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european space agency

The European Space Agency was formed out of, and
took over the rghts and obigatons of, the two eafler
E-roocan Space O'gan \atro-s l1e I uropean Space
Research Organtsaton (ESFO) and the European
Organisation for the Development and Constructon of
Space Vehice Launchers (ELDO) The l\,4ember States
are Austria, Belgium Denmark France, Germany,
lreland italy, Netherlands, Norway, Spa n, Sweden,
Swrtzerand and the Unted Kngdom Finand rs an
Associate lvlember of the Agency Canada is a
Cooperat ng State

In the words of the Convention: The purpose of the
Agency shall be to provide for and to promote, for
exc usrvely peaceful purposes, co operat on among
European States in space research and techno ogy and
their space applicat ons, w th a view to their being used
for scientrfrc purposes and for operattona space
app catons systems

(a) by e aborating and rmplementing a long term
European space po1 cy, by recommend ng space
oblectrves to the l\lember States, and by concerting
'he oolic e: of t^e l\,4e.r.rber Stdlps \4 lf rs5ps61 16

other natrona and International organisatons and
i nstitutions;

(b) by elaborat ng and mpler"enti^g acilvtttes ano
programmes In the space field,

(c) by co ordinat ng the European space programme
and natrona programmes, and by ntegrating the
atter progressively and as complete y as poss b1e

nto the European space programme In part cular as
regards the development of applrcat ons satellites;

(d) by elaborat ng and tmplementing the rndustrial
pol cy appropnale to ts programme and by
recommendng a coherent lndustra poltcy to the
[,4ember States

The Agency s directed by a Counci composed of
representatves of Member States The D rector General
is the ch ef executrve of the Agency and tts egai
represen tatrve

The ESA HEADOUARTERS are n Paris

The malor establ shments of ESA are

THE EUROPEAN SPACE FESEARCH AND
TECf NOLOGY CENTRE (ESTEC) Noordwrlk,
Netfre rla nds

THE EUROPEAN SPACE OPEBATIONS CENTRF
(ESOC), Darmstadt, Germany

ESRIN, Frascatr lla y

Charrman of thc Counctl PG W nlers

D fector Genera J [,4 Luton

agence spatiale europ6enne

I Aqence Spat alc futopeenne es/ /ssue der deul
Organisations spatiales europeennes qui I'ont precedee

- I Orqan$allan eutapeennc de tecnetches \patalcs
(CETCS) et l'Organsation europdenne pour la mise au
pont et la construction de lanceurs d engtns spatEUX
(CECLES) dont elle a repris les dratts et obleations
Les Etats membres en sont: l'Allemagne l'Autnche, la

Belgique, le Danematk, I'Espagne, la France, l'lrlande,
l'ltalie, la Norvege, /es Pays Bas, le Royauffte.Uni, la
Suede el /a Su/sse La Finlande est membre associd de
I'Agence Le Canada benefrcie d'un statut d'Etat
coaperant

Se/on /es termes de la CanventDn: l'Agence a pour
mission d'assurer et de developper, a des hns
exclusivemenI pacifiques, la coop6rat]on entre Etats
europeens dans /es domaines de la recherche et de la

technoloqle spdl/a/es e/ de /eurs appltcattons spal'ales
en vue de leur ultlBdlton ) des ltns scenltleues et poul
des sysldmes spalau/ aperatonnels d apptcslon5;

(a) en elaborant et en mettant en oeuvre une polttque
spattale europdenne d long [erme, en
tecommanddnl au\ Llat> mpmbrcs des obiecllls en
matierc spatialc ct en concelant /es porrlques des
Etats membres e l'egard d'autres organsatons el
tnstttuttons natooales e[ internatianales:

(b) en 
'laborant 

et en mettant en oeuvre des acttvttds et
des programmes dans le domaine spattal;

(c) en coardonnant le programme spatnl europeen et
les programmes natianaux, et en tnrcgrant ces
derners pr69lg5sivemenl e/ duss/ Completemenl
que poss/O/e dans le programme spatal europeen
notamment en ce qut concerne le developpement
de sate//ltes d' a pp I tcatons

(d) en elaborant et en metlant en oeuvre la pohttque
industrielle appropriee a son programme et en
recommandan[ aux Etats membres une paliteue
industrelle cahdrente

L'Agence est dtrigee par un Cansetl, composd de
reprdsentants des Elats membres Le Directeut general
esl le fondianqaue e^ecuttl supeteur da lAqerce et la

reptesenrc dans lous ses dcles

Le S/EGE de I'Agence est e Parls
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SPACEFLIGHT DATA RECORDER

Producl Spotllght
Model: FDR-8500C

Copocity: 5 Gigobytes (uncompressed)

Dole Rote:

Weight:
Power:
Size:

lnterfoce:

l0 Gigobyfes (2:l compression)
250 Gigobytes (50: l compression)
l0 Mbit/s per chonnel (bursi)
4 to 12 Mbit/s tolol (susfoined)
l6lbs (7.3 ks)
l8 Wotts @ 28VDC
I1.8"x9"x6"
(300mm x229mm x l52mm)
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
technologr, 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:I,
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 a-re 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"x9"
(300mm x 229mml, with a height of 6u
(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 28Y. 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
I2OO 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. TEL6171275-2242 FAx6171275-3470



Giaing y ou the keys to a total tystem.

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.

\7ith 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 Aerospatiale understands

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. AEROSPATIALE
ESPACE & DEFENSEACHIEVEN,IENT HAS N A NI E.



Design small. Think big.
In our field, requirements are almost inftnite but

space 0n board is finite. Integrating more functions in
that space is our way of thinking big.

The space industry demands absolute integrity,
from liftoff to end-of-life. Sextant Avionique's Space

Division calls on over 25 years of experience to meet
these exacting requirements. From design to integra-
tion of space-qualified equipment, we ofTer a compre-
hensive range of services to meet your exact needs.

Sextant Avionique has already r qr Concentrating know-how into a ftnite
equipped some 50 launchers and 70 N I innerspaceisourwayofhelpingyoumeet
satellites-atotalof overS00compo- o N r e u e theinfinitedemandsofouterspace,

Space Dilision
2l-r,rucJulesVddrines 26027\ralenceCedex-fran<:e Tclcphone(t3) 7579ft511 TetexSXT3'1;U07F'F'ax(ll:l) 7579fi660

nents and subsystems that operators can rely on

throughout mission life.
Thanks to our acknowledged expertise, advanced

technology and in-depth synergy between aeronauti-
cal and space operations, Sextant Avionique is a key
partner in some of the biggest space programs of this
decade, including Ariane 4 and 5, Hermes, Columbus,
Spot, ERS, Helios, N{eteosat, Topex-Poseidon, IS0,
Eutelsat II and Telecom 2.
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Fiber Opticol Buses, etc).
- On Boord Rodiofrequency equipments

(TTC tronsponders, filters, multiplexers, etc).
- Communicotion systems (Design, User

Stotions, Control stotions, etc).

ALCATEL ESPACIO'S orgonizotion guo-
rontees the quolity, devoted to deliver the pro-
duct on time ond fulfilling the ogreed requi-
rements.

AtCAfEt ESPACIO: Quqlity in lime.
ALCATEL ESPACIO is engoged in the

design, development ond monufocturing of spoce

communicotion equipments ond systems, providing
front - line technology used in sotellite poyloods
ond olso in ground control stotions.
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ond products ore:

- On Boqrd Oigitol Electronics. (On Boord
Processing, Doto Acquisition, Video Processing,

ESPACIO
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small satellite missions

Small Satellite Missions in the Context of the
ESA Scientific Programme

D.C. Dale & G.P. Whitcomb
Scientific Projects Department, ESA Directorate for Scientific Programmes, ESTEC,

Noordwiik. The Netherlands

Introduction
During the early phases of the space age.

satellites tended to be small, being limited by

both the available technology and launch

capability. As the technology improved and as

launchers became more oowerful, the size of

the pay'oads naturally grew apace In the

expanding economies of the time, there was

a public desire to explore the new environ-
ment, and a feeling that space activities
were at the cutting edge of engineering and

scientific development Funds were therefore
made avarlable to support the growth. The

much-changed environment of today - an

austere funding climate - is now encouraging
a strong user interest in cheaper and more

f requent missions, an interest that is forcing
the established space agencies to rethink their
approach to spacecraft procurement and mission

desrg n.

The merits of Small Satellite missions have been assessed by the
Agency's Scientific Proiects Department looking, specifically from
the science viewpoint, at means for implementing such missions in the
complex environment within which multi-national agencies such as ESA

must operate.

The ESA Science Programme has a strong
interaction with the scientific community and is

well aware of the latter's wishes Consequently,

the Agency has expended considerable effort in
recent years on exploring several options for

small scientific satellite missions, but so far

without reaching any definite conclusions as to
how to implement such missrons in the context of

the ESA scientific programme.

Historical background
The first relevant mention of small missions was

associated with the approval of the Space
Science:Horizon 2000 strategic plan for

European space science, in 1985. Within this
plan, a small-mission programme was foreseen in

addition to the use of the Space Station and the

European Retrievable Carrier 'Eureca' As a

consequence, consideration was given to the

oossible orocurement of ESA's Cluster-mission

spacecraft using similar procurement rules to
those employed for the AMPTE mission. lt was

concluded at that time, however, that the changes
nccded tn annlv a similar 'small satellite"vv'J

approach to Cluster were too wide-ranging and

so different from current practice that they were

unlikely to be approved by the ESA funding

authorities in time for that mission The Cluster
project has therefore proceeded along more

classical lines

Nevertheless the Agency, ever mindful of the

need to increase the f requency of mission

opportunities, continued to seek, in accord-

ance with the planned objectives of the Horizon

2000 plan, means of introducing smaller, cheaper

missions into its programme A special users

group was set up within the Science Directorate

to identify means of increasing the number of

flight opportunities and to foster interest in and

develop an approach by which small missions

and individual payloads could be flown at low

cost At that time, flight opportunities on Space

Station/Columbus and Eureca were being given

high priority. as well as potential small
'self-contained' missions.

In 1990, the Pinkau Committee, which had

been conducting a policy review of the ESA

Science Directorate, confirmed that small

missions should be included in the ESA

programme with the promise that 10 MAU of

savings would be freed for that purpose One

idea was that lVlember States could procure

missions under the overall management of the

Agency, but without the normal constraints such
,i+^hl^ 

^aaa:anhinal 
r^+,,/^ 

^hd5 dll uLlulLdulu 9uuvldPlllu4l lYtull I urr orl

individual-mission basis

Later that year. therefore. the Agency issued a

'Call for ldeas' for small missions in an attempt to

assess the potential interest Some 52 proposals

were received and evaluated by the ESA advisory
groups. From this menu, two missions were

selected for further study by way of being
good typical examples of small missions in
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two different areas of science:

- SOLID a mission to measure solar oblate-
ness, irradiance periodrc ties and diameter
variations, and
CUBE. a rrssion [o sr,rvey tne cosmic ultra-
v olet background

Tie aim of Lhe sTJdy was Lo explore technrcal
feasibilty, to verify the scientfic return, and to
^^-^^^ +h^ ^^+^^+ ^l ^^^+q))Y)) u s iJUrulrt dr uu>t

The response to the Cal for ldeas and the
result ng study of the SOLID and CU BE

examples showed that there were some
genuine, scientifically just fiable, sma I m ssion
ideas seek,rg a alrch opoorl.lnity (Table 1).

and so in lVarch 1992 a Workshop was organ sed
to explore the possibilit es further.

From the study, and also from the conclusions of
the Workshop, however, it emerged that there
were a number of fundamental technical,
manageria and pol,cy sublecls tiar had to oe

addressed before such a programme of mrssions
corlo be conside'ed fo. practical implemental of

They 'nsllrssd t1e need lor a European srral
launcher, the constrained ndustria procurement
nnl nrr annliad nrr ina FQA N/lomhar qt.rae /fhoeLqrer \rrru

'ocnnranh cal ,olt rrn t 4pl the leeo fOf a mOfe

flexib e personnel policy within the lVember
States, ESA, and Industr,

All of this led ESA to the conclusion that the
setting up of a s'na,l-'niss,on p.ogramme woulo
ho : lpnnthrr nrnapaa nree lr.d nfl 2n\/ ahnrl-ltrrm,v.,,J Y

sta't to such a programme Nevertl'e ess. ir
recognition of the commun ty interest, it was
nronnqerl that FSA rvn lll gg1[ nUe tO COnS,der

small-satellite programmes wthin the Member
States and would pursue small-mission
opportunities with the lVember States on a

case-by case basis In additior-. the Agency
ine lrrrjeel : cnoe iI a rpnrpat fnr cmatl-mrccinn

proposas in ts November 1992 'Call for Mission
Proposals'

Althorgh some 13 sna l-m ssion proposa s had
been received for consideration by Apri 1993,
...l \r,^r^ ^.r^f, t,/ n,rrt l2fpl hrr hnrh rho trQAo ru vvgrv udrEru ry uvatJqrvu vy uu-t | -t c LJn
Sn cnne \A/nrk nn Grnrrnc 2nn tho FQA QnacovrvvvJ

rnhta 1 
- 

f)ac,nn .h,r.^teristtcs of the proDosed soLlD and cuBE missions

Parameter SOLID CUBE

Mission type

Object ves

Payioad

Orbit

LAUNCN MASS

Payload mass

n maneinne l anflth

Diameter

Power

Data rate

qne.a^rr{t t\/no

/? ,1oc anlnnar ai^ \

Launch vehicie

Other features

Solar Physics

To measure soiar ob ateness; the ratio

of radrus vanations; periodicities

in so ar rrradiance and so ar diameter
variat ons

Solar Diameter Sensor (SDS)

So ar lrradiance Measurement (SlM)

7OO km Sun synchronous

140 kg

40 kg

18m
l lm

O I m2 array, 80 W (BOL), 65 W (EOL)

1 O kb/s on board, 500 Mb onboard
memory 1 7 Mb/s downlink (max)

3 axes, 2 arc-min LOS pointing, 0 5 deg
n roll Cold gas jet, reaction control

subsystem

Pegasus

Uses instrument as primary

attitude sensor

Astronomy

A s r.\/tr\/ n[ 1trtr ansmie il tr2VlOlel

backg rou nd

Long slit imaging spectrograph
1 200 1 8O0A

Broadband 2' camera 1 350-1 90OA

700 km circular equatorial

186 kg

s0 kg

15m
136m

2m2 array,2OO W (BOL), 140 W (EOL)

26 kb/s onboard, 260 kb/s calibration

mode, 1 7 Mb/s downlink (max)

3-axes, slow scanning and pointing

modes oI operalon Co d gas jet,

reaction control subsystem

Pegasus

Orbit tracking to <10 km, Experiment

operation during eclipse only
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Science Advisory Committee, none were recom-

mended for f urther study

Current developments
Today, the term 'small satellite' means different

things to different people and, depending on

whom you ask, can range from the extremely

simple to the relatively complex lf the individual

scientist is asked to propose a small mission,

many replies will be received lf, however, a group

of scientists is asked, a discussion is started on

the relative merits of small satellites, but without

having a proper definition of what truly constitutes
a small-satellite mission

Having asked the individual (via a Call for

Proposals) and having asked the group (via the

ESA Advisory Bodies), the Agency now finds itself

in the middle of such a discussion and faced with

the questions:

How do we define small?

What should a small-mission programme

contain?
How would it be implemented?

In order to answer them, the ESA Science
Directorate is presently making a wide-ranging

study of the issues involved - both scientific and

organisational (see panels on following pages) -
with a view to developing a Directorate policy

towards the procurement of small satellites for, or

by, the European scientific community This study,

which will eventually embrace a wide

cross-section of the Eu ropean scientif ic

community, is being carried out in three distinct
phases, as shown in Figure 1 ,

The first phase of activity has now been

completed During this phase. several meetings

have taken place within ESA, each concentrating

on a oarticular tooic:

Definition of 'small satellites'

The sounding-rocket experience
Experiment selection
Review of procurement approach
I errnnhar nn+inna

The legal framework
Small-satellite operations

The initial findings can be summarised as

follows:

Definition of 'small satellites'
This topic has proved to be the most elusive in

that, despite all the studies made in the Executive

and elsewhere, and the plethora of opinions

expressed, there is still no universally accepted

definition of what constitutes a 'small satellite'

Some authors use mass, others cost and short

development times, while still others use relative

complexity The conclusion of the group is that

the best criterion for defining a small mission is

cost, from which all other parameters may be

inferred.

As a reference for discussion, a total mission

cost of about half a medium-mission budget, t e

less than 160 MAU has been assumed as the

small-satellite threshold, Other, lower, financial

thresholds could also be considered One such

set of parameters derived using this approach is

shown in Table 2. lt is consistent with the currenl

definition of a small science mtsston, Figure 1

Task Name
1

;;fCn,lu,Inp, Iv"yIrun

4 995
rug iep )ct NOV Dec Jan Feb IV aT Apr lvlay

lnitial Phase

T

T
I
I

Set up Working Group T
I

I
I

T

T

ldentifv science user characteristics
ldentify normal implementation requirements
ldentify possible implementation options
Evaluate ootions and establish feasibilitv
ldentify key items for change
Preoare items for external discussion
Interim Report to SPC

Discussion Phase
Discuss with External Bodies I

IReview and iterate

Concludinq Phase t
IFormulate ESA Proposals

Prepare SPC paper
Present to SPC
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Science-Related lssues

ESA has a wide customer base - the
scientific community - which needs to be
supported. How can a small-mission
programme help in this respect?

The main argument is that a small-mission
programme should be used to enhance the
total programme. However, it is not obvious
that a small-mission programme will satisfy
more of the ESA community. With a small
mlss/on every two to five years, only a few
additional Principal lnvestigators (Pls) will have
a flight opportunity

Related questions are:

- Would lhe scienlists not selected continue
to support the programme?

- Would the science be complementary to
the main programme's science, replace it,
or simply a'nice to have' adjunct?

ln the latter case, can the diversion of the
funds be justified as, due to the fixed level of
funding available, the main programme of
actrvity would be delayed [o accommodate the
s m al I - m issi o n f u nd i n g?

The answers lo these questions need careful
assessmenl by the community, so that there is
a full understanding of what sma// misslons
mean and so that the benefits and the
drawbacks are understood and acceoted bv
all interested parties

How many small missions can reasonably be
expected over say a ten-year period?

It has been suggesled, without confirmation,
that funding to a level of about 25 MAU per
year could be appropilate Assumrng this,
probably between two and five small mrssions
could be flown over a ten-year period, in
addition to the normal serles of Cornerstones
and medium-size missions in Hoilzon 2000.

What is the scientific merit of one 'ten-Pl
mission' costing 500 MAU, as opposed to
ten 'one-Pl missions'costing 50 MAU each?

One answer could be that it provides greater
diversity and more opportunities within a given
field of science. By working together to satisfy
a set of common rnission objectives, the
contributions of the individual Pls should be
greater than the sum of their individual efforts
Good examples of such cooperation are
ESA's Soho and Cluster rnrssions, which
accommodale some 21 Pls in a coordinated
programme of activity. Ihese P/s were chosen
with complementarity rn mind. lf the individual
payloads were to be flown as individual 'small'
misslons, il is mosf unlikely that all of the
elements would fly in the same time period,
with a consequent /oss rn overall scientific
return

While this is a rather specific example, and
recognising that a small-satellite programme
could be structured to give coordinated
science resu/ls, it nevertheless seryes to high-
light the need to ensure that the limited
funds that may be available for small mrssions
are used effectivelv The chosen mr'sslons
must enhance the overall science return and
provide opportunities at the rndividual level
that are at least as good as lhose presently
provided by the larger mrssions

How would missions be selected?

There are several options that need to be
studied One of lhese /'s that a complete
programme of mrssions could be selected
This would allow coordinated science with
maximum commonality of hardware and test
facilities within a well-defined programme of
actrvrty. An argument against such a block
selection is that it would in effect become a

single mission with limited flexibility to adapt to
n ew scie ntif ic req u i re m e nts.

An alternative approach could be to fix the
spacecraft design at the start and to offer Pls
fixed accommodation and resources. Then,
some flexibility may be possib/e in thal the
experiments could be se/ected during the
programme and not all at the start. An
advantage of this approach would be that all
spacecraft hardware would be identical.
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Organisational lssues

The procurement of small satellites by ESA

is not a technical issue, but one of
organisation and management.

There is no doubt that Europe has the
knowledge and expertise to procure small
sate//ites - given the mandate and appro-
priate tools to do so. The experience gained
during the sounding-rocket programme of the
/ate sxties rs sti/ relevant, the key rssues

being small co-located teams, simple build
procedures, use of standard kits of parts, and
access to a cheap and reliable launcher

To implement a small-satelilte programme,
many changes to current practice would be
needed to approach the sounding-rocket
philosophy. These changes would requtre the

attention and approval of the ESA Council to
ensure compliance with European policy.
Careful preparation is needed to ensure
thet fhc nronosed r hannec Arc inricerl
appropriate The present study will specifically
challenge established practice to prepare for
eventual discusslon at Council level.

ESA is a multi-national organisation which
must be impartial when dealing with
national/i ndustrial authorities.

Being impartial implies that well-established
procedures are instituted. Such procedures
may not be appropriate to small-satelilte
nronrammc.q as lhev ere nresentlv oearerl
tnruarrl< thc larac-c..ale nror'.r trcmcnf fhat

have, untl now, been the dominant element
in European space activity The question that
anses ls; To what extent must the procedures
be changed to faciiltate the tmplementation of
sma// mrssions, but at the same trme retarn
impartiality?

Having answered that. the next questron rs:

Does the working environment need to be
changed to allow for small missions, and if

so what elements should be changed and
by how much?

Changes may be wide-ranging and
fundamental, includtng new working
practices, new mission-selection procedures,
and a new approach to the management
of industrial contractors, all of which would
require careful consideration before tmple-
mentation

Which launchers will be available to ESA?

Ihls rs presently an open question. Many
free-market opttons are avatlable, or are

expected to be avarlable in the near-term.
Whether or not /ree access to this market
will be allowed for European smalLsatellite
rnissions is a potnt for discussion at national
level, taking into account the existing launch
capabiilty and potential new European
developments

How would small satellites be operated?

The questions here are

- To what extent is the existing mission-

operations infrastructure suitable for small'
cntallila nnarntinn<?

- Can it be adapted easily?

- Would it not be better to leave the

operations to the science community? lf
so, could they cope with the increased
responsibility thal thrs would imply?

Finally, a commonly heard remark is that

'ESA Member States should be left to carry
out small missions on a national basis, as
they are better equlpped to deal with their
own community and are not so constrained
by industrial policy as ESA'.

This might be true for the larger nations, but
the smaller natrons may not have the
infrastructure needed to design, build and
launch a small mrssion, For them, ESA could
perhaps provrde access to flight opportunities
for individualscientrsts tn the smaller countries
either through an ESA programme or by
acting as a 'go-between' for nattonal
programmes

11
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Table 2 - Small scrence satellite characteristics

Cost

Mass

Orblt

Lau ncner

Payload instruments

Spacecraft subsystems

Software

Procurement

Management

Schedule

<1 60 MAU in total

<<1 000 kg

I cn ^^,,^+^,i^t ^. ^^r^"LLV 99UArUr rOr Ur PUrdl

Pegasus/Tau rus/LLV class

Use of existing technology

- Standard with minimum development during project
I imiiod rodrrndannrr

- Modular design and constructjon

- Commonality of modules from project to project

Common for oevelopmentand operations as far as
possible; the EGSE software could be the basis for the
operations software, or vice versa

Single contractor with a minimum of industrial structure,
or ESA in-house

Project manager has control of all funding (including
Pl funds)

- Integrated team, including Pl's, co-located or ESA
delegation of project to National Authorities or other
parties

- Reduced formal paperwork (specifications, PA/QA)
Reduced model philosophy

- Use of commercial or MIL parts

- No industrial return constraints

- Foreign purchase allowed when cost-effective

3 years from instrument selection

The sounding-rocket experience
The sounding-rocket model is a good starting
point for any discussion of small satellites in the
context of the ESA Scientific Programme as, over
the period 1968 - 1972, some 183 launches were
conducted with a 75o/o success rate The
procurement approacfr taken s summarised in

Table 3

Many of these early concepts could be applied
today to a small-satellrte programme, given Lhe

will to take the risks and Lo accept this level of
success rate lt is worth noting that, although it

was accepled initia ly that the sounding-rocket
programme was a 'high-risk' venture, failure was
treated sufficiently seriously that additional costs
were eventually incurred in an attempt to
nranlrrdo fr rir rro feilrrrocl

Experiment selection
The selection of the Pls would be simplified
It could be the case, for example, that proposals
that did not meet the technical constraints would
not be accepted ior scientific evaluation The
project team would be responsible for the initial
screening (the sounding-rocket approach)
Another constraint could be that only instruments
that used established payload technology would
be considered, to avoid deveiopment risks and
consequenl prog ramme oetays

Review of procurement approach
The current approach to procurement will
certainly need to be modified if small satellites are
to be procured by ESA To this end, some
ar rndpatinnc 2ro tn'

- reduce tl'e requirement for an equitable
industrial return

leave science operations to Pls

ensure a minimum of operations interaction
with tlre spacecraft
reduce the procurement time-cycle
guarantee a long production run (at least five
missions?)

- Dre-procLre a number of units/subsystems for
a series of missions

- accept rrsk by means of a reduced model and
testing philosopty. .educed redundancy, and
the use of MIL-standard components

The practicality of these suggestions needs
careful assessment by all interested parties.

Launcher ootions
This aspect is the most uncertain as the only
assured source of suitable small launchers so far
ls the United States, although there have been
discussions on [he possible use of Russian
vehicles launched from European launch sites ln

addition, a possible European small launcher is

under study, but it is in a very early stage of
definition Ariane is not reallv a suitable vehicle in

Table 3 - Principal Characteristrcs of the Sounding Rocket Programme

Organisat onal - Team at ESTEC with capabilty to integrate and test futl
payload system

- Rocket motors purchased from industry
Launch campaigns organiseo by ESOC

AO's issued about twice per year

- Initial payload screening made by ESTEC in-house team
Several programme options proposed to Launch
Programme Advisory Committee
SPC approval

ESTEC-held stocks of standard units

- Difficult payloads integrated in-house; otherwise industry
could bid on non-competitive basis (pre-shared on basis
of tender)

- All industry proposals evaluated by team. no
independent evaluation

- Development phase agreement to launch 6-9 months

- Very limited paperwork

- No formal configuration control

- No PA for in-house build, minimal for industry build

- No geographical distribution constraints

Industrial aspects

Key cost savers

Science Instrument
selecilon

12
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this context, as launch opportunities would be

dictated by the availability of space with the 'big

users' (shared launches); it could, however, be

considered for 'one-off' types of small mission,

using the triple-launch configuration

For the moment, therefore, the conclusion is that
launchers such as LLV Taurus and Pegasus

would be the most viable

The legal framework
Successful implementation of a technically- and
cost-effective small scientific satellite programme

would require, a priori, a critical examination
of the procedures under which the hardware
and services, including launches and ground

services, are procured Above all, a rapid

decision-making process must be ensured so

the development work is not hindered or
complicated Other elements that need to be

considered are: the access to small launchers;

ESA's role vis-a-vis that of the Member States and
Industry; and the timing and conditions of

aoDrovats

A detailed examination of the various aoolicable
texts - in particular the ESA Convention, the

terms of reference of the Agency's Science
programme Committee (SPC) and Industrial

Policy Committee (lPC), and the General Clauses

and Conditions of Contract - will have to be

made. lf necessary, changes or waivers will have

to be aoreed

Small-satel lite ooerations
The operations process f rom inception to

execution needs to be kept simple Options range
from full, but simplified, involvement of ESA's

European Space Operations Centre (ESOC), to
complete delegation of the task to the Pls The

decision as to where the boundary point lies will

be determined by the level of responsibility that
ESA has for a particular mission.

Conclusion
While the ESA Science Programme Directorate

has, as yet, no fixed policy on the practicality and
ootential for the introduction of a small-satellite
programme, there is a recognised need to reduce
the overall costs of missions, which would allow
more flight opportunities and a small-spacecraft
programme Studies are therefore continuing,
together with an exhaustive dialogue in the

coming months with all potential participants - in

the agencies, industry and institutes - to arrive

at a definitive conclusion. lf a small-satellite
programme does emerge, all well and good,

but even if it does not the European scientific
community and ESA's delegate bodies will at

least have a better idea of what can and what
cannot be done within the boundaries of the ESA

Science Programme Any necessary changes will

have been quantified and the basic data will be

available for continued reference G
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ariane-5 oualif ication tests

Status of Ariane-S Main Development
Tests

A.L. GonzalezBlazquez
Launchers Directorate, ESA, Paris

Introduction
The development programme for the Ariane-S

launcher began in 1988 and since then, the
configuration of the launcher has changed
greatly in response to the evolution of system

requirements The main configuration para-

meters are currently frozen The critical design
review has already taken place and the
qualification phase is now underway

The launcher oualification can be divided into

two parts The first part consists of the test and
analysis activities that will permit ground
qualification The second part includes the first

The Ariane-S launcher is now in the qualif ication phase of its
development programme. That phase mainly involves the testing of the
various components of the launcher. Testing is well underway. Upon the
successful completion of all tests, the launcher will be ground qualified
and ready for two demonstration flights in 1995 and 1996 that will mark
the end of the Ariane-S development and the start of the operational life
of the launcher.

Note: For background
information on Ariane-5
and the testing campaign,
see ESA Bulletins 68
(November 1991) and
69 (February 1 992)

Figure 2. Preparing for the
testing of the booster ioints

two launches, which will mark the end of the
development of the launcher and the start of the
^^^"^+i^nal nhnanuPYtoUUr ror Pr roov

The ground qualification, in turn, is made up of

qualification programmes at the different
launcher-element levels The status of the
individual programmes varies, some are nearing

completion while others are less advanced. All

however are progressing in keeping with the

general planning which foresees a first

demonstration launch at the end of 1995.

The status of the main testing activities for the

various launcher elements is summarised here

The main elements of the launcher are shown in
Figure .1 

,

Booster testing
Two large and very powerful solid boosters wlll

provide the main propulsion during the first two
minutes of Ariane-S's flight The structural
qualification of the booster involves the testing
of its casing, joints, lower skirt and forward

cone. Firing stage tests are also part of the

qualification.

Being made of steel and carrying 236 5 tonnes

of solid propellant, the booster's casing is mainly

dimensioned by the pressure achieved during
the combustion of the propellant Therefore the
most relevant tests of the casing are two
hydraulic pressure tests performed until the

casing ruptures In both tests, the safety margin
obtained has been shown to be about 1,4 times
the maximum operating pressure

The design of the booster's joints has been of
particular concern since the beginning of

developmenr because of the catastrophic
problems that the Space Shuttle 'Challenger'

encountered A testing programme using
flat-plate connections was undertaken to

optimise the design by changing the initial gaps,

missing pin, etc Pressure tests were then
performed with two full-scale cylinders and
closed domes using different load cycles under
nominal and downgraded conditions (Fig 2)

tc
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Figure 3. Test set-up for the
static test of the booster's

lower skirt (on bottom)

Figure 4. M3 booster firing
test in Kourou in June
1994, with flight-type

hardware and the booster
supported in its flight

position

Finally, the casing rupture tests mentioned above
have demonstrated the safe behaviour of the

JOrnts

Lower skirt and forward cone
The oooster's lower skrrt supports the launcher
while the launcher is waiting to be fired The
qtiffncss 2n.l slrcnntn teStS Of lne lower Skirt haVe

been con oleted, and the safety margins
obtained were found to be suitab e (Fig 3).

Work on the forward cone is not as advanced
This structure transmits thrust to the launcher
main body and provides for aerodynamic
booster shaping Combustion pressure
oscilation detected during the booster firing
tests required the late Inlroduction of a softening
device to attenuate the transmission of the
low-frequency thrust oscillation to the main

launcher body The definition of this devrce is

now being finalised, and the configuration of the
forward cone can then be frozen

Booster firings
Firing tests began using a .educed-scale

conliguration of the booster. composed of a
Iorwtard, aonmon+ r .onlrrl .^^m^^i rnA rn a{iruvrrrwr r. a uuttLtot JEgIrvt tt ot tu qt t4tL

segment The purpose was to begin testing the
booster's internal ballistics The results showed
the presence of combustion pressLre oscillation
and, as previously mentioned. a softening device
has had to be introduced in the booster to
cryogenic stage interface

The f ull-scale tests are performed with the
booster in a vertical position in a test-stand, with
the nozzle firinn nnu,nrryafd The teStS Can be
divided into two parts:

Development tesls inreroed to characterise
the operatron or lhe engine and to aolusl lhe
specifications: lie f'rst test the so-called B1

test, performed with a heavy-walled casrng
before the development of the casing is

completed, and the M1 f,/3 M4 and N/5 tests
performed with a flight-type casing (N/2

experienced manufacturing problems and
thus it was dedicated to system and material
testing),

- Qualification (O) tests for the proper
qualification of the booster. Two entire flight
solir^l-nrnncllanr qtarres will be uSed

The aim of the B1 test was to verify the behaviour
of the nozzle and the segmented propellant
configuration The test was successful: the
proper behaviour of the internal ballistics, the
thermal protection and the nozzle actuation was
demonstrated lt also confirmed the level of
thrust oscillation of about 4%o

After demonstrating the satisfactory behaviour of
the casirg and jornts. and after the success of
B1 , the next firing test, the M 1 firing, was
authorised That test was performed usrng
flight type hardware but as in 81, the forward
cone was replaced by a structure allowing the
thrust reaction along the booster axis The firing
was well performed and showed a thrust
oscillation of about 30/0, lower than in B1

During tre subseqlert M3 test (Fig 4) and the
M4 test, the booster was supported laterally, as it

will be in flight Another M test will still be
performed before the two Q firings that mark the
end of the qualification phase

Cryogenic stage testing
The cryogenic main stage stands 30 melres righ
and carries I56 2 tonnes of liquid oxygen and
hydrogen lt is ignited at lift-off and provides the
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only thrust after booster separation lts main

elements are the oxygen and hydrogen tanks,

the upper skirt, the thrust frame and the Vulcain

engrne

The development of the Vulcain engine is in itself

a complete programme and thus it is not

described here. The tests, however, are ongoing
and hours of firings on several engines in two test
benches are accumulating (Fig 5)

Main tanks
The two main tanks, the oxygen and hydrogen
tanks, are made of 221 9 welded aluminium
sheets with a common bulkhead and spherical
domes As with the testing of the booster casing,
the most relevant test of the tanks relates to their
pressure performance The test, which has

already been successf ully performed, has

validated the tanks'dimensioning, and has
provided the information required for a future

-^^^^^.,i^^^^^t,,^i^I roDJ-)4VI r9 4t totyJtD.

