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european space agency

The European Space Agency was formed out of, and
took over the nghts and obligations of, the two earlier
European Space Organisations: the European Space
Research Organisation (ESRO) and the European
Organisation for the Development and Construction of
Space Vehicle Launchers (ELDO). The Member States
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Germany, Ireland, ltaly, Netherlands, Norway, Spain,
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is a Cooperating State

In the words of the Convention: The purpose of the
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applications systems
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programmes in the space field;

(c) by co-ordinating the European space programme
and national programmes, and by integrating the
latter progressively and as completely as possible
into the European space programme, in particular
as regards the development of applications
satellites;

(d) by elaborating and implementing the industrial
policy appropriate to its programme and by
recommending a coherent industrial policy to the
Member States

The Agency is directed by a Council composed of
representatives of Member States. The Director General
is the chief executive of the Agency and its legal
representative

The ESA HEADQUARTERS are in Paris
The major establishments of ESA are:
THE EUROPEAN  SPACE

TECHNOLOGY  CENTRE
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RESEARCH  AND
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agence spatiale européenne

L'Agence Spatiale Européenne est issue des deux
Organisations spatiales européennes qui 'ont précédée
— [I'Organisation européenne de recherches spatiales
(CERS) et I'Organisation européenne pour la mise au
point et la construction de lanceurs d’engins spatiaux
(CECLES) — dont elle a repris les droits et obligations
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Royaume-Uni, la Suéde et la Suisse Le Canada
bénéficie d’un statut d’Etat coopérant

Selon les termes de la Convention: I'Agence a pour
mission d’assurer et de développer, a des fins
exclusivement pacifiques, la coopération entre FEtats
européens dans les domaines de la recherche et de la
technologie spatiales et de leurs applications spatiales,
en vue de leur utilisation a des fins scientifiques et pour
des systémes spatiaux opérationnels d’applications:

(a) en élaborant et en mettant en oeuvre une politique
spatiale  européenne & long terme, en
recommandant aux Etats membres des objectifs en
matiére spatiale et en concertant les politiques des
Etats membres a 'égard d’autres organisations et
institutions nationales et internationales;

(b) en élaborant et en mettant en oeuvre des activités et
des prograrnmes dans le domaine spatial;

(c} en coordonnant le programme spatial européen et
les programmes nationaux, et en intégrant ces
derniers progressivernent et aussi compléternent
que possible dans le programme spatial européen,
notamment en ce qui concerne le développement
de satellites d'applications;

(d) en élaborant et en mettant en oeuvre la politique
industrielle appropriée a son programme et en
recommandant aux Etats membres une politique
industrielle cohérente
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If the sky’s the limit, let us get you off the ground
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When you're developing complex products for satellite manufacturers Denmark (45) 99 10 00
systems, your resources are today. But have you heard that our Finland (90) 887 21
stretched in every direction. Satellite services range from straightforward France (1) 69 82 65 00
manufacture and integration are no consultancy to the complete design Germany (0180) 56326233
exception. and implementation of test systems Italy (02) 9212 2241
The commercial pressure is on. Short ~ for manufacturing, plus all the back Netherlands ~ (020) 547 6669
lead times, reliable performance, up training and support you need? Norway (22) 73 56 00

stringent standards. Whether you are At Hewlett-Packard, our test Spain 900 123 123
building components for the payload  solutions will complement your Swgden (08) 444 20 00
or managing the entire system capability. We know how to deliver Switzerland (1) 7357111
integration, talk to Hewlett-Packard test products, and take responsibility UK. (01344) 366666
about making the test process for systems and services you can

simpler and more cost-effective. trust. For more information on

Leaving your people free to focus on sharing the load, call one of the

what they’re best at. numbers listed or contact your

You may know that Hewlett-Packard ~ nearest HP sales office. 7] HEWLETT®
offers the widest range of test (/a] PACKARD
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Stars — The Perennial Fascination.
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88039 Friedrichshafen
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Phone +49 7545 8-0

Fax +49 7545 8-44 11

Thirty years of space research
with space systems have brought
more findings in aeronomy,
plasma and sun physics, astron-
omy, astrophysics and planeto-
logy than 300 years of terres-
trial astronomy in the past.

Daimler-Benz Aerospace, as a

leading company in space tech-

nology, provides for all fields of

space research:

L1 Scientific satellites

[J Space probes for interplane-
tary missions

00 Subsystems and components

[J Scientific instruments for
the complete electromagnetic
spectral range.

Please contact us if you are in-
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Available in all
colours and sizes,
covering all your
specifications.

TNO-TPD:
everyone’s address for reliable
attitude sensors.

| = tel.+31 15 2692000

T|-. fax +31 15 2692111

email: deboom@tpd.tno.nl



TTC TRANSPONDER
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ALCATEL ESPACIO: Quality in Time.

. Alcatel Espacio designs and manufactures
equipment and satellite subsystems including:

- On-board Digital Equipment (Processors, Data
Handling, Antenna Pointing Mechanism, etc).
-On-board Radiofrequency Equipment

- (TTC transponders, Filters, Diplexers,
Multiplexers, efc.)

The organization of Alcatel Es acio is focused

to meet the requiremenfs o the customer,

guaranteeing in any case, Quality in Time.
L ]
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. ESPACIO =t

Alcatel Espacio, S.A. Einstein n° 7. Tres Cantos 28760 Madrid. Spain.

Tel. (341) 803 47 10. Fax. (341) 804 00 16 : e



Giving you the keys to a total system.

When Aerospatiale supplies a satellite, it doesn’t only supply a satellite in orbit. It supplies total
expertise. A total system backed by almost thirty years experience; from satellites and
launchers to ground stations, the software to control them and training for local personnel.
‘ With all of it specifically designed to meet individual customer requirements. Aerospatiale can
‘ even go one step further and provide assistance in program financing and insurance, thereby
covering every aspect of your communication system needs. Because Acrospatiale understands

FCB

PUBLICIS

that the only way of mastering the complexities of satellite communication is to master every
# step of the planning, conception and realization of your project. And then give you the keys.

A CHTIEVEMENT H A S A N A M E.

AEROSPATIALE

ESPACE & DEFENSE



IN CTASA SPACE DIVISION
WE HAVE TAKEN A PLACE
AMONG THE STARS

The high technology flight hardware products of CASA. derived from a long research and
development programme, have contributed significantly to make important space projects come true
The placing into orbit of satellites HELIOS, I1SO, SOHO. and Eutelsat, together with the final tuning of
the Ariane 5 launcher are some current events that rely on a solid participation of CASA, the largest

aerospace company of Spain that plays an ocutstanding role within the European Space Industry

LA BANDA

SPACE DIVISION

CONSTRUCCIONES AERONAUTICAS, S,A. Avda, de Aragon, 404 - E-28022 MADRID (SPAIN) Phone: 586 37 00 - Fax: 747 47 99 - Telex: 48540 CASA E
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Jean-Marie Luton

European Endeavours in Space

— A New Momentum

J.-M. Luton
Director General, ESA, Paris

The ESA Council Meeting at
Ministerial Level which took place in
Toulouse on 18 — 20 October was of
critical significance to the future of
European space activities. This
meeting, Chaired by Mr Yvan Ylieff,
the Belgian Minister for Science
Policy, was attended by Ministers
and Senior Representatives of the
Agency’s fourteen Member States
and Canada (a Cooperating State).
Representatives of the Commission
of the European Union, Eumetsat
and Eutelsat were present as
observers,

During their three days in Toulouse,

the Ministers took far-reaching

decisions — decisions that will

shape the future of ESA’s

Programmes for decades to come — in five

major areas:

— the Level of Resources for ESA's Mandatory
Programme for the years 1996 — 2000

— Europe’s participation in the International
Space Station Programme

— the Ariane-5 Complementary Programmes

— ESA's Industrial Policy

— the introduction of the ECU as ESAs
currency unit.

Particularly gratifying for the Agency was the
strong will shown on the part of so many of the
Ministers to overcome the prevailing barriers —
both financial and political — and to reach an
agreement that will allow Europe’s space
activities to continue to develop, with a
renewed vigour and spirit of international
cooperation and, within the remit of ESA.

Importantly, the decisions that the Ministers
have taken in Toulouse relate not only to the
programmes to be carried out until the end of
this century, but also to programmes that will
continue into the first decade of the next one.
This means that ESA’s horizon now stretches
much further into the future with a greater
degree of certainty than has been the case in
recent years.

The Mandatory Programme

The Agency’s Mandatory Programme, which
covers both the Scientific Programme and the
General Budget, was the subject of lengthy
discussion, a unanimous vote by the Ministers
being required to secure its approval

Despite the strong support for the ESA Science
Programme voiced by many of the Ministers
present, who see it as both a fundamental and
a highly successful element of the Agency'’s
past and future activities, the necessary
unanimity could not be achieved for the budget
proposal that was initially tabled. In order to
achieve unanimity, a compromise proposal
had to be putto the vote.

The compromise reached was that the budget
for Science will be frozen for the next five years,
with no increase for inflation except in so far as
it exceeds 3%. The Science budget will
therefore be subject to annual review, with a
more extensive review in mid-1998.

During the efforts to reach the final
compromise, many Ministers expressed their
concerns that the Horizon 2000 and Horizon
2000 Plus Programmes should continue to be
supported to the maximum extent possible.

The International Space Station

Recognising  the  significant  scientific,
technological and political benefits that will
accrue to Europe from participation in the
Space Station Programme, the Ministers
agreed to fund the ESA contribution to the
project. They subscribed, with immediate
effect, the Declaration covering the
development of the Columbus Orbital Facility
(COF), and the Automated Transfer Vehicle
(ATV) to be lauched by Ariane-5 to service the
Station. They also approved definition studies
for a Crew Transport Vehicle (CTV) and
preparation activities for Station utilisation. In
addition, the exploitation programme, which
will run from 2002 to 2013, was also very
clearly defined. The Participating States were
able — after some constructive horse-trading
between several of the major contributors — to



enter into binding commitments, despite the
fact that the programme will not start in earnest
until 1999 or 2000 and some progress remains
to be made on various aspects, with clear
conditions having to be metin our relations with
the Space Station partners.

The Ministers also endorsed the Microgravity
Facilities for Columbus (MFC) Programme
which, although not planned to start until 1997,
has already been subscribed

Ariane-5

On several occasions during their Toulouse

meeting, the Ministers stressed the importance

they attach to autonomous European access to
space. Ariane-5 is a critical factor in this respect
and the Ministers had little hesitation in
subscribing with immediate effect the three

Declarations that were presented to them,

covering:

— the Ariane-5 Evolution  Programme,
designed to ensure the launcher’s
adaptation to evolving user requirements

— the Ariane-5 Infrastructure Programme,
intended to put the launcher on an equal
footing with its global competitors

— the Ariane-5 ARTA Programme, which will
consolidate the launcher’s reliability

In addition, on the eve of the Ministerial
Meeting, agreement was reached on funding

to cover the latest contingencies in the Ariane-5
Development Programme

Industrial Policy

The Ministers discussed ESA’s Industrial Policy
in some detalil. In recent years there have been
considerable imbalances in the industrial
returns of several Member States, and that of
italy in particular. Consequently, the Ministers
have invited me to review ESA's industrial
procurement practices in order both to solve
the return problems and at the same time
generate greater competition. They have also
initiated a Council Working Group composed
of high-level representatives from the Member
States, to improve the Agency’s Industrial
Policy. Based on the final report of this Group, |
will be formulating a proposal for reform, to be
put before the next Council at Ministerial Level

The ECU

The Ministers decided that from 1 January
1997, the Agency will gradually move over to a
financial system based on the ECU (European
Currency Unit), which will become its only
currency from 2000 onwards, both for the
payment of the Member States’ contributions
and for ESA’s industrial contracts and
invoicing. This should prove a real step
forward, providing much greater stability in the
Agency's day-to-day financial operations. It
should certainly alleviate many of the problems

anew momentum

The Toulouse Ministerial
Council Meeting in session
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Ministers and Senior Representatives of the ESA Member States gathered outside Toulouse Civic Hall, venue for the 1995 Ministerial Conference.

Front row (from left to right): G. Salvini (Italy), |. Taylor (United Back row: K. Larsen {Denmark), P.G. Winters (Chairman of ESA
Kingdom), G.J. Wijers (The Netherlands), A. Breiby (Norway), Council at Delegate Level), S. Heckscher (Sweden), W.M. Evans
F. Fillon (France), Y. Ylieff (Belgium), J. Riittgers (Germany), (President, Canadian Space Agency), P. Rabbitte (Ireland),

J.M. Eguiagaray (Spain), J.-M. Luton (Director General, ESA) R. Kneucker (Austria), A. Kalliomdki (Finland), M. Parr (Norway)
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we have had with wide fluctuations in
European currencies and their negative
influences on industrial return. The problem of
what in ESA jargon are known as ‘retroactive
adjustments’ will hopefully disappear and no
longer be a political issue

Directions for the future

As far as the longer-term future of the Agency is
concerned, the Ministers welcomed the report
of the Long-Term Space Policy Committee
(LSPC). This Committee was created by the
ESA Council in June 1993 with the mandate to
prepare a report on European space policy
after the year 2000 for the Toulouse meeting. It
was asked specifically to address the need for
a strategic vision for European space policy,
responding both to the challenges and threats
facing humanity in the next century. In
endorsing the LSPC’s report, the Ministers also
expressed the wish that such long-term
strategic reflection on European space policy
be continued

As far as the nearer term future is concerned,

my proposals to:

— build on the existing achievements of
ESA's Earth-observation programme by
proposing research and applications
missions based on the Earth Explorer and
Earth Watch concepts

— put forward specific programme proposals
for new advanced telecommunications
missions (such as a Global Navigation
Satellite System) in conjunction with users

— draw up a proposal for a future Launcher
Preparatory Programme to validate new
technologies and concepts for a new
generation of launchers, and

— pursue the concept of small missions,
working together with the Member States,
Industry and research organisations

were welcomed by the Council, | was also
asked to intensify the dialogue with other space
organisations in Europe, in particular the
Commission of the European Union, to ensure
greater synergy between our respective
activities and thereby reinforce Europe’s
already strong position in worldwide space
activities.

As you will have realised from the above, a
great deal of decision-making was packed into
the Toulouse Ministerial Meeting and, despite
what amounted to more than slight differences
between the positions of the various Member
States on a number of issues prior to the
meeting, an overall agreement has been
achieved that has removed the indecision that
has plagued the Agency in recenttimes

anew momegt@

Much work on the various programmes that
were agreed in Toulouse now lies before us if
we are to make them a success. A clear
message that emerged from the Executive’s
discussion with the Ministers is that they have
confidence in ESA, but we in turn must strive to
adapt as an organisation to today’s political
and financial realities. The Agency already has
a Transformation Programme in place with the
objective of adapting to the current economic
difficulties affecting our Member States,
including reducing both our internal and
industrial costs.

All'in all then, the 1995 Ministerial Conference
has set ESA a bold new set of objectives and
ambitions. It is now up to the Agency and its
dedicated staff to prove to the Ministers that
they were right in giving us a clear, revitalised
and challenging mandate for the future. ¢

Minister Ruttgers of
Germany talks live with ESA
Astronaut Thomas Reiter
aboard the Mir space
station, from Toulouse. On
the right is Minister Ylieff of
Belgium, who chaired the
Toulouse Meeting

The Press Centre at the
Ministerial Conference
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Resolution concerning Decisions on
Agency Programmes and Finances

(adopted on 20 October 1995)

The Council, meeting at Ministerial Level,

HAVING REGARD to the Resolution on the implementation of the European long-term space plan and
programmes, adopted at Ministerial Level in Granada on 10 November 1992 (ESA/C-M/CIV/Res.1 (Final)),

HAVING REGARD to the Director General's Overview and Proposal on the Agency’s Policy and Programmes
(ESA/C-M(95)5),

HAVING REGARD to the Director General’s report on the review of the Agency’s internal operations
(ESA/C(95)96),

HAVING REGARD to the work done in the Agency’s delegate bodies to examine in detail the Director General's
proposals on the programmes and activities calling for decisions at this meeting and to prepare the
corresponding legal instruments, and CONSCIOUS of the urgency of those decisions for reinforcing the
Agency’s role and presence in worldwide space activities,

CHAPTER |
PROGRAMMES

A. The International Space Station

WHEREAS the International Space Station programme is currently the greatest cooperative endeavour
undertaken by spacefaring nations and CONSIDERING that such a programme is bound to set significant
scientific and technical challenges,

HAVING REGARD to the letter addressed on 29 November 1993 by the IGA Coordinating Committee’s
Chairman to his US counterpart which outlined the specific European requests to be met during the IGA
negotiation process and to the letter of 6 October 1995 of the NASA Administrator to the ESA Director General,

HAVING REGARD to the Act in Council of 15 February 1994 (ESA/C/CXI/Act-ISSP(Final)) and to the Resolution
on Europe's participation in the International Space Station programme of 23 March 1995
(ESA/C/CXVII/Res.1(Final)),

HAVING REGARD to the report (ESA/C-M(95)8) on the amendments, formulated in the current negotiation
process involving Russia, to the Agreement among the Government of the United States of America,
Governments of Member States of the European Space Agency, the Government of Japan and the
Government of Canada on Cooperation in the Detailed Design, Development, Operation and Utilisation of the
Permanently Manned Civil Space Station (hereinafter the 'IGA"), signed on 29 September 1988 (ESA/C(95)89,
rev.1), andto the Arrangement for the provisional application of the IGA, effective on the date of its signature on
29 September 1988,

HAVING REGARD to the report (ESA/C-M(95)8) on the amendments proposed to the Memorandum of
Understanding between the United States National Aeronautics and Space Administration and the European
Space Agency on Cooperation in the Detailed Design, Development, Operation and Utilisation of the
Permanently Manned Space Station (hereinafter the ‘MOU’), signed on 29 September 1988 (ESA/C(95)89,
rev.1),

12




resolutions

Résolution relative aux décisions sur les
programmes et les finances de ’Agence

(adoptée le 20 octobre 1995)

Le Conseil siégeant au niveau ministériel,

VU la Résolution sur la mise en oeuvre du Plan spatial européen a long terme et des programmes, adoptée au
niveau ministériel a Grenade le 10 novembre 1992 (ESA/C-M/CIV/Rés.1 (Final}),

VU le document intitulé Revue d’ensemble et proposition du Directeur général relative a la politique et aux
programmes de I'Agence (ESA/C M(95)5),

VU le rapport du Directeur général sur la revue du fonctionnement interne de I’Agence (ESA/C(95)96),

VU les travaux accomplis au sein des organes de I'Agence composés de délégués afin d’examiner dans le détail les
propositions du Directeur général relatives aux programmes et activités devant faire I'objet de décisions lors de la
présente réunion, et afin de préparer les instruments juridiques correspondants, et CONSCIENT du caractére
urgent de ces décisions aux fins de consolider le réle et la présence de I'Agence dans le domaine des activités
spatiales a I'échelle mondiale,

CHAPITRE PREMIER
PROGRAMMES

A. Station spatiale internationale

ATTENDU que le programme de Station spatiale internationale represente actuellement le plus grand projet de
coopération entrepris par les puissances spatiales et CONSIDERANT que ce programme suscitera nécessairement
des défis scientifiques et techniques considérables,

VU la lettre en date du 29 novembre 1993 adressée par le Président du Comité de coordination de I'lGA a son
homologue américain, laquelle exposait les demandes spécifiques de I'Europe a satisfaire au cours du processus
de négociation de I'lGA, et la lettre que I'’Administrateur de la NASA a adressée au Directeur général de I'ESA le 6
octobre 1995,

VU I'Acte en Conseil du 15 février 1994 (ESA/C/CXI/Act-ISSP(Final)) et la Résolution sur la participation de I’'Europe
au programme de Station spatiale internationale du 23 mars 1995 (ESA/C/CXVII/Rés.1 (Final)),

VU le rapport (ESA/C-M(95)8) sur les amendements, formulés dans le cadre de I'actuel processus de négociation
auquel participe la Russie, de I’Accord entre le gouvernement des Etats-Unis d'Amérique, les gouvernements
d’Etats membres de I'’Agence spatiale européenne, le gouvernement du Japon et le gouvernement du Canada
relatif & la coopération en matiére de conception détaillée, de développement, d’exploitation et d'utilisation de la
Station spatiale civile habitée en permanence (ci-aprés dénommé ‘IGA’), signé le 29 septembre 1988 (ESA/C(95)89,
rév.1) et de I’Arrangement relatif a I'application provisoire de I'lGA ayant pris effet a la date de sa signature, le 29
septembre 1988,

VU le rapport (ESA/C-M(95)8) sur les amendements qu’il est proposé d'apporter au Mémorandum d’Accord entre
I’Administration nationale de I’Aéronautique et de I'Espace des Etats-Unis et I'’Agence spatiale européenne relatif a
la coopération en matiére de conception détaillée, de developpement, d’exploitation et d'utilisation de la Station
spatiale civile habitée en permanence (ci-aprés dénommé ‘MOU’), signé le 29 septembre 1988 (ESA/C(95)89,
rév.1),
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A.1. Subscription of programme Declarations

1.

WELCOMES the subscription by the States participating in the development programme, of the Declaration
on the European participation in the International Space Station and the entry into force on this day of this
Declaration (ESA/PB-MS/XI/Dec.1 (Final)) in accordance with Chapter I.C of this Resolution, allocating for
completion of the programme a financial envelope of 2651.2 million accounting units at mid-1995
economic conditions over the period 1996 — 2004.

NOTES that the European contribution to the International Space Station shall consist of the Columbus
Orbital Facility (COF), a general-purpose pressurised laboratory, the provision of logistics services using
Ariane-5 and the Automated Transfer Vehicle (ATV) and of orbital manoeuvring capabilities by the ATV,
complemented by utilisation preparation activities with a view to multidisciplinary utilisation of the Space
Station by the European Partner, and NOTES further that a decision by the end of 1997 will be taken by
Member States concerned, on the basis of proposals to be presented in due time by the Director General,
on the continuation of activities concerning the development of a crew transport vehicle.

. WELCOMES the subscription, by the States participating in the programme, of the Declaration on

Microgravity Facilities for Columbus (MFC) and the entry into force on this day of that Declaration
(ESA/PB-MG/XLV/Dec.1 (Final)) in accordance with Chapter I.C of this Resolution, for the purpose of
developing the facilities necessary to take advantage, during execution of the exploitation programme
referred to in Section A.3 of this Chapter, of utilisation opportunities afforded to the European Partner, thus
allocating for comptletion of the programme a financial envelope of 206.7 million accounting units at
mid-1995 economic conditions over the period 1997 — 2003.

A.2. Finalisation of the IGA and MOU negotiation process

1.

APPRECIATES the progress made in the negotiation process by the International Partners, in particular as
regards the inclusion of Russia in the International Space Station partnership and CONSIDERS that the
amendments to the IGA and MOU already identified and the plan of action outlined in ESA/C-M(95)8 for the
timely finalisation of the current negotiation process represent significant progress towards meeting the
specific European demands, primarily those resulting from the adoption at Ministerial Level of
ESA/C-M/CIV/Res. 1(Final), communicated to the other Partners at the outset of the negotiations and
outlined in Section VII of ESA/PB-MS/XI/Dec.1(Final).

CONSIDERING that the Declaration on the European participation in the International Space Station

development programme referred to above stipulates:

‘that the European Partner’s share of the International Space Station annual common operations

obligations shall:

(@) not exceed 0.6 Ariane-5/ATV equivalent flight per year,

(b) be fulfilled by means of Ariane-5/ATV and other European services, such as provision of personnel, in
such a way that the objective of no exchange of funds will be achieved;’

MANDATES the European Partner’s spokesman and the Director General to negotiate the necessary
amendments to the IGA and to the MOU between ESA and NASA respectively to provide the legal basis for
the implementation of the above-mentioned stipulations.

EXPRESSES its support for finalisation of the current IGA and MOU negotiation process by 30 June 1996 at
the latest; NOTES that Member States concerned intend to review the results of the negotiation, bearing in
mind the terms of the Declarations on the programmes referred to in Section A.1, and in this connection
INVITES the Director General, as soon as the negotiation process is finalised, to submit the draft amended
MOU between NASA and ESA, and supporting documentation, to the Agency’s competent bodies for
completion of the examination and approval procedures, with a view to its signature on the same date as the
amended IGA.

INVITES Member States which are signatories to the IGA, and others intending to join the European Partner
States, to make appropriate arrangements for the concomitant signing of the legal instrument confirming
the amendments to the IGA and the related Arrangement for the provisional implementation of the IGA,
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resol_utions

A.1 Souscription des Déclarations de programme

1.

SE FELICITE de la souscription par les Etats participant au programme de développement de la Déclaration
relative a la participation de I'Europe a la Station spatiale internationale et de I'entrée en vigueur ce jour de ladite
Déclaration (ESA/PB-MS/XI/Déc.1 (Final)), conformément au Chapitre 1.C de la présente Résolution, cette
Déclaration affectant a I'exécution de ce programme une enveloppe financiére de 2651,2 millions d’unités de
compte aux conditions économiques de la mi-1995 sur la période 1996 — 2004

NOTE que la contribution de I'Europe a la Station spatiale internationale consiste dans I'élément orbital
Columbus (COF), laboratoire pressurisé a usage général, dans la fourniture de services logistiques au moyen
d'Ariane-5 et du véhicule de transfert automatique (ATV) et des capacités de manceuvre en orbite de I'ATV,
compléteés par des activités de préparation en vue d’une utilisation multidisciplinaire de la Station spatiale par le
Partenaire européen, et NOTE en outre que les Etats membres en cause prendront d'ici la fin de 1997, sur la
base de propositions que le Directeur général devra présenter en temps opportun, une décision sur la poursuite
des activités relatives au developpement d'un vehicule de transport d’équipages

SE FELICITE de la souscription par les Etats participant au programme de la Déclaration relative aux installations
de recherche en microgravité pour Columbus (MFC) et de I'entrée en vigueur ce jour de ladite Déclaration
(ESA/PB-MG/XLV/Déc.1 (Final)), conformément au Chapitre 1.C de la présente Résolution, afin de réaliser les
installations nécessaires pour tirer parti, pendant I'exécution du programme d’exploitation visé au point A.3 du
present Chapitre, des possibilités d'utilisation offertes au Partenaire européen, affectant ainsi a I'exécution de ce
programme une enveloppe financiere de 206,7 millions d'unités de compte aux conditions économiques de la
mi-1995, sur la période 1997 — 2003.

A.2 Cloture du processus de négociation de I’IlGA et du MOU

1.

APPRECIE les progrés accomplis par les Partenaires internationaux dans le processus de négociation, en
particulier en ce qui concerne I'intégration de la Russie dans le partenariat de la Station spatiale internationale, et
CONSIDERE que les amendements de I'lGA et du MOU deéja définis et le plan d’action tracé dans le document
ESA/C-M(95)8 en vue de la conduite a bonne fin en temps voulu du processus de négociation actuel,
representent un progrés significatif allant dans le sens de la satisfaction des demandes spécifiques de 'Europe,
principalement celles qui résultent de I'adoption au niveau ministériel de la Résolution ESA/C-M/CIV/Rés 1
(Final), communiguées aux autres Partenaires au début des négociations et exposées au point Vil de la
Déclaration ESA/PBMS/XI/Déc.1 (Final).

CONSIDERANT gue la Déclaration relative a la participation de I'Europe au programme de développement de la
Station spatiale internationale visée ci-dessus énonce:

‘que la part des obligations annuelles liées a la conduite opérationnelle en commun de la Station spatiale

incombant au Partenaire européen

(@) n’excedera pas 0,6 équivalent de vol Ariane-5/ATV par an,

(b) sera fournie au moyen d’'Ariane-5/ATV et d’autres services européens, tels que la fourniture de personnel,
de fagon a ce que I'objectif du non échange de fonds soit atteint;’

DONNE MANDAT au porte-parcle du Partenaire européen et au Directeur général de négocier les
amendements & apporter respectivementa I'lGA et au MOU entre I'ESA et la NASA pour constituer le fondement
juridigue de la mise en oeuvre des dispositions ci-dessus.

APPUIE I'intention de mener a terme le processus actuel de négociation de I'lGA et du MOU pour le 30 juin 1996
au plus tard; NOTE que les Etats membres en cause ont I'intention de passer en revue les résultats des
négociations en gardant a l'esprit les termes des Déclarations relatives aux programmes visées au point A.1 et,
dans ce contexte, INVITE le Directeur général, dés que le processus de négociation aura abouti, & soumettre le
projet de MOU amendé entre I'ESA et la NASA et la documentation a I'appui aux organes compétents de
I'Agence en vue des procédures d'examen et d'approbation, afin qu'il soit signé le méme jour que I'IGA
amendeé.

INVITE les Etats membres signataires de I'lGA et ceux qui ont I'intention de se joindre aux Etats Partenaires
européens a prendre les dispositions nécessaires pour la signature concomitante de l'instrument juridique
confirmant les amendements apportés a I'lGA et a I'’Arrangement correspondant relatif a la mise en oeuvre
provisoire de I'lGA,
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5. INVITES the Member States participating in the development programme referred to in Section A.1.1 of this
Chapter which are not yet among the European Partner States to initiate the procedures required for
becoming IGA signatory States so as to ensure proper legal cover at international level for activities
conducted in the framework of the above-mentioned development programme.

A.3. Exploitation programme

1. WELCOMES AND SUPPORTS the agreement of the States participating in the development programme
referred to in Section A.1.1 of this Chapter to set up and participate in a programme for the exploitation by
the European Partner of the International Space Station implemented in successive phases from 2001 until
the end of the Space Station’s lifetime, planned for 2013, in accordance with the principles and
mechanisms detailed in Section VIl of ESA/PB-MS/XI/Dec. 1(Final).

2. INVITES Member States which have not subscribed the Declaration on the development programme
referred to in Section A.1.1 of this Chapter to participate in the exploitation of the International Space Station
by the European Partner.

3. ENCOURAGES the community of European users, together with Member States through their
nationally-funded programmes, to make appropriate arrangements for the purpose of taking maximum
advantage of the utilisation opportunities offered by the International Space Station; INVITES the States
participating in existing and future programmes of the Agency 1o make where appropriate, the best use of
the opportunities offered by the International Space Station and to take this opportunity into account in their
planning, and INVITES further the Director General to regularly elaborate proposals for utilisation plans
accordingly.

B. Ariane-5 Complementary Programmes and European access to space

HAVING REGARD to the successful commercial exploitation of the Ariane launcher and its resulting benefits
for Europe and the trend of the international commercial market in launch services, in particular the advent of
new operators and the heightened competition,

CONSIDERING that the European launch services industry must operate under conditions comparabtle to
those of other spacefaring nations and that the needs of Agency Member States for launch services, in
particular availability at the lowest possible cost, are best served by the widest possible marketing of the Ariane
launchers throughout the world,

HAVING REGARD to the Resolution updating the Resolution on the CSG 1993 —-2000 for the period
1996 — 2000 (ESA/C/CXXI/Res.1 (Final)), complemented by the Resolution on the CSG fee (ESA/C/CXXI/Res.2
(Final)), both Resolutions adopted on 28 September 1995, and to the Resolution on the Ariane-5
complementary programmes (ESA/C/CXVII/Res.2 (Final)) adopted on 23 March 1995,

HAVING REGARD to the role that the Ariane-5 launcher in combination with the Automated Transfer Vehicle
(ATV) is called upon to play in the International Space Station programme,

CONVINCED that suitable measures should be taken, in cooperation with Arianespace, to ensure the success
of Ariane-5 exploitation, to maintain and consolidate Ariane-5's reliability, to reduce the production costs, to
improve commercial competitiveness and to maintain the Ariane-5 infrastructure as a strategic European
asset,

NOTING the importance of adapting the launcher to evolving user requirements, and NOTING the start-up of
the Ariane-5 Evolution preparatory programme (ESA/PB-ARIANE/CXLV/Dec.1(Final) rev.1.),

NOTING the agreement under the form of an exchange of letters between the Agency and Arianespace
confirming Arianespace’s acceptance of the new Ariane launch pricing policy (ESA/PB-ARIANE(95)66) and
the commitment made by Arianespace and the European launcher industry to contribute to the transition from
Ariane-4 to Ariane-5,
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5. INVITE les Etats membres participant au programme de développement visé au point A.1.1 du présent Chapitre
et qui ne sont pas encore au nombre des Etats Partenaires européens a engager les procédures nécessaires afin
de devenir des Etats signataires de I'lGA pour faire en sorte que les activités conduites dans le cadre du
programme de développement susmentionné bénéficient d’'une couverture juridique adéguate au niveau
international.

