membres un cadre incitatif
pour I'échange et la mise en
commun d’informations et
de technologies spatiales,
ferment de futurs programmes
a I’échelle européenne.

Jusqu’ici, I'acceés - par 1’Agence elle-
méme ou par ses personnels, ressortissants
de ses Etats membres - a de I’information
de nature classifiée impliquait, pour la
réalisation des programmes, soil une
‘déclassification’ par I’Etat détenteur de
I’information, soit une habilitation des
personnes délivrée au cas par cas par les
autorités  nationales  (exemple du
programme d’avion spatial Hermes). Dans
bien des cas, aucun acces n’était cependant
possible, cette limitation découlant des
dispositions suivantes de 1'Article III,
alinéa premier de la Convention portant
création de I’ Agence :

«Les Etats membres et 1’Agence
facilitent  1’échange  d’informations
scientifiques et techniques relevant des
domaines de 1a recherche et de la technologie
spatiale et de leurs applications, éfant
entendu qu'aucun Etat membre n’est tenu
de communiquer une information obtenue
en dehors du cadre de I’Agence s’il estime
une telle communication incompatible
avec les exigences de sa sécurité, les
stipulations de ses accords avec des tiers
ou les conditions dans lesquelles il a lui-
méme acquis cette information».

Seule la mise en place d’un instrument
juridique particulier, entre les Etats
membres et I’organisation, suivie de la
mise en place d’un systeme de protection
effectif au sein de cette derniére, est de
nature a permettre une meilleure mise en
cuvre de cette disposition dont la
philosophie est au cceur méme de la
possibilité d’une coopération spatiale
européenne.

www_esa.int

C’est ainsi que I’Agence vient de
mettre au point les termes d’'un ‘Accord
concernant la protection et ['échange
d’informations classifiées’, accord qui a
fait I’objet d’une approbation
unanime du Conseil réuni le
12 juin 2002 a Montréal,
auquel I’Agence elle-méme
est Partie et qui est ouvert a la
signature puis a la ratification
ou I’approbation de chacun de
ses Etats membres. Au cours
de la méme réunion, le
Conseil de I’Agence décidait,
par une résolution expresse, de créer
un Comité de sécurité, composé de
représentants de tous les Etats membres,
aux fins de conseiller le Conseil et le
Directeur général sur les questions de
sécurité touchant aux intéréts de 1’ Agence,
de veiller a la bonne mise en ccuvre des
dispositions de 1’Accord, ainsi que de
préparer les décisions internes qu’il
implique, comme par exemple 1’adoption
d’un Réglement de sécurité spécifique.

Les mécanismes prévus par I'Accord du
12 juin 2002

Aprés avoir posé une définition tres
générale de ce qui constitue
une ‘information classifiée’,
et qui est compatible avec les
définitions retenues au plan
national et international par
les Etats membres, 1’Accord
instaure un  mécanisme
d’engagement réciproque des
Parties de protéger et de
sauvegarder, dans le cadre des activités de
I’Agence, les informations classifiées et
identifiées comme telles en provenance de
I’une d’entre elles. Il ajoute une obligation
de mise en ceuvre, & un niveau équivalent,
des normes de sécurité émises par
I’Agence pour la protection desdites
informations.

Il comprend également des dispositions
concernant ['habilitation des personnes
amenées a connaitre les informations ainsi
protégées. Les informations classifiées
étant des informations, documents ou
matériels qui, produits ou €changés dans le
cadre d’un programme ou d’une activité de
I’Agence, font I’objet d’une identification

spécifique par lautorité émettrice ou
détentrice, seules les personnes autorisées
a les connaitre peuvent y avoir acces.

Les criteres d’autorisation sont le besoin
d’en connaitre, généralement déterminé
par I'autorité €mettrice de I’information
classifiée, et I’habilitation. Lhabilitation
est une procédure strictement réservée au
plan national, et qui est délivrée a I’issue
d’une enquéte conduite par une autorité
nationale compétente permettant de
déterminer si une personne peut, sans
risques pour elle-méme ou I’administration
dont elle releve, prendre connaissance
d’informations classifi€es.

L'Accord prévoit également des
mécanismes de coopération entre I’ Agence
et les autorités compétentes des Etats
membres cas d’enquétes
administratives ou judiciaires relatives a
des  divulgations
d’informations classifiées. Il convient de
préciser a cet égard, qu'un membre
du personnel de I’Agence reconnu
responsable de la divulgation d’une

<

dans le

non autorisées

information classifiée & une personne
n’ayant pas a en connaitre, ou non
habilitée, verrait son immunité levée par le
Directeur

Général conformément a
I’article XXI, alinéa 2 de la
Convention de I’ Agence.

Les clauses finales de
I’Accord sont conformes
aux usages des accords
internationaux en la maticre.
Notons toutefois qu’elles ne
prévoient pas de mécanisme
de réeglement des différends,
la pratique en ce domaine voulant qu’en
cas de conflit d’interprétation les parties
s’efforcent de trouver une solution amiable
entre elles.

I’ Accord est déposé dans les archives du
Gouvernement francais qui assure
également les fonctions de dépositaire de
la Convention de I’Agence. Il entre en
vigueur des la notification par deux Etats
membres de leurs instruments de
ratification, d’acceptation ou d’approbation.
Sa durée est illimitée. Les obligations de
protection de 1’information classifiée
échangée s’étendent au-dela d’une
possible dénonciation par un Etat membre
ou en cas de dissolution de I’ Agence.
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La protection effective de I'information,
|'élaboration d'une politique de la sécurité
au sein de I'Agence

La mise en ceuvre de 1’ Accord de sécurité
au sein de I’Agence, s’appuiera sur un
Reéglement de sécurité qui sera élaboré,
puis proposé a 1’adoption du Conseil, par
le Groupe de travail du Conseil sur la
sécurité de 1’information.

Au-dela de la stricte protection, par des
mécanismes appropriés, de I’information
classifiée définie par 1’Accord, c’est a la
mise en place d’une véritable politique de
séeurité que 1’Agence s’est attelée afin
d’assurer a ses Etats membres le niveau de
fiabilit€ nécessaire et suffisant pour la
conduite des grands projets spatiaux
européens.

Le Reglement de sécurité contiendra les
directives nécessaires a la réalisation
concrete des mesures de protection des
informations classifiées au
I’Agence, ainsi que les modalités d’une
protection de ces mémes informations en
provenance des Etats membres. I1 conduira
a la mise en place aupres du Directeur
général d’un Bureau de sécurité chargé de
mettre en ceuvre la politique de sécurité de
I’Agence en matiere d’informations
classifiées. Les domaines de protection de
ces informations englobent la sécurité
physique, la sécurité informatique, la
sécurité industrielle (‘contrats classés’) et
la sécurité des personnes, en particulier au
niveau des procédures d’habilitation. Ce
Bureau aura vocation a travailler en étroite
collaboration avec les départements
compétents de I’Agence, et a concrétiser
les orientations données par le Comité de
sécurité du Conseil.

Des I’entrée en vigueur
de I’Accord de sécurité,
toutes les informations
géndrées dans le cadre de
I’exécution d’un contrat,
ou de la gestion d’un
programme, et devant
circuler au sein de
I’ Agence ou entre celle-ci
et ses Etats membres, et dont la nature
exigera une diffusion restreinte, porteront
un marquage ESA spécifique, affecté d’un
niveau de classification déterminé en
fonction de leur sensibilité. La sensibilité

sein de
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d’une
d’une évaluation du plus ou
moins grand préjudice qu’une
divulgation non
pourrait causer aux intéréts
essentiels de I’organisation ou
d’un ou plusieurs de ses Etats membres.
Ainsi que le prévoit 1’Accord de
sécurité, 1’acces aux informations
classifiées sera strictement limité aux
personnes ayant le besoin d’en connaitre et
titulaires d’une habilitation de méme
niveau que la classification affectant les
informations  elles-m&mes. A titre
d’illustration, pour connaitre une
information de niveau ‘Secret’, il faudra
dans un premier temps étre titulaire d’une
habilitation ‘Secret’. Cette habilitation
permettra, exclusivement sur la base du
besoin d’en connaitre, d’étre ensuite
autoris€ par I’autorité située a 1’origine de
I’information & accéder aux informations
classifiées de ce niveau, ainsi qu’a celles
de niveau inférieur. Ainsi, 1’habilitation
seule ne constitue pas un critere suffisant
pour pouvoir prendre
d’informations classifiées.
I1 faut souligner que le besoin de
connaitre des informations classifiées est
attaché a une fonction et non a une
personne, impliquant ainsi une évaluation
par les services compétents des différents
postes concernés dans le cadre de
I’élaboration d’un ‘catalogue des emplois’.

information dépend

autorisée

connaissance

La protection de linformation dans les
relations avec |'Union européenne

Les outils mis en place au sein de I’ Agence
dans le domaine de la sécurité de
I’information seront de nature a faciliter
les relations de travail avec 1'Union
européenne, et plus particulierement avec
la Commission européenne, dans le cadre
dune coopération sur la réalisation de
programmes spatiaux entrant dans le cadre
des politiques inscrites dans le Traité sur
1I’Union européenne.

En effet, les institutions européennes se
sont dotées récemment d’une architecture
de sécurité qui leur permet non seulement
de traiter des informations classifices
produites et échangées avec les Etats
membres dans le cadre du deuxieme et du
troisieme piliers (‘PESD’ et ‘JAT’) mais

aussi de gérer des
programmes multi-objectifs
dans le cadre du premier
pilier. Or, [I’Agence a
désormais vocation a tenir un
role important dans des
programmes spatiaux dont la Commission
européenne aurait I'initiative. Lexemple le
plus récent est Galileo, le programme
européen de radionavigation par satellites,
mais d’autres programmes devraient suivre
dont GMES (systeme d’observation de la
terre pour le développement durable). Bien
que de nature ‘civile’, ces grands
programmes drainent un volume important
d’informations classifiées.