Upper skirt and thrust frame
The upper skirt provides the link between the
cryogenic stage and the upper composite, The
qualification tests of the skirt have been
completed (Fig 6) The rigidity and safety
margins were found to be well in accordance
with predictions As the structural margins
obtained were higher than necessary, a mass-

saving analysis has been performed

The thrust frame supports the Vulcain engine. lts
configuration has evolved several times because
of its complexity and the great number of

interfacing elements, but its design is now frozen

(Fig 7) A vibration lest was performed to

confirm the acceleration levels at the different
equipment locations, Rigidity and strength tests

are being prepared and an acoustrc test is also
pianneo

Stage test
The stage tests will start with the 'Battleship'

(BS) version at the Ariane-S launch facilities in

Kourou, French Guiana. This version consists ol
two industrial cryogenic tanks, a lower part of a
flight representative stage and the main

functional electrical equipment The main
purpose of this campaign is to test the stage

Figure 5. The Vulcain
engine during a firing test

Figure 6. The cryogenic
stage's upper skirt during a
static test

Figure 7. The cryogenic
stage's thrust lrame
(yellow) with the Vulcain
engine installed (silver
cone)

17



@ outtetin ao

Figure 8. The vehicle
equipment bay and L9

stage awaiting the
combined vibration test

Figure 9. The two halves of
the fairing during a

separation test

Figure 10. Preparing lor the
Speltra static tests

@Z

functions that will be used for the M and Q tests,
to validate the electrical interfaces as well as the
ground equipment and operating procedures.
The complete stage qualification includes BS, M

and Q tests,

Upper composite testing
The upper composite includes the fairing, the
Speltra. the vehicle equipment bay and the L9

stage Although each element of the launcher
must be qualified individually. some tests are
performed using a combination of several
SITUCTU TES

Combined tests
Since the upper composite is not a unit, testing
of each structure can be difficult without orooer
ronroaoni2iinn nf tha adianoni eirr r.ir rroa

Therefore, some tests are performed with a
combination of two or more structures This is the
case for the vibration and shock tests of the

vehicle equipment bay with the Lg stage (Fig 8)

and the shock test of the Speltra with the fairing
n\/rntaahnia c\/atpm

However, the most important test in terms of

structures contribution will be the shock and
acoustic test using the vehicle equipment bay,

the L9 stage, the Speltra and the upper skirt of
the ar\/nnonia ai2na

Fairing
The fairing structure is made in two halves: it

will open to allow the payload to be released
into orbit ll also protects the payload and
provides for the launcher aerodynamic shaping
Two qualification models of the whole structure
have been manufactured One of them has been
used for two in-vacuo separation tests (Fig 9),

and is now being used for the acoustic tests with
a third separation test envisaged afterward, The

second model has been used for the static tests

which have been successfully completed

Speltra
The Speltra is used for multiple satellite launches
It is located above the vehicle equipment bay lt

holds one of the payloads while it supports the
fairing and another payload The stiffness and
strength tests have already been completed
(Fig. 10) A shock test with a horizontal
separation system of the fairing has also been
performed, and finally the separation tests will
finalise the qualification phase

Vehicle equipment bay
The vehicle equipment bay is a structure
containing the launcher's main electrical boxes
A major testing activity concerning this structure
has been the shock programme performed to

3
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properly define the dampers of the equipmenl
platform (see 'Shock Induced at Separation'
below),

Preparations for the static tests were already
being made when the system tests confirmed the
presence of radial deformations induced by

eccentric transmission of the booster thrust. That
implied that a change in the design of the lower
part of the structure was required. In addition,
the strength tests will be performed with an

upper skirt model instead of a simple adlacent
structure, to properly introduce the booster
roaos

L9 stage
The structure of the L9 stage has undergone
major modifications throughout the development
process Presently, the configuration is frozen

and the static tests are under oreoaration

A development model of this structure was used
during the shock tests of the full-scale vehicle
equipment bay. A model of the complete stage is

shown in Figure 11.

Successful firing tests with the Aestus engine
have been performed. Stage firing tests followed,
with the last one being undertaken on 5 October
1 994 and lasting for 1075 seconds

System mechanical testing
The system mechanical activities include static
and modal tests and acoustic and shock
programme testing, Their results allow the
verification of the system mechanical inputs and
the validation of the dynamic mathematical
models that will be used in the remainino svstem
studies.

Static and modal testing
The tests have been divided into three
campaigns corresponding to the different main
launcher assemblies: the cryogenic stage, the
upper composite and the booster.

Three kinds of tests have been oerformed with
the cryogenic stage: stiffness tests, overflux tests
(non-homogeneity of stress distribution), and
modal testing, In general, the stiffness and
overflux obtained in testino are in aoreement with
oredictions,

The upper composite tests have been performed

with the vehicle equipment bay, the upper stage,
the Speltra, spacecraft mock-ups and an
adjacent structure at the lower interface The

same three types of tests as for the cryogenic
stage have been performed: stiffness, overflux
and modal tests. The stiffness found in testing is
globally higher than foreseen, as are the radial
deformations. The frequency is as expected

The test campaign relating to the booster has
been performed using the third full-scale test
model (M2) with a reinforced upper structure and
a representative thrust frame Lateral modal
tests have been performed in a clamped con-
figuration The results correlate well with the
predicted characteristics of the first modes

Acoustics
Maintaining the acoustic environment inside the
spacecraft compartments, fairing and Speltra at

the time of launch is a problem that had to be
addressed from the beginning of launcher
development, Experience with previous launcher
programmes showed that this question required
an early effort to characterise the external sound
field and the acoustic behaviour of the uooer
STTUCTU TES

The external field has been defined using test
data obtained with reduced-scale models. Water
injection at different locations on the launcher
oad was tested at the same time as a method of
attenuating the high levels of sound expected.

Fairing acoustic tests are being performed The
test article is one of the two full-scale structures
used in the fairing qualification, equipped with
foam panels including special acoustic
absorbers (resonance cavities) The use of
helium for noise attenuation is also beino
evaluated,

Another test campaign with the upper structures
is planned The test configuration includes the
vehicle equipment bay, the upper stage and the
Speltra from the upper part of the launcher, and

Figure 11. The L9 stage
being installed in its
container

't9
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between the platform support and the cone and
was vaildated through testing

The fairing-separation shock was measured in an

early test using a cylinder with a height of

2 metres and a diameter of 5,4 metres The

levels transmitted from the fairing's horizontal
separation system through the Speltra cone to
the payload adaptor have been measured on the
qualification structure of the Speltra with the
fairing system.

Shock testing is also to be performed with the
upper structures and cryogenic skirt, the
configuration already mentioned in relation to the
acoustic tests Shock will be induced at the
booster to cryogenic skirt level, vehicle
equipment bay separation system and Speltra
horizontal pyrotechnic chord devrce.

Operational deployment
In order to validate the mechanical integration of

the launcher (at the Guiana Space Centre), the
following test campaigns are scheduled:

M DO1 for the boosters and cryogenic stage
IVDO2 for integration of the vehicle equip-
ment bay and the L9 stage on the lower
composrte

- |\/DPH to validate the integration of the
fairing, SPELTRA and payloads.

The first MDO1 test campaign took place in

September 1993 (Fig 12).

Conclusion
With the configuration of the Ariane-S launcher
now frozen, the testing activities required in the
ground qualification phase are proceeding

without any major problems. The flight elements
for the first two models are now being
manufactured to be ready for the flight part of the
launcher qualification in 1995

Figure 12. MDOl campaign:
the cryogenic stage and
boosler mock-ups in the

integration building

the upper skirt of the cryogenic stage. The aim of

this campaign is to evaluate the vibro-acoustic
performance of the structures and the supported
equipment.

Shock induced at seoaration
The shock produced at the time of the
pyrotechnic separations has also been taken into

account very early in the development,
especially for the vehicle equipment bay. Shock
induced at separation appears at the upper and
lower interfaces between the boosters and the

main launcher body, at the vehicle equipment
bay where the upper composite separates, in the

lower part of the Speltra and at the fairing
horizontal and vertical seoaration olanes

Testing of flat articles was initiated as part of the

shock evaluation programme for the vehicle
equipment bay lt was very soon realrsed that the

accelerations induced at the equipment level

were very high and that a damper was requrred.

Such a system was implemented at the interface

G
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Micrometeoroids and Space Debris
The Eureca Post-Flight Analysis

R. Aceti & G. Drolshagen
European Space Research & Technology Centre (ESTEC),

Noordwijk, The Netherlands

J.A.M. McDonnell
Unispace Kent, United Kingdom

T. Stevenson
Mare Crisrum, United Kingdom

lntroduction
Every spacecraft in Earth orbit is exposed to a flux

of space debris and meteoroid particles.

Currently more than 7000 large man-made

objects orbiting in near-Earth space can be

tracked from the ground with radar or by

optical means A much larger number of smaller

man-made debris ttems and micrometeoroids

that are orbiting the Earth cannot be detected

from the ground These particles are a hazard

for both long{erm missions and large spacecraft

The retrieval of Eureca has given the Agency a rare opportunity to study
the fluxes and resulting effects of meteoroid and space-debris impacts on

exposed spacecraft surfaces in Low Earth Orbit (LEO). With its fixed
Sun-pointing attitude, large areas of identical surface materialg, and

1992-1993 exposure period, Eureca has provided impact data that are

complementary to those from LDEF. The detailed optical survey of all outer
Eureca surfaces, which was the first main task of the impact analysis, has

now been completed.

While the risk of collision with a large piece of

debris or a large meteoroid is very small, particles

less than one millimetre ln size cause craters

vlsible to the naked eye. Typical impact velocities

are 10 km/s for space debris and 20 km/s for

meteoroids. Larger particles can penetrate the

outer shielding of a spacecraft and can damage

its internal equipment As a result of this threat,

designers have to consider the risk of particle

impacts in the planning of every space mission. In

addition, particle fluxes in space are also of

considerable scientific interest.

Knowledge of the solid-particle population of

millimetre- and micron-sized particles is gained

either from dedicated space experiments or

through the analysis of material that has been

returned from space After just a short period of

exposure to the space environment, surfaces are

covered with impacts from small pieces of debris

and meteoroids. Investigating the nature and the

morphology of the impact features on ESA's

European Retrlevable Carrier 'Eureca' is

therefore an exercise crucial to the understanding

of the meteoroid and the evolving debris

environments, This activity extends the analyses

that NASA performed in the late eighties on the

Solar Max, Palapa and Westar satellites and the

Long-Duration Exposure Facility (LDEF), after

they too had been recovered from space

a\nmnnraA +^ Intrtr Fttroaa hac 2 l?tdovurrrPdrEu tv LUL| ! q rqrvv

Sun-pointing surface, resulting in different types

of meteoroid and debris impact signatures

lmpact data from the Eureca post-flight analysis

will therefore contribute to the validation and

improvement of the current meteoroid and debris

models for low Earth orbit.

Eureca's conf iguration
Figure l shows Eureca in the cargo bay of

Space Shuttle 'Atlantis' prior to launch The

external surface of the Carriet which provides

accommodation and resources for 1000 kg o1

payload, is almost entirely covered by therma

Multi-Layer Insulation (MLl) blankets The only

exceptions are the radiators and some boxes

mounted on the bottom of the spacecraft, which

are painted, and the solar-array wings, The total

area of the exoosed external surface is about

140 m2, including 99 m2 of solar arrays (front and

back surfaces), which span 20 m tip{otip when

deployed

The Shuttle Atlantis lifted off on 31 July 1992 and

subsequently released Eureca into a nearly

circular orbit, with a 508 km initial altltude and

28.5 deg inclination The Carrier was retrieved

again in June 1993, after 326 days of space

exposure Throughout the mission, it had been in
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pointing towards the Sun and its 'y-axis' in the
orbital plane (F S 2)

The impact analysis programme
In early 1993, the Agency initiated a Post-Flight
Investigaton Programme to make a detailed
anaysis of the effects of long-duration exposure
lo space on the Eureca haroware ll incluoed a
mrcrometeoroid and debris analysis of all of the
Carrier's exposed su.'aces. w,tl^ t1e goar o':

recording the impact features
analysing the inpacls ard assessing the
darrage caused by space debris and
meleororos

- validat ng and mproving current modeis of
rreleo'ord and debris popu ations ir- Low
Earth Orbit (LEO)

The main steps in this micrometeoroid and debris
analysrs were:

Space Center (KSC). wl^ere a full irspecLion ot the
Carrier's upper surface was made n the Orbiter
Processing Facility E ght days later, Eureca was
oraced in its transoort container w^ cl- p.ovioed
an opportunity to make the first ful visual and
pholographic survey o' the conplete spacecraft

The general impress on was that there had been
a significant change in the colours of the exposed
su'*aces. wl^ere oulgassing products had been
deposited on tf'e the.mal blankers Areas o' pa rt
delamination and many micro-meteoroid impacts
were clearly visible

Or' 14 July. Eureca was transpo.ted ro t1e
Astrotech Facility in Titusville (Florida) in order to
depressur se the Carrier's propulsion and
attitude-control systems, to remove the remain-
rng propellant, and to remove the payloads
During that payload de-integration, the 35 m2 of
thermal blankets that had covered the malority of
Eureca's external surfaces were removed and put

at the disposal of the micrometeoroid and debris
investigation team for scanning The other main
evnncoal cr trfenac \^/ara ih^ onlrr rrrn', nrnnln thaou rousJ vv9t9 t tv JUtdt-dt tdy pdt tyr), U tE

two scuff plates L,seo for proLecrior ano holsirg
Eureca in the Shutte's payload bay, the two ESA
logo o ates. ard Lhe grapple fixture

Over a six-week period during the summer of
1993, an investgation team formed by Prof
T McDonnell of Unispace, led by T Stevenson
and made up by B Carey (SAS), S Deshpande
(Urrsoace). W Tanner (Urispace) ano C Maag
(T&N/ Erg neer;ng). inspected and scanned
the therrrai blankeLs. the two scuff p ates. tne two
ESA logo plates, and the grapple fixture The

B€ta cloth (woven glass
Multi layer Thermal

71 impacts

+X Name plate
3 impacts

EC

Ir

Figure 1. The European
Betrievable Carrier'Eureca'

in the payload bay of the
Space Shuttle prior to

launch (STS-46)

Figure 2. The Eureca space-
craft's configuration, and

the numbers of impact
events recorded on its

various components

a first optical survey of
immediately after retrievai
a deta led ootrcal survey o'

+h^ ^^^^^^.^+rLr rE Jl.JO9YUrOrt

tne sotar arrays

-Y Scuff date
2 impacts \-

and radiators

a cierrical and .norphological analysis of
^^l^^+^n ^^-^l^^JUTYUtYU )Oil rfrltrJ

evaluation of results and construction of a
database
validation and updating of meteoroid and
debris flux models

Having retrieved Eureca, on 1 July 1993 the
Space Shuttle 'Endeavour' landed at Kennedy

Solar anay wing 2:
345 inpscls

+X

VYF|g 2: +X
Raar surfac€ k@ton insulalion

54 impac*s
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Eureca sola' a'rays were not dep oyed at

Astrotech: they were scanned at Fokket in The

Netherlands, between December 1993 and
N/arch 199a by the same team that had worked
on the thermal blankets, who were jo ned by J C
Mandevile (ONERA)

The scanning procedure
The ncc' methodnlonv for crater locat on and
derrification p'oved lo be vrsua inspect or ;rder
good i lum rarion by an experienced observer.
Oflan lhic nrnnodrrro \^/2< rrcod ln ielonlifrr qitcc fnr

nagnfied rspecton al h,gh'esolution n a later

stage

Scanning at Astrotech
The therma b ankets were visually examined and
llose conta ning i'noacts were sel aside fo'
scann ng with the aid of a Photometric CCD

camera system inked to ar Apple Macintosh ll

runnirg a corrrercial so[[ware package. Io
.cr.nrn ll^p d'ni-:l irrancs Standard lerses colld
be attached to the CCD camera and thus a

low-resolution scan (10 cm x lO crr fie d o'view)
mnnn ar thn nn+ 16 ..m.lo ln idenlihr loat rreq tn| ilduE u u rg v rtLr9 -oil rvru

be revisited for recording at higher resolution

(15cmx15cmFOV)

Tne lnerrnal blankets have an oLter layer made of

Beta-cloth, which s a very f brous synthetic
material Scarnrng tl's cloth proved to be difficu I

l,\^^- '.^ nnl', rnrir t.^r 2r^or lh:n 1OO m.rnnqUEUOU)Y Ur ly EOIU E) qrvul

nAnAlr.i nn iho n rror a\tar eit d ho rennnniqerl

as hypervelocity impact sites During the

scann ng, the nvestrgation team took 3445
ow-reso ut on and 100 high-resolution images of
^i+^^ ^+ ^^^^i^l ^r^"^^+)rLg) ur )PEUror TLUTYJL

Solar anay wirE 1: -X
358 impects

Bear surta@ kqton insuldion
94 imDac{g

fime Band Caplure Cell Experimenl
126 impac.ts

+Y Sclrt plate
I impects

Scanning at Fokker

The solar arrays were Ihe argesl exposed
surfaces or Eureca. l'aving a rotal area o'about
99 m2 The glass covered cells mounted on the

lronL side of the sola' arrays are ver! SelSitrve
'impact detectors'in that mpinging particles

shatter rhe glass and caLse a damaged area

rruch larger lhan lhe cerLral c'ater size lmpacl
teatLres caJsed by particles as small as

10 microns are visible to the naked eye on the
^^'^' ^"^ ^' ^' ^t^^^^i On the rear side of Ll-e)urdr-4r roy uvvYr 9rdJJU:
ar.ay. o'lly impacrs fron nuch la'ger particles are

visible because the panels are covered by Kaptor
fo I and other more duct le material

The solar-array survey was documented with a

N kon 35 mm ca'rera for lhe global scarning
(24cmx16cm or 24cmx175cm feld of

view). and witr an HIROX ricroscopy sysLe'r witl-

20 - 10Ox magnifrcat o1 zoom oprics for Ll'e
!^+^i^! ^^^"^i^-l T^oerareo apprarsar r're rrages we'e agan
acquired ar^d stored on a PC eqripped w th
piclure a'criving sottware Tne left-hand strip

oI eaci solar parel was scarred record 1g

all features that could be detected with the

naked eye under optimal illumination, which
corresponded to a p t diameter of about
50 microns Due to the high number of very
^i- l^. i.n^^^l f^^l ,/^- 

^^ 
rh^ -^l^. ^^ 

| nlraano5il | tdr I tpduL rgotu Y) u I u rY )urdr-uc | grd--sJ.

Ihe rema ning swalis we'e scanned 'ecordirg
h nn-racn,rrrinn nierr roc nf imnanl foatr rroc ui.th :

minimum size of about 650 m crons, wh ch is ha f

of the solar-cell electrode spacing

Approxinately 3000 low-resolrrion images f'orr
borh the frorr and rear faces of tie solar a'rays
have been transterred lo Photo-CDs Al of the
hinh-roqnlrrtrnn im:coc nf coloe toal imn:el citec

have oeen transfered Lo CD-ROM

Results
An overview of the results is presented in Table 1

in terms of total crater counts The distribution of
t.p nrmprn rq imn:r" o\ien1s /eCO/ded S ShOWn in

Figure 2

Table 1. Total crater counts

Solar Array

Front

C rcu ar El ipt cal

Rear (Kapton)

C rcu ar E llptical

Rear (wiring)

W res Interconnect

478 225 120 15

Other Surfaces

TICCE (Exp )

Mesh Fo

Beta-Cloth

(MLr)

ESA Logo

(aluminium)

Scuff Plate

(aluminium)
Radiators
(aluminium)

94 5

23



@ outtetin eo

Figure 3. Typical thermal-
blanket puncture hole

Figure 4. A 2 mm impact
hole in one of the

aluminium ESA logo
plates

Main-body survey
The main results of the Eureca main-body survey

are as follows:

- 71 confirmed mpact stes on the thermal
blan kets

- 3 inpacts orr one of the lwo ESA logo p ales.
ircluding a 2 mm-diameler 1o e as tne argest
impact site

- 11 conf rmed impact sites on the two scuff
p ates

Figure 3 shows a typical impact hole in the
thermai blanket The weave structure of the outer
Beta-cloth ayer, which is 200 microns thick, js

clearly visible There are up to 20 layers of
alumrnised Kapton beh nd the B<:ta cloth Figure
4 shows the 2 mm impact hole throrgh one of the
trQA lnnn nl:loq rarhrnn ara msda nf nainron

aluminium

Solar-array survey
More than 1000 impacts are visible to the naked

eye on the front side of each wing The impact
leatures range in size f'om aboL]l 100 nic.ons, to

the argest craler which rs 6 4 mm across (Figs

5-7)

A tvp,ca i.npact 'eatu'e can be described v a rhe

following parameters'

- Pit d,ameter. dark area usual y wiLh a raised
r'r The pit dirrer-srons reflect lhe project-

ile s size Typically, a p.oject le is 2 or 3 rimes
smaller than the pit diameter.

- Shatter diar-reLer: area ol fine y shatte.eo glass

mmediately surrounding the pit

- Concro da spa larion d arneter: ,/one sLr-
rourding ard nclud ng the shatte. zone. wiLh

radial and circular crack ng The conchoidar
damage zone usually determines the visible
impact feature size
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- Max mum diameter: d ameter of maximum
oelected da'nage at al i'rpact site

Fnrrre R ann\A/q tne qn:li^l ! -r-iL, r,-- ^f i-^^^r^I VUrw u ru Jl.]u'rdl U )tllUUtlUl I Ul ll lPdut)

on rhe f'ont sde of the 10 so ar-a(ay pa.rels. for

two surveys with different imiting crater sizes

Pane.s F1 a.o F6 were lhe closest to the Carier's
main body, wh le F5 and F10 were the furthest
away F rxes oI rhe iigl-er resolution scan (uppe'

cu.ve). whicr incl-de snaile' mpacts. appear to

innrc:ce rnrnr:relq ine qn:noer:Il rnihilqt thp l:rner
' 

,L uYuvvv' q'

inpacr [eaLu'es are fai''y evenly d slribuled

Compa,sons indicaLe thaL in terms of 'eatu'e
s les arger trar aboJl O 5 mm. Eureca

ercounlered a higher impacr flLx rhar lie LDEF.

Some caution is requ red in interpreting these
/i2t2 nn'.,o\/p. np.2 rea Ol the IOW lOta nUmbef Of

rrnpacts To make a true comparison with

the LDEF data, calibrat on tests are needed 1o

trans ate the Eureca thermal blanket and
solar.cell data to arlrrin rrr rargers These LesLs

are currenlly In process

Overall damage assessment
t6^^^+ i^ -^^^ +^ E' .^ll lpilel Ua lage tO tLreca narOware CaUSeO lO
system or subsystem fa lures This is part y

oecaLse Ihe mulli-layer (MLl) struclLrre relains
parricles Jp to a cerlarn s rc ve(y e'ficiently Tie
ar rie al <oa lnr nnmn ola nonol12iinn nf lhe 2O

^',^.- ^l inc ' 'lrtinn 'n,.. nnlrr evnoo|o| in lrniodygr) ur rr r)urqLrur I vvdJ uIy u^uuuuuu il | r!vv

places, ucki y causrng no further damage at

either site Any loss ln thermal-control function
due to tre pa'ticle inpacLs was neg igible

A^ +^" ^^ +h^ -^1^" ^""^,,AS rar as tle soar ailays a'e coTcerneo. oue Lo

the mass ve redundancy and cross-strapping,
even the most extensive form of damage - for

exarple i a cell was comp etely cracked
nornanainr rrnr rn rha ., ,.re1t 'low _ wou d iave
caused only a sma I power loss There is no
orrinonno r^ er .^^aat th2i ovlrama elam:no nf lhicrv Jvv v vul

son occu'red anywhere 01 lne Eu.eca arrays

Ratner. 1 was con[i1ed to local sed shattering of
nollc end noll nnrror nlacqeq thprohrr rpmnriinn r

riry fract o1 of the sunl ght-co lecting area

(curiorsly. it is possible to increase tie ouLput ot

sola' cells s ightly by introducing cenlres ol
scattering wh ch bring in Earth albedo radiation

not normally seen by Sun-pointing arrays) A
sigrificanL ^Jrrber of mpacts peletrated cells

and in so'ne cases the structu'e Despite the

large number of impact sites recorded, their
^.,^"^ll ^ll^^r l^.,^l ,^,-^ +"i.,;^l Th^'^ i^uvutdil ut uut dL 5y>turr ruvur vvdJ urv'dr rrvrs r).

however. evidence 'rom elsewhe'e to suggest that

impacts may cause electromagnetic and shock
effects such as those seen on ESA's Giotto

spacecrat du'irg its Comet Halley encounter and
on the Olympus geostationary telecommuni-
carions salellite No link ias yet been established
between the lai u.es seen on Eureca and the

disruptive effect of any impact Nevertheless,

.-:1,

Figures 5 - 7. Typical solar-cell impact features
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Figure 8. Spatial
distribution of the imoacts
on the f ront side of the ten

solar-array panels
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Conclusion
The ma n lrd nqs of :he areta ed v sua slrvcy of
Eurcca s exter'ra srrfaccs caf be sum
mar seci :rs to o',n's'

Tlcre i^,'as no fJnct o ra fa L,rc or Eurcca that
coL d be re ared to ar rpacl
Or .fre 'rorl s des of the so ar atrrays .no.e

thar lOO0 rpacl ieatrres can De See r.l \,r ti
I'te ra Keo eve

7l mpact prrcturcs I the orter ayer of the
irerra D Arrets i,ere detect,^d on tne rna n

spacecra t Dooy (nor pefetrat ng .aoacLs

coLr d foi ire cietected on liese s!rlaces)
Tyee rrcacls iL'ere lound or the ESA ogo
p ate ald 11 ror-o or the scuff p atcs
The rnoacr featu'cs denl ieC 'ar-ge n s ze

1-onr IOO r crors to scvcra r metres The
larclest crater d a rctcr oa tf e so ar arrays s

6:1 rnm The argest feature on thc ma n body
sa2 rlr foe r ife ESA ER\JO oqo pate
A surpr s nq v I cl- oroport on of tre moacts
or tie so ar-ce covcr !l asses abort 309o

sno\r.' s q rs ol o recl 0f a ty D_v f av rg a

non spher ca crater snape

A mages afd data have Dccn stored or'
Compact D sc (CD) or n.ragnet c tapc ard i,' be

made av.:r ab e to boti lhe ef g neer ng and
SC CII C CO'f TNUN I CS

Qreslons ke the nurrrber of Eureca mpaci
leatrrcs Lhat can be re ated to falura m cro
nreteoro ds ard tlre n!'nber caused by

o
N

E

xf
tL
o

6
f
E
f

I
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I

F5 F7
I
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Panel

naf made dellr s are st De rq f vest gated t s

p an red io usc llre ESABASE DEBBIS ana ys s

too devc opcd at ESTEC to cornpare the
obscrved rnpact data \,/rtlr the pred ctrons of Inc
crrrrelrl referef Ce f lx mode s t lrr a so a lo\,^/ the
rr crometeorord and space debrs trxes to be
computed n tic Iulure tor user spec fred

spaceoralt geomelr es and m ss of parameters

Prese.rt y add t ona ana yses are be ng carr ed
oLt on the trernai b arket rnpact lro es to idert fy
lhc cherr ca compos tion of the -rrpact rcs dles
,'ith a ve\.,i to d st ngu slr ng betrr,reen metcoro d
a'ro spacc ocDr s oarrage rrrpacl ca Dralron

tests are a so be ng performed on both
ticrr-na b ilaket and so ar-array samp cs, to re ale

tl.e ollserved rpact fealures to the pararneters of
the rpact ng partrcles These tests rnri al or,rr the
Er reca survey i-esu ts lo be cornpared w th

ex si ng i ux modc s

A s m ar posl f ght ana vs s ras rst been started
by ESA for the Hubbe Space Teescope soar
arrav that \,ias rctr eved d!r rg the t rst HST

serv c rg -r ss on r Dcccnoer I 993

Oncc the Eureca and HST stud es are comp ete
lhc preselrt rneteoro d and de br s f ux lnode s w I

be re exarnrned and I shor,,'n to be necessary

G
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The DICE Multi-site Satellite Videoconference
System

C.D. Hughes & J. Htirle
Directorate of Telecommunications, ESA, Noordwijk, The Netherlands

B. Skipworth
Matra Marconi Space, Titchfield, United Kingdom

O. Koudelka
Joan neum Laboratories . Graz, Austria

In the early 1980s, the European Space Agency and a number of its
partners in industry and academia, recognised the value of satellite
communications in the growing field of video-teleconferencing. lt was
decided to develop and demonstrate equipment and techniques that
could become the platform on which an eventual, operational European
Satellite Videoconference Network could be established. A proiect,
called Direct Inter-establishment Communications in Europe (DICE)'

was initiated on an experimental basis as part of the utilisation programme

of ESA's Olympus satellite. The subsequent product and service
development have led to the establishment of a high-quality video-
conference service, using commercial satellite capacity based on
European technology.

Development of the DICE system
The DICE concept was driven by a number of

key requirements Firstly. the system should
exploit the inherent advantages of satellite

communications in comparison to terrestrial

communications:

- lt should oermit direct communtcation
between user oremises without the need for

long, terrestrial tails

- lt should permit a number of users (up to
1^.,- r^^^+:^^^\ communicate simulta__tuu I rvuoLrvr r)., LU

neously with each other, without the need for

circuit switching This requirement should
produce as much as possible the same

natural atmosphere as at a round{able
discussion

- lt should be very flexible in design and allow
easy and fast installation. particularly in areas

where the communications infrastructure is

poor.

- lt should allow the use of several transmission
speeds: low data-rates for economy and high

data-rates for users requtring superior quality

transmissions

Secondly, it must be easy to use:

- lt should not require specially built conference
rooms, but be able to fit into the existing user

envtronment

- The sound system should be of a high

quality and resistant to misuse and even

misalignment This requirement stemmed
from ESA's previous experience in mounting

satellite communications and broadcasting
demonstrations in which the user's perception

of an event was found to be critically

dependent on the sound quality to a much
greater extent than on the video quality

- A multi-point conference should be possible

without switching Terrestrial communications
systems are essentially of a point-to-point

nature When a conference between multiple

sites is needed, the interconnections between
qittrq he.omc r:omDlex and to enable all

speakers to participate, it is usually necessary

to switch between sites

Development of a a viable system based on the

above requirements was undertaken. Indoor

videoconference equipment suitable for use in a
normal office environment was developed (by

Joanneum Research, Austria) and resulted in a
range of products that achieve high quality

coupled with ease of operation. The Earth station

and modem facilities required for the system were

developed by Matra Marconi Space (UK), TRL

(UK) and Newtec (B),

Following the initial experimental phases of the

project, development has been concentrated in

two main areas:

- Broadening the product range for the indoor

equipment

- Developing and introducing automatic
network control.
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Figure 1. Location of DICE
installations in Europe and

Russia

This second feature has, in particular, enabled the
monitoring of each station's status and the control
of access to the satellite to be regulated on a

network-wide basis

The DICE network
DICE was originally deployed in 1990 as an

experimental system using the Olympus satellite
Fnr iho firct throe rio:rc il rrrec nnorato.l in tho

2Ol3O Ghz f rcnrrpncrr bandS Earth Stations
fnr thc svstcm rnrcrc In63lsl at ESTEC in The
Netherlands; Joanneum Research in Graz,
Austria; l\4atra lVarconi at Portsmouth in the
United Kingdom: Newtec in Belgium: British
Aerospace at Stevenage in the United Kingdom
and Matra Marconi at Toulouse in France During
lh^^^ +a-^^ ,,^^-^ rL: OvnOrimon+ nnAratAaltl|UJE tl llYY yv4lD. tl lU u^|./urilrrurrr vl./vroLuu

successfully and considerable experience was
obtained both in the technical and operational
areas

During that experimental phase, the system was
rlamnnctraio| ln lho n, rl-rlia ai ^^',^.-l l^.^^vurr rvr rou qLUu ru u rE Puuilu oL Dgvgt4t t4tgY

international conferences: the IAF Congress in

Dresden in 1990 and in Graz in 1993;
TELECON/ 91 in Geneva and TELECOM-92 in

Budapest; and the Olympus Conference in Seville
in 1993 In addition, trans-Atlantic links were
made during the World Environmental
Conference in 1991 to and from Rio de Janeiro
via Olympus's 20130 GIlz payload

The most spectacLlar applications were during
the Austrian AustrolVlir-91 and the German
lVir-92 missions to the Russian Space Station
'Mir' The Mission Control Centre near Moscow

was connected via satellite and DICE to several

sites in WesLern Europe Experimenters were able
to monitor the conduct of space experiments
and speak interactively with the astronauts on
board Mir. In addition, discussions between
German, Russian and Austrian high-level
politicians were conducted via DICE during the
mrssrons.

Following the end of the Olympus programme
in 1993. ESA leased Ku-band capacity on a
Eutelsat satellite and transferred DICE operations
to that capacity The existing sites were modified
to work in the Ku band 14 GHz up path/11 GHz
.lown n2lh 2n.l thc Fa(h stations had to be
replaced at each location

The network was put on a more operational
footing and Matra Marconi took over the system
as service provider. That company was also
encouraged to form a commercial alliance with
Joanneum Research, whereby Matra lVarconi
would supply the Earth stations and the overall
service provision and Joanneum would supply
the indoor videoconferencing equipment

This arrangement has worked well and there are
now numerous DICE sites throughout Western
Europe and in Russia (Fig 1) The sites in Russia

and Germany were established when ESA

became involved in the EuroMir project with
Russia (Fig 2) To allow all the control centres
associated with the mission to maintain contact
with each other, DICE was selected to provide
simultaneous multi-point links using video, voice
and data services

A

Exlstlng locatlons

Potentlal Swedlsh DIGE statlons

Potential sites uslng Intelsat satellites:
China, Sumaba
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In addition, d scussions have

recently been held with the Swedish
Qnrno f1nrnnretinn rrihich ^^^r.t^.uPouc vurvurquvr tr' ilul vPqldluJ

a network of fou r video-
teleconference sites n Scandinavia,
concernlng the poss b lity of loin ng

thp '\^in q\/s-emq tnctr her lO ma(e an

overal European network of stations

The whole network operation and
management operat on ts now kle ng

made commercial ESA will continue
to provide development support to

bring new products and serv ce

improvements into the system

However, the deployment of new

stations and the sale of the standard
service w ll be a task for the

companies invo ved

DICE equipment
In a DICE teleconference, any four

stes may be slmultaneously inked

by satel ite w th 'cont nuous
presence video. aud,o. conpLter graoiics and

data fac lities With 'continuous presence', all

particrpants can see and hear each other

throughout tbe videoconference This helps to
create an environment similar to that of a

conventional round-table meet ng Notes and

sketches may also be distributed using the

document transm ssion facilitjes Figure 3 shows

a typica DICE corference in progress

The audio and video system
In the standard DICE configuration, the

videoconferencing equipment s housed in two

compacT. rransponable 'oll-about un ts. one for

the video and sound, and the other for the

graprics In lhis way. v deocon[erercing facillies
can be easi y and quickly set up in ord nary

offices, meeting rooms or laborator es

"-/

Particu ar attention has been paid to tfre sound
sysren tor DICE By using special deskloo
m crophones, a 7 kHz bandwidth audio channel

and acoustic echo suppressor, tt has been
anccihlo rn anhiarro : nnnd qn rnrl nrr:ltv th:t iq
vvuv,u,v

resistant to the local environment The system is

therefore not sensitive to the type of room used

and provides a relaxed atrospie'e [or the users

The picture qual ty available is cons stent w th the

best commercally available encoders/decoders
(codecs)

The pictu'e qua ity is regularly upg'aded to

incorporale lne latesl codec tecf'r'ology available

on tre na'kel The transrriss on speed can be set

to a wide range of bit rates, from 64 kbit/s up to
2048 kbit/s The b t rate normally used is

384 kbit/s

Figure 2. A DICE Earth
station being installed near
Moscow

Features of the current DICE equipment:

- 
l\/rrltinla lnnqtinnc nnnlinrrnr ra nroeFnaA,v,v,L,v,v

- All parties can speak f reely to each other (there is no switching)

- A normal office environment can be used (a special studio is not required)

Three different versions are available: a roll-about system, a special conference

room system, and a PC-based desktop system

- Uses the international CCITT H.320 (H 261) compression standard

- High-quality video reception (128 - 2048 kbit/s)

- High quality sound system with acoustic echo canceller

- Unique interactive computer graphics system for high-resolution document

dissemination

- Uses small Earth terminals (VSATS)

- Transmission in Ku- or Ka-band

- Compatible with terrestrial networks such as E1 , fractional E1, ISDN 6 and ISDN 2
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Figure 3. A DICE
videoconference in
progress, using the

conf erence-room version of
the system

Figure 4. The desktop
version of the DICE

equipment, showing two
remote sites

simultaneously

A oesktop ve.sior has .ecertry oeen aooed to t1e
FIICF renno nf on, rinmani /tr;^ 4\ lr io aroaz-.1 nn -rvs wr egurvrr rst I \t tg a/ tL t- UoJEU ut I d

standa'd. lower-type oersonal conpJte. (PC) rrro
whici the video. atdio ano g.apl'tcs eolipr-rent
s integrated The PC's video monitor is adapted
to become a multimedia monitor by the addition
of a small ca'rera. dual loudspeake.s and a
mic'opnone Al, the eoJipment is ntegraled irto a

unified design The PC's screen functions rn a
Windows environment and is ab e to provide, on

one screel. sirgJe or mulLiple picrlres tron up to

three remote locat ons as well as remote
g'aphics DICE s cortrrUoJS presence capabi iry

's Il-JS ava lable with the desktop
version, wben required

Another product in the DICE
equrpment range, the conference
ronri svstem is rlcsnnel fO. uSe n

existrng conference rooms In this
version. arl the electrolic eqr prent
is housed n a small cabinet which
can be stored n a corner of the
room The conference room's
existing audio system is used to
intertace with the DICE system Th s

enab es all of the room's audio
facllities, such as simultaneous
translatron, to be used without
modificatron lf the room does not
nave an audto system, radto
microphones are provided for table
use so lhat trai ing wi"es are
avoided Video is displayed on

standard mon tors or v a the room's
exist ng prolection system Tbe
camera is wall-moLlted and lses a

remote-control ed pan/t lt head As
with al DICE equipment, the

eqr p'rent s ve.y s rrple to .nsta I and operate
Cabl ng has been min mised so that the
conlerence room decor and atTosphe.e are not

disturbed

DICE uses the atest technology in video
compressior The codec boards. fully complranr
to the internationa ll 3201H 261 v deo-
colferencing standard. are integrated in a PC

inlo which the soflware corfiguration is loadeo
Tris allows easy adaptatior^ [o specia. user
requirements and future enhancements Up to
lhree codecs can be insta led in eacn PC



satellite videoconferencino

All user equrpment is connected by fibre-optics
cable to the indoor equipment that is part of the

VSAT (modems) The fibre interfaces are installed

in the codec No heavy linking cables are

needed, which makes the system easy and
straightforward to set up and use

The graphics system
In contrast to conventional videoconference
systems in which document cameras are used,

DICE has special computer graphics facilities for

document transfer during a meeting. The system

can be used as a high-quality fax machine to

broadcast sketches, drawings or text to the
remote screens or printers for reproduction. A

resolution of up to 300 dpi is supported The local

mouse position is sent to the remote stations and
displayed there to support interactive discussions
Documents can be scanned in or, if already
available in electronically readable format, directly
transferred as files DOS and UNIX file formats are

supported A selective ARQ protocol has been

implemented for efficient use of the satellite

channel and error-free transmission. A 64 kbiVs

data channel multiplexed with digital video and
audio in the codec is used To minimise transfer

times. data compression techniques are used

Electronic viewgraph presentations are also
possible on a multi-site basis The transparencies
to be used in the presentation are transferred
page by page before the meeting, stored on each
remote station's local disk, and retrieved from the

local disk during the presentation Using clicks of

the mouse, the presenter may flip both forward
and backward through the pages, without any

significant transmission delay

The transmission system
The majority of the Earth stations for the system

have been manufactured and installed by Matra

Marconi Space The Matra Marconi Ku-band
VSAT Earth station is coupled to three satellite

modems, all of which are remotely controlled from

a Station Supervisory Unit (SSU) and a data
receiver/demodulator.