A.3 Programme d’exploitation

1. ACCUEILLE FAVORABLEMENT ET APPUIE V’accord des Etats participant au programme de développement
vis¢ au point A.1.1 du présent Chapitre qui conviennent de mettre sur pied et de prendre part & un programme
d'exploitation de la Station spatiale internationale par le Partenaire européen, mis en oeuvre par phases
successives a partir de 2001 et jusqu'a la fin de la durée de vie de la Station spatiale, prévue pour 2013,
conformément aux principes et mécanismes dont le détail est énoncé au point VIl de la Déclaration
ESA/PB-MS/XI/Déc.1(Final)

2. INVITE les Etats membres qui n’ont pas souscrit la Déclaration relative au programme de développement visée
au point A.1.1 du présent Chapitre & participer & I'exploitation de la Station spatiale internationale par le
Partenaire européen

3. ENCOURAGE la communauté des utilisateurs européens, ainsi que les Etats membres par I'intermédiaire des
programmes qu'ils financent au niveau national, & prendre des dispositions appropriées pour tirer le meilieur
parti des possibilites d’utilisation offertes par la Station spatiale internationale; INVITE les Etats participant aux
programmes de I'Agence en cours et & venir & faire le cas échéant le meilleur usage possible des occasions
offertes par la Station spatiale internationale, a prendre en compte dans leurs plans les possibilités qu’elle offre et
INVITE en outre le Directeur général a élaborer périodiguement des propositions correspondantes de plans
d’utilisation.

B. Programmes Ariane-5 complémentaires et accés de I’Europe a I’espace

VU le succés de I'exploitation commerciale du lanceur Ariane et les avantages qui en résultent pour I'Europe ainsi
que I'évolution du marché commercial international des services de lancement et notamment F'arrivée de nouveaux
exploitants et le renforcement de la concurrence,

CONSIDERANT que lindustrie européenne des services de lancement doit travailler dans des conditions
comparables a celles des autres puissances spatiales et que les besoins des Etats membres de I’Agence en matiére
de services de lancement, et notamment la disponibilité de ces derniers au moindre colt possible, sont satisfaits au
mieux par la commercialisation la plus large possible des lanceurs Ariane a travers le monde,

VU la Résolution actualisant la Résolution relative au CSG 1993 -2000 pour la période 1996 — 2000
(ESA/C/CXXI/Rés.1 (Final)), complétée par la Résolution relative & la redevance CSG (ESA/C/CXXI/Rés.2 (Final);
toutes deux adoptees le 28 septembre 1995, et la Résolution relative aux programmes Ariane-5 complémentaires
(ESAIC/CXVII/Rés.2 (Final)) adoptée le 23 mars 1995,

VU le role que le lanceur Ariane-5 est appelé a jouer dans le cadre du programme de Station spatiale internationale,
en association avec le véhicule de transfert automatique (ATV),

CONVAINCU que des mesures appropriées devraient étre prises, en coopération avec Arianespace, pour assurer
le succés de I'exploitation d'Ariane-5, maintenir et consolider la fiabilité d'Ariane-5, en réduire les colts de
production, améliorer sa compétitivité commerciale et maintenir I'Infrastructure Ariane-5, comme atout stratégique
de I'Europe,

PRENANT NOTE de I'importance d'adapter le lanceur & I'évolution des besoins des utilisateurs et PRENANT NOTE
du demarrage du programme préparatoire Ariane-5 Evolution (ESA/PB-ARIANE/CXLV/Déc.1(Final) rév. 1),

PRENANT NOTE de I'accord sous forme d'un échange de lettres entre I'Agence et Arianespace qui confirme
qu'Arianespace accepte la nouvelle politique de prix des lancements Ariane (ESA/PB-ARIANE(95)66) et
I'engagement pris par Arianespace et I'industrie européenne des lanceurs de contribuer au passage d’Ariane-4 a
Ariane-5,
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1. REAFFIRMS that European autonomous access to space constitutes a strategic asset bringing political and
economic benefits for Europe, and STRESSES that development of the European launcher capability is an
integral part of a coherent overall European space policy.

2. UNDERLINES the need for international arrangements to ensure fair conditions in the launcher market.

3. (a) WELCOMES the above-mentioned agreement with Arianespace as endorsed by the Participants in the
Declaration on the Ariane launcher production, concerning in particular a new pricing policy for the
Ariane launcher;

(b) TAKING into account the international environment in the commercial launcher sector, CONSIDERS
that this agreement with Arianespace constitutes an important step towards ensuring that Member
States take full advantage of the Ariane launchers and their facilities across the range of their national
and international space-related activities, and ENCOURAGES Member States to make appropriate
arrangements for the purpose of granting preference to the utilisation of the Ariane launcher according
to the terms of the Declaration on the Ariane launcher production and of Chapter V of the Resolution
No. 1 adopted at Granada in November 1992.

4. WELCOMES the subscription by the States participating in the Ariane-5 complementary programmes, and
the entry into force on this day, of the following programme Declarations in accordance with Chapter 1.C of
this Resolution:

— the Additional Declaration on the Ariane-5 Evolution programme (ESA/PB-ARIANE/CLIV/Dec.1 (Final)),
with a financial envelope for completion of the programme of 1026.2 million accounting units at
mid-1995 economic conditions for the period 1996 — 2003;

— the Additional Declaration on the Ariane-5 Infrastructure programme (ESA/PB-ARIANE/CLIV/Dec.2
(Final)), with a financial envelope of 335.7 million accounting units at mid-1995 economic conditions for
the period 1996 — 2000;

— the Additional Declaration on the Ariane-5 ARTA programme (ESA/PB-ARIANE/CLIV /Dec.3 (Final))
with a financial envelope of 351.5 million accounting units at mid-1995 economic conditions for the
period 1996 — 2000

C. Entry into force of the Declarations

NOTES that the participating States concerned have agreed to the simultaneousness of the entry into force of
the Declaration on the European participation in the International Space Station development programme, the
Declaration on the MFC programme, and the three Declarations on the Ariane-5 complementary programmes
referred to in this Chapter, subject to receipt of confirmation of contributions pending

CHAPTER I
LEVEL OF RESOURCES FOR MANDATORY ACTIVITIES 1996 — 2000

HAVING REGARD to Articles V.1(a) and XI.5(a)(i) and (i) of the Convention,

RECALLING the Resolution on the level of resources for the mandatory activities covering the period
1991 — 1995 (ESA/C/XCIII/Res.3 (Final)) adopted on 13 December 1990,

NOTING that it was not possible to vote as required by the Convention (article XI.5.a.iii), before the end of the
current five year period the new level of resources for the period 1994 — 1998 and that due to this fact the next
five-year period of the level of resources has now to cover the period 1996 — 2000,

HAVING REGARD to the Resolution on the scale of contributions for mandatory activities for the years
1994 — 1996 (ESA/C/CXI/Res.2(Final)) adopted on 16 December 1993,

HAVING REGARD to the Director General’s proposal for the level of resources for the mandatory activities
covering the period 1996 — 2000 (ESA/C-M(95)6),
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1. REAFFIRME que l'accés autonome de I'Europe a I'espace constitue un atout stratégique en raison des
avantages politiques et économiques qui en résultent pour I'Europe et SOULIGNE que le développement des
moyens européens en matiére de lanceurs est partie intégrante d’une politique spatiale globale cohérente de
I'Europe.

2. SOULIGNE la nécessité d'arrangements internationaux de nature a garantir des conditions équitables sur le
marché des lanceurs

3. (@) ACCUEILLE FAVORABLEMENT l'accord avec Arianespace mentionné ci-dessus et entériné par les
participants & la Déclaration relative a la phase de production des lanceurs Ariane; en particulier en ce qui
concerne une nouvelle politique de prix pour le lanceur Ariane;

(b) TENANT COMPTE de la situation internationale dans le domaine des lanceurs commerciaux, CONSIDERE
que cet accord avec Arianespace constitue un grand pas en avant de nature & garantir que les Etats
membres tirent pleinement parti des lanceurs Ariane et des installations correspondantes pour toutes leurs
activités nationales et internationales en liaison avec I'espace et ENCOURAGE les Etats membres & prendre
les dispositions appropriées aux fins d’accorder la préférence a I' utilisation du lanceur Ariane conformément
aux dispositions de la Déclaration relative & la phase de production des lanceurs Ariane et au Chapitre V de
la Résolution n® 1 adoptée & Grenade en novembre 1992,

4. ACCUEILLE FAVORABLEMENT la souscription par les Etats participant aux programmes Ariane-5
complémentaires et I'entrée en vigueur ce jour des Déclarations de programme ci-apres, conformément au
Chapitre |.C de la présente Résolution:

— la Deéclaration additionnelle relative au programme Ariane-5 Evolution (ESA/PB-ARIANE/CLIV/Déc 1
(Final)), avec pour I'exécution du programme une enveloppe financiére de 1026,2 millions d'unités de
compte aux conditions économiques de la mi-1995 pour la période 1996 — 2003;

— la Déclaration additionnelle relative au programme Infrastructure Ariane-5 (ESA/PB-ARIANE/CLIV/
Déc.2 (Final)), avec une enveloppe financiere de 335,7 millions d’unités de compte aux conditions
économiques de la mi-1995 pour la période 1996 — 2000;

— la Déclaration additionnelle relative au programme ARTA Ariane-5 (ESA/PB-ARIANE/CLIV/Déc.3 (Final)
avec une enveloppe financiére de 351,5 millions d'unités de compte aux conditions économiques de la
mi-1995 pour la période 1996 — 2000.

C. Entrée en vigueur des Déclarations

NOTE que les Etats participants en cause sont convenus de I'entrée en vigueur simultanée de la Déclaration relative
a la participation de I'Europe au programme de développement de la Station spatiale internationale, de la
Déclaration relative au programme MFC et des trois Déclarations relatives aux programmes complémentaires
Ariane-5 visées au present Chapitre, sous réserve de la notification de la confirmation des contributions en suspens.

CHAPITRE Il
NIVEAU DE RESSOURCES 1996 - 2000
POUR LES ACTIVITES OBLIGATOIRES

VU les Articles V.1(a) et Xl(a)(ii) et (iii) de la Convention,

RAPPELANT la Résolution relative au niveau de ressources couvrant la période 1991 - 1995 pour les activités
obligatoires (ESA/C/XCIII/Rés.3 (Final)) adoptée le 13 décembre 1990,

NOTANT gu'il n'a pas été possible de voter avant la fin de la période de 5 ans en cours comme le demande la
Convention (article XI.5.a.iii) le nouveau niveau de ressources couvrant la période 1994 — 1998 et que de ce fait la
prochaine periode de 5 ans du niveau de ressources doit maintenant couvrir la période 1996 — 2000,

VU la Résolution relative au bareme des contributions aux activités obligatoires pour les années 1994 — 1996
(ESA/C/CXI/Rés.2 (Final)) adoptée le 16 décembre 1993,

VU la proposition du Directeur général relative au niveau de ressources couvrant la période 1996 — 2000 pour les
activités obligatoires (ESA/C M(95)6),
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1. AGREES that the Level of Resources for mandatory activities for the years 1996 — 2000 will include the

Scientific Programme, the General Budget, as well as the costs for the part of the Transformation
Programme related to mandatory activities, which are necessary from 1996 to 1999 to achieve the savings
planned in the Science Programme and in the General Budget;

. DECIDES by unanimous vote to put at the disposal of the Agency for the General Budget, the Scientific

Programme and the relevant Transformation Programme for the period 1996 — 2000, the amount of 2553.2
million accounting units at mid-1995 economic conditions, consisting of 804.2 million accounting units for
the General Budget, 1735 million accounting units for the Scientific Programme and 14 million accounting
units for the part of the Transformation Programme related to mandatory activities (an amount of 65 million
accounting units being foreseen as other income, the remaining part being contributions); as an indication,
an annual breakdown is given below.

(Amounts in MAU,at mid-1995 economic conditions)

YEARS 1996 1997 1998 1999 2000 TOTAL
SCIENTIFIC PROGRAMME  347.0 347.0 347.0 347.0 347.0 1735
GENERAL BUDGET 166.5 162.5 158.4 158.4 168.4 804.2
TRANSFORMATION

PROGRAMME 1.6 4.4 6.0 2.0 14.0

. DECIDES furthermore that:

(a) the Scientific Programme will not be subject to economic updating for price and conversion rate
variations for the years 1997 and 1998 as long as the yearly variation for this Programme does not
exceed 3% per annum;

(b) if the 3% level is exceeded in either year, the difference between that level and the actual percentage
increase will give rise to an equivalent updating of the Scientific Programme;

. NOTES the determination of the Director General to implement efficiency improvement measures with the

aim to reduce both internal and industrial costs of the activities of the Scientific Programme and INVITES the
Director General to report to Council in June 1998 on the effects of these measures as well as on the
consequences of the introduction of the ECU and the new charging policy referred to in paragraph 6
hereafter.

INVITES the Director General to take full account of these consequences when making his proposal for the
level of resources for the years 1999 — 2003.

. UNDERLINES the Member States’ determination to vote unanimously in 1998 the Level of Resources for

the period 1999 — 2003 and as a consequence, DECIDES that if no new level of resources is adopted in
1998, the provisions in paragraph 3(a) and (b) above shall continue to apply in 1999 and 2000, until a new
level of resources is adopted, and the amounts in the table above shall form the basis for the adoption of the
relevant budgets. If the budgets proposed for those years are above the levels contained in the table above
after application of the provisions of paragraph 3(b) above, they shall be adopted by a unanimous vote.

. UNDERLINES the need to define and to implement a new charging policy taking into account, in particular,

the interests of the Scientific Programme and to achieve its entry into force by 1 January 1997, thus ensuring
continuity with the special measures adopted for the Scientific Programme by the Council on 13 December
1990 (ESA/C/XCIlI/Res.3 (Final)) and on 17 September 1991 (ESA/C/XCV/Res. 2 (Final)), it being
understood that these special measures would be extended by one year, should the entry into force of the
new charging policy be postponed to 1 January 1998
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1. CONVIENT de ce que le niveau de ressources couvrant les années 1996 — 2000 pour les activités obligatoires
englobera le programme scientifique, le budget général ainsi que tes colts de la partie du programme de
transformation se rapportant aux activités obligatoires, nécessaires de 1996 a 1999 pour réaliser les économies
projetées sur le programme scientifique et le budget général;

2. DECIDE a I'unanimité de mettre a la disposition de I'Agence pour le budget général, le programme scientifique
et la part correspondante du programme de transformation, pendant la période 1996 — 2000, un montant de
2558,2 millions d’unités de compte aux conditions économiques de la mi-1995, se répartissant en 804,2 millions
d'unités de compte pour le Budget géneral, 1735 millions d'unités de compte pour le programme scientifique et
14 millions d'unités de compte pour la partie du programme de transformation se rapportant aux activités
obligatoires (un montant de 65 millions d'unités de compte étant prévu sous forme d’autres recettes et le reste
sous forme de contributions); une ventilation par exercice est donnée ci-dessous a titre indicatif.

(Montants en MUC, conditions économiques de la mi-1995)

Exercices 1996 1997 1998 1999 2000 TOTAL
Programme scientifique 347,0 347,0 347,0 347,0 347,0 1735
Budget général 166,5 162,5 158,4 158,4 1584 804,2
Programme de Transformation 1,6 4.4 6,0 2,0 14,0

3. DECIDE en outre que:
(@) le programme scientifique ne fera pas I'objet d'une actualisation économigue pour variations des prix et des
taux de conversion pendant les années 1997 et 1998, tant que la variation annuelle ne dépasse pas pour ce
programme 3% I'an;

(b) si le niveau de 3% est dépasse l'une quelconque de ces années, la différence entre ce niveau et
'augmentation réelle en pourcentage donnera lieu a une actualisation équivalente du programme
scientifique.

4. PREND ACTE de la détermination du Directeur général a mettre en oeuvre des mesures d’amélioration de
I'efficacité ayant pour objet de réduire tes colts et internes et industriels des activités du programme scientifique,
et INVITE le Directeur général & faire rapport au Conseil en juin 1998 sur les effets de ces mesures ainsi que sur
les consequences du passage a I'ECU et de la mise en place de la nouvelle politique d’imputation présentée au
point 6 ci-aprés.

INVITE le Directeur général a tenir pleinement compte de ces conséquences lorsqu’il soumettra sa proposition
de niveau de ressources pour les années 1999 — 2003.

5. SOULIGNE la détermination des Etats membres a voter a I'unanimité en 1998 le niveau de ressources pour la
période 1999 — 2003 et, en conséquence, DECIDE que, si aucun niveau de ressources nouveau n'est adopté en
1998, les dispositions des paragraphes 3 (a) et (b) ci-dessus continueront de s'appliquer en 1999 et en 2000
jusgu’a ce qu’un nouveau niveau de ressources soit adopté, et que les montants figurant au tableau ci-dessus
serviront de base a I'adoption des budgets correspondants. Si les budgets proposés pour lesdites années sont
supeérieurs aux niveaux figurant dans le tableau ci-dessus apres application des dispositions du paragraphe 3 (b)
ci-dessus, ils devront étre adoptés a I'unanimité

6. SOULIGNE la nécessité de définir et de mettre en oeuvre une nouvelle politique d’imputation prenant en
particulier en compte les intéréts du programme scientifigue et de parvenir a la faire entrer en vigueur pour le 1er
janvier 1997, ce qui assurera une continuité avec les mesures spéciales adoptées par le Conseil pour le
programme scientifiqgue le 13 décembre 1990 (ESA/C/XCIII/Rés.3 (Final)) et le 17 septembre 1991
(ESAIC/XCV/Rés.2 (Final)), étant entendu que ces mesures spéciales pourraient étre prolongées d'un an si
I'entrée en vigueur de la nouvelle politique d'imputation était reportée au 1er janvier 1998.
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7. AGREES to set up a Working Group of Council composed of financial experts, preferably using the
competent delegate body, with the task of reviewing, within the applicable provisions of the Convention, the
Agency’s system of calculating the scale of contributions for the funding of mandatory activities with a view
to submit a report and INVITES the Director General, on the basis of this report, to formulate a proposal to
Council at Ministerial Level for approval and implementation of the relevant decisions as from 1 January
1997.

CHAPTER IlI
INDUSTRIAL POLICY MATTERS

RECALLING the objectives of the Agency’s industrial policy as set out in Article Vil of the Convention, namely
to meet the requirements of the European space programme in a cost-effective manner, to improve the
worldwide competitiveness of European industry, to ensure that all Member States participate in an equitable
manner in implementing the European space programme, and to exploit the advantages of free competitive
bidding except where this would be incompatible with other defined objectives of industrial policy.

A. Correction of overall industrial return imbalances

RECALLING the decision taken by Council, meeting at Ministerial Level in Granada in November 1992, to fix at
0.96 the lower limit for the cumulative return coefficient referred to in Article IV.6. of Annex V to the Convention,
below which special measures have to be taken at the end of 1996 on the basis of Article V.1 of Annex V to the
Convention,

HAVING REGARD to the industrial return coefficient situation at the end of June 1995, as reported in
document ESA/C(95)65, rev.1 and TAKING INTO ACCOUNT the continuous unsatisfactory situation of the
industrial return of ltaly,

1. CONSIDERS favourably the Director General’s proposal to take corrective actions in anticipation to the
formal review and TAKES NOTE of the actions already taken by the Director General under approved
programmes.

2. APPRECIATES the effort already made by Participating States to introduce, in the Declarations of
programmes referred to in Chapter | of this Resolution specific measures for correcting overall industrial
return imbalances and ENCOURAGES other Member States with an overall return coefficient above 1 as at
30 June 1995 to complement these initiatives before end 1996 in order to alleviate currentimbalances and
facilitate the formal review to take place at the end of 1996.

3. INVITES the Director General to monitor the results of the above measures and, taking into account these
results, to propose complementary measures under programmes already approved, or to be approved by
the end of 1996, for the purpose of reducing residual imbalances.

B. Improvement of procurement procedures

STRESSING the importance of procurement procedures to the cost-effectiveness of the Agency’s
programmes and to European industry’s competitiveness,

INVITES the Director General, within the provisions of Article VII and Annex V of the Convention and the
Agency'’s Contract Regulations

(a) to significantly increase the number of competitive tenders,
{(b) to significantly reduce the volume of cost reimbursement contracts by placing, whenever practical, fixed
price contracts, making increased use of financial incentives and penalties for contractors as a means of

sharing the risk between ESA and industry,

(c) to convert those cost reimbursement contracts which are necessary to fixed price contracts as soon as
possible in order to limit the exposure of ESA to cost overruns.
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7. CONVIENT d'etablir un Groupe de travail du Conseil composé d’experts financiers, en faisant de préférence
appel a 'organe compétent, composé de délégués, groupe chargé de revoir, dans le cadre des dispositions
pertinentes de la Convention, le systeme de calcul du baréme des contributions utilisé par I'’Agence pour
financer les activités obligatoires et de faire rapport, et INVITE le Directeur général, sur la base de ce rapport, &
formuler une proposition au Conseil au niveau ministériel en vue de I'approbation et de la mise en oeuvre des
décisions pertinentes a compter du 1er janvier 1997.

CHAPITRE 11l
QUESTIONS DE POLITIQUE INDUSTRIELLE

RAPPELANT les objectifs de la politique industrielle de I"’Agence tels qu'ils sont énoncés a I'Article VIl de la
Convention, a savoir repondre aux besoins du programme spatial européen d'une maniére économiquement
efficiente, améliorer la competitivité de I'industrie européenne dans le monde, garantir que tous les Etats membres
participent de fagon équitable a la mise en oeuvre du programme spatial européen et bénéficier des avantages de
'appel a la concurrence, sauf lorsque cela serait incompatible avec d'autres objectifs précis de politique
industrielle,

A. Correction des déséquilibres du retour industriel global

RAPPELANT la decision prise par le Conseil siégeant au niveau ministériel a Grenade en novembre 1992 de fixer a
0,96 la limite inférieure du coefficient de retour cumulé visé a I'Article 1V.6 de I'Annexe V de la Convention, en dega
de laguelle des mesures spéciales doivent étre prises fin 1996 en application de I'Article V.1 de I'’Annexe V de la
Convention,

VU la situation des coefficients de retour industriel & fin juin 1995 telle qu’elle est exposée dans le document
ESA/C(95)65, rév.1, et COMPTE TENU de la situation du retour industriel de I'ltalie qui continue d'étre non
satisfaisante,

1. CONSIDERE favorablement la proposition du Directeur général de prendre des mesures correctrices par
anticipation de I'examen formel et PREND NOTE des actions déja engagées par le Directeur général dans le
cadre des programmes approuves

2. APPRECIE I'effort déja accompli par les Etats participants pour insérer dans les Déclarations de programme
visées au Chapitre premier de la présente Résolution des mesures spécifiques afin de corriger les déséquilibres
du retour industriel global, et ENCOURAGE d’autres Etats membres dont le coefficient de retour global est
supérieur a l'unité a la date du 30 juin 1995 a prendre avant fin 1996 des initiatives complémentaires afin
d’atténuer les déséquilibres actuels et de faciliter I'examen formel qui doit avoir lieu fin 1996.

3. INVITE le Directeur général a suivre les résultats des mesures ci-dessus et, compte tenu de ces résultats, a
proposer dans le cadre des programmes déja approuvés ou a approuver d’ici la fin de 1996, des mesures
complémentaires ayant pour objet de réduire les deséquilibres qui subsistent.

B. Amélioration des procédures d’approvisionnement

SOULIGNANT I'importance des proceédures d'approvisionnement pour le rapport colt/efficacité des programmes
de I’Agence et pour la compétitivite de 'industrie européenne,

INVITE le Directeur général, en application des dispositions de |'Article VIl et de I'’Annexe V de la Convention et du
Reglement des contrats de I'Agence,
(@) aaugmenter sensiblement le nombre des appels d'offres concurrentiels;

(b) aréduire sensiblement le volume des contrats a remboursement des frais en concluant, chaque fois que les
circonstances s’y prétent, des contrats a prix forfaitaire faisant davantage appel a des systemes de pénalites
et d'intéressement financiers des contractants, en tant que moyen de partager les risques entre I'Agence et
I'industrie;

(c) a convertir dés que possible en contrats a prix forfaitaire les contrats qu'il a été nécessaire de passer en
remboursement des frais, afin de limiter pour ’Agence le risque d'étre exposée a des dépassements de
colts
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C. Review of the Agency’s industrial policy

CONSIDERING the reflections and proposals of the Member States, the Agency, the European Commission
and industry with regard to strengthening the competitiveness of European industry, and TAKING INTO
ACCOUNT changes in the economic and industrial environment,

UNDERSTANDING that industrial policy is crucial for the future of ESA and requires a positive commitment
from all Member States to formulate common positions,

1. DECIDES to set up a Council Working Group composed of high-level representatives from Member States
with the task of reviewing the Agency'’s industrial policy.

2. INVITES the Council at delegate level to elaborate and approve the terms of reference of such a Working
Group by 1 January 1996 which should comprise, among other tasks:

(a) assessing the industriat environment and its potential evolution;
(b) examining current industrial policy’s rules and procedures;
(c) examining the reasons behind the industrial return structural surplus and deficit situations;

(d) proposing adaptations of the Agency's industrial policy, including if necessary amendments to Annex V
of the Convention;

3. INVITES the Director General, on the basis of the report of the Council Working Group, to formulate a
proposal tto t Council at Ministerial Level for approval and implementation of the relevant decisions as from
1 January 1997,

CHAPTER IV
REFORM OF FINANCIAL SYSTEM — INTRODUCTION OF THE ECU

RECALLING that ESA/C-M/CIV/Res.1 (Final) adopted at Ministerial Level in Granada had created the
framework for embarking on the reform of the Agency’s financial system, taking due account of the principles
of neutrality and non-transfer of funds between Member States,

RECALLING the work performed by the Council Working Group on the Reform of the Financial System of the
Agency,

HAVING REGARD to the Resolution ESA/C/CXXI/Res. 3 (Final) adopted on 11 October 1995, on the technical
modalities for the implementation of the Reform of the Financial System,

DECIDES to reform the Agency's financial system as of 1 January 1997 so as to allow for the introduction of a
single payment unit in the form of the ECU as defined in ESA/C(95)100, rev. 3, and REPLACES to this end
Article V of Annex |l to the Convention with the following text, with effect from 1 January 1997:

Article V
1. The budgets of the Agency shall be expressed in ECU as currently defined by the European Union’s
competent bodies and subsequently in the European payment unit which may replace it as soon as it is set

into force by these bodies.

2. Each Member State shall pay its contribution in ECU and in the subsequent replacement for it as referred to
in paragraph 1 above
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C. Révision de la politique industrielle de I’Agence

CONSIDERANT les réflexions et les propositions des Etats membres, de I’Agence, de la Commission européenne et
de I'industrie, en ce qui concerne le renforcement de la compétitivité de I'industrie européenne et PRENANT EN
COMPTE I'évolution du contexte économique et industriel,

CONSCIENT que la politique industrielle est capitale pour I'avenir de I'Agence et exige que tous les Etats membres
s'engagent positivement a formuler des positions communes,

1. DECIDE d'établir un groupe de travail du Conseil compose de représentants de haut niveau des Etats membres,
chargé de revoir la politique industrielle de I'’Agence.

2. INVITE le Conseil au niveau des délégués a élaborer le mandat de ce groupe de travail et a I'approuver d’ici le
1er janvier 1996, mandat qui devrait notamment consister:

(a) a évaluer le contexte industriel et son évolution potentielle;
(b) a examiner les regles et procédures de politique industrielle en vigueur;
(c) & examiner les raisons qui motivent les situations de surplus et de déficit structuraux du retour industriel;

(d) & proposer des adaptations de la politique industrielle de I'’Agence, y compris le cas échéant des
amendements de I’Annexe V de la Convention

3. INVITE le Directeur genéral, sur la base du rapport du groupe de travail du Conseil, a formuler une
proposition au Conseil au niveau ministériel en vue de I'approbation et de la mise en oeuvre des décisions
pertinentes a compter du ler janvier 1997.

CHAPITRE IV
REFORME DU SYSTEME FINANCIER - PASSAGE A L’ECU

RAPPELANT que la Résolution ESA/C-M/CIV/Rés. 1 (final), adoptée au niveau ministériel a Grenade, a créé le cadre
nécessaire pour entreprendre la réforme du systéme financier de I'Agence, compte ddment tenu des principes de
neutralité et de non transfert de fonds entre Etats membres,

RAPPELANT les travaux accomplis par le Groupe de travail du Conseil sur la réforme du systéeme financier de
I’Agence,

VU la Résolution sur les modalités techniques de mise en oeuvre de la réforme du systeme financier
ESA/C/CXXI/Res.3 (Final), adoptée le 11 octobre 1995,

DECIDE de réformer le systeme financier de I’Agence a compter du 1er janvier 1997 de fagon a permettre la mise
en place d’'une unité de paiement unigue, 'ECU, comme cela est exposé dans le document ESA/C(95)100, rév.3, et
REMPLACE a cette fin I’Article V de I’Annexe |l de la Convention par le texte ci-aprés, avec effet au 1er janvier 1997:

Article V

1. Les budgets de I’Agence sont exprimés en ECU tel que le définissent actuellement les organes compétents de
I'Union européenne et ultérieurement dans 'unité de paiement européenne qui pourra le remplacer, dés que
lesdits organes lui auront donné force legale.

2. Chaque Etat membre paie ses contributions en ECU et dans I'unité qui le remplacera ultérieurement comme |l
est dit au point 1 ci-dessus.
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Resolution on Directions for the
Agency’s Policy and Future Programmes

(adopted on 20 October 1995)

The Council, meeting at Ministerial Level,

HAVING REGARD to the Resolutions of Granada on 10 November 1992 (ESA/C-M/CIV/Res. 1(final)) on the
implementation of the European long-term space plan and programmes, ESA/C-M/CIV/Res.2 (final) on
international cooperation, and ESA/C-M/CIV/Res.3 (final) on space cooperation with the Russian Federation,

HAVING REGARD to the Director General’s Overview and Proposal on the Agency’s Policy and Programmes
(ESA/C-M(95)5),

WELCOMING the arrival of Finland on 1 January 1995 as the fourteenth Member State of the Agency,
RECALLING the mission of the Agency as defined in Article Il of the Convention,

NOTING the achievements obtained by the Agency in various fields, in particular, Science, Launchers, Earth
Observation, Telecommunications and Microgravity,

CHAPTERI
OBJECTIVES AND PRIORITIES

STRESSING the strategic, economic, technological and social aspects of space activities,

RECOGNISING with satisfaction that the efforts of Member States through the Agency have resulted in placing
Europe at the forefront of space research and technology and their applications, and NOTING that these
efforts have also led to the building up of competitive sectors within the industry and successful operators of
space systems,

NOTING the role of space activities and programmes as a contributing element to the continuing process of
European integration,

NOTING the evolution in the world-wide political and economical environment leading on the one hand to
increased possibilities for international cooperation and on the other hand to greater competition between
space service providers,

1. (a) APPRECIATES the work performed by the Long-term Space Policy Committee as reflected in its report
(ESA/C-M(95)4); TAKES NOTE of its contents and vision for future space activities, and EXPRESSES
THE WISH that the Committee continue its work so as to give Member States a framework for long-term
strategic thinking on European space policy;

(b) INVITES the Director General to prepare an evaluation and discussion process within the relevant
bodies of the Agency as input for its future planning.

2. STRESSES that in order to prepare Europe for the challenges and opportunities of the next century, the
main objectives of the Agency are to be focused on:

(@) providing the means of making use of the unique environment of space for scientific research and the
development of applications;

(b) promoting research and development of advanced space technologies, new space applications and
suitable methods of carrying out space activities and ensuring the transfer of application activities to
appropriate entities for operational and commercial exploitation;
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Résolution sur les orientations de la politique et
des programmes futurs de I’Agence

(adoptée le 20 octobre 1995)

Le Conseil, siégeant au niveau ministériel,

VU les Résolutions adoptées a Grenade le 10 novembre 1992 sur la mise en oeuvre du plan spatial européen a long
terme et des programmes (ESA/C M/CIV/Rés. 1 (final)), sur la coopération internationale (ESA/C-M/CIV/Rés.2 (final))
et sur la coopération spatiale avec la Fédération de Russie (ESA/C-M/CIV/Rés.3 (final)),

VU la revue d'ensemble et la proposition du Directeur général sur la politique et les programmes de I'’Agence
(ESAIC-M(95)5),

SE FELICITANT de I'adhésion de la Finlande en tant que quatorzieme Etat membre de I’Agence a compter du Ter
janvier 1995,

RAPPELANT la mission de I'Agence telle qu’elle est définie a I'Article I de la Convention,

PRENANT NOTE des résultats obtenus par I'Agence dans différents domaines, en particulier dans ceux de la
science, des lanceurs, de I'observation de la Terre, des télécommunications et de la recherche en microgravité,

CHAPITRE PREMIER
OBJECTIFS ET PRIORITES

SOULIGNANT les aspects stratégiques, économiques, techniques et sociaux des activités spatiales,

RECONNAISSANT avec satisfaction que les efforts consentis par les Etats membres par I'intermédiaire de ' Agence
ont eu pour effet de placer I'Europe a I'avant-garde de la recherche et de la technologie spatiales et de leurs
applications, et NOTANT que ces efforts se sont également traduits par la mise sur pied, dans l'industrie, de
secteurs compétitifs et par des succes chez les exploitants de systémes spatiaux,

NOTANT que les activités et programmes spatiaux contribuent au processus permanent d'intégration de I'Europe,

PRENANT NOTE de I'évolution de la situation politique et économique a I'échelle mondiale, qui conduit d’une part a
renforcer les possibilités de coopération internationale et d'autre part a accroitre la concurrence entre les
fournisseurs de services spatiaux,

1. (a) SE FELICITE des travaux du Comité de la politique spatiale dans le long terme faisant I’'objet du rapport
(ESA/C-M(95)4); PREND NOTE de son contenu et de la vision qu'il donne des activités spatiales de demain,
et SOUHAITE que le Comité poursuive ses travaux de maniére a permettre aux Etats membres de disposer
d’'un cadre de réflexion stratégique a long terme sur la politique spatiale européenne;

(b) INVITE le Directeur général a engager, au sein des organes compétents de I’Agence, une évaluation et un
débat dont les résultats seront pris en compte dans la planification des activites futures.