Lexistence d’un Accord de sécurité de
I’information au sein de I’Agence permet
d’envisager la conclusion d’un accord de
sécurité avec les institutions européennes
dans la fouléde de la mise au point de
nouvelles relations inter-institutionnelles
entre I’Agence et I’Union.

Conclusion

La mise en place d’une politique nouvelle
de sécurité dans la gestion des programmes
de I’Agence appellera de ses personnels
une attention accrue, 1’acquisition de
nouveaux réflexes dans ses relations avec
les tiers. Loin d’étre un départ inattendu de
la lettre et de l’esprit de la Convention
créant 1’ Agence, elle doit au contraire en
prolonger les effets et permettre a
I’organisation d’étre au cceur de
I’élaboration et de la mise en ceuvre de la
politique spatiale européenne, a la hauteur
des enjeux que lui assignent ses Etats
membres. Elle se veut 1a meilleure réponse
aux impératifs industriels et politiques
d’aujourd’hui dans le secteur spatial. En
effet, c’est paradoxalement I’existence
d’un cadre réglementé de circulation de
I’information qui constituera le meilleur
stimulant a son échange, et ouvrira a
I’Agence de nouvelles opportunités de
démontrer son  savoir-faire  dans
I’organisation et la gestion, a 1’échelle
europ€enne, de grands projets spatiaux
congus aujourd’hui au bénéfice de
I’ensemble des communautés d’utilisateurs
européens. Qesa
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Over the past two decades, ESA has
successfully funded and completed
numerous research and development
programmes. One of the keys to this
success is that the Agency has been able to
use what funding has been available both
effectively and efficiently. One area,
however, where it was felt that there was
potential for additional progress was that
of ‘funding flexibility’. It was felt that
better adjustment to the real programme
needs of the Member States’ contributions
and their ‘financing capacities’ could
benefit both the programmes and the
Member States. In the past, ESA has had to
face simultaneously a temporary lack of
funds in certain programmes and an excess
in others. Also, certain Member States
have had temporary difficulties in
contributing to new programmes, while
their contributions to the on-going
programmes were not being fully used.

As in other organisations that have to
face the uncertainties inherent in managing
leading-edge research and development
programmes, ESA’s budget is not always
fully spent at the end of a given year.

A certain amount of under-spending is

imposed by the financial system itself:

because ESA does not have a working
capital fund and because the Member

States’ contributions are not due before

31 January at the earliest, most of the

January/February expenditure can only be

funded with the contributions arising from

the previous year’s underspending.

The underspendings result primarily
from the difficulties that the programmes
have in achieving a 100% accurate budget
provision eighteen months in advance* due
to the uncertainties introduced by:

— Deviation from the initial programme
planning due to political or technical
difficulties, unexpected delays in selecting
contractors and negotiating contracts,
and in industry.

— The fact that the Agency works with
many different partners (other space
agencies, industrial companies, etc.),
whose decision-making might not be
finalised when the budgets are being
prepared.

* Budgefs are prepared in July of year n and they forecast
expenditure that will take place at the end of year n+1
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The level of underspending varies
considerably from one programme to
another and from one year to another
within each programme. Nevertheless, the
total is significant and relatively constant
year-on-year. An excess of contributions in
one programme cannot, however, be used
by another programme. Indeed, the Agency’s
ruling Convention lays down the legal
principle of independence of the so-called
‘Optional Programmes’ — i.e. those in
which not all Member States participate.
This rule is designed to protect the
interests of Participating States. Funds
allocated to one programme by the
Participating States cannot be used for
another because the scale of contributions
is different for each programme.

Even on a temporary basis, a loan
between programmes is problematic
because it can be viewed as a pre-financing
between States. In the past, as an
exceptional measure, ESA has managed to
organise ‘short-term’ loans between
programmes, but it was difficult due to the
lengthy and heavy procedures involved,
requiring the unanimous approval of
Programme Boards.

It was decided that the best way forward
would therefore be to find a mechanism
that makes best use of the underspent
portion of the contributions, whilst still
keeping sufficient operating funds
available for financing the development
activities of the Directorates, on occasion
reallocating the available funds to the most
active programmes and thus rewarding
managerial and industrial efficiency and
rapidity. At the same time, adjusting
contributions in this way to real needs

should afford some flexibility to

Participating States when they encounter
temporary financial difficulties in joining
new programmes.

The Budget Management System in use
in ESA today has been conceived to solve
these problems within the framework of
the existing legal principles.

BMS principles
By definition, ESA budgets
both expenditure that is certain to occur
during the year, and expenditure that is
‘uncertain’ because it might occur during
that year or somewhat later. The underlying
principle of the BMS is to identify which
expenditure is subject to uncertainty
during the budget year and to centralise the
contributions financing this expenditure
outside the normal programme budgets.
This allows for a lower level of financing
whilst still covering the same level of
Payment Appropriations (PA).

Car insurance is a good analogy. The
premiums paid by car owners finance the
expenditure incurred as a result of some

cover

subscribers being involved in accidents.
The premiums are based on the likelihood
of accidents occurring. Similarly, the
Participating States finance contributions
to the BMS in order to cover the uncertain
expenditure. Depending on the likelihood
of the ‘uncertain’ PA elements being used,
these contributions may be higher or lower,
but are in any case less than the financing
of the total uncertain expenditure.

This difference between the contributions,
as calculated with and without the BMS,
provides some flexibility. This flexibility

can be wused to reduce the actual

contributions whilst retaining the same
level of  potential expenditure.
Alternatively, it can be used by keeping
contributions constant to increase the rate
of expenditure for programmes that are
running ahead of schedule, whilst
maintaining the same level of potential
expenditure for the others. A mix of the
two solutions is also possible.

The system gives the programmes a
guarantee that all of their expenditure will
be financed when necessary. Because
financing is always provided according to
the contribution scales of the programmes,
it guarantees that each contributor covers
only his own risks and therefore the legal
principles are respected. Moreover the
BMS does not affect a programme’s Cost
at Completion, since it has no impact on
the total actual expenditure or the total
corresponding contributions of the
Participating States. The system supposes,
however, that the volume of activities and
the level of participation by States in ESA
programmes does not decrease drastically
over a very short time period, which is very
unlikely since the approved programmes
are executed over several years.

BMS preparation

In each budget, the Payment Appropriations
whose consumption during the year is
uncertain are set aside under a specific
General Heading® (GH-T). At the time of
budget preparation, two sources of data are

* Budgets are divided under General Headings each representing
o parficular 1ype of expenditure: GH 1 = personnel
expenditure, GH 4 = capital expenditure, etc.
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Budget Management -

Programme Budget Expenditures

150 +

100

D I : I l .

prog 1 prog 2 prog 1

13
o

Total Budget Expenditures

400 ~
300 +
200
100

(4]

available to that uncertain

expenditure:

— Statistical tables that show the under-
spending per programme over the years.

— Programme Controllers can highlight
any expenditure forecasts that they
consider involve a degree of uncertainty,
which may be qualified as ‘high’, ‘low’
or ‘unknown’.

identify

From these data, the probabilities
associated with uncertain expenditure are
first assessed by programme and then
ESA-wide. The total amount is then split
into two: the part designed to cover the
risks is termed the ‘Regulation’, and the
other part not needed to cover the risks is
the ‘Leverage’. The Regulation and

prog 2

Programme Financing

180 —

100 -

Leverage contributions from the different
Participating States are calculated pro-rata
based on their shares in the various
programmes. In practice, the Regulation
contributions are actually called-up, but
the Leverage contributions are not.

BMS execution during the year

When a programme has used up its available
Payment Appropriation under General
Heading GH1-5-A-D (see accompanying
diagram) and needs to call on funding
from GH-T, PA is transferred via an
internal procedure to the appropriate
Heading. These transfers are limited to the
amount of PA in the particular Budget
GH-T, and consequently the total approved
budget can never be exceeded.

——| 100 -+ —— —— - i
B uncerizin PA B f:t;;“r::l financing
b S
=l B cenain PA ol ; i | | I Cont. 10 Pragrammse
0+ - — I
prog 1 prog 2 prog 1 prag 2
Total Budget Financing
400 —
300 —+—
[ Cont. to Leverags
GH-
n 7 200 W Cont. 1o Regulaton
Wl GH-1-5.A-D

B Cont. fo Programme

Total

During the last months of the budgetary
year, estimation of the transfers from GH-T
becomes precise enough to forecast the
balance of the Regulation per Participating
State. If there are funds remaining in the
Regulation, they can be used to finance
supplementary budgets if needed. These
supplementary budgets, which do not
require additional contributions by
Participating States, are subject to the
normal budget approval procedure: recom-
mendation by the Agency’s Administration
and Finance Committee (AFC) and approval
by the appropriate Programme Board (PB).
The BMS therefore allows redirection of
the yearly financing to the most active
programmes, without penalising others that
are experiencing delays in their payments.

Total Planned Budgets Total Executed Budgets
PAs Financing PAs Financing
GH-1-5-AD Contrib. to Prog Used PAs including | Used PAs including
PA transfers from PAs transfers from
GH-T GH-T
Contrib. to Regulation Reimbursed
GHT Balance Regulation o
Unused PAs in GH-T Participating
Leverage leverage States
|
PAs cancelled
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At the end of the year, all PAs in GH-T
that have not been used because not all
uncertain expenditure arose, are cancelled.
The balance of the Regulation is
reimbursed to the Participating States.

BMS execution over several years

Uncertain expenditure not occurring
during year n will probably arise during
year n+1. Hence, the corresponding PAs
may be re-inscribed in year n+l, thus
increasing the budgets. These are called
‘Readjustments’. The budgets n+1 are also
constructed with the BMS and therefore
with Leverage; the system is designed
so that the Leverage of budgets n+1 at
least compensates the Readjustments.
Consequently the BMS always has a

* The BMS applies to all Optional Programmes, except the
GSTP and PRODEX Technology Programmes, and the
associaled budgets ((SG Kourou, efc.).
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positive or neutral effect on contributions,
taking into account the reimbursed balance
of the Regulation in the budgets of year n.