The VSAT

The VSAT consists of a Radio Frequency (RF) unit,

Intermediate Frequency (lF) unit and Solid State

Power Amplifiers (SSPA). The RF unit is

positioned at the focus ol a 2 4 meter, offset-fed

antenna Together with the SSPA, this produces B

watts of power giving an EIRP of 57.7 dBW The

RF unit also contains the LNB and, together with

the antenna and feed, gives a GI oI 24 4 dBlK.

The lF unit is an uo-and-down converter from 70

lVlHz to the L-band and vice versa lt also contains
a monitor and control microprocessor that can be

controlled locally or by remote control over the

satellite link via the Station Supervisorv Unit

Table 1 Summary of the VSAT parameters

Transmit

Transmit power (EIRP)

Figure of merit (G/T)

RF frequency range

lF frequency range

Tuning

Tuning in the modems

lF interface level

Tablel provides a summary
parameters

57 5 dB/W

140 145GHz
70 + 18 MHz

1 MHz steps

22 5 kHz steps

- 30 dBm

of the VSAT

Satellite modems
For a four-way conference, three satellite modems
are necessary The modems are standard IBS

types with a 70 MNz interface, They are variable
in rate, ranging from 64 to 2O4B kbit/s, and
provide QPSK half-rate forward error correction
(FEC) Viterbi encoding/decoding

Station Supervisory Unit (SSU)

The SSU is the remote controller of the VSAT. lt

receives commands from a Network Manage-
ment and Control Centre (presently located
in Portsmouth UK) on a 9 6 kbit/s carrier which
is received at the VSAT by a data receiver/

demodulator. The SSU was developed by Matra

Marconi Space and has proven most successful

in the field. The unit suooorts a number of

multi-droo buses that are used to control the

VSAT, the three modems and a third separate
bus, which could be used to control any other
customer-fu rnished eouioment

The status of the units connected to the SSU is

monitored and passed back to the control centre,

using the IBS Engineering Service Circuit (RSC)

of the satellite modems This means that a

separate carrier for status monitoring is not

requrreo,

Frequency plan and link performance

The DICE network is presently using fractional

transponder capacity on Channel 41 of Eutelsat

ll F4 at 70 East According to the lease

arrangement, one sixteenth of the transponder
bandwidth and power. corresponding to

2.25 MHz and 27 76 dBW respectively, is

available to the satellite network The transmission
system has been designed such that the available

transoonder resources are used in a well-

balanced fashion, taking into account reasonable
size of the Earth-station antenna and transmit
power and a satellite link margin of approximately
2dB

ln a total bandwidth ot 225 MHz, four carriers
with an information bit rate of 384 kbit/s can be

allocated, which enables one four-site or two

Receive

24 4 dB (1tK)

12,5-12 75 GHz

70 + 18 MHz
'1 l\/H7 atFna

22 5 kHz steps

+22 dBm

JI
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independent point-to-point videoconferences.
Each carrier is QPSK modulated with a half-rate
forward error correction (FEC) and occupies a

bandwidth of 536 kHz, with a 16/15 overhead
rate for the engineering channel.

The required link performance (Eb/No ) 7dB) and
propagation margins of 2 dB, can be achieved
with Earth-station antenna diameters ol 2 4 m and
a transmit power of 8 watts, which can be
considered as a good compromise between
Earth station investment and transoonder lease
cost The satellite link performance is, to a large
extent, determined by interference noise caused
by other users operating on the cross-polar
transponder or on adjacent channels, or even on
adjacent satellites in the same frequency band

Future developments
The DICE network is fulfilling a valuable function
by interconnecting numerous European
establishments However, it can only continue to
be successful if it grows and accommodates
more videoconference addresses.

To this end, the DICE participants are actively
discussing with other European satellite
videoconference operators the possibility of
integrating their networks with DICE so as to form
a network of major proportions. Compatibility
trials have already taken place and have shown
that such interactivity is possible The
establishment of an overall operating organisation
to run the system is now being considered

lmprovements to the connectivity to the terrestrial
system, the ISDN, are also currently underway
Satellite videoconferencing can provide a
powerful overlay to the terrestrial network by
extending its reach to areas not presently
covered. Conversely, the ISDN will greatly
increase the videoconference locations
accessible from DICE

A further useful feature now being introduced, is

to add automatic scheduling to the system's
Network Management Control Centre (NMC)
Reservations for videoconferences can then be
programmed into the NMC, together with the
network configuration required. At the appointed
time, the NMC will automatically configure all

stations participating in the conference and
switch them on At the end of the session, they will

automatically be switched off

Conclusions
The DICE system has been a valuable spin-off
from the work carried out in ESA's Olympus
utilisation programme lt is an operating system
with many sites, it has a good reputation for

quality of sound and video, and the level of
convenience that it provides to users continues to
be demonstrated daily

As codecs continue to develop, it is foreseen that
their price will fall, allowing further reductions in

the cost of videoconferencing Also, with the
launch of more commercial satellites such as

PanAmSat 3 and Orion, it is expected that space
segment costs will also decrease Depending on
the distance between the two communicating
sites, satellite time is already cheaper than time
on the terrestrial-based system ISDN 2 The
crossover point at present is approximately 1000
km depending on the carrier and the routing lt is
forecast that the ISDN prices will also fall so it will
be interesting to watch the development of future
tariffs

It is most probable that the terrestrial and the
satellite-based systems will continue to co-exist,
each providing service in the areas in which
it offers particular advantages and with
considerable interconnectivity betweenthem G
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A Security Policy for ESRIN's Services

S. zatti
Information Systems Division, Projects and Engineering Department,
ESRIN, Frascati, ltaly

M. Fea
Earth Observation Promotion Section, Admi nistration Department, ESR I N,

Frascati, ltaly

Introduction
Access to application services on a computer
system is normally controlled by the system
using traditional operating-system protection
measures. Those measures are in accordance
with predefined policies that vary f rom
maximum openness to strictly controlled
identitv- and role-based access.

ESRIN provides a large number of online services to users all over the
world via a complex telecommunications network. As the number of
services offered grows and their geographical coverage expands, the
network becomes increasingly vulnerable to a security threat.

ESRIN has therefore developed a security policy to protect all of the
resources connected by the network. Operational roles and
responsibilities for security have been established, and measures to
heighten awareness of an installation's security exposure have been
implemented. In addition, the ESRIN networks have been reorganised
based on an assessment of each host computer's required security
level. Further measures, such as authentication and access control
measures, will be phased in as deemed necessary.

The introduction of computer networks adds a
new dimension to the problem of securing
access to computer services The security of
worldwide interconnected networks becomes
increasingly important as a service's
geographical coverage grows and rt becomes
more exposed to 'attacks' by 'hackers' who,
safely sitting in their offices or homes anywhere
in the world, can wander through 'cyberspace',
bypassing all barriers and posing a serious
threat to the integrity and privacy of computer
systems and the networks

Network operators will face a great fight in the
years to come as they attempi to secure their
networks. Unfortunately, the efforts of those
responsible for fighting against 'trespassers ol
the computer frontier' are not always duly
acknowledged by the general public. The
victims of computer crime try to avoid any
publicity as well as the embarrassment and

negative effect of being known as the subject of

an attack, thus revealing the vulnerability of their
installations. This makes computer crimes
harder to fight since it involves fighting an

unknown enemy, In addition, a romantic halo

surrounds the hackers: they appear to be
f reedom fighters. A few recent books describing
some real incidents, however, have tried to shed
light on the computer hacking 'underculture',

revealing the true, more prosaic side of what is

now considered to be a criminal activity

ESRIN, the ESA establishment located in

Frascati, ltaly, is particularly concerned about
network security. ESRIN is responsible for the
provision of user services associated with data
and products from many Earth observation
and astronomy satellites, with bibliographic
information on space and space-related
domains and with information systems in

support of ESA activities. To do so, ESRIN

ooerates a comolex telecommunications
network that connects the establishment with a
large number of ground facilities and user
entities distributed all over the world, offering
on-line access to a number of services. ESRIN is
also responsible for the European nodes
connected to international Earth observation
and scientific networks.

By definition, these services are open to any
users in the world Therefore. the oroblems of
network and system security, not only for the
ESRIN facilities but also for the other entities
linked to it through the network, are of prime
concern.

ESRIN has therefore established a consistent
security policy to protect all the resources
connected by the network, in keeping with the
general principles on protection of information
assets defined by ESA. The focus is on network
security since the network is considered to be
the medium through which attacks on the
resources and services offered bv ESRIN mav



@ outletin ao

originate, and is thus the most appropriate
place to 'build fences' The policy is outlined
here

A plan for the implementation of the security
policy has also been developed and some
aspects are now being implemented
Increasingly sophisticated security measures
will be phased in as deemed necessary based
on the assessed risk to which the establishment
is exposed Such an 'evolution path' includes
the protection of individual pieces of information
with the establishment of a number of security
levels and the classification of resources and

host computers with respect to them. This
evolution will occur in accordance with the
general guidelines laid down by ESA's Risk
Management Office through its Data Security
Programme

The ESRIN environment
Users of ESRIN services are mainly interested in
the following domains:

Earth observation from space

- Astronomy and astrophysics

- Bibliographic information on space-related
maners

The ESA services available through the ESRIN networks

Information Betrieval Service (lRS), the European on-line
host for the provision of information to the scientific,
technical, industrial and institutional communities primarily
in the ESA member states With some 100 databases on a
broad range of subjects, but with an emphasis on aerospace
and environmental data, and with its powerful search
capabilities, IRS provides rapid access to vital information for
industry, business, research establishments and academic
instrtutions everywhere

European Space Information System (ESIS), the
European on-line service to the astronomical and space
physics communities, which provides homogeneous
access to scientific data, including images, spectra and
other data products from a wide range of space-based
missions A bibliographic archive of astronomical and space
physics journals and periodicals is also available, together
with analysis tools

Earth Observation Guide and Directory Service (GDS),
a new on-line information resource describing Earth
observation data, systems and applications lt carries details
about ESA's remote sensing programmes and satellite
missions and provides material of interest to those working
with data products from those missions. GDS also carries
information for newcomers who are interested in the science
and exploitation potential of Earth observation The
information is accessible in the form of full text documents,
images, graphics, audio and animated sequences. The
service is also a network entry-point from which a large
number of related, international information systems can be
located and, in many cases, also accessed

lonia 1 km AVHRR Global Land Data Set Net Browser
(lonia), a series of tools that provide the NOAA/AVHRR
satellite data sets archived and maintained at ESRIN
Thousands of quick-looks are available on the ESRIN server,

and additional features allow inventory searchtng, and
displaying and selection of retrieved data

- ESRIN ERS Central Facility (EECF), which provides
access to the ERS Interface SubSet (ERSISS), the gateway
to the services offered by the ESA European Remote
Sensing Satellite (ERS) mission ERSISS handles the ERS

telecommunication traffic and orovides access to the
catalogue of global products and to the status of user
requests for global products. lt provides also access to the
ERS Central User Service (ERSCUS) which handles the
user requests and the world-wide catalogue for the ERS

Synthetic Aperture Radar (SAR) image data. ERSCUS
supports the preparation of the SAR payload activity plan for
future acquisitions and SAR products distribution through
Eutelsat satellite links; it also generates operational work
schedules for the other ERS ground segment facilities
around the world and shows the ERS Global Activity Plan

(GAP)

- Earth Observation Catalogue and Browse Services
(EPOCAT), which provides the on-line access to the
catalogues of non-ESA Earth observation satellrte missions,
like Landsat, TIROS, and SPOT, whose data are acquired,
handled and stored by ESA facilities and the ESRIN network
of national ground stations For the ESA European Remote
Sensing Satellite mission ERS-1 , the service allows also
on-line access to low-resolution SAR images (UILR) from the
ESA ground station in Kiruna, to quick-look altimeter data
products (OLOPR) generated by the German Processing
and Archiving Facility at DLR, Germany, to the ERS-1

Global Activity Plan, to the orbit information of relevance of
SAR data for interferometric aoolications

- On-line Documentation Services, through which users
can access and download electronically documents related,
for instance, to ESA Invitations to Tender and to the
Columbus programme

- Value Added Services (VAS), such as electronic mail,
directory, file transfer, bulletin boards, newsletters,
conferences and gateway facilities for mail and file transfer.
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Techn ca documentation on
programme
ESA's industr al nvitat ons to
FSA ,eo.:l oocr r.renta-ion

the Co umbus

lender

The user commun ties are w dely spread out
and are ocated around the world They include
users w th very d tferent hardware and software
capabi it es, and w th varying levels of
knowledge, rang ng from those who are very
[amrlia'wilh comprlirg ard networhrrg lo rhose
who do not have any modern too s avai able at
their site Therefore, ESRIN is bound to offer a
w dely ranging and flexible support

In general, ESRIN s tasks nc ude the
rranagenerl of ll-e 'acilrLies lo acqJ'e
process. archive and d stribute satellite data
^^^ ^rh^/ -^^^^ "^r^.^d .nfor.',lation. ard thed tu uL tg JPdUY tvrolu

provis on of comprehensive data retrieval and
d ssenrral or sysren s wirh spec'alised
I rnnlinnc l^ atrnnnrT nn^.^+;^^- ^^ ^^rrr^^ ,^^rilv rupVUr. vpCldLlUl ) Ul I UdLdlUVUU..

d rectories and nventories, correlation of data,
and simultaneous and coordinated access to
drfferent remote archives Electron c mail
services are a so of'ered

The infrastructure of hosts and networks at

ESRIN has g'owr rapid'y in rhe asl decade. in

paral el wiri ESRIN s ncreas,ng 'espors b'rily
to support rser inlerlace ard dala landl ng
tasks In particu ar, the deve opment of tbe
ground segment for ESA s ERS I Earth
observation satellite has meant at least a
ter-to d rrcrease n rhe comp ex'ry ard scope o'

GROUND
STATIONS

EUROPEAN
DATA CENTRES

NON.EUROPEAN
DATA CENTRES

Gathering/providlng

lhe ESRIN responsrbi'ity Moreove'. in orde' lo

o'epa'e for rie ;pconing. even nore complex
Earth-observation missions like Env sat ESRIN

sLa'ted last year [o revise and redesign m;ch of
ts telecommunicat on inf rastructure

Since ts telecommunication links must be
worldw de, ESRIN is actively work ng with the
Fr,.onear llnion on he esLablrshment of a

European network for the exchange of
environmental data, as wel as with the
international Committee for Earth Observation
Sate liles (CEOS) or lhe irterconnectivity and
interoperability of networks, databases,
directorres. inventorres and catalog,res among
+h^ ^^^^^i^^ ^-! ^rtir es associaled withu rE 4vgrrurg) qr ru u

Earth-observation sate ite data

ESRIN s services are made avai able or-line lo

users around the wor d v a the Data
D ssem nation Network (DDN), by means of the
ESRIN telecommunication inf rastructure
(Fig 1) In particular. the DDN provides the
h,gnway for the trarsport of two types of data

traff c:

ntercentre traffic, i e traffic between ESRIN

ard a large nu'nber of irslirrles. 'acililies.
-"^h,.,^^ ^.^, ,^i ^+^+i^^^ ^^^ i^l^ ^^^t"^^ ,^drurilvuJ. 9ruurru Jtduurr)dr ruudtduur iluJ LU

gatner the data

LSer-access t'at'ic. e t'a*tic c'eated by erd
' tate /Aa+h l^^^ ^n/.l.^mntp\:neoccinn thOU)Ul) \UULI I lUUd dl lU lUrrrvLU/ quv! rJil rV rr ru

FSRIN-provided services and rel'ievirg
data

INTERNAL
USERS

4&8sff6

EUROPEAN
USERS

/qMffi

NON.EUROPEAN
USERSESRIN SERVICES

and DATA CENTRES

data Requesting/retrieving

Figure 1. The Data
Dissemination Network
(DDN) via which ESRIN's
services are made available
on-line to users around the
world

data
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Figure 2. Selection menu of
the ESRIN Data

Dissemination Network,
when accessed from the

X.25 public network

The DDN traffic is related to:

- interactive applications. mainly relating to
users consulting databases, catalogues,
inventories, guides, directories, and
literature

- file transfer applications, for product
acquisitions, transfer and delivery, for
archive and catalogue updates, and for
exchange of documents
client-server applications, for adding to the
above usage patterns the capability to
optimise the distribution of applications
between collaborati ng workstations

The DDN includes a Local Area component,
which covers the whole ESRIN site and
provides connectivity to all hosts and terminals
on site, and a Wide Area component, made up
^{ r^^^^^^ ^^;^+^' located in ESA lVemberur duuuJJ PUil rtJ

States and interconnected by international
research networks such as Internet and SPAN

Welcome to the
Data Dissemination Network

of the European Space Agency

An access point is a host computer with a

well-known address to which users in one
country can connect. lt links all relevant local
institutes and concentrates the traffic of all

national users. Remote users accessing ESRIN
services via the DDN remote access points or
viathe Internet are presented with a menu listing
all the available services and requesting the
rrcor'c nhnino (tria 2\

The requirement to provide 'open' access to an
external user (i.e. a non-ESRIN user) on a host
computer supporting one or more user services
through a network, may seem to contradict the
need for basic measures to control the access to
the information resources In fact, a totally
uncontrolled access could create oroblems not
only to local systems but also to the systems
'downstream' on the network that the local host
provides further access to This issue is of
oarticular concern for the Earth-observation
systems, where a user is supposed to be able to

access the system without restrictions and with
as user-f riendly an interface as possible

Up to now, the networks have not imposed any
restrictions on the accessibility of the services,
that is, no security checks have been performed
at the network level. Instead. the'user
validation' has been performed directly at the
application level by the hosts supporting the
services, under their responsibility This is

achieved by restricting the service to
'registered' users, for example, by requesting
user identification and the proper password at
the time of log-in, The service of on-line jumping
to other remote hosts requires special security
measures and should be limited to identified
users In some other cases, hosts do not
perform any check on a user's eligibility for
services and make services avarlable to
'anonymous' users This is the case with
services available via World Wide Web (WWW)

(e g X-mosaic), Gopher, or 239.50 (WAIS).

The classif ication of hosts and services
currently in operation at ESRIN with respect to
the category of the accessible services and
related restrictions is given in Table 1

Additional security measures at the network
level, beyond those at the application level just

described, must be introduced to provide
adequate security

Network vs. application security
A distinction should be made between a) the
network connecting the host computers to one
another, and b) the resources present on such
host computers and made available to remote
users through the network itself .

The network provides the basic connectivity
among access points, to which the host
computers are attached The network is com-
posed of hardware components and logical
pieces that provide the routing among them
from one source to a destination access ooint.

There are three different kinds of access to a
service through the network:

- 
rear-Tn-anmnr rror' 2 reor lnnc in aithor

directly or through the network

- user-to-service: a user loos in to the
aoolication

- user-to-resource: a user, who is logged in to
an application, accesses the resources it
^^t.^^ ^,,^:t^At^I tdnub dvdildutu

Such accesses are traditionally mediated
through security measures that check each
user's identity against a registry in which the

Please type the name of the service required, followed by CR:

I nformation Retrieval Service
Electronic Mail Invitation to Tender System (VT100 and TTY)
Electronic Mail Invitation to Tender System (Windows)
ESA Earth Observation Guide and Directory Service
Official Document Distribution Service (VT100 and TTY)
Official Document Distribution Service (Windows)
Columbus Utilisation I nformation System (VT1 00)
Columbus Utjlisation I nformation System (Windows, Macintosh)
ESA Legal Text Service (VTl00 and TTY)
Ers-1 European Central Facility
Ers-1 User Services
OSI Value Added Services
Exit

ESAIRS
EMITS
EMITSWIN
GDS
DODIS
DODISWIN
CUIS
CUISWIN
ESALEX
EECF
ERSUS
VAS
OUIT
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identity of those users who are authorised to
access a computer a service. or an individual

resource are stored, usually associated with

additional information (e,g passwords) used to
authenticate the users (level R registered

users) When the user has been identified,
all the user's actions can be traced and
accounted for,

Howeve( users who are not registered or known
can garn access to systems ano servlces
(level A anonymous users) For example,

non-registered users (behind which anybody,
even a hacker, may be hiding) can connect to a

service anonymously when access is open to all

(e g an anonymous FTP) or bY means oi
particular, well-known user names related to the

service being offered (e g WWW or GDS)

Access by unknown users is not necessarily
harmful if their activtties can be limited to a
previously defined, well-known subset of all

possible system commands (this limited
functionality is often characterised as a'capiive
account') Malicious intruders, however, can
exploit the weaknesses of the operating system

and gain access to the basic system from

confined applications, thus proceeding into

uncontrolled environments where they coulo
^^^^iht., ^^,,^^ h^"mpub>rury uduJU llol lrl

In other cases. unknown users can gair access
to a system by guessing the names and
passwords of legitimately registered users This

can be achteved when the passwords selected
by the legitimate users are weak, being either
obvious or well-known This is particularly

harmful because, once they are logged on, the

intruder is disguised by the identity of an

innocent user, so any harm they create will be
attributed to somebody else,

Therefore, appropriate security measures are

required even if the off icial policy for informatton
management ts to provide the utmost

^nannoee Spcr rritv meaSUres, in faCt, dO nOt

necessarily mean closing the doors of a system,

but carefully checking who gets in and for what
purpose,

ESRIN's security measures
The security policy established by ESRIN

requires three types of security measures:

Organisational measures, to establish
nnoratinnal rcsnnnsibilities and rolesvvv, qUv'

Measures to heighten awareness of a

particular installation's security exposure
and watch for intrusions
Measures to actually protect againsl
intruders

Table 1. Hosts and services currently in operation at ESRIN, and

their restrictions on access

Host Accessible services Restriction

F

R

ERSCUS

ERSISS

EPOCAT

ESAIRS

ESIS

Core services (e g Global Acttvity

P an (GAP), work scheduling)

ljser servtces (e g calalogLe searcl^.

order status)

Access to the catalogue of global

products and to the status ol global

proouct oroers

User request via flle, transier of the

Global Activity Plan (GAP) file

- Access to ERSCUS

Access ro LEDA cala.ogJe (La1dsat.

TIFOS, SPOT, Nimbus CZCS, MOS,

JERS 1 satell tes)

- ERS on-line fi e server (read-only) for:

Low-resolution SAR images (Kiruna

station UILF)

- Quick-look Altimeter products trom

D-PAF (QLOPR)

Global Activity Plan (GAP)

- Orbit information for interferometry

(TNSAR)

Access to research & deve opment

databases (locally loaded and/or

accessible via automat c gateways)

General men- +or services provided

Access to guide inlormation stored

locally

- Access to selected information stored

rocar y

Search on IDN directories

- Access to other hosts, only for alpha

numeric users, by on-llne iumping to:

- IRS (file Inspec)

LEDA catalogue (all data)

Remote hosts on SPAN -

Bemote hosts on X 25 PSPDN.

- Provlsion of relerences (addresses) ior

connection to remote hosts on Internet

FTP access to software, bulky ancillary

data, etc

- B'ows,rg rmages, soeclra. time sertes.

bibliographic information and abstracts

- File transfer of the above for both

types of service:

- access as ESIS cltents

via WWW/NCSA-IVOSAIC

FT

FT

E

E

T

T

T

E

Restr ction;

R Registered users only

A Anonymous users

A

A

A

- with explicit agreement of remote hosts

Type of servrce:

T InteractiveApplication
FT File-transfer appl cation

E Clrent-serverapplication
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Many of these have already been implemented.
Others will be implemented only if deemed
necessary based on the assessed risk to which
the network is exoosed.

Organ isational measu res
The first step when dealing with security is to
establish the responsibilities of those em-
powered to deal with security matters.

At ESRIN, the Information Security Office (lSO),
the technical focal point for all network,
computer and information security-related
matters, monitors the security of the network
and computer installations and issues
instructions to counter risks and exposures.
With the ISO's support, the ESRiN management
coordinates the application of the policies
and guarantees their uniform enforcement
throughout the establishment. In turn, an officer
from each division is appointed to a Security
Advisory Board that ensures the necessary
consensus for all security measures. The
security officers guarantee the application of the
measures in each division.

Awareness measures
The security of the system must be constantly
monitored, and a general awareness of
security issues and threats maintained Only
when the real risks are known and ouantified in
terms of economic loss, can an effort (in terms
of manpower and procurement of monitoring
and enforcement tools) be iustified to
management.

Each system manager regularly follows a
routine security 'checklist' to ensure that the
appropriate levels of checks against the known
vulnerabilities are in place. The items to be
checked include the choice of passwords, the
levels of file protection, and the boundaries of
free-access captive accounts. The ISO
regularly distributes advisory notes from the
international security community, in particular
from the Computer Emergency Response
Team (CERT) (at Carnegle-Mellon University,
USA), to increase the system managers'
awareness and help in coping with newly
discovered weaknesses. Modern legislation is

also increasingly aware of computer security
and the lack thereof , and now offers instruments
for action, including at the legal level if
necessary.

In order to assess the risks and the seriousness
of an attack, system managers routinely
monitor access by both external and internal
users to the systems under their responsibility,
and report any incidents or suspected
incidents to the lSO. This also aoolres to the
managers of the network itself, since network

resources like modems, routers, managemenl
stations, and the access lines, as well as
informatron like the routing tables and the
network-level access control lists, are atthe core
of the security of the whole site

Protection measures
Since the network is the most likely medium
through which intruders can penetrate a
system, the network is an appropriate place to
enact basic security measures

Protection measures at the network level have
already been implemented at ESRIN. They
rnclude:

- Maintenance of access control Iists based
on the addresses identifying the calling
entities

- Reorganisation of the physical layout of the
networks and computer attachments (see
'Reorganising ESRIN's network' below)

- Deactivation of some kinds of access, for
example, those originating from certarn
countries or troubled areas.

At the network level, however, only the
addresses of calling parties are visible, so any
measure enforced at that level can be aoolied to
addresses only, and is transparent to the
identities in application and human terms of the
called and calling partles, as well as to the
applicatron semantics In other words.
protection at the network level cannot be a
su bstitute fo r application-level protection, wh ich
must be addressed separately.

Protection measures at the application level
include:

- Routine measures to ensure that
user-chosen data are not introducing weak-
nesses (e g. periodical password changes,
and use of hard-to-guess, inobvious
passwords)

- Accountability measures to ensure that all
accesses, including unrestricted accesses,
can be traced, and that the accessors and
their actions can be identified. In other
words, ESRIN's external access policy is

evolving from full openness to 'accountable'
ooenness,

- Authentication measures to control user-
to-computer and user-to-application types
of access. These measures can range
f rom, in increasing order of sophisti-
cation, generrc user names to a fully
i nteg rated, cryptog raph ical ly-stren gthened,
user-lD plus password that is checked
against a unified user registry.

- Authorisation (or access control) measures
to control individual, authenticated users'
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access to rndividual resources, w th tie
assoc at on of access control ists to
resouTCes, to then be checked agatnst user
ptv eges at access I me

The first two measures have a ready rleen

mp emented at ESRIN For the last two, the

authenticat on and authorisat on enhancement
measures the evel of sophistication that w Ll

actua y be mp emented w ll be a direct f unction
of the assessment of the risks

Reorganising ESRIN's network
As stated before the network is the prirnary
point of access where basic security measures

can be enacted Enactment of network leve

protection measures s the lirst step to

achiev ng adequate, overa secur ty for any

instal at on To this end, the netlvork structure at

ESRIN has been reorgan sed accordtng to two

main criteria access bi ty and operat v ty as

follows.

Accessibllrty A nettvork (and the host

computers attached to t) is cons dered to be
'accessible' f t must be ab e to be reached
from outs de ESRLN

A logcal firewall' has been installed to
prevent external accessors trom reaci ng

particu ar netlvorks (and host computers)
r,^rithrn the estab ishment (Fig 3) The

-ox stence of a firewa I at the nett'vork

level does not imply that \/ftatever s on

the 'outside' of the wal s abandoned
to the ncurstons of hackers: approprlate
securty measures at the app icat on Ieve

protect those host computers and the r

nformation

Operatlvlty A host con^puter ts constderec
to be operational' lf it offers an operationa
:icrvrce lt s considered to be 'non-

operat ona if it is used only lor systen'

development or off ce suPPort (The

operativity of a serv ce or of a host com
puter s not directy related to its securty
but is mentioned to prov de a comp ete
picture of the reconfiguraton of the ESRIN

network)

Fou r categories of networks bave therelore
been created (Ftg a) Depending on the nature

of the act v ty performed on eacrr hostcornpute"
at ESRIN that host computer s being assigneo
to one (and only one) of the nettvork categor es

To perform the transiton, two procedures are

used one maKes a computer accesslole ano
the other makes a computer operational The

procedures include a number of tests and some

formal constraints

Not accessible

Figure 3. A logical 'lirewall' separates ESRIN's systems and services that do not
have to be accessible to the external world from those that must be accessible

Accessible

Operational

+-"Firewall'

Non-accessible

Operaional

Non-accessilcle

NonoperationalNetwork partition

Figure 4. Four categories of network have been created' All host computers
offering an operational service, whether they are accessible or non-accessible, are

connected to different networks than those used for development or office support
(n o n-ope rat io n a l)

External world

ffiffi
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Table 2. The elements of ESRIN's new network security policy

Organisational measures:

Formal responsibility scheme for all network, computer and informatton security-related
maIIers

Security Advisory Board, with representatives from each divisron of ESRIN

- Information Security Office (lSO)

Awareness measures:

- A security checklist which network managers must follow

- Accesses routinely monitored and suspect cases reporled to the ISO

- Risk level assessed by the lSO, based on violation reports

Protection measures:

Measures for accountable openness

- Evaluation and scaled enactment of authentication measures

- Evaluation and scaledenactmenlof accesscontrol measures

Logical reorganisation of ESRIN's networks:

Construction of a security 'firewall' within the ESRIN network installations

- Formal procedure to make particular host computers (and services running on them)
accessible from the outside

Summary and conclusions
The elements of ESRIN's new security policy are
summarised in Table 2

The key to success in rendering secure a
complex establishment like ESRIN from the
information services point of view is to make the
staff aware of the risks involved and of their
personal responsibility in complying with the
relevant security regulations in their daily
activities, as stated by ESA's policy on the
protection of computer operations This has to
happen with managerial support and with the
staff's full consensus, without limiting their
personal freedom with respect to professional
activities and contact with the external world
One of the Information Security Office's tasks is

therefore to run an awareness campaign
targeted at the individual users, and aimed at
garnering the maximum level of compliance
with the defrned rules
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Introduction
In the last decade, the fields of control systems
and operations systems, which include nuclear
power stations, avionics systems and process

control in general, have seen a strong trend
toward greater automation. Some reasons for this
are:

- To reduce the operator workload (and
possibly thereby reduce the number of
operators and the associated costs)

- To allow the operator to concentrate on
decrsions that have to be made by a human

- To increase safety and reliability by reducing
ooportunitres for human error.

This automation is achieved using computer
software to perform certatn actions and even to

Operations systems for spacecraft missions have been expensive to
implement because much of the software for such systems has been
rewritten for each new mission. With the trend toward more complex
spacecraft and more ambitious mission goals, the situation could
worsen. At ESOC, the Advanced Systems and Technology Programme
(ASTP) is funding a series of studies called the Advanced Technology
Operations System (ATOS) studies. The aim is to develop the design basis
for mission operalions systems using advanced technologies such as
knowledge-based systems (KBS).

In the first of these studies, ATOS-1, techniques for integrating
heterogeneous advanced applications have been defined and
prototyped. Such techniques enable the re-use of separately-developed
applications and allow for the integration of large units of software.
Software for spacecraft mission operations systems can be produced
more cost effectively by making re-use and integration easier.
Furthermore, these techniques can be of general application in the
software industry.

take (or propose) decisions, for example, in
response to a failure. The technologies involved
include knowledge-based systems (KBS) which
'reason' using an 'inference engine' to solve a
problem on the basis of a set of formally
ovnroccor'l 'rr rloc'

This trend is also affecting spacecraft mission
operations systems, particularly as spacecraft are
becoming increasingly complex and mission
goals are becoming more ambitious, thereby
making the problems of planning and
performance of mission operations more
demanding The advanced technology of KBS
could help to solve some of these problems
Additionally, despite greater demands on such
systems, economic conditions impose the need
to reduce the rather high costs of implementing
the operations systems for new missions. The
reason for these high costs has been the need to
develop substantial amounts of new software for
each mission Better re-use or adaption of
existing systems and system components could
therefore imorove cost-effectiveness.

At ESA's Space Operations Centre, ESOC, KBS
has been apolied in a number of studies to
specific areas of mission operations, producing a
number of independent prototype KBSs
However, the various prototypes developed use
different KBS tools and knowledge
representations, which means that they could not
easily be made to work together. This led to the
need to find a solution to the integration problem
without imposing a common knowledge
representation on all applications. This became
an important driver for ATOS-1, the first study in

a series of Advanced Technology Operations
Svstem studies.



integration and re-use of mission operations systems

Background
The integration problem for mission operations
systems is part of a general problem in software

development. The interface between software
components, in particular, presents a major
difficulty in the integration of complex systems.

The software integration problem

Large and complex software systems are

becoming more common Mission control
systems are a good example of this Other
examples are multi-media applications, CAD
(Computer Aided Design), CI|\/ (Computer
Integrated Manufacturing), telecommunica-
tions, and process and environmental control
svstems

There are two problems in the integration of
software: the relative immaturity of software
production and the problem of providing
interfaces for software modules

The 'software crisis'
Integration of computer hardware has evolved
in a much better way than software integration
has

Some forty years ago, a computer was a
monolithic structure of valves and other electrical
components NoW when computer manu-
facturers design a new machine, they do not

build a unique machine from the ground up
using a collection of diodes, resistors and
transistors Rather, they assemble the machine
from standard components whenever possible
They only design new components when doing
so would, for example, give them a proprietary

edge Furthermore, the components are used to
construct larger components The package that
results from such layered building is not a closed
system This is assisted by the existence of
mature standards at each layer, allowing easy

interchange of the components

Howeve( on the software side, there has not
been a corresponding development The step
from assembly to procedural languages gave us

a slight increase in the size of software
components, i.e. a line of procedural code is the
equivalent of several lines of assembly, but does
not bring us much further than the
diode/resistor/transistor level in terms of the
hardware analogy The advent of non-procedural
languages such as Prolog and LISP was again
an improvement, in certain ways, although its

equivalence to procedural languages is hard to
measure The aooearance of libraries or software
modules also allowed for a higher level of
integration, but nothing to rival the reusability of
hardware components.

The gap between the development of hardware
and software is known as the 'software crisis' lt

manifests itself in the difficulty of producing good
'industrial strength' (i e. reliable) software, at least

on a rarge scare

Many new software engineering techniques have

been heralded as the solution to the software

crisis yet none of them have managed to solve
the problem. At most, one is usually offered a

better set of libraries with interfaces that are

easier to use However the problem of building a
large system from many components where
there may be a 'combinatorial explosion' of
logical paths through the system and interfaces,

remains the major obstacle.