2. SOULIGNE gue pour préparer I'Europe aux défis et aux chances qui se présenteront a elle au siecle prochain,
I’Agence doit axer ses efforts sur les principaux objectifs suivants:

(@) fournir les moyens d'utiliser I'environnement sans équivalent qu'est I'espace pour la recherche scientifique
et le développement d’applications;

(b) promouvoir la recherche et le développement de technologies spatiales de pointe, d'applications spatiales
nouvelles et de méthodes adaptées a la conduite des activités spatiales, et faire en sorte que les aclivités
d'applications soient transférées a des entités compétentes en vue de leur exploitation opérationnelle et
commerciale;
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(c) enhancing Europe’s capability to access space at the lowest costs for users and ensuring the most
efficient exploitation of Ariane as a competitive European launch asset;

(d) furthering the participation of Europe in international space infrastructure programmes and their
exploitation with elements and services able to assert the European identity and to prepare
technologies for longer term exploration and exploitation endeavours;

(e) ensuring that the programmes of the Agency contribute to promoting the world-wide competitiveness
of European industry.

CHAPTERII
PROGRAMMES

HAVING REGARD to the Resolution concerning Decisions on Agency Programmes and Finances
(ESA/C/CXXII/Res. 1) adopted on 20 October 1995,

HAVING REGARD to the constraints on the resources which Member States can contribute to the Agency’s
Programmes,

WELCOMES the Director General's Overview and Proposal on the Agency’s Policy and Programmes
(ESA/C-M(95)5) as the framework for the following directions:

1. Scientific Programme

(a) WELCOMES and ENDORSES the continuation of the Horizon 2000 Programme and its evolution into
the Horizon 2000 Plus Programme in accordance with the decisions on the Level of Resources;

(b) INVITES the Director General to initiate the preparatory activities leading to Horizon 2000 Plus in
accordance with his Proposal mentioned above.

2. Earth Observation

(a) WELCOMES the progress towards a European policy for Earth Observation from space being
achieved by the Agency in cooperation with the European Commission, Eumetsat and Member States,
as an important step towards identifying and meeting the needs of users and APPROVES in principle
the concept described in the Director General’s Proposal of two distinct themes:

— the study of planet Earth for scientific research purposes (Earth Explorer) corresponding to needs
expressed by the relevant scientific and other user communities, and the development of relevant
technologies;

— pre-operational and operational activities corresponding to needs expressed by user organisations
and conducted in cooperation with these organisations (Earth Watch).

(b) INVITES the Director General to develop proposals for implementing the Earth Explorer objectives in
close consultation with the user communities;

(c) INVITES the Director General to continue the Agency’s concerted efforts with Eumetsat, the European
Commission and other relevant European entities to define further activities having operational
objectives together with their respective roles and responsibilities, and to encourage the progressive
transfer of responsibilities from the Agency to operational entities, and INVITES the Director General to
bring forward appropriate proposals.

3. Telecommunications

(a) RECOGNISES the benefits of having set up the Agency's Programme of Advanced Research in
Telecommunications System (ARTES); WELCOMES and ENDORSES the objective to promote, in
conjunction with user entities and industry, new fields of applications such as navigation, mobile
communications and multimedia information, and to contribute to the reinforcement of the
competitiveness of the European telecommunications industry;
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(c) renforcer les capacités européennes d’acces a I'espace au codt le plus bas possible pour les utilisateurs et
obtenir I'exploitation la plus efficace possible d'Ariane, comme atout compétitif de I'Europe sur le marché
des lancements;

(d) favoriser la participation de I'Europe & des programmes internationaux d‘infrastructure spatiale et a leur
exploitation en fournissant des éléments et des services permettant d’affirmer I'identité de I'Europe et de
préparer des technologies adaptées a des activités d’exploration et d’exploitation a plus long terme;

(e) faire en sorte que les programmes de I'Agence contribuent a promouvoir la compétitivité de I'industrie
européenne sur la scéne mondiale.

CHAPITRE Il
PROGRAMMES

VU la Résolution relative aux décisions sur les programmes et les finances de I’Agence (ESA/C/CXXII/Res. 1),
adoptée le 20 octobre 1995,

VU les contraintes pesant sur les ressources gue les Etats membres peuvent metire a la disposition des
programmes de I'Agence,

ACCUEILLE FAVORABLEMENT la revue d'ensemble et la proposition du Directeur général sur la politique et les
programmes de I'’Agence (ESA/C-M(95)5), comme cadre aux orientations ci-aprés:

1. Programme scientifique

(a) ACCUEILLE FAVORABLEMENT et FAIT SIENNES la poursuite du programme Horizon 2000 et son évolution
vers le programme Horizon 2000 Plus, en accord avec les décisions sur le niveau de ressources;

(b) INVITE le Directeur général a engager, conformément a sa proposition mentionnée ci-dessus, les activités
préparatoires conduisant au programme Horizon 2000 Plus.

2. Observation de la Terre

(a) SE FELICITE des progrés actuellement accomplis par I'Agence en coopération avec la Commission
européenne, Eumetsat et les Etats membres, dans la mise en place d’une politique européenne d’observation
de la Terre & partir de I'espace, ces progrés contribuant pour une part importante a recenser les besoins des
utilisateurs et a y répondre, et APPROUVE dans son principe le concept des deux thémes distincts suivants
exposé dans la proposition du Directeur géneral:

— missions d'étude de la planéte Terre a des fins de recherche scientifique (Earth Explorer), en réponse aux
besoins exprimés par les chercheurs de ce domaine et par d’autres communautés d'utilisateurs
compétentes, et développement de technologies appropriées;

— missions préopérationnelles et opérationnelles répondant aux besoins exprimes par des organisations
utilisatrices et conduites en coopération avec ces organisations (Earth Watch).

(b) INVITE le Directeur général a élaborer, en concertation étroite avec les communautes d'utilisateurs, des
propositions de mise en oeuvre des objectifs Earth Explorer;

(c) INVITE le Directeur général a poursuivre les efforts entrepris par I'Agence en concertation avec Eumetsat, la
Commission européenne et d'autres entités européennes compétentes, en vue de définir a la fois d'autres
activités a vocation opérationnelle et les roles et responsabilités de chacun en la matiére et & encourager le
transfert progressif des responsabilités de I'Agence a des entités opérationnelles, et INVITE le Directeur générall
a présenter des propositions appropriées.

3. Télécommunications

(a) RECONNAIT les avantages découlant de la mise en place a I’Agence du Programme de recherche de pointe sur
les systémes de télécommunications (ARTES); ACCUEILLE FAVORABLEMENT et FAIT SIEN Pobjectif
consistant & promouvoir, en liaison avec des entités utilisatrices et I'industrie, de nouveaux domaines
d’application comme la navigation, les télécommunications avec les mobiles et les systemes d’information
multimédia, et & contribuer au renforcement de la compétitivite de lindustrie européenne des
télecommunications;
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(b) INVITES the Director General to make specific programme proposals for new advanced
telecommunications applications in conjunction with the users and in close consultation with the
Commission of the European Union, for example for a European contribution to the Global Navigation
Satellite System (GNSS) and to the future Global information Infrastructure (Gll);

(¢) INVITES the Director General to propose cooperation schemes, in particular with users, operators and
industry in order to meet the objectives mentioned above, taking into account the organisational efforts
made by the European space telecommunications sector as a whole;

(d) INVITES the States Participating in the DRTM Programme to review the mission requirements in
consultation with the potential users and to adjust the planning accordingly.

4. Microgravity

STRESSES the need for the continuation of a microgravity research programme and WELCOMES the
EMIR-2 programme which will ensure the extension of basic and applied research in physical sciences and
life sciences using, in particular sounding rockets, retrievable carriers and the International Space
Station capabilities, and INVITES all Member States to subscribe the EMIR 2 Declaration
(ESA/PB-MG/XLIV/Dec.1(Final))

5. Future Launchers

NOTING that the use and commercial exploitation of space would be stimulated and new avenues for space
exploration opened if launch costs could be significantly reduced,

NOTING that adaptation of Ariane to evolving market requirements is one of the main factors to its success,

NOTING the large amount of enabling technology to be developed and demonstrated before the start of the
development of a new generation of launch vehicles can be envisaged in Europe,

(a) STRESSES the need to maintain in Europe a competitive launcher capability in the long term which ensures
an affordable independent European access to space, and the importance to prepare for a future
tauncher;

(b) INVITES the Director General to elaborate in due time a proposal on a future launcher preparatory
programme to validate new technologies and technical concepts at system and sub-system level, so as to
prepare for development of further Ariane-5 improvements and of a new generation of launchers.

6. Manned space flights

(a) RECOGNISES the unique potential offered by the International Space Station in the areas of scientific
research, technology and applications,

(b) STRESSING the interest for Europe to participate in the manned spaceflight effort, INVITES the Director
General to enhance the experience gained in this field by the Agency, its Member States and industry and
to reflect on new opportunities in this field, including flight opportunities for Agency astronauts.

7. Exploration

NOTING the contents of the report of the Long-term Space Policy Committee with regard to the long-term
interest of an international exploration programme,

(a) APPRECIATES, in particular, the concept of a four-stepped international lunar programme, as described in
ESA/C-M(95)5.

(0) TAKES NOTE of the Director General’s intention to elaborate and make proposals on the European
contribution to precursor missions for the first step of such a programme
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(b) INVITE le Directeur général a élaborer, en liaison avec les utilisateurs et en concertation étroite avec la
Commission de I'Union européenne, des propositions de programmes portant spécifiquement sur de nouvelles
applications de pointe dans le domaine des télécommunications, par exemple pour une contribution
européenne au systéme mondial de navigation par satellite (GNSS) et & la future Infrastructure mondiale de
I'information (Gll);

(c) INVITE le Directeur général a proposer des projets a mener en coopération, en particulier avec des utilisateurs,
des exploitants et I'industrie, afin d’atteindre les objectifs précités en prenant en compte les efforts d'organisation
du secteur européen des télécommunications spatiales dans son ensemble;

(d) INVITE les Etats participant au programme DRTM & réexaminer les impératifs de la mission en concertation avec
ses utilisateurs potentiels et a adapter sa planification en conséquence.

4. Recherche en microgravité

SOULIGNE la nécessité de poursuivre un programme de recherche en microgravité et ACCUEILLE
FAVORABLEMENT le programme EMIR-2, qui assurera la continuation des recherches fondamentales et
appliquées en sciences physiques et en sciences de la vie en utilisant en particulier des fusées-sondes, des moyens
d’emport récupérables et les moyens de la Station spatiale internationale, et INVITE tous les Etats membres a
souscrire la Déclaration relative au programme EMIR-2 (ESA/PB-MG/XLIV/Déc.1 (final)).

5. Lanceurs futurs

NOTANT qu’une diminution sensible des codts de lancement aurait pour effet de stimuler I'utilisation et|'exploitation
commerciale de I'espace et d'ouvrir de nouvelles voies a I'exploration spatiale,

NOTANT que I'adaptation d’Ariane & I'évolution des besoins du marché est I'un des principaux facteurs de son
SUCCES,

PRENANT NOTE de la masse de technologies habilitantes a mettre au point et a demontrer avant que I'Europe
puisse envisager de s’engager dans le développement d'une nouvelle génération de lanceurs,

(@) SOULIGNE Ila nécessité de maintenir en Europe une capacité de lancement compétitive & long terme qui
garantisse a I'Europe, pour un codt raisonnable, un accés indépendant a I'espace, et SOULIGNE combien il est
important de préparer la réalisation d'un lanceur futur;

(b} INVITE le Directeur géneral a élaborer en temps opportun une proposition de programme préparatoire relatif a
un lanceur futur, ce programme ayant pour objet de valider des technologies et des concepts techniques
nouveaux au plan des systémes et sous-systemes, de fagon a préparer le développement de nouvelles
ameliorations d’Ariane-5 et d’une nouvelle génération de lanceurs.

6. Vols spatiaux habités

(a) RECONNAIT les possibilités sans équivalent offertes par la Station spatiale internationale dans les domaines de
la recherche scientifique, de la technologie et des applications,

(b) SOULIGNANT I'intérét qu'a I'Europe de participer aux vols spatiaux habités, INVITE le Directeur général a
renforcer I'expérience acquise dans ce domaine par I'Agence, ses Etats membres et 'industrie et a reflechir a de
nouveaux projets en la matiére, notamment a des occasions de vol pour les astronautes de I'’Agence.

7. Exploration

PRENANT NOTE du contenu du rapport du Comité sur la politique spatiale dans le long terme eu égard a I'intérét
scientifique a long terme d’un programme d’exploration international,

(@) SE FELICITE en particulier du concept d’'un programme international relatif & la Lune en quatre étapes, tel qu’il
est décrit dans le document ESA/CM(95)5,

(b) PREND NOTE de Il'intention du Directeur général d’élaborer et de présenter des propositions sur la contribution
de 'Europe a des missions précurseurs pour la premiére étape d’un tel programme.
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8. Technology

HAVING REGARD to the benefits of the various Agency’s technology programmes (such as TRP, GSTP and
ARTES) in the success of the Agency's scientific and application programmes and in the competitiveness of
industry, and to the need to refocus and reinforce the relevant efforts in view of the future challenges;

INVITES the Director General to propose a coherent plan of Research and Technology consistent with the
challenging objectives of future Agency programmes, customer needs in emerging commercial applications
and new markets, in conjunction with Member States and industry.

9. New Missions
(@) Small missions opportunities

WELCOMES the initiative taken by the Director General to study ways to stimulate European industry to
provide competitive opportunities for small missions and INVITES the Director General to work with
Member States, industry and research organisations towards small missions implementation.

(b) Management of natural and technical risks
CONVINCED of the contribution of space techniques to the management of natural and technical risks,

WELCOMES the initiative of the Director General to perform support activities in close cooperation with the
Council of Europe, the European Union and national entities from Member States or non-Member States
and INVITES the Director General to make proposals to Member States for such support activities on the
basis of the results of the ongoing studies.

CHAPTERIII
THE AGENCY AND ITS ENVIRONMENT
(Internal functioning and external relations)

RECOGNISING the achievements in the overall efficiency of the Agency, and CONSIDERING the need for
further improvement, with the aim of preparing to meet new and increasing challenges within the prevailing
public funding constraints,

CONSIDERING that this improvement in efficiency can best be achieved by adapting the Agency's
operations, intensifying synergy and complementarity of the Agency’s activities with those of national and
other European Organisations, and taking advantage of the benefits of international cooperation,

NOTING the progress made in defining and setting up cooperative endeavours with European organisations
such as Eumetsat and the European Commission and with space-faring countries such as Canada, the United
States, Russia and Japan,

NOTING that the Agency has already concluded Cooperation Agreements with Poland, Hungary, Rumania
and Greece and that Portugal and the Czech Republic have expressed great interest in establishing a
cooperation according to Article XIV.1 of the Convention,

1. The internal functioning of the Agency

HAVING REGARD to the various reviews on the internal functioning, and to the Director General's Report on
the Agency’s internal operations (ESA/C(95)96),

(@) WELCOMES and SUPPORTS the adaptation already identified by the Director General to the internal
structure and functioning of the Agency and INVITES him to pursue his effort within the next 3 years, in
order to provide the most efficient framework for implementing the activities and programmes entrusted to
the Agency;
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8. Technologie

VU l'incidence positive des différents programmes technologiques de I'Agence (TRP, GSTP et ARTES, par
exemple) sur les programmes de science et d’application de I'’Agence et sur la compétitivité de I'industrie, et VU la
nécessité de redéfinir et de renforcer les activités correspondantes en vue des défis a venir;

INVITE le Directeur genéral a proposer, en concertation avec les Etats membres et I'industrie, un plan cohérent de
recherche et de technologie qui soit adapté aux objectifs ambitieux des programmes futurs de I'’Agence ainsi
qu'aux besoins des clients dans le domaine des applications commerciales et des nouveaux marchés qui se font
jour.

9. Nouvelles missions
(a) Occasions de petites missions

SE FELICITE que le Directeur général ait pris Pinitiative d'étudier les moyens d’encourager I'industrie
européenne a offrir des occasions compétitives de petites missions, et INVITE le Directeur général & collaborer
avec les Etats membres, I'industrie et les organismes de recherche en vue de mettre en oeuvre de petites
missions.

(b) Gestion des catastrophes naturelles et des risques techniques

CONVAINCU que les techniques spatiales peuvent apporter une contribution & la gestion des catastrophes
naturelles et des risques techniques,

SE FELICITE que le Directeur général ait pris I'initiative de conduire des activités de soutien en collaboration
étroite avec le Conseil de I'Europe, I'Union européenne et les entités nationales des Etats membres ou non
membres, et INVITE le Directeur général & soumettre aux Etats membres des propositions relatives a ce type
d'activité, élaborées sur la base des résultats des études en cours.

CHAPITRE HlI
L’AGENCE ET SON ENVIRONNEMENT
(fonctionnement interne et relations extérieures)

RECONNAISSANT Tlefficacité d'ensemble & laguelle I'Agence est parvenue et CONSIDERANT la nécessité de
poursuivre ces améliorations en vue de préparer I'Agence a relever, malgré les contraintes pesant actuellement sur
les finances publiques, des défis nouveaux et sans cesse plus complexes,

CONSIDERANT que le meilleur moyen de parvenir a ce gain d'efficacité consiste a revoir le mode de
fonctionnement de I'’Agence, a obtenir une meilleure synergie et complémentarité des activités de I'Agence et de
celles des agences nationales et autres entités européennes, et a tirer parti des avantages de la coopération
internationale,

PRENANT NOTE des progrés accomplis dans la définition et la mise en place d'activités en coopération avec des
organisations européennes comme Eumetsat et la Commission européenne ainsi qu'avec des puissances spatiales
comme le Canada, les Etats-Unis, la Russie et le Japon;

NOTANT que I’Agence a déja conclu des accords de coopération avec la Pologne, la Hongrie, la Roumanie et la
Grece, et que le Portugal et la République tchéque ont manifesté un vif intérét pour I'établissement d’'une
coopération en vertu de I'Article XIV.1 de la Convention,

1. Fonctionnement interne de I’Agence

VU les différents passages en revue du fonctionnement interne de I’Agence et le rapport établi & ce sujet par le
Directeur général (ESA/C(95)96),

(a) ACCUEILLE FAVORABLEMENT et APPUIE les modifications de structure et de fonctionnement qui ont déja été
définies par le Directeur général et INVITE celui-ci @ poursuivre son effort dans les trois années & venir en vue
d’instituer le cadre le plus propice a la mise en oeuvre des activités et des programmes confiés a I'Agence;

33



@ bulletin 84

(b) WELCOMES the Director General’s proposal to conduct a Transformation Programme having as objective to:

— bring the Agency’s resources into line with the requirements of the programmes and activities
entrustedto it;

— improve the efficiency in the management and in the cost control of these resources to the benefit of
better achieving the Agency’s mission;

— improve the Agency’s interaction with industry especially in its procurement methods;

— implement a unique cost control system for all Agency activities based on an up-to-date cost
accounting system.

(C) NOTES the estimation provided in the Director General’s Proposal on the so far identified cost-savings and
on the cost for executing the Transformation Programme;

(d) NOTES that the savings stemming from the increase in efficiency obtained through the Transformation
Programme will, in case of the optional programmes, be used first to offset the relevant cost of the
Transformation Programme and then be credited to the programme in question; and NOTES further that,
for mandatory activities, foreseen savings and associated cost are included in the Level of Resources
1996 — 2000.

(e) INVITES the Director General to keep the Council informed every six months on the implementation of the
above transformation programme, and to submit in the light of the experience gained additional proposals
for further improvement in efficiency and cost-savings.

2. Cooperation with other organisations in Europe

(a) WELCOMES the cooperation under way on meteorology and climatology between the Agency and
Eumetsat, between the Agency and the European Commission in the fields of navigation and observation
of the Earth and its environment, as well as between the Agency and Eutelsat in the field of
telecommunications;

(b) INVITES the Director General to work with other organisations in Europe at national and European level, in
particular the European Commission, taking into account their respective roles, to ensure the synergy and
complementarity of their respective activities, in particular in science, Earth observation,
telecommunications, microgravity and technology in a coherent European space policy and to reinforce
the position of Europe in the world-wide space activities.

3. Cooperation with other space-faring nations

(a) WELCOMES the results of the mid-term review of the cooperation Agreement with Canada and
APPRECIATES the benefits of such a long-standing cooperation; and APPRECIATES as well cooperation
with Canada in the context of the International Space Station;

(b) WELCOMES the efforts undertaken by the Director General to deepen the long-standing cooperation with
the United States, to carry out joint activities with Russia and to lay the basis for closer cooperation with
Japan, in particular in the frame of the International Space Station and of the Scientific Programme;

{c) INVITES the Director General to pursue his endeavours of strengthening the ties with the Agency’s
partners, in particular in global environmental systems and in future exploration programmes.

4. Cooperation with Developing Countries

NOTING the Resolution ESA/C/CXVI/Res.1(Final) adopted on 22 February 1995 and the lines of action
specifiediniit,

(a) WELCOMES the actions taken by the Director General to make international and national organisations
and entities with responsibilities for development aid aware of the potential contributions offered by the
space technology and applications for Developing Countries;

(b) INVITES the Director General to pursue within the provisions of the above-mentioned Resolution, activities
aiming at demonstrating the capabilities of European space technology, in particular as they relate to
meeting the developing countries’ needs.
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(o) SE FELICITE de la proposition du Directeur général de mener un programme de transformation ayant pour

objectif:

— d'adapter les ressources de I'Agence aux besoins des programmes et activités qui lui sont confiés;

— d'améliorer I'efficacité de la gestion de ces ressources afin que I'Agence puisse mieux accomplir sa mission;

— d'ameliorer I'interaction entre I'Agence et I'industrie, notamment en ce qui concerne les méthodes
d'approvisionnement;

— de mettre en application, pour toutes les activités de I'’Agence, un systéme de controle unique des colts
fondé sur un systeme moderne de comptabilité analytique.

(c) PREND NOTE des estimations figurant dans la proposition du Directeur général au sujet des économies définies
a ce jour et du colt d’exécution du programme de transformation;

(d) NOTE que les économies résultant du gain d'efficacité obtenu grace au programme de transformation seront
d’abord utilisées, dans le cas des programmes facultatifs, pour compenser le colt correspondant du
programme de transformation, puis créditées au programme facultatif en question; et NOTE en outre que pour
les activités obligatoires, les économies escomptées et les colts correspondants sont inclus dans le niveau de
ressources de la péeriode 1996 — 2000;

(e) INVITE le Directeur général a informer le Conseil tous les 6 mois de la mise en oeuvre du programme de
transformation precité et a présenter, a la lumiére de I'expérience acquise, de nouvelles propositions de nature a
réaliser un gain d'efficacité et des économies supplémentaires.

2. Coopération avec d’autres organisations en Europe

(a) SE FELICITE des activités actuellement menées en coopération entre I’Agence et Eumetsat dans les domaines
de la metéorologie et de la climatologie, entre |'Agence et la Commission européenne dans les domaines de la
navigation et de I'observation de la Terre et de son environnement, ainsi qu’entre I’Agence et I'organisation
Eutelsat dans le domaine des télécommunications;

(b) INVITE le Directeur général a collaborer au niveau national et européen avec d'autres organisations en Europe,
en particulier avec la Commission européenne, en tenant compte de leurs roles respectifs, a assurer la synergie
et la complémentarité de leurs activités respectives, en particulier dans les domaines de la science, de
I'observation de la Terre, des télécommunications, de la recherche en microgravité et de la technologie, dans le
cadre d'une politique spatiale européenne cohérente, et a renforcer la position de I'Europe dans les activités
spatiales mondiales;

3. Coopération avec d’autres puissances spatiales

(a) ACCUEILLE AVEC SATISFACTION les résultats de la revue a mi-parcours de I'Accord de coopération conclu
avec le Canada, et SE FELICITE des avantages découlant de cette coopération de longue date; APPRECIE
également la coopération avec le Canada dans le contexte de la Station spatiale internationale;

(b) SE FELICITE des efforts entrepris par le Directeur général pour renforcer la coopération de longue date avec les
Etats-Unis, mener des activités communes avec la Russie et jeter les bases d’une coopération plus étroite avec le
Japon, en particulier dans le cadre de la Station spatiale internationale et du Programme scientifique;

(c) INVITE fe Directeur géneral a poursuivre ses efforts en vue de nouer des liens plus étroits avec les partenaires de
I’Agence, en ce qui concerne notamment les systémes d’observation de I'environnement & I'échelle de la
planéte et les futurs programmes d’exploration.

4. Coopération avec les pays en développement

PRENANT ACTE de la Résolution ESA/C/CXVI/Rés.1 (final), adoptée le 22 février 1995, et des lignes de conduite
qui y sont exposees,

(@) SE FELICITE des mesures prises par le Directeur général pour sensibiliser les organisations et entités d’aide au
développement, tant nationales qu'internationales, a I'intérét que peuvent présenter la technologie et les
applications spatiales pour les pays en développement;

(b) INVITE le Directeur genéral & poursuivre, dans le cadre des dispositions de la Résolution précitée, des activités
visant a demontrer les capacités de la technologie spatiale européenne, notamment si ces capacités répondent
aux besoins des pays en développement.

35



@ bulletin 84

(@]

Final Declaration of the
Council Meeting at Ministerial Level

. At the invitation of the French Government, the Council of the European Space Agency met at Ministerial
Level in Toulouse on 18, 19 and 20 October 1995. It elected as Chairman, Mr Yvan Ylieff, the Belgian
Minister for Science Policy.

. The meeting was attended by the Ministers and high-level officials representing the Agency’s fourteen
Member States and Canada (Cooperating State). The Commission of the European Union, Eumetsat and
Eutelsat attended as observers.

. In his general presentation of the objectives to be achieved at the meeting, the Director General underiined
the Agency's successes such as the Euromir missions, Ariane-4 launches and the Scientific Programme

. The Council welcomed the report made by the Long-term Space Policy Commitiee, under the
Chairmanship of Mr P Creola (CH), expressed its satisfaction with the perspectives for Europe’s future
space effort and asked the Committee to continue its reflections on long-term European space policy.

_ After hearing the Director General's overview and proposal on the Agency’s Policy and Programmes,
Ministers stressed that, despite the financial difficulties the Member States were facing, they had come to
Toulouse in order to ensure that Council gave the essential programme commitments required to provide
the Agency with a strong and stable framework, thus reinforcing the solidarity among Member States and
Europe’s leading position in worldwide space activities.

Ministers emphasised that the achievement of this objective required full financial coverage of the
programmes and an improvement in the efficient running of the Agency.

The Ministers recognised the excellent quality of the Agency’s Scientific Programme, which has put Europe
at the forefront of spacefaring nations.

In this context, Ministers stressed their readiness to do their utmost to grant the Agency a level of resources
sufficient to maintain the quality of the Scientific Programme, notwithstanding the financial difficulties facing
the Member States.

Council took the following decisions:
— adoption of the Level of Resources at a constant level for the period 1996 ~ 2000,
— introduction of the ECU as the Agency’s currency.

Council set up a Working Group to review, within the applicable provisions of the Convention, the Agency’s
system for calculating contributions to the mandatory programme.

On industrial policy, the Ministers demonstrated solidarity with a view to settling industrial policy issues.
They noted with satisfaction the efforts already made by certain Member States and encouraged
complementary initiatives in order to achieve a satisfactory return for all Member States.

Ministers underlined the need to improve the effectiveness of relations between the Agency and industry
through enhanced procurement procedures. The Council decided to set up a Council Working Group with
a remit to review the Agency’s industrial policy. The Working Group's findings should be the basis for a
proposal to be made by the Director General at a Council session at the end of 1996.

. With regard to programmes, the Ministers decided in favour of Europe’s participation in the development
and exploitation of the International Space Station, thereby expressing the firm resolve of Europe to be a
Partner in the most significant cooperative project in the field of science and technology undertaken so
far.
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Déclaration finale de la session du Conseil au niveau ministériel

1. A l'invitation du gouvernement francais, le Conseil de I"’Agence spatiale européenne s'est réuni au niveau
ministériel & Toulouse les 18, 19 et 20 octobre 1995. |l a élu a sa téte M. Yvan Ylieff, Ministre belge de la politique
scientifique.

2. Les ministres et hauts fonctionnaires representant les quatorze Etats membres de |'Agence ainsi que le Canada
(Etat cooperant) ont participé a cette reunion. La Commission de I'Union européenne, Eumetsat et Eutelsat y ont
assisté en qualité d’observateurs.

3. Dans sa présentation générale des objectifs assignés a cette conférence, le Directeur général a mis I'accent sur
les succés de I'Agence, notamment les missions Euromir, les lancements Ariane-4 et le programme scientifique.

4. Le Conseil a accueilli favorablement le rapport présenté par le Comité de la politique spatiale dans le long terme,
place sous la présidence de M. P. Creola (CH), a marqué sa satisfaction au vu des perspectives du futur effort
spatial de I'Europe et a invite le Comité a poursuivre ses réflexions sur la politique spatiale européenne dans le
long terme.

5. Aprés avoir entendu la revue d’ensemble et la proposition du Directeur général sur la politique et les
programmes de |'Agence, les ministres ont souligné que, maigré les difficultés financiéres auxquelles les Etats
membres doivent faire face, ils étaient venus & Toulouse pour faire en sorte que le Conseil prenne des
engagements de programmes essentiels pour donner a I'Agence un cadre solide et stable, renforgant ainsi la
solidarité entre les Etats membres et la position en fleche de I'Europe dans les activités spatiales mondiales.

Les ministres ont insisté sur le fait que pour atteindre cet objectif, il fallait que les programmes aient une
couverture financiére compléte et que le fonctionnement de I’Agence soit amélioré.

6. Les ministres ont reconnu I'excellente qualité du programme scientifique de I’Agence qui a placé I'Europe a
I'avant-garde des puissances spatiales.

Dans ce contexte, les ministres ont souligné qu’ils étaient préts a faire tout leur possible pour donner a I'Agence
un niveau de ressources suffisant pour maintenir la qualité du programme scientifique, malgré les difficultés
financieres que connaissent les Etats membres.

7. Le Conseil a pris les décisions suivantes:
— adoption du niveau de ressources a niveau constant pour la période 1996-2000,
— adoption de 'ECU comme monnaie de I'Agence

Le Conseil a établi un groupe de travail chargé de revoir, dans les limites des dispositions pertinentes de la
Convention, le systéme utilisé par I’Agence pour calculer les contributions au programme obligatoire.

8. En matiére de politique industrielle, les ministres ont fait montre de solidarité pour résoudre les questions en
suspens. lIs ont noté avec satisfaction les efforts déja accomplis par certains Etats membres et ont encouragé le
lancement d'initiatives complémentaires qui permettent de parvenir a un retour satisfaisant pour tous les Etats
membres.

Les ministres ont souligné qu’il etait nécessaire de renforcer I'efficacité des relations entre I'Agence et I'industrie
en améliorant les procédures d’approvisionnement. Le Conseil a décidé d'établir un groupe de travail ayant
pour mandat de revoir la politique industrielle de I’Agence. Les conclusions de ce groupe de travail devraient
servir de base a une proposition que le Directeur général devra soumettre a une session du Conseil fin 1996,

9. En ce qui concerne les programmes, les ministres se sont prononcés en faveur d’une participation de I'Europe
au développement et a I'exploitation de la Station spatiale internationale, marquant ainsi la ferme résolution de
I'Europe a étre partenaire du projet en coopération le plus important entrepris a ce jour dans le domaine de la
science et de la technologie.
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At the same time, they instructed the European Partner’s spokesman and the Director General to pursue
their efforts in the negotiation of amendments to the IGA and the MOU between ESA and NASA in order to
meet the European requests concerning offsetting, with Ariane-5/ATV flights and other services, the
European share of common operations costs, which are to be contained within an agreed ceiling.