Execution year N

Budget year N+1

The new Budget Management System that
has been outlined here was approved by the
ESA Council in October 2000 and entered

i r

s rés
=
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Expenditure including PA's transferred from GHT

into force for the 2001 budgets of the
Optional Programmes®.

In 2001 it led to a significant 11%
reduction in contributions, thus solving
some Participating States’ difficulties in
financing the budgets. At the same time,
during the second semester of 2001 it
allowed the financing of a supplementary
budget without any
contributions. In practice, this facilitated
the timely implementation of a programme
that would have otherwise suffered delays,
to the detriment of European industry. Last
but not least, it reduced the underspending
in the budgets of programmes participating
in the BMS.

In 2002 it has led to a 7% decrease in
contributions, thereby helping Participating
States to participate in the new
programmes that were approved by the
Ministerial Council meeting in Edinburgh

increase  in

Unused GH-T PA

\
Reod[us'rmems Originally Planned

Expenditure

in November 2001. These first results are
clearly very promising and should lead to
further similar benefits in the future.

On a more general level, the introduction
of the BMS has contributed to improving
the financial system by introducing the
management of planned expenditure
according to statistical rules and by
introducing  the  management  of
Participating States’ contributions inde-
pendently from the programmes to which
they contribute, while still respecting the
legal principles of the Agency.

These efficient and flexible management
principles will also be the foundation for
future retorms, in order to ensure that the
Agency’s financial system can always
support its technical endeavours and
achievements in the most effective manner.

Cesa
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The Integral spacecraft was successfully
launched from the Baikonur Cosmodrome in
Kazakhstan on 17 October by a Proton
launcher. Separation from the launcher and
the initial automatic spacecraft operations,
including pointing the spacecraft correctly with
respect to the Sun and deploying the solar
arrays, went according to plan. The
subsequent early flight operations under the
control of ESA’s Space Operations Centre
(ESOC) in Darmstadt (D) have also been
problem-free.

Integral is now in its final operating orbit and
all spacecraft service-module functions are
nominal. Payload activation is proceeding as
planned for the four instruments on board:
IBIS, SPI, JEM-X and OMC. The Mission
Commissioning Results Review is scheduled
to take place in December 2002,

The Integral ground segment, consisting of the
Integral Science Operations Centre at ESTEC
in Noordwijk (NL), the Mission Operations
Centre at ESOC in Darmstadt (D) (using ESA
and NASA ground stations), and the Integral
Science Data Centre in Geneva (CH), is
working well.

Further coverage of the launch campaign
and in-orbit commissioning can be found
elsewhere in this issue of the Bulletin.

The flight-model spacecraft successfully
completed its environmental and functional
test campaign in Europe and is now in Kourou,
French Guiana, undergoing final launch
preparations. All subsystems are working as
expected, and the software for the spacecraft’s
early in-orbit phase is being loaded and
checked out.

Some anomalies have been detected in an
engineering-model transponder and tests are
underway to demonstrate that they do not
apply to the flight model. The spacecraft
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Artist's imptession of the Integral spacecraft in orbit

qualification-model programme has been
continuing in parallel at ESTEC to verify the
software and on-board control procedures.

Several of the scientific payload’s detectors
have been exchanged during the summer and
there is now a fulty optimised set of
experiments on the flight spacecratt.

The Lander needed to be demounted from the
Orbiter in Kourou to replace some faulty
actuators, which attach the Lander to the
mothercraft, but it has also now been re-
integrated, in fully functional flight
configuration, on the spacecraft.

The ground segment, including the Rosetta
Science Operations Centre, has successfully
passed the Ground Segment Readiness
Review. The performance of some subsystems
is still being optimised, but no launch-critical
items have been identified. The New Norcia
ground station in Western Australia is now
operational and has already been used for
tracking other spacecraft.
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The preparation of the Ariane launch vehicle
itself is going according to plan, with the new
elements unique to the Rosetta mission
currently completing qualification. The final
mission-analysis review has been held.

In summary, all of the Rosetta mission
elements are ‘code green’ for a launch on
13 January 2003.

The Artemis satellite continues on its journey
towards its planned operating position in
geostationary Earth orbit. Driven by electric
propulsion using the single functional ion
thruster, it gains 15 to 16 km of altitude every
day. With just 1500 km to go, it is expected to
reach its final operational orbit by the end of
January 2003.

www.eso.int

With no ion thruster now operating on the
south face of the satellite, it will be necessary
to abandon orbit inclination control for the
mission. Nevertheless, since the
approximately 1.5 deg inclination at the
beginning of the satellite’s on-station lifetime
will grow by 0.8 deg/year or less, Artemis will
still have an expected operational lifetime of
the order of 10 years.

Services to users will begin soon after the
satellite’s arrival on station, with a regular
data-relay service for Envisat and Spot-4,
operation by EGNOS of the navigation
payload, and Eutelsat’s use of the land-mobile
payload.

Meteosat Second

Generation(MSG)

As reported in detail in ESA Bulletin 111, the
MSG-1 spacecraft was successfully launched
on 28 August 2002, together with the
Eurcpean telecommunications satellite Atlantic
Bird-1, by an Ariane-5 vehicle.

After lift-off, ownership of the MSG-1
spacecraft was transferred from ESA to
Eumetsat as per the agreed contractual
arrangements. On Eumetsat's behalf, ESA’'s
Space Operations Centre (ESOC) in
Darmstadt (D) was responsible for the launch
and early orbit activities for the spacecraft,
and successfully placed MSG-1 into its
geostationary operational orbit at around

10 deg West above the equator. The handover
of operations from ESOC to Eumetsat, which
will run all of the spacecraft’s future
geostationary operations, took place at the
end of September. Eumetsat then began the
spacecraft-commissioning exercise.

Rosetta in the integration hall in Kourou, French Guiana

The satellite operations have been very stable
since mid-June, with just one planned
interruption from 8 to 11 September to correct
the inclination of the spacecraft’s orbit.

With the mission planning systems of the
Flight Operations Segment (FOS) at ESOC
(D) and the Payload Data Segment (PDS) at
ESRIN (1) operating nominally, it has been
possible to confirm the stable performances of
the various instruments. Several updates to
the ground and onboard instrument software
have been implemented to correct for the few
anomalies that have been encountered.

The PDS instrument processors have also
been updated with the corrections identified by
the Expert Support Laboratories during the
calibration activities. Despite the problems
encountered with the irregular throughput of
the PDS, the Calibration/Validation teams
received sufficient data to perform their
calibration activities on time and the
Calibration Review was held successfully on
9-13 September at ESTEC (NL).

Based on these results, the progressive
phasing-in of the services to Principal
Investigators (Pls), in particular for ASAR and
MERIS image data products, was initiated in
mid-September and is continuing through the
last quarter of 2002. Over this period, priority
will still be given to servicing the Cal/Val
Teams, to provide them with the data
products needed to prepare for the Validation
Workshop planned for 9-13 December at
ESRIN. The goal is still to achieve full
operational readiness of the mission by
end-2002.

The interim Kiruna-Svalbard dual-ground-
station operation scenario will be introduced
early in November. It will allow load-sharing
between these two stations for global mission
data recovery, for 10 orbits a day over Kiruna
(S) and 4 to 5 orbits per day over Svalbard
(N). The Svalbard data will be routed to ESRIN
for processing. This interim scenario will allow
mission operations to proceed whilst waiting
for the Artemis data-relay satellite to become
available in the first quarter of 2003.
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Thereafter, real-time data-product delivery will Simultaneous obervation by Envisat's ASAR and MERIS instruments of a depression between Corsica and the
be available for all of the day’s orbits. ltalian mainiand: the MERIS image (centre) shows the situation at the cloud tops, while the ASAR image (right)
shows the situation at sea level with no wind at the depression’s centre (black spot). The ASAR-MERIS composite

) L image (left) illustrates the synergy between the two instruments for observing this type of weather phenomenon
The Envisat Commissioning Phase has been

extended to the end of the year, and all efforts

are now focussing on achieving a successful To maximise the system performance margins,  Development of the ground segment is also
Operational Readiness Review in December. it has been agreed to increase the telescope progressing according to plan and the
diameter from 1.2 to 1.5 m, and to increase definition activities for the Level-2 processing

the platform’s capability accordingly, whilst still  algorithms have begun.

maintaining compatibility with the smaller and
AD M-A90| us cheaper launchers likely to be available, such

as Eurockot, Vega and Dnepr.

The first few months of the industrial design
phase contract (Phase-B) for this mission have
concluded with the establishment by industry

of the Satellite Design Specification and an nyosat

Instrument Requirements Specification. These '
two documents will allow industry to produce The CryoSat project is now well

equipment specifications to accompany a into its main development phase
coherent set of Invitations to Tender (ITTs) to (Phase-C/D), and the industrial
be issued early next year. partners are well advanced with

manufacturing the satellite
There has been significant progress in the components. Some elements have
development of the pulsed lasers needed. already been delivered to Astrium GmbH,
Both industry and the Executive are now the satellite prime contractor. One of the
convinced that a laser with adequate cutput baffles for
power can be manufactured to meet the The launch-preparation work with Eurockot gﬁjﬁ;i ;fg
Aeolus programme’s schedule constraints. has started, and a review of the CryoSat manufactured at
This taser will deliver a 7 sec burst of pulses requirements for launch services was TERMA in
every 28 sec. successfully completed in September. Denmark
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Following the Announcement of Opportunity
(A0), a first meeting of the Calibration and
Validation group took place in September. One
outcome of this meeting was the definition of a
pre-launch validation campaign, which should
take place early in 2003 in the Fram Strait,
between Norway and Greenland.

GOCE

Following successful completion of the space-
segment Preliminary Design Review (PDR) in
April and the subsequent close-out of related
action items, the system prime contractor
Alenia Spazio has authorized industrial core-
team members Astrium GmbH and Alcatel
Space Industries to proceed with all main-
development-phase (Phase-C/D) activities
associated with the platform and gradiometer
instruments.