The interface problem

All modern methods for breaking down complex
software systems into a set of sub-problems
(which are called modules, subject areas, work
packages, etc.), use the 'divide and conquer'
approach. Each of these sub-problems is then
pursued as a separate development task

At the end of the development, the sub-solutions
must be integrated together to provide the

overall solution (or the system). Integration
involves communication between the
sub-solutions and for that there must be an
agreed interface. In practice, the agreement,
implementation and testing of the interfaces is a
tedious and often difficult task. Also, because

The Advanced Technology
Operations System
(ATOS-1)

43



@ buttetin ao

Figure 1. Peer-to-peer
communication between

software components. The
addition of a new

component can mean
modification of all

component interfaces.

thorr :ro noor-tn-nppr intarftaaa lFin 1\ o:e h

interface may need to be modified every time a
new functionality or sub-solution is added The

interfaces in a system can work against
reusability of its components by being too

numerous ano comprex

The integration problem for missron operations
syslems

As stated earlier, a spacecraft mission operations
system is a good example of a complex system

that has to be of industrial strength' for reasons

of safety and reliability. A spacecraft mission

operations system comprises the set of facilities

needed to carry out all the mission operations
Mission operations can be split into three areas:

Mission preparation: The tasks for the
preparation and configuration of the Mission

Control System (N/CS) prior to the start of the

mission. as well as the setup (and

subsequent maintenance during the mission)

of the basic reference mission knowledge
(spacecraft databases. mission schedules.

etc )

- Mission planning The planning and
scheduling of mission operations activities

- Mission operations: All tasks involved in

monitoring, control and reporting of the

mtsston

In general, each of these areas will be supported
by independently developed software, possibly

running on different platforms Furthermore,

these areas are linked together. For example,

mission preparation produces the database for
operations; mission planning produces the plan

of operations to be executed by mission
nnoratinnq and tho nrndraaa n{ miqqinn

operations results in updates to the plan.

The trend towards greater automation in mission
oner2tinns lcar^ls to the introduction Of

knowledge-based elements. The information to
be shared then becomes more complex: instead

of being tables, databases, or operating
procedures, it becomes facts and rules,

There are a number of considerations with

mission operations systems:

- Because such systems are large and difficult
to mplement, as many components as
nossihlc mrrst he re-used to avoid loss of

investment,

The required capabilities change during the

working life of the system, for example, as

new missions are undertaken, as users'

needs change. or as new supporting
technology such as platforms or networks is

introduced

- The various applications making up the whole
system are f requently inf lexible. with. for

example, rigid and restricted interfaces

between the planning system and the control
system, making fast response in the event of

failures cumbersome, if not impossible

The applications also make use of knowledge
or information about the spacecraft, the
nrnr rnI a\/eioma ^^/-.1 +h^ nnarr+innrl
Vrvurru oyolu'r'r Ol lU tl lV VPV|qLlvl l4l

procedures. Parts of this are held centrally,

but a significant amount of such knowledge
is held locally in the applications them-
selves, using their own representation or
conventions This leads to ootential duolica-
tion and inconsistencv of knowledoe

These problems demand solutions, particularly

since budget restrictions no longer allow the

luxury of reimplementing large parts of systems

for new missions

Solution: The ATOS-1 approach
A combination of the following two approaches
will aid in addressing those problems:

- lmplementation of unified generic com-
ponents from which specialised application
software can be built

- Use of principles of federation to integrate
heterogeneous components into a single
system

Generic syslems and components
Generic systems have been used at ESOC for
anmA t\^/onl\/ rroerc in ih^ -r^^ af cnnannn{trLy yvurr il r Ll lg OlEq Vl DPOVVUIoIL

control These have included the lVulti-Satellite

Support system and, in the 1980s, the first

generation of the Spacecraft Control Operations
System (SCOS l) These were table-driven
systems, providing the capability to adapt data

f*'"--"'t a--"7
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structures and configurations to new missions.

However, changing or adding functionality was

always cumbersome

In the current state-of-the-art, development of

generic components or systems follows the

object-oriented programming approach to the

f ullest extent General classes of objects are

defined The properties of the general classes

can then be'inherited'by more specialised

classes/objects adapted for the task at hand

These specialisations may override or add

functionality to the parent class or classes An

important feature of this approach, in contrast

with the older f u nctional-based software

engineering technology, is that the general

classes are not modified and a developer
wishing to reuse them does not need to

understand their internal operations Only the
'differences' from the general class are

implemented in the specialised classes thus
reducing the amount of coding Furthermore, the

benefit from the improvement of a class can be

passed on to all specialisations of the class (by

recompilation) without the need to modify the
cnanialicori nlaecoc

The new generation of ESA Spacecraft Control

Operations System (SCOS ll) uses the

oblect-oriented technology. In SCOS-ll the basic
functions of spacecraft control and monitoring

are implemented as an objecforiented class

Federation

Although development from generic components
is a very good approach. the resulting

components (i.e. specialist applications) must

eventually be integrated This is not a

straightforward task because of, among other

reasons, the 'interface problem'.

There is no generic interface mechanism for

software components, unlike for hardware

components which have the Small Computer

Systems Interface (SCSI), for example

ATOS 1 uses a federation-enabling technology lt

simplifies the 'interface problem' by adopting a

client-server approach (Fig.2) instead of a

peerto-peer approach Each component (or

client) has only to provide an interface to the

ATOS 1 infrastructure (or server) In effect, this

extends the object-oriented philosophy to the

level of complete applications by providing a
standard interface to them. A developer may use

this interface without knowing any

implementation details of the other, individual

applications. This makes the possible size of

software components much larger than that
provided by any given set of libraries (libraries

contain classes, sub-routines, etc , which are

relatively small units of code)

ATOS-1 and mission operations
From the point of view of mission operations, an

Figure 2. Client-server
communication between
soltware components. The
addition of a new
component means that
only the interface with the
new component must be
provided.

library, from which mission systems can be built.

Specialisation to meet mission needs can be

provided using'implementation by difference'
based on the aforementioned inheritance
property of object-oriented systems In this way,

SCOS-Il will in due course provide a very useful

set of reusable building blocks for mission

control systems

The generic approach works well in clearly

understood and bounded application domains,
^"^h ^^ ^^^^^^"^4 ^^ntrol lf it is extended)uutr d) )PquvurdrL uu

to a laroe domain such as Lhe whole

of mission operations, however, it breaks

down, mainly because of the problem of

developing and integrating large generic

systems

ATOS 1 system may be seen as a group of

applications, known as ATOS Application
Modules or AAMs, that share information and
communicate with each other to carry out the

mission operations tasks As shown in Figure 3,

each AAM has its own knowledge base The

Mission Information Base (MlB) is the union of

the knowledge bases of all the individual AAMs

The scope of the MIB is thus very broad
:nd ennnmn2sses all available mission-

related information, including design informa-

tion, mission operations schedules, and docu-
mentation

The AAMs, which manage components of the

MlB, may be physically distributed, may use

different approaches to structuring knowledge

".:.;:!:

COMPONENT ADDED
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Figure 3. The ATOS
inf rastructure and ATOS

Application Modules
(AAMs)

Figure 4. Knowledge
sharing with ATOS-1 : A

concept or technical term,
expressed in AAM 1's

internal language, is
translated into a common

language (KlF) so that it
can be understood by

AAM 2.

46

(e.g relational, object-oriented, or rule-based
approaches) and may use different tools for
storing and manipulating knowledge.

The ATOS-1 concept: sharing of knowledge
between applications
ATOS 1 seeks to provide access to data
belonging to applications written in differenl

OTHER AAMS

languages and using different storage
techniques To make this possible, the following
are necessary:

A mutual understanding of
technical terms (the ontology)
A common language for
knowledge (the Knowledge
Format or KIF)

conceprs ano

ronrocantinn

Interchange

- Translation caoabilities between the common
language and internal AAM languages

- A protocol (or packaging) for run{ime
communication (the Knowledge Query and
Manipulation Language or KQML)

- A physical method of transferring messages
(the infrastructure).

An exchange of knowledge between two AAMs
is illustrated in Figure 4 (This approach and the
terms used are derived from the DARPA
Knowledge Sharing Effort, funded by the
Defence Advanced Research Projects Agency
and carried out at Stanford Universitv. USA.)

The ontology of shared knowledge
AAMs must be able to share knowledge For
example, plans, the results of mission planning,

are inputs into mission execution; and details of a
detected anomaly are used for fault diagnosis To

share the knowledge, AAMs must have a

common understanding of concepts and terms
This is provided by the ontology (Fig. 5)

The most basic use of the ontology is as a paper
standard where the terms of the problem domain
are defined. lf there is a standard definition of the
terms'resource','schedule' and'activity', AAMs
designed to comply with the standard are
guaranteed to use these terms in a common
way

In addition, an AAM's knowledge structures can
be automatically derived from the ontology The
ontology is written in a formal language (rather

than, for example, in English) lt can therefore be
translated into the particular computer
processable knowledge structures used by an

AAN/ This approach gives greater assurance
that the AAM complies with the ontology and it

can also reduce the effort required to develop
the AAM

Messages

AAMs communicate with each other via the
ATOS infrastructure Communication is

performed through messages that are expressed
in a high-level message language called
Knowledge Query and Manipulation Language
or KQML. The content of the KQML message
can be in any language that the communicating
AAMs understand but will usually be in the
Knowledge Interchange Format (KlF). In general,
a statement may have different meanings. For
example, the statement 'Switch No.1 on' could
be a question.'ls Switch No 1on?'or an
assertion, 'Switch No.1 is on'. KQML allows the
distinction to be made by using the terms
'Query' and 'Assert' respectively. A knowledge
interchange interface is added to the
applications; it carries out conversion of
information between the internal AAM
knowledge representation and KlF.

The functions of the rnfrastructure
The ATOS infrastructure is the 'glue' that binds
AAMs: it permits them to exchange knowledge
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PFIVATE
INTEFIPBETATIONS

The infrastructure
AAMs by:

the integration of

Routing a messaEre to the AAM that provides

the information or service required by the

message This is known as content-based
routing, where the sender does not have to

know which AAM will receive the message
Maintaining /rnks between information items in

different components of the MIB

Delecling significant changes in the state ol
the MIB and informing the AAIVs accordingly.
Controlling access to the information and
services provided by the AAMs
Maintaining a timetable that describes which
AAMs can use which services of other AAMs
and when This timetable is uodated bv a
mission planning AAM
Logging messages, as requested
Buffering messages before they are read

Development of prototypes
ATOS 1 is not just a paper study From the

outset, it was planned that prototypes would be

PRIVATE
INTERPRETATIONS

rHE BIG
APPLE'

developed to prove the feasibility of the concepts
and the architecture The prototypes fall into two
categories:

A prototype of the ATOS-1 infrastructure
Prototype AAMs that run on the ATOS-1

infrastructure,

ATOS-1 infrastructure
ATOS-1 is intended to run on a network of UNIX

workstations where the infrastructure runs on a
dedicated machine, as depicted in Figure 6 The

database system, Oracle, is used to store the

infrastructure information and the metabase An

object-oriented database could also be used for
this Lower-level communication is handled by a
simple communications protocol

Prototype AAMs
In 1992, ESOC undertook a project to determine
the feasibility of a modelling approach to

spacecraft control Two contractors, ITV

(Karlsruhe) and Siemens (Austria), developed the

Automatic Mirror Furnace (AMF) Expert SYStem

Figure 5. Ontology - an
agreed meaning. When two
people discuss an 'apple',
each person can interpret
the word in several ways.
One person (on left)
understands yellow apples
and green apples, while the
other person (on right)
thinks ol yellow apples, red
apples and 'The Big
Apple', i.e. New York City.
The ontology defines the
agreed understanding, and
all users basing their
interpretation on this
ontology will understand
that the common definition
of 'apple' is 'yellow apple'.

Figure 6. Physical
architecture of ATOS-1

ONTOLOGY

OTHER I\,IACHINES

IMACHINE 3

..,-,'"1 AAivG

^a''

COI\,IS SERVER

cot\,1s cLTENT

ATOS APPLICATION

IUODULE (AAM)

MESSAGE

s

c
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Figure 7. Architecture of
AMFESYS, a prototype with

three AAMs built to
demonstrate the viability of

a modelling approach to
spacecraft control

(ESYS) for the AME the most complex payload
on the Eureca satellite AMFESYS maintains a
model of the AME time-synchronised with the
stream of spacecraft telemetry packets coming
from the orbiting spacecraft The model provides
a consistent set of reference 'telemetry-
parameter' values that are used to detect
abnormal values in the real spacecraft telemetry
Divergence of the modelled state f rom the
spacecraft state are corrected by a rule-based
diagnosis module

The prototype AAMs are derived directly from
AN/FESYS lt has three parts: a Modelling AAM,
a Monitoring AAN/ and a Diagnostic AAIV
(Fig 7) The lVodelling AAM maintains a model
of the AMF which the Monitorino AAM comoares

with telemetry from the spacecraft lf a signlficant
discrepancy is detected, the Diagnostic AAM
performs a rule-based diagnosis of the fault and
then corrects the model

Each of the three AAMs uses a different
approach to structuring knowledge, C + + ,

Common Lisp Object System (CLOS) and Kappa
are used They interact with each other via the
ATOS infrastructure The ontology defines the
structure of the AMF.

ATOS and CORBA
Object inter-operation technologies are currently
the subject of much interest, again because of
the potential they offer for software re-use and
integration The Common Object Request Broker
Architecture (CORBA) is a widely adopted
standard in this area and many implementations
claim compliance with it CORBA compliant
systems may be seen as having similar goals as

ATOS 1 i e to allow multiple applications
share rnformation

CORBA records the interfaces of the different
objects in its system but does not use these to
perform content-based routing of messages as

ATOS does because, in the classical object
model, the identifier of the receiving object must

be known before a messaqe can be sent

ATOS could make use of CORBA as a low-level
communications system This would then yield
an Object Request Broker or ORB per machine,
which would serve all of the AAMs on that
machine. The ATOS infrastructure would run on a

machine also accessible throuoh an ORB
(Fis 8)

F rELEcoM[,4ANDs

On the other hand, CORBA does have features
that are lacking in ATOS such as transparent
distribution of objects (across a network) lt is

also an emerging standard for object
inter-operability Combining CORBA and ATOS

could be mutually beneficial However, this would
require significant work and, in view of the
instability of CORBA (the specification itself is
due for a major revision), it is not envisaged for
the near-future

Conclusion
A two-fold approach to the 'software crisis' as it

affects the field of mission operations systems, is

proposed:

To build certain generic components
To allow a federated aooroach to the
integration of applications by use of a

common infrastructure (ATOS 1) to allow
(indirect) inter-application communicatron
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ETHERNET

Figure 8. ATOS
architecture based on
Common Object Request
Broker Architecture
(coRBA)
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Clearly. if the AAIVs themselves are generic in
their own domains, this combined approach has
great power.

During the ATOS 1 project, prototypes of critical
elements of the ATOS infrastructure were made
Prototypes of three AAMs have been developed
to demonstrate the viability of a system

constructed according to the ATOS philosophy

Furthermore, an Architectural Design Document
for the full infrastructure has been written and
formally reviewed

The complementarity of the ATOS-1 integration
approach with that of another standard, CORBA,

has been discussed and the two approaches
could be combined to exploit their individual
strengths,

The work undertaken as part of the ATOS-1 study
may have benefits not only in the space industry
but in any application area where there is a need
to integrate disparate software components in

the building of complex or large systems Such

integration could allow greater re-use of complex
components, leading to cost savings as well as

more powerful and automated systems.

The ATOS 1 study will be completed in the fourth
quarter of 1994 The next slice. ATOS-4 (also

funded by ASTP) will begin at about the same

time In that study, an operations system will be

developed using the ATOS 1 prolotype

infrastructure and the SCOS ll spacecraft control
infrastructure. ATOS 4 will, in particular, seek to
demonstrate the validity of using knowledge-

based and other advanced technology rn an

operational environment,

Acknowledgements
This work was f unded by ESA's Advanced
Systems and Technology Programme (ASTP)

which is managed by ESA's Directorate of

Telecommunications, ASTP promotes the

development of new technologies for the space
domain, with the aim of helping European

industry to develop marketable products based
on these technologies The ATOS 1 prolect was

carried out by a consortium composed of Logica

UK Limited, GMV (Spain)and SAS (Belgium) G

{_- }r .. I AAMG

49



@ outtetin eo

H i g h-Tem peratu re I nsu lations

K. Keller
Thermal Controland Life Support Division, ESTEC, Noordwijk, The Netherlands

J. Antonenko
Deutsche Aerospace, Bremen, Germany

K.H. Weber
MAN Neue Technologie, Munich, Germany

Introduction
The dissipation of the kinetic energy oI

atmospheric entry or f rom vehicles flying
hypersonically results in significant aero-

thermodynamic heating of all external vehicle
surfaces, Typically the maximum heating rates ol
vehicles ascending or returnrng from low Earth

orbits remain below 1 MW/m-, whereas for lunar
return or some planetary missions such levels are
^"^^+1,, ^,,^^^i^iUIUdTIV U LUCUUU

When a high-speed vehicle tlies in a planetary atmosphere, kinetic
energy is dissipated in the form of heat. Thermal-protection concepts
which involve re-radiating a major amount of this aerothermal heat to
the environment depend on stable, high-emittance surfaces in
combination with highly efficient thermal insulation. In recent years,
considerable progress has been achieved in Europe in the field of
flexible external insulations and high-temperature multilayer insulations.

To maintain appropriate temperatures for

equipment, payloads and structures in this
hostile thermal environment, an efficient Thermal
Protection System (TPS) is required In practice,
two fundamentally different concepts are
aoolied:

- Ablators swallow a considerable fraction of
the penetrating heat pulse by means of
endothermic chemical decomposition of the
material, and eventually via phase changes,
As a result of this process, the major part of
the virgin thermal-protection material is

transformed into char, and only a small
residual part insulates the space vehicle from
the hot char. The aerodynamic surface shape
might be affected by ablator shrinkage
(caused by spallation or other erosion
mechanisms) or by char swelling. Such
shape changes and the temperature range of
application depend on the main plastic
constituents, the reinforcement and the
aerothermodynamic environment. As an

examole. arc-iet tests showed no surface
recession of AQ60 (selected for the Huygens
Titan entry probe) up to 1 MW/m' Such
surface stability is produced by the silica fibre
reinforcement of the ablator because the
phenolic resin matrix decomposes already
below 800oC

- Re-radiative thermal-protection systems were
primarily developed for extended flight
durations Thus, their insulating capability
must be better than those of ablators and
their surface must maximise the re-radiation
of the incident aerothermodynamic heat to
the atmospheric environment Such concepts
^^^ a^ -^^ri^^! ^'-ler as hioh{emDeratureUdII UE IEdII>UU UIII

insulations more or less directly exposed to

the hot airflow, or as thermal insulations
covered by some highlemperature structural
material, a solution that avoids direct
exposure of the insulation to the airflow,
Exposure to the airflow implies more stringent
structural-integrity needs for the insulation
Re-radiative thermal-protection systems main-

tain their aero-dynamic shape.

This article focuses on high{emperature
insulations used in re-radiative TPS concepts,
and reports on their current development status
in Europe

Review of high-temperature insulations
Re-radiative thermal-protection systems are
primarily applied on reusable vehicles,
Depending on the expected temperature levels,

two basic material systems are used for the TPS

of the US Space Shuttle Orbiter, as well as for
Russia's'Buran' soaceolane:

- Reinforced Carbon-Carbon (RCC or C/C) is

used at all locations where the predicted
surface temperatures exceed 1260oC, ie for
the nose cap and the leading edges of the
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wings The colder aluminium airframe behind

the RCC lose cap and leading edges is

protected by means of sillca/ceramic-fibre
insuations aganst the heat orginating from

these hot structural e ements

- The Beusab e Surface Insu at on (RSl) is

applied to most of the surface where the

predicted temperatures are lower The RSI

usually consists of rigid ceramic tlles or
f exib e blankets

The rigid tiles arc made f rom high-purity
(99 B0/o) s lica fibres, which are r gtdly

interconnected n a hign-temperature stntertng

process Tlles w th dens ties of 144 and

352 kg/m3 have been rea ised The exposed tile

surface s covered with a thin glassy coating,
wrich is blacr^ for lne space vehcles l'ottest

areas ard white e sewhe'e Tris coating extends

to lle surfaces ,r li'e gap betweer lie tiles.

thereby leav ng only a small ti e area uncovered
The tiles are bonded via a ayer of ny on felt

to the aluminium airf rame with a silicone

adhes ve The nylon fe t acts as an elast c

strain-insulatron pad

The flexible blankets (FRSI) were orig nally made

f rom a Nomex felt A white silcone elastomer

coating provided the required thermo-optical
properties and the water-proofing The b ankets

were bonded d rectly to the alumtnium airframe
with a s icone-based adhesive

More than 60 successful Orbiter fl ghts and the

Buran fl ght have validated this thermal-
protection concept The RSI has evolved during
its use on the Shuttle Firstly, rigid ceramic tiles

with greater mechanica strength and hlgher

applicat or te'nperatures were deve oped. by

adding a um no-boro-silicate fibres to the si ica

flbres before the sintering step Secondly,

advanced flexrble b ankets (AFRSI) have been
rea ised by replac ng the Nomex felt by a silica
felt The thermal endurance was signif cantly

enhanced in this way, from 370 to some 650oC
The AFRSI blankets replaced the orig nal rigid

ti es for arge leeward surface areas of the

Orbiter, resu ting both in reduced fabrication/
installation t me and costs. and ower TPS weight

The recent Japanese OREX-capsule flight

also used re-radlative thermal-protection tech
niques, w th rigrd ceramic tiles for the f ront

shield, C/C for the nose cap, and C/C shing es

covering a high temperature ceramic-fibre
insulation e sewhere (Fig 1)

One of the malor goals of the OREX flight was

the experimental val dation of TPS materials and

conslrrcrions tor laler appl'catior on lie o anned

Japanese spaceplane Howeve'. as a so n-o'f. it

demonstrated ln addition that re-radiative TPS

co. o oe app ied or capsules relLrrnilg {ro'n low

Earth orb t Such alternatives to ablative solutions

were proposed by NASA/JSC for the Assured

Crew Return Vehicle (ACBV) and are also being

studied by ESA

Another benefit of the OREX flight was ts

feasibi ity demonstration of an advanced RSI

concept with C/C shingles covering a

high temperature nsulation Such an approach,

but wth C/S|C shngles and ultra-ightweight
nsu ation packages was investigated by

analyses and ground testing in the framework of

ESA's Hermes development programme Known

as Rigid Externa Insulation' (REl), t was

cons oered tor tre E-ropean spaceplane s lower

surface and for the cabin region (Fig 2)

During trade-off and development studies, it

was found that high-temperature mu tilayer

insulations - also knolryn as Internal Multiscreen

Insulations (lMl) prov de the most thermally

efficient hightemperature insulation package

beneath the C/SIC shingles

lMl-type insu ations promise an evolutionary
improvement in the high temperature tnsulaton
pacKage Detween C'SiC sringles (or othe' hard

covers) and the aluminium primary structure
The reason is that heat transfer by radtation

Figure 1. OREX
thermal-protection concept
(courtesy of NASDA)

Ceramic'l'ile

SIP

Ceramic Tiles
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Figure 2. Hermes'
t herma l-protectio n

architecture

Figure 4. Concept of a
flexible microfibre
insulation blanket
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Figure 3. High-temperature multilayer insulation concept
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Continuous exposure
Short time exDosure

becomes dominant n iow-density ceram c f bre
nsu at ons above some 600oC Therefore the
rmplementat on of reflective screens (Fig 3)

produuer d srorg 'edLCrion ^ ieal 'aoalor
The llVl concept rel es accord ng y on a core of

stacked reflect ve fo s separated by ow density
ce'arr c-'b'e 'eee es For ^ard irg pu pose) tf e
core r gf I be enc o>ed 'n d bdg ,A ^.cl co^s >rs

of ceram c fabr c f the Ml cannot be integrated
direct y lvith the shrng e

The Hermes dr ven high temperature nsula-

t on development effort a so inc uded use of the
l=lexible External nsulation (FEl) concept for

'L - -^ - 'rni:np < loo rr-rr-l \ rf ).odlqq qlgd) U I r >pduup rur qv!

FEI therma protect on s an assemb y of quilted
b ankets that are bonded to the substructure of
rne spaceprane or capsu e oy a sr cone
adhes ve As shown n Figure 4, each individua
b anket is composed of a silica fibre-fleece
Insu at on coTe, embedded between outer
s ,ca- ABS- a-o ^-er gla---'abric- and'"eo by
a square sew ng pattern Si ca , ABS or

OIaSS-lt'ead< d'e ,'ed lo 'ea )e tirs Se\\ ng

parrerr

The FEI s quite sim ar to the AFRSI which has

al'eady per'o'ned ^e o' rhe lee,raro srrlace,
of the Shuttle Orbiter and on Buran Several US

and European studies dentif ed that f exrb e
e,lp ra rsularions could a >o be appl ed ro lhe
.^^" ^ 

^^^ 
^{ ^.,^^^^^h ^'ec1l 5 uer or u'pur uau e caps- es

lr ll'e lollowrrg. lte developnert srat-s of boll^
l- nh te.''lnp'at .rtr n< rla-iors ff I ard Ml - is

described in more deta

Developments in external flexible insulation
Tnn n a^n,^n '^m^^r-+ +^ ^^ ^^^ /^:I r g^ifqutgu tE rpYrot!rg rdr rgY ru uY q uu'qu

orovdes the first critera for the seection of
'narerrals co-nporerts (t S 5) Producls raoe
'ror S-g ass car be appl ed -p lo 3B0oC r Lhe

lenperatL'e'd'ge ber,^een 380 and BOO"C.

sil ca fibres threads and fabrics are oreferred
due to the r favourable ow dens tv and low

or multiple reentry cycles
or single reentry cycle

tie'nal corducrivily For lenperat-res beyord
BOOoC or n contaminated environments other
ceram c materials are a iletter cho ce As a

ge'e'dl '- e. tie rerperdl-re du'ab li y 'c'easAS
with the a umina content of the f bre, thread or
fabric

Extensive characterisat on test ng for threads
and fab,rcs has demonstrated the superiorty n

sl ergl. errs o' ABS rareria tor tenpe'atLres
above some 500oC However their thermal
o'operries a'e ir 'er or to rhose o'sil ca p'ooLC s.

and consequently t r'vas conf rmed that
^il ^^ F^^^i ^.^ n ^+^sil ca-oaseo p'oouc-s pTov op Ire oest
r-ornrn^-ti.,c ln In <nT.e /QQoQ .l^6p. rooerale
mechanrca oads

The thermal- nsu at on functron is domrnated by
the m crofibre insu at on core The total heat

transfer I this core cons sts of heat rad ation and
conducl o- bolh by lf-e enu osed gd> ard by ll^e

a tnost negligible The core's res stance to
'adial',e tsear lrar)[e' deperC> or fib.e d arele'.
material and or entat on S ca frbres of roughly 2

microns d ameier wou d provide maximum

Figure 5. Material/
component selection
guide

Figure 6. Mass-related
resistance to heat radiation
as a function of the
diameter of the fibres used
for the blanket's core
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Figure 8. Schematic of the structural load system

VALUES

Figure 9. Acoustic performance as a function of component material (time
failure at 168 dB)

resistance (Fig 6) ln pract ce, silica f bres n the

2 3 mrcron and around 9 m cron size range are

^-^ t,, -,,^ l^At^ {.^-. ^"eds ry clviJ rilurc ul' i-pp lers

E ' -^ 'r ' "^ 'r ': alumla-based'ibre>I ur uopJUrc oPv uor ur I

could become necessary Such fibres are

avai able w th d ameters of 3 to 5 microns

In Figure 7, the theoretical contr but on of the gas

condJcl o- ir drllere' I o e 'lee.e> r corpdred
v'r th experimental va ues at d fferent gas

pressures Genera 1y, it fal s dramat cally w th
.edrrccd n.ese rre Aqa -, 2 .ticror [,b es a'e
found to be thermally more effective

As lhe Ff 'otn s tl-e o-le >L 'ace o[ lhe re-enlry

vehic e, t s exposed to dynam c forces f rom

>la-ic p''rsu'e. dero acourl cs and aero-elas' c

loads (F g 8) The bobbin threads and the outer
fabr c are obv ously the most heav y oaded
e ements n th s application

In v ew of the fat gue behaviour it is considered
favourable to keep the bobbin thread under
tension oad at a I times Th s rs achieved by

^^m^, ,., ^^ -h, ,ti66 461p lo tho cnor I oaluur rl,,rq)> \..1 u q I r)u ouu

dens ty du'rg the rar -'acl-tirg otoce'. The

result ng compression stffness of the core and
the membrane st ffness of the outer fabr c are the

ralor pa'arete") .rffpct .9 rie recponse Io

dynamic exc tat ons

During l=El b anket development problems with

fat gue under high acoust c oading (OASPL

l68 dB) had to be overcome The f rst blankets
fa led under ong-duration acoustic load ng

causpd o) o eahage o' lhe seu ^g threads
Se ect on of more suitab e ABS mater a s (Fig 9)

for blankets exposed to the highest mechan cal

loads l-as a o,red Lier ro sustair tiere e.tre'ne
load ng for more than 15 min. wh ch exceeds the

e^vrsaged cumulaliue dcoust c €.por-'o ti,re 'ot
'he spacep ane's desigr , 

'" 
o' 39 + ghls

The low emissiv ty of the outer fabr c wouid result

in unfavourab e e"ler^a su"ace rprpe'a u'es
during re entryTherefore, a th n high-em ssivity,

low-catalycity coating is applied, which a so
ir-]nrn' p< 'hp f:hrrn ., pr.>ton .eStSlarCe

By errp oying a I o'rie rrale'a conpo^erts drd
developrents r-rer^toned dbove. rediur-szed
h:nLctq t^ nn^d ror'Ofn anLeq uaT low bevvvv Y! '

manufactured in varying thicknesses by DASA rn

Germany (Fig 10)

Developments in high-temperature multi-
layer insulation
Returning to the design concept presented in

F gu'e 3 silrca- o' alunira-based 'ibres ca^ be
nhoqon {nr rho aa;aa- ( ' t ^ rlur urL u .r r! Jvo-ul I HUUU UFLVVIF I ll F
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Figure 7. Gas conductance as a function of pressure
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high temperature insulattons

re+leclive ioils depending on the temperature
range to oe endured The C/SrC shingles provide

mechanical protectio.r aga nst the airflow
Cnnsco.rpntlv onc r:an choose fleeces wrth a

much lower density for the llVl than for the FEI

The thermal-mprovement potential of lMl{ype
producls is irlustrated in Figure 11, where the

radiative 'conduct vities' of an lMltype insulation
(density around 35 kg/m3) and a conventiona
high-performance fibre felt (100 kg/m3) are

corrpareo. with tre thermal corductivity of air as

a .eterence Above sone 600"C, the tiermal
corductivity of lhe lN/l-type irsulations is lower

than those of conventional fibre felts In addition,
the lMl-type insulation's mean densty is much
lnrrrar Th rc tno nrndrret ) n nnmmonl\/ t2kon 2c

vr vvuv'

a n'easLre of an insulal on s thermal eff ciency. is

lower over the whole temperature range

lMl-type insulations can be ta lored for a wide
range of transient re-entry oad cases by
judicious choice of the spacer density and
number of screens Quite a high number of
.eflect,ve screels is'equired for low-density
e^..or faltc irrhinh imnlipq: nooel for linhruioinhtrvqvv,v,LU

screens These could take the form of

nobte-melal-coated ceramic subslrale foils,

made f rom short-alumina-f ibre reinforced
alumrna

Allaniinn hac tn ho naid 
^,,.,^^ 

f^il man, {ani,.ranilcrruurr I oJ rv uu l./qrU UU ll V lull lllql lUlOUtUlg

lo ihe cieve,nnmert of nrocedu.es that mininise
surface micro-cracking 

"Foil 
masses range

between 30 and 45 g/m , depending on the

surtace-qua ty requiremerls Tie imores-

srve flexbilty of tne finished oroduct (Fig 12)

greatly facilrtates the assembly of the lMl
package

GnlI rnI nlrtinrrm q1757a aalnninA -^ rh^ h^.^uuru oIu prourrurr, !vEr g )gIYULYU O) Ll lg Uq)E

materials for the reflective coatings To stab,lise

the noble-metal films against agglomeration at

high temperatures, diffusion-blocking coatings
are applied Gold is totally resistant to

nigl'-temperature oxidat,on and very low

emissivities have been measured (Fig 13), but
+^ ^^^ri^^hir,+.. i^ 'i'-,teo to about 1000oct) oPpiluouil ty rJ il rtl

Platinum coatings show slight oxidation at the
hrnho<t tomno12tr rrpc hr rl drro tn rhe vn:tilirv

of the oxides, no surface contamination
occurs Their maximum utilisation temperature is
therefore around 1450oC for long-term
applications, and even higher for short exposure
times

Compresseo low-density spacers lend lo exhibit
strong creep behaviour at high temperatures
Procedures have oeen developed n Europe that
significantly reduce this effect (Fig 14) which
would otherwise ead Lo plastic defo'mation of

the lMl after lust a few reentry flights Mechanical

Figure 10. Flexible External Insulation (FEl) blanket sample

Figure 11. Conductivities ol felt- and lMl-type insulations as a function of
temperature
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F
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Figure 12. The ceramic substrate foil after f iring
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Figure 13. Effective emissivities of gold- and platinum-coated screens (measured
at ZAE in Wiirtzburg, Germany)
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Figure 15. High-temperature multilayer insulation
demonstration samole
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NEW ONLINE D,.A.TABASES FROM ESA-IRS
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""rffinn"

ESA and NASA Reports

Scientific and Technical Reports

lnternational Space Journals

Daily News

Contract Opportunities

Conference Proceedings

Earth lmages Catalogues

Spaceflight Data

Market Research Reports

Company Directories

Are you a manager, scientist,

engineer or researcher in the

aerospace industry ?

Equipped with a PC and a modem

connected to a telephone line, you can

access directly online many of the NEW

and unique aerospace databases from

the European Space Agency Information

Retrieval Service, ESA-IRS.

No library, CD-ROM or other similar

information source is more complete,

up-todate and international in coverage!

t

t

I

t

I

I

I

I

I

ESA-lRS, Esrin, Via Galileo Galilei, 00044 Frascati, ltaly
Fax: (+39 6) 94180361, Tel: (+39 6) 94180300, E-mail address: IRSHELP@ESRlN. BITNET

ff'sl'
ail system of ESA available at all establishments

E mail address for ESA-Profs users (ESA-lRS HELP-DESK): IRSHELP
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Responsabilit6 juridique internationale et
activit6s de lancement d'objets spatiaux
au CSG

G. Lafferranderie, Conseiller juridique, ESA

| ^ r^^^^,,. ^^r ^-i^: 4ri[io. lc nr r loc q:loltilocLg ror rugut uJt uIgu. vL ,,,_. ,_

oassagers egalenenl lestes dans I EPCU
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l:nnor rr roin nt l: /Ano (1a 2n.omoni arn lo no

rr:iq n:q rinrrc alonriro tnr rtoa aoa nn6ratinncvuu vvv, ur v, ,o

. I ocnoro fl1o \/nt 1q 277i11a.a- i rannanrit'n n^^^u vrvvru guu vvur qrrrvE Y4 o tEUU I tdtUU )dt J
mon air-jp lcq oorrineq dr. Cl\ltrS d Ari:noqn:co
rjpq r-lrontc loc in.lr rqlr olc rpcnnncahloc .lr

llncor rr aAt tv 
^tri 

rroiltaal o rr In nninrliln .nnrqr usur. uyu^ gur vEiltu l JUt tu Jdtuililu. tv>

nrrolnrroc ronroconian'g de I ESA SUf e Site

dont les cheveux b anchissent au vue de
lnt tlo notto :nil:linn n r'il ferri nnnrdnnnor

A-t-or les liaisors avec Naral, Ascens;or et

...3,2, 1,0, mise a feu! Le compte d rebours est termin6, l'angoisse
commence, une immense lueur dessine la for6t guyanaise, un
grondement assourdissant, le sol se met d trembler. Ariane s'6ldve
lentement. Des milliers d'ing6nieurs I'ont dessin6e, ont mis au point
des pidces infimes et d6cisives; la volont6 politique l'a port6e, ... et
quelques juristes devant une feuille blanche ont lanc6 des formules,
pr6voyant divers cas de figure, y compris en matidre de responsabilit6
pour dommages - mieux vaut ici aussi pr6venir que gu6rir. La
d6couverte, c'est aussi la complexit6 juridique d'un lancement. Les
6tages d'Ariane ont 6t6 achemin6s jusqu'au Port Spatial de I'Europe
que le visiteur du d6but des ann6es 1970 a du mal aujourd'hui d
reconnaitre.