10.The Ministers stressed the importance they attach to European autonomous access to space by adopting
the Ariane-5 complementary programmes (Ariane-5 Evolution, Ariane-5 Infrastructure, and Ariane-5 ARTA).

11.The Ministers furthermore endorsed the directions proposed by the Director General to prepare the future
activities and programmes of the Agency. In particular, they stressed the importance of the decisions still to
be taken on telecommunications and Earth observation.

12.The Ministers incorporated the above decisions and directions by adopting two Resolutions and
subscribing five programme Declarations.

13.The Ministers undertined the very positive results achieved at the Council meeting and their immediate
effect, which will give the Agency a solid basis for the execution of its programmes and activities.

14.To conclude, the Ministers thanked the French Government for its hospitality and the city of Toulouse for the
excellent atmosphere it had helped to create.
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Dans le méme temps, ils ont chargé le porte-parole du Partenaire européen et le Directeur général de poursuivre
avec détermination la négociation des amendements de I'lGA et du MOU entre I'ESA et la NASA afin qu’il soit fait
droit aux demandes de I'Europe concernant la compensation, sous forme de vols Ariane-5/ATV et d’autres
services, de la part européenne des colts communs d’exploitation, lesquels devront étre limités & un plafond
arrété en commun.

10.Les ministres ont souligné I'importance qu’ils attachent a I'accés autonome de I'Europe & I'espace en adoptant
les programmes complémentaires Ariane-5 (Ariane-5 Evolution, Infrastructure Ariane-5 et ARTA Ariane-5).

11.Les ministres ont en outre entériné les orientations proposées par le Directeur général pour préparer les activités
et programmes futurs de I’Agence. lls ont en particulier souligné I'importance des décisions qui restent a
prendre en matiére de télécommunications et d'observation de la Terre.

12.Les ministres ont donné corps aux décisions et orientations ci-dessus en adoptant deux Résolutions et en
souscrivant cing Déclarations de programme.

13.Les ministres ont souligné les résultats trés positifs de la session du Conseil qui auront pour effet immédiat de
donner a I’Agence une base solide pour la conduite de ses programmes et de ses activités

14.En conclusion, les ministres ont remercié le Gouvernement francais de son hospitalité et la ville de Toulouse pour
la remarguable atmosphere qu'elle a contribue a creer,
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three science launches

Three Launches, Six Spacecraft,
Much New Science

'planet Earth.

The Infrared Space Observatory, or ISO, will lead the trio
into space. It will be launched on an Ariane-4 rocket
early in the morning of 17 November (Central European
Time) from ESA’s launch site in Kourou, French Guiana.
It will be followed a few days later by the Solar and
Heliospheric Observatory, or SOHO, which will be
launched by an Atlas IIAS rocket from Cape Canaveral,
USA. Finally, in April 1996, four Cluster probes will be
carried into space on the inaugural flight of Ariane-5.

Many scientists both in Europe and around the world
have been patiently awaiting these missions: the
state-of-the-art instrumentation onboard the satellites
will gather information that will help to answer some of
the long-standing scientific questions — What is ‘dark
matter’? How are stars ‘born’? How do changes on the
Sun, sunspots for example, affect the climate on Earth?

These missions also demonstrate the high technical
standards of ESA and European space industry, which
strived to develop what had not been built before: four
spacecraft flying in a ‘cluster’ or tetrahedron, for
example, or a spacecraft that must be kept cool, at
absolute zero, at all times. The missions are also a
tribute to successful international cooperation: two were
developed in conjunction with other international space
agencies, NASA and Japan’s Institute of Space and
Astronautical Sciences (ISAS) and all involve the
participation of institutes around the world.

Cool astronomy by infrared

The infrared region of the wavelength spectrum is of
great scientific interest. Many astronomical sources are
surrounded by clouds of dust and gas that act as an
interstellar ‘fog’, obscuring the astronomical objects and

Earth, where the gravnty of the Earth and the Sun are m
balance. From that vantage point, it will study the
processes that heat the outer atmosphere of the Sun to
millions of degrees and propel the continuous stream of
plasma known as the ‘solar wind. SOHO will also
sample the solar wind as it blows towards the Earth,
where it influences our planet’s environment.

The Earth’s battle with the solar wind

Earlier missions to explore the Earth’s magnetosphere
have shown how dramatic the interaction can be
between near-Earth space and the solar wind. An
incredible range of phenomena have been observed —
the shorting out of satellite components in orbit, power
surges in long transmission lines, and disturbances in
short-wave radio broadcasting, to name a few.

The Cluster spacecraft will address, in unprecedented
detail, the structure of electromagnetic fields and the
distribution of particles in the solar wind and the Earth’s
magnetic field. To do so, Cluster will have four identical
satellites flying in a kind of pyramid formation — another
first — to investigate the phenomena in three
dimensions.

Each of these exciting missions is described in detail in

the rest of this special science issue of the Bulletin.

R. Bonnet
Director of ESA’s Scientific Programmes
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The ISO Mission — A Scientific Overview

M.F. Kessler, A. Heske, L. Metcalfe & A. Salama
ISO Science Operations, Astrophysics Division, Villafranca, Spain

Why infrared observations?

In the years since observational astronomy
finally escaped from its confinement to the
narrow visible range of the electromagnetic
spectrum accessible from the ground, it has
become clear that a full understanding of
the properties and physics of astronomical
sources can only be obtained by studying
them across the widest possible frequency
range. A good example is a nova. The
behaviour, at visible wavelengths, of a star

The Infrared Space Observatory (ISO) satellite will be the world’s first

true astronomical

observatory

in space operating at infrared

wavelengths. Astronomers will be able to choose specific targets in the
sky and point ISO towards them for up to ten hours at a time to make
observations with versatile instruments of unprecedented sensitivity.
During its lifetime of 18 months, ISO will be used to observe all classes
of astronomical objects ranging from planets and comets in our own
solar system, right out to the most distant galaxies.

Note: This article is an update
of an article that originally
appeared in ESA Bulletin

No. 67 (August 1991)

suddenly brightening dramatically over a
period of only hours or days and then fading
slowly over hundreds of days has been known
for centuries. However, it was only with the
advent of X-ray, ultraviolet and infrared
observations that the true nature of such a nova
outburst, and the underlying physics, began to
be understood.

The infrared region of the spectrum is of
great scientific interest, not only because it is
here that coof objects (10 — 1000 K) radiate the
bulk of their energy, but also because of
its rich variety of diagnostic atomic, ionic,
molecular and solid-state spectral features.
Measurements at these wavelengths permit
determination of many physical parameters
of astronomical sources, such as energy
balance, temperatures, abundances, densities
and velocities.

Infrared astronomy and the study of dust are
inextricably linked. Dust particles, ranging in
size from a few hundred Angstroms to tens of
microns, are a very common phenomenon

throughout the Universe. This dust absorbs
visible and ultraviolet light and re-radiates it in
the infrared. It is estimated that dust in the
interstellar medium accounts for approximately
one third of the total luminosity of our Galaxy

Detailed photometric and spectroscopic study
of this emission by ISO will give astronomers a
much clearer understanding of the energy
balance of the Galaxy and of the composition
of the dust (large molecules, carbon grains,
silicate grains, etc.) in different parts of it.

Many astronomical sources are surrounded by
clouds of dust and gas. These clouds
act as an interstellar ‘fog’, obscuring the
astronomical objects and making it very
difficult to observe them with visible light.
Owing to its longer wavelength, infrared
radiation can pierce these dusty regions and
bring astronomers information about the
conditions inside. As an example, the centre of
our Galaxy is hidden from optical telescopes
by thick veils of dust. However, a clear view can
be obtained even at a relatively short infrared
wavelength of 2 microns and the Galactic
Centre can, therefore, be best studied at
infrared wavelengths. Figure 1 shows how the
Galactic Centre appeared to an earlier infrared
survey satellite, IRAS.

Why in space?

The scientific potential of infrared astronomy
has been amply demonstrated by observations
made from both ground-based telescopes and
those on high-flying aircraft and balloons.
However, Figure 2 shows the two main
limitations to these observations. Firstly, the
Earth’s atmosphere is totally opaque at many
wavelengths, absorbing all the incoming
radiation and thus preventing the astronomer
from viewing the celestial object. Work from
ground-based telescopes is only possible
through a number of narrow spectral
‘windows’. Even at altitudes of 30 to 40 km,
which are typical for balloon-borne telescopes,
the atmosphere is not totally transparent.
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Figure 1. IRAS view of the
centre of the Milky Way.
This is a composite image
made from data taken at
three wavelengths and
presented in false colour.
The yellow and green knots
and blobs scattered along
the band are giant clouds of
interstellar gas and dust
(called HIl regions) heated
by nearby stars. Some are
warmed by newly-formed
stars in the surrounding
cloud, and some are heated
by nearby massive, hot,
blue stars that are tens of
thousands of times brighter
than our Sun. The red areas
represent regions
dominated by cold gas and
dust. The large yellow
bulge near the middle is the
centre of our Galaxy.
(Courtesy of NASA/JPL)

The second problem is that the telescope and

atmosphere are warm and emit infrared
radiation themselves. Astronomical sources a
million times fainter must be found against this
undesired ‘background’ (really foreground)
emission. This severely limits the sensitivity of
ground-based observations
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Figure 2.
Upper panel:

Transmission of the terrestrial atmosphere as a function of wavelength. Note that,
from the ground, observations are only possible through some ‘windows’, shown

in black.

Lower panel:

Relative flux from a 300 K black body as a function of wavelength, showing that the
thermal emission from the warm (approx. 300 K) telescope optics and atmosphere
peaks around the 10-micron wavelength. This emission hampers observations and
is at a maximum where the Earth’s atmosphere is relatively transparent.
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Thus, for maximum sensitivity and wavelength
coverage, it is necessary to cool the telescope
and its instruments and to operate them in
space. The first major step in this direction was
taken with the highly successful Infrared
Astronomical Satellite (IRAS), which surveyed
nearly all the sky in four broad photometric
infrared bands. Among the results of the IRAS
mission (US/NL/UK) is a catalogue of over
250 000 sources. ISO will build on the results
of IRAS by making detailed observations
of selected sources. Compared to IRAS,
ISO will have a longer operational life-
time, wider wavelength coverage, better
angular resolution, more sophisticated instru-
ments and, through a combination of detector
improvements and longer integration times, a
sensitivity gain of up to several orders of
magnitude.

ISO as an observatory

ISO is a true astronomical observatory. It has a
highly versatile and sensitive set of scientific
instruments, capable of undertaking a wide
range of scientific tasks. Time on this observing
facility is available to all European, Japanese
and US astroncmers, The overall ISO system
includes not only the scientific instruments and
the spacecraft in orbit, but also its control
centre on the ground

Four instruments make up the ISO scien-
tific payload: an imaging photopolarimeter
(ISOPHOT), a camera (ISOCAM) with
polarimetric capabilities, a short-wavelength
spectrometer (SWS), and a long-wavelength
spectrometer (LWS). These instruments were
built by international consortia of scientific
institutes for delivery to ESA. The technical
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aspects of the instruments are discussed in
‘The ISO Scientific Instruments — Technical

Table 1. Main features of ISO’s scientific instruments

Highlights' in this issue; their main features are Instrument Wavelength
summarised in Table 1, while an overview of (Principal Investigator) Main function (nm)

their scientific capabilities is given in Figures 3

and 4. In summary, observers are provided ISOCAM Camera and polarimetry 25-17
with a range of photometric, polarimetric, (C. Cesarsky,

spectroscopic and imaging capabilities across CEN-Saclay, F)

the entire ISO wavelength range. These unique

instruments will reach out to new frontiers, '(%OE;?JG nasino et e s 2:5= 40

probing fainter sources with higher spectral BN o Asitenemie

and spatial resolution than ever before at these Heidelberg, D)

wavelengths inaccessible from the ground.
SWS Short-wavelength 2.4-45

In order to prevent the sensitivity of the (Th. de Graauw, spectometer

lerEiile st = I Bdi q ded b Lab for Space Research,

smgnu ic instruments from being degraded by Groningen, NL)

their own thermal emission and that from the

telescope, all parts of ISO ‘seen’ by the infrared

instruments must be cooled to only a few LvS Long-wavelength 4315
(P Clegg, spectrometer

degrees above absolute zero (—273°C). Thus,
the ISO satellite is, essentially, a huge Thermos
flask designed to provide the extremely low
temperatures necessary. I1SO consists of a
cryostat containing, at launch, over 2000 litres
of liquid helium, and a cryogenically cooled
telescope with an aperture of 60 cm. The
telescope can be pointed anywhere on the sky
to an accuracy of a few seconds of arc for a
period of up to 10 h. The in-orbit lifetime of the
satellite is limited by evaporation of the
liquid-helium cooling fluid, but will be at least
18 months. The spacecraft is described in
more detail in another article in this issue, ‘The
ISO Spacecraft’, and the cryogenic system
was presented by Davidson et al in ESA
Bulletin No. 57. ’ v
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PROPOSAL
REVIEW &
SCREENING

Figure 5. An overview of the
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activities involved in
planning, executing and
analysing an ISO
observation.

of 24 h. In this orbit, ISO will spend about 16 h
per day outside the Earth’s radiation belts. The
infrared detectors in the scientific instruments
are made from small pieces of silicon and
germanium. If the energetic particles in the
radiation belts (mainly electron and protons) hit
these detectors, they release a large number of
electrons, which prevents the 1SO instruments
from operating at full sensitivity.

The ISO operations will be carried out by
a team of scientists and engineers located
at ESA’'s satellite tracking station in Villa-
franca, Spain. However, 1o achieve continuous
communications with 1ISO during all its
scientifically-useful observing time, a second
ground station is needed. It is at Goldstone,
USA, and is provided for ISO as an inter-
national collaboration with NASA and ISAS.
Since ISO’s in-orbit lifetime is strictly limited by
the evaporation of its liquid helium, the
efficiency of the operations is even more
important than usual.

ASTRONOMERS

SUBMIT OBSERVATION
PROPOSALS BY ELECTRONIC
MAIL AND RECEIVE

THEIR OBSERVATION DATA
ON CD-ROM

ISO will be used to make observations of
specific objects in the sky that have been
selected by individual astronomers via a
process of proposal submission and approval.
(This process is described in more detail in
‘Using ISO’ in this issue) The detailed
observing schedule will be planned on an
orbit-by-orbit basis a few days in advance,
During scientific operations, ISO will always be
in real-time contact with the ground Control
Centre. However, real-time modifications to the
scientific  observing programme will be
minimised in order to maximise overall
efficiency.

The downlinked data will be quality-checked
upon receipt. They will then be subjected to
sophisticated pre-processing before being

sent on CD-ROM to the commissioning astro-
nomer’s institute for scientific analysis and
interpretation. The results will also be placed in
an archive for later use by the astronomical
community.

Figure 5 gives a pictorial representation of the
SO operations.

Selected science highlights

ISO offers high sensitivity and sophisticated
observing facilites for a difficult spectral
region, and its scientific programme touches
upon virtually every field of astronomy, ranging
from solar system studies to cosmology. Some
of the possible scientific highlights are
summarised here,

Solar system

Planets and their satellites

Like the Earth, most planets have atmos-
pheres, composed mainly of molecules of
various gases. 1SO will be used to investigate
the chemical composition and the physical
nature of the atmospheres of the giant planets,
together with Titan and Mars. A detailed
inventory of the species present will be
established, allowing for a better under-
standing of the planets’ chemistry.

Titan is the only satellite in the solar system to
possess a thick atmosphere. It is thought to be
similar to the atmosphere originally possessed
by the Earth. Studies of Titan’s atmosphere are
expected to lead to a better understanding of
how the Earth’'s atmosphere evolved. Detailed
studies of Mars’s surface temperature and
emissivity properties, their temporal variations
and their relation with atmospheric dynamics
(e.g. dust storms) will also be possible with ISO.

Comets

Comets are believed to retain, in the form of
ice and trapped dust, the original content of
the primordial solar nebula, from which our
solar system condensed. Therefore, their study
provides a unique probe into the history of our
solar system and its relation to the interstellar
medium. With ISO, it will be possible to detect
comets at large heliocentric distances (5 AU),
to study the onset of activity (emission of gas
and dust) when a comet approaches the Sun,
in particular to study the activity, evolution and
composition of the coma. Cometary dust and
nucleus have a low temperature and albedo,
and are thus best detectable in the infrared,
The spectral, spatial and sensitivity capabilities
of ISO wilt allow a thorough comparison of the
general interplanetary dust with the properties
of dust close to its probable sources, comets
(cometary trails) and asteroids (asteroidal
bands) (Fig. 6).
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Interstellar medium

The space between the stars is not empty
(Fig. 7). It is a very active and violent space,
containing objects such as gaseous nebulag,
supernova remnants, dark molecular clouds,
dust, and high-velocity winds from young stars
The material of the interstellar medium has an
extremely wide variety of temperatures and
densities.

Cirrus

IRAS revealed a new component of the
interstellar medium — extended, fuzzy clouds
which often have filamentary structures. These
clouds range in angular size from tens of
degrees down to a few arc minutes (the limiting
spatial resolution of IRAS) and, because of their
appearance, they have been named ‘infrared
cirrus’ 1SO  will explore the nature and
composition of these puzzling clouds.

Star-forming regions

The processes by which stars form are not yet
well understood. Much of the action is hidden
by dust and more infrared observations are
needed. Under the right conditions, some
dense parts of molecular clouds can start to
collapse upon themselves. Initially, these

so-called ‘protostars’ radiate by virtue of the

gravitational energy of the in-falling material
and remain cold compared to the Sun.
Eventually, their temperature rises sufficiently
for nuclear reactions to start. When the
‘burning” of hydrogen to form helium is
underway, the protostar has become a star.

Stars are formed with a wide range of initial
masses; a well-known example of a region of
massive star formation is in the constellation
Orion (Fig. 8). Among the many open

guestions on star formation to be addressed by
ISO observations are: What triggers the
collapse process? Does the accretion always
involve a disk? What determines the relative
numbers of large and small stars in the
resulting cluster? What is the role of the
high-velocity (several hundred km/s) mass

outflows that are seen from young stars? and
What are the properties of the embedded
young stellar objects?

Chemical factory

The interstellar medium, containing atoms like
hydrogen, oxygen and carbon and molecules
like carbon monoxide or water vapour, acts as
a chemical factory. Atoms and molecules can
collide and they can absorb radiation from
nearby stars. By these two processes, other
larger molecules may be formed. The physical
conditions in interstellar space under which the
formation of molecules takes place are
extremely difficult to simulate in the laboratory.
The I1SO spectrometers will reveal the chemical
processes in molecular clouds or thick
envelopes around young stars.

Stars and stellar physics

Stars are dense gaseous spheres which, for
most of their lives, burn or, strictly speaking,
fuse hydrogen to form helium in their interior,
like the Sun. As stars get older, other nuclear
reactions start and, eventually, the star’s life
ends in a way that depends on its mass. Stars
have been extensively observed at many
wavelengths, but much important information

Figure 6. An IRAS image
(wavelength 60 microns) of
the ecliptic plane, showing
the central asteroid dust
band, consisting of
asteroid collision debris
(wide band cutting across
centre of picture).
(Courtesy of M. Sykes,
Univ. of Arizona)

Figure 7. An infrared view
from IRAS of the
well-known Ursa Major
(Great Bear or Plough
constellation). The familiar
stars, which can be seen
with the naked eye, have
been circled for
recognition. Note the gas
and dust between and
around the stars radiating
at infrared wavelengths.
(Courtesy of NASA/JPL)

Figure 8. IRAS false-colour
map of the sky around the
constellation Orion.
Well-known regions of star
formation are apparent,
such as the Orion Molecular
Cloud (large feature
dominating lower right of
picture), located in and
surrounding the sword of
Orion. The large ring in the
upper right of the image is
a shell of gas swept up by
the expanding gases
around a young star. The
bright region left of centre
is the Rossette Nebula in
Monceros.

(Courtesy of NASA/JPL)
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Figure 9. Dust around a
star. The image of Beta
Pictoris, with the star itself
masked, shows the
presence of a disk (seen
edge-on) of dust similar to
that from which the Earth
and other planets
supposedly formed, in the
vicinity of the newborn
Sun. The disk was
discovered by IRAS.
(Courtesy of B. Smith,
Arizona, and R. Terrile, JPL)

Figure 10. The Helix
Nebula. An optical picture
of a Planetary Nebula about
1 degree in diameter.
(Courtesy of Hale
Observatories)
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on their structure and their evolution can only
be extracted from infrared observations.

Vega-type stars

The nearby star Vega, or Alpha Lyrae, is the fifth
brightest star at visible wavelengths and is still
in its hydrogen-burning phase. It had been
extensively observed at many wavelengths
and its properties were thought to be well
understood. It was, thus, a great surprise
when infrared observations by IRAS showed
brighter-than-expected emission at many
wavelengths longer than 25 microns. These
data indicate the presence of a disk of cool
(around 85 K) material in orbit around the star.
This disk may well represent an early stage in
the condensation of a planetary system.

A number of other stars also have similar
‘infrared excesses’. In one of these cases, Beta
Pictoris, observations in the visible have
actually revealed a thin disk of gas and dust
around the star (Fig. 9)

Imaging, photometry and spectroscopy
between 3 and 240 microns of these stars will
also give us a deeper insight into the formation
processes of our solar system. ISO will also be
used to investigate how widespread the
phenomenon of matter in orbit around these
types of stars is.

Stellar evolution

Stars contain enough hydrogen for the fusion to
last for a long time, but not forever. The rate at
which a star consumes its fuel depends on its
mass; the more massive a star, the quicker it
evolves. After around five to ten billion years,
stars like our Sun evolve to become so-called
‘red giants’, i.e. very large cool stars. More
massive stars, such as those with around 40
times the mass of the Sun, race towards the
red-giant phase in only a few million years
During this giant phase, the stars lose a
significant amount of their mass via outflows

and winds from their atmospheres. A
circumstellar envelope is thus built up and
sometimes these envelopes are so massive
that the stars can no longer be seen in the
optical. At the end of this phase, stars can
evolve into planetary nebulae (Fig. 10), small
hot stars, called white dwarfs, surrounded
by their expelled material, which is ionised
by the ultraviolet radiation from the stars
themselves.

With ISO, it will be possible to study those
stars that are deeply embedded in their
circumstellar envelopes. These are at the very
end of the phase as a giant, and one open
guestion is how the star evolves during the very
short transition phase from a red giant to a
planetary nebula and a white dwarf. During the
phase of mass loss, the star returns its matter —
now processed to include heavy elements — to
the interstellar medium. This enriched inter-
stellar medium is the source material for the
next generation of stars, and its chemical
composition is therefore of great interest. This
will be deduced from measurements by the
ISO spectrometers of the atomic and molecular
spectra of planetary nebulae.

A massive star that fails to lose enough mass
during its evolution is, then, doomed to end its
life in a huge explosion, a supernova, such as
that seen in our companion Galaxy, the Large
Magellanic Cloud in 1987 (Fig. 11). This
explosive event also returns the material from a
dying star to the reservoir from which new stars
may form. ISO will study the ‘leftovers’ (called
‘supernova remnants’) of such events, which
are the source of very heavy elements, like iron.

Extragalactic astronomy

Other galaxies, far distant from our own Milky
Way Galaxy, have always attracted much
observational attention. They have a variety of
morphologies, many having spiral arms,
interstellar matter and a core region or nucleus,
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thus reflecting the structure of the Milky Way.
Study of these galaxies gives a 'bird’s eye view'
of processes occurring in the Galaxy, but
difficult for us to see. Many galaxies are so far
away from the Earth, and their light takes so
long to reach us, that observing them is like
looking back in time, thereby allowing an
examination of the evolution of the Universe.
The infrared properties of galaxies are
extremely diverse; for example, far-infrared
luminosities have been found that span a range
of seven orders of magnitude.

There are many questions in extragalactic
astronomy needing answers: What are the
mechanisms that trigger and maintain the
formation of stars in galaxies? Why are some
galaxies producing large numbers of new stars
in hugely energetic bursts? What is the energy
source at the centres of the most luminous
galaxies making them orders of magnitude
more energetic than their quieter neighbours?
These questions are central to understanding
the processes by which galaxies evolved from
their original formation to give us the Universe
we see today In order to answer these
questions, it is necessary to discover the
physical conditions prevailing in the diverse

and often exotic sources that populate the
Universe

Using 1SO, astronomers will seek to
understand the properties of star-forming
regions in nearby, normal galaxies (Fig. 12)
by studying, spectroscopically and photo-
metrically, the properties and spatial
distribution of the dust produced there, the
kinds of organic compounds that form in the
interstellar medium, the energetics of the gas,
and the mass distribution of stars produced
there

The results of these studies will be com-
pared with observations of the same entities
in radically different environments such as
the nuclei of active galaxies, completely
obscured by dust absorption at visible
wavelengths, or at the heart of colliding galaxy
systems, powerfully luminous at far-infrared
wavelengths. With these observations it may be
determined whether some galaxies with
extremely luminous nuclei (‘active’ galaxies)
are, in fact, the final stage in the development of
galaxy mergers. In this scenario, two galaxies
collide, precipitating a huge burst of star
formation throughout their interstellar material.
This would give rise to a far-infrared,
ultra-luminous galaxy which finally decays to
become an active galaxy with a massive black
hole at its nucleus: a Seyfert galaxy or a
quasar.

Since ISO’s instruments can see emission from
cold (a few Kelvin to a few hundred Kelvin) dark
matter (i.e. material not luminous in the visible),
it may detect the elusive population of
low-mass stars thought to condense out of the
streams of gas that flow from intergalactic
space onto many of the large elliptical galaxies
at the centres of galaxy clusters. These ‘cooling
flows’ of gas, inferred from X-ray observations,
produce no corresponding population of stars
detectable at visible wavelengths,

Figure 11. Two colour

photos showing the sudden

appearance of the bright
supernova 1987A (above
the main body of the
galaxy). The left-hand
picture was taken before
the supernova exploded
and the right-hand one
afterwards.

(Courtesy of ESO)

Figure 12. A ‘wide-angle’

view of part of the infrared

sky showing the galaxies
M31 (Andromeda nebula,
top left) and M33 (lower
right) on a background of
varying infrared emission
(Courtesy of NASA/JPL)
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Figure 13. Artist’s
impression of a brown
dwarf, silhouetted against
the backdrop of the
immensely rich star fields
of the Milky Way. A brown
dwarf is an object that
started to collapse to
become a star but was not
massive enough to be able
to initiate nuclear
reactions.

(Courtesy of NASA)
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Cosmology

ISO can address a number of questions of
great cosmological significance. A particularly
vital question concerns the total mass in the
Universe. If this is greater than a certain
amount, then gravitational force will eventually
stop the expansion of the Universe and make it
collapse into itself again. If the Universe is less
massive than this ‘closure’ mass, it will go on
expanding forever. The density of directly
detected matter (self-luminous, light-reflecting,
or light-obstructing) currently accounted for in
the Universe is at most about 20% of the
closure density. However, mass could be
hidden in dark forms, invisible at optical
wavelengths, but radiating in the infrared
region.

One possibility is that some of this missing
mass is hidden in the form of objects called
brown dwarfs (Fig. 13). These are ‘failed’ stars,
i.e. bodies formed out of the interstellar

material, but which were not massive enough

Chronology of the ISO Mission

March 1979 Proposal to ESA for ISO

1979 Assessment Study

1980 Pre-Phase-A Study

1981 - 1982 Phase-A Study

March 1983 Selection of ISO for
inclusion in ESA’s
Scientific Programme

June 1985 Selection of scientific
instruments

Dec. 1986 Start of Phase-B
(Definition)

March 1988 Start of Phase-C/D
(Main Development)

April 1994 Release of 'Call for

Observing Proposals’

November 1995 Launch

to support nuclear burning in their cores. It has
been suggested that such objects might
constitute the unseen halos of galaxies,
postulated in order to account for the detailed
orbits of material around galaxy nuclei. It is
hoped that the camera (ISOCAM) and the
photopolarimeter (ISOPHOT) will be able to
unambiguously detect, and confirm the
existence of, such objects for the first time.

It is planned that ISOCAM and ISOPHOT will
both perform very long observations intended
to detect sources out to high red-shifts. The
relative proportions of blue galaxies, merging
galaxies, active galaxies and more typical
galaxies found in such deep-source counts
is an indicator of the mechanisms through
which galaxies originally formed. Did they form
at about the same time in a single great burst,
or have they formed by a process of
hierarchical merging of galaxies, so that they
grow, and mergers become less common, as
time goes on?

Conclusion

During its lifetime, 1ISO will offer astronomers a
unigue opportunity to study the Universe at the
relatively unexplored infrared wavelengths.
1SO’s legacy to the future will be the database
of its observational results, which will be used
by astronomers long after the in-orbit mission
has been completed. The science of ISO will
build not just upon the results of the IRAS
mission, but also on those from ground-based
optical, infrared, submilimetre and radio
telescopes. Observations with ISO will have a
significant impact on all areas of astronomy.
However, the most exciting aspect of the
mission is that it is a voyage into largely
uncharted waters, and no-one knows what will
really be discovered. Hopefully, nature has a
few surprises in store for us once again!
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The ISO Spacecraft

S. Ximénez de Ferran

ISO Project, ESA Directorate for Scientific Programmes,

ESTEC, Noordwijk, The Netherlands

Introduction

The ISO spacecraft, shown in Figure 1, was
conceived as two largely independent
modules: the Payload Module (PLM) and the
Service Module (SVM), The PLM is essentially
a large liguid-helium cryostat, which contains
the telescope, with four scientific instruments
mounted behind the primary mirror and cooled
to a temperature near absolute zero. (The

ESA’s Infrared Space Observatory (ISO) consists of two modules: the
Payload module, which includes the telescope and the scientific
instruments, and the Service Module, which houses the instruments’
electronics, the hydrazine propellant tank and all other classical
spacecraft subsystems. To ensure that the telescope is kept near
absolute zero and thus is the least disturbed by the effects of the
infrared emissions from other elements of the system, the telescope is
enclosed in a helium-cooled cryostat. The cryostat in turn is shaded by
a Sun-shield to protect it from the heat of the direct Sun. The shield has
a covering of solar cells that provide the electrical power needed for

the mission.

Figure 1. Overall
configuration of the
Infrared Space Observatory
(ISO)

Note: This article is an update
of an article that originally
appeared in ESA Bulletin 67
(August 1991)

SUNSHIELD WITH
SOLAR CELLS
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(FOR ELECTRICAL POWER,
ATTITUDE CONTROL AND
TELECOMMUNICATION)

INTERFACE WITH
ARIANE

various scientific instruments are described
in another article, ‘The ISO Scientific
Instruments’, in this issue) The SVM houses
the warm electronics of the scientific
instruments, the hydrazine propellant tank, and
all the other classical spacecraft subsystems.
The Sun shield, with its covering of solar cells,
always faces the Sun to provide electrical
power whilst at the same time protecting the
PLM from direct insolation.

The ISO spacecraft will be placed in a 1000 km
x 70 600 km elliptical orbit (24 h period) by an
Ariane-4 launcher in November 1995. This
particular orbit will ensure that most
observations can be made during the 16 h per
orbit when the satellite is travelling outside the
Earth’s radiation belts. The spacecraft will be
tracked from a main ground station, at which
the ISO ground segment will be housed, in
Villafranca, Spain, and from a secondary
ground station in Goldstone, USA.

IR PATH

PAYLOAD MODULE
(CRYOSTAT)

STARTRACKERS

SUPERFLUID
HELIUM TANK

TELESCOPE WITH
SCIENTIFIC INSTRUMENTS
+ STAR SENSOR
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Table 1. Temperature requirements

Component

Detectors interface
Optical Support Structure/
Focal-Plane Unit interface
Primary mirror
Secondary mirror
Lower baffle
Upper baffte
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Figure 2. Helium flow
diagram for ISO when in

orbit
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Mission requirements and system
description

Observations of infrared celestial sources
The primary objective of ISO is to make
observations of celestial objects at infrared
wavelengths between 2.5 and 200 microns. it
is therefore essential that all radiation-gathering
equipment, the telescope and scientific
detectors, be protected from the disturbing
effects of infrared emissions from various
elements of the system itself.

All objects emit radiation as a function of their
absolute temperature 7. The total energy
emitted is proportional to 7', and the
wavelength at which the radiation’s spectral
density is at a maximum is inversely
proportional to T. The first requisite for ISO,
therefore, is to provide a telescope, including
baffles, that is kept very cold. The focal-plane

=] VALVE
[l SAFETY VALVE

[=] MOMENTUM.FREE NOZZLES

1

VACUUM-VESSEL

units (FPUs) of the scientific instruments and
the infrared detectors inside those units must
also be maintained at temperatures close to
absolute zero. The detailed requirements are
summarised in Table 1.