Tribological tests have recently been
performed to find a gradiometer proof-mass
stop material or coating that reduces material
transfer between the corner stops and the
proof-mass to an acceptable level. This is a
key factor in assessing the ability of the
gradiometer accelerometer design to
withstand the launch vibrations. Mechanical
testing of an accelerometer sensor head
equipped with the selected stop
material/coating is planned at the end of
November. An updated gradiometer calibration
scenario has been worked out, supported by a
dedicated simulation campaign, to consolidate
the instrument's in-flight calibration.

The Preliminary Design Review (PDR) for the
second primary payload, the twelve-channel
dual-frequency GPS receiver provided by
Laben (1), began at the end of October, and
the conclusions are expected towards the end
of the year.

The make-up of the GOCE space-segment
consortium is now almost complete. The last
Invitation to Tender (ITT), addressing the
selection of the independent software
validation contractor, was issued at the
beginning of July.

www.esa.int

The micro-propulsion and solar-generator
selection processes are also approaching a
conclusion. The Tender Evaluation Board
(TEB) for the micro-propulsion thruster
assembly met in mid-July. Negotiations with
the recommended field-emission electric-
propulsion (FEEP) thruster supplier are in
progress. The evaluation of the proposals
submitted by potential solar-generator
suppliers was also completed in July, and
negotiations with the recommended supplier
are in progress.

The predicted launch date for Cryosat is
currently mid-February 2006.

The CASA-EADS industrial proposal for the
payload design phase (Phase-B) was received
on 21 October and is currently under
evaluation/negotiation. The timing should allow
a seamless transition between the extended
Phase-A (definition phase) and the Phase-B.

System-support studies with CNES and
Alcatel are in preparation, but an assessment
is needed first of whether the Proteus attitude
and orbit control system requires a fourth
gyroscope. If so, a major redirection of work
might be needed.

The breadboarding activities within the
framework of the MIRAS Demonstrator Pilot
Projects (MDPP) 1 and 2 are about to be
completed, with a full one-arm deployment test
and an image-validation test with a set of 12
receivers.

Studies for the definition of the payload-data
ground segment and the scientific algorithms
for instrument calibration and image
reconstruction are about to be kicked-off.

The MetOp integration programme continues
to make good progress. The first flight Payload
Module was delivered from Astrium in
Friedrichshafen (D) at the end of September

for thermal-vacuum testing in the Large Space
Simulator at ESTEC in Noordwijk (NL). The
MetOp-1 Service Module is also progressing
towards its thermal-vacuum testing, this time
at the Intespace facilities in Toulouse (F),
which should be completed at the end of the
year.

The impact of the problem discovered with the
IASI detectors has been assessed and already
partially resolved via a work-around that will
respect the critical schedule leading to launch-
readiness of the first MetOp. This is, however,
being achieved at the expense of the MetOp-3
integration programme, which will need to be
restructured accordingly. Other concerns
arising from the 1ASI Critical Design Review
have been largely resolved. Good progress
has also been made in understanding and
implementing the measures needed to
accommodate the I1ASI-specific constraints
during the Assembly, Integration and
Verification programme.

The ASCAT instrument’s switching front-end
unit definitely needs modification to mitigate
the impact of its radiation sensitivity. The
details of this modification are still being
discussed with industry. GOME-2 continues to
make good progress, with the second flight
instrument undergoing calibration at TPD Delft
(NL). The first flight-model GRAS instrument
has completed its acceptance testing and will
be available for integration once the
acceptance review is completed. Solutions for
the antenna metallisation problems are still
being examined, but this does not threaten the
overall schedule.

International
Space Station

Overall Assembly Sequence

One logistic flight was made to the ISS during
the third quarter, with the launch from
Baikonur on 25 September of Progress re-
supply flight 9P, Investigations and recovery
procedures to resolve the problems in the fuel-
supply lines of the four Orbiters of the Shuttle
fleet were completed and the next flight
scheduled for early October.
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Discussions are continuing regarding the so-
called ‘End State’ configuration of the ISS,
which has been put into question due to
NASA’s budgetary situation.

Columbus Laboratory

ESA/NASA bilateral qualification tests on the
flight-model power and audio interfaces and
command and control verification have shown
these systems to be extremely robust. System
functional qualification testing with the
Electrical Test Model (ETM) is in progress and
preparations for the major ESA/NASA bilateral
hardware/software compatibility testing is
underway.

The Columbus launch is on the Shuttle
manifest for October 2004 and a Columbus
Mission Manager has been appointed to
ensure that all aspects of the flight and ground
segments in Europe and the USA are actively
monitored and managed.

Columbus Launch Barter

Nodes-2 and -3

Integration of the Node-2 flight unit is
progressing well, and the Safety Review
Phase IIl has been successfully completed.
System Design Review 2 for Node-3 has also
been completed successfully. Structure
acceptance testing has been delayed unti!
January 2003, but without impacting the
planned delivery date.

Crew Refrigerator/Freezer (RFR)
Manufacture of the RFR qualification model is
progressing, with the Qualification Review
planned for March 2003.

Cryogenic Freezer (CRYOS)
The CRYOS System Requirements Review,
due to start in late-October, is in preparation.

Cupola

Vibro-acoustic testing of the Structural Test
Avrticle (STA) has been successfully completed
and it has subsequently been delivered to
Johnson Space Center in Houston,
Manufacture of the flight-unit dome is
progressing and all shutter mechanisms are
now available for integration. Flight-unit
delivery is now expected to take place in

July 2003.
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Backdropped by a dark blue
and white Earth, this
photograph of the
International Space Station
(ISS) was taken by a crew
member on board the Space
Shuitle ‘Atlantis’ following the
undocking of the two
spacecraft. Atlantis pulled
away from the complex al
8:18a.m. (CDT) on

16 October. The newly added
Starboard One (S1) Truss is
visible centre frame.

(Photo NASA)
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Automated Transfer Vehicle (ATV)
Thermal-vacuum testing at ESTEC (NL}) on
the Structural-Thermal Model (STM) has been
successfully completed, thereby concluding
that model's test campaign. The Cargo Carrier
has now been returned for refurbishment into
a Crew Trainer and the spacecraft part of the
STM is being shipped to Bremen (D). Tests on
the avionics Electrical Test Model (ETM) have
been completed and manufacture and
integration of the first flight unit is progressing
well, although the Stage-3 propulsion firing
test has been further delayed to November
2002.

The first ATV launch is scheduled for
September 2004 and an ATV Mission Manager
has been appointed to ensure that all aspects
of the flight and ground segments are actively
monitored and managed.

X-38/CRV and Applied Re-entry Technology
(ART)

Formal netification of the X-38's cancellation
was received from NASA in August, and

detailed consultations relating to the
termination of the programme are to take
place. Work on all European contributions to
the X-38 vehicle will be completed within
2002.

Ground-segment development and
operations preparation

The ATV Control Centre (ATV-CC) Preliminary
Design Review (PDR) has been successfully
completed and the main development phase
(Phase-C/D) proposal has been delivered.
Regarding the Columbus Control Centre’s
(COL-CC) development, subsystem
requirements reviews have been successfully
conducted for the major subsystems, and
preparation of the COL-CC system PDR and
the Phase-C/D proposal is ongoing.

The ground segment for the ‘Odissea’ Taxi
Flight to the ISS was set up and checked-out.
Simulations and training of ground controllers
are ongoing.

The PDR for the ATV Crew Trainer and ground
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simulator has been successfully completed
and the design review for the ATV training
mock-up has also been conducted
satisfactorily. The Columbus Crew Trainer

has been successfully integrated into the
Mechanical Mock-Up and European Astronaut
Centre (EAC) infrastructure and has been
used to support the first ISS Advanced Crew
Training session (reported in greater detail
elsewhere in this ESA Bulletin).

In terms of ATV operations preparation, the
System Operations Reference was released
and an agreement to use the Artemis satellite
in place of the Russian ground stations as the
data relay for the attached and proximity
phases was negotiated with the Artemis
Project. Preparation of the Columbus
operations has also taken a step forward with
the definition of the core members of the Flight
Control Teams (FCT) and the nomination of
the lead Flight Directors for the Columbus
launch (1E) mission.
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Utilisation

Preparation

Following-on from the Heads of Agencies
meeting in June, the International Partners
have provided estimated up-load-mass and
crew-time requirements resulting from their
respective Research Plans 2004-2008. The
integrated research requirements, which
include the American, Canadian, Japanese
and European needs, will serve as input to
analyse path options for the 1SS ‘End-State’.

43 of the 44 Microgravity Applications
Promotion (MAP) projects originally planned
are now in progress, with some approaching
first-phase completion. They will be evaluated
using a procedure based on 3-4 monthly batch
evaluations by an expert panel.

Payloads and their integration

Following the agreement with NASA that two
ESA External Payloads, SOLAR and EUTEF
mounted on the ICC-Lite carrier, could fly on
the 1E Columbus flight, assessment work to
determine the technical implications continued

in preparation for an ESA/NASA meeting in
October.

Concerning the Atomic Clock Ensemble in
Space (ACES), significant progress has been
made in finalising the Phase-C/D contract.
Phase-A for the RapidEye commercial Earth-
observation instrument was in preparation. The
Acceptance Test of the Neutral Buoyancy
Model for Matroshka, the radiation-monitoring
instrument for the Russian segment, was
completed at the European Astronaut Centre
(EAC) and the Critical Design Review (CDR)
has started. Analytical payload integration for
the Columbus pressurised facilities Biolab,
FSL, EPM and EDR is in progress.

The European Drawer Rack (EDR) CDR data
package was presented in September and is
under review. Due to a major contract change,
implemented to make Agency-furnished
equipment compatible with Columbus
interfaces and EDR design constraints, the
delivery of the engineering model has shifted
to early-March and the flight-model delivery to
early-September 2003.

The contract for the European Transport
Carrier (ETC) will start in mid-October 2002.

In-orbit commissioning of the Materials
Science Glovebox (MSG), which was delivered
to the 1SS in June, is in progress. The first two
US experiments using the MSG were run
successfully and Acceptance Review 3, which
will define the terms for transfer of ownership
to NASA, is planned for end-October.