Libreville? Ne croyez pas que le juriste ne soit
pas saisi 'ui auss, d une cenaine tebrilrte lllette
encore un oeil sur sa collection de textes
fondamentaux, Accords, Resolutions.
Declaratjons. se rememore les interpretations.
ad referendums, des uns et des autres

Docollano Arieno e oro\/o nrand do la riitaccevrvr v vv

su vie par les radars Separation des
propulseurs dapooint. ou 1er elage. de ra

corffe. du 2eme eLage. 3eme etage. satellisation

- une explosion. ma s de jore (ce ne fut pas
toujours le cas) Voila, le CSG a bien rernplr son
role une fois encore: le juriste range ses textes
fondamentaux

Avant d analyser les multiples textes juridiques
qui interviennent dans cette construction, un

mot sur le CSG Port Spal al de I Elrope et su"
les activites de lancement Un lancement c'est
d'abord un ensemble constitue d'une zone de
'ancement et d nslallations-sol. de preparation
du ratceur et des satellites Le deparlement
franqais de la Guyane a ete retenu comme site
de lancerrert en raison d un certain no.nore
d avantages comne la proximite de I equateur
qu pernel de prof te. de a vitesse de rotatior
de ia Terre et de reduire les manoeuvres en
nrhilo rl nr'r rn n2rn rlo nnirlc ot rn 2.1^n^omonl

de la duree de vie du satellite; l'ouverture sur
l'ocean reduit les risques en cas de retombee et
permet les lancements sur un large eventail
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Nous verrons tout d'abord les grands principes
en matiere de droit international oour
dommages caus6s par les objets spatiaux puis
la fagon dont ces principes sont distribues entre
les divers acteurs*

| - Les grands principes du droit de
I'espace

A. Le Traite sur l'Espace

La pierre angulaire du droit de l'espace et des
activit6s spatiales est constituee par le Trait6 sur
I espace extra-atmospherique, la Lune et les
autres corps celestes (le Traitd sur/'Espace) mis
au point dans le cadre des Nations Unies

farticle Vll du Traite sur l'Espace entre en
vigueur le 10 octobre 1967 enonce le principe
de base suivant:

'Tout Etat partie au Traite qui procede ou fait
proceder au lancement d'un objet dans
/'espace extra-atmospherique, ... et tout Etal
partie dont Ie territoire ou les installations servent
au lancement d'un objet, esl responsable du
pornt de vue tnternational des dommages
causds par ledit objet ou par ses elements
constitutifs, sur la Terre, dans l'atmosphere ou
dans l'espace extra-atmospherique, d un
autre Etat partie au Traitd ou aux personnes
physrques ou morales qui relevent de cet autre
Etat'. La responsabilite de droit international
(liability)est attribuee par le Traite A I'Etat.

ll ne faut pas omettre de rapprocher pour
disposer d'une vue d'ensemble, l'article Vl du
m6me Traite au titre duquel 'des Etats parties au
Traite ont la responsabilitd internationale des
activites nationales dans /'espace extra-
atmospherique,,.., qu'elles soient entreprises
par des organtsmes gouvernementaux ou par
des entitds non gouvernementales et de verller d
ce que les activites nationales soient poursuiyies
conformdment aux dispositions enoncees dans
Ie prdsent Traitd ...'

Quelle place est faite aux Organisations
internationales? Selon I'article Xlll 'Les

drspositions du present Traite s'appliquent aux

" Ct . Ariane en Guyane (edite par le CSG, juin 1992)
J -M Desobeau: CSG (La Documentation Guyanaise
Saga, juillet 1990)
Planllcttcs FSA - I e deuxidme ensemble de
lancement Ariane (ELA-2) d Kourou, Guyane franqaise

- Centre Spatial Guyanais - Port Spatial de l'Europe

activites poursuivies par les Etats parties au
Trattd ... que ces activites soient mendes par
un Etat partie au Trait1 seul ou en commun avec
d'autres Etats, notamment dans Ie

cad re d' organisaflons inter-gouvernementales
internationales..,', mais l'organisation inter-
nationale ne pouvait 6tre partie elle-mOme au
Traite, de quelque maniere que ce ftjt

B. La Convention sur la responsabilit6 pour
oommages

La Convention sur la responsabilit6 pour
dommages causes par le lancement d'objets
spatiaux entree en vigueur le 1er septembre
1972 eI dont il fallut olusieurs ann6es oour
finaliser quelques dispositions sur les

differends. exolicite le m6canisme de mise en
oeuvre de I'article Vll du Traite

Selon l'article 1 de la Convention, le terme
lancement designe 6galement la tentative de
lancement (un tir avorte comme le premiertir de
developpement d'Ariane-1 )

f expression Etat de lancement designe:

- un Etat qui procdde ou fait proc6der au
lancement d'un objet spatial;

- un Etat dont le territoire ou les installations
servent au lancement d'un obiet spatial;

ce qui sous-entend que dans certains cas il peut
y avoir plusieurs Etats susceptibles d'apparaitre
comme Etats de lancement, et donc I'existence
d'un lien entre l'Etat qui procdde au lancement
et qui pour cela doit disposer (non pas
necessairement 6tre proprietai re) d' installations
de lancement et I'Etat souverain du territoire;
ces installations oeuvent trds bien se situer sur
un territoire sous la souverarnete d'un autre Etat
(cas du Kenya et de la plate-forme San Marco ou
encore du site de Baikonur situe au Kazakhstan
et exploite par la Russie) f Etat de lancement en
question peut tres bien aussi utiliser les
installations pour ex6cuter un lancement au
b6nefice d'une personne ayant une nationalit6
differente des Etats mentionn6s ci-dessus

On verra qu'un Etat dont le territoire ou les
installations servent au lancement d'un objet
spatial est repute participant a un lancement
commun Pour s'exempter de cette respon-
sabillte ou la limitet I'Etat dont le territoire ou les
installations auraient ete utilises n'a comme
recours que de conclure un accord special avec
I'Etat oui orocede au lancement.

On ne se livrera pas d une exegese de cette
Convention; retenons quelques principes La

Convention distingue deux situations et deux
reoimes de resoonsabilite,
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responsabilit6 luridique

Un Etat de lancement a la resoonsabilite
absolue de verser reparation pour le dommage
caus6 par son objet spatial a la surface de la
Terre ou aux a6ronefs en vol, une responsabilite
dite objective, ou pour risque, qui ne demande
pas la demonstration de la faute,

En cas de dommage cause ailleurs qu'd la

surface de la Terre, d un objet spatial d'un Etat

de lancement par un objet spatial d'un autre
Etat de lancement, ce dernier n'est responsable
que si le dommage est imputable a sa faute.

On laissera d part le cas d'un dommage vise par
I'article lV de la Convention qui melange
responsabilite absolue et responsabilite pour
faute.

C. La situation des Etats membres et de I'ESA
vis-d-vis la Convention sur la responsabilit6

Les Etats membres de l'ESA sont parties au
Traite sur l'esoace et d la Convention sur la
responsabilite pour dommages En outre I'un
d'eux, la France, dispose d'une base de
lancement, le CSG. Tres tOt le probleme s'est
nnc6 doc rolatinnc ^n+r^ la trrnnna 

^+pvou vvo rvrqLrvr ro 9l lLl9 lq I lql lvg 9L

I'Organisation proc6dant d des lancements.
Aussi les delegations membres de l'ELDO et de
I'ESRO ont ete les initiatrices aux Nations Unies
d'une clause permettant a une Organisation
internationale intergouvernementale qui se

llvre d des activrt6s spatiales de d6clarer
accepter les dispositions d'une Convention,
l'Organisation ne pouvant alors pretendre ni la
signer ni y adherer. La formule retenue se
retrouve dans I'article XXll de la Convention
sur la responsabilit6 internationale pour
dommages (cf Annexe 1).

Les conditions etant remplies, l'organisation (le

CERS/ESRO) a donc depose la Declaration
reproduite en annexe Des lors par Etat de
lancement au titre de la Convention sur la
responsabilite, on est autoris6 d lire aujourd'hui
I'ESA, celle-ci disposant d'installations de
lancement (ELA) et procedant d des lance-
ments de qualification Cette cons6quence
conduisit le Conseil a adopter en decembre
1977 une Resolution sur la responsabilite
juridique de l'Agence (Annexe 3)

ll. Application des principes

A. La situation juridique au CSG - les
intervenants

Le CSG est situe sur le territoire de la France,
Departement de la Guyane, partie au Trait6 et a

la Convention sur la responsabilit6 pour
dommaoes.

- ce qui fait de la France un Etat de lancement,
Etat du territoire;

- un lancement utilise les moyens du CSG
(telemesure, radar, propriete du CNES).
deuxidme raison oour etre Etat de
lancement.

Mais le lancement s'opere a partir d'une base
de lancement (le CSG) (il faut distinguer entre
base de lancement (launch range) elensemble
de lancemenl (launch site) (ELA): ce fut
d'abord ELA1, aujourd'hui ELA-2, bientot
ELA 3, realis6 par I'ESA et propriete de l'ESA
(finance au titre d'un programme facultatif alors
que tous les Etats membres contribuent au
financement du CSG). Ce qui fait de l'ESA un
Etat de lancement. Les lancements de
developpement sont effectues pour le compte
de I'ESA elle-meme, avec ses installations et
celles du CNES Le lancement est conduit par
les equipes du CNES Le 'passager' peut 6tre
un satellite prepare par un experimentateur
beneficiant de conditions financieres favorables
d'un lancement de develoooement

On rencontre une autre situation: les

lancements commerciaux effectues par la

Societe oriv6e Arianesoace:

- lancement utilisant l Ensemble de
lancement de l'ESA, effectue d l'aide des
moyens du CSG mis en oeuvre par le CNES
(personnel et biens);

- lancement effectu6 pour un client qui peut
etre soit I'ESA (satellite d'un programme
scientifique ou d'applications) ou un Etat

membre de l'ESA, y compris la France, soit
un Etat non membre de I ESA soci6te
am6ricaine, japonaise, bresilienne , etc... ou
une autre organisation europeenne
/Fr rmoieet Fr rtolcei no nr ri cnr rlArro lo

orobldme de la oreference du lanceur
Ariane, un autre sujet)

Dans ce cas le Gouvernement franqais et l'ESA
sont reputes Etats de lancement en application
de la Convention sur la responsabilit6. ll y aura
bien s0r I'entit6 qui procdde au lancement,
Arianespace dans le cas d'un lancement
commercial, et I'entite qui fait proceder au
lancement, le client (comme la societe ou
I'organisatron proprietaire du satellite). Voila
I'echeveau qu'il faut debrouiller par une s6rie
d'instruments juridiques coherents et sur une
solution aussi claire que possible:

- entre le Gouvernement franqais et l'ESA
n.\r rr .p nrri r-nnno;';'1e le teffitOife de lavvu, vv

Guyane et pour ce qui concerne
I'implantation et l'utilisation des installations
(CSG/ELA) sans oublier les installations de
I'Agence situees sur d'autres territoires
(Bresil, Ascension, Gabon);
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- entre les Etats membres de I ESA

eux-m6mes (Resolution de decembre 1977,
Arrangement Ariane) et la phase de
developpement (APEX);
an+.a laa E+a+a na'+i^i^^^+^ A l^ ^h^^^

- 
vr ru v rvD LtqtD Pqt LturPqr tLJ o rq vr rqDv

commerciale (Declaration) et entre I'Agence
et Arianespace (Convention ).

- entre Arianespace et le client (contrat)

Quelles sont les solutions retenues?

B. Territoire et installations - le principe de
garantie

Avant mOme la Convention sur la responsabilite
de 1972, l'Europe, en I'espece I'ELDO, avait
installe une base de lancement en Guyane
franqaise a Kourou (la BEC ou Base equatoriale
du CECLES) A cet effet le Gouvernement
franqais et l'ELDO avaient conclu le 25
novembre 1970 un Accord sur la construction et
I'utilisation de cette Base, situee dans le

perimetre du CSG Cet Accord garantissait d
l'ELDO la libre utilisation de la base.
f Organisation de son cot6 garantissait le

Gouvernement contre:

- toute perte ou tout dommage subi par le

Gouvernement et r6sultant de oueloue
m:niAre flre ce snit fl gplg aCtiVite eXefCee
en Guyane par l'ELDO ou pour son compte
(le CNES);
toute responsabilite en ce qui concerne les

reclamations dirigees contre le

Gouvernement franqais au sujet de pertes,
rlnmmenoc nr I nr6irrrlinoe ot r6er rliani

d'une activite exerc6e en Guyane par
I'Organisation ou pour son compte

f arret des activites de I'ELDO, la decision de
construire le lanceur Ariane (l'Arrangement de
1973), aboutirent d la negociation de deux
nouveaux Accords entre la France et I'ESA
I'Accord sur le CSG et celui sur l'ELA. Bien s0r
tous deux contiennent des clauses sur la

responsabilit6 internationale: l'article 13 de
l'Accord CSG et l'article 14 de I'Accord ELA
fAccord CSG a 6t6 r6cemment ren6goci6
(Annexes 44&B) et I'Accord ELA devrait
egalement 6tre mis a jour (Annexe 5)

LAgence garantit le Gouvernement franqais
contre toutes reclamations pourtout dommage,
prejudice ou perte subi par un Etat membre de
l'Agence ou par un Etat tiers ou par un de leurs
ressortissants du fait de l'execution au CSG
d'un programme de l'Agence, a moins que le
prejudice ou dommage resulte d'une faute
lourde, acte ou omission deliberee d'un
fonctionnaire ou agent du Gouvernement
f ranqais

Larticle 11 de I'Accord CSG 1993 2000
approuve par le Conseil le 241uin 1 993 et sign6
le 29 novembre 1993 (Annexe 4B) reprend les

dispositions majeures en leur apportant
certaines orecisions: la r6f6rence d la

Resolution de decembre 1977 , a la societe
Arianespace, a l'utilisation des moyens du CSG
par un Etat non membre, limitation stricte aux
vols de developpement de lAgence Le

Gouvernement franqais garantit a son tour
I'Agence, ses Etats membres. du fait de
I'execution au CSG d'activit6s de la societe
Arianespace

Les droits d'acces et d'utilisation du CSG
conferesa I ESA parl'Accord CSG ontfait l'objet
d'echange de lettres par lequel l'ESA autorise la

Societe Arianespace a faire usage de ces droits
(ceci bien s0r aores accord du Gouvernement
franqais et repris par une disposition specifique
de l'Accord CSG qui envisage le cas dans
lequel les biens sont utilises au benefice d'un
Etat non membre de l'Agence (cf. l'article 5 $ 3
de l'Accord CSG) On oeutaussi setrouverdans
la situation ou des installations du CSG seraient
utilis6es pour une satellisation par un lanceur
tire a partir d'un avion ayant decolle du territoire
americain par exemple (Programme Pegasus).

Ce principe de la garantie par l'Agence est
rappele dans l'article 14 de l'Accord ELA (appel
aux biens du CSG) LAgence est seule
responsable dans le cas ou ses activites ne
demandent pas la mise en oeuvre des moyens
du CSG.

f on sait que les moyens mis en oeuvre par le
CSG aux fins de I'ex6cution d'un lancement
Ariane peuvent se situer sur un autre territoire -le cas des stations aval (au Bresil, lle
d'Ascension, Cote d'lvoire puis Gabon) f Etat

du territoire souhaitera egalement disposer
d'une garantie de l'ensemble des Etats

membres de I ESA, ce que lui accordent les

accords conclus Certes l'intervention de l'Etat
du territoire dans l'utilisation des moyens
limitent la garantie de l'Agence (cf article 11 de
l'Accord avec le Bresil sur la station aval de
Natal).

C. D6veloppement et production du lanceur
Ariane

Le develoooement du lanceur Ariane a ete
entrepris sous le couvert de l'article Vlll de la
Convention du CERS/ESRO; un Arrangement a
ete conclu en 1973 entre les participants (les

Etats membres qui demandaient I'aide de
l'Organisation) et entre eux et I'Organisation
Un texte, tres court, stipule I'obligation pour les
participants d'indemniser le CERS/ESRO pour
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toute obligation qu'elle vient a encourir si sa
responsabilit6 internationale est engagee du
fait de I'execution de la phase de
developpement du programme. Phrase qui

laissait ouverte la possibilite que l'Organisation
soit directement et comme entite distincte saisie
d'une demande en r6paration Phrase qui

reconnaissait une obligation de garantie des
Particioants vis-a-vis des Etats membres non
participants. La reparation reque ne tombait pas

dans le budget general mais etait portee en
recette du budget du programme.

Ce meme principe sera constamment repris
par les Declarations des programmes de
developpement suivants, Ariane-2-3, Ariane-4,
Ariane-S ou encore oar les Declarations sur
les programmes ESA. suivant en cela les
principes de I'Annexe lll de la Convention de
l'Agence,

Aussi, avec I'acceptation de la Convention sur la

responsabilise internationale pou r dommages,
le programme Ariane, le CSG et l'ELA, il etait
devenu imperieux que soient clarifies les

mecanismes de garantie, de procedure dans le
cas de reclamation Ce fut l'objet de la

Resolution sur la responsabilite juridique de
I'Agence adopt6e par le Conseil le 13

decembre 1977 (cf . Annexe 3)

Cette Resolution a pour objet de regler les

cons6quences lnlernes de la responsabilite
juridique de I'Agence dans le cas ou l'execution
de ses programmes et activites cause des
dommages a I'un de ses Etats membres, a un

Etat participant, d un Etat tiers

fAgence indemnise les Etats membres et Etats
participants pour la responsabilite juridique
encourue par eux, dans le cas ou ces Etats sont
tenus responsables en tant qu Etats de
lancement. dans le cas ou lAgence s'y est
engagee en vertu d'un accord particulier

Toutefois, la R6solution reprend une disposition
de I'Accord CSG en prevoyant le cas d'un Etat

membre ou participant qui rend des services et
apparait lui aussi comme Etat de lancement;
dans ce cas cet Etat supporte la responsabilite
dans le cas ou le dommage est d0 a une faute
lourde, acte intentionnel ou omission deliberee
de sa oart.

La Resolution decrit en detail la procedure a
suivre et le r6le de l'Agence dans la conduite
des debats, role essentiel notamment par
I'adoption de directives lmportant egalement
de noter oue oar cette seule Resolution du
Conseil tous les Etats membres et participants
s engagent d etre lies par toute decision
judiciaire, sentence arbitrale. Cette Resolution

demande que dans tout accord de participation
d un programme facultatif, un Etat participant
non membre de I'Agence declare expresse-
ment accepter les principes contenus dans
cette R6solution

Les Accords d'adhesion a la Convention de
I'Agence conclus avec l'Autriche, la Norvege et
enfin avec la Finlande 16pondent a cette
demande en stipulant que l adherent a pris

connaissance et accept6 les actes juridiques

conclus (ce qui couvre les Resolutions),

Enfin la Resolution enonce un certain nombre
de principes; lorsque l'Agence rend un service
de lancement (police d'assurance), lorsque des
services de lancement sont rendus par un Etat

non membre ou non participant au programme
considere

Les lancements de develoopement ont
demande l'adoption d'un reglement pour
I'emport de capsules passagers (ainsi pour
Ariane-1 et Ariane-4) et la conclusion d'Accords
d'emport de passagers exp6rimentaux (par
exemple Accord avec Amsat, Accord avec
l'lnde pour l'emport de I'experience Apple sur
le vol de d6veloppement 103, etc.)

Le reglement APEX pour I'emport de capsules
passagers par Ariane-1 se limite a prevoir un
recours reciproque pour des dommages dont
soit l experimentaleur soit le CERSi ESRO (ESA)

est responsable ll n'est nullement prevu que
l'Etat dont I'experimentateur reldve ait la qualite
d Etat de lancement Les accords passagers se

limitent a la renonciation reciorooue d recours
sauf faute lourde, defaillance de I'autre partie

D. Les lancements de production

Ceux-ci sont assures par le societ6
Arianespace qui fournit le lanceur et les

services et passe un contrat de lancement avec
un client (ce client pouvant etre l'ESA pour un

satellite d'application ou scientifique) un Etat

membre, un Etat non membre, un organisme
relevant de leur juridiction, ou une organisation
internationale, Arianespace utilise alors des
hionc nrnnri6io r1o l'trCA /l Fncomhlo do

lancement Ariane: ELA) et des biens propriete
du CNES (moyens techniques et logistiques du
CSG) et les services de ce dernier au CSG ll

peut donc y avoir concours d'Etats de
lancement au sens de la Convention sur la
responsabilite pou r dommages

Par une 'D6claration' (la premiere etablie en
1980, la deuxidme en 1990), certains Etats

membres de I'Agence ont confie d la societe
Arianespace la fabrrcation et le lancement des

OJ
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lanceurs Ariane developp6s par I'Agence et
qualifies: en outre cette Declaration demande d

I'Agence et d Arianespace de conclure un
Accord (Convention) pour mettre en oeuvre la
Declaration.

Bien qu'utilisant la mOme denomination, la
Declaration n'est pas d confondre avec une
Declaration relative d un programme facultatif
de I'Agence et fondee sur les dispositions de la
Convention de I'Agence, son Annexe lll en
particulier. La Declaration sur la production
(Annexe 6) est un accord international en
elle-meme, en forme simplifi6e puisqu'elle ne
fait pas I'objet d'une proc6dure de signature
mais d'acceptation ecrite. La Declaration se
refere expressement tant d la Convention de
I'Agence qu'au Traite sur I'Espace; les autorit6s
franqaises ont ete appel6es a donner toutes
assurances aux autres Etats membres de
I'Agence devant la possibilite de voir leur
responsabilrte recherch6e en tant que
realisateurs des installations de lancement (ce
point fut aborde lors des reunions de
presentation et d'explication de la D6claration
sur la production en fevrier 1980).

Aussi la D6claration sur la oroduction disoose
qu' 'en cas de recours intent6 par les victimes de
dommages causds par les lancements Ariane,
le Gouvernement f rangais supportera la charge
financiere de la reparation de ces dommages'
(garantie au benefice des Etats membres, partie
ou non de la Declaration sur la oroduction)
Arianespace est invitee a contracter une police
d'assurance a hauteur de 400 MFE la couvrant
ainsi que I'Agence et les Etats membres de
I'Agence (on retrouve la politique suivie par le
Gouvernement americain pour les vols
commerciaux de la Navette). Au-deld de 400
M FF, le Gouvernement franEais assure
I'indemnisation du dommage

La Convention entre I'Agence et Arianespace
(signee le 24 septembre 1992) rend
Arianespace responsable pour tout dommage
caus6e par elle-m6me ou par des tiers aux
biens de l'Agence ou des Participants qui ont
ete mis d sa disposition Arianespace renonce d
tous recours d l'encontre de I'Agence pour tout
dommage direct ou indirect subi par elle-mOme
dans le cadre de la production et des op6rations
de lancement a I'occasion de I'utilisation de
biens de l'Agence.

Cette Convention (article 16) entre I'Agence et
Arianespace formalise que 'Sous r1serve de
l'approbation du Gouvernement franq,ais,
I'Agence autorise Arianespace d exercer, dans
la mesure necessaire d la production et au
lancement des lanceurs Ariane, /es drolts
d'accds et d'utilisation accordes a l'Aoence ..

les prestations assurdes par le CSG au profit de
l' Agence . . . sont transferees d Arianespace, aux
frns des lancements Ariane, contre versement
par cette dernidre d'une redevance .. ' La
garantie accordee a l'Agence par le
Gouvernement frangais dans le cas de recours
form6 contre celle-la en reparation de
prejudices resultant des activites conduites
sous la responsabilite d'Arianespace au CSG
est traitee dans le cadre des Accords
concernant le CSG conclus entre I'Agence
d'une part, le Gouvernement franqais et le
CNES d'autre part

On ne peut que s'attendre d ce que les contrats
de lancement conclus par Arianespace
contiennent des disoositions de mise en oeuvre
des principes de responsabilite ci-dessus Le

contrat de lancement est un contrat de moyen;
Arianespace s'engage d faire ses meilleurs
efforts.

Arianespace souscrit une assurance
protegeant les partres pour la responsabilite
des dommages survenant a des tiers apres le
lancement (l'assurance prend effet avec le
lancement et a une duree de 36 mois).

Chaque partie au contrat est responsable des
dommages corporels et materiels et de tout
prejudice cause par elle-mOme d des tiers a
I'occasion de l'execution du contrat Chaque
partie garantit l'autre contre les cons6quences
des demandes en indemnisation d'un tiers y
compris dans le cas ou la demande est basee
sur un dommage cause par I'autre partie.

Conclusion
Le feu de Vulcain a emporte Ariane dans les
cieux, Que va{-elle devenir, se demande notre

luriste en contemplation devant une pluie
d'etoiles filantes 'Et maintenant que vais-je
faire?' pourrait-il chantonner Un lanceuf
songe-t-il, c'est encore des debris spatiaux qui
vont s'eparpiller tout autour de la Terre. ll y a
peut-etre la quelque chose a 6tudier. Un
lanceuI c'est aussi un moyen de transport vers
cette Station soatiale internationale dont les
feux ne sont pas encore allumes. Le CSG, c'est
aussi I'exemple pour d'autres sites de lance-
ment et pourquoi pas pour une base de
lancement sur la Lune? En definitive, il ne s'agit
que de coop6ration internationale bien
comprise, 'pour le ben6fice de I'humanit6 toute
entiere' comme le dit le Traite sur I'Esoace
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ANNEXES

1, Article XXll de la Convention sur la resoonsa-
bilit6 internationale pour dommages
2. Declaration relative d la Convention sur la
responsabilite internationale pour les dommages
caus6s par des objets spatiaux
3. R6solution sur la responsabilit6 juridique de
I'Agence (d6cembre 1 977)
4A + B. Accord CSG - article 13 et articles 5 & 11

5. Accord ELA - article 14
6. D6claration sur la production (articles lll 9 et
rv 1)

Annexe 1 - Convention sur la
responsabilit6 internationale pour
les dommages caus6s par des
objets spatiaux

Article XXll

1 Dans la presente Convention. a lexception des
articles XXIV a XXV|l, les r6f6rences aux Etats
s'appliquent d toute organisation internationale
rntergouvernementale qui se livre d des activit6s
spatiales, si cette organisation declare accepter les
droits et les obligations prevus dans la pr6sente
Convention et si la majorit6 des Etats membres de
l'organisation sont des Etats parties a la presente
Convention et au Traitd sur les principes 169issant les
activites des Etats en matiere d'exploration et
d'utilisation de l'espace extra-atmosph6rique, y
compris la Lune et les autres corps celestes.

2. Les Etats membres d'une telle organisation qui
sont des Etats parties A la pr6sente Convention
prennent toutes les disposittions voulues pour que
I'organisation fasse une d6claration en conformit6 du
paragraphe precedent

3 Si une organisation internationale intergouver-
nementale est responsable d'un dommage aux
termes des dispositions de la presente Convention,
cette organisation et ceux de ses membres qui sont
des Etats parties a la presente Convention sont
solidairement responsables, 6tant entendu toutefois
que:
a. Toute demande en r6paration pour ce dommage
doit 6tre pr6sent6e d'abord a I organisation; et
b Seulement dans le cas ou l'organisation n'aurait
pas vers6 dans le delai de six mois la somme
convenue ou fix6e comme reparation oour le

dommage. I'Etat demanoeur peut invoquer la
responsabilit6 des membres qui sont des Etats
parties a la pr6sente Convention pour le paiement de
ladite somme

4 Toute demande en r6paration formulee
conformement aux dispositions de la p16sente

Convention pour le dommage caus6 d une
organisation qui a fait une d6claration conform6-
menI au paragraphe 1 du present article doit 6tre
present6e par un Etat membre de l'organisation qui
est un Etat partie a la oresente Convention

Annexe 2 - D6claration relative d
la Convention sur la responsabilit6
internationale pour les dommages
caus6s par des objets spatiaux
(depos6 le 26 septembre 1976)

LOrganisation Europeenne de Recherches
Spatiales cre6e oar une Convention ouverte d la
signature d Paris le 14 juin 1962, conduisant A

compter du 3.1 mai 1975 ses activit6s sous le nom
d'Agence Spatiale Europ6enne,

Rappelant qu'elle a pour tache d'ex6cuter a des fins
exclusivement pacifiques, pour le compte et au nom
de ses Etats membres, des programmes de
recherche et de technolooie spatiales et de leurs
applications spatiales,

Ayant pris acte des dispositions de la Convention sur
la responsabilit6 internationale pour les dommages
an' 'oAa na' n^^ ^hi^+- ^^^+i^,,., ^^^^.,4^ A l^udu>E) por uy) uultrL> 5pdudul dr il tu^Uc d td

Resolution 2777 UXVI\ de l'Assemblee Generale des
Nations Unies, entr6e en vigueur le 1er septembre
1g72eI en particulier de son Article XXll,

Tenant compte de I etablissement de regles et
proc6dures contribuant a renforcer la coop6ration
internationale dans le domaine spatial et assurant
une pleine et 6auitable indemnisation des victimes
de dommages caus6s par des objets spatiaux.

Considerant que la majorit6 de ses Etats membres
est partie au Traite sur les principes regissant les
activites des Etats en matidre d'exploration et
d'utilisation de l'espace extra-attmosph6rique, y
compris la Lune et les autres corps celestes ainsi qu'A
ladite Convention,

DECLAFE ACCEPTER les droits et obligations
prevus dans ladite Convention,

CONSTATE qu'en application de l'Article XXll,
paragraphe l, les references faites aux Etats parties
dans ladite Convention lui soit aoolicables d la date
de la pr6sente D6claration

Annexe 3 - Responsabilit6 juridi-
que de lAgence

Le Conseil de I'Agence, reuni le .1 

3 decembre 1977,

CONSIDERANT que I'execution d'un programme ou
d'une activite de I'Agence peut entrainer la mise en
oeuvre de la responsabilit6 juridique de I'Agence, de
ses Etats membres et des Etats participant a un de
ses programmes,

DESIREUX de definir les principes applicables dans
le cas o0 la responsabilit6 juridique de l'Agence, d'un
Etat membre ou d'un Etat oarticipant a un de ses
programmes se trouve engag6e, ainsi que les
modalites de la repartition de la charge financiere,

CONVIENT d'adopter les principes suivants:
La pr6sente R6solution a pour objet:
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(A) de regler les consequences internes de la

responsabilit6 juridique de I'Agence dans le cas ou
l'ex6cution, par elle-m6me ou pour son compte, de
ses programmes spatiaux et activites spatiales,
cause des dommages (expression qui, au sens de la
prdsente R6solution, couvre les d6cds, blessures,
nartae a+ nreir rriieeq\

Yi vlvvivve/

(i) a I'un de ses Etats membres,

(ii) a un Etat participant d I'un de ses programmes
spatiaux ou activites spatiales (ci-apres d6nomm6
'Fi.+ n.rti.inan+'\!rvrYsi i! /!

(iii) a un Etat tiers,

ou d une personne physique ou morale qu'un de ces
Ftata nar rt ranraaaniar'

(B) de definir les directives d suivre par I'Agence
vis-a-vis d'organismes qui lui procurent un service de
lancement ou auxquels elle fournit une prestation

A-l

1 LAgence indemnise les Etats membres et les Etats
participant d ses programmes spatiaux et activites
spatiales pour la responsabilit6 juridique encourue: rr^^^^^i^^ de Iex6cution de cespdr YU  q I uuudDrut I

prog ram mes et activit6s:

(a) dans le cas ou ces Etats sont tenus pour
responsables en tant qu"Etats de lancement' au
sens de la Convention des Nations Unies,

(b) dans le cas ou I'Agence s'y est engag6e en vertu
d'un Accord particulier conclu entre elle et l'Etat
concerne

2 Toutefois, si un Etat membre ou un Etat participant
rend des services d l'Agence pour I'ex6cution des
programmes spatiaux ou activit6s spatiales de cette
derniere et notamment apparait d ce titre comme
'Etat de lancement' au sens de la Convention des
Nations Unies, cet Etat est tenu de rembourser d
I'Agence le montant de la r6paratron mise d la charge
de celle-ci lorsque le dommage r6sulte d'une faute
lourde, d'un acte intentionnel ou d'une omission
deliberee de la part de cet Etat ou de personnes
agissant pour son compte

1 Quand une demande en r6paration de dommage
caus6 par un objet spatial de I'Agence est prdsentde
d celle-ci, I'Agence mdne la proc6dure.

2 (a) Dans le cas ol une demande en reparation est
adressee d un Etat membre ou d un Etat participant a
un programme de l'Agence, cet Etat consulte
l'Anonno aanc raiaral at

(i) celle-ci, si le dro t applicable l'y autorise, peut se
joindre d la proc6du re et elle peut se su bstituer ii I'Etat
mis en cause si celui-ci le lui demande;
(ii) tout Etat membre ou un Etat participant peut se
joindre a l'Etat mis en cause ou d l'Agence pour
prendre part d la proc6dure si le droit applicable l'y
autorise;

(iii) tout Etat mis en cause suit les directives d6finies

conjointement entre I'Agence et ces Etats en ce qui
concerne tant la proc6dure que les reglements

(b) Un Etat membre ou un Etat participant a un
programme presente toujours, en premier lieu, d
l'Agence sa demande en r6paration

3 Tous les Etats membres ou Etats participants et
l'Agence sont li6s par toute d6ctsion judiciaire,

sentence arbitrale rendues ou par les rdglements
n6gocies entre les Etats interess6s avec l'accord de
I'Agence qu'ils se soient joints ou non d la proc6dure
pertinente

ill

1 Le montant de la reparation fix6e est paye par
I'Agence sous reserve que les dispositions

^nn+anrrac danc le naranranhe ll 2 :ient 6tp

appliquees

2 LAgence avance les fonds necessaires au
reglement des 16parations mises 6ventuellement a la

charge d'un Etat membre ou d'un Etat participant a la

suite d'une proc6dure ou de reglements, si cet Etat lui

en fait la demande et si les dispositions vis6es ont 6t6
observ6es Si ledit Etat a vers6 la somme fix6e
comme r6paration mise d sa charge ou comme
rdglement n6gocie avec l'accord de l'Agence sans
avoir requ d'avance, l'Agence la lui rembourse
integralement Le Conseil arr6tera les dispositions
d6taillees d'application du pr6sent parag raphe

3 Quel que soit le plafond convenu au sujet de leur
participation, les d6penses expos6es par l'Agence
au titre de la r6paration de dommages sont mises d la

charge des Etats participant au programme
consid6re, au prorata de leur contribution financidre
audrt programme, d la date du dommage, si celui-ci
se produit pendant le programme, ou ?i la date de
l'achdvement du programme si le dommage se
produit apres cette date Dans le cas ou le risque est
couvert par une assurance, la prime correspondante
est mise d la charge du programme

4 Les sommes remboursees d l'Agence en
application du paragraph 1.3 sont port6es au credit
du budget consid616

Dans les accords concernant la participation d'un
Etat non membre d un programme du I'Agence, cette
dernidre insere une clause par laquelle ledit Etat

d6clarera expressement accepter les principes
contenus dans la pr6sente Resolution En ce qui
concerne les accords d6jd conclus a la date de la

pr6sente Resolution. I'Agence fera le n6cessaire
pour qu'ils soient amend6s en cons6quence

BI

1 Dans le cas oi I'Agence, un Etat membre ou un Etat
participant au programme consid6re peut encourir
une responsabilit6 internationale d l'occasion de
l'ex6cution du lancement d'objets spatiaux et des
services associ6s par un Etat qui n'est pas un Etat
membre ou participant au programme consid6r6 ou
par un organisme relevant de la juridiction dudit Etat,

I'Agence prend les mesures n6cessaires afin que

oo
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l'accord ou le contrat de lancement contienne les
orincioes suivants:

(a) Dans les cas ou la demande en reparation est
pr6sent6e audit Etat ou organisme, l'Agence sera
autorisee a suivre la proc6dure ou d s'y joindre

(b) Dans le cas ou la demande serait pr6sent6e d
l'Agence, cette dernidre demande audit Etat ou
organisme de se joindre d la proc6dure

(c) La somme fix6e pour la r6paration sera rdpartie
entre l'Agence, l'Etat ou l'organisme en question en
fonction du degre de leur responsabilit6 respective
dans le dommage, etant entendu que l'Agence ne
supportera en aucun cas les dommages caus6s par
la faute lourde, I'acte intentionnel ou l'omission
d6lib6r6e dudit Etat ou organisme

2, Le Conseil peut, dans certains cas, autoriser d
l'unanimit6 l'Agence d conclure des accords ou
contrats d6rogeant aux principes ci-dessus.