The solution adopted for ISO is to enclose the
telescope in a cryostat. The main element is a
toroidal tank containing 2286 litres of super-
fluid helium (Hell) at a temperature of 1.8 K
The tank is insulated from external heat inputs
by three vapour-cooled radiation shields (VCS)
equipped with multi-layer insulation (MLI). The
tank, radiation shields and telescope are
suspended from the cryo vacuum vessel (CVV)
by low-conductivity straps. Boiling helium from
the tank provides cooling to the optical support
structure (OSS), the focal-plane units and
telescope mirrors mounted on the OSS, the
optical baffles and, when flowing through the
radiation shields to the exhaust nozzles,
intercepts incoming heat from the outside
environment. Some of the scientific detectors
are directly cooled by copper straps
connected to the helium tank. A heat shield
connected to the OSS encloses all four
focal-plane units and provides a light-tight
environment.

The pressure inside the Hell tank is 17 mbar,
the equilibrium boiling point at a temperature of
1.8 K. This pressure is maintained in orbit by
the impedance of the vent line, and on the
ground prior to launch by continuous pumping
of the tank exhaust. The gaseous-helium exit is
located at the highest point of the tank,
allowing separation by gravity of the liquid and
gas phases during ground operations. Once in
orbit, one of the remarkable properties of
superfluid helium is exploited, the so-called
‘thermodynamic fountain effect’, by which a
simple porous plug functions as a phase
separator, keeping the liquid phase in the tank
while allowing the gaseous helium to flow
through the vent line,

A flow diagram for the ISO cryostat is shown in
Figure 2.

To protect the cryostat from external heat inputs
and in particular from direct solar illumination,
a Sun shield shades the cryo vacuum vessel.
This shield is composed of two flat plates
(Fig. 1), the outer faces of which carry the solar
cells that provide the electrical power needed
for the mission.

During ground operations, the vacuum in the
cryo vacuum vessel is maintained by a cryo
cover, which is also insulated with radiation
shields and multi-layer insulation. It is held
in place by a clamp band, which will be
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released in orbit to jettison the cover after
satellite outgassing, approximately 15 days
after lift-off, at which point the scientific
observation programme will commence.

The cryostat is designed for a minimum
operational lifetime of 18 months (calculated
nominal lifetime of 20 months).

Optical requirements

Two main sets of optical requirements are
imposed on the ISO spacecraft. Firstly, there
are the light-gathering requirements, which
can be summarised as follows:

Entrance-pupil diameter: 600 mm
Focal length: 9000 mm
Unvignetted field of view: 20 arcmin
Instrument unvignetted

field of view: 3 arcmin
Wavelength range: 2.5-200
mIcrons
Image quality: diffraction
limit at
5 microns
These requirements are met with

a Ritchey-Chrétien Cassegrain tele-
scope configuration, as this is the best
solution for an astronomical telescope
that must cover a wide spectral range
in combination with a limited field of
view. This configuration is free from
either coma or spherical aberration

The ISO telescope has a primary
mirror with an overall diameter of
640 mm (Fig. 3), a secondary mirror
with a diameter of 87.6 mm, and a
four-faced pyramidal mirror that
distributes the light collected to the
four focal-plane units. The pyramidal
mirror has a central hole that allows
some of the light to impinge on a
guadrant star sensor (QSS). This will
allow measurement of the alignment
offset between the telescope and the
spacecraft’s attitude-control sensors,

The lightweight mirrors are made of

fused silica and are gold-coated to give them
good reflection characteristics in the infrared
The primary mirror is circumferentially
mounted onto the optical support structure via
three fixation devices, each consisting of an
invar pad fixed to the mirror and crossing
blades that provide the required degrees of
freedom. The secondary mirror is mounted on
a tripod. Both mirrors are cooled by copper
straps connecting their rear faces to the
helium-cooled optical support structure.

The second set of requirements relates to the
stringent control of stray light emanating from
bright infrared sources outside the telescope’s
field of view, for which the following viewing
constraints have been defined:

— The direction to the Sun must be kept in the
plane of symmetry of the Sun shield, and the
solar aspect angle must be between 60°
and 120° from the telescope axis.

— The directions of the Earth, Moon and
Jupiter must be outside cones of 77°, 24°
and 5° half angle from the telescope axis,
respectively.

e
-

With these viewing constraints, the total stray
light falling on the instruments must be less
than 10% of the diffuse zodiacal background.
This requirement is fulfiled by means of
the main baffle with sharp-edged vanes
surrounding the telescope, Cassegrain baffles
around the secondary mirror and the central
hole of the primary, and a gold-coated
truncated-cone Sun shade that reflects direct
ilumination from the Earth back to space

(Fig. 4).

Figure 3. The primary
mirror of the ISO telescope
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Figure 4. The ISO Sun
shade

54

Moreover, with the temperature distribution
described in the previous section, the infrared
self-emission of all optical elements gives a
noise background that is also less than 10% of
the zodiacal background, at wavelengths from
5 to 200 microns

Pointing requirements

ISO will be operated in a similar manner to a
ground-based observatory, and therefore the
spacecraft has to be able to manoeuvre
smoothly from one celestial source to the next,
and then maintain accurate pointing on that
target. The spacecraft must also be capable of
pointing at any region of the sky that satisfies
the stray-light constraints described above. The
slew speed between sights is set at 7°/min in
order to optimise observation time, and the
duration of each observation can range from a
few seconds to up to 10 h, depending on the
type of source,

During a scientific measurement, the following
telescope optical-axis pointing accuracy is
required:

Absolute pointing error: 11.7 arcsec
Absolute pointing drift: 2.8 arcsec/h
Relative pointing error: 2.8 arcsec

These pointing requirements must be satisfied
by the spacecraft's Attitude and Orbit Control
Subsystem (AOCS), in combination with careful
spacecralft structural design, to avoid thermo-
elastic deformation between the telescope’s
optical axis and the attitude sensors. Three

operational pointing modes have been
defined:

— Fine-pointing mode on a single point source

— Raster pointing mode, where the telescope
axis is slewed through a rectangular pattern
of pointings (up to 32 x 32 pointings)

— Calibration mode, in which any misalign-
ment between the telescope and the
spacecraft’s attitude sensors is measured.

For the high-accuracy pointing modes, the
attitude errors are measured with gyro-
scopes, a star tracker and fine Sun sensors.
In the calibration mode (activated nominally
once per orbit), the quadrant star sensor
replaces the star tracker. The performances
of the various sensors are summarised in
Table 2.

A state-reconstructor in the AOCS computer
produces minimum-variance estimates for
the attitude, angular velocity and disturbance
acceleration.  This state-reconstructor also
serves as a sensor-data smoothing filter.

The control torques for high-performance
slews and pointing modes are provided by a
reaction-control wheel system, giving a
maximum torque of 0.2 Nm, with a total of 126
torque levels, and a maximum angular-
momentum  storage capability of some
18 Nms. A so-called ‘dual control law’ is used
together with a velocity controller that limits
angular velocities to 8 deg/min. The ‘dual
control law” consists of a nonlinear time-optimal
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subcontroller and a linear state feedback
subcontroller. For large errors during slewing,
the time-optimal control prevails, whereas for
fine pointing, the linear law predominates.

A schematic of the AOCS is shown in Figure 5.
The modes of operation include, besides the
pointing modes, other functions related to
safety, satellite autonomy, and health checking
of the subsystem elements, some of which are
addressed below.

An important factor in achieving the requisite
pointing accuracy for the ISO spacecraft is the
limiting of the drift between the optical axis of
the telescope and that of the star tracker. Such
drift can be induced by transient thermo-elastic
deformation of structural elements linking the
two optical axes. Conseqguently, the star-tracker
support structure has been mounted on the
cryostat's outer wall, rather than on the Service
Module. This alone does not prevent local
deformation due to temperature gradients in
the cryo vacuum vessel from degrading
pointing performance. It is also necessary to
maintain a stable and uniform temperature
distribution in these two structures

This temperature stability is achieved by
covering the cryo vacuum vessel with
multi-layer insulation, even at the expense of a
penalty in the lifetime of the satellite. In
addition, the star-tracker sensors (two for
redundancy) are enclosed within a thermal
housing, with heaters, which should provide a
constant sensor temperature and, even more
importantly, maintain a constant temperature
gradient between the mounting feet of the
operational star tracker (better than 0.1°C over
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Table 2. Performance figures for the various
ISO sensors

Star tracker

Field of view: 4 x 3°
Sensitivity: Visual magnitude

from +210 +8
Bias error: 2 arcsec

(0.5 arcsec in centre
of field of view)

Tracking speed: 5 arcsec/s
Gyroscope

Random drift: 3.6 arcsec/h

Gyro noise: 0.2 arcsec at 2 Hz
Maximum rate: 1 deg/s

Fine Sun sensor

Field of view per slit: 62x1°

Accuracy: 3 arcmin

(1 arcmin in centre
of field of view)

Noise eguivalent angle: 2 arcsec

one orbit, except for 2 h around perigee). The
specially stiffened fixing of the housing to the
cryo vacuum vessel ensures that the thermal
conductance between the two is less than
3 mW/°C.

Autonomy safeguards

A further top-level requirement stems from the
type of orbit that the ISO spacecrait will be in.
The highly elliptical 1000 km x 70 600 km
orbit makes spacecraft tracking and control
impossible during perigee passage.

It is also imperative that the ISO spacecratft
should be able to survive a possible failure of

L ieiepine
JHzsisiign Sl
Stz D Iusizs)

Quadran Distribution
Star & Monitoring <+ Power
Sensor Unit

Adquisiion
Sensors (2

Redundant

Unif Figure 5. Schematic of
1ISO’s Attitude and Orbit
Control Subsystem (AOCS)
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Figure 6. 1SO Payload

Module undergoing testing
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at DASA, Ottobrun

the ground stations. The system must therefore
ensure that the satellite is safe and that
its cryogenic helium is not wasted during
any such event. Moreover, even small heat
inputs to the optical elements during perigee
passages could disturb the telescope’s ther-
mal equilibrium.

To meet these mission safety requirements, the
launch window selected ensures that there is
always a region of the sky to which the
spacecraft can point without violating the
stray-light constraints (the Sun and the Earth;
the Moon and Jupiter do not affect the thermal
equilibrium). Autonomous functions onboard
the satellite would prevent violation of the
constraints for at least three orbits in the event
that ground control is lost.

Several souces could trigger these auto-
nomous functions:

— Ground command, if the Control Centre is
aware of an imminent station shutdown

— Detection by the AOCS of a violation of any
of the pointing constraints

— Detection by the onboard data-handling
system of a longer than normal break
in ground transmission to the satellite
(period programmable by the Control
Centre).

Two main functions are active during the period
of autonomy:

— Firstly, the cryostat must be protected
against catastrophic heat inputs. The OBDH
system will therefore switch-off all electrical
units that could dissipate power inside the
cryostat, i.e. the four scientific instruments
and the cryo electronics unit (used to
measure temperatures, pressures and
amount of helium in the tank). The AOCS will
initiate the first level of attitude safeguard,
called the Programmable Pointing Mode
(PPM), in which the spacecraft will follow a
pre-programmed path on the sky that
avoids violation of Sun and Earth
constraints. The PPM ensures that the
spacecraft'’s attitude is maintained with
sufficient accuracy for observations to be

resumed without need for further
calibration
— The second function safeguards the

thermal environment of units outside the
cryostat. The OBDH will scan the tempera-
tures on the spacecraft and switch on and
off the relevant heaters, located on or near
critical elements such as the hydrazine tank
and pipework, the reaction wheels and the
fine Sun sensor.

Electromagnetic compatibility

The very weak output signals from the scientific
detectors have to be protected from electronic
noise, whether conducted or radiated,
originating from other elements of the satellite.
A stringent spacecraft design requirement,
verified by testing at unit, subsystem and
satellite levels, ensures full electromagnetic
compatibility (EMC) between the onboard
instruments and other subsystems.

An important element in this clean EMC
design is the spacecraft’s power subsystem.
It is based on a sequential switching
shunt regulator, which provides very good
efficiency and reliability as well as a low output
impedance and constant bus ripple under all
load conditions

A further requirement is that the spacecraft's
external surfaces must not become electrically
charged and no electrostatic discharges
should take place. Special care has therefore
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been taken in the design of the thermal-control
hardware, which could be susceptible to
charging, by making the outside surfaces
conductive and grounding all elements to the
structure.

Another developmental challenge lay in
designing the optical coatings for the baffling
system, which have to preclude any electro-
static charging close to the focal-plane units
and provide a high absorptivity in the far-
infrared. A special conductive black paint has
been produced for this purpose.

Data collection and transmission

SO is a real-time mission. The operating
principle involves having a single scientific
instrument, selected as a function of the type
of observation in hand, active at any given
moment. An exception to this philosophy is the
ISOCAM instrument, which could be active in
parallel at low bit rate to provide images of the
celestial source under study.

For this reason, four different data formats —
one per instrument — can be selected. Each of
these formats also includes all of the satellite
housekeeping information, the largest part of
which is devoted to the AOCS parameters
needed for accurate spacecraft attitude
reconstitution.

The nominal data rate is 32 768 Dits/s,
23 424 bits of which are allocated to the prime
instrument. Communications with the ground
are via a transponder working at S-band.

Other special features of ISO

Heat balance of the Payload Module

As noted above, heat inputs to the helium tank
have been minimised by enclosing it with
vapour-cooled shields that intercept ambient
heat before it can reach the cryogenics
Another important source of heat is the Service
Module, the average temperature of which will
be 20°C when the Payload Module’s outer wall
isat —150°C.

To avoid such a temperature gradient causing
a net conductive heat transfer to the vessel, the
interface between the two Modules consists of
16 tubular glass-fibre struts with very low
thermal conductivity. They are filled with
Ecofoam resin to prevent radiative heat transfer
from taking place inside the tubes. The
development programme for these struts has
included extensive mechanical and thermal
validation testing.

Direct liquid-content measurement

An important factor for the planning of I1ISO’s
scientific operations is accurate knowledge of
the amount of superfluid helium (Hell)
remaining in the tank. The ability to make this
measurement under microgravity conditions is
a novel development for 1ISO, which relies on
the near-infinite thermal conductivity of the
superfluid helium. A calibrated heat pulse is
introduced into the tank, which increases the
temperature of the helium by an amount
directly proportional to the mass remaining

Launch operations

An important aspect of the Payload Module is
the cryogenic operations required prior to
launch. The superfluid-helium tank will be
topped off when the satellite is already
mounted on the launcher, by removing the
Ariane fairing (a non-standard operation). The
tank will then be closed to minimise helium loss
and to avoid having to pump. To maintain the
insulation performance after this operation, a
second reservoir containing 60 litres of normal
liquid helium (Hel) will be used to cool the
radiation shields. This Hel tank, which can be
accessed through windows in the Ariane
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fairing, will be completely depleted prior to
lift-off

During the launcher’s flight, commands issued
by Ariane’s electronics will operate a set of
cryogenic valves that will open the helium vent
line to space, and also the main helium tank
and its porous-plug phase separator. Initially,
the vented helium mass flow rate will be about
20 mg/s, rising to a peak of about 27 mg/s and
then falling until, after about 20 days in orbit, it
will be about 5 mg/s, the in-orbit equilibrium
point.

To cope with this range of flow rates, the system
is equipped with two sets of nozzles. Initially,
both will be open to accommodate the high
mass flow rate: as the rate falls and the
temperatures decrease, the larger nozzles
will be valved off, leaving only the smaller set
open.

Development plan

The development plan for ISO was based on
two independent development and integration
activities for the PLM and the SVM. A system
integration phase followed, during which the
two modules were mated and the system
tests (mechanical, acoustic, electromagnetic
compatibility, functional and thermal tests)
were carried out.

The development of the PLM was a
challenging task, involving more laboratory
experimental effort than a classical qualification
procedure, and requiring inventive solutions to
unforeseen problems. The operation of the
cryostat was demonstrated on a qualification
model, first at room temperature and later in a
vacuum chamber that simulated the in-orbit
environment. The tests revealed that some
elements of the external vent line had too great
a pressure drop. Also, the filling port, together
with the helium subsystem, indicated that there
was a possibility of thermo-acoustic oscilla-
tions due to unwanted heat transport. The
mechanical tests of the model showed that the
main helium tank was not rigid enough. (Later,
a non-negligible interaction between the
compressible liquid helium and the structure
was also found.)

The telescope underwent its own qualification
programme, and a special facilty was
developed at the Centre Spatial de Ligge in
Belgium to test it optically at cryogenic
temperatures. The tests demonstrated the
correct behaviour of the optics in terms of both
image quality and alignment of the mirrors with
respect to the scientific instrument focal plane
units. The same facility was used to test the
flight model of the telescope, using tests similar

to those for the qualification model.

After rectification of the problems encountered
during the qualification programme, and a
re-development of the cryogenic helium valves
to improve the leak characteristics, the
PLM flight model was built. After completing
extensive testing, it was delivered in June 1995
for system integration.

The SVM was first qualified thermally and
mechanically on a structure/thermal model. In
parallel, the spacecraft’s electrical subsystem
was developed and qualified at unit/subsystem
level. The more challenging unit was the
star tracker, with its stringent requirements.
However, it represents today the state of the art
for that type of sensor. Also, the gyroscopic
units used by the AOCS were given special
attention, and problems encountered on other
satellite programmes were resolved. The final
integration of the SVM flight model was finished
atthe end of 1993,

The system-level integration and test phase
started upon the arrival of the PLM at ESTEC
(Noordwijk, The Netherlands). It was mated
with the SVM. The system was functional-
tested successfully and the electromagnetic
compatibility was established. Afterward, the
satellite underwent a series of mechanical/
dynamic tests at proto-flight level to verify its
behaviour and compatibility with the launcher,
the Ariane 44P.

The final environmental tests were the thermal
balance/thermal vacuum tests at ESTEC's
Large Space Simulator (LSS). These tests
confirmed the correct functioning of the
cryostat, in particular the transient phase
after launch, and the lifetime of ISO, and the
adequacy of the SVM thermal control. The final
settings of the active thermal control of the star
tracker were established based on the data
gathered during these tests.

The final activities prior to shipment were
dedicated to proving the compatibility with the
control centre in Villafranca and to developing
the operational procedures. The satellite was
then shipped to the launch site (CSG) in
Kourou, French Guyana, in June 1995.

The ISO satellite was functionally tested upon
arrival at CSG and, at the end of July, was
declared ready for flight. Final preparations —
refilling the Helium tank and filing the
propulsion tank with hydrazine — will now
follow as the countdown for the launch in
November 1995 nears. L g
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The ISO Scientific Instruments
— Technical Highlights
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Introduction
ESA’s Infrared Space Observatory (ISO) is

an astronomical satellite that will provide
astronomers with an unique facility of
unprecedented  sensitivity for  detailed

exploration of the Universe. Operating at
wavelengths from 2.5 to 200 microns, it will be
able to study objects in the solar system right
out to the most distant extra-galactic sources.

The ISO satellite consists essentially of a large
cryostat, the payload module, containing about
2300 litres of superfluid helium to maintain
the Ritchey-Chrétien telescope, the scientific
instruments, and the optical baffles at
temperatures between 2 Kand 8 K.

The payload of ESA’s Infrared Space Observatory (ISO) consists of

four scientific

instruments:

a camera (ISOCAM), an imaging

photo-polarimeter (ISOPHOT), a long-wavelength spectrometer (LWS),

and a short-wavelength spectrometer

(SWS). Each of these

instruments was built by an international consortium of scientific
institutes using national funding. ESA was responsible for their
subsequent integration into the ISO spacecraft and will carry out the

in-orbit operations.

Note: This article is an update
of an article that originally
appeared in ESA Bulletin

No. 61 (February 1990)

The telescope has a 60-cm diameter primary
mirror, and is diffraction-limited at a wave-
length of 5 microns. A pointing accuracy of a
few arcseconds is provided by a three-axis
stabilisation system consisting of reaction
wheels, gyros and optical sensors

The cold focal-plane units (FPUs) of the
scientific instruments are mounted behind the
telescope's primary mirror. They are connected
to ‘warm’ instrument electronics boxes on the
spacecraft platform. The main characteristics
of the four instruments are summarised in
Table 1

Infrared technology

Detectors

The 1SO instruments use photo-conductors
made from indium-antimonide (InSb), silicon
(Si) and germanium (Ge). The last two are

doped with various materials to achieve
particular sensitivities in different wavelength
ranges of interest. To extend the long-wave-
length coverage of the gallium-doped
germanium detector, the detector crystal is
‘stressed’ by applying mechanical pressure
using a clamp. Infrared radiation falling on
the detector produces a proportional photo-
electric current, which is integrated as the
output signal

For correct operation, the detectors have to
be kept at well-defined stable temperatures
(ranging from 1.8 to 10 K for different
materials). The detectors for the longer
wavelengths (Ge) require the lowest operating
temperatures.

Detectors are configured either as single
elements (up to 1x1x1 mm in size), linear
arrays (max. 64 pixels), or two-dimensional
arrays (max. 32 x32 pixels), and are directly
connected to the pre-amplifiers and multi-
plexers within the FPUs

Optical elements

Mirrors are needed in the FPUs to fold the
optical paths (flat mirrors) and for focussing
purposes (curved mirrors). Aluminium sub-
strates are diamond-machined and the
surfaces coated with gold. Lenses made from
silicon, germanium and zinc-selenide (ZnSe)
are used for focussing and changing the field
of view (FOV) at shorter wavelengths (up to
15 microns)

Filters are used to select specific wavelength
bands for each detector. Materials like
germanium, silicon, calcium-fluoride, sapphire,
and quartz are used as carrier substrates for
multilayer interference filters

The dichroic beam splitters, which combine the
functions of beam separation and filtering, are
made from crystals such as sapphire,
strontium-fluoride  or  lithium-fluoride.  For
longer wavelengths, multilayer metal-mesh
assemblies are used
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Figure 1. Qualification
model (QM) of the ISOCAM
Focal-Plane Unit (FPU). The
two detector arrays are not
mounted on this model.
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Table 1. Main characteristics of ISO’s scientific instruments

Instrument

(Principal Wavelength Spectral Spatial Outline
Investigator) Main function  (um) resolution resolution description
ISOCAM Cameraand  2.5-17 Broad-band Pixel FOVs Two channels
(C. Cesarsky, polarimetry narrow-band, of1.5,3, 6 each with a
CEN-Saclay, F) and circular and 12 arcsec 32 x 32 element

variable filters

detector array

ISOPHOT Imaging photo- 2.5-240 Broad-band &  Variable from  Three subsystems:

(D. Lemke, polarimeter narrow-band diffraction- (i) Multi-band,

MPI far filters limited to multi-aperture

Astronomie, wide beam photo-polarimeter

Heidelberg, D) (3-120 umy)
Near-IR (i) Far-infrared camera:
grating (40-130 um, 3 x 3 pixels)
spectrometer (90-240 um, 2 x 2 pixels)
with R ~ 90 (iiiy Spectrophotometer

(2.5-12 um)

SWS Short- 2.4-45 1000—3000 14x20to Two gratings and two

(Th. de Graauw, wavelength across wave- 20 x 44 arcsec, Fabry-Pérot

Lab, for Space  spectrometer length range &  depending on interferometers

Research, 23000-35000  wavelength

Groningen, NL) from 12-44 ym

LWS Long- 43-198 ~ 200 and 10" 1.65 arcmin Grating and two

(P. Clegg, wavelength across Fabry-Pérot

Queen Mary &  spectrometer wavelength interferometers

West Field range

College, London)
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Polarisers allow different orientations of the
electromagnetic field vectors of the infrared
radiation to be distinguished

Diffraction gratings (ruled on aluminium blanks,
8 to 100 lines/mm) disperse the wavelengths
for spectroscopy, for which Fabry-Perot etalons
provide a very high resolution. Within an etalon,
a resonant cavity between two partly reflecting,
partly transmitting mirrors (metal meshes) is
created, Only the ‘resonant’ wavelengths are
transmitted. Tuning is performed by changing
the distance between the metal meshes,

The Infrared Camera (ISOCAM)

The ISOCAM consists of two similar optical
channels which operate in two spectral regions
with two different arrays of infrared detectors,
each with 32 x 32 elements (Fig. 1).

In the short-wave (SW) optical channel, an
InSb array operates in the 2.5-55 micron
wavelength range. In the long-wave (LW)
channel, a SiiGa array covers the
4 —17 micron band.

Opto-mechanical design

A schematic of the camera layout is shown in
Figure 2. Upon entering the camera, the
optical beam, deflected by a pyramidal mirror,
first encounters the ‘entrance wheel’ In
addition to clear apertures, this wheel also
carries a set of three polarising grids spaced at
angles of 120°. These grids allow polarisation
measurements to be made in either channel.

Next, the beam encounters the ‘selection
wheel’, which allows one of the two optical

CALIBRATION SOURCES
AND INTEGRATING SPHERES

SHORT-WAVE
FILTER WHEEL
with 14 filters

SHORT-WAVE
FILTER WHEEL
with 4 lenses

DETECTOR
(32 x 32 delector
armray)

ENTRANCE WHEEL —
with 3 polarizing grids

ALIGNMENT MIRRORS

channels to be chosen by means of two Fabry
mirrors. This wheel is also used for the in-orbit
calibration of the detectors.

On the following two ‘filter wheels’, one for the
long-wave and the other for the short-wave
section, a total of 26 filters are mounted. These
filters, including three Circular Variable Filters
(CVFs), define the infrared spectral range of the
observations

Finally, in each channel, a so-called ‘lens
wheel’, positioned in front of the array, carries
four lenses with different magnification factors
for matching the fixed pixel size of the detectors
to the desired pixel field of view (PFOV) on the
sky or, in other words, the size of the window
through which the detector will observe the sky.
Choices of 1.5, 3, 6 and 12 arcsec per pixel are
possible

Each wheel, made from titanium, is driven by
a superconductive stepper motor (which
eradicates Joule losses) in order to limit heat
dissipation inside the wunit and thereby
minimise temperature fluctuations. Vespel, a
composite polymeric material, has been
chosen for the motor pinion, both for its good
elastic properties and satisfactory mechanical
behaviour at low temperatures, and for its low
coefficient of friction.

The Infrared Photo-polarimeter (ISOPHOT)
The ISOPHOT instrument (Fig. 3) is a
photo-polarimeter designed to work in the
infrared spectral band, between 2.5 and
240 microns, The 144 detector elements used
in the instrument are divided into four arrays

FABRY MIRRORS _~ SELECTION

WHEEL

- LONG-WAVE
FILTER WHEEL
with 12 filters

LONG-WAVE
LENS WHEEL
with 4 lenses

LONG-WAVE
DETECTOR

(32 x 32 detector
array)

Figure 2. Schematic of the
ISOCAM instrument’s
opto-mechanical design
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Figure 3. Schematic of the
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ISOPHOT instrument’s
opto-mechanical design

CHANGE WHEEL il
with 4 Fabry mirors,
14 filters,

10 Fabry lenses

PHOTOMETRIC CAMERA ~_
(3x3 detector amay)

PHOTOMETRIC CAMERA -
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FIELD MIRROR

FLAT MIRROR

GRATING

SPECTROPHOTOMETER
(64-element array)

S
SPHERICAL MIRROR “

and three single detectors, mounted in three

different subsystems. These subsystems, each

of which is employed in a different photometry
mode, are:

— ISOPHOT-P, a multi-band, multi-aperture
photo-polarimeter, working in the 3—120
micron range

— ISOPHOT-C, a photometric camera for the
range 50 — 200 microns

— ISOPHOT-S, a spectrophotometer with two
gratings for the 2.5 - 12 micron range

Opto-mechanical design

By suitable use of three filter wheels, the three
subsystems can be operated in different
modes, selected from a very large choice
of wavelength/aperture combinations. When
ISOPHOT-P is selected, through wheels
2 and 3, 14 bandpass filters, with apertures
ranging from 5 to 180 arcsec, can be used in
combination with the two single detectors
(Si:Ga and Ge:Ga) mounted on it.

In ISOPHOT-C, two two-dimensional arrays
(83x3 Ge:Ga and stressed 2x2 Ge:Ga) are
each used in combination with nine bandpass
filters and three polarisers.

Finally, with ISOPHOT-S selected, by means of
wheel 1, the 128 detector elements, divided
into two 64-element Si:Ga arrays can be used
as spectro-photometers, giving a spectral
resolution of about 100.

Directly behind the entrance aperture, before
the radiation is deflected into one of the three
subsystems, the beam encounters the ‘focal-
plane chopper’, which can be used for:

__~ PHOTOPOLARIMETER
——"  [(single detector)

~ CHANGE WHEEL Il
14 positions
with 12 filters,
8 mirors

CHANGE WHEEL |
14 positions

with & polarizers,
1 relicle

FOCAL PLANE
CHOPPER

/ , INPUT BEAM
Vs

¥

Tt FLAT MIRROR
o e = —— INPUT COLLIMATOR

T  GRATNG
" SPECTROPHOTOMETER

DICHROIC [64-element aray)

— differential measurements between two
adjacent sky positions

— DC measurement of the sky

— absolute modulation between the sky and
the internal calibration sources

— step scanning to provide high resolution
with bright sources.

Driven by a magnetic coil, the tilting mirror of
the chopper allows a beam throw ranging from
5 to 360 arcsec at a frequency of between
1/256 Hz and 16 Hz. A position sensor of the
field-plate type enables the drive to generate
any travel/time cycle within the limits specified
apove.

The Short-Wave Spectrometer (SWS)
The SWSis a grating spectrometer designed to
cover the 2.4 to 45 micron band, with a
spectral resolution* of between 1000 and
2000; this can be raised to between 23 000
and 35 000 in the 12 — 44 micron range.

A variety of detectors have been chosen

to cover the short-wave band, ranging
from InSb (2.4-4.0 microns) to Si:Ga
(4.0-13 microns), from Si:As  (12-29

microns) to Ge:Be (28 —45 microns), and for
the Fabry-Pérots, Si:P (12 -26 microns) to
Ge:Be (26 — 44 microns). The detectors consist
of four 12-element arrays and two detector
pairs for the Fabry-Pérots.

Opto-mechanical design

The instrument consists of two parallel

*The 'spectral resolution’ is the capability to
distinguish different monochromatic components.
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sections, which work in two infrared sub-bands
at2.4-13 and 12 —45 microns (Fig. 4)

An optical input unit contains three different
entrance apertures, which are used for
different sub-bands. The aperture can be
selected by means of shutter blades,
repointing the telescope when necessary.
Dichroic beamsplitters and transmission filters
behind the shutter system define six different
sub-bands, necessary to separate the different
spectral orders of the gratings. The
beamsplitters provide three transmission paths
into the 2.4~-13 micron section and three
reflection paths into the 12 — 45 micron section.

Using collimating optics (two independent sets
of toroidal and paraboloidal cylindrical mirrors),
the beams are focussed onto two diffraction
gratings, which disperse the radiation. Each
grating has its own scanning mirror, allowing
use of two sub-bands at the same time.

After reflection from the grating, each sub-
band almost retraces its path before it is finally
refocussed on the detector blocks by means of
re-imaging optics. Further filtering is applied in
the detector blocks.

Tunable Fabry-Pérot etalons allow a resolving
power between 23 000 and 35000 to be
achieved in the 12-44 micron range by
suitably deflecting the beam coming from one
of the two gratings.

The grating drive employs a linear motor and
has two flexural pivot hinges. The yoke, which
carries the flat scanning mirror, is pushed

FLAT MIRRORS 7

_~ TOROIDAL MIRRORS

__— FABRY-PEROT
= DETECTORS

PARABOLOIDAL
MIRRORS
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MIRRORS
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ARRAYS
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- CONICAL
MIRRORS

CONVEX TOROIDAL
MIRRORS

TOROIDAL
MIRRORS

N OFF-AXIS PARABOLOIDAL
MIRRORS

by a coil in the field of a permanent
samarium-cobalt  magnet, against the
counterforce of the flexural pivots. The full
range of rotation is 12°, with a position
reproducibility of 3 arcsec. The power con-
sumption of this unit is less than 1 mW.

The Long-Wave Spectrometer (LWS)
The LWS is a grating spectrometer that
operates in the infrared band between 43 and
196.8 microns in the grating mode and 47 to
196.8 microns in Fabry-Pérot mode. The
resolving powers vary between 150 and 350 in
grating mode and between 7000 and 10 00C in
Fabry-Pérot mode. Three types of photo-
conductive detectors will be used:
— one Ge:Be detector, to cover the
45— 55 micron region
— five Ge:Ga detectors,
55— 110 micron region
— four stressed Ge:Ga detectors for the
110 — 180 micron region.

to cover the

Although the three types of detectors are
mounted in a single array, the stressed and
unstressed detectors operate at different
temperatures and are only weakly thermally
coupled.

Opto-mechanical design

The LWS has three main subsystems (Fig. 5):

— input/collimating optics, which contains
seven mirrors

— two Fabry-Pérot etalon assemblies (FP),
mounted on an FP exchange wheel
controlled by a cryo stepper motor

Figure 4. Schematic of the
SWS instrument’s
opto-mechanical design
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Figure 5. Schematic of the
optical components of the
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— a diffraction grating, mounted with its own
scanning structure, as in the SWS, and
completed by refocussing optics and the
detector array.