The flight unit (FU1} of the MELFI -80°C
freezer has been at Kennedy Space Center
since late-March. All interface tests with the
ISS have been completed successfully and the
launch of FU1 is planned for March 2003.

Subsystem-level testing of the Hexapod
pointing system has been completed and
mechanical integration of the flight unit is now
in progress.

A number of experiments to be performed
during the ‘Odissea’ Taxi Flight in October
were delivered to the ISS on 25 September by
the Progress logistics flight, whilst preparation
of the remaining experiments to be launched
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together with ESA astronaut Frank de Winne
on the Soyuz vehicle continued.

Astronaut activities

Frank de Winne continued his training at Star
City for the ‘Odissea’ Taxi Flight, following his
earlier experiment training in Brussels, at
ESTEC and in the USA. Christer Fuglesang
continued his training at Johnson Space
Center for his STS-116/12A.1 Shuttle mission
scheduled for June 2003.

The first ISS Advanced Training session at the
European astronaut Centre (EAC) for an
international class of 10 astronauts took place
from 26 August to 6 September. The
participants, who included four ESA, four
Japanese (NASDA) and two NASA astronauts,
received a total of 32 classroom and hands-on
lessons on the Columbus and ATV systems,
as well as an introduction to the ESA ISS
payloads.

Early deliveries

Data Management System for the Russian
Service Module (DMS-R)

The DMS-R on-board the Russian Service
Module continues to operate problem-free.

European Robotic Arm (ERA)

Functional qualification testing of the ERA
flight model is continuing and a new baseline
schedule has been agreed, resulting in a
Flight Model Qualification Review in
March/April 2003.

ISS Exploitation Programme

The Request for Quotation (RFQ) for the ATV
Follow-on Production Contract was released to
Industry and a proposal is expected in
October. A major Contract Change Notice
{CCN) to the Exploitation Contract for the
implementation of the operations-preparation
Initial Tasks is under negotiation with industry.

Microgravity

Preparation of ESA's payloads for the
Spacehab mission (STS-107) was completed
by mid-2002, but the delayed launch is not
now expected to take place until January
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2003. All of ESA's facilities for the Foton M-1
mission have been completed and accepted
for flight, and the Foton capsule itself was
transferred to Plesetsk for launch on

15 October. Preparations for the Maxus-5
sounding-rocket flight continued, with launch
planned for March 2003. The first parabolic-
flight campaigns with the overhauled Airbus
300 Zero-G aircraft were performed in
September.

Development of payloads for the ISS
continued. NASA announced a July 2004
launch for the European Modular Cultivation
System (EMCS) botany facility, and the
EXPOSE facility for exobiology, for which the
CDR was successfully completed in August,
will now be launched in October 2004 together
with Columbus. Delivery to NASA of
the HGD/PFD and PEMS physiology
instruments was also completed.
Development of the MARES
{physiology) and PCDF (proteins)
facilities for the European Drawer
Rack (EDR) continued, and the
MARES CDR started in July.

Microgravity Facilities for
Columbus (MFC)

All the laboratory facilities that are
to be carried in Columbus are on
schedule for its October 2004
launch. The flight-model subsystems
for the Fluid Science Laboratory
have been manufactured and are
now being tested. Integration of the
system flight model with the
secondary structure has begun.
Integration of the Biolab’s flight
hardware has been progressing well
and will be completed in early-2003.

NASA’s Human Research Facility
(HRF-2), including the ESA
Pulmonary Function System, has
been shipped to Kennedy Space
Center for launch, which is expected
to take place early in 2003. The
system CDR for the European
Physiology Module (EPM) was
successfully conciuded in
September, the engineering model
completed its testing, and flight-
model integration has started.

Testing of the Materials Science Laboratory
(MSL) engineering model has been completed
and integration of the flight model has started.
The Final Presentation completing the
Materials Science Laboratory design phase
(Phase-B) with the Electro-Magnetic Levitator
was held in June, consolidating the design.

Ariane-5 Plus

The filling-model (MR} campaign for Ariane-5
Evolution and Ariane-5 Plus referred to in
previous reports, and aimed at validating the
upper-stage tank-filling procedures, was
successfully completed at the end of July. This

Artist's impression of Ariane-5 Plus
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important achievement, together with the
significant progress made with the Launcher
Qualification Review, allowed the holding on

8 August and 9 September of the Flight-
Readiness Review for the V157 flight, the first
launcher configuration combining the Ariane-5
Evolution and Ariane-5 Plus developments.
With all major problems identified having been
resolved, authorisation was given to start the
launch campaign on 22 August. At the end of
September, the lower composite with the
Vehicle Equipment Bay was erected. The
Launcher System Rehearsal is planned for the
beginning of October and the V157 launch,
carrying Hot Bird-7 for Eutelsat and Stentor for
CNES, is presently scheduled for the end of
November.

Artist's impression of the lift-off of the Vega small launcher
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Vega / P80

The proposal from Industry for the Vega Small
Launcher Development Programme was
evaluated in June by the Tender Evaluation
Board. Following a series of discussions
between the Programme Team and Industry, a
new proposal was issued in late July. Based
on this new version, a Preliminary
Authorisation to Proceed was released to the
Industrial Consortium in order to start time-
critical activities. Final contract negotiations
have started in late September.

A successful Preliminary Design Review for
the Vega Ground Segment was held during
June and July, and a first proposal for the
Ground Segment Technical Management
Engineering and Test Contract was issued.
Discussions with the Programme Team to
agree and issue an improved version of this
proposal are in progress.

The P80 development activities have
concentrated on finalising the
contract negotiations. Some
schedule delays associated with
long-lead-item procurement are
being recovered by applying a
modified development logic. @esa
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Successful Odissea to the Space Station

ESA astronaut Frank De Winne
came back to Earth on Sunday
10 November after a successful
Soyuz mission to the International
Space Station involving nine days
of ground-breaking scientific
research and the delivery of a
brand new TMA-1 Soyuz
spacecraft.

The Odissea mission crew — Frank
De Winne and the Russians
Sergei Zaletin, Soyuz Mission
Commander, and Yuri Lonchakov,
Soyuz Flight Engineer - were lifted
into orbit on the first ever flight of

the new Soyuz model TMA and
returned in the old TM-34 Soyuz
that had been attached to the
Space Station as an emergency
return vehicle for the last six
months.

Safely descending to Earth in their
Soyuz TM-34 capsdle, the crew
ended a 11-day mission with a
flawless night landing near the
town of Arkalyk on the plains of
Kazakhstan at 06:04 local time
(00:04 GMT).

ESA astronaut Frank De Winne, a

Frank De Winne and his fellow crew members after landing

Foton M-1
launch failure

A Russian Soyuz launcher
exploded some 20 seconds after
lift-off from the Russian Plesetsk
cosmodrome on 15 October at
20:20 CEST, killing a Russian
soldier.

The launcher carried the
unmanned Foton M-1 research
satellite, using capsules of the
Foton/Bion family containing 44
experiments supported by ESA.
The experiments covered a wide
range of scientific disciplines,
including fluid physics, biology,
crystal growth, radiation dosimetry
and exobiology.
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ESA's contribution included the
FluidPac Physics Facility with four
experiments, Biopan hosting nine
experiments, the upgraded
Telescience Support Unit to assist
both FluidPac and the German
AGAT furnace, six Autonomous
Experiments (three developed by
university students), Stone
simulated meteorites, and the
‘Soret Coefficient in Crude Oil'
experiment.

The report of the State Inquiry
Board headed by Russian space
officials is expected to report soon
on the causes of the accident. A
press conference given by the
Head of Rosaviakosmos, Yuri
Koptev, on 18 October provided

during his mission

Frank De Winne

in the ISS

former Belgian Air Force fighter
pilot, described his first voyage
into space as “the most intense,
challenging and unbelievably
fulfilling 11 days of my
profassional life” During his nine-
day stay on the Space Station,

De Winne worked on a substantial
programme of 23 scientific

initial information. One of the
strap-ons took 2 s to reach full
thrust, pulsed for 1.5 sand 4 s
after launch lost all power. It then
fell away from the vehicle, as it is
designed to do when thrust no
longer holds it in place. It fell back
to Earth, where the ruptured tanks
led to a large fire that significantly
damaged the pad. The launcher
automatically shut down the other
three strap-ons 20 s after launch,
and it struck the ground about 1
km from the pad and exploded.

Preliminary analysis indicated that
the hydrogen peroxide supply to
the propellant turbopumps was
blocked by a metallic object.
France's IBIS biological incubator,

experiments, including four
physical sciences experiments
with the newly installed
Microgravity Science Glovebox
(MSG) facility. He also made
several inflight calls to schools and
TV stations in Belgium and the
Netherlands, and performed

educational experiments.  @esa

Germany's AGAT, Russia's Polizon
furnace and five Russian
experiments (Biokont, Komparus,
Mirage-M, Sinus-16 and Chistata)
brought the spacecraft's overall
payload to a total of 650 kg.

Sadly, a soldier watching from the
integration building was killed.
Fortunately, all of the engineers
and experts from ESA, the French
space agency CNES and the
German space agency DLR
involved in the preparation of the
spacecraft in Plesetsk were

unharmed. Gesa
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A satellites watching Mount Etna

The recent eruptions of the Mount
Etna volcano in Sicily are throwing
huge amounts of ash and gases
into the atmosphere. Instruments
on three different ESA spacecraft
- ERS-2, Envisat and Proba -
have acquired imagery of the
eruptions, shedding new light on
the event and its impact on the
Earth’s environment.

Data from the Global Ozone
Monitoring Experiment (GOME)
sensor onboard ESA's ERS-2
spacecraft reveal that levels of
sulphur dioxide from the eruptions
at the end of October are at
least 20 times higher than
normal.

The normal background level
of sulphur dioxide is typically
below 0.5 Dobson Units (DU),
a measure of atmospheric
gas concentrations from
ground level to the top of the
atmosphere, about 70 km in
altitude. “In the plume, we
measured the atmospheric
content of sulphur dioxide at
about 10 DU, said Werner
Thomas, an atmospheric
scientist with the Remote
Sensing Technology Institute
of the German aerospace
centre (DLR).