1. Lorsqu'elle rend un service de lancement.
l'Agence prend les mesures n6cessaires afin que le
beneficiaire souscrive une police d'assurances
concernant sa responsabilit6 et celle de I'Agence
pour les dommages pouvant en r6sulter. Toutefois,
I'Agence demeure responsable pour les dommages
caus6s par une faute lourde, un acte intentionnel ou
une omission d6lib6r6e de sa oart ou de personnes d
son service, sous reserve des dispositions du
paragraphe 8.1,2.

2. Pour les autres prestations, rendues par l'Agence,
les dispositions applicabbles seront arr6t6es
ult6rieurement par le Conseil

Annexe 4A - Accord CSG

Article 13

.1 
, LAgence garantit le Gouvernement f ranQais contre

toutes r6clamations pour tout dommage, pr6judice
ou perte subi par un Etat membre de l'Agence ou par
un Etat tiers ou par un de leurs ressortissants, du fait
de l'ex6cution au CSG d'un programme de I'Agence
ou d'autres activites que le Gouvernement franqais
ex6cute pour le compte de l'Agence dans le cadre du
p16sent Accord

2 La garantie visee ci-dessus ne s'applique pas si le

dommage, le prejudice ou la parte resulte d'une faute
lourde, d'un acte ou d'une omission d6liberes d'un
fonctionnaire ou agent du Gouvernement franEais
dans le cadre de l'ex6cution du present Accord

3 Le Gouvernement franQais informe l'Agence de
toute reclamation dirigee contre lui au sujet d'un
dommage. d un pr6judice ou d'une perte vis6 au
paragraphe 1er et la consulte, LAgence se joint d la
proc6dure et se substitue au Gouvernement franqais,
avec I'accord de celui-ci, si le droit applicable I'y
autorise

4 LAgence avance, conform6ment aux dispositions
arr6t6es par le Conseil, les fonds n6cessaires au
rodlamanl dac ronar:t,nnq drroq n2r le

Gouvernementfrancais, si celui-ci en fait la demande

Si le Gouvernement franEais a verse la r6paration
mise a sa charge. l'Agence la lui rembourse
int6gralement

5 LAgence ne garantit pas le Gouvernement
f ranEais contre les 16clamations relatives aux
dommages, prejudices et pertes caus6s d un Etat
membre, d un Etat tiers ou d un de leurs
ressortissants, du fait de l'ex6cution au CSG
d'activites et programmes autres que ceux de
l'Agence

6 La r6paration des dommages, prejudices et pertes
de toute nature subis par I'Agence du fait des activit6s
du CNES, ou par le CNES du fait des activit6s de
l'Agence, dans le cadre de l'ex6cution du pr6sent
Accord, estt regl6e conform6ment au Protocole vis6
a I'Article 2.

Annexe 48 Accord entre le
Gouvernement frangais et lAgence
spatiale europ6enne relatif au Centre
Spatial Guyanais (CSG) (1 993-2000)

Article 5
(Utilisation des moyens et installations du CNES au
\,J\f, 

'

3 Lorsqu'une demande d'utilisation de ces
installations et moyens du CNES au CSG est
adress6e par un Etat non membre, un ressortissant
de cet Etat non membre ou une organisation
internationale, au CNES ou au Gouvernement
franEais, ces derniers en informent le Directeur
()An6ral rlo l Ananno I a l-.)irantar r a6naral d,a

l'Agence transmet toute demande d'utilisation
formul6e par un Etat non membre, un ressortissant de
cet Etat non membre ou une organisation
internationale au Conseil qui 6met un avis sur cette
demande LAccord est ensuite conclu par le

Gouvernement franqais qui informe l'Agence de la

n69ociation et la consulte en particulier sur les
aspects pouvant mettre en jeu ses interets Lentite
autorisee d utiliser lesdites installations s'engagera d

ne former aucun recours vrs-d-vis de l'Agence et de
ses Etats membres pourtout dommage, pr6judice ou
perte qui seraient subis par elle-m6me, les personnes
a son service, ses contractants ou sous-contractants
ou par des tiers a l'occasion d'une telle utilisation,
sauf faute lourde, acte intentionnel ou omission
deliberee de l'Agence, de ses Etats membres ou des
personnes d leur service Le Gouvernement franqais
act inriiio i nonnnior rrne nlarrqo n2r l2flrollp le

Gouvernement dont reldve I'entit6 devant utiliser
lesdites installations devra garantir le Gouvernement
franqais, l'Agence et ses Etats membres contre tout
recours qui pourrait 6tre intente au titre de la

Convention sur la responsabilite internationale pour
les dommages caus6s par des objets spatiaux entr6e
en vigueur le I er septembre 1972 En I'absence de
cette clause le Gouvernement franqais assurera en
tout 6tat de cause la garantie de l'Agence et de ses
Etats membres.

Article 11

(Responsabilit6 internationale)

1 , Conform6ment aux dispositions de la R6solution
ESA/C/XXll/Res 3 adopt6e par le Conseil de
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l'Agence le 13 d6cembre 1977,l'Agence garantit le
Gouvernement frangars contre toutes reclamations
dirig6es contre luiet relatives aux dommages au sens
de la R6solution precitee, caus6s d elle-m6me, d un
Etat membre, d un Etat tiers, d des ressortissants
desdits Etats ou d toute autre personne, du fait de
l'utilisation des moyens du CNES/CSG aux fins d'un
programme de d6veloppement Ariane de l'Agence

Cette garantie ne s'applique pas si les dommages
r6sultent d'une faute lourde, d'un acte intentionnel ou
d'une omission deliberee de la part du
Gouvernement franEais ou de personnes agissant
pour son compte

2 fAgence ne garantit pas le Gouvernement
franqais contre les r6clamations relatives aux
dommages caus6s d elle-m6me, d un Etat membre, d,

un Etat tiers, d des ressortissants desdits Etats ou d
toute autre personne. du fait de l'execution au CSG
d'activit6s et programmes autre que ceux de
l'Agence

Dans le cas particulier du I'utilisation des installations
et moyens du CNES au CSG par un Etat non membre,
un ressortissant dudit Etat ou par une organisation
internationale, les dispositions pertinentes de l'Article
5 3 ci-dessus sont aoolicables

3 Le Gouvernement franqais garantit I'Agence et ses
Etats membres contre les r6clamations caus6s d
l'Agence, d un Etat membre, d un Etat tiers, d des
ressortissants desdits Etats ou d toute autre personne
du fait de l'execution au CSG d'activites de
lancement par la Socidte Arianespace ou par les
nora^nnae i cnn corrrino aa+ta drran+ia

s'applique pas si les dommages r6sultent d'une faute
lourde, d'un acte intentionnel ou d'une omission
delib6r6e de l'Agence, de personnes employ6es par
l'Agence ou des Etats membres de I'Agence (a
I'exception de I'Etat franqais ou des organismes
publics en relevant) Dans l'hypothese oi I'Agence
est le client d'Arianespace, et ceci ind6pendamment
de toute faute de lAgence. la garantie
sus-mentionnOe ne s'applique pas lorsque le satellite
de l'Agence s'avdre 6tre a l'origine du dommage;
dans ce cas, les d6penses expos6es au titre de la
procedure et de la r6paration des dommages sont
supportees par l'Agence et r6parties entre les Etats
participants au programme de satellite concern6
conformement aux dispositions de la R6solution
precitee au 13 d6cembre .1 977 dans son paragraphe
Ailt3
4. La r6paration des autres dommages, prejudices et
pertes de toute nature li6s a l'execution du present
Accord et quiseraient subis par l'Agence, ses biens et
ses personnes du fait des activites du Gouvernement
franEais etiou du CNES du fait des activites de
l'Agence au CSG, est reglee entre l'Agence et le
CNES.

Annexe5-AccordELA

Article 14

1. Lorsque la responsabilite internationale du
Gouvernemgnt franqais est engagee du fait de
l'execution sur la Base d'une activite ou d'un
programme db l'Agence requ6rant la mise en oeuvre
des installations, equipements et moyens humains et

materiels du CSG, la r6paration de tout dommage,
pr6judice ou perte resultant de ces activites ou
prog rammes s'effectue conform6ment aux
dispositions de l'Article .1 

3 de l'Accord CSG.

2 Lorsque la responsabilite internationale de
I'Agence est engagee du fait de I'ex6cution sur la
Base des activit6s ou programmes de l'Agence ne
requerant pas la mise en oeuvre des installations,
equipements et moyens humains et materiels du
CSG, l'Agence est responsable de tout dommage,
prejudice ou perte d6coulant de ces activit6s ou
programmes Sous r6serve des dispositions sur les
privileges et les immunites de l'Agence, cette
responsabilit6 est 169ie par le droit franqais,

fAgence degage le Gouvernement franqais de toute
obligation mise d sa charge, en particulier de toute
indemnite, en cas de dommage, pr6judice ou perte
caus6 d des tiers par suite des activites ou
programmes de l'Agence vises dans le pr6sent
parag raphe

3 LAgence, ou le CNES, selon le cas, supporte la
16paration de tout dommage, prejudice ou perte subi
par les personnes d son service, du fait des activit6s
visees dans le pr6sent Accord, m6me si la
responsabilite incombe ii I'autre Partie, ou aux
personnes d son service, sauf toutefois si le
dommage, le pr6judice ou la perte r6sulte d'une faute
lourde de la part de l'autre Partie ou des personnes d
son service. Les dispositions or6c6dentes
s'appliquent, de la m6me manidre, a tout dommage,
prejudice ou perte que les personnes au service de
l'Agence, ou du CNES, selon le cas, pourraient
causer aux mat6riels, 6quipements et installations de
l'autre Partie, ou des personnes au service de
celle-ci

Annexe 6 - D6claration de certains
gouvernements europ6ens relative i
la phase de production des lanceurs
Ariane

lll 9 En cas de recours intente par les victimes de
dommages caus6s par les lancements Ariane,
Arianespace seratenue de rembourser, dans la limite
d'un plafond de 400 millions de francs franqais par
lancement, le gouvernement franQais appel6, au titre
du paragraphe lVl a supporter la charge financidre
de la 16paration de ces dommages

lV 1 En cas de recours intente par les victimes de
dommages caus6s par tout lancement Ariane
condurt par Arianespace, le gouvernement franqais
supportera la charge financiere de la r6paration de
ces dommages G
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Programmes under Development and Operations
Programmes en cours de r6alisation et d'exploitation
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Ulysse
I c 13 <entcmhrc I llvccq a franChi Une
6t2ntr imnnrtanlo do <nn__., voyage
d exploralion au-dessus des poles du
.Qn/pii f_-e int tr_la la <.nd^ ^^^1,^t^ ^ -+a^;-1tvV alJqttdtY d dLLYtt tL

sa latitude maximale dans I'hemsphere
sud, d 80,2" au sud de l'equateur du
Saleil Ar-.tt tellcmcnl I llvSSe remonte
lentement vers I ecliptique. en dtrection
rlec reainnq elt t nAlo nnrrl atr'il ovnlarera A

la ni-1995 La mtssron contrnue de se
ddrouler sans encombre

I eq oneratinnc \/isent a lirpi\gl la nutatton
d'l i/rzqqp nnt .lpht tttr k' 1 1 aO0t La
qnnrlo qnatialp es/ qr rrrzle nrattnt tamanf anP'vt'Yevtt'vttL vtt

rnnlint t A ha/ti/ r'.lt t nontro da ConAar.t anv9r 
^u 

tu a pat Ltt 9u vot lLt a aa vat tucl 1Q Yt I

Australie faisant partie du rdseau de
/ ecn:np lninfnin rlp la ltlA9A /f)SA/) nrr

de la station de I ESA d Kourou, Guyane
+.-^^-;-^ 

^^- -^^,,f^^ ^^+;+; ^.;^^^ ^^u at lvotJY. uuJ ///EJU/EJ Vt tt vIv /_///JUJ U//

prevision de la rdapparrlion probable des
perturbations de type nutation qul
q'6lAient nrnrit titcq. atr 116bUl de la miSSiOn

/i/rzsce / e mnde de tnnr.tionnemenl miS

en oeuvre d cet effet consisle d creer un
amortissement actif en utrlisant /e systeme

C.nnscen pmharnttA nttt maintien le
nninfnoo do I antonno A arand o2tn \/ara

la Terre a I interteur d une plage
nrdel4tarmin6p aFtta m6th^.la av iaa t tna

liaison montante en continu a partir du sol
Les limitations de la couverture

96o9raphique de la statron de Canberra
(seul centre DSIV de I hemtsphere austral)
a imnoc,e rl'inr-lt tre t tna ctalton
.q I t nnl6m+ nfa i re afin 11' nl1gn I f u ne

^^t t|artt '.^ ^t1t;^t t^m6^t ConttnUe APt uLtYvvt l tet tl

I heure ou ces /igres sonl ecrttes. aucun
<inne rla re2nn2nltnn dp la nortt trhatian

' vv is 
Fvr

n'a 6td mis en evtdence

I 'traTtrf- ^ ^^-t^6^^t 
Ar;1^ rhAAt.^L LU / LV O AgAtAt r tAt tL CLA 1A Lt tCAll V

rl' a r'.t itt it 6 <, q c i p nt if t n t t p c. inlenSes a U CO U f S

elc la qcmeinp dt t 1 ? <anf amhra nondant

laquelle a 6te orgaruse un atelier de 31ours
auquel ont partrcipd plus de 80
sncnialr.cfcs rJ'l i /rzssc I c Centfe de
conference de I'ESTEC a eE tansform1
en un 'laboratoire' scientifique tes antmd
nenal2nl lnt tlp la rlt rr6a r1a I'ataltar ahant tai vr ruYuv

eottine rlc r'.herr'.hct trq travaillan[ Suf les
rlnnn6aq /ec n/lrs rqaonta^ t '^+^t:^' ^ t+:,ur 

^/'uJ 
' uuu' 'rUJ L dLYtlCt d VIV

qt tivi nar t tne int trnpo do la nraqqo la 1A

septemDre

Soho
Industrie
Les deux modules de vol de la sonde
Soho onl ete assembles entre jutn et aout
1994 avant d'€tre achemrnes a I'usine
Matra Marconi de Toulouse

L'intdgration des experiences sur /e

moddle de vol du module charge utile
lPl A/l) q'act aahevoc on it tin la< nrahlemoc

apparus sur differentes expenences ayant
etd coriges ou, e defaut, identifres, en vu

d'un examen ulteneur plus approfondt Un
essai fonctionnel au niveau systeme ayec
I onqomhla rleq pvn6rionaaq infonr6oq a at t

lieu dans les locaux de Matra Marconi
Space (G-B) d Portsmouth au cours de la
deuxieme quinzaine de juin Le PLM a
ensuite ete expedie a Toulouse fin juillet

Anro< l'aahdvFmonl da I'inl6oratinn ot do, 'r'"'
/'essal du module de servitude (SVM) e
Toulouse vers la frn du mois de juin,
^^t,,; ^; ^ -,,A; ^^^ ^^^-;^c;ctut-ct d suui ses essd/s mecanlques, en
avance sur le calendner, au cours d'un
hrcf cdid tr rlanq lo rontr2 gl'ggggi votstn

d'lntespace

Les aclivitds conduites chez Matra
Marconi a Toulouse (F) sont matntenant
programmees en double equipe afin de
rpanoalor la rlata do l2nTamant {ivAa
' 
url/uuru/ tu vQLw ww tat twEl t lYI lL IIAYY

Le moddle de qualficatbn et
d' identification (EQM ) de l' enreg istreu r
europeen a etat soltde a ete tntegre aux

autres eEments de la sonde spatiale a la

fin du mois d'ao0t aprds avor subi avec
sircniq sps eqqels rip nttalifiCatiOn.

Coop6ration ESA-NASA
I e Qattt ta rrilin t ta rla aar-- --,1cepuon ou
lanceur charge de mettre Soho en orbite
(Atlas ll AS, vol AC-1 17) a eu lreu d San
Diego les 22 et 23 juin et a donne, dans
l'ensemble, des rdsu/tats positlfs d

I'exception de quelques points mdritant un
examen plus approfondi

Les essais de compatibilit1, au niveau du
ca.fat tr .Al 6htra la cttctaJng de COntfOle

de la NASA au centre spatial Goddard
(GSFC) et le SVM d Toulouse ont eu heu en
juin Des lignes de communications

Payioad of lhe Soho spacecratt berng
removed from the Service Module at
Matra, Toulouse (F)

Sdparation de la charge uttle du vehrcule
spatial Soho du module de servtce chez
Matra d Toulouse (F)
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Ulysses
On 13 September, Ulysses passed a
major milestone in its journey of
exploration over the poles of the Sun. On

that day, the spacecraft reached its

maximum latitude in the southern
hemisphere, 80.2 degrees south of the
Sun's equator, Ulysses is now slowly
climbing back towards the ecliptic. en

route to the north polar regions which it

will explore in mid 1995. The mission

continues to run smoothlv.

Ulysses nutation-damping operations
commenced on 11 August. The

spacecaft is being tracked almost
continuously from either NASA's
Canberra Deep Space Network (DSN)

comolex in Australia or the ESA Kourou
station in French Guiana. These

measures were taken in anticipation of
the oredicted onset of the nutation-like
motion that disturbed the spacecaft early
in the mission In this mode of operation,
active damping is achieved through use ol
the onboard Conscan system, which
maintains the high-gain antenna
Earth-pointing within a preset deadband.
This in turn requires a continuous uplink
signal from the ground. Geographical
coverage limitations at Canberra (the

only DSN complex in the Southern
Hemisphere) made it necessary to
include an extra station to ensure almost
continuous coverage At the time of
reporting, no evidence of the return of the

disturbance has been found

The mission's scientific activities also

reached a peak in the week of
13 September, when a three-day
Workshop attended by more than 80
Ulysses investigators was held in ESTEC

(NL). The ESTEC Conference Centre was

transformed into a lively scientific
'laboratory' for the duration of the
Workshop, with each experiment team
working on the latest data The Workshop
was followed up with a Press Day on 16

Seotember.

Soho
Industry
Assembly of the two flight modules of the
Soho spacecraft has been completed
between June and August 1 994 and they
have come together at the Matra Marconi
nl:nt in Tnr rlnr rca

The flighf model Payload N/odule (PLM)

has completed experiment integratlon in

June, problems with several experiments
having been corrected or at least

identified for further attention later. A
system functional test took place at

Matra Marconi Space (MMS-UK) in

Portsmouth (UK) in the second half of
June. with all experiments integrated.
The PLM was shipped to Toulouse at the
end of July.

The Service Module (SVM)completed its
integration and testing in Toulouse by the

end of June and has undergone, ahead of
schedule, its physical-properties test

during a brief excursion to the nearby
lntespace test complex.

Activities at Matra Maconi in Toulouse
(MMS-F) are now planned on a double-
shift basis to maintain the agreed launch
date

The EQM model of the European
Solid-State Recorder joined the rest of the

spacecraft at the end of August after
successful completion of its qualification

testing.

ESA-NASA cooperation
The Critical Design Review for the Soho

launch vehicle (Atlas ll AS flight AC 1 17)

took place in San Diego on22- 23 June
and the conclusions were generally
positive, with a few items highlighted for
further attention

The Ground Segment Compatibility Test

between the NASA control system at

Goddard Space Flight Center (GSFC) and

the SVM in Toulouse took place in June.
Commercial communication lines were

used to link the two sites for this first

closed-loop test between the spacecraft
and its future controllers. This test was
also concluded positively and lessons

learned will be used to improve and refine

the ground segment.

Experiments
All experimenters have delivered
flighfquality models, allowing full testing
at system level to proceed In a few cases,

extra activities have been planned in the

rest of the environmental test programme

to modify or improve some elements of
certain experiments (e g detectors,
PROMS)

The UVCS and SUMER experimenters in

particular will refurbish their flight models

later in the programme with flight

detectors and/or mechanisms that are

being reworked. The cross delay line

detectors (XDL)of both UVCS and

SUN/ER are proceeding according to

schedule, with a demonstration model

and the first flight model already delivered
tO UVCS

The preparatory work to set up the
Experiment Operations Facility (EOF) at

NASA GSFC has progressed in terms of

both physical setup (rooms, furniture, etc )

and testing of the interconnections
between the experimenter-provided and
-operated Electrical Ground Support
Equipment (EGSE) and the main control
facility

Gluster
Both the protoflight model (PFM) ad F2

spacecraft have almost completed their

environmental test programme at IABG

Munich.

The F3 spacecraft is currently in its

thermal test programme, following which it

will be prepared for vibration testing in a

stack configuration with F4.

The F4 spacecraft has completed all

subsystem and payload integration and

testing and is ready for shipment to IABG

to commence environmental testing

During the second week of October, all

four fully integrated flight spacecraft will

be together in the IABG clean room. This

opportunity will be used to introduce the

Cluster programme to the press.

After this press event, the PFM and F2

spacecraft will be returned to Dornier,
where the scientific payload will be

removed for refurbishment and fitting of
final flight detectors to the sensors.

The F3 and F4 spacecraft will continue
their environmental test programme at

IABG.

The first two flight models of the
Solid-State Recorders are due for delivery
in mid-October, followed by the second
pair before the end of 1994

The groups responsible for the scientific
payload are now preparing for the

detector exchange and calibration phase
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commerciales ont 6td utlllsdes pour relier
les deux sltes d /'occasion de ce premier
essai en circuit fermd entre la sonde
spatiale el ses lufurs controleurs Cet essal
a 1galement abouti d des rdsultals posiflls
et I'experience acquise servira d amdltorer
et d affiner le secteur sol

Experiences
fous /es chercheurs ont fourni leurs
e x p 6 r i e n ces au x ca racte r istiques des
moddles de vol, ce qui a permis de
proc1der a I'ensemble des essals au
niveau systdme. Dans un petit nombre de
cas, des activitds suppl€mentaires ont 6t6
rnscriles au programme d'essa/s
d'ambiance afin de modifier ou
d'amdliorer les elements de certaines
expdriences (par exemple ddtecteurs,
PROMS).

En particulier, /es responsab/es des
expeiences UVCS et SUMER amdlioreront
leurs moddles de vol lors d'une phase
ulterieure du programme en /es equipant
de ddtecteurs de vol eUou de m6canismes
en cours de remaniement. La mise au
point des ddtecteurs d lignes de retard
crorsdes (XDL) pour les deux instruments
UVCS et SUMER se poursult conform1-
ment au calendrter, I'UVCS ayant deje
reQu un moddle de ddmonstration et le
premier moddle de vol

Les travaux pr5paratoires pour la mrse sur
pied du centre de commande des
expdriences (EOF)au GSFC de la NASA
ont progressd tant en ce qui concerne
I' installation materielle (locaux, mobilier,
etc )que /es essais d'interconnexion entre
les 6quipements electriques de souflen so/
(EGSE)fournis et exploites par
I'exp1rimentateur et Ie centre de controle
principal

Cluster
Le programme d'essa/s d'ambiance du
prototype de vol (PFM) et de I'unitd de vol
F2, quise ddroule e I'\ABG, Munich,
touche d son terme

Le programme d'essals thermiques de
I'unit6 de vol F3 est en cours F3 sera
ensuite prdpare pour subir les essarS en
vibration en empilement avec F4.

Les activilds d'int6gration et d'essai de la
charge utile et des sous-sysfdmes de
l'unitd F4 sont toutes termtnees et F4 est
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pr€t pour expddition e I'ABG en vue des
essais d'ambiance

Au cours de la deuxidme semaine
d'octobre, les quatre moddles de vol
entidrement intdgrds se trouveront rdunis
dans Ia salle blanche de l'IABG. C'esf a
celle occaslon que le programme Cluster
sera presente aux journahstes.

A la suite de cet 6v6nement m6diatique,
/es moddles PFM et F2 retourneront chez
Dornier oi la charge utile scientifique sera
retiree pour remise en 6tat et installation
sur les instrumenls des ddtecteurs de vol
ddfinrtfs L'IABG poursuivra le programme
d'essar,s d'ambrance des unitds de vol F3
et F4

Les deux premters moddles de vol de
I enregistreur a memoire d etat solide
doivent Atre livrds d la mi-octobre et les
deux autres d'ici fin 1994

Les groupes responsab/es de la charge
utile scientifique preparent maintenant la
phase de remplacement et d''talonnage
des ddlecteurs des instruments qui seronl
rdintegres d6but 1995, en pr6paration de
la livraison La plupart des ddtecteurs des
unit4s PFM, F2 et F3 seront remplacds et 17

se pourrait que certains composanls
sensib/es des ddtecteurs de F4 soient
inclus dans le programme de remise en
6tat. Ce programme garantira que seu/s
des ddfecfeurs en excellent ebt seront
embarques pour la mission

A I'ESOC, les travaux portant sur le
secleur so/ se d6roulent conformdment au
calendrier; la majeure partie du mat6rid
est maintenant livrde et la premidre version
du logiciel est disponible pour les t6.ches
opdrationnelles. La revue de mise en
oeuvre du secteur sol est fixde d la
mFnovembre.

Les activircs relatives au systdme d'accds
aux donnees scientifiques se poursuivent
e//es aussi conform€ment au calendrier et
la premiere version de I'interface
utilisateurs a 6te livree et install1e avec
succds dans lous /es cenfres de donndes.
Pour ce qui est du centre commun des
activites scientifiques, le calendrier est
respecte et la definition ddtaillee des
interfaces avec I'ESOC, ce qui couvre la

telecommande des charges utiles et
la surveillance du bon fonctionnement et
de la securit1, est achevee,

Le programme Anane-S Apex n'a pas
notifie de changement de la date de
lancement, fixde au 1er djcembre 1995.
Confirmation est attendue d'ici fin 1994.

rso
Le moddle de vol du module charge utile
de l'observatoire spatial dans I'infrarouge
a 6td livre e I'ESTEC (NL) en juin. ll a
ensuite 6te intdgre au moddle de vol du
module de servitude. Depuis lors, le
satellite et ses lnsfruments scientlflques
ont 6td soumA d d'lmportants essais
1lectilques, de fonctronnement et de
propretd 1lectromagndtique, qui ont tous
6td menes d bien avec succds

A /'rssue de fous ces essarS, un sujet de
pr6occupation subsrsle d. propos du
couvercle cryogdnique du module charge
utile (6jectd en orbite), qui prAsente
quelques points chauds /ocalrsds
suscepllb/es de perturber les ddtecfeurs
/es p/us senslb/es de I'une des
expdriences scientifiques. Des recherches
sont en cours pour ddterminer les causes
possib/es et trouver des so/ufions

ISO flighfmodel satellite at ESTEC (NL), after
mating of the Service and Payload Modules, in

July 1994

lnrcgration du moddle de vol du sate//ite /SO
aux modules de servitude de charge utile d
/'ESIEC en juillet 1994
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L'ensemble des quatre sate//ltes Cluster chez
IABG a Ottobrunn (Allemagne)

The four Cluster spacecraft, together at IABG,
a)tt^h/,,nn /n\vLrvv, u,,, | \u/

on the instruments prior to them berng

reintegrated early in 1995 in preparation
for delivery Most sensors on PFM, F2 and
F3 will be exchanged, whilst some
sensitive components of the F4 sensors
may also be included in the refurbishment
programme This programme ensures
that only prime-quality detectors will be

flown on the mission,

The ESOC ground-segment tasks are
proceeding on schedule, with the malority
of the hardware now delrvered and first

release of the software available for
operations tasks The ground-segment
implementation review is scheduled for
mid-November

The Science Data System effort also

continues on schedule, with the first issue

of the User lnterface delivered and
successfully installed at all data centres,
The Joint Science Ooerations Centre is on

schedule, and detailed interface definition
with ESOC covering payload

commanding and health and safety
monitoring is complete.

No change to the declared launch date
of 1 December 1995 has been notified by
the Ariane-S Apex programme; a

confirmation is expected before the end
of 1 994.

rso
The flight-model Payload Module of the
Infrared Space Observatory was delivered
to ESTEC (NL) in June lt was
subsequently mated with the flighfmodel
Service Module Since then, the satellite

and its scientific instruments have been
sublected to extensive electrical,
functional and electromagnetic cleanli-
ness tests, all of which were completed
successfully

One concern arising out of all the above
tests is that the Payload Module's
cryocover (ejected in orbit) has some local

warm areas which disturb the most

sensitive detectors of one particular

scientific instrument Investigatlons are

underway to identify the possible causes
and to find solutions.

The satellite will now be subjected to

mechanical environment tests, both
acoustic and vibration

Work on the ground segment is also
proceeding satisfactorily, A major step
forward has been the successful
completion of interface tests between
spacecraft and science operations
development software at the Agency's
Villafranca ground station, near Madrid.

The project continues on schedule for the
planned September 1995 launch date.

Huygens
lntegration of the Structural/Thermal/Pyro
Model (STPM) Probe was completed in
DASA, Ottobrunn (D) during August, in

line with the nominal project planning.

This Probe model will be used for
mechanrcal qualification testing and is
therefore built with flightstandard
structure, covers, mechanisms, heat
shield, etc Mechanically and thermally it

is identical to the flight-model Probe

The integration process flowed quite

smoothly despite a number of minor

problems being found which gave rise to

the generation of Non-Conformance
Reports (NCRs) Resolution of these NCRs

was usually achieved by local repair, with

appropriate feedback to the subsystem
manufacturers to eliminate such problems

on flight units System-level testing of the
STPM is underway with the final Physical
Properties Test sequence already
completed

Integration of the engineering model (EM)

Probe has been underway since mid-July
with system-level testing planned to start
in mid-October, following the Electrical
Hardware Design Review The EM Probe
will be electrically representative of the

flight model, but mechanically will be in
the Entry Module configuration, i.e,

without the deceleration/heat shield and
back-cover structures, and without certain
release mechanisms.

In general terms, the project is

proceeding very well, with technical
concerns progressively being eased.

Schedule maintenance is still a key issue

and is receiving constant management
attention

Working interfaces with JPL/NASA
partners continue to be good, with

NASA'S reaffirmation of Cassini project

continuation with a baseline launch date
of October 1997, providing a morale
boost for all project participants
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Le satellite va marntenant farre I'objel

d essais de rdsislance mecanique sur les

plans acoustrque et vtbratorre

Les travaux sur le secteur sol se ddroulent
en+lemlnt rlp mantirc qatistatsante Un
grand pas en avant a ete franchi avec la
16r rsc/le dps ess:ls anf iot,n. .-l ;-t^.f^^^v, '!'VdE) U titLYt tQVY

enfre le vohiattlo qnatial ot la looiaiol do

rl ctre I on nem e nt d e.s o ne ratt o nS

srienti{tot req dt ti nnt ;te COndutlS a la
cfal,nn cn/ r.la I'ananea..l^ \/;lt^f.^^^^ ^.4^Jrcr/Ur r ovr UU / cVUr tvv vC V llldtt Al IUA lJl C>

de Madild.

I 'avanr.cmcnt .lt t nrntp't eSI Conforme a la
rlafa rlo 12naemant nre\/ttF kontamhra
7 006)

Huygens
| 'a.qqemhlaae dtt mndclg SlfUCtUrel/

thermique/pyrolechntque (SPTM) de la
sonde a 6td mend d bren dans les locaux
de la DASA d Ottobrunn (D) au cours du
mois d'ao0t, conformement au calendrrer
nominal du projet Comme ce moddle doit
servir aux essais de qualification
mAc.aniot te rl a ite realts( aux narmes dU
moriclc rlc trnl cn r-.c ot ti ggs16g77,g lg
qlrt taf t tro laq ant tvaraloq iao mAarnromno

r /qJ / / /quq/ //)/ / /gJ,

la hnt taliar tharmint ta afn Qr rr la< nlan<

manantnt ta 6l lharm;^t ta ^^ 
6^.lil^ ^atiltvvattrlluv ct 0tclttilgua, ug ///uuglg qJt

irlentint tc att mndile dc vOl de la SOnde
/ c nrnr-'cssi is d inteetration S est ddrould
de manidre tout d fait satisfaisante malgre
la mise en 1vtdence d'un certarn nombre
de problemes mtneurs. qui ont donne lieu

a des rapports de non- canformite (NCR)

La plupan des ddfauts ont ete eltmtnes par
des rdparations sur place, les fabrtcants
/dpe qn/ /q-.q\/q/pmcc 6lent diment tnlOrmeS
afin nt ta lac nrnhlomoq na qa ranradt tteanl

'vJ yr vvtv' r tvr

nrq q/ /r /pq / /nifis r1c vol fgg eSSarS dU

STPM au niveau sys€me sont en caurs, la
rlorniAro q6at tenao d'pcceic mde aniat to<

avant r'l nroq et rleiA 6t6 n^^;^ >, l.\;^-uyut tL w uu/u uru t t tal taa o utot I

L' i ntdg ration d u moddle d' id entification
/FA/l\ rla la cnnda pci pn .n/ /rc dant tiq la

mi-it tillol /pc eecaiq at t nittoat t q\/alemF

devant demarrer a la mr-octobre d /'issue
rlc la rotrt tc dc r:onr:cntion des

composants 1lectrrques Le moddle
d' identification sera reprdsentatif du
mnrldlo rlo vnl <t tr lo nlan oloatriat to maiq
qo nr6<entora rlan< la an^f;^t t..+;^n 4, 'JU l/' uru/ rru' u vvt tttgut oLtat t uu

module de rentree sur le plan mecanique.
^ ^^+ : !i-^ ^, . ir ^^-^ tt)ourvu duu uJr-d-ur/E qu u >Yt 4 uYl,
hnr r.lier thermiat tc dtt r'.Ouvercle af rtefe el

de leurs mecanismes d'assemblage. atnsi
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que de certatns m1canismes de
separauon

f-t t tno faaan a6narala la nraial attanaa r'la

mantere lres sal/.slaisa nte, les tncertitudes
ter'.hniot tcs clanl nrndrz5sivemenI levjes
I ^ .^r^^^t .,1,, ^^t^^.,1.:^. Fct fat t;nt tr< t tnLE / q)lJgut UU VdlYt lUllct ur! lvulvu, r u, 

'
noint art taial at tat tol /ec rpqnnnsah/eq dr i

nrnial aarnr.lanl t tna 2ttentlon

nFrm2 nentF

I A.)pncp c.nttnnp r^l cn71g7gpt1 de bOnneS
rolAtinna r\/pa see n2rtqra;'^a ^ ' ^^:^ ) 'pu' Lvt tdltYa dU aYtt M

,lPl rle la NASA I Adcnce amencatne
ayant confirme la poursuite du projet
easslni avcc. nnc date de lancemen[ de
reference en octobre 1997, ce qut est un
onrat t12damant nnt tr lnl /c /pe narliainant<

Rosetta
e.ec dcrnicrq lpmnq /pq activites Ont ete
axdes sur la definition de I'Orbiteur de
Rnsett? n4r t tn1 cnttinc de I ESA atin de
preparer les delinitions d'interface avec la
rherap r ttilp dc I Orhilct tr et les deUXvr rvt vv
pncamh/ac el av narianra< caianlif iat ta< r'la

qt trfaap /.SSP) /--pfip r]ofintton livrera leSlvvl / vvl(v vv,,l

e le me nts d' i nf o rm ati o n necessaires pour

Assembly of the Huygens (STPM) Probe
at DASA, Ottobrunn (D)

A<semhtsqe 11, t mn4itp .aTPM de la Sonde
Huygens chez DASA d Ottobrunn (Allemagne)

la phase de definition detaill1e qui doit
commencer fin octobre et pendant
laquelle I'industne procedera. en etoite
collaboration avec l'equipe de /'ESA, d des
arbitrages entre opttons pour differents
{lcmcntq r,.ritint teq dc la mEStOn

I a nha<o do <nt ttion in.lt,^+.:^t 4,,.^.^ -,,La Pt tuow ' r' rvu)(/ /u/ uut Ylo du

minimum un an et sera conduite
paralElement par deux groupements
industrlels de manrere a ce que loutes /es
onlinn.q rcncnsic.q snien/ t'ly6l1965 59i15
diff6rontq analoc

Lors d'une recente reunton avec les

/ournrsseurs de I'ensemble d'etude
<aianlifiat ta rla <t trfara /qqp) /a .^n.a^t

lvvt /, tv

de I'Orbiteur et les differents 6l6ments du
SSP ont 6td examinds de faqon

approfonde De manrere generale. les

eldments du SSP actuellement 6tudt6s par
les deux groupemenls el pour /esqueis
I FSA rer'.cttra des nrnnn.siLtons officielles
On nnttOmhra annt anmn^t;tr'lao tt tan laovtt ttvvvtttUtv, JvttL vvtttlJALlUlqJ qVEU /gJ
a2r2atar;afint taq rlt t annaant da rof6ronaa
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Rosetta
Recent activities have concentrated on the
definition of the Rosetta Orbiter by an ESA

in-house team in preparation for interface
definitions to the Orbiter Payload and the

two Surface Science Packages This

definition will be used as the inputs to a

detailed definition phase due to
commence in late October in which
Industry will work in close cooperation
with the ESA team to trade off options for
various mission-critical items.