After having been deflected by the first five
mirrors, which define the field of view and
produce a parallel beam, the radiation passes
through the FP exchange wheel. In addition to
the two FP etalons, the latter also carries a clear
aperture.

In the low-resolution mode (neither of the two
Fabry-Perot etalons selected), the beam
iluminates the diffraction grating directly, via
mirrors M5 and M6. The grating disperses the
radiation, which the refocussing mirror M8 then
brings to a focus at the ten-detector assembly
A resolving power of about 200 is achieved by
this approach

The high-resolving mode (up to 10 000) is
activated when the FP wheel is rotated and one
of the two etalons is selected. The
short-wavelength  FP is  optimised for
wavelengths from 47 to 110 microns; the
long-wavelength FP  covers the range
110 - 197 microns

Each of the two FPs (Fig. 6) consists of three
triangular-shaped plates carrying three
electromagnet assemblies, which move the
meshes of the etalons against the force of three
leaf springs

Instrument electronics

The instrument electronics can be divided into:
— detector read-out and amplification

— analogue signal conditioning

— digital processing

FLAT MIRROR

GRATING

>

___— DETECTOR
o BLOCK

REFOCUSSING MIRROR

— power supply
— spacecraft interfaces.

With the exception of the detector read-out,
which is part of the focal-plane unit (FPU) and is
mounted inside the cryostat, the remainder of
the electronics are mounted either on the
spacecraft's equipment platform or on the
cryostat itself ISOCAM preamplifier).

Detector readout and amplification
Single-element detectors (LWS, SWS and
ISOPHOT) are read-out by means of
integrating amplifiers, located close to the
detector itself, on the support structure. The
detector signals, which are generally in
the microvolt range, are amplified and
bandwidth-limited before being converted
to digital form (12-bit analogue-to-digital
converter)

Analogue signal conditioning

This involves various tasks, such as:

— generation of detector bias voltages
— temperature sensor conditioning

— heater control

— calibration source control

— mechanism control.

Bias voltages are variable within a certain
range and can be commanded to achieve
optimum detector performance. Voltages are
as high as 100 V and need extremely good
filtering as any noise would directly feed into
the detector amplifier and thereby cause
serious degradation.

As detector performance is temperature-
dependent, this temperature must either be
known exactly or controlled within narrow
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limits. For this purpose, the FPUs contain a
variety of temperature sensors capable of
measuring in the range up to 10 K.

Various motor types are used to rotate/move
the FPU mechanisms such as the filter wheels
and the grating. All of these motors have been
carefully selected for minimum power
dissipation.

Mechanisms are monitored using position
encoders. The CAM instrument, for example,
uses magneto-resistors for wheel origin and
step counting. Hall sensors are used to
determine the positions of the three PHT
ratchet wheels. Servo loops are used for the
gratings and etalons in the spectrometers

Digital processing

Allinstruments will be completely controlled by
one of two redundant 16-bit microprocessor
assemblies.

Each assembly consists of a processor,
memories and spacecraft interfaces. Address,
data and control busses are generally
separated, but each assembly can interface to
any part of the analogue electronics

In summary, the assemblies will:

— accept, interpret and execute commands

— output formatted scientific and house-
keeping data (approx. 25 kbit/s)

— control mechanisms

— control calibration sources

— control and read-out the analogue elec-
tronics

— control detector temperature

Operational software is stored in read-only
memory and can be called automatically or by
ground command. Some of the operational
software is loaded in RAM

Power supply
All instruments use redundant converters to
generate secondary voltages from the 28 V
spacecraft bus

Spacecraft interfaces

Instrument sensitivities dictate the use of
opto-couplers and pulse transformers as digital
interface circuits in order to separate the
various grounding points. For analogue
signals, differential stages are used

A total mass of 90.5 kg is allocated to the
instruments (36.1 kg to the FPUs). The total
instrument power is 80 W, but only 10 mW are
allowed to be dissipated per FPU for thermal
reasons.

A more unusual ‘resource’ on ISO is the limited
cross-section  of the cryo-harness which
connects the FPUs with the warm electronics.
Stainless-steel and brass in two wire gauges
have been selected, to minimise the heat loss
along the harness.

With an average cryo-harness length of 5 m,
this leads to typical operational resistance
values of 500 ohm for stainless steel. Brass
wires are only used where the higher wire
resistance would lead to impractical voltages
and/or high dissipative losses in the harness.

Conclusion

The scientific instruments that make up the
ISO spacecraft's scientific payload constitute
a complete, complementary and versatile
package for infrared astronomy.

Having completed the design and develop-
ment phase, the qualification models of
the instruments were delivered to ESA for
integration into a suitable cryostat and
subsequently underwent a test and verification
programme. Upon delivery of the flight models,
those models were integrated into the I1SO
satellite. After the completion of the full test
programme, ISO is now awaiting launch.
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Figure 6. The two
Fabry-Pérot etalons of the
LWS mounted on the

exchange wheel
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Product Spotlight
Model: FDR-8500C
Capacity: 5 Gigabytes (uncompressed)

10 Gigabytes {2:1 compression)
250 Gigabytes (50:1 compression)

Date Rate: 10 Mbit/s per channel (burst)
4 to 12 Mbit/s total (sustained)
Weight: 16 Ibs (7.3 kg)
Power: 18 Watts @ 28vDC
Size: 11.8"x9"x 6"
(300mm x 229mm x 152mm)
Interface: RS-422

FDR-8000 series recorders are flight-proven,
high performance data storage units built for
operation within the Space Shuttle bay, on
the aft flight deck, and aboard space
platforms. Designed with 8mm helical scan
technology, the FDR-8000 line provides
economical mass data storage. These
recorders' unique characteristics make them
equally useful in avionics and satellite
applications.

Capacity

The newest member of the FDR-8000 family
is the FDR-8500C. The capacity of the
FDR-8500C is 5 Gigabytes of uncompressed
data. Hardware compression is typically 2:1,
yielding 10 Gigabytes of storage space.
Depending on data content, compression
rates of 50:1 are attainable. Peak data rates
are 10 Mbit/s per channel into a 4 Mbit
buffer. Multiple input models are available.
Total sustained data rates from combined
channels are from 4 Mbit/s to 12 Mbit/s
depending on compression efficiency. The
error rate is less than one in 10*® bits read.

Mechanical

The FDR-8000 enclosure is a sealed box
purged with nitrogen. The inert gas provides
an air cushion around the recording head
and protects the tape from common corrosive
gases during long term storage. Internal

heaters activate below +10°C. During
initialization, recording is disabled until
heaters can stabilize the internal

environment above 0°C. Shock and vibration
isolation allow the tape transport assembly
to surpass Shuttle launch and landing
requirements.

The recorder's footprint measures 11.8" x 9"
(300mm x 229mm), with a height of 6"
(152mm). The mounting hole pattern is on
70mm centers for easy interfacing with ESA
cold plates and Hitchhiker pallets. Total
weight is 16 lbs (7.3 kg).

Electrical

Power dissipation is 18 Watts at 28V. Each
recorder contains its own DC/DC power
converter. An internal controller supports
serial data transfer, file structures, error
recovery, and regulation of the recorder's
operating environment.

Interface

Communication with the FDR-8000 is
provided via RS-422 compatible channels.
The command channel is asynchronous at
1200 baud. The data channel is synchronous
from DC to 10 MHz.

Let Amptek provide the solution to your
high-capacity data storage needs.

AMPTEK, INC. 6 DE ANGELO DRIVE, BEDFORD, MA 01730 U.S.A. TEL 617/275-2242 FAX 617/275-3470
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The ISO Programme

J. Steinz & A. Linssen

ISO Project, ESA Directorate of the Scientific Programme, ESTEC, Noordwijk,

The Netherlands

Introduction

ISO, the Infrared Space Observatory, is a
general purpose telescope facility to be used
by the scientific community. It will provide
infrared astronomers with an unprecedented
opportunity — the only one in the world for at
least the next decade — to make scientific
observations of a wide variety of weak infrared
radiation sources. The first major opportunity
for European scientists was using IRAS, the
Dutch-British-American Infrared Astronomical
Satellite, which flew in 1983. The next
possibility using a European satellite afier ISO
(in 1995) will be with ESA’s FIRST (Far Infrared
and submillimetre Space Telescope), which is
proposed for launch in 2006.

ISO, the Infrared Space Observatory, will provide astronomer’s with an
unprecedented opportunity — and the only one for the next 10 years —
to make scientific observations of weak infrared radiation sources. The
development of the Observatory proved to be a challenging task: there
was little available experience with the advanced technologies
required for such a new infrared-astronomy mission. The scientific
instruments were developed by groups of scientific institutes and
industry under national funding. The satellite was developed,
manufactured, integrated and tested by an industrial consortium made
up of 32 companies, mostly from Europe. ESA is performing the flight
operations. The USA and Japan are also contributing to the mission in
return for observation time.

ISO was conceived in the early 1970s. The
Phase A study was completed in 1982 and in
March 1983, ESA's Science Programme
Committee (SPC) approved ISO as a project of
ESA’s Science Programme. The design and
development phase of the project started in
late 1986. The satellite has now been
successfully tested and is waiting in Kourou,
French Guyana, to be launched in early
November of this year The satellite will
be operated from ESA's Villafranca ground
station near Madrid, Spain. A second ground
station, at Goldstone, California, will be
used to relay telecommands and to receive
telemetry from the satellite for several hours
each day.

An overview of the organisation of the pro-
ject, the satellite procurement approach and
development programme follow.

International cooperation

Both the USA and Japan had expressed great
interest in using 1SO. As a result, ESA made a
special agreement with NASA, and Japan’s
Institute of Space and Astronautical Sciences
(ISAS): NASA is providing the second ground
station and ISAS is supporting the flight
operations; in return, NASA and ISAS will each
be allotted a half hour per day of ISO's time for
use by their scientists.

Project organisation

The overall project organisation is shown
in Figure 1. Central to this organisation
is the ESA Project Team which is located
at ESA's European Research and Tech-
nology Centre, ESTEC, in Noordwijk, The
Netherlands. This project team, part of
the ESA Directorate of the Scientific
Programme, is responsible for the manage-
ment of the development, launch and in-
orbit commissioning of the satellite. The
ESA Space Science Department assumes
responsibility during the subsequent routine
operations phase of the mission, with the
spacecraft operations being delegated to
ESOC,

The main groups involved in the development
of the project are described below.

Principal Investigator groups

ISO has four Principal Investigators (Pls),
one for each of the scientific instruments.
The scientific instruments were developed
under national funding, with each Princi-
pal Investigator being responsible for
his or her own scientific instrument. Each
instrument was developed by a group in-
volving many institutes and industries. Over 45
organisations in total were involved. Figure 2
lists these organisations by country and
instrument name.
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The Pls are responsible to the ESA Project for
the delivery of their scientific instruments for
integration and testing with the satellite
In return for the effort of developing the
instrument, the Pls are guaranteed the use of
ISO for about one-third of its total operations
time in orbit. The Pls plan this guaranteed time
in great detail and share it with their many
Co-Investigators and Scientific Associates,
about 100 astronomers in total. The remaining
two-thirds of 1ISQ’s operations time is open to
the scientific community, i.e. any scientist in
Europe, the USA or Japan, through the
submission of observing proposals (see the
following article, 'Using I1SO’).

Science Team

The ISO Science Team (IST) is an advisory
group appointed by ESA's Director of the
Scientific Programme to advise ESA on all
scientific aspects of the mission. The (ST
consists of the ESA Project Scientist, the four
Pls, five Mission Scientists providing
independent advice, and a representative from
the ESA Project Team and both ISAS and
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NASA. The IST has followed the development
of the project and has met quarterly to address
the important scientific issues that have arisen
during the development phase.

Satellite Prime Contractor

The Satellite Prime Contractor, Aerospatiale
(F), was responsible for the design and
development of the satellite and for the
integration and testing of the scientific
instruments with the satellite. The industrial
organisation required to design and develop
the hardware required to build and test the
satellite consisted of 32 companies. The
structure and each participant’s contribution
are shown in Figures 3 and 4.

Launcher authority

Arianespace is providing the launch vehicle
and all associated launch services. The
interfaces and operations with 1SO, however,
are unusually complex because of ISO’s need
for frequent liquid helium cryogenic servicing
until shortly before launch. Arianespace has
had to make special provisions to cope with the
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Figure 3. Structure of the
industrial consortium that
developed, manufactured,
integrated and tested the
ISO satellite
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more complicated and longer duration launch
campaign and combined operations with the
launch vehicle.

Science and spacecraft operations

The ESA Space Science Department is
responsible for the science operations, i.e. the
in-flight operations of the scientific instruments.
It developed the necessary software at ESTEC.,
This software development was a difficult and
challenging undertaking, mainly because of
the high degree of automation required to
perform scientific observations. It is further
complicated by the many constraints to be
respected to ensure the safety of the satellite
even if control from the ground is lost.

ESA's space operations centre, ESOC in
Darmstadt, Germany, is responsible for the
ground segment and for operating the
spacecraft. ESOC will control the satellite from
its operations control centre at Darmstadt
during the Launch and Early Orbit Phase, i.e
the first four days after launch. After this critical
phase of the flight, the satellite and its scientific

SWITZERLAND

[TALY
Carlo Gavazzi Space
— Electical ground

Data handling
decoder

- Mechanical ground
support equipment

instruments will be controlled from the ISO
Control Centre at Villafranca, Spain, where
both the science operations and spacecraft
operations teams are co-located.

ESOC is also coordinating its operations with
NASA-JPL, which is providing the second
ground station for ISO at Goldstone, and with
ISAS in Japan, which is providing support for
ISO’s flight operations.

Satellite development

Procurement

A number of specific features of ISO had to be
taken into account to establish the industrial
policy regarding the satellite development. In
particular, there was little experience available
anywhere in the world with respect to infrared
astronomy. Only one major mission, IRAS,
had been flown. The expertise available in
the field of space cryogenics and the assembly,
integration and verification of large super-
fluid-helium cryostats, was also very limited.
Only two companies in Europe had relevant
experience: Aerospatiale (formerly SNIAS)
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which had developed a laboratory model
liquid-helium cryogenic facility, and Daimler-
Benz Aerospace (formerly MBB) which had
manufactured a development model of a
German infrared laboratory (GIRL).

It was decided that the Phase B design should
be carried out by one prime contractor
who would lead several subcontractors.
(Competitive  parallel  studies was not
considered a realistic option because of
various constraints, such as the need for
confidentiality, that impede progress and
creativity.) ESA’s Industrial Policy Committee
(IPC) approved, in April 1984, the proposal to
enter into direct negotiation with Aerospatiale
which would lead a consortium of companies
that would include Daimier-Benz (formerly
MBB) and Linde AG (D). It was also decided
that critical technology items such as cryostat
components and telescope mirrors would be
developed in parallel to the Phase B design
activities.

In November 1986, the IPC approved the
placing of the Phase B contract and work
started in industry in early December 1986. By
the end of Phase B, 15 companies were
involved in the work. Following the successful
completion of Phase B, the Phase C/D contract
was placed with Aerospatiale and work started
at the end of March 1988. The industrial
consortium was extended to include a number
of companies that had been selected through
competitions that Aerospatiale as Prime Con-
tractor conducted in an effort 1o meet the
overall geographical distribution and cost
targets for Phase B and C/D. Competitions
were conducted for the following items:

— Parts procurement agent

— On-board data handling subsystem

— Opitical subsystem

— Star tracker

— Central checkout equipment

— Service module payload module and
system mechanical ground support equip-
ment.

At a later stage during Phase C/D, more
competitions were held for the cryo-electronics
unit and the data handling decoder. As a result,
the final industrial consortium for ISO
comprised 32 companies, with one prime
contract and 44 sub-contracts. The final
structure of the industrial consortium that
developed, manufactured, integrated and
tested the ISO satellite is depicted in Figures 3
and 4.

The total price for the Phase C/D is made up of
cost-reimbursement prices associated with a

cost-incentive scheme, and firm-fixed or fixed
prices with variation. The percentage of the
price consigned to a cost reimbursement is
higher than in a typical scientific spacecraft
mission, i.e. about 70%. This is due to the very
advanced technology of the payload module
and the greater-than-usual development risk.
Also, the demanding mission requirements,
such as those of the attitude and orbit control
subsystem, imply a high technical risk and
therefore also dictate a cost-reimbursement
arrangement.

Development plan

The ISO satellite (in particular the cryogenic
cooling system) and its scientific instruments
(e.g- the detectors) employ very advanced
technologies and therefore demand an
extensive development plan. The plan, how-
ever, must be sufficiently flexible to cope with
unexpected problems. (The development plan
is described in ancther article, ‘The ISO
Spacecraft’, in this issue.) The main technical
challenges encountered were with the
scientific instruments, the telescope, the
cryogenic subsystem and cryostat, the attitude
control subsystem and the star tracker. The
difficulties have all been successfully
overcome.

The project schedule is shown in Figure 5. The
overall development at system level was
ultimately accomplished using two models:

— A Development Model (DM):

The Service Module was essentially a
structural/thermal model with dummy mass
units. The Payload Module (cryostat} was
built in full flight configuration. Nearly all
development problems were resolved using
this model.

— A Protoflight Model (PFM):

All of the DM's shortcomings were
corrected on the PFM and the PFM was
then subjected to qualification tests. This
approach was extremely successful: the
final PFM test sequence did not reveal any
new major problems. Clearly, all the major
problems had been identified and resolved
on the DM

All units were required to be delivered in two
models, a flight model and a flight spare (which
is generally a refurbished qualification model).
The availability of flight spare units contributed
greatly to the success of the programme: small
problems could be easily resolved by simply
exchanging units and thus avoiding any
major delays. The scientific instruments also
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Figure 5. ISO project
schedule

benefitted because the flight model and flight
spare could be alternately improved in parallel
to the satellite development.

Projected costs
The total project costs, based on the expected

LAUNCH

Outlook

The satellite qualification and acceptance test
programme and all tests with the ground
segment have been successfully completed.
The satellite and all its associated support
equipment were transported by ship to the

lifetime of 18 months, are predicted to launch range in Kourou, French Guiana, in
be 713 MAU based on 1994 economic June 1995, The satellite was fully tested again
conditions. in Kourou and is now waiting to be installed on
the Ariane launch vehicle to be launched in
early November 1995 ¢

—= =

GOME (Global Ozone Monitoring Experiment):
an high - tech remote sensing instrument to monitor the
Earth atmosphere

* GOME is an optical spectrometer designed to meausure ozone concentration and gas traces (NO,NO2, B20, H20) present in the atmosphere, by the
differential absorption techniques of the sun light and by the backscattering ultra-violet radiation.

- GOME measures width and amplitude of the spectral lines, variable as function of gas concentration.

- GOME now |s flying from April 21st, 1995 on board ERS-2, an Earth observation satellite of ESA (European Space Agency).

» GOME projects on the Earth surface a track of 960 km. Satellite’s movement along its orbit determines a cover of the earth globe
(total between 86° N and 86* S) every three days.

= GOME has the dimensions of a suitcase: a volume of about 150 litres, a weight of 50 kg and an electrical power consumption of 45 Watts.

@ OFFICINE
GALILEO

o Finmeccamna Company.

via Albert Einstein, 35 - 50013 Campi Bisanzio, Florance (ltaly) - Ph: +39.55 89501, Fax: +38 55 8950800

Officine Galileo works with FIAR (a Finmeccanica Company) in Space Equipment field: atiitude orbital cantrol and electric propulsion,
power generation, remote sensing, telecommunications, electro-optics and microwaves
=
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Using ISO

M.F. Kessler

ISO Science Operations, Astrophysics Division, Villafranca, Spain

Orbit and sky coverage

ISO will be operated in a highly-elliptical orbit
with a perigee height of 1000 km, an apogee
height of 70 600 km and a period of just under
24 hours. The lower parts of this orbit lie within
the Earth's Van Allen belts, regions of trapped
electrons and protons. When the satellite is
inside these belts, the majority of ISO’s
detectors are scientifically unusable due to
effects caused by radiation impacts. ISO will
spend roughly 16 hours per day outside the
radiation belts and during this time all its
detectors may be operated at maximum
sensitivity.

In keeping with ISO’s role as an observatory, the majority of its
observing time will be available to the astronomical community. The
traditional route of Calls for Observing Proposals, followed by peer
review, is being used. There has been one Call prior to launch and a
single Supplemental Call is foreseen post-launch.

The expected high sensitivity of the ISO instruments will lead to
observations of relatively short duration, typically tens of minutes to a
few hours. This, in turn, means that many thousands of observations
using the four highly sophisticated instruments with multiple
operating modes will be carried out in ISO’s limited lifetime of
18 months. Thus, as many as possible of the processes, from proposal
submission to sending specific commands to the satellite to carry out
a particular observation, have been automated. In addition, all details
of the desired observations have to be specified by the observer in
advance of the observation being executed to allow the complex
observing programmes to be established.

There is no data storage available on board
ISO and only very limited storage for
telecommands. Therefore, for scientific use,
ISO needs two ground stations to provide
continuous contact. One of these stations,
co-located with the 1SO Control Centre at
Villafranca, Spain, is provided by ESA. The
second one, at Goldstone, USA, acts as a relay
between 1SO and its Control Centre for
telemetry and telecommands for part of each
day.

For thermal and power reasons for the
spacecraft and also to prevent celestial stray
light reaching the instruments and degrading

their performance, there are a number of very
stringent constraints on the allowed pointing
directions for ISO. These constraints are shown
in Figure 1. Note that Jupiter is normally kept
more than 7 degrees away from the optical
axis but can be pointed at, if it is the target of
the observation. These constraints mean that,
at any moment, ISO only has a limited area of
sky available for observations (averaging
approximately 12% and ranging from about
8% to 20%).

The ‘available’ part of the sky changes with
time as I1SO’s orbit precesses and as the
Earth plus SO moves around the Sun. How-
ever, during the 18-month in-orbit lifetime,
approximately 12 — 15% of the sky (depending
on the exact launch date) will not emerge from
behind the various constraints, particularly that
due to the Earth. Thus, this area will never be
observable by ISO. The precise location of this
‘hole’ depends on the exact date and time of
launch. For other reasons, the launch date is
constrained to two different periods of the year.
For a launch in the spring period, the hole will
be in the region of the galactic centre and for
an autumn launch, it will be in the Orion region

These sky accessibility constraints and the
need to keep open the possibility of launching
in either season meant that, during the satellite
development, it has effectively been necessary
to plan two different observing programmes in
parallel. This has been achieved by having two
different lists of astronomical targets for each
research programme.

Observing time

In keeping with I1SO’s role as an observatory,
the majority of its observing time will be
distributed to the general astronomical
community in ESA Member States, the USA
and Japan via two competitive ‘Calls for
Observing Proposals’, one pre-launch and the
other post-launch. Based on pre-launch
estimates of efficiency, a total of about 3600
hours of ‘Open Time’ will be available during
the mission. Since it is believed that 1ISO will
make new and unexpected discoveries and, in
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Figure 1. The ISO orbit,
showing the observing
constraints imposed by the
Sun, the Earth, the Moon
and Jupiter (not to scale)

Figure 2. The average daily
distribution (in minutes) of
ISO time during the routine
phase. ISO spends about
16 out of each 24 hours
outside the radiation belts;
this time is available for
science observations.
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many cases, will be the only facility capable of
follow-on investigations of these discoveries for
many vyears, an additional 250 hours of
observing time, called ‘Discretionary Time',
will be made available for ‘observations
that could not have been foreseen at the
time of proposal selection’. This mechanism
introduces a suitable degree of flexibility into
the ISO observing programme

The remaining time, amounting to about 2800
hours of ‘Guaranteed Time', is reserved for
those scientists involved in building and
operating the facility. They are: the four
Principal Investigator teams that built ISO's
scientific instruments; the group of five Mission
Scientists who advise ESA on ISO; ISAS and
NASA who, via collaborative agreements with

Radiation Belts
360 min

Activation
60 min

Japan 30 -

NASA 30 =

Mission Scientists
5x8

PHT 61

CAM 61

LWS 61

Open Time
509 min

SWS 61
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Discretionary
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ESA, provide the second ground station and its
associated resources; and the astronomers in
the ISO Science Operations Team who are
responsible for the scientific operations of 1ISO
and who support the community in using 1SO

Following ISO's launch, there will be a period of
about three weeks during which the satellite will
be commissioned, Then, there will be a
performance verification phase of nearly eight
weeks during which the core instrument
calibrations will be carried out and the in-orbit
performance of ISO and its instruments
established. Thereafter, ISO will enter into its
routine operations phase, which will iast at least
16 months. Figure 2 shows the average daily
distribution of observing time between all
parties in this routine phase.

Preparation of observing programmes
Observing programmes for both the Open and
Guaranteed Time were prepared in two
phases. During Phase 1, potential observers
worked at their own institutes to establish the
scientific rationale for their programmes and to
specify the desired observations, including
instrument and mode, filter or wavelength, and
total time required. During Phase 2, the
successful proposers visited one of two
support centres to enter full details of the
observations into the Science Operations
Centre’s Mission Database.

Preparation of the Guaranteed Time
programme started more than five years ago
and has involved at least 150 astronomers. In
order to take maximimum scientific advantage
of 1SO’s limited lifetime, the holders of the
guaranteed time have worked together to
achieve the maximum possible degree of
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coherence among the 139 individual research
projects. As part of the coordination process,
two major workshops, each attended by over
100 scientists, were also organised. The 1SO
Science Team oversaw the final preparations
and worked continuously to ensure the
required  coordination.  The  complete
programme was prioritised into three bands
and presented to the Observing Time
Allocation Committee (OTAC), composed of
external scientists, for their endorsement in
February 1994. The whole guaranteed time
programme was then published, not only to
inform the community of which observations
were  ‘reserved’ for the guaranteed-
time holders but also to serve as a set
of ‘worked examples’ thus permitting the
general astronomy community to submit
complementary and feasible observing
proposals for the Open Time available.

The Open Time programme was then defined
The pre-launch Call for Observing Proposals
was issued in April 1994, and was distributed
to close to 2500 astronomers worldwide. In
addition to the guaranteed-time summary, the
10-volume Call contained Observer's Manuals
for the instruments and the satellite. The
Science Operations Centre (SOC) also made
‘hot-off-the-press’ information available via
electronic computer networks (ftp). Proposers
had to use a special software tool, the I1ISO
Remote Proposal Submission System, on their
own computers to prepare observing
proposals. They then submitted their pro-
posals, via the network, to the SOC by August
1994 for processing and review.

A total of 1000 Phase-1 proposals was
received. Approximately one third of these
proposals were for stellar/circumstellar topics,
another third for extragalactic studies and one
quarter addressed the interstellar medium. The
rest were split roughly equally between
solar-system and cosmological subjects. In
total, about four times more time was requested
than will be available. The SOC assessed the
technical aspects of each proposal, often
through interaction with the proposer, and sent
the assessments to the OTAC.

The OTAC was organised into seven panels,
each one addressing a different scientific area.
The OTAC ranked the proposals by scientific
merit, often considering the details of individual
observations. It was recommended to enter
observations totalling 3000 hours of time
(leaving some to be allocated by the
post-launch ‘Supplemental Call’) into the
Mission Database in two priority classes.
Additionally, another lower priority 3000 hours
of observations were identified for entry in

order to help the Mission Planning system to
maximise scientific usage of ISO.

In Phase 2 of the programming process,
Guaranteed Time observers and the
successful Open Time proposers were
requested to enter their data into the Mission
Database. They were invited to visit either the
Proposal Data Entry Centre (PDEC) at ESTEC
in Noordwijk, The Netherlands (mainly
European and Japanese observers), or the
equivalent centre at IPAC in Pasadena, USA
(mainly US observers). Both centres provided
visitors with a range of software support tools
(astronomical and technical), and ISO experts
were continuously on hand to provide
assistance in optimising the observing
programmes. Details of the observations, such
as instrument and sub-instrument, source
coordinates, filters, wavelength  ranges,
expected fluxes, and desired signal-to-noise
ratio, were entered into the Mission Database
using the Proposal Generation Aids (PGA)
software. PGA checked the input parameters
for validity at the time of entry and then
calculated how much time would be needed
for each observation. Another system,
Proposal Handling, made further checks to
ensure that only valid and feasible
observations were passed on to the Mission
Planning software. The interaction with
observers proved to be extremely useful in
helping the SOC staff to gain a better
understanding of the various programmes.

PDEC and IPAC were open from December
1994 until the end of July 1995. During that
time, full details of over 32 000 observations
arising from about 800 proposals were
entered. At PDEC, there was a total of 540
visitors and for part of the time, the centre was
operating at its maximum capacity of 30 visitors
in parallel. Figures 3 to 5 give some statistical
information from the Database, when most of
the observations had been entered.

After the end of the in-orbit performance
verification phase, it may well be necessary to
modify the observing programme in light of the
achieved performance. Depending on the
volume and complexity of the changes, either
these will be done by the SOC staff (in close
contact with the observer) or the PDEC will be
re-opened so that observers may update their
own programmes directly. Another possibility
under consideration is remote log-in to PDEC
by observers.

It is planned to issue a Supplemental Call for
Observing Proposals some time in the second
quarter of 1996; a procedure similar to that
used for the pre-launch Call will be followed.
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Figure 3. ISO instrument
usage by humber of
observations (on left) and
by time (on right)

Figure 4. Distribution of
number of observations
against time (note the
logarithmic scale)

Observing modes

The standard observing mode for the space-
craft will be three-axis-stabilised pointing at a
selected target for a period of up to 10 hours
with an accuracy of a few seconds of arc. In
addition to this single pointing, the satellite has
an on-board capability to point sequentially at a
user-specified rectangular grid of positions
on the sky. This is known as ‘raster pointing’
and enables mapping of a larger area of
the sky

There are several ways of scheduling
observations using the scientific mission
planning system, MPP1 (Mission Planning
Phase 1). The system treats each observation
as a separate, schedulable element. Ifthereis a
scientific reason why two or more observations
should be carried out contiguously in time, the
observer may ‘concatenate’ them and force
MPP1 to treat then as one observation. This
facility has been used quite extensively, with
about 50% of the observations being in
concatenated chains.

Log (number of observations)
]
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It is also possible to request that an observation
is carried out at a specific ‘fixed’ time. This is to
permit, for example, observations of variable or
periodic phenomena at specific times or
co-ordinated observations with other facilities.
However, it may not always be possible to carry
out such observations due to the sky-coverage
constraints. Also, such observations restrict the
efficiency of the scheduling process; thus, the
use of this facility will be restricted to absolutely
essential cases. Currently, about 2000
observations are flagged as fixed time.

Another method of scheduling is using linked
observations. A linked observation is com-
posed of an initial exploratory or test
observation that determines whether, and
in what form, a more in-depth science
observation (main) should subsequently be
performed. This facility exists for cases where
the source properties are so poorly known that
there is a significant risk of wasting ISO time
with the wrong instrument settings. Because of
the extra demands it places on ground
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segment resources, a strong scientific
justification is necessary for all linked
observations.

Each of the four instruments on the space-
craft has many possible operating modes.
To simplify the user interface, so-called
Astronomical Observation Templates (AOT)
have been defined for the astro-
nomically-useful modes of the instrument.
Each AOT is designed to carry out a specific
type of astronomical observation. The LWS
instrument has four such observing modes,
SWS four, ISOCAM four, and ISOPHQT eleven
The AOT acts as an interface between the
instrument and the observer. It allows users to
specify their observation in terms familiar to
them; the software (the AOT logic or AOTL)
then generates directly and automatically
the necessary spacecraft and instrument
commands to be sent to the satellite.

The duration of an observation is calculated by
determining exactly how the instrument will
execute that set of measurements, To achieve
this, the AOTL software needs not only the
parameters filled in by the observer but also
various tables of instrument and calibration
parameters and logic on how to command the
instrument. The use of tables simplifies the
process of updating the system as knowledge
of the calibration of an instrument, for example,
changes. The Proposal Generation Aids
software, used by the observer, calculates
observing times using the AOTL

Operations overview

The limited lifetime of ISO, the severe
sky-coverage constraints, the complexity of the
scientific instruments, together with the
necessity to make many short observations,
dictate that a pre-scheduling operation must be
carried out in order to maximise the time spent
acquiring useful astronomical data. The staff
at the SOC will schedule the different
observations within a proposal so as to
optimise the overall usage of the facility.

Once in orbit, ISO will be operated from ESA’s
Villafranca Satellite Tracking Station, which is
also the European home of the IUE
observatory. Two ISO teams are co-located
there: one is responsible for the operations of
the spacecraft and the other, the Science
Operations Team, is responsible for all aspects
of the scientific operations ranging from the
issue of the 'Calls for Observing Proposals’,
through the scheduling and use of the scientific
instruments, to the pipeline data processing in
which the data products for distribution to the
observers are generated. A simplified overview
of the SOC’s activities is given in Figure 6.