Sulphur dioxide in the
troposphere, the lowest part

www.esa.inl

of the atmosphere where most
weather changes occur, is known
to be responsible for the so-called
“acid rain” phenomenon. Etna is
one of the most prominent sources
of natural sulphur dioxide

The ltalian government declared a
state of emergency in Sicily in the
wake a series of earthquakes,
measuring between 3.6 and 4.3 on
the Richter scale, that forced the
evacuation of approximately 1000
homes, according to reports from
BBC and ltalian newspapers.

Dobson Units

Meanwhile, three streams of lava
from the eruption flowed down the
south, northeast and northwest
slopes of the mountains, the
media reports stated.

Europe's highest and most active
volcano (3370 m) hurled lava and
ash from several craters into the
sky with speeds between 350 and
450 metres per second, exceeding
the speed of sound. According to
data from voicanologists, the lava
and ash were ejected from the
main crater and from at least nine
new craters that developed in the
mountain at between 2300 and
2700 metres in altitude.

Images from the Medium
Resolution Imaging Spectrometer
(MERIS) onboard ESA’s Envisat
satellite show that the eruptions
spewed significant amounts of ash
into the atmosphere. The larger
volcanic ash particles are
expected to settle out in a short
period of time, but the sulphuric
acid aerosols produced by the
sulphur dioxide will persist for
several years.

GOME-based
sulphur-dioxide
retrieval on

29 October 2002
over the
Mediterranean
Sea. The
maximum content
close to the
volcano is around
10 Dobson Units,
which is 20 times

- higher than the

background
concentration,

10

Aerosols containing black graphite
and carbon particles are dark,
thus absorbing sunlight. As these
atmospheric particles reduce the
amount of sunlight reaching the
planet’s surface, they increase the
amount of solar energy absorbed
in the atmosphere, thus
simultaneously cooling the surface
and warming the atmosphere.

The ability of the MERIS
instrument to observe the spatial
distribution of these aerosol
plumes can be exploited to
measure the amounts of airborne
particles and to examine the role
of these aerosols as cloud
condensation nuclei and their
impact on the hydrologic cycle
through changes in cloud cover,
cloud properties and precipitation.

Just 60x60x80 cm and weighing
only 94 kg, ESA’s Project for On-
Board Autonomy satellite, better
known as Proba, is one of the
most advanced small satellites
ever flown in space. Since its
launch exactly one year ago,
Proba’s high-performance
computer system and
technologically advanced
instruments have enabled it to
demonstrate and evaluate onboard
operational autonomy, with new
spacecraft hardware and software,
and to test new Earth observation
and space environment monitoring
instruments in space.

The imagery captured by Proba
demonstrates the capabilities of
CHRIS, the Compact High
Resolution Imaging Spectrometer,
which is providing important
information on the Earth and its
environment, and will be a
valuable remote sensing tool
during the extended mission. gesa
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EIROforum and
education

EIROforum was formally
established on 12 November with
the signature of a common
EIROforum Charter by the
Directors General of the seven
European intergovernmental
research organisations (CERN,
EMBL, ESA, ESO, ESRF, ILL and
EFDA) during the EU-conterence
on “European Research 2002 -
The European Research Area and
the Framework Programme”.

A few days prior to this ceremony,
the Directors General had met to
discuss the areas of EIROforum
collaboration. One of the key
points on the agenda was the
formation of a European Science
Teachers Initiative (ESTI). This
Initiative aims to pool the
EIROforum's considerable
expertise and resources in a
coordinated approach towards the
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EIROforum

European science teaching
community.

Previous joint education projects
such as 'Physics on Stage' have
identified the need of Europe's

science teachers to have access

to cutting-edge science and to
receive support in bringing the
excitement of new scientific
discoveries into classrooms, The
EIROforum organisations are
natural focal points for public
interest in science and they

emphatically support Europe-wide
efforts to raise interest in science
and technology and to secure a
sound recruitment base for
European research efforts in the
future.

With this in mind, the Directors
General agreed on a Statement of
Principles for ESTI, which will form
the basis of an application to the
European Commission for
collaboration in this major initiative.

“The establishment of EIROforum
is a concrete example of the
dynamics created by the European
Research Area. Europe has
unquestioned excellence in
science. By working together,
Europe's leading research
organisations can make that more
visible on the European and world
stage,” commented EC
Commissioner for Research
Philippe Busquin. Cesa
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DeVIL inside:
Satellite technology “prét a porter”

The European Space Agency (ESA) has started a 50-million-Euro
initiative to bring together Europe's leading aerospace companies
for the next four years. The aim of DevILS is to develop 'intelligent’,
lightweight spacecraft systems that ESA can use on future
missions. Having these 'plug- and-play' systems will allow Europe
to create lighter spacecraft that perform better.

The aim is to reuse similar systems on many different spacecratt,
which has already proven to save time and money. For example,
the recently launched Integral gamma-ray observatory has reused
part of XMM-Newton's design. Mars Express reuses hardware
designed for Rosetta. The Venus Express mission is likely to use
the same hardware design again.

DeVILS uses 'intelligent’ systems on-board satellites. These are
multipurpose components that perform the same tasks as a
number of previous units. In this way, you reduce the number of
components, the size and hence the mass of individual spacecratt,
enabling cheaper missions. Industry is the creative catalyst in the
project, by telling ESA what they can do to make spacecraft

cheaper, lighter and perform better. Besides improved science Venus Express conﬁrmed
missions, this could well lead to more efficient applications in

telecommunications, global navigation, and Earth observation. gesa

ESA's Science Programme Committee (SPC) has given the final
go-ahead for the Venus Express mission. On 5 November, the SPC
unanimously confirmed its strong will to undertake the mission.
Furthermore, the Committee endorsed and agreed on a solution to
the financial issues that had cast serious doubts on the mission.

Venus Express will reuse the Mars Express spacecraft design and
needs to be ready for launch in 2005. Since the last meeting of the
SPC in July 2002, ESA has invested 7 million Euros to start the
first mission design phase. However, the mission's fate was not yet
sealed because one nation, ltaly, had still not confirmed its
participation in the payload. To rescue the mission, the ESA
Science Directorate in collaboration with the Italian Space Agency
(ASI) came up with several financial proposals, one of which was
eventually endorsed by the SPC.

The Italian contribution to Venus Express will consist of parts of the
VIRTIS and PFS experiments and the ASPERA instrument. ESA
will contribute 8.5 million Euros, covering the integration and
testing of the parts of the instruments Italy has agreed to provide
and other items needed to allow the Italian instruments to fly. In
exchange for ESA's support, the VIRTIS Science Team will be
further Europeanised. @esa

Using the same design for different spacecraft can save weight and money.
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XMM-Newton closes in on space's exotic matter

For the first time, XMM-Newton
has been able to measure the
influence of the gravitational field
of a neutron star on the light it
emits. This measurement provides
much better insight into neutron
stars and might be able to prove
the theory that the primordial soup
of dissolved matter that existed a
fraction of a second after the Big
Bang can still be found in today's
Universe, in the core of certain
very dense neutron stars.

Neutron stars are among
the densest objects in
the Universe. They pack
the mass of the Sun into
a sphere just ten
kilometres across.

A sugar-cube-sized piece
of neutron star weighs
over a billion tonnes!
Neutron stars are the
remnants of exploding
stars up to eight times
more massive than our
Sun. They end their life in
a supernova explosion
and then collapse under
their own gravity. Their
interiors may therefore
contain a very exotic form
of matter.

Scientists believe that in a

neutron star, the densities and
temperatures are similar to those
existing a fraction of a second
after the Big Bang. They assume
that when matter is as tightly
packed as it is in a neutron star, it
goes through important changes.
Protons, electrons, and neutrons —
the components of atoms - fuse
together. It is possible that even
the building-blocks of protons and
neutrons, the so-called ‘quarks’,
get crushed together, giving rise to
a kind of exotic plasma of
‘dissolved’ matter.
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Scientists have spent decades
trying to identify the nature of
matter in neutron stars. To do this,
they need to know a star's mass
and radius, or the relationship
between them, to obtain its
compactness. However, no
instrument has been advanced
enough to perform the
measurements needed, until now.
With ESA's XMM-Newton
observatory, astronomers have
been able for the first time to
measure the mass-to-radius ratio

of a neutron star and obtain the
first clues to its composition.
These clues suggest that the
neutron star contains normal, non-
exotic matter, although they are
not conclusive. The authors say
this is a “key first step” and they
will keep on with the search.

The way that they made this
measurement is a first in
astronomical observations and it is
considered a huge achievement.
The method consists of
determining the compactness of
the neutron star in an indirect way.
The gravitational pull of a neutron
star is immense - thousands of

million times stronger than the
Earth’s. This makes the light
particles emitted by the neutron
star lose energy. This energy loss
is called a gravitational 'red shift'.
The measurement of this red shift
by XMM-Newton indicated the
strength of the gravitational pull,
and revealed the star’s
compactness.

The result was obtained by
observation of the neutron star
EXO 0748-676. XMM-Newton

detected the light in the form of
X-rays. In particular, thanks to
analysis of this X-ray radiation, the
astronomers were able to identify
some chemical elements, namely
iron, present in the material
surrounding the neutron star. They
then compared the distorted signal
emitted by the iron atoms in the
neutron star with the one
produced by iron atoms in the
laboratory. In this way, they could
measure the actual degree of
distortion due to the gravity of
EXO 0748-676. Their work is
published in the 7 November 2002

issue of Nature. Gesa

Space experts:
The next

generation

Thanks to the ESA Education
Office, 220 European and two
Canadian students took part in the
53rd IAF Congress in Houston,
Texas from 10 to 19 October. The
students had the opportunity to
create many valuable contacts
with their peers and professionals
alike. They attended the Congress
like all regular participants,
allowing for an intense “generation
handover” of existing expertise
and knowledge.

A
-

The European students at the IAF
Congress.