The industrial support phase will last a

minimum of one year and will be

conducted by two parallel industrial
groups to ensure that all identified options
are studied from different angles

At a recent meeting with the Surface
Science Package (SSP) suppliers,
concepts for the Orbiter and the individual
SSPs were extensively discussed. In

general, the SSPs being studied by the
two groups, for which ESA will receive
formal proposals in November, are both
compatible with the current Orbiter
baseline design features Additionally, the
meeting covered the flight operational
requirements originating from the SSPs

and their interaction with the baseline
Orbiter mission

Following recerpt of the proposals in

November, it is expected that the two SSP

suppliers will prepare payload
Announcements of Opportunity (AO) for
simultaneous issue with the ESA Orbiter
payload AO in March 1995

The selection of the SSP payload is

proposed to be done initially by the
suppliers This will be followed by a full
proposal update to the Agency in time
for the normal ESA payload selection
process, which will be applied to the

Orbiter payload proposals This approach
will ensure that the overall scientific return

from the mission is fully co-ordinated

DRTM

Artemis
Following the decision of the Ariane
Programme Board to no longer consider
Artemis as a candidate for an Apex
launch, discussions were held at a special
Joint Communications Board (JCB) on 6
July on how to proceed programmatically

and financially. These will be continued in

September in readiness for a decision at

the October JCB.

Steady progress has been made on the
preparation and issue of interface-
requirements drawings for the
engineering and structural models of the

satellite Equipment layout drawings for
these models, as well as the PFM satellite,

are virtually complete

Engineering/qualification models (EaM's)
of many equipment items are now
entering their test programmes, and
Baseline Design Reviews are being held
rt ar rha\/atam la\/ol

Preliminary results of the coupled load
analysis have been issued by the
launch-vehicle authority and reviewed by
the ALS system team Initial results are
positive in that the load-analysis values
show that the quasi-statrc levels defined in

the environmental specification are not

exceeoeo

Significant progress has been achieved in

the finalisation of the test requirements
and Assembly, Integration and Test (AlT)

planning for the three satellite models
(SM EM and PFM). Definition of the
requirements for the AIT campaigns using

the ESTEC test facillties has also

continued. A review has been made of the

AIT activities with a view to improving the

schedule

Some improvements on the Hi-Rel parts

delivery forecasts have been achieved
and more manpower rs now berng

devoted to procurement follow-up

Silex system and Low Earth Orbit (LEO)

terminal for Spot-4
The first results of the microvibration test
performed on the structural/thermal model
(STM) of the LEO terminal are very
encouraging in so far as they show a

lower than expected sensitivity of the
pointing performance to microvibrations.

The acoustic vibration tests on the STM

have been completed and the measured
levels on the critical optical head have
been found to be equal to or lower than
the predicted ones. The STM terminal has

also successfully completed the solar
vacuum test campaign

Integration of the EQM terminal is under
way, but the schedule remains critical

due to delays in some equipment
deliveries

An in-depth analysis of the critical paths

has been performed with the Prime

Contractor, leading to the identification of
an alternative integration sequence which
will minimise the effects of these delays

DRS

The current DRS phase is almost
complete. The Phase-82 proposal

received from industry to perform all the
technical activities up to the start of
Phase-C/D has been negotiated and
agreed Prime Contractor activities
have been initiated under a Limit of

Liability.

Since this phase will prepare the

technical and programmatic material for
the DRS Phase-CiD proposal, the ESA

Request for Proposal for that phase is an

essential input ensuring that the work is

carried out on a secure basis The

Procurement Proposal for Phase-C/D

was presented to ESA's Industrial Policy
Committee (lPC) in May, but was
withdrawn following a request by several

Delegations that the JCB should first

discuss the strategy to be followed.

The offers received for the S-Band Data

Relay (SDR) receive and transmit active
phase array have been evaluated and
negotiated, and preferred suppliers have

been identified The development and
manufacture of this payload is planned to
be performed in two steps, in line with the
DRS Phases 1 and2 The EQM equip-
ment will be developed and manufactured
and high-rel parts will be procured in

Phase 1 , while the assembly, integration
and test of the EQM payload and the
manufacturing, assembly and test of the
flight payloads will be performed in Phase

2. Because of the uncertainties in the
DRTIV Programme due to the need to
finance the launch of Artemis,
presentation of a Contract Proposal for the

Phase 1 activities to the IPC has been
delayed

Additional procurements have been made
of those items of equipment that are

common to Artemis and DRS. They will

first serve as integration spares for
Artemis, and will subsequently be used for
the DRS-1 satellite
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actuel de I'Orbiteur. Les participants a

cefte reunion ont en outre traitd des
impdratifs de fonctionnement en vol

ddcoulant des 1lements du SSP et de leur
interaction avec la mrssion de rdfdrence de
I'Orbiteur.

Aprds reception des propositions, en

novembre, les deux fournlsseurs des
elements du SSP devraient prdparer des
appels de propositions de charge utile qui
seraient envoyds simultandment d I'appel
de propositions lancd par I'ESA pour la

charge utile de I'Orbiteur, c'est-d-dire en

mars 1995.

ll est propose que le choix initial de Ia
charge utile SSP soif fait par les

fournlsseurs Ce choix sera suivi par une
actualisation de I'ensemble de la
proposition adressde d I'Agence, en

temps opportun pour le ddroulement de la
procedure de sdlection des charges utiles

habituelle e I'ESA, qui sera appliqude aux
propositions de charge utile de I'Orbiteur.
Cette fagon de proc1der garantira la

pleine coordination du rendement
scientifique global de la mission.

DRTM

Artemis
Le Conseil directeur du programme
Ailane ayant d5cidd de ne plus considerer
Artemis comme candidat d un vol Apex, le

Conseil directeur commun des
programmes de satellites de
communications UC& a examind lors

d'une rdunion sp6ciale le 6 juillet la fagon

dont ce projet serait poursuivi sur le plan
programmatique et financier. Ces ddbats
se poursuivront en septembre en vue

d'une ddcision d prendre d la rdunion
d'octobre du JCB

La prdparation et la publication des
dosslers d'imperatifs en matidre
d'interfaces pour les moddles
d'identification (EM) et de structure (SM)

du satellite se sont poursulvies

r1gulidrement. Les dosslers sur
l' amdnagement d es eq u i pements d ans

ces moddles et dans le prototype de vol
(PFM) sont pratiquement termin6s.

Les programmes d'essai des moddles
d' i d e ntif icatio n /q u al if i cati o n (EQ M ) d e

nombreux 6l6ments ddbutent maintenant
et des revues de conception de rdf1rence
sont men6es au niveau sous-sysfdme.

to

Le responsable du lanceur a communique
/es r6su/fats prdliminaires de l'analyse
coupl6e dynamique, qui ont 6td examrnds
par l'6quipe systdme dZLS. Les premiers
rdsultats sont satrs/alsants pulsque /es

valeurs de I'analyse montrent que les

niveaux quasi statiques figurant dans /es

spdcifications ne sonl pas depasses

La mise au point d1finitive des imperatifs
d'essars et du planning d'assemblage,
d'integration el d'essal (AIT) des trois
moddles du satellite (SM, EM et PFM)a
beaucoup progressd La definition des
imperatifs s'est 6galement poursuivie en
vue des campagnes AIT qui feront appel
aux installations d'essars de I'ESTEC Une

revue des activitds AIT a 6t6 mende afin
d' amel i orer le cale nd rier

Les previsions de livraisons des pidces d

haute fiabilitd ont ete am6lior6es et les

effectifs affectds au suivi de l'approvision-
nement ont ete augmentes

Expdrience Silex et terminal en orbite
terrestre basse (LEO) sur Spot-4
Les premiers rdsu/tafs de /'essai en
microvibration du moddle structurel et
thermique (STM) du terminal LEO sonf tres

encourageants car /s montrent que Ia
capacitd de pointage esl molns senslb/e
que prdvu aux microvibrations.

Les essairs en vibration acoustique du STM

sont termines et les valeurs mesurdes au
niveau de la t€te optique ciltique sont
4gales ou inferieures aux valeurs prdvues
La campagne d'essais du STM en calsson
vide-soleil s'est 6galement bien d6rou16e

L'int1gration de I'EQM du terminal est en
cours mals le calendrier reste critique en
raison de retards dans Ia livraison de
certains 6quipements.

Une analyse approfondie des chemins
critiques rdalisee avec le maitre d'oeuvre a
permis de trouver une autre sdquence
d'intdgration qui rdduit les inctdences de
ces retards.

DRS

La phase actuelle de DRS esf presque

terminde. L'tndustne a envoyd une
proposition de phase 82 portant sur toutes
les activitds techniques jusqu'au
ddmarrage de la phase C/D qui a dt6
ndgociee et acceptee Les activites du

maitre d'oeuvre ont 6td lancees mais avec
u n e I im itation d' en gagement.

Dans la mesure oit cette phase prdparera
la proposition de phase C/D sur le plan
technique et programmatique, la

demande d'offre de /'ESA est un facteur
essentle/ pou r la conduite des travaux sur
des bases so/rdes La proposition

d'approvisionnement relative d la phase

C/D a 6td prdsentde au Comitd de la
politique industidle (lPC) en mai mais a

6td retirde a la demande de plusieurs
del1gations souhaitant que le JCB
examine d'abord Ia strateoie d suivre

Les offres regues au sujet de la charge
utile en bande S d'emission/transrnrsslon
d rdseau actif d commande de phase de
relarrs des donndes (SDR) ont 6te evaluees
et negociees, ce qui a permis de retenir
les fournisseurs ll est prdvu de rdaliser et
de fabriquer cette charge utile en deux
dtapes, parallelement aux phases 1 et 2
de DBS. La rdalisation et la fabrication
des 5quipements de I'EQM ainsi que
I'approvisionnement des pldces A haute
fiabiiltd se feront au cours de la phase 1,

tandis que l'assemblage, l'integration et
/es essars de I'EQM des charges utiles et
Ia fabrication, l'assemblage et /es essais
des moddles de vol des charges ufrTes se
feront lors de la phase 2. En raison des
incertitudes qui planent sur le programme
DRTM, liees d la ndcessltd de financer
le lancement d'Artemis, la pr6sentation d

l'lPC d'une proposition de contrat
portant sur les aclivltds de phase 1 a ete
reportee.

L' ap prov ision ne me nt d' autres
6ouioements communs d Artemis ef D,9S

a 6td reails1. lls serviront d'abord de
rech an g es pou r l' intdg ratio n d' Arte m is

purs seronl ufllisds dans le satellite DRS-7.

Terminal experimental en bande S
(ESBT)
Le rdp6teur est maintenant r1pard et muni
d'une nouvelle carte multicouche. L'ESBT

devrait 6tre livre au CNES en novembre.

Secteur sol

L'Agence a reQu une proposition relative
au secleursol de controle d'Artemis
envoy6e par un consortium rdcemment
cree, ALTEL, regroupant des dqupes
d'Alenia Spazio et de Telespazto

La proposition d'ALTEL a 6td examnde
lors de la rdunion spdciale du JCB du 6
iuillet a /'ESOC et le sera de nouveau afin
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Experimental S-Band Terminal (ESBT)

The transponder has now been repaired
with a new multilayer board ESBT

delivery to CNES is expected to take
nleno in Nlnrromhor

Ground segment
The Agency has received a proposal for
the Artemis spacecraft-control g round
segment from a newly-formed consortium
ALTEL, consisting of groups from Alenia
Spazio and Telespazio

The ALTEL proposal was discussed at the

special JCB held in ESOC on 6 July and
further discussions are being held in

readiness for the September IPC and
October JCB.

Artemis ground-segment activities
unaffected by the ALTEL offer continue as

planned with, in particular, the delivery
and test of the SILEX LEO Mission Control
System to be installed at ESA's Redu (B)

ground station

Interface tests with the CNES Spot-4
control centre have started and will lead to
system tests with the SPOT/PASTEL

spacecraft engineering model next year

Almost all In-Orbit Test Facility
procurements are now underway,

User interfaces
An Agency review of the interfaces
between Artemis/DRS and Envisat has

been held. This concluded that all major
aspects of the inter-orbit link interfaces
were properly defined and reflected in

the plans and designs of both
programmes,

Definition of the DRS user terminal that is

planned to be carried on the Columbus
Orbital Facility (COF) continues. lt has now
been agreed by NASA that such a
terminal may be carried and used to
transfer data from the COF directly to
Europe

The Atmosphere Re-entry Demonstrator
programme has identified that it would be

attractive for the vehicle to carry a

data-relay link to maximise the information
recovery during the flight, and discussions
have been held to define a cheap, simple
means of providing such a link.

The Memorandum of Understanding
governing collaboration between
ESA and NASDA, the Japanese Space

Agency, for the OICETS/Artemis
experiment was approved by the ESA

Council in June.

ERS.1

The health of the satellite after three years

of operation in orbit remains excellent, with
all systems operating within specification
and so far only one in-flight redundancy
being used (instrument data transmission
travelling wave tube). As ERS-1 s design
life was three years, some of its elements
are approaching the end of their qualified

life. However, since the available
redundancy has not yet been used,

considerable operating lifetime remains
and ERS-1 should therefore be available
as a standby for ERS-2 and to support
tandem operation with ERS-2 during
much of the latter's operational life.

Moddle de vol d'ERS-2 au centre d'essars de
I'ESTEC e Noordwijk (Pays-Bas)

The ERS-2 flight model in the Test Facility at

ESTEC, Noordwijk (NL)

ERS.2

The satellite integration and test activities
have now been completed and
preparations are underway for launch at

the end of 1994/beginning 1995 from
Kourou on an Ariane-4 launch vehicle,

The orbit into which ERS-2 will be

injected is carefully phased with the very

similar orbit of ERS-1 to ensure a constant
offset between the two satellites The same
point on the ground will be revisited by the

two satellites within a one or eight-day
period
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de prdparer les reunions de I'lPC en
septembre et du JCB en octobre

Les activitds relatives au secteur sol
d'Artemis qui ne sont pas couvertes par Ia

p ropositio n d' A LT EL se pou rsu ive nt
comme prdvu, notamment la livraison et
/es essars du sysfdme de controle de la
mrSslon pour le termrnal LEO/SILEX sera
install5 d la statron so/ de /'ESA d Redu, en
Belgique

Les essars relatifs aux rnbrtaces, mends
avec le centre de contr6le de Spot-4 du
CNES, ont demarrd et ddboucheront
I'ann6e prochaine sur /es essars au niveau
sysldme faisant intervenir Ie moddle
d'identification du satellite Spot/Pastel.

La q u as i-total itd d es ap p rov isio n ne me nts
relatifs a l'installation d'essai en orbite est
en cours,

I nterf aces util isateurs
L'Agence a r1alise une revue des
interfaces entre Artemis/DFS el Envrsal el
conclu que les pnncipaux aspecls des
interfaces relatives d la liaison rnterorbitale
1taient correctement definis et pris en
compte dans /es plans et /es concepls des
deux programmes

La d1finition du termrnal utllrsateurs DBS
qu'il est prdvu d'embarquer sur I'element
orbital Columbus ICOF) se poursuit La
NASA a maintenant acceptd que ce
terminal soit embarqud et utilisd pour
transmettre les donnees du COF
r'liranlamanl an Et trnna

Les responsables du programme de
demonstrateur de rentrde atmospherique
ayant fait savoi qu'il serait rntdressant
d'embarquer une hatson de relais de
donndes d bord du vehicule afin
d'optimiser la r6cupdratron des donndes
lors du vol, on a examind comment
installer une liaison de ce type de faqon

simple et peu onereuse

Le Memorandum d'accord qui regit la
collaboration entre l'ESA et la NASDA
(Agence spatiale japonaise) dans le cadre
de I'exp4rience OICETS Artemis a etd
approuvd par le Conserl de I'ESA en juin.

ERS.1

A /'rssue de trois ans de travail en orbite, le
satellite demeure en excellente forme, tous
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/es sysldmes fonctronnant dans /es /imites

des specifications, ef seu/ un instrument
de reserve a 6te utilise jusqu'ici (tube a
ondes progresslves pour la transmission
des donndes). E,CS 7 ayant ete congu
pour une duree de vie de trois ans,

certains de ses dl1ments arrivent a la fin
de leur resistance prdvue. Cependant, les
instruments de rdserve n'ayant pas encore
ete utilises, EBS-7 drspose toujours d'une
cap acitd d e fo nctio n nem e nt co nsidd rable
et devrait donc 6tre disponible en renfort
d'ERS-2 arnsi que pour proceder a un
travail en tandem avec ERS-2 pendant
une bonne partie de I'exploitation de ce
dernrcr.

ERS-2

Les actlvitds d'intdgration et d'essal du
satellite sont ddsormais termrnees et les
prdparatifs sont en cours pour son
lancement fin 1994/debut 1995 e Kourou
par un lanceur Ariane-4

L'orbite sur laquelle ERS-2 sera injectl est
calcul6e pour €tre en phase avec le
I'orbite trds similaire d'ERS 1 afrn d'assurer
un calage constant des deux sale//ites Le
mdme point au sol sera survol1 deux fois
par les deux satellites dans un laps de
temps de 7 ou 8 jours

Un avis d'offre de participation a etd lancd
pour l'6tude et la caracteisatton
scientifique des nouveaux instruments
GOME, canaux vislbles de I'ATSR et
PRARE e bord d'ERS-2 et a permis de
choisir une large gamme de projets qui
seront mis en oeuvre pendant la phase de
recette en orbrte du satellite, laquelle doit
durer au total 6 mois

EOPP

Solide terrestre
A la suite des ddlibdrations du Conseil
directeur d'observation de la Terre de juin,

il a 6te mis fin d la possibilit1 d'une
coopdration ESA/Agence spalrale russe
sur I'experience EXTRAS (Mesure du
temps et des dirstances et sondage
atmospherique) Priorit6 esl ddsormars
donnee d une mission consacree a la
mesure du champ gravitatronnel terrestre.
Ce sera une reprise du programme

Aristoteles, dont Ie lancement avait 6t6
proposd initialement en 1997, mais qui
n'avait pas regu de soutten financrer

M6top-1

Les dludes de definition de phase A se

sont poursuivies pendant la peilode
couverte par le present rapport. Des

travaux vrsant d.1tablir les impdratifs de la
phase B ont ete engages, il doivent etre
finances sur le programme preparatoire
M6top.

Autres 6tudes
Des dfudes sont en cours dans I'industne
afin d'evaluer le potentiel de petits

safe//ites pour I'observation de Ia Terre On
continue 1galement d travailler a la

definition d'une sdrie de nouveaux
instruments pour de futures mrsslons

Campagnes
Les activitds de la campagne EMAC qui
avaient 6td approuvees se sont
poursuivies avec de nouveaux vols Sur
ces entrefaites, une nouvelle campagne
ddnommee ELITE est en pr5paration en
co m ple me nt d e I' exp6 rience am 6 rtcai ne
LITE (Lidar en technologie spatiale), qui
devrait €tre embarquee sur la Navette
spatiale en septembre

M6t6osat de deuxidme generation (MSG)
En ce qui concerne les activitds de
d5finition aux niveaux systdme el
sous-sysfdme de phase B, le premier point
de passage oblige a etd franchi sans
encombre par l'industrie au cours de la
revue pr5liminaire. Les ensemb/es
d'appels d'offres pour les pilncipaux
sous-sysfdmes vrennent d'6lre adresses d
l'industrie afin de retenrr les sous-traitants
qui seront chargds des activit1s de
conception et de definition ddtaill1es de
phase B. Les premieres propositions ont
deje 6E reQues el sonf en cours
d'1valuation Un consortium industnd,
b6n6ficiant du soutien de I'un des
chercheurs princrpaux, a fait connaitre son
intdret pour la fabilcatron et /'essai de
I'instrument GERB (Bilan radiatif de Ia
Terre sur orbite geostationnaire)
L'intdgration de cet instrument dans le
programme MSG esl envisagee a titre
d'ensemble AOP (Avis d'offre de
participation).

M6top
Le programme preparatoire Mdtop est en
bonne voie L'industile a engagd des
travaux sur la conception et Ie montage-
table d'elements critiques des instruments
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An Announcement of Opportunity for the

scientific investigation and characterisa-
tion of the new instruments - GOME,

ATSR Visible Channels and PRARE -
onboard ERS-2 has resulted in the

selection of a wide range of projects which
will start to be implemented during the
commrssioning phase of the satellite.

which is expected to last a total of six

months

EOPP

Solid Earth
Following discussions in June with the
Earth-Observation Programme Board, the
possible ESA-Russian Space Agency
cooperative experiment, Experiment on

Time, Ranging and Atmospheric
Sounding (ESTRAS), has been
discontinued Priority rs now being given

to a mission dedicated to measurement
of the Earth's gravity field, This will be a
follow-on to the Aristoteles Programme,
which was originally proposed for launch
in 1997, but was not financially supported

Metop-1
The Phase-A definition studies have

continued during the reporting period.

Work has been initiated to establish the
Phase-B requirements, which are to be

funded from the Metop Preparatory
Programme,

Other studies
Industrial studres are in progress to assess

the potential value of small satellites for
Earth observation Work also continues on

the definition of a range of new

instruments for future missions

Campaigns
The agreed EMAC campaign activities
have continued with further flight activities
Meanwhile, a new campaign called ELITE

is in preparation to underfly the US LITE

experiment (Lidar in Space Technology
Experiment), which should fly on the

Space Shuttle in September.

Meteosat Second Generation (MSG)
The first checkpoint for the Phase-B

system and subsystem design definition
activities was passed successfully by

Industry during the Preliminary Review.

Major subsystem 'lnvitation to Tender'
(lTT) packages have recently been issued

to Industry, in an open competition to

select subcontractors for detailed Phase-B

engineerlng and design activities The first

proposals have already been received
and are under evaluatiorr.

Notification of interest from an Industrial
Consortium, supported by a Prime

Investigator, has been received for the
manufacture and testing of a

Geostationary Earth Radiation Budget
(GERB) Instrument, This Instrument will

be considered for integration within MSG

as an Announcement of Opportunity
Package (AOP)

Metop
The Metop Preparatory Programme is now
well underway, Industrial work to design
and breadboard critical elements of the
M I M R (Multif requency lmaging Microwave
Radiometer) and ASCAT (Advanced

Scatterometer) instruments has

commenced Building on the results of the

Phase-A industrial study conducted within
the framework of the Earth-Observation
Preparation Programme (EOPP), a

satellite-system Phase-B is being
prepared.

The selection of the final Metop satellite

configuration, particularly the payload

definition, is now maturing following
deliberations within and between ESA and
Eumetsat.

Envisat-1/
Polar Platform

Systems
The Envisat Mission System Preliminary
Design Review (EMS-PDR) has been
completed with a Review Board meeting
in the second half of July 1994. All

elements of the Envisat-1 mission,

including the Polar Platform, the payload

instruments and the ground segment,
have been reviewed together for the first

time, showing good overall progress.

Problems have been identified in some
specific areas and the necessary remedial
actions have been defined The industrial
consortia, led by BAe and Dornier, have

been brlefed on the main results of the
Review

Polar Platform
The Polar Platform activities are proceed-

ing according to plan Manufacture of the
Service Module flight-model structure is

well advanced and should be completed
by end-1994. Integration of the flight
model will start in early 1995 Availability ol

the Payload Module structural model has

been delayed due to manufacturing
difficulties As part of the solar-array
qualification programme, thermal-cycling
testing of two qualification-model panels

has taken place in the Large Solar

Simulator at ESTEC (NL)

Following problems encountered during
the life-testing of development models,

redesign of the DRS Antenna Pointing
lVechanism (APM) and Solar Array Drive

Mechanism (SADM) is in progress and
should be completed by the end of the
year

The Preliminary Launcher Coupled
Dynamics Analysis of the Envisaf l
satellite with Ariane-S has been
completed The separation shock test

between the Polar Platform and Ariane-5
Launch Vehicle Adaptor will be carried out
in September.

An Agency internal review of the PPF and
Artemis programmes has confirmed the
proper design of the PPF communications
subsystem and the adequacy of the PPF

link via the Data Relay Satellite.

Final negotiation of two major
subcontracts has been completed, with

Matra for the Service lVodule and Dornier
for the Payload Equipment Bay Final

contract negotiations with BAe are now in
progress The contract with BAe for the

complete PPF is expected to be signed by

fall 1994

Envisat-1

Instrument design and development
activities are progressing well, with a
number of bread-board activities nearing
completion Work on the engineering
models of some instruments is already
well advanced.

The commercial difficulties experienced
with the MIPAS instrument have been
settled with an industrial agreement on a
different sharing of work and
responsibilities Attention is now focused
on the MERIS instrument, where a
number of difficult technical problems still

exist Different design solutions are being
considered and traded-off .

On the ASAR instrument, the electrical
design is progressing normally Promising
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M I M R (rad iomdtre hy petrequences
imageur multifrequences) et ASCAT
(d iffusiomdtre de technologie avancee)
Sur /a base des rdsultals de l'etude de
phase A conduite par I'industne dans le
cadre du programme EOPP, on prepare

une phase B du satellite au niveau
systdme

Le choix de la configuration finale du
satellite Mdtop, et en particulier la

definition de sa charge utile, prennent
forme a la suite des deliberations
conduites au sein de I'Agence et entre
celle-ci et Eumetsat.

Envisat- 1 /Plate-forme
polaire

Systdmes
La revue de definition prdliminaire au
niveau systdme de la mission Envisat

EMS-PDR) s'est achev6e dans la
deuxidme quinzaine de juillet 1994 par
une rdunion de la Commission de revue.
Ious /es 6l6ments de la mission Envisat-1 ,

plateJorme polaire, instruments de la
charge utile et secteur sol, ont 6td pour Ia

premiere /ors passds en revue dans leur
ensemble, et la Commission a notd une
bonne progression g6ndrale. Elle a cernd
des probldmes dans certains domaines
sp6cifiques et defini /es rernddes
ndcessarres. Les consortiums rndustriels,
pilotds par BAe et Dornier, ont 6td
informds des pnnooaux r6sultats de la
revue

Plate-forme oolaire
Les activites se poursuivent selon le plan.
La fabrication de Ia structure du moddle
de vol du module de servitude a bien
progress5 et devrait 6tre terminee ftn
1994. L'int6gration du moddle de vol sera
mise en route debut 1995 La mise A

disposition du moddle structurel du
module de charge utile a ete retard5e pour
des difficultds de fabrication Dans le

cadre du programme de qualification des
rdseaux so/aires, deux panneaux du
moddle de qualification ont ete soumrs d

des essars de cyclage thermique dans le
grand simulateur solaire de I'ESTEC
(Pays-Bas)

A la suite des probldmes rencontrds lors
des essarS d'endurance des moddles de
d1veloppement, la conception du
mdcanisme de pointage d'antenne (APM)

et du mdcanisme d'entrainement du
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r6seau solaire (SADM)du DRS fait I'objet
de nouvelles 1tudes qui devraient
s'achever pour la fin de I'ann6e.

L'analyse prdliminaire de la dynamique
couplee du satellite Envisat-1 et du lanceur
Ariane-S s'esl achevde Les essais de
choc a la sdparatton de la platelorme
polaire et de l'adaotateur du lanceur
Ariane-S sont menes en septembre.

Une revue des programmes PPF et
Artemis conduite en interne a I'Agence a

confirmd le bienlonde de la conception
du sous-sysld me de telecommu nications
de la PPF et l'adequation de la liaison PPF
via le satellite de relais de donndes.

Les negociations finales des deux
principaux sous-contrafs, avec Matra pour
le module de servitude et avec Dornier
pour la case d equipements de la charge
utile, se sont achevdes Les ndgociations
finales du contrat BAe progressent; le

contrat portant sur I'ensemble de la PPF

devrait 6tre sign6 d. I'automne 1994

Envisat-1
Les activit4s de conception et de mise au
point des instruments progressent
normalement, un certain nombre de
travaux sur montages-table etant proche
de leur achdvement Les travaux sur les
moddles d' identification de certarns
instruments ont d6jd bien progresse.

Les d ifficu ltds d' o rd re co m mercial
rencontrdes avec I'instrument MIPAS ont
etd r1solues par un accord industrid
prdvoyant un partage different des travaux
et des responsabrlrfds L'attention se porte
ddsormais sur l'instrument MERIS qui
pr6sente encore un certain nombre de
p robldmes tech n io u es d iffici les
Differentes so/utlons de conception sont d.

l'6tude et feront l'objet d'arbitrages.

Sur I'instrument ASAR, I'etude electrique
progresse normalement Des rdsu/tals
prometteurs ont etd obtenus avec la
deuxidme gen6ration de modules
d'antennes actives et la conception du
radiateur est en voie d'achdvement. La
conception structurelle de I'antenne et Ia
ddfinition detaill6e de I'interface entre
l'antenne et la plateJorme sont en
revanche sources de pr4occupations,
dues principalement d une augmentation
importante de la masse de I'antenne. Des
tiches specifiques ont 6td ddfinies a la
sulle des recommandations de la
Commission EMS-PDR. La conceotion

d6taill6e de I'antenne devrait 6tre
ddfinitivement fixde et gel6e pour la fin
ddcembre 1994.

Les ndgociations contractuelles avec un
certain nombre de socrdlds appartenant
au consortium Envisat devraient 6tre
engagdes dans un proche avenir

Secteur sol
Les deux contrats paralldles concernant la

phase de consolidation du secteur sol
d'Envisat ont 6td prepares elsontpr6fs d

la signature par les industriels

Recherche en
microgravit6
La mission IML-2 du Space/ab s'est
deroul6e du 8 au 23 juillet de cette ann6e.
La Navette Columbia, empoftant quatre

matdilds d'expdrience de I'ESA pour des
recherches en sciences de la vie,
physique des fluides el croissance des
protdines a et6 lanc4e du Centre spatial
Kennedy d l'ouverture du cr1neau, le 8
juillet d 12h43, heure locale Elle a atterri,
toujours au KSC, le 23 juillet d 6h38. La
plus longue des mlsslons de la Navette
lanc6e d ce jour, elle a permis de mener d
bien un programme d'experiences trds
complet.

Les moyens fournis par I'ESA 1taient les
suivanfs; le Biorack, embarqud pour la
troisieme fois, avec 19 experrences de
biologie; I'ensemble d'etude des gouttes,
bulles et particules, lanc6 pour la premidre
fois, avec 8 experiences d'etudes de
phdnomenes de physique des fluides;
I'installation point critique, embarquee
pour la deuxidme fois, dont cinq
expdriences ont etudi6 le comportement
de fluides autour de la tempdrature
correspondant au point critique; et
I' installation de cristallisation de protdines
de technologie avanc6e (2 ensembles,
I'un embarqud pour la premiere fois, le
deuxidme pour la seconde) comportant 18

exp1riences d'6tude de la croissance des
proteines dans des conditions trds
prdcises. Les installations d'exp6riences
de I'ESA et la quasi-totalite des 50
expdriences mendes au cours de cette
mrsslon ont fourni des rdsu/fats

extrOmement probants

L'un des aspects importants de la mission
IML-2 a 6te la tdl6commande de olusieurs



prog rammes & operations

carried out during this mission performed

extremely well.

An imoortant asoect of the IML-2 mission

was the remote operation (i.e. operations
from sites other than the Payload

Ooerations Control Center at NASA-

MSFC) of several European experiment
payload facilities from ESA and other
space agency sites for the first time on

such a large scale This activity, financed
by the Columbus Utilisation Preparation
Programme, was introduced rather late in

the ground operations scheme for the
mission, but turned out to be very useful.

The experiment hardware for the
physiological and material-science
exoeriments to be conducted on

Ground Segment Euromir'94 was delivered and transported
The two parallel contracts with Industry to the Mir Space Station by the 'Progress'

concerning the Envisat Ground Segment vehicle on 25 August A parabolic{light
Consolidation Phase have been prepared campaign in support of these experiments
and are ready for signature. had been performed in July The

remaining preparations for the Euromir'94
mrssion in October are well underwav

Microgravity
Programme

results with the second generation of

active antenna modules have been
obtained and the radiator design is being
finalised. The structural design of the
antenna and the detailed definition of the
interface between the antenna and the
Polar Platform are, however, a cause of

concern, due mainly to a significant
increase in the antenna's mass. Soecific
actions have been defined following the
recommendations of the EMS-PDR Board
The detailed antenna design is expected
to be finalised and frozen bv end of

December 1 994,

Contract negotiations with a number of

companies in the Envrsat Consortium are

exoected to start in the near future

The IML-2 Spacelab mission took place

from 8 to 23 July 1994. The Space Shuttle
'Columbia', carrying four ESA experiment
facilities for investigations in life sciences,
fluid physics and protein growth, was
launched from Kennedy Space Center
exactly on schedule, on 8 July 1994 at

12:43 a.m.local time lt landed again at

KSC on 23 July 1994 at 06:38 a m. This

was the longest Shuttle mission flown so

far and hence it allowed an extensive
experimental programme to be

undertaken,

The ESA exoeriment facilities were: the
Biorack, flown for the third time, with 19

experiments in biology; the Bubble, Drop
and Particle Unit, flown for the first tirne,

with 8 experiments for investigating
fluid-physics phenomena; the Critical Point

Facility, flown for the second time, with 5
experiments studying the behaviour of
fluids around the critical-point
temoerature: and the Advanced Protein

Crystallisation Facility (two units, one flown
for the first time, the other for the second
time) with 18 experiments, investigating
protein growth under very controlled
conditions The ESA exoeriment facilities

and almost all of the 50 experiments

Columbus
Programme

Columbus Orbital Facilities (COF)

Industry's primary efforts have been
focused on continued technical definition
of the COF 'designto-cost' configuration
option. Key configuration features of this

option, which is aimed at achieving the

lowest possible COF development costs,

are:

- Reuse of the primary and secondary
structure currently under development
by ASI/Alenia for the Mini Pressurised

Logistics Module (MPLM), together
with maximum reuse of subsystems
hardware. This aooroach results in a

reduction in COF length from an
'APMS'to an 'APM4'.

- Return to the Space Shuttle as the
primary launch vehicle for the COF, as

the MPLM is presently only being
oualified for this launch vehicle,

- Elimination of such features as

accommodation of an Ootical Window.
'hook and scars' for later

accommodation of an internal/external
robotics capability, or an External
Platform.

At its meeting on 12 July, the Space
Station Control Board (SSCB) approved
changes to the ISS Assembly Sequence,
as proposed by NASA. This was the first

SSCB meeting in which RKA participated

as a full member of the Board Key

changes introduced into the assembly
sequence by this SSCB approval are:

- A two-year delay in the launch of the
Russian Science Power Platform (SPP),

which is now targeted for launch in

Phase 3, rather than Phase 2 of Station

assemory,

- Introduction of a US 'Power Tower' in
Phase 2, to replace the Russian SSP

until it is launched in Phase 3

- Launch during Phase 2 (Nov 1998) of

the first Russian Research Module

- Launch of the COF on Ariane-S (Feb.

2001 )

Work has continued with NASA and the
other International Partners on the
preparation of Volume 3 of the Concept of
Operations and Utilisation (COU)

document, which covers implementation
aspects of the operations and utilisation
principles previously agreed and base-

lined at the ISS System Design Review in

COU Volume 1 lmportant implementation
aspects covered in Volume 3 are the role

of Ariane-S/ATV for the launch of the COF
and the subsequent role of Ariane S/ATV

in the logistics support of lSS, and
implementation aspects of the distributed
ooerations conceot for the COF.

Complementary Columbus Orbital
Facilities (CCOF)
Declarations for CCOF: Early Delivery to
ISS and COF Enhancements were
approved by Council at its meeting on 19

July These proposals cover the complete
development and early delivery to ISS of

the Columbus Mission Database, and
laboratory support equipment (glovebox,
Ireezer, and hexapod), plus industrial tasks

in 1994/1995 on the Columbus Ground
Software Reference Facility (GSRF), and
on the DRS terminal for the COF.

Council was also briefed on the
successful outcome ofthe recent
technical discussions with NASA and
RKA-NPO Energia on ESA's Service
Module orooosal. A Resolution was
unanimously approved by Council
requiring ESA to submit Programme
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i nstal lati ons ex p6 r imentales eu ropden nes,

autrement dit leur mise en oeuvre d partir
de laboratoires autres que le Centre de
controle des charges utiles du
NASA-MSFC, notamment de l'ESA et
d'autres 1tablissements spatiaux, et ce
pour la premrdre fois d une aussi grande
6chelle. Cette activit1, financee par Ie

programme de prdparation de I'utilisation
de Columbus, avait 6td d6cid6e d une

date relativement tardive du calendrier des
activitds au sol, mais s'est r6v6l6e
extr4mement utile

Le materiel devant servir aux experiences
de physiologie et de science des

mat1riaux a mener d bord d'Euromh 94 a
6td achemin1 jusqu'd la station spattale

Mir par le vehicule Progress le 25 ao)t.
Une campagne de vols paraboliques avait
6td exdcut1e en juillet en preparation de
ces exp1riences Les derniers preparatifs
pour la mlssion Euromir 94 d'octobre de
cette m)me annee sont en trds bonne
vote

Programme
Columbus
El6ment orbital Columbus (COF)
Les travaux de I'industrie ont porte
essentiellement sur la poursuite de la

definition technique de l'option
'configuration d faible co)t' du COF Les
principales caracteristiques de cette
option, qui vise d rdduire au maximum les

co)ts de d1veloppemenf, sonl /es

su/vanles

- Reutilisation de la structure pilmaire et
secondarre en cours de rdalisation par
ASI/Alenia pour le MPLM (mini-module
logistique pressurisd,), ainsi que toute la
rdutilisation posslb/e de matdriels pour
/cs snr rs-srzsfAmc.q A la suite de ceS

travaux, la longueur du COF a 6td
ramende d'un format'APMS' d un
'APM4'.

- Retour d la solution de la Navette
spatiale comme lanceur pnnupal du
COF, le MPLM n'etant actuellement
qualifie que pour ce v6hicule

- Suppression d'6l6ments comme la
mica on nlaaa d 't rna fan4tra nntint ta

'.lcs c.rnchcfs ct ries ooints
r7'anr-rancq.' nn tr I' ing[gll7[1On UltjrieUre
d' u ne capacitd robotiq u e
interne/externe, ou d' une plate-forme
extdrieure.
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A sa rdunion du 12 juillet, la Commission
de contr)le de la Station spatiale (SSCB) a
approuvd les modifications de la sequence
d'assemblage de I'lSS propos6es par la

NASA A cette rdunion, la BKA 6tait pour
la premiere fois membre de plein droit de
la Commission. Les prtnctpales
modifications d apporter a la sdquence
d'assemblage d la suite de cette decision
du SSCB sont /es suivanfes:

- un report de deux ans du lancement
de la platelorme logistique scientifique
(SPP) russe, fixe ddsormais d la phase
3 au lteu de la phase 2 de
l'assemblage de la Station;

- introduction dans la phase 2 d'une
'Power Tower' americaine en
remplacement de /a SSP russeTusqu'a
son lancement au cours de la phase 3:

- lancement au cours de la phase 2
(novembre 1998) du premier module
de recherche russe,

- lancement du COF sur Ariane-S (fdvrier

2001)

La prdparation du volume 3 du document
'Conceat de I'exaloitation et de
I'utilisation' (COU) s'est poursuivie avec la
TVASA et /es aufres partenaires
internationaux, ce document porte sur les
aspecfs de mise en oeuvre des princrpes

d' explo itation et d' uti I isatio n arr)tds
prdcddemment en commun et ddfinis
dans leurs grandes lignes d la revue de
definition systdme de /'iSS dans Ie volume
1 du COU. Les aspecls importants nscrlls
dans ce volume 3 sont le rOIe

d'Ailane-S/ATV pour Ie lancement du COF
et le r6le ultdileur d'Ariane-S/ATV pour le

soutien logistique de /'iSS, ainsi que les

aspects de rdalisation du concept
d'exaloitation r1aarti du COF.

Installation orbitales compl6mentaires
Columbus (CCOF)
Ddcislons relatives au CCOF: la livraison d

court terme a /'/SS des el1ments
compl1mentaires a etd approuvde par le
Consel/ d sa session du 19 juillet ll s'agit
de la realisation compldte et de la livraison
raaarochde d /'/SS de la base de donn6es
mrssion de Columbus et d'6quipements
de soutien de laboratoire (boite a gants,

congelateur et hexapode), ainsi que des
tdches industrielles d mener en 1994 95
sur le banc de rdf6rence de
ddveloppement au sol de logiciels (GSRF)

et sur le terminal DRS du COF.

Le Conseil a 1galement etd informd de la
bonne fin des discussio ns techniques
rdcentes avec la NASA et avec RKA/NPO
Energia sur la proposition de module de
servitude de I'Agence. ll a approuv1 d

l' u n an i m itd u ne r6sol ution t nv itant
I'Executif d soumettre au Conseil directeur
des programmes spatiaux habites de
septembre des propositions de
programme relatives d la rdalisation et d la
livraison d court terme du DMSR destine
au module de servitude russe el d /a
rdalisation et d la livraison e court terme du
sysleme de rdgulation d'ambiance et de
soutien-vie (ECLSS) destind au
minimodule logistique pressuris6 (M PLM)
de I'ASl/Alenia

Ariane-5
Systdme
Les derniers travaux sur la partie haute
lanceur (Case, L9, SPELTRA, Coiffe) ont
d1butd par les essais de compatibilitd
electilque et se poursuivent jusqu'en
fevrier 1995 par des essars de tenue d
l'ambiance acoustrque et aux chocs
pyrotechniques gdndrds par la ddcoupe
des d ifferentes sfruclures.

La qualification de la coiffe est maintenant
bien avancee puisque /es essals

acoustlques sont termin1s et que le
dernier essai de sdparatron des deux
demi-coques est prevu en novembre Par
ailleurs /es essals de qualification de la
case sonf en cours et se deroulent
confo rm6 ment au p I an n i n g

Etage L9
L'6tage L9 de mise au potnt est integrd au
banc de Lampoldshausen el /es resultats
des deux premlers essais, de courte
durde, sont conformes aux prdvisions ce
qui permet d'entreprendre la campagne
des deux essar's de dur6e nominale (1 130
secondes/ en octobre

Le premier des 4 moteurs Aeslus de
qualification est en cours d'integration
finale donc /es essarS commenceront fin

octobre pour se terminer en janvier 95.

Les essar's de qualification formelle
devraient avoir lieu ni 1995

Etage H155
La campagne d'essai du banc d'etage
lourd H155 a commence ddbut septembre
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proposals to the Manned Space
Programme Board in September for

development and early delivery of DMSR

for the Russian Service Module and for

development and early delivery of the

Environmental Control and Life Support
System (ECLSS) for the ASI/Alenia Mini

Pressu rised Logistics lVodule (N/ PLM)

Ariane-5
System
The latest work on the launcher's upper
section (Vehicle Equipment Bay, L9 stage,
Speltra and fairing) started with electrical
compatibility tests and will continue until
February 1995 with testing of resrstance to

the acoustic environment and the
pyrotechnic shocks generated by the
various structu res' cutting systems

Fairing qualification testing is now at an
advanced stage, with the acoustic test
now completed and the final separation
test on both halves of the shell planned for
November VEB qualification testing is

underway and proceeding on schedule

L9 stage
The L9 development stage has been
integrated on the teststand at
Lampoldshausen and the results of the
first two short-duration tests were as
predicted The first of two firing tests of

Flighl Satellite

lntelsat 702

STRV 1 A

STRV 1 B

PAS 2

BS_3N

Brasilsat B1

Turksat 1 B

Telstar 40267 9994

nominal duration (1130 s) was performed
in October.

The first of the four Aestus qualification

engines is undergoing final integration.
Testing will therefore start in late October
and be completed in January 1995

The formal qualification tests are to be

carried out before mid-1995

H155 stage
The campaign of tests on the H155
battleship stage test stand started in early
September and is continuing in October
with two long-duration tests All ELA-3 fluid

Customer

I ntelsat

UK Ministry of Defence

Pan American Satellte

NHK

Embratel

Turkish Ministry of Telecommunications

AT&T

66

Date

17 694

87 94

10 8 94

Arianespace envisages a somewhat higher launch rate of 10 to .1 2 launches per year

over the next two years

Essai de mise d feu du propulseur M3 d

Kourou en Guyane (20 juin 1994)

The M3 fir ng test on 20 June in Kourou,
French Guiana
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et se poursuit en octobre par deux essar's

de longue durde L'ensemble des circuits
fluides et 1lectilques de I'ELA 3 est donc
valid1s par cet exercice La fabrication des
6l6ments de l'6tage pour le premier vol

d'Ariane-5 se poursuit conformdment au
planning avec par exemple Ia livraison de
la jupe avant et du bAti-moteur et la fin de
soudage des rdservolrs LOX et LH 2.

Quant au moteur Vulcarn, Ia cadence
d'essai a 6td plus faible que prdvue d la

suite d'un incident sur une cellule d'essai
qui est aujourd'hui rdpar6e. A fin
septembre le moteur Vulcain en est e 191

essais cumulant plus de 48 400 s de
fonctionnement. ll faut noter de plus que

l'intdgration du moteur du vol 501 est en

cours.

Etage P230
Le tir M3 a 6t6 effectue en Guyane le 20
juin. ll s'agit du troisidme tir a I'echelle 1

Ce propulseur M3 6tait conforme A sa

configuration de vol tant au niveau des

sfruclures, de la tuydre, du groupe
d'activation que de ses performances
propulstves.

Les prochains tirs M4 et M5 sont pr1vus

resoectivement en fin septembre et en

d6cembre, ce qui permettra d'engager la
qualification formelle de l'6tage P230 dds
le premier tnmestre 95.

Lancements op6rationnels Ariane
Aprds un arr€t de quatre mois consdcutif d

I'incident survenu lors du lancement V63,

Ies lancements ont repris un rythme
acc6l6rd avec Ie lancement de V64 le 17
juin avec un lanceur en versron 44LP
(deux propulseurs d'appotnt e ergols
liquides et deux propulseurs d propergol

solide) Ce lancement a 6t6 suivi Ie 8 juillet
par V65 avec un lanceur en version 44L
(quatre propulseurs d'appoint d ergols
liquides), puis V66le 10 ao}t avec d
nouveau un lanceur en version 44LP et
enfin le 9 septembre V67, une version 42L
du lanceur (deux propulseurs d'appoint a

ergols liquides).

Au total, depuis la reprise des vols, sx

The Ariane-S L9 Stage

L'6tage L9 d'Ailane-S

sate//ites de tdl4communication et deux
petits s ate I I ites sclentifiques
(environ 50 kg) ont 6td placds avec une
trds grande pr6cision sur orbite de
transfe rt g6ostatio n n ai re

La soci5td Arianespace envisage de
maintenir une cadence 6levee de
Iancements 0 0 e 1 1 par an) pour les deux
anndes d venir.

MSTP

Technologie
La pr'paration des activites
technologiques, adaptde aux besorns des
vdhicules ATV et CfVs'estpoursuivie et
les travaux vont ddmarrer sous peu dans
I'industrie Dans le programme de
technologie figure le ddmonstrateur de
rentree atmosph1rique (ARD), dont la

Date

17 06 94

08 07 94

10 08 94

09 09 94

Satellite

INTELSAT 702

STRV 1A

STRV 1 B

PAS 2

BS-3N

BRASILSAT B1

TURKSAT 1 B

TELSTAR 402

lntelsat

UK - lvlinistdre de la Dofense

Pan American Satellite

Embratel

TURQUIE l\y'inistere des P et T

AT&T67
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and electrical circuits are being validated
in the process. Production of stage
elements for the first Ariane-S flight is

proceeding on schedule; for example, the
forward skirt and thrust frame have been
delivered and LOX/LH2 tank welding has

been comoleted

The scheduled testing of the Vulcain

engine was slowed by an incident during
which a test cell was damaged; it has now
been repaired. By late September, the
engine had undergone 191 tests involving
a cumulative running time of over
48 400 s. Integration of the 501 flight
engine is also underway

P230 stage
The M3 firing was carried out in French

Guiana on 20 June. This was the third
full-scale firing. The M3 booster was in its

flight configuration, in terms of structures,
nozzle, actuator unit and also performance

levels

The next M4 and M5 firings are planned
for late September and December,

respectively, enabling formal P230 stage
qualification testing to start in the first

ouarter of 1995.

Ooerational launches
After a four-month halt due to the Flight 63

incident, Ariane-4 launches resumed at an

accelerated pace with Flight 64 on 17

June using an Ariane 44LP (the version

with two liquid- and two solid-propellant
boosters). This was followed by Flight 65
on 8 July using an Ariane 44L (four
liquid-propellant boosters), Flight 66 on 10

August again used the 44LP version and
most recently Flight 67 on 9 September
was a 42L (two liquid-propellant boosters).

In all, six telecommunications satellites
and two small (about 50 kg) science
satellites have been placed into very
precise geostationary transfer orbits since
flights resumed in June

Arianespace envisages a somewhat
higher launch rate of 10-12 launches per
year over the next two years.

MSTP

Technology
Preparation of the technology activities,

adlusted to the needs of the ATV and CTV

vehicles (see below) has progressed and

industrial work will start shortly. The

technology programme includes an

Atmospheric Re-entry Demonstrator
(ARD), the feasibility of which has now
been sufficiently established. As this

capsule has been conceived as an APEX
passenger for Ariane flight V502 the
planning constraints are critical.

System studies
System studies that are in progress

address the operation and utilisation of the
MSTP elements in the Space Station

scenario, and the determination of

envi ronmental re-entry constraints.

In the context of merging the Columbus
and MST Programmes, in-house activities
are concentrated on the harmonisation
of the respective ground segments.
Sizeable cost savings will be derived
from the common infrastructure and
oroceoures.

Crew Transport Vehicle (CTV)

The Phase-O industrial studies have been
finalised. Both contractors proposed four
system concepts, responding to four sets

of system requirements, and redesigns for
the associated vehicles, From the system

concepts that best fit with the European
development capability and could
potentially respond to ISSA servicing and
rescue needs, two were selected for
Phase-A study: a simple capsule
nominally landing in water, with a logistics
carrier as growth potential, and a bi-conic
vehicle nominally landing on the ground
An agreement with NASA is currently
being prepared regarding CTV missions
to the International Soace Station

Assured Crew Return Vehicle (ACRV)

The Phase-A extension studies have been
completed Apart from a joint evaluation
with NASA, ACRV activities will be
discontinued. Crew-return aspects are

now being dealt with within the framework
of the CTV studies.

Servicing elements
ERA and EVA

Following the redefinition of the Space
Station assembly sequence, in particular

the Russian Segment elements, ERA

activities are being realigned to

correspond to an early-delivery in-orbit
date of February 1999. The ERA System

Reouirements Review has been
successfully completed and the industrial
proposal for full development and initial

operations is in progress

Following the achievement of an

ESA/RSA/NASA agreement on European
participation in space-suit development for
the Space Station, the EVA Suit 2000
Programme Proposal has been submitted
to the Manned Space Programme Board
and to the ESA Council. Unfortunately, at

the time of writing (early September) the
Member States cannot fund completion of
this joint ESA/RSA development, and
preparations for project closeout have

therefore been initiated.

Automated Rendezvous Predevelopment
(ARP)

The previous Automated Rendezvous and
Capture Programme (ARP) has been
redefined following the non-availability of
the NASA Shuttle flight planned in the
ARC context. This redefinition led to the
setting-up of the 'ATV Rendezvous
Predevelopment (ARP) Programme'
dedicated to technology activities linked
directly to the ATV Space Station

Rendezvous verification. Reouests for
proposals concerning GPS Receiver
Procurement, Rendezvous Sensor
Predevelopment and Rendezvous System

Activities (including demonstration flights
aboard the Space Shuttle) have been
prepared and sent to Industry

Automated Transfer Vehicle (ATV)

The ATV Phase-B contract was 'kicked-off'

in July 1994, and will last until the end of
1995. Definition of the ARC servicing
missions to the Space Station has been
improved through discussions with NASA

and with support from Russian industry,

the ATV being now considered in the
studies related to the Space Station

operation and utilisation plans. The next

milestone is the ATV System Concept and
Programmatic Review (SCPR) due to take
place in November 1994. G
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faisabilite es/ ddsormais suffisamment activitds ERA sont reetudi1es en fonctton
6tablie. Comme cette capsule a et6 d'une date de ilvrabon en orbite de fdvrier
coneue en tant que passager APEX du vol 1 999. La revue des impdratifs sysldme
Ariane-S V502, les contraintes de ERA a 6te mende d bonne fin et Ia

calendrier sont particulierement sdvdres. propositton industilelle relative aux
activites initiales et en regime opdrationnel
de croisidre esl en cours

Sui/e d la signature de I'accord
ESA/RKA/NASA sur Ia participation

europdenne d la mise au point d'une
combinaison pour la Station spatiale, la

proposition de programme EVA 2000 a ete

soumlse au Conseil directeur des
programmes spatiaux habitds et au

Conseil de l'Agence Malheureusement,
/es Etats membres ne sontpas en mesure,

au moment oi nous ecrivons (ddbut
septembre), de financer la bonne ftn de
ces travaux de developpement communs
ESA/RKA, et les prdparatifs de I'arr€t
progressif du projet ont 6t6 lances

ARP (Predeveloppement du rendez-vous
ATV)
Le prdcddent programme de rendez-vous
et de capture automatiques (ARP) a ete
reddfini, le vol de Ia Navette prdvu dans le
contexte de I'ARC ne pouvant plus €tre

accompli. Cette redefinition a mene d. la

mise en place d'un 'programme de
p rdddve loppe ment d u re nd ez-vous ATV
(ARP) , portant sur les actlyilds
technologiques li6es directement a la

vdrification du rendez-vous ATV/Station
spatiale. Des demandes de propositions
relatives d I' aaa rov isi on ne-

ment d'un recepteur GPS, aux travaux de
p red evelo p pement d' u n d4tecteu r de
rendez-vous et aux activitds sysfdme du
rendez-vous proprement dit (y compris
des vols de ddmonstration d bord de la
Navette amdricdne) ont 6t6 pr1pardes et
envoy6es d l' i nd ustrie.

ATV (Vehicule de transfert automatique)
Le contrat de phase B de I'ATV a reQu son
feu vert en juillet 1994, son achdvement
6tant prevu fin 1995 La definition des
mlssions ARC de desserle de la Station

spatiale a 6td am6liorde gr\ce aux
ndgociation avec la NASA et au soutien de
I'industrie russe, I'ATV 6tant ddsormais
pris en compte dans /es dludes sur /es
plans d'exploitation et d'utilisation de la
Station spatiale. La prochaine 6tape sera
la revue de concept et de programmation

du sysfdme ATV (SCPR) qui doit se tenir
en novembre 1994 G

Etudes systdme
Les dfudes systdme en cours portent sur
le fonctionnement et I'utilisation des
6l6ments MSTP dans le scenario de Ia
Station spatrale et sur le calcul des
contraintes li6es a la rentrde
atmosphdrique Du fait de la fusion des
programmes Columbus et MSf, /es

activiEs tnternes portent essentiellement
sur I'harmonisation de /eurs secleurs so/

respectlfs. Des 1conomies non
negligeables resulteront de l'infrastructure
et des arocedures oo6rationnelles
communes

CTV (v6hicule de transport d'6quipages)
Un point final a 6td mis aux 1tudes
industrielles de phase 0. Les deux
contractants ont proposd au niveau
sysldme quatre concepts repondant d
quatre ensembles d'imp1ratifs, dont la

conception a 6td revue, compte tenu des
vehicules associds Parmi les concepts de
sysldme qui s'adaptent le mieux d la

capacitd de rdalisation europdenne et
pou r raient rd po nd re theo riq uem e nt aux
besoins de desserle et de sauvetage de
l'ISSA, deux ont etd retenus en vue d'une
6tude de phase A: une capsule de
conception sim ple, devant normalement
se poser sur l'eau, accompagnde d'un
transporteur logistique en tant que
potentiel de croissance, et un v1hicule
biconique devant normalement atterrir au
so/.

On procdde actuellement d la preparation

d'un accord avec Ia NASA au suTet des
mlsslons CTV en direction de la Station
spatiale i nte rn ationale.

ACRV (Vehicule de secours pour le
retour de l'6quipage)
Les dtudes compl4mentaires de phase A

se sonl achev6es. Hormis une 1valuation d

mener en commun avec la NASA, /es

activitds ACRV vont s'interrompre Les
questions de retour des 5quipages sont
ddsormais trait6es dans le cadre des
6tudes CTV

El6ments de service
ERA et EVA
A la suite de la reddfinition de Ia sdquence
d'assemblage de la Station spatiale, et en
particulier des 6l6ments russes, /es
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Progress in Electromagnetics Research Symposium
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PIERS provides a large intemational forum to report on the advan€s in basic research ofelectromagnetictheory and its appli€tions
The 1 994 Progress in Electromagnetics Research Symposium (PIERS 94) was organized by tho Europsan Space Agsncy on 1 1-
15 July 1994 in Noordwijk, the Netherlands
While there are many specialized onferencss and workshops dealing with a particular aspect of electromagnetiG, PIERS
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- Electromagnetic compatibility: system analysis tools, verifi€tion methodology, statisti€l approaches, biologi€l effects;
- Active remote sensing: radar polarimetry, surfa@ and volume s€ttering, retrieval slgorithms, interferometry;
- Passive remote sensing: new ways in misowave radiometry and inversion;
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- Devi€s and materials: millimetres, submillimetre, and opti€l devi€s, composite and chiral media
The procsedings are published in the form of a CD-ROM which contains almost 400 contributions These are stored in PDF fomat
and €n be a€essed with the Adobe Acrobat Reader (which is also stored on the CD-ROM) This enables ths papers to be viewed
and saarched on Macintosh, PC (both MS-DOS and MS-Windows) and SUN-UNIX @mputers with a CD-ROM drive, and printed
on any kind of printer The paper equivalent ofthe CD-ROM would have comprised several thousand pages
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In Brief

Michael Heselttne, President of the UK's Board
of Trade, tnes out the virtual reality
demonstration at the Farnborough au show

ESA Returns to
Farnborough Air Show

After a six-year break, ESA returned to
Farnborough International 94, with an
independent space pavilion The show
was held from 5 to 11 September.

The theme of the pavilion was Europe -
Putting Space to Work' The pavilion was
jointly organised by ESA, the British

National Space Centre (BNSC), and the

United Kingdom Industrial Space
Committee (UKISC) The objective was to

enable professional visitors and the
general public to learn more about ESA

and the British space community, and the
achievements that Europeans are making
in space today

The space pavilion turned out to be one of

the most visited exhibits at the show The
principal attraction was ESA's virtual reality

demonstration By donning a pair of
special goggles, visitors were able to 'visit'

the International Space Station, 'enter' the
Columbus Attached Laboratory and 'open'

experiment containers G

Space Exhibition in
Munich

In July, ESA participated in another space
exhibition. this time in the chancellery of
the Bavarian Government in lVunich. The

exhibition was jointly organised by ESA,

several Bavarian space-related
companies, and the Bavarian chancellery
It attracted more than 10 000 visitors

during its four weeks on display G

In Memoriam
Renzo Carrobio di Carrobio

(1 eos-1 ee4)

L'ambassadeur Renzo Carrobio di

Carrobio vient de nous quitter r6cemment
L'Europe spatiale perd en lui un de ses
plus fervents d6fenseurs,

Ne a Rome le 19 mars 1905, Renzo di

Carrobio etait destine tres tOt d la carriere
diplomatique qui l a vu occuper divers
postes consulaires d Moscou, Toulon,
Berne, New Dehli, Trieste Ministre
plenitentiaire, ambassadeur d'ltalie au San

Dalvador (1952) puis en Af rique du Sud
(1 959), il fut l'un des principaux acteurs de
I'Europe spatiale dans les annees soixante
en devenant le premier Secr6taire g6n6ral

du CECLES/ELDO (1962 ) qu il a marque
de son talent de diplomate et son action de
pronnrer

Renzo di Carrobio etait lieutenant de
reserve et chevalier de la Grande Croix
de l'Ordre du Merite de la Republique G

R enzo Carrob io d i Ca rrob io
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Space Radiation
Environment Monitored

Two models of ESA's Radiation
Environment Monitor (REM) are now in
orbit and are simultaneously studying the
space radiation environment in two widely
different and important orbits

The REM counts electrons and protons

that penetrate the REM's hemispherical
shielding to reach the silicon detectors
The two REMs are identical instruments
and are calibrated together.

One of the REMs is part of the payload of

the micro-satellite Space Tech nology
Research Vehicle (STRV 1 B) launched into
geostationary transfer orbit by Ariane V64

on 17 June STRV 1 B is one of a pair of

satellites built by DRA (UK). The
geostationa'y trans[er orbit is particularly

interesting for radiation studres because ir

passes through the belts of trapped
radiation (called the Van Allen belts) and is

also exposed to solar energetic partrcles

and cosmic rays In early September. the

STRV REM closely monitored an electron
'storm that resulted trom a geomagnetic

distu rbance,

The second REM was carried to Mir in a

Soyuz vehrcle in July and was installed on

the outside of Mir during an EVA on

9 September. That REM is now being
commissioned and initial tests have
provided several hours of good data

In addition to comparisons between the
data collected by the two FEMs, the data
can be compared to that obtained by other
radiation sensors on STRV and sensors on

the Space Shuttle mission that will visit MIR

in 1995

The design lite of STRV is one year. and the

M lR contract calls for the delivery of data
for one year, after which time the REM will

become part of the EuroMir programme.

The REN/ was developed under ESA's

CACH programme (with CIR and PSI of

Switzerland) and the two instruments are

now in orbit as part of ESA's Technology
Demonstration Programme G

The Radiation Envtronment Monitor (REM) tn the STRV configuratron The white box is mounted on the

outside of the spacecraft with a clear vtew nto space The REM counts the electrons and protons thal
penetrate the shielding (two white domes, on right) and reach the srltcon detectors

Surprising Results from
Ulysses' South Polar
Pass

On 13 September, ESA's Ulysses

spaceprobe passed under the south pole

of the Sun a major mi estone on its
journey of exploration through the region of

space far f rom the plane in which most
^,^^^r^ ^^! ^^^^^^-^'- ^rbitthe SunPrdr rut> d ru JPduuurdrL u

To mark that milestone, more than 80

scientists who have been participating in

the lornt ESA NASA mission gathered at

ESTEC in The Netherlands to discuss their
l:teqt roqr rltq Thorr ctroccoal tha rrninrro

nature of Ulysses' highly inclined,
out-of-ecliptic orbit, that offers a totally new

vantage point from which to study the Sun

and its environment at solar minimum

The findings reported to date include:

- Two dislincl c/asses of solar wind
Solar wind is the stream of electrically-
r:harnpd narticles tnat fIOWS

continuously away from the Sun The

solar wind in the polar region is faster
^^! ^i-^r^" +h^^ ^^r^r wind at theot tu )il |Ptvt Lt rat I JUtd

equator Solar wind from the poles has

a different chemical composition than
thc qlnurpr pnrratnrial wind and haS a

lornrer-temneretr rrc source Solar wind

studies are not only of rnterest to space
scientists: The solar wind influences
our life on Earth, in particular our
technological systems such as

electricity distribution grids and
telecommunication networks Ulysses'

measurements of the 'simple' solar
wind over the pole will help us to

understand this influence

Unexpected features rn the polar
magnetic field
The outwardly-di rected mag nelic field

above the Sun's south pole is weaker
than expected, with no evidence of a
'magnetic south pole' In addition, the

magnetic field is less smooth than
expected, showing many types of

fluctuations Contrnuous, long-period
waves discovered by Ulysses over the
pole are particularly interesting Many
nf lhpsc fcatr rres 2rc 2s vet

unexplained, and scientists will have

to re{hink their ideas about how the

Sun's magnetism is carried into the

solar wind,

The 'cosmic ray f unnel' over the poles is
m/ss/ng
Measurements of cosmic rays during
the south polar pass were awaited with
great interest lt was hoped that these
particles. created in the explosions of

disrant stars. would have easrer access
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John Simpson (left), one of the Ulysses pnnctpal tnvestigators, from the
University of Chicago, Edgar Page (centre), ESA Sclence Coordinator at
JPL; and Roger Bonnet(ight), ESA's DirectorofSctence, recountthe
history of the Ulysses project

Members of the U/ysses s cience team dlscuss resu/ts i n fhe
'international sctentiftc laboratory'set up at ESTEC

during the U/ysses workshop in September

International Space
University Holds
7th Summer Session

The International Space University (lSU)

held its seventh summer session this oast
summer, in Barcelona, Spain A IoIal of 124
space professionals f rom 29 countries
particioated in the intensive 1O-week

programme, Each year, ESA sponsors a
group of Europeans to attend ISU This
year, the group included three ESA staff
members: Allessandro Donati from ESOC,

and Philippe Gilson and Bengt Johlander
from ESTEC.

The curriculum
The ISU curriculum begins with core
courses that cover the major fields of
space activity Each student then follows
advanced courses within a chosen area of
specialisation. The students must also
participate in a design project. Those
design projects require multi-disciplinary
skills and demonstrate well the
multicultural aspects of international
cooperation The projects are also
attracting growing interest f rom major
space agencies Last year's GEOWARN
project, for example, has prompted NASA
to launch a feasibility study

The design projects
Two projects were undertaken this yeati a
Global Access Tele-health and Education
System (GATES) and a Solar System
Exploration Design project,

to the heliosphere along the polar
magnetic fields than in the ecliptic
where the highly disturbed solar wind
forms an effective barrier. In fact, the
predicted influx of cosmic ray particles

over the pole was not observed.
Ulysses detected an increase of at most
a factor of two in the flux of cosmic rays

over the south pole with respect to the
fluxes measured in the ecliptic,
compared with a predicted increase of
10 times or more The absence of a
'cosmic ray funnel' is puzzling,
although the answer may be related to

the waves in the magnetic field that
Ulysses found over the south pole. lt is
quite possible that these fluctuations
are able to scatter the incoming cosmic
ray particles, making the 'funnel' less
effective

- First evidence of large-scale, global
' heliosp he ric weathe r'
While it was far below the ecliptic, at 55
degrees south of the Sun's equator,

Ulysses detected energetic particles

associated with a solar flare that
occurred on the Sun more than 20

degrees north of the equator. This

shows that the effects of particle
radiation from solar outbursts, which
can threaten Earth-orbiting
technological systems, are felt over a
wide range of latitudes Information of
this kind, which only Ulysses in its

unique orbit can provide, will contribute
to our ability to predict the shortterm
effects on Earth of given solar

90

outbursts, thereby bringing the
implementation of ' heliospheric
weather forecasting' one step closer.

With its exoloration above the Sun's south
polar region completed, Ulysses is now
heading back toward the ecliptic en route
to the second polar pass, this time above
the north oole Between June and
September 1995, scientists will have an
opportunity to compare conditions in the
north with those encountered in the
southern hemisphere, leading
undoubtedly to new discoveries and more
puzzles. Looking even further ahead, there
are now firm indications that NASA will

follow ESA's lead and continue to suooort
the mission for a second solar orbit, which
will include polar passes in 2000 and
2001.

R Marsden
Project Scientist @
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In the GATES project, tne potential of

applyi ng existing satellite communications
to render health and education services
more accessible on a global scale was

examined A highly innovative,

low-Earth-orbit satellite constellation that
would provide global coverage with high
cost-efficiency has been proposed. (There

will be a f ull article on that project in the

next issue of the ESA Bulletin )

In thc cp.nnd nr.ipct the SOlaf-
qvqtpm-nripntcri nrniect the CUf fent
crisis in space exploration was examined
Feasibility studies on low-cost missions
that would be feasible in keeping with the
'smaller, cheapet faster' philosophy, were
norfnrmod Tho nrnnncol miSsiOnS that| | rv yr vvvuv

made the final selection include an

asteroid tackle. lunar-polar prospecting. a

Mars Cup race and novel approaches to
li{o-cnioneo pvnorimontq

Other activities
Other events outside the scheduled
curriculum form an integral part of the ISU
evneripncp Sn:r:a nrnfegsionals ffom all

spacefaring countries teach the courses or
nive lectr rrcc This vear fhe lectufefs
included managers of NASA's Clementine
and DC-X projects, and high-level
ronraeoni2li\/ac nf tho Fr rrnnoa n Rr rccie n

and Japanese space agencies A number
of astronauts were also present, including
Buzz Aldrin, the second man to walk on the
Moon; Jeff Hoffman, who participated in

the Hubble Space Telescope Servicing
Mission; Jim Newman, the first ISU

graduate in space: and Oleg Atkov, a

cosmonaut who has spent eight months in

space

Not all learning, howeve; happens in the
classroorn, The more daring students
participated in a parabolic flight, allowing
them to experience moments of low
gravity, and the courageous were also able
to try skydiving, to feel the full effect of
gravity,

Next year
ISU has been offered a donation of a small

communications satellite from CTA Inc , an

American company The aim is to allow
students to actually perform in-orbit
experiments lt is hoped that the so-called
lSUSat will be operational in time for next
vear s srrmmer session to be held in
Stockholm, Sweden G

Phtltnne Gilsnn an fSA staff member and ISU
student, meets Buzz Aldin, the second man to

walk on the Moan, at the ISU tn Barcelona

Participants in this summer's ISU rn Barcelona

Record Number of
Ariane Launches in 1995
Arianespace recently released its launch
manifest for Ariane for the next year. A

record I2 launches are scheduled f rom

Kourou, French Guiana, in 1995

ESA's Infrared Space Observatory (lSO)

will be granted priority for a launch within
the q:tpllitc q Scntcmher 1995 tO

January 1996 launch window

In addition, ESA's Cluster series of

satellites are to be launched on Ariane-S s

first qualification launch. foreseen at the

end of November 1995 G

Ariane-4 launches planned for the remainder of 1994 and for 1 995

Launcher Satellites

Vol 70 1994

Vol 71

Vol72 1995

Vol 73

VolT 4

Vol 75

Vol 76

Vol 77

Vol 78

Vol 79

Vol 80

Vol 81

Vol 82

Vol 83

NoV

Jan

Feb

lVar

Mar

Apr
May

Jun

AUg

vvY

Oct

NoV

42P

44LP

40

44LP

42P ot 40

40 or 42P

44P

44t
42L
44L

44P

44LP

44L
42P

PAS-3

BRASILSAT 82 & Hot Bird 1

ERS.2

INTELSAT 706

DBS-3. or HELIOS 1A

HELIOS 1A or DBS 3.
N.STAR A-
PAS-4 & AIVOS

ASTRA 1 E

TELECOM 2C & INSAT 2C

N STAF B-
INTELSAT 7O7I

PALAPA C] & MEASAT ,1

IV-SAT-

These sate lites w ll be ready to launch in Kourou on an earlier s ot, f the opportunity arises
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ESA and Russia to
Continue Joint Activities

To mark each agency's commrtment to
working together, Jean-lVarie Luton, the
Director General of ESA and Yuri Koptev,

the Director General of the Russian Space
Agency (RKA) have signed a Cooperation
Agreement on joint activities in the area of
crewed flights and associated space
transportation systems The agreement
was signed in Moscow on 5 October.

The agreement supplements the existing

legal framework for contracts placed with

the Russian firm RKK-Energia for the
execution of the EurolVir-94 and
EuroMir-95 missions and the active
continuation of joint work on future crewed
space transportation systems

It also demonstrates both agencies'
resolve to maintain their drive for closer
long-term cooperation on crewed space
infrastructures, especially in the context of

the future International Space Station In

addition, the agreement lays the
foundation for specific cooperation

between Russia and Western Europe on
i ndustrral development projects, allowing
for the conclusion of further detailed
agreements on the implementation of
jointly-defined programmes G

J -M Luton (left), Director General of ESA, and
Y Koplev (right), Director General of the
Russran Space Agency. stgn a Cooperatton
Agreement on joint activtttes rn the area of
crewed spacefllghts and assoctated space
lra n < n^ rl a I i^ n a\/afame

ESA Astronaut Spends
Month in Space

The longest mission in European space
history came to an end on 4 November
when the Russian Soyuz Transfer Module
(TN/ 20), carrying ESA astronaut Ulf
Merbold, landed in Kazakhstan Also on
board were two Russian cosmonauts who
had been on board the Mir Space Station
since July. The crew brought back about
18 kg of samples and film

The EuroMir-94 mission began on
3 October when the Soyuz TM-20 lifted off
from the Baikonur cosmodrome in

Kazakhstan, Russia, carrying Merbold and
two other Russian cosmonauts. The Soyuz

then docked with the orbiting Mir two days
later, This brought the number of crew
members on board Mir to six

During his month-long stay in orbit