The main purpose of the scientific mission
planning system MPP1 is to construct, for each
ISO orbit, the sequence of astronomical
observations that are to be carried out. It has to
make a trade-off between maximising the
overall observational efficiency and performing
those observations with the highest scientific
priority. The main inputs to MPP1 are
information on sky visibility and the
observations, including priorities, contained in
the Mission Database. The efficiency of the
schedules is increased when MPP1 works from
a database containing more observations than
can be made in the available time. lts main
outputs are (a) a file, named the Planned
Observations File (POF), that contains the
time-ordered list of scheduled observations,
with an exact time at which every group of
commands must be sent to the instruments
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and/or the spacecraft, and (b) a second file,
named the Instrument Command Sequence
File (ICSF), that gives the details of the groups
of instrument commands called up in the POF,
These two output files are passed on to the
Spacecraft Control Centre at least three days in
advance for further processing, leading to the
production of a Central Command Schedule
containing all necessary spacecraft and
instrument commands.

The observations will be carried out under
the supervision of SOC staff in a ‘service
observing’ mode. Observers are not expected
to be present for their observations. The
commands in the Central Command Schedule
will be sent automatically to the satellite at the
specified times. Overall safety of the spacecraft
and instruments is the responsibility of the
Spacecraft Control Centre. The SOC will
monitor some aspects of the instrument
performance and scientific data in real time.

The calibration and processing of ISO data will
be a major task. ISO is a complex instrument
with over 20 operating modes and a data
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Figure 5. Expansion of
Figure 4 showing the
distribution of number of

observations against time
for observations less than

one hour. (Note that the
scale is now linear).
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volume of about 1 Gb per day. Infrared
detectors with such a high sensitivity are
intrinsically not well behaved, showing various
non-linearities and memory effects, and having
time-dependent calibrations. In  addition,
operating conditions in space are very different
to those in the laboratory, for example, the
effects of impacts from cosmic rays must be
considered. The knowledge of how to calibrate
and reduce the data will increase during the
mission and the associated software will have
to evolve strongly from the launch system.
Changes in calibration impact all areas of
science operations from the planning of the
observations through the real-time data
assessment to the off-line pipeline processing.
Thus, each of these systems has been
designed to allow changes to be made as
easily as possible.

The off-line data processing can be thought of
as a ‘pipeline processing’ system plus an
‘interactive analysis’ facility. However, the two
are not separate systems and have many
common features, The interactive analysis
system will be mainly used for characterisation
and calibration analysis of the instruments; and
for working out how to upgrade the pipe-
line processing. The pipeline processing will
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produce a standard set of products from each
observation. The observers are responsible for
the scientific analysis and interpretation of their
data. Thus, the goal of the pipeline processing
is to provide observers with data in a form with
which they can work without an unnecessarily
deep knowledge of the specifics of the ISO
instruments. Per observation, all observers will
receive:

— Edited Raw Data: This is a very low level
data product, essentially reformatted
telemetry consisting of raw (or minimally-
processed) instrument data

— Standard Processed Data: This is the data
product from which it is expected that the
majority of observers will work. Its derivation
involves  certain  calibrations and the
removal of instrument-specific peculiari-
ties, The intention is to make standard
processed data a self-contained product,
screening general observers away from the
more esoteric raw data while still offering
them flexibility in data analysis at their home
institutes

— Auto Analysis Results: This product is some
specific extracted scientific results from the
data to give an indication of what will be
found when the observers make their own
detailed analyses.
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Entering observation data
into the Mission Database
at the PDEC

These data products will be supplied on
CD-ROM in FITS format, and it is planned to
dispatch them to the observers within one to
two weeks of the observation.

All products distributed will also be stored in
the ISO archive. The Principal Investigator for
an observation has exclusive rights to the data
for one year, starting from the time at which an
adequate calibration is available. At the end of
this proprietary period, the data enters the
public domain and can be used for archive
research by the scientific community.

Since it is expected that the understanding
of the behaviour and performance of the
instruments  will improve as the mission
progresses and the associated data reduction
and processing will evolve greatly, the data
archive will be somewhat inhomogeneous by
the end of ISO’s in-orbit operations. During a
post-operations phase of several years, the
entire data set will have to be systematically
reprocessed using the best available
knowledge of instrument calibrations and data
reduction technigues.

Summary and conclusion

ISO will be operated in a service observing
mode with each orbit's observations being
planned in detail and finalised at least three
days in advance. SOC staff will supervise both
the conduct of the observations and the quality
of the data products, which will be sent to the
observer on CD-ROM in FITS format within

one to two weeks of the observation being
carried out. After a one-year proprietary
period, the data enter the public domain
for archive observations. After the end of
the in-orbit operations, the entire data set of
ISO will be re-processed in a homogeneous
manner.

The observing programmes of ISO, in both
the Guaranteed and Open Time, have been
established in a two-phase process. Full details
of over 32 000 observations have been entered
into ISO's Mission Database, have been care-
fully checked for validity and feasibility, and are
ready for execution

The world-wide user community now awaits
eagerly ISO’s launch and the first data from its
unigue instrument complement. ¢
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Introduction

By the end of this year, the SOHO mission will
start vyielding the technical and scientific
rewards that it was conceived for more than ten
years ago. At this point, shortly before the
launch, it is perhaps useful to briefly recount
the events that have seen the goals and
concepts laid down in the early eighties
transformed into a complex satellite weighing
about two tons and fulfilling the ambitions of
twelve groups of scientists working in three
solar-science disciplines.

Articles in previous ESA Bulletins have dealt
with various aspects of SOHO and its
development (e.g. No. 71 in August 1992, and
No. 82 in May 1995), and the accompanying
SOHO articles in this issue describe the most
important elements and features of the mission
in more detail. We will focus here on
management aspects and, in particular, the
multiple roles of the Project Team in the
evolving life and needs of an international
cooperation such as SOHO, which embodies
several facets that are unique in the history of
the European Space Agency.

The mission’s beginnings

The widely differing missions of the SOHO and
Cluster spacecraft have one goal in common:
to understand the physical structures and
processes in the plasma that makes up the
solar-terrestrial system, i.e. the Sun, the solar
wind and the terrestrial magnetosphere. Both
SOHO and Cluster were proposed — initially
in competition — in November 1982. Given
their common aim, to be pursued in different
contexts and by different methods, both
missions were subsequently included as
a Cornerstone called the Solar-Terrestrial
Science Programme (STSP), in ESA’'s Horizon
2000 Programme. This long-term scientific
programme was approved by ESA Counclil,
meeting at Ministerial Level, in early 1985.
ESA’s Science Programme Committee (SPC)
then selected STSP in November 1985 as the

first Cornerstone to be implemented. At
that time, the SOHO mission had under-
gone assessment and Phase-A studies, the
latter with two competitive concepts for
the spacecraft bus developed by British
Aerospace, Bristol (UK) and Matra Espace,
Toulouse (F) (now both part of Matra Marconi
Space).

SOHO's complex multi-disciplinary payload,
which included novel experiments in the
then still relatively young solar discipline of
helioseismology, was being conceptually
developed in parallel. This parallel develop-
ment provided the correct foundation and
interfaces for the industrial studies and the
further contractual steps that the Agency would
need to take vis-a-vis industry

The eventual outcome of all of the foregoing
activities was an ESA Solar Terrestrial Science
Programme, or STSP, which however exceeded
the European budget allocated to it at the time
of selection. The STSP Programme Manager
and the SOHO and Cluster Project Managers
therefore initiated a dialogue with NASA on the
possibility of their contributing in terms of the
scientific payload, the onboard equipment or
other mission elements (launcher, operations,
etc.). Certain cooperative elements were
identified as early as 1986 and potential US
industrial suppliers were visited by NASA and
ESA representatives. This activity led to an
inter-agency Memorandum of Understanding
(MOU) defining the framework and principles
of the proposed cooperation between ESA and
NASA. This was followed by a lower-level
Programme Plan laying out the details of
the MOU's implementation (deliverables,
schedules, management guidelines, etc.).

This agreement with NASA, together with the
descoping and rationalisation of several
aspects of the mission and its payload, brought
SOHO and Cluster within the allowable
financial envelope. This in turn cleared the way
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Figure 1. The SOHO
mission elements

for the industrial tendering phase. In the
meantime, the overall STSP payload had been
selected in March 1988, also after extensive
discussion and descoping under the aegis of
two scientific committees led by Profs. H
Balsiger and D. Southwood. All of the elements
were then in place to initiate a joint Invitation-
to-Tender (ITT) to European industry.

The mission takes shape

After the issue of the STSP Invitation-to-Tender
to industry, the two separate Project Teams for
SOHO and Cluster were built up. These teams
were each faced with a complex array of
specific interfaces, coupled with the triple
constraints of simultaneously containing cost,
risk and schedule: ie. maximum use of
competitive procurement as the principal
means of reducing initial costs; geographical
industrial return balanced on an STSP-
wide basis; and implementation of joint
SOHO/Cluster developments and procure-
ments wherever possible

These three industrial-policy precepts were
also applied in the selection of the industrial
subcontractor teams for SOHO and Cluster.

The submission of the industrial Phase-B
proposal was followed by an extensive
evaluation by senior ESA management of all
cost and schedule, management and contract,
product assurance, technical, and test-facility
aspects. Phase-B then began in December
1989

The selection of the industrial teams at
lower levels was pursued through a series
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of the final industrial organisation with
the mandatory geographical return, with
limited fragmentation of tasks and interfaces
vis-a-vis what would have resulted from the
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The building of the satellite

The industrial interface

A novel feature of the SOHO programme has
been the multiplicity of its interfaces across
several widely geographically separated
organisations (Fig. 1). The first, and financially
most relevant interface for the SOHO Project
Team has been that with the industrial grouping
led by Matra Marconi Space (France),
which has developed, built and tested the
SOHO spacecraft during the main develop-
ment phase (Phase-C/D). In this domain, the
contractual relationship between ESA and
the Prime Contractor has differed little from
previous scientific projects. A ‘cost-plus’
contract with a target cost and a ‘neutral zone’
was defined at the start of Phase-C/D and
updated as the project evolved, with a series of
Change Review Boards

Overall progress and the resolution of the
inevitable technical problems along the way
have been closely monitored both by the
Project Team and our colleagues from
ESTEC’s Technical Directorate, in a classical
‘shadow engineering’ role
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soho—an international challenge

On several occasions, commercial-confiden-
tiality claims were invoked and the SOHO team
had to strive to balance those constraints with
sound follow-up and evidence of technical
acceptability, finding ad-hoc solutions agree-
able to all parties involved.

SOHO’s test campaigns were conducted
using the 'coordinated European test facili-
ties’, requiring interfacing with the IABG,
Ottobrunn (D) and Intespace, Toulouse (F)
facilities for the structural-model and flight-
model test campaigns, respectively. In this
phase, the Project Team received dedi-
cated resident support from ESTEC's Test
Division.

The most demanding interfacing
effort, however, was undoubtedly
that between ESA and the Prime
Contractor in order to cope with the
large and complex payload that
was finally selected for SOHO. The
high number of separate experi-
ment units —32 in all — unavoidably
brought delays in the definition of
exact interfaces Dbetween the
instruments and the spacecratt
bus. A formal control over variations
and changes to the Experi-
ment Interface Document was
established at the outset. Each
Experiment Team request was
evaluated by the relevant Project
Team experts and, if found valid,
passed to the Prime Contractor
for comment before a final ESA
decision on implementation

One area in particular where some
difficult decisions had to be made at
certain stages was the management
of the experiment mass budgets.
Thanks to the early introduction of formal
control procedures, the original payload
allocation of 610 kg needed to be increased by
just 40 kg by the time that the final flight models
of the experiments were delivered.

Another area of difficulty in terms of
experiment-interface  management was the
difference in standards between US experi-
ment Electrical Models (EM) and the European
equivalents. The generally lower electrical
fidelity of the US models resulted in an EM
test campaign somewhat lacking in EMC
representativeness, and also led to a mismatch
in the completion of development of these
units. This had repercussions, particularly
in the case of the UVCS instrument, on
the evolution of the flight-model test
programme

Another element that required a considerable
coordination effort was the handover of the
structural and thermal mathematical models
from the twelve Experiment Teams to the
industrial team. As Agency deliverables, all of
these models had to be checked by ESTEC
specialists for consistency and compatibility.

The primary preoccupation of the ESA Project
Team throughout these efforts was to provide
for the maximum of scientific results from the
mission whilst keeping costs and schedule
under strict control. A good example in this
respect is the work done on minimising
the effects on short-term spacecraft pointing

of moving parts of the spacecraft (reac-
tion wheels, tape recorder) or experiments
(mechanism actuation), the so-called fjitter’
This was addressed by a Pointing Review
Board, periodically attended by experi-
menters, industry experts and the ESA Project
Team; during these meetings the results of
analyses (initially) were discussed and further
steps proposed. This open approach led to
improved balancing of SOHO’s reaction
wheels, to a series of tests on specific
experiments and, finally, to an end-to-end
test on the flight model in January 1995
The result is a common consensus that all
possible measures have been taken to make
the jitter as low as is technically feasible within
the cost and schedule constraints on the
project, and compliant with the scientific
objectives.

Figure 2. The SOHO

spacecraft, photographed
at Matra Marconi Space in

Portsmouth (UK)
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The NASA interface

Another element of the SOHO programme
which has called for substantial managerial
effort has been the relationship with NASA. As
in other cooperative programmes between the
two agencies, no exchange of funds was
foreseen and decisions affecting both parties
had to be taken by consensus. Nevertheless,
SOHO is the first such cooperative programme
in which overall mission responsibility rests with
ESA. This in turn has meant that the Project
Team has had to interface with three separate
NASA centres:

— Lewis Research Center (LeRC), for the
interfaces to the launch vehicle, supplied by
General Dynamics (now Lockheed-Martin)

— Kennedy Space Center (KSC) for the
pre-launch ground operations, and

— Goddard Spaceflight Center (GSFC), which
has supplied the three US-led experiments
and hardware items, and provides
operational support ranging from flight
dynamics to the interfaces with the Deep
Space Network, and the feeding of
information to the Flight Operations Team
(FOT). This NASA-led team of contractors
will operate the spacecraft from GSFC,
in close liaison with the Experimenter
Teams, who will operate their experiments
in  so-called ‘quasi-real-time’ command
mode.

The first two interfaces, with LeRC and KSC,
have followed the normal evolution of such
relationships, based on progressively more
detailed requirement and interface docu-
ments. The Launch Vehicle Interface Control
Document, for example, passed through
several drafts before its publication as a
formally configured document. The spacecraft
mechanical qualification tests, the separation
shock test and the final matching and mating
with  the SOHO-specific launch adapter,
all of which were conducted in Europe, were
typical examples of the excellent co-
operation with LeRC and Lockheed-Martin,
whose representatives were present to
witness key launch-vehicle/payload compati-
bility tests.

The services offered by NASA at KSC were also
agreed through a series of Ground Operation
Working Group meetings, at which all
contributing parties from Europe and the USA
were present. These resulted in an
ESA-produced Launch QOperations Plan and
Launch-Site  Support Plan detailing the
complex allocation of tasks between the US Air
Force (supplier of the launch pad), the
contributing elements of the KSC system, and
the NASA industrial contractors.

Finally, the multiple GSFC interfaces absorbed
a considerable amount of time, particularly at
management level, for the SOHO Project Team.
The three US experiments are in fact among
the largest and most complex of the whole
SOHO complement and their progress was
therefore closely followed in the Quarterly
ESA/NASA Management Meetings that have
taken place during Phase-C/D.

Another novel interfacing aspect has stemmed
from the fact that ESA is in charge of a mission
for which the operations support is provided by
a team and a facility not under its full
direct control. This has required specific and
continuing attention, particularly in terms of
the transfer of knowledge of the spacecraft
systems from the Prime Contractor and ESA to
the Flight Operations Team, constituted by
NASA contractors from Allied Signal.

Mission and Science Operations Working
Groups, meeting several times per vyear,
have been the typical forum in which
these exchanges have taken place. The
main formal vehicle for such exchanges has
been the Spacecraft Users Manual issued by
Matra Marconi Space, which documents all
necessary technical aspects of the spacecraft
and includes those experiment procedures
under the direct control of the Flight Operations
team.

The critical cycle of familiarisation of the US
team with a spacecraft and its experiments
sitting on the other side of the Atlantic, six time
zones away, has been accomplished through a
series of three carefully planned ground-
segment compatibility tests, each lasting one to
two weeks. A fourth and final test involving
GSFC and KSC was conducted during
the launch campaign. During these tests,
the spacecraft and its payload has been
commanded from GSFC by the same teams
that will operate it in space, using the same
ground hardware and software procedures. In
this case also, the ESA Project Team has been
the coordinating element between industry
and the NASA infrastructure and Flight
Operations Team
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Figure 2. The CDMU’s
solid-state memory

the soho spacecraft

The SOHO Spacecraft

F.C. Vandenbussche

SOHO Project Division, ESA Directorate for Scientific Programmes,

ESTEC, Noordwijk, The Netherlands

The spacecraft

The SOHO spacecraft consists of two major
elements (Fig. 1), the Service Module (SVM)
and the Payload Module (PLM)

The Service Module is a box-shaped struc-
ture made of aluminium honeycomb panels
attached to a corrugated aluminium cylinder
by four shear webs. The four lateral panels
carry the data-handling, communication,
attitude and orbit control, and power
subsystems. The box’s upper floor houses the
propulsion subsystem, tank and thruster
masts. The high-gain antenna is mated into
the aft part of the central cylinder.

The Payload Module provides an optical
bench for the experiments and is composed of
four upper lateral panels and a top panel
connected to a central cylinder by a number of
shear webs. The bottom section, consisting of
three lower lateral panels connected to the
central cylindrical tube by a number of shear
webs and floors, houses the PLM electronics.

SOHO’s nominal operational lifetime is 29
months, including the four months of the

transfer phase and one month of in-orbit
commissioning. It carries sufficient onboard
propellant for six years of operation. The main
spacecraft performance parameters are given
in Table 1.

Thermal architecture

The PLM's thermal-control subsystem main-
tains all equipment mounted on the PLM
structure within acceptable temperature limits
and provides a stable thermal environment to
meet all pointing requirements. Temperature
control for both the PLM and SVM is provided
with dedicated adjustable heaters. Substitu-
tion heaters replace the heat inputs of the
experiments at times when the latter are
switched off

Critical spacecraft elements are temperature-
stabilised by adjusting the heaters to compen-
sate for seasonal variations and ageing. The
temperature of the front sunshield assembly,
for example, will be maintained to within +1°C
for two months.

The PLM/SVM interface will be maintained at
20°C + 2.5°C in order to limit any deforma-
tion of the PLM structure

Data handling

The heart of this subsystem is a Central Data

Management Unit (CDMU) responsible for:

— data acquisition and transmission to the
ground

— decoding and distribution of commands to
all users

— data storage (by either tape recorder or
solid-state recorder; Fig. 2) during non-
visibility of SOHO from the ground

— onboard processing.

The packet telemetry is used in conjunc-
tion with convolutional and Reed-Soclomon
encoding.

terminal units under the
the CDMU provide the

Three remote
supervision  of
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Figure 3. Deployment
testing of SOHO’s solar
arrays, at Intespace in
Toulouse (F)

Figure 4. One of the AOCS
fine-pointing Sun sensors
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necessary interfaces to the users. Universal
time (UTC) is generated on board by an
ultrastable oscillator, and distributed to the
experimenters

Automatic failure detection and recon-
figuration is provided and vital spacecraft
parameters are retained in a special ‘context
memory’.

Attitude and orbit control

The Attitude and Orbit Control Subsystem’s
(AOCS) overall task is to provide the SOHO
spacecraft with the requisite pointing

performance during the various spacecraft
activities as the mission evolves from SOHO's
separation from the Centaur upper stage until
and throughout its mission as an operational
space solar observatory in a halo orbit around
the L1 Lagrangian point, 1.5 million kilometres
from Earth, for up to six years.

Immediately after SOHO’s separation from the
Centaur upper stage, the AOCS will cancel the
angular rates imparted by the separation and
will coarsely align the spacecraft towards
the Sun using hydrazine thruster and Sun-
acquisition sensors arranged in a configura-
tion giving omni-directional coverage. The
control algorithms reside in the memory of an
onboard microprocessor that processes the
sensor data and issues commands to the
thrusters.

SOHO'’s solar panels (Fig. 3) will subsequently
be deployed with the AOCS in stand-by con-
figuration, After full solar-panel deployment
has been achieved, the AOCS will again
coarsely point the spacecraft at the Sun and
perform the transition to fine Sun pointing and
roll-angle control using a fine-pointing Sun
sensor (Fig. 4), a star tracker and three
reaction wheels. It is in this configuration that

the payload instruments will make their
scientific observations, when the spacecraft’'s
pointing towards the Sun is stabilised to
within a few tenths of an arcsecond under
quiescent conditions, i.e. when no spacecraft
or experiment mechanism is being operated,
or within about one arcsecond when some
mechanisms are active to, for example, realign
the spacecraft's high-gain antenna or to adjust
an experiment’s line of sight.

Power

The power subsystem provides regulation,
protection and distribution of 1500 W of
solar-array power, supported by two 20 Ah
nickel-cadmium batteries. The main space-
craft power bus is regulated to 28V + 1%
with a three-domain regulation of solar-
array shunt mode, battery discharge and
battery charge mode. All power lines to
users are protected by latching-current
limiters.

Decentralised undervoltage protection is
provided in each Latching Current Limiter
(LCL), which provides automatic switch-off if
the input voltage falls below 235V + 1V. In
the event of a main-bus undervoltage, the
system automatically enters a safe mode by
switching off all LCLs until the main bus
recovers. In addition, foldback current limiters
are provided for some essential loads, as well
as regulated battery power for the Kevlar
cable cutters.
All electrical functions

power subsystem

are redundant, including connector redun-
dancy all the way from the solar-array and
battery
outputs

inputs to the power distribution




the soho spacecraft

Table 1. SOHO facts and figures

Mission Lifetime

Mass Budget
Launeh mass
Fayload mass
Onboard progellant
Overall dimensions

Payload-Madule Dimensions
{undeployed solar array)

Orbit
Halo at L1 libration point
Amplitude x
in ecliptic, Earth - Sun
Amplitude y
in ecliptic
Amplitude z
out-of-ecliptic

2 years
(consumables far 6 years)

1866 kg
655 kg
252 kg
29%25x389m

29%25x267m

1.5 million km from Earth
200 000 kkm
650 000 km

120 000 km
6 months

Poawer Subsystem
Solar array (end-of-life)
Cell type
Silicon-cell efficiency (begin-of-life)
Rigid panels
Wing dimensions
Power margin end-of-life
Main bus
Three-damain regulation
Main-bus impedance
{shunt BCR - BDR)
Minimum user voltage
Batteries

Type
Energy at 90% DOD

50A minat28V
20 cm BSR
13.2%

4(2+2)
386x23m
10%

28V +1%

22 mLy46 ma

26V

2

20 Ah/32-cell NiCd

900 Wh

152%

4% 56 (in four PDUS)
444 i
12412
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The SOHO Launch Scenario

SOHO will be launched on a NASA-provided Atlas [IAS vehicle, composed of a Centaur

lIA upper stage, mounted on top of a one and a half stage Atlas IIAS booster.
14 ft payload fairing Solid-propulsion thrust augmentation for the Atlas IIAS will be provided by four Thiocol
Castor IVA boosters.

Fairing split line \ The SOHO mission uses a standard ascent profile in which the booster engines,
sustainer engine and the first solid-rocket booster pair provide the thrust for lift-off,
Equipment module \ During the initial vertical rise, the vehicle rolls to the flight azimuth.
. B
Boattail Sy~ After the first pair of solid-rocket boosters burns out, the second pair is ignited and the
Stub ad [T P ¢
tub adapter S first pair is jettisoned. The second pair continues until burnout and is also jettisoned.
Centaur LH, tank —=117 """ The ascent conlinues until booster-engine cut off (BECO).
Fixed foam insulation . ‘ .
Centaur LO, tank — Atvlas ﬂ'.ght then corﬁmues in the sustamgr phase until propellant depletion. The payload
fairing is jettisoned in the guidance steering phase.
Interstage adapter —»f “I_! |
iiliy

HALO
ORBIT

(6 YEARS)

TRANSFER
TRAJECTORY

_.._J_l__.l__._l_i_f_l_l_._l_ gl gy ey
TO SUN L1 HALO ORBIT
INSERTION
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the soho spacecraft

Telecommunications

The SOHO spacecraft will be tracked with
the 26 m antenna of NASA's Deep-Space
Network. The links between the spacecraft
and ground will be provided by an S-band
RF system, with duplicated receivers and
transmitters. RF coverage is provided by a
pointable high-gain antenna and two low-gain
antennas, to ensure the full coverage.

Antenna pointing

SOHO’s High-Gain Antenna (HGA) assembly
is composed of a 0.8 m-diameter antenna
and associated mechanisms (Fig. 5). During
launch, the HGA is rigidly attached to the
spacecraft and is released only after space-
craft separation. The halo orbit requires that
the HGA be capable of pointing in all
directions within a +32° cone

Software

The data-handling central onboard software
(written in ADA) resides in a 16-bit computer
(MAS 281) that uses the 1750A MIL Standard
Instruction Set and contains a set of programs
controlling the data handling. The central on-
board software will play a pivotal role in
performing a variety of functions, including
telecommand and telemetry management and
numerous application programme tasks. It
manages and distributes the onboard time,
performs the thermal monitoring and thermal
control of the satellite, manages the antenna
pointing and monitoring, handles the inter-
instrument data exchange, performs various
other monitoring functions, and executes the
initial Sun-acquisition seguence.

The attitude and orbit control software resides
in a similar 16-bit computer and obtains
outputs from the spacecraft's attitude sen-
sors in order to provide commands to
the attitude-control actuators, after processing
the digitally implemented control algorithms.
In addition, it organises the data for telemetry
communication and processes the tele-
commands.

Modes of operation

At litt-off, the spacecraft will be powered by the
batteries, the data handling will be powered,
and the Service Module will be thermally
controlled. Both gyroscopes will be on and
their temperatures controlled.

After SOHO’s separation from the launcher,
the spacecraft’s attitude-control and communi-
cations subsystems will be activated. The
low-gain  antenna  will be wused for
communication with the NASA Deep-Space
Network (DSN). The initial Sun acquisition will
be performed

After
handling subsystems will
attitude control subsystem. The roll attitude
acquired by the Centaur prior to separa-

the data-
the

solar-array  deployment,
re-initialise

tion will be maintained. The transfer-orbit
correction manoeuvres, halo-orbit  station-
keeping manoeuvres, and momentum-wheel
off-loading will be initiated as necessary.

The routine operating scenario during the

halo-orbit phase will be as follows:

— 8 h during which real-time communication
is foreseen with the ground system

— three periods of 3.73 h during which no
communication with the ground is foreseen
and onboard recording is performed

— three periods of 1.6 h with real-time com-
munication during which the previously
recorded data will be dumped to ground.

SOHO will be in continuous contact with the
DSN for helioseismology data return for a
period of two months per year.

NASA’s involvement

As their contribution to this ESA/NASA

collaborative mission, NASA is supplying:

— the Atlas launch

— the mission operations

— various hardware elements such as the
fine-pointing  Sun  sensors, the RF
high-power amplifiers, and the onboard
tape recorders.
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Figure 5. The High-Gain
Antenna (HGA) assembly
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Table 1. The SOHO mission

Mission objectives

Mission shares

Launch

Mission lifetime
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The SOHO Payload and Its Testing
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Introduction

The Solar and Heliospheric Observatory
(SOHO) forms part of the Solar-Terrestrial
Science Programme (STSP), a collaborative
effort between ESA and NASA. The STSP is
the first ‘Cornerstone’ of ESA's long-term
programme ‘Space Science: Horizon 2000

The principal scientific objectives of the SOHO
mission are: (a) to achieve a better under-
standing of the structure and dynamics of
the solar interior using helioseismology
techniques, and (b) to gain greater insight into
the physical processes that form and heat the
Sun’s corona, maintain it and give rise to
acceleration of its particles into the solar wind.

To achieve these goals, SOHO carries a
payload consisting of twelve complemen-
tary instruments. It is an 1850 kg, three-axis-
stabilised spacecraft, powered by solar panels
delivering 1150 W. The payload itself weighs
about 650 kg and will have a power
consumption of 500 W once in orbit. It will
produce a continuous science data stream of
40 kbit/s, which will increase by 160 kbit/s
whenever the Solar Oscillations Imaging (SOI)
instrument is operated in its high-rate mode.

SOHO will be launched by an Atlas-1IAS vehicle
and will subsequently be placed into a halo
orbit around the Sun—Earth L1 Lagrangian
point, where it will be pointed continuously at
the Sun’s centre with an accuracy of 10 arcsec
The pointing stability will be better than

Investigation of the Sun from its interior out to and including
the solar wind

ESA: spacecraft plus nine experiments supplied by Member

States.

NASA: Launcher, ground segment and three experiments,

November 1995

>2 years (onboard consumables for up to 6 years)

1 arcsec over 15 min intervals. Planning,
coordination and operation of both the space-
craft and the scientific payload will be
conducted from the Experiment Operations
Facility (EOF) at NASA’'s Goddard Space Flight
Center (GSFC), and the telemetry data will
be received by NASA's Deep-Space Network
(DSN).

SOHO’s set of instruments had to be
developed, and their design performances
verified by analysis and test, taking into
account strict cost and schedule con-
straints, without, however, compromising the
mission objectives. This article describes the
corresponding programme leading up to
flight-qualification of the experiments and their
performance validation within the overall
spacecraft system environment.

History
The Solar and Heliospheric Observatory
(SOHO) mission was first proposed in

November 1982 as a comprehensive, high-
resolution spectroscopic investigation of the
upper solar atmosphere, in response to one of
the ESA Scientific Programme’s regular Calls
for Mission Proposals,

A Phase-A feasibility study followed, from July
1984 to October 1985. The Science Study
Team responsible for the study was composed
of both European and US scientists, supported
by ESA and NASA. Meeting on 6 —7 February
1986, ESA's Science Programme Committee
(SPC) approved the Solar-Terrestrial Science
Programme (STSP) as the first ‘Cornerstone’
mission of the Agency’s long-term ‘Space
Science: Horizon 2000 programme and a
mission to be implemented in collaboration
with NASA. The STSP is composed of two
missions SOHO and Cluster, the latter
consisting of four Iidentical spacecraft to
study turbulence and small-scale plasma
structures in the magnetosphere in three
dimensions (described elsewhere in this
issue).
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SOHO, together with Cluster and the Geotall,
Wind and Polar spacecraft, constitute the
International Solar-Terrestrial Physics (ISTP)
Programme, a cooperative scientific satellite
projectinvolving ESA, ISAS (Japan) and NASA.
The ISTP is aimed at gaining improved
understanding of the physics of solar-terrestrial
relations by coordinated, simultaneous investi-
gations of the Sun— Earth space environment
over an extended period of time.

A joint ESA/NASA Announcement of Oppor-
tunity for the STSP missions was issued on
1 March 1987, calling for ‘Proposals for
Investigations’ The proposals received were
evaluated on the grounds of their scientific and
technical merits, and the payloads were
selected following the recommendations of
the joint ESA/NASA advisory bodies. ESA
and NASA subsequently announced the
composition of the SOHO and Cluster
payloads in March 1988. The SOHO Science
Working Team (SWT), composed of all of the
Principal Investigators (Pls), met for the first
time from 27 to 30 June 1988.

A consortium of European industries, led by
Matra of France as the Prime Contractor,
started the industrial definition phase (Phase-B)
on 1 December 1989. The main industrial
development phase (Phase-C/D) started 14
months later, in early 1991. The Structural
Model (SM) programme was completed in
1993, and the Engineering Model (EM)
programme in early 1994. The first Flight
Model (FM) instruments were delivered in
December 1993. The Assembly, Integration,
and Validation (AIV) activities for the

flight-model spacecraft have taken place in
1994 and the first half of 1995. The SOHO
spacecraft was shipped from Toulouse (F) to
Kennedy Space Center at Cape Canaveral,
ready for the launch campaign, on 1 August
1995.

Figure 1 shows the SOHO satellite in launch
configuration prior to acoustic testing at
Intespace in Toulouse, Figure 2 shows the
SOHO Paylcad Module (PLM) during
integration at Matra Marconi in Toulouse.
Figure 3 shows the positions of
the twelve payload instruments
schematically.

Science objectives and payload
The SOHO mission’s three principal
scientific objectives are:

(i) study of the solar interior, using
helioseismology technigues,

(i) study of the heating
mechanisms of the solar
corona, and

(iiiy investigation of the solar wind
and its acceleration processes.