To gain a better understanding of
ESA, the students visited ESTEC
on 8 October 2002 before leaving
for the United States. They were
given presentations on Earth
Observation, Science, Navigation
and the International Space
Station and visited the main
facilities.

Thousands of delegates
participated in the various
sessions of the World Space
Congress and activities over ten
days, and more than 10000 were
involved in various aspects of the
exhibition or education outreach
programme. The students sent by
ESA attended as many sessions
as they could, and some
presented their research on the
special Student Stand. 70 of them
were even given the opportunity to
make presentations in the IAF
Technical Sessions.

www.esa.int



in brief ||

Avventura uspazialen per due studenti

Students on the way to SUCCESS

= N _t‘-*u £ & The SUCCESS 2002 Student Contest is a competition for European

4Ll \iags university students to propose an experiment that can be conducted
on board the International Space Station. The winner will receive a
one-year paid internship at ESTEC, during which the experiment
can be built and possibly flown to the ISS.

An llalian newspaper e competition was announced earlier this year and a lot of
writes about two

students and their European students, studying various disciplines, responded to it.
project From all of the entrants, 50 students were selected, on the basis
of a written essay, to participate in the second phase of the
competition.

These students who were selected for the second phase were
invited to ESTEC for an introductory visit, during which lectures
were given by various ESA scientists and engineers. The lecture
topics varied from the International Space Station in general to
already conducted and future experiments, as well as personal
experiences on board. There was also the chance for the students to
share their ideas for an experiment in the form of a presentation to
other SUCCESS 2002 participants. Many students considered the
in-flight call with the ISS the
climax of their visit. There were

Student presenting his paper.

A special poster session on the
ESA Education Office stand was
organised for student projects.
Many of the regular participants
had a look what the new
generation of space experts had to
offer. One of them was so
impressed by Italian Andrea
D’Ambrogio’s experiment on
“vibration effects on bone
metabolism in astronauts” that
they are discussing the possibility
of flying it on the ISS. “It would be
a dream come true!’ says the
biotechnology student. If it
happens, there would be “a formal
agreement, this will be my final
project for my M.Sc degree in
Biotechnology, and we will prepare
the protocols, we will train
astronauts in performing the
experiments, and we will assist the
astronauts during the mission”

His success story has already
appeared in the ltalian press.

Eesa

Ulf Merbold gives scientific support
during the SUCCESS 2002 workshop.

the ISS.

wviw, gsoLint

Roberto Aratijo speaking to Frank De Winne on board

two opportunities during which
the students were able to talk
to Frank De Winne for

15 minutes.

During a workshop the
students had the opportunity to
talk personally with ESA
scientists in a more relaxed
environment. They also took a
guided tour through ESTEC’s
spacecraft testing facilities.

The overall aim of the
SUCCESS 2002 Student
Contest visit to ESTEC was to teach them about the ISS
and the experiments already conducted, to stimulate
international cooperation, and to provide the motivation for
writing a detailed experiment proposal in the second phase.
This detailed experiment proposal should be delivered at
the beginning of December, after which the selection of the
contest winners can commence. They will be announced
early next year. Cesa
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Publications

The documents listed here have
been issued since the last
publications announcement in the
ESA Bulletin. Requests for copies
should be made in accordance with
the Table and Order Form inside the
back cover
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ESA Newsletters

EDU NEWS NO. 3 (OCTOBER 2002)
NEWSLETTER OF ESA’S EDUCATION OFFICE
ED. WARMBEIN B.

NO CHARGE

SPACELINK NO. 2 (NOVEMBER 2002)
NEWSLETTER OF ESA'S TECHNOLOGY
TRANSFER PROGRAMME

EDS. BRISSON P. & BATTRICK B.

NO CHARGE

ECSL NEWS NO. 24 (DECEMBER 2002)
NEWSLETTER OF THE EUROPEAN CENTRE
FOR SPACE LAW

MARCHINI A. (ED. R.A. HARRIS)

NO CHARGE

ON STATION NO. 11 (DECEMBER 2002)
NEWSLETTER OF THE ESA DIRECTORATE OF
MANNED SPACEFLIGHT AND MICROGRAVITY
ED. WILSON A.

NO CHARGE
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ESA Brochures cesa .

Y

MSL - MATERIALS SCIENCE EXPERIMENTS ON
THE INTERNATIONAL SPACE STATION
(OCTOBER 2002)

ED. WILSON A.

ESA BR-167 (V) // 2 PAGES

NO CHARGE

INNOVATIVE TECHNOLOGIEN AUS DER
SCIENCE-FICTION FUR WELTRAUM-
TECHNISCHE ANWENDUNGEN
(SEPTEMBER 2002)

ED. WARMBEIN B.

ESA BR-176 / 48 PAGES

PRICE: 10 EURO

FITNESS, LEISURE & LIFESTYLE -THE ESA
TECHNOLOGY TRANSFER PROGRAMME
(AUGUST 2002)

ED. BATTRICK B.

ESA BR-184 (VI) // 6 PAGES

NO CHARGE

MEDICINE | - THE ESA TECHNOLOGY
TRANSFER PROGRAMME (AUGUST 2002) FIYNESS,
ED. BATTRICK B. LeisURE
ESA BR-184 (VII) // 6 PAGES = LIEES
NO CHARGE

VOITURES ET CAMIONS - PROGRAMME DE <BIg S progremme @
TECHNOLOGIE DE LESA (JUIN 2002)
ED. SAWAYA-LACOSTE H.

ESA BR-184F (IV) // 12 PAGES
GRATUIT

GALILEO - DAS EUROPAISCHE PROGRAMM
FUR WELTWEITE NAVIGATIONSDIENSTE
(SEPTEMBER 2002)

ED. WILSON A.

ESA BR-186 // 32 PAGES

PRICE: 10 EURO

THE INTERNATIONAL SPACE STATION (ISS)
EDUCATION KIT (OCTOBER 2002)

LOTHIAN A. & PETTERSEN S. (ED. B. WARMBEIN)
ESA BR-194 // TEACHER'S GUIDE BOOK AND
MATERIALS + CD-ROM

(FOR PUPILS AGED 10 TO 15 YEARS)

PRICE: FREE TO EDUCATORS

/)

—_—
VEGA - REALISING EUROPE’S SMALL Realising
LAUNCHER (SEPTEMBER 2000) Europe’s small Launcher |
BIANCHI S. ET AL. (ED. B. BATTRICK)

ESA BR-196 // 12 PAGES
PRICE: 7 EURO

International Sp&
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«Life in Space
for Life on
Earth™
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ESA Special
Publications

SPACE-FLIGHT SAFETY - PROCEEDINGS OF
THE JOINT ESA-NASA CONFERENCE, 11-14
JUNE 2002, ESTEC, NOORDWIJK, THE
NETHERLANDS (AUGUST 2002)

EDS. BATTRICK B. & PREYSSL C.

ESA SP-486 // 492 PAGES + CD-ROM

PRICE: 50 EURO

MIR DEORBITING — PROCEEDINGS OF AN
INTERNATIONAL WORKSHOP, 14 MAY 2001,
ESOC, DARMSTADT, GERMANY (NOVEMBER
2002)

ED. SAWAYA-LACOSTE H.

ESA SP-498 // 108 PAGES

PRICE: 50 EURO

Farth-Like
Planets and
Moons

ASTEROIDS, COMETS AND METEORS: ACM
2002 - PROCEEDINGS OF AN INTERNATIONAL
CONFERENCE, 28 JULY- 3 AUGUST 2002,
BERLIN (NOVEMBER 2002)

ED. WARMBEIN B.

ESA SP-500 // 952 PAGES + CD-ROM

PRICE: 70 EURO

LIFE IN SPACE FOR LIFE ON EARTH

- PROCEEDINGS OF THE EUROPEAN
SYMPOSIUM, 2-7 JUNE 2002, KAROLINSKA
INSTITUTE, STOCKHOLM, SWEDEN
(SEPTEMBER 2002)

ED. WARMBEIN B.

ESA SP-501 // 437 PAGES

PRICE: 50 EURO

SOLMAG 2002 - PROCEEDINGS OF MAGNETIC
COUPLING OF THE SOLAR ATMOSPHERE
EUROCONFERENCE AND IAU COLLOQUIUM
188, 11-15 JUNE 2002, SANTORINI, GREECE
(OCTOBER 2002)

ED. SAWAYA-LACOSTE H.

ESA SP-505 // 652 PAGES + CD-ROM

PRICE: 85 EURO

af
u[ll kgt

MIR
DEORBIT

SpHce -\pplicu"unu.
for Herituge
Conseryation
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New issues .E.

EARTH-LIKE PLANETS AND MOONS
- PROCEEDINGS OF THE 36TH ESLAB
SYMPOSIUM, 3-8 JUNE 2002, ESTEC,
NOORDWIJK, THE NETHERLANDS
OCTOBER 2002)

EDS. BATTRICK B. & FOING B.

ESA SP-514// 360 PAGES

PRICE: 40 EURO

SPACE APPLICATIONS FOR HERITAGE
CONSERVATION - PROCEEDINGS OF AN
INTERNATIONAL CONFERENCE,

5-8 NOVEMBER 2002, STRASBOURG,
FRANCE (OCTOBER 2002)

ED. WARMBEIN B.

ESA SP-515// CD-ROM

PRICE: 25 EURO

EXO/ASTROBIOLOGY - PROCEEDINGS OF
THE SECOND EUROPEAN WORKSHOP,
16-19 SEPTEMBER 2002, GRAZ, AUSTRIA
(NOVEMBER 2002)

ED. SAWAYA-LACOSTE H.

ESA SP-518 // 650 PAGES

PRICE: 60 EURO

ENVISAT CALIBRATION REVIEW -
PROCEEDINGS OF THE EUROPEAN
WORKSHOP, 9-13 SEPTEMBER 2002, ESTEC,
NOORDWIJK, THE NETHERLANDS
(NOVEMBER 2002)

ED. SAWAYA-LACOSTE H

ESA SP-520 // CD-ROM

PRICE: 25 EURO

REMOTE SENSING OF SOLAR-INDUCED
VEGETATION FLUORESCENCE (FLEX) -
PROCEEDINGS OF THE FIRST WORKSHOP,
19-20 JUNE 2002, ESTEC, NOORDWIJK,
THE NETHERLANDS (NOVEMBER 2002)
EDS. BERGER M. & HARRIS R.A.