The spacecraft's scientific payload
consists of a set of state-of-the-
art instruments, developed and
furnished by twelve international
Principal Investigator (Pl) consortia,
involving 39 institutes from  fif-
teen countries: Belgium, Denmark,
Finland, France, Germany, lreland,
ltaly, Japan, Netherlands, Norway,

Figure 1. The SOHO
spacecraft in launch
configuration prior to
acoustic testing at
Intespace in Toulouse (F)

Figure 2. The SOHO
payload module, without
thermal blankets, after
integration and testing at
Matra Marconi Space in
Toulouse (F)
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Figure 3. Schematic of the SOHO
spacecraft, showing the locations of
the twelve experiments

Scanning ultraviolet spectrometer
{S0-160 nanormetres)

Pl: K. Wilhelm

MPAe, Lindau, Germany

Co-ls: D, CH, F, USA

Extreme ultraviolet spectrometer
{15-79 nanometres)
PI: R.A. Harrison
PRAL, Chilton, UK
Co-ls: UK, CH, D, |, N, USA Energetic particles (low range)
Pl: H. Kunow
University of Kiel, Germany
Extreme ultraviolet imaging telescope Co-ls: D, E, ESA, F, IRE, J, USA
(17-30 nanometres)
Pl: J.F Delaboudinigre
IAS, Orsay, France Energetic particles (high range)
Co-ls: F, B, USA Pl: J, Torsti
University of Turkyu, Finland
Co-is: 5F, UK
Ultraviolet coronograph spectrometer
(50-130 nanometres)
Pl: J.L. Kohl Global low-degree velocity oscillations
SAQ, Cambridge, USA Pl: A. Gabriel
Co-ls: USA, CH, D, | IAS, Orsay, France
Co-ls: F, CH, D, DK, E, ESA, NL,
UK, USA
Large-angle coronegraph for visible light
Pl: G.E. Brueckner
NRL, Washington DC, USA Solar irradiance and luminosity
Co-ls: USA, D, F, UK oscillations
Pi: C. Frohlich
PMOD, Davos, Switzerland
Whole-sky Lyman alpha mapper Co-is: CH, B, E, ESA, F, N
Pl: J.L, Bertaux
CNRS, Verrieres le Buisson, France
Co-Is: F, SF, USA Oscillations by Michelsen Doppler Imaging (MDI)
Pl: PH. Scherrer
CSSA, Stanford University, USA
Solar wind composition and extreme UV flux Co-ls: USA, DK, UK
Pl: D. Hovesladt
MPE, Garching, Germany Pl = Principal Investigator
Co-ls: D, CH, Russia, USA Co-ls = Countries of Co-Investigators
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Russia, Spain, Switzerland, the United
Kingdom, and the United States. Nine of the
consortia have been led by European Pls and
three by US Pls

The experiments aboard SOHO can be divided
into three main groups, according to their
respective areas of research: helioseismology
instruments, solar-corona instruments, and
solar-wind ‘in-situ’ instruments (Table 2).

The helioseismology instruments

There are three helioseismology experiments,
designed to provide high-precision measure-
ments of solar oscillations, which are difficult, or
even impossible, to obtain from the ground

GOLF (Global Oscillations at Low Frequen-
cies) will use a very stable sodium-vapour
resonance scattering spectrometer to observe
low-degree oscillation modes (/<3) of the global
solar velocity field with a sensitivity
of better than 1 mm/s over the complete
frequency range from 0.1 pHz to 6 MHz
(periods from 3 min to 100 days). It will also
measure the long-term variations in the global
average of the line-of-sight magnetic field with a
precision of 1 mG.

VIRGO (Variability of solar IRradiance and
Gravity  Oscillations) will  perform  high-
sensitivity observations of p- and—if detect-
able — g-mode solar-intensity oscillations with a
three-channel Sun-photometer measuring the
spectral irradiance at 402, 500 and 862 nm,
and with the 12-resolution-element Luminosity
Oscillations Imager (LOl) (/€7). The relative
accuracy of these data will be better than
1 ppm (for a 10 s integration time). VIRGO will
also measure the solar constant with an
absolute accuracy of better than 0.15% using
two different types of absolute radiometers
(PMO6 and CROM).

Both GOLF and VIRGO lay particular emphasis
on the very-low-frequency domain of low-order
p- and g-modes, which penetrate deep into the
solar core. They are difficult to observe from the
Earth because of noise effects introduced
by the Earth’'s diurnal rotation and the
transparency and seeing fluctuations caused
by the Earth’s atmosphere

The Solar Oscillations Imager (SOI) focusses
on the intermediate to very high degree
p-modes. By sampling the Ni 676.8 nm line
with a wide-field tunable Michelson inter-
ferometer, SOI will provide high-precision solar
images (1024 x 1024 pixels) of the line-of-sight
velocity, line intensity, continuum intensity,
longitudinal magnetic-field components, and
limb position. It can be operated in a full-disk

mode (2”-equivalent pixel size) to resolve
modes in the range 3<K1500, or in a
high-resolution mode (0.65" pixel size)
to resolve modes as high as /=4500.
The high-resolution field-of-view is roughly
650" square and will be centred about 160"
north of the Sun’s equator on the central
meridian.

SOl will run four different observing programs.
The ‘structure program’ will provide a con-
tinuous 5 kbit/s data stream of various spatial
and temporal averages of the full-disk velocity
and intensity images. It will be running at all
times. The ‘dynamics program’ will operate for
60 consecutive days each year with continuous
high-rate telemetry (+ 160 kbit/s). A full-disk
velocity image and either a full-disk intensity
image or a high-resolution velocity image will
be transmitted every minute. The ‘campaign
program’ will be conducted for 8 consecutive
hours each day when the high-rate telemetry is
available. This is a very flexible operating mode
for performing a variety of more narrowly
focussed scientific investigations (e.g. studies
of meso- and super-granulation, active-region
seismology, etc.). Finally, the 'magnetic-field
programme’ will provide several real-time
magnetograms per day for planning purposes
and correlative studies.

The three helioseismology instruments com-
plement each other in several respects. While
MDI will measure oscillations over the full range
of degrees up to / = 4500, GOLF and VIRGO
are expected to provide greater stability for the
measurement of low-degree oscillations. GOLF
and MDI will measure oscillations of the
line-of-sight velocity, while VIRGO will measure
intensity oscillations (both radiance and
irradiance). GOLF and VIRGO complement
each other because, given the difficulty that
one can expect in identifying gravity modes, it
may well prove essential to have two different
approaches (velocity oscillations from GOLF
and intensity oscillations from VIRGO) to
achieve a convincing result.

The coronal instruments

The remote sensing of the solar atmosphere
will be carried out with a set of telescopes and
spectrometers that will produce the data
necessary to study the dynamic phenomena
that take ©place in and above the
chromosphere. The plasma will be studied by
making spectroscopic measurements and
high-resolution images at different levels of
the solar atmosphere. Plasma diagnostics
obtained with these instruments will provide
temperature, density and velocity measure-
ments of the material in the outer solar
atmosphere.
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Table 2. The SOHO scientific instruments

Investigation

Measurement

Technique

Bit rate (kbit/s)

HELIOSEISMOLOGY

GOLF Global Sun velocity Na-vapour resonant scattering 0.160
oscillations (/=0-23) cell, Doppler shift and circular
polarisation
VIRGO Low-degree (I=0-7) Global Sun and low-resolution 0.1
irradiance oscillations (12 pixels) imaging,
and solar constant active cavity radiometers
MDI/SOI Velocity oscillations, Fourier tachometer, 5
harmonic degree up to 4500 angular resolution: 1.5 and 4~ (+160)
SOLAR-ATMOSPHERE REMOTE SENSING
SUMER Plasma-flow characteristics Normal-incidence spectrometer, 10.5
(T, density, velocity) chrom 50— 160 nm, spectrat res. 20 000 {or 21)
through corona —40 000, angular res. 1.5”
CDS Temperature and density: Normal- and grazing-incidence 12
transition region and corona spectrometers, 15—-80 nm, spectral res. (or 22.5)
100010 000, angular res. =3"
EIT Evolution of chromospheric Images (1024 x 1024 pixels in 1
and coronal structures 42"’ x 42’y in the lines of He |, Fe IX, (or 26.2)
Fe XIt and Fe XV
UVCS Electron and ion temperatures, Profiles and/or intensities of 5
densities, velocities in corona several EUV lines
(1.3-10R,) between 1.3 and 10 R,
LASCO Structures evolution, mass, One internal and two externally occulted 4.2
momentum and energy transp coronagraphs (or 26.2)
in corona (1.1 -30 R@) Spectrometer for 1.1-3 R@
SWAN Solar-wind mass flux Scanning telescopes with hydrogen 0.2
anisotropies and its absorption cell for Ly-o light
temporal variations
SOLAR WIND ‘IN SITU’
CELIAS Energy distribution and Electrostatic deflection, 1.5
composition (mass, charge, time-of-flight measurements,
charge state) (0 — 1000 keV/e) solid-state detectors
COSTEP Energy distribution of Solid-state and plastic 08
ions (p, He) 0.04 — 53 MeV/n scintillator detector telescopes
and electrons 0.04 -5 MeV
ERNE Energy distribution and Solid-state and scintillator Q7
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In the past, the coronal observations with the
best spatial and spectral resolution have
covered only limited spectral ranges and were
obtained from rockets, i.e. on a snapshot basis.
SOHO will provide what is now desperately
needed: an extended and concerted investi-
gation of the physical structures, the dynamics
and evolution of the transition region and
corona on a synoptic basis. In addition, given
its ability to make both (remote-sensing)
coronal and (in-situ} interplanetary measure-
ments, SOHO will help to establish the nature of
the relationship between conditions in the
regions where the solar wind originates and
the observed properties at 1 AU distance, in
particular the elusive acceleration.

SUMER (Solar Ultraviolet Measurements of
Emitted Radiation) is an ultraviolet (UV)
telescope equipped with a normal-incidence
spectrometer. It will study plasma flows,
temperatures, densities, and wave motions in
the upper chromosphere, transition region and
lower corona with high spatial (1.5”) and
temporal (typically 10s) resolution, by
measuring line profiles and intensities of
UV lines from 500 to 1600 A The spectral
coverage varies between 20 and 44 A
with  a spectral resolving power of
MAL =18 800 - 40 000. It should be possible
with SUMER to measure velocity fields in the
transition region and corona down to 1 km/s.

At shorter wavelengths of 150 to 800 A, CDS
(Coronal Diagnostic Spectrometer), a Walter I
grazing-incidence telescope equipped with
both a normal-incidence and a grazing-
incidence spectrometer, will measure the
absolute and relative intensities of selected
EUV lines to determine the temperatures and
densities of various coronal structures. The
telescope’s spatial resolution is about 37, and
its spectral resolution varies between 2000 and
10 000.

EIT (Extreme-ultraviolet Imaging Telescope) will
obtain full-Sun, high-resolution EUV images in
four emission lines (Fe IX 171 A, Fe XII1 195 A,
Fe XV 284 A, and He Il 304 A) corresponding
to four different temperature regimes. It will thus
provide the morphological context for the
spectral observations to be made by SUMER
and CDS. The wavelength separation is
achieved by muliilayer reflecting coatings
deposited on the four quadrants of the
telescope mirrors, and a rotatable mask to
select the quadrant illuminated by the Sun. A
1024 x 1024 CCD camera with an effective
pixel size of 2.6” is used as the detector.

UVCS (Ultra-Violet Coronagraph Spectro-
meter) is an occulted telescope equipped with

high-resolution  spectrometers 1o  perform
spectroscopic observations of the solar corona
out to 10 solar radii, in order to locate and
characterise the coronal source regions of the
solar wind, to identify and understand the
dominant physical processes that accelerate it,
and to understand how the coronal plasma is
heated. One of the gratings is optimised for line
profile measurements of Ly-o, another for
line intensity measurements in the range
944 -1070 A

LASCO (Large Angle and Spectrometric
COronagraph) is a triple coronagraph with
nested, concentric annular fields of view with
progressively larger included angles. The fields
of view of the three coronagraphs C1, C2 and
C3 are 1.1-3, 1.5—-6 and 3-30 solar radii,
respectively. All three coronagraphs will use
1024 x 1024 CCD cameras as detectors. C1
will not only be the first spaceborne ‘mirror
coronagraph’, but also the first spaceborne
coronagraph with its own spectroscopic
capabilities. It is equipped with a Fabry-Perot
interferometer to perform  spectroscopic
measurements with a spectral resolution of
=700 mA in the lines Fe XIV 5303 A,
Fe X 6374 A, Ca XV 5964 A, NaD,, and Ho.

SWAN (Solar Wind ANisotropies) will measure
the latitude distribution of the solar-wind mass
flux from solar equator to solar pole by
mapping the emissivity of the interplanetary
Ly-o light.

The solar-wind ‘in-situ’ instruments

These will measure the composition of the
solar wind and energetic particles ‘in-situ’
to determine the elemental and isotopic
abundances, the ionic charge states and
velocity distributions of ions originating in the
solar atmosphere. The energy ranges covered
will allow the ion acceleration and fractionation
processes to be studied under the various
conditions that cause their acceleration from
the ‘slow’ solar wind through solar flares.

CELIAS (Charge, Element and Isotope
Analysis System) consists of three mass- and
charge-discriminating sensors based on the
time-of-fight technique, making use of
electrostatic deflection, post-acceleration and
residual-energy measurements. It will measure
the mass, ionic charge and energy of the low-
and high-speed solar wind, of suprathermal
ions, and of low-energy flare particles. It
also carries the SEM (Sclar Extreme-ultra-
violet Monitor), a very stable photodiode
spectrometer which will continuously measure
the full-disk solar flux in the Hell 304 A line as
well as the absolute integral flux between 170
and 700 A.
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Figure 4. The baseline
Assembly, Integration
and Verification (AlV)
programme for SOHO

In order to study the energy-release and
particle-acceleration processes in the solar
atmosphere, as well as particle propagation
in the interplanetary medium, COSTEP
(COmprehensive Supra-Thermal and Ener-
getic Particle analyser) will measure the energy
spectra of electrons (up to 5 MeV), protons and
He nuclei (up to 53 MeV/nuc).

ERNE (Energetic and Relativistic Nuclei and
Electron experiment), having the same
scientific objectives as COSTEP, will measure
the energy spectra of elements in the range
Z=1-30 (up to 540 MeV/nuc), abundance
ratios of isotopes, as well as the anisotropy of
the particle flux.

In summary, the coronal remote-sensing and
the in-situ experiments on board SOHO will
provide a comprehensive data set with which
to study the solar wind from its source at the
Sun and out through the heliosphere. The solar
imagers and spectrographs will allow study of
the morphology, magnetic structure, and
heating and particle-acceleration processes
occurring atthe Sun. Atthe same time, it will be
possible with the particle experiments to make
direct measurements of the particle compo-
sition and energy spectrum in the solar wind,

The AIV programme

The assembly, integration and verification (AlV)
programme consisted of validating the space-
craft system performances by means of a set of
tests and analytical methods (Fig. 4). This
SOHO baseline AV programme served as the
foundation for the full qualification of the

spacecraft  system design, using two
development models: the Structural and
Engineering Model (SM + EM) and one Flight
Model (FM)

The model philosophy

To minimise risk, the development models were
of flight-build standard, but in order to constrain
costs were not equipped with hi-rel parts.

These models were employed in the
qualification and acceptance programme
process as follows:

— The Structural Model (SM) was first used to
perform a separate design validation of the
Payload and Service Module structures,
followed by a mechanical qualification at
spacecraft level

— The Engineering Model (EM) was
dedicated 1o the electrical verifications at
system level and to the validation of all
electrical test equipment and test methods,
including full EMC testing procedures.

— The Flight Model (FM), which was fully
flight representative, was submitted to all
of the functional, performance, electrical
and environmental tests necessary to
demonstrate the final design's ability to fulfil
the mission requirements, and compliance
with the quality requirements

System design verification by analysis

The analyses performed at system level
were defined to support the validation of
the design performance and the test/environ-
mental level predictions in the following
areas:

SOHO - SOLAR AND HELIOSPHERIC OBSERVATORY

Programme Summary

Description

993

12 12 14

2 % I

PHASE C/O

SM EXPERIMENT DELIVERIES
PAYLOAD MODULE AV
SERVICE MODULE AV
SPACECRAFT AlV

EM EXPERIMENT DELIVERIES
PAYLOAD MODULE AlV
SERVICE MODULE AlV
SPACECRAFT AlV

FM EXPERIMENT DELIVERIES
PAYLOAD MODULE ANV
SERVICE MODULE AV
SPACECRAFT AV

PACK AND SHIP

LAUNCH CAMPAIGN
SI/C PREPARATION AND CHECK-OUT
SIC FUELLING
S/C - LAUNCHER COMBINED TASKS

TRANSFER ORBIT
L1 ORBIT - S/C COMMISSIONING
L1 ORBIT - S/C OPERATIONS

213 s
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— spacecraft dynamic analysis in launch and
in-orbit configurations

— spacecraft thermal analysis

— spacecraft thermo-elastic analysis

— spacecraft microvibration assessment.

In support of these system tasks, the Principal
Investigators produced a set of detailed
structural and thermal models according to
well-defined specifications provided by the
Project Team.

System design verification by testing

The system test programme leading to the full
qualification of the spacecraft and payload
designs is summarised in Table 3.

The payload development plan
In order to fulfil the test objectives defined by
the system programme, the experiments had
to be developed and produced according
to a model-compliant philosophy and build
standard summarised in Table 4

Due to both the diversity and complexity
of the SOHO instruments and the firm
budget limitations, two different develop-
ment-path options were proposed to the
Principal Investigators:

Option (a):
To produce a dedicated experiment
gualification model, built to flight standards

Table 3. The SOHO model and test-parameter philosophy

MODEL SM EM FM
TEST/ELEMENT PLM SVM SIC PLM SVM S/C PLM SVM SIC
PHYSICAL PROPERTIES X X X X X X X X X
Mass
Moment of Inertia/ X X X
Centre of gravity
Balancing X X X
MECHANICAL
Static X X
Modal survey X X
Sine X X
Acoustic X X
Separ. shock X
Deployment X (X)X
Manual release X X
Leak test X X
Launcher IF fit-check X X
ALIGNMENT X X X
Rehearsal
Performance X X
THERMAL %
Thermal balance/Thermal
vacuum/Solar simulation
ELECTRICAL
EMC/C X (d) (X)X
EMC/R X X
Autocompatibility X (X)
ESD X
Functional X X X X X X)X
Performance X X X A X (X)X
COMPATIBILITY
Onboard software X X X X
Ground segment X X

(X) During thermal-batance/Thermal-vacuum test

(d) Delta test if necessary
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Table 4. The SOHO experiment development options

Modet Unit test Spacecraft system test Achieved
Concept (a) QM Qualification Not delivered Design qualification
or flight spare
SM Physical properties Mechanical verification Spacecraft structure
qualification
EM Electrical EMC Electrical EMC Spacecraft electrical EMC
verification verification qualification
FM Flight acceptance System protoflight Spacecraft system
qualification/acceptance
Concept (b) SM Mechanical development/ Mechanical verification Spacecraft structure
pre-gualification qualification
EM Electrical/EMC development Electrical EMC verification Spacecraft electrical EMC
pre-qualification verification
PFM Protoflight qualification System protofiight Spacecraft system

100

and tested at qualification level and
duration. This option was preferred since it
would provide early confidence in the flight
units to undertake a successful and less
stressful acceptance-test programme

Option (by):

To split the units’ qualification among
separate models (SM, EM, PFM) by
subjecting them to specific and comple-
mentary mechanical, electrical and thermal
tests.

This option required the flight-modell
units to be subjected to protoflight testing,
with completion of their qualification as part
of the overall spacecraft system testing

The resulting test matrix covered the following

disciplines:

— Electrical functional verification, including
electrical interfacing, functional checks and
electromagnetic performance verification,

— Structural and mechanical verification by
analysis and by testing, including gquasi-
static, sine, random and acoustic load
checks validating the experiment structural
analytical models also
Mechanisms were considered as structural
elements as far as strength and stiffness
tests were concerned. Their design was
verified along similar lines to those
applicable to other structures. The life test
was a mandatory requirement for all
mechanisms, applying a factor 4 to the
pedicted service lifetime

— Thermal verification by analysis was
required, using () a detailed thermal
mathematical model (up to 300 modes) of

qualification/acceptance

the experiment units to verify accurately
compliance of the thermal performances
with the thermal predictions, and (i) a
simplified thermal model derived from the
above to analyse the spacecraft interface
and compatibility performances.

— Thermal verification by testing (thermal-
vacuum & thermal-balance) was required
to: (i) demonstrate the ability of the units to
operate nominally under vacuum and
temperature conditions more severe than
the maximum and minimum temperatures
predicted during the mission phases; and
(i) correlate the experiment thermal analy-
tical models and evaluate the thermal
design under both steady-state and
transient conditions.

Based on the excellent results obtained during
the system test campaign, the test and
analytical programme described above can be
deemed to have been adequate and very
successful

The experiment design verification and
qualification process was generally achieved
within  the cost and schedule envelopes
defined and without compromising the system
performances or disclosing design weak-
nesses at a late stage which could have
endangered programme continuity.

Adequate design margins were also
confirmed, further enhancing confidence in
the ability of the SOHO payload to meet
the scientific objectives laid down for this
demanding mission to the Sun. L g
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The Cleanliness Aspects of the SOHO

Satellite

R. Thomas

SOHO Project Division, ESA Directorate for Scientific Programmes,

ESTEC, Noordwijk, The Netherlands

As with all satellites, exireme care had to be
taken to limit the effects of both particulate
and molecular contamination on SOHO's
instruments. An additional complication in
SOHOQO’s case was that the twelve instruments
were supplied by separate institutes as ‘free
issue’ to ESA and its Contractors, making the
cleanliness responsibilities rather diffuse. Some
of the sensors are relatively insensitive to
contamination, but some would be seriously
affected by particles settling on optical sur-
faces and others by condensible molecular
deposits. Some sensors have cold detectors for
optimum noise reduction and so would be
highly sensitive to organic contamination

The range of wavelengths of interest with
SOHO extends from 11 to 950 nm, with signal
levels of up to ‘one Sun’ In SOHO'’s nominal
Sun-staring mode of operation, any organic
material deposited on cold windows or mirrors
would stand a high chance of photo-poly-
merisation, which would adversely affect their
transmission or reflectance.

The first precautionary step taken by the
Project was to obtain ‘cleanliness budgets’
from each of the Experimenters and to
consolidate these as an overall budget for the
spacecraft. For this it was necessary to
calculate the potential impacts on each
instrument of contamination emanating from
all of the instruments and the spacecraft
hardware, both during ground integration and
test activities (including contributions from
clean rooms, environmental test facilities and
launch preparations) and during flight.

One main design solution for the instruments
was to incorporate continuous gaseous
nitrogen purging at low rates for the critical
sensor volumes. This led to an onboard
distribution system fed from a ‘purge cart’
during the ground testing, and via a special
connector to the launcher until lift-off. The
quasi-sealed nature of the instrument sensor
boxes, isolation of optics from electronics, and

the use of the gas purging virtually precluded
the risk of the sensor optics and detectors
being contaminated from external sources.

To comply with the overall cleanliness budget, it
was decided to space-condition (vacuum-
bake) certain hardware. This included the
Payload Module structure, harness, Multi-Layer
Insulation (MLI) and the Optical Surface
Reflector (OSR) panels (due to 2 m” of OSRs
being mounted very close to the aperture
plane of most instruments and the use of
silicone adhesives for OSR fixation). The
instrument  providers were required 1o
space-condition their MLl and external
harnesses, but not their internal hardware,
although those with critical cleanliness
requirements did choose to bake much of this.

The more critical sensor boxes were
assembled under high-quality clean-room
conditions (class 100 clean benches or class
1000 rooms; see accompanying panel), butitis
impractical to integrate and especially test
spacecraft of SOHO’s size in such conditions
Most of the spacecratft integration was done in
clean rooms of class 10000 or better, partly
under class 100 downdraft clean units. Such a
unit was used at Intespace in Toulouse (F) in
preparing for the environmental tests, and was
supplemented by the use of a low outgassing
plastic cover suspended from a crane for
acoustic and vibration test exposures, and for
final preparation for entry into the thermal-
vacuum chamber. Instrument doors were only
opened under clean conditions.

Additional precautions were taken for the
thermal-vacuum testing. The chamber was
baked at 100°C prior to the test, using Quartz
Crystal Monitors (QCMs) to measure the
outgassing rates and to help identify the main
materials deposited. The pumpdown was
partly conducted with instrument purging and
the shroud temperatures, Sun (simulated)
intensity and OSR panel onboard heating were
coordinated in pumpdown and recovery with
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Figure 1. SOHO being
prepared for acoustic
testing, with the
anti-particle protective
bag partly deployed over
the spacecraft

Clean Rooms

Dust particles are ever present; just look across a narrow beam of sunlight in your house and
you will see hundreds, dancing in the convection currents. These are still present in the
‘clean rooms' in which spacecraft are tested, but in much lower concentrations. The quality
of the air in these rooms is specified in terms of the number of particles of 0.5 microns or
larger occurring per cubic foot {class 100 has about 3.5 particles per litre of air). The fact that
you see particles dancing means that many are large but of such low density that they do not
settle. Clean rooms therefore use a relatively high laminar air flow to entrain and sweep such
particles into filters.

For spacecraft, the number of particles falling onto and remaining on critical surfaces is
much more important than the number per unit volume. Hence sensors that allow this
‘fallout’ to be counted have been used on SOHO. Fallout is promoted by turbulence (even
caused by the spacecratt itself) in otherwise laminar air flow, and by the presence of particle
generators (such as people!) situated upstream of sensitive hardware. People working in
clean rooms therefore need to follow strict disciplines and to wear appropriate clothing
(releasing very little ‘lint’). For class-100 clean rooms, full ‘bunny suits’ are needed, with just
the eyes exposed. Class 1000 is compatible with faces being exposed (but beards covered),
while class 100 000 allows clean coats and overshoes.

the objective of keeping the OSR panel and the
front surfaces of the sensors warmer than the
shrouds at all times. For most of the test
duration, the shrouds were at very low
temperatures (e.g. —190°C), so that space-
craft contamination was only likely to occur
during recovery; this was modified from the
usual sequence by ensuring that the shroud
temperatures did not exceed —75°C until the
pressure was greater than 1 millibar, with the
objective of limiting migration of contaminants
deposited on the shrouds at —180°C to the
spacecraft's exterior during this phase. This
extended the test by 12 hours but, as
expected, subsequent witness-plate examina-
tion showed negligible deposits on the OSR
panel and other external surfaces. Instrument
doors were closed during pumpdown and
recovery and so the internal optics are very
unlikely to have been contaminated by the
chamber or spacecraft outgassing.

Many of the planned launch-preparation
activities (about to start at the time of writing)
will take place in a clean-air tent in a room
already offering better than class-10000
particulate control. During fuelling and other
work necessarily conducted outside this tent,
an overhead cover will protect the spacecraft
from falling — i.e relatively dense — particles,
and the fairing will be cleaned to an equivalent
standard. For the final 18 calendar days until
launch, SOHO will be under the Atlas
launcher’s fairing, which will be conditioned
with  class-5000 air, and the instrument
purge will be maintained throughout. A few
sensors will be exposed to this environment,
the ‘red-tag covers’ having been removed
at encapsulation. These units have been



Organic Cleanliness

If you buy a new car, look at the light scattered by the ‘fogged’ interior surface of its
windscreen in low-angle winter sunshine. This fogging results from a heavy deposit of
plasticisers, emitted by the car’s new carpets and seat covers, etc. This is the plastic age, and
spacecraft too use many different plastics, many of which contain volatile materials to provide
added flexibility, discharge static, and serve as lubricants in sheet or roll form.

Volatility is increased in vacuum, and as temperature increases significant quantities of such
organics can form a local cloud around a spacecraft. If a critical surface such as a lens,
mirror or detector happens to be colder than the emitter, then it is possible for the volatile
components to condense onto that surface and cause filtered obscuration, light scattering
and loss of detector performance.

Other organic contaminants that may be present include unreacted potting agents, solvents,
oils from lubricants and from human skin, and silicones used as parting agents. Sunlight
falling on organically contaminated surfaces can cause chemical reactions, often stabilising
and darkening them to form a brown tarry substance and destroying the critical optical
properties required by experimenters.

Deposition rates in vacuum can be measured using Quartz Crystal Monitors (QCMSs),
especially if the crystal temperature can be cooled below that likely to apply to sensitive
surfaces. As a rule of thumb, a temperature difference of 60°C corresponds to two orders of
magnitude difference in acquisition rates, so that a test lasting 100 h can indicate the effect of
a year's space exposure. For those materials found to have high contaminant potential,
vacuum-baking can remove the majority of the more loosely bound molecules before
integration into critical assemblies.

Apart from QCMs, so-called ‘witness plates’ may be used to accumulate organics in clean
rooms, and infrared spectroscopy can be used to quantify, and possibly identify the nature of
the deposits and hence pinpoint the sources.

soho cleanliness aspects

determined by the Principal Investigators to be
insensitive to the expected deposits.

In the first days after launch, instrument doors
may be ‘cracked’ open to speed outgassing
without admitting sunlight, but full opening is
not recommended during the first month, to
minimise the risks of in-flight contamination
before reaching halo orbit four months after
lift-off

tn the light of all of the above precautions, it is
believed that the risk of any instruments being
contaminated from either the spacecraft or
the other instruments is extremely low, and
that SOHO should not experience the
rapid degradation seen on many previous
Sun-staring missions ¢

Figure 2. View of the upper face of the SOHO Payload Module prior to thermal-
balance/thermal-vacuum testing, showing mainly particle sensors on the right and
the OSRs of the Sun shield pierced by the apertures for the Sun sensors
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and Operations
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Mission overview

The primary purpose of the SOHO mission is
to investigate the Sun by focusing upon its
solar wind, seismology, and coronal dynamics.
Using SOHO’s complement of twelve scientific
instruments, particular emphasis will be placed
upon:

— probing the interior structure of the Sun

— characterising the strong and weak mag-
netic-field regions in the Sun’s chromo-
sphere and corona

— Investigating the outflow of solar plasma
and detailing the origin of the solar wind.

These scientific investigations will be con-
ducted with the SOHO spacecraft operating in
a halo orbit about the L1 Lagrangian point
while maintaining a fixed, three-axis stabilised
Sun-pointing attitude.

Operations overview

The SOHO Ground Data System (GDS) has
been designed and implemented to accom-
modate the following key operational features:

— Mission Phases Supported
Launch and Early Orbit Phase
Transfer Trajectory Phase
Halo Orbit Phase.

— Mission Modes Supported
Nominal Support
Critical Support
Normal Science (12 h/day for
10 months)
Continuous Science (24 h/day for
2 months)

— Planning and Scheduling

— Spacecraft Commanding
Immediate Commands

Time-Tag Commands
Near-Real-Time Commands

— Telemetry Data Collection
Real-time
Playback
Spacecraft Transition Modes

— Telemetry Data Processing and Distribution.

The SOHO Ground Data System (GDS)
The primary responsibility of the SOHO GDS is
to support the SOHO mission flight operations
from launch through end-of-mission in the
following functional areas:

a. Space/Ground Interface: provides tele-
communications support with the space-
craft.

b. Data Transport: provides communications
support throughout the entire SOHO GDS

¢. Command and Control: provides mission
operations, flight dynamics, and spacecraft
commanding support.

d. Data Capture, Processing, and Distribution:
provides scientific data support and distri-
bution.

e. Test and Training: provides GDS perfor-
mance verification and operator training.

The principal elements of the ground system
are illustrated in Figure 1 and discussed in the
following paragraphs.

The ISTP Programme will provide a Flight
Operations Team (FOT) to conduct and
coordinate the Control Centre operations. The
FOT will be responsible for:

— health and safety of the instruments

— evaluation of spacecraft performance

— coordination of ground-station scheduling
— commanding of the spacecraft

— monitoring of scientific operations.
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The GDS elements

Jet Propulsion Laboratory (JPL)/Deep-Space
Network (DSN)

The DSN will provide primary SOHO telemetry,
command, and tracking support during routine
science operations (10 months per year) and
continuous science operations (2 months per
year continuous contact). The DSN will support
SOHO operations utilising existing ground-
station facilities at Madrid (E), Canberra (Aus)
and Goldstone (Calif., USA). JPL (located
in Pasadena, Calif.) will provide DSN inter-
face coordination, central communications,
scheduling, and facilities management. Figure
2 gives an overview of the DSN, JPL and GSFC
interfaces
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The JPL/DSN will support the SOHO space-
craft telemetry data in both real-time and
tape-recorder-playback modes. JPL/DSN tele-
metry processing is limited to convolutional
coding removal, error correction, packaging,
time-tagging, and transmission to other
elements in the SOHO GDS

Radiometric tracking data will typically be
collected simultaneously with telemetry data
and forwarded to the Flight Dynamics Facility in
real time.

JPL/DSN will support command o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>