ESA SP-527 // CD-ROM

PRICE: 25 EURO

PETER CREOLA - ADVOCATE OF
SPACE/ADVOCAT DE LESPACE (AUGUST 2002)
EDS. BATTRICK B. & ZUFFEREY B.

ESA SP-1265// 80 PAGES

PRICE: 20 EURO (IN ENGLISH OR FRENCH)

©esa .o

Www,es0.int

ESA Scientific &
Technical Reports

AN INNOVATIVE ULTRA-FAST PACKET-
SWITCHED TRANSPARENT PROCESSOR FOR
MESHED SATELLITE NETWORKS (NOVEMBER
2002)

DEL RIO HERRERO O. & MANFROID X.

(ED. R.A. HARRIS)

ESA STR-244 // 43 PAGES

PRICE: 10 EUROS

ESA History Reports

AN OVERVIEW OF SPACE ACTIVITIES INTHE
NETHERLANDS (NOVEMBER 2002)

VAN KASTEREN J. (ED. R.A. HARRIS)

ESA HSR-27 // 32 PAGES

PRICE: 10 EURO

Proceedings

ol I

C ~riew of
An Owverview ©F N
= Netherlands
Jce Activities io the Neth
space /

ESA Contractor
Reports

DYNAMIC ANALYSIS OF TETHERED SYSTEMS
USING CONTINUUM MODELLING FOR THE
TETHER - FINAL REPORT (JUNE 2000)
TECHNICAL UNVERSITY OF VIENNA, AUSTRIA
ESA CR(P)-4353 // 255 PAGES

PRICE: 40 EURO

SATXPRESS: PILOTING HIGH-SPEED
ASYMMETRIC SECURE TWO-WAY IP-SERVICES
VIA SATELLITE - FINAL REPORT (NOVEMBER
2001)

FHG/FOKUS, GERMANY

ESA CR(X)-4354 // 12 PAGES

PRICE: 10 EURO

MISSION AND EXPERIMENT PLAN FOR THE
LAND-SURFACE PROCESSES AND INTER-
ACTIONS REMOTE-SENSING MISSION

— FINAL REPORT (MAY 2001)

UNIVERSITY LOUIS PASTEUR, FRANCE
ESA CR(P)-4355 // 240 PAGES

PRICE: 40 EURO

JUPITER - FINAL REPORT (MARCH 2002)
CT&S, THE NETHERLANDS

ESA CR(X)-4356 // 24 PAGES

PRICE: 10 EURO

EXPECTED BENEFIT OF OBSERVATIONS
PROVIDED BY A WATER VAPOUR
DIFFERENTIAL ABSORPTION LIDAR ON
ATMOSPHERIC DATA ANALYSIS - FINAL
REPORT (JANUARY 2002)

DLR, GERMANY

ESA CR(P)-4357 // CD-ROM

PRICE: 25 EURO
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TELE-EDUCATION / TELE-MEDICINE PILOT
OPERATION - FINAL REPORT (FEBRUARY 2002)
EMN, GERMANY

ESA CR(X)-4358 // 17 PAGES

PRICE: 10 EURO

EUROPEAN CONTRIBUTION TO THE GLOBAL
PRECIPITATION MISSION (EGPM) - FINAL
REPORT (MARCH 2002)

ALENIA SPAZIO, ITALY

ESA CR(P)-4359 //CD-ROM

PRICE: 25 EURO

MULTIMEDIA TERRESTRIAL INFRASTRUCTURE/
SERVICES EVOLUTION AND THE ROLE OF
SATELLITES - FINAL REPORT (FEBRUARY
2002)

AVANTI COMMUNICATIONS LTD., UK

ESA CR(P)-4360 // CD-ROM

PRICE: 25 EURO

REQUIREMENTS FOR A HYPER-SPECTRAL
AND DIRECTIONAL LAND-SURFACE
PROCESSES AND INTERACTIONS REMOTE-
SENSING MISSION - FINAL REPORT (MAY 2001)
UNIV. LOUIS PASTEUR, FRANCE

ESA CR(P)-4361// 224 PAGES

PRICE: 40 EURO

DEFINITION OF MISSION OBJECTIVES AND
OBSERVATIONAL REQUIREMENTS FOR AN
ATMOSPHERIC CHEMISTRY EXPLORER
MISSION - FINAL REPORT (JANUARY 2002)
RUTHERFORD APPLETON LABORATORY, UK
ESA CR(P)-4362 // CD-ROM

PRICE: 25 EURO

Contractor Reports

ESA CR(P) documents are also
available on microfiche from either
of the following addresses:

British Library - Doc. Supply Centre
Customer Service

Boston Spa

Wetherby, West Yorkshire

LS23 7BQ

England

Universitaetsbibliothek und TIB
Welfengarten 1B

D-30167 Hannover

Phone: (+49) 511/762-2268
Fax: (+49) 511/715936

DEFINITION OF A FORMATION FLYING
DEMONSTRATION MISSION - FINAL REPORT
(FEBRUARY 2002)

GMV, SPAIN

ESA CR(X)-4363 // 319 PAGES

PRICE: 40 EURO

ARCHIMEDES PHASE-A STUDY - FINAL
REPORT (JANUARY 1996)

MATRA MARCONI, UK

ESA CR(X)-4364 // 778 AND 165 PAGES (2 VOLS)
PRICE: 90 EURO

Credit Card Payments for ESA Publications

The Agency’s publications can be purchased from the ESA Publications Division
‘Bookshop’ using your corporate or your personal credit card (Eurocard/
Mastercard, Visa or American Express).

You can telephone or telefax your orders to the numbers given below, quoting your
card’'s number, security code (where applicable), and its expiry date.

The Bookshop (attn. Mr Frits de Zwaan})
ESA Publications Division

ESTEC

Keplerlaan 1

2200 AG Noordwijk

The Netherlands

Telephone: (31) 71 5653405 — Telefax: (31) 71 5655433
Other methods of payment are also accepted. Please call or fax for details.

A list of the latest publications can be accessed via the ESA Publications
Division’s Home Page at: www.esa.int
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lifestyles and much more.

By P. Brisson and J. Rootes
128 pages / 25 Euro

BR-175
ORDER THIS
SPECIAL BOOK
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“La Vie Comme
dans |'Espace’

& Frederic Loeh

'_;:1 a conquéte spatiale est un réve et en tant que

» 'E a,_ N E )ersonne ne saurait se |'approprier.
SP ﬂ c ‘L'essence méme du réve tient dans son existence:
E on le réalise mais on ne le posséde point!
Les auteurs s'attachent dans cet ouvrage a
répondre aux multiples interrogations suscitées par
la conquéte spatiale, nouvelle dimension infinie de
liberté et de paix, mais également a |'exploitation d'un
gspace utile, composante stratégique de notre futur.
Comment vivre ailleurs que sur notre fragile planéte,
a échéance de vingt ou trente ans?
¥ (Qu'en seraient alors les conséquences au niveau de notre

= " Qutre un rappel historique des différentes étapes de la
== = conquéte spatiale la vie commence dans I'espace, et le réve

Prix spécial ESA: 30 Euro

| peut devenir réalité...



Available from ESA Publications Division

Publication Number of Scope/Contents Price Source
issues per year
Periodicals
ESA Bulletin 4 ESA’s house magazine Free of charge ESA Publications Division
Earth Observation Quarterly 4 Remote-sensing newsletter - "
Reaching for the Skies 4 Space Transportation System newsletter
On Station 4 Space Station and Microgravity newsletter
Preparing for the Future 4 Technology Programme newsletter
ECSL News 4 News from the European Centre for
Space Law (under ESA auspices)
Monographs Code
Conference Proceedings (SP-xxx) Collections of papers presented at Prices vary ESA Publications Division
ESA conferences
Special Publications (SP-xxxx) Detailed moncgraphs on
ESA programmes/projects
Brochures (BR-xxx) Concise summaries on
ESA programmes/projects
Scientific & Technical Reports (STR-xxx) Reflecting ESA's position on a given subject
Scientific & Technical Memoranda (STM-xxx) Latest but not finalised thinking on a
given subject
Procedures, Standards & (PSS-xxx) Definitive requirements in support of
Specifications ESA contracts
Training Manuals (TM-xxx} Series for education of users or potential
users of ESA programmes, services or
facilities
Public-relations material General ESA literature, posters ESA Communication Dept
photographs, films, etc 8-10 rue Mario-Nikis

75738 Paris 15, France

All periodicals are also available via the Internet at
http://esapub.esrin.esa.it/
Public-relations material and other ESA information is available at:

http://www.esa.int
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Order Form for ESA Publications

No publications sent before receipt of payment in Euros (€).

‘ No. of | ESA Price per | Total
copies reference no. | Title Copy/€ €

Total amount:

Mailing Address  (please print carefully)

Name
Function Organisation
Address
Post Code Country
Date Signature

O Cheque enclosed (made payable to ESA Publications Division)
Return Order Form with cheque to: ESTEC - Finance Division (ADM-FT)
P.0O.Box 299 — 2200 AG Noordwik — The Netherlands

O ltems ordered are Charge to: O Eurocard/Mastercard® O Visa O AmEx
free of charge
Card No. Expiry date:
*Mastercard: include Security Code located on back of card above signature - 3 digits

Card Holder’s Name

Return Order Form to: The Bookshop (attn. Mr Frits de Zwaan) — ESA Publications Division — ESTEC
P.O.Box 299 - 2200 AG Noordwijk — The Netherlands; Fax: +31 (0)71 565 5433

Telephone orders (and further information): +31 (0)71 565 3405

Payment (olease tick as appropriate):

Information via e-mail: Frits.de.Zwaan@esa.int
Internet — list of the latest publications: http://esapub.esrin.esa.it/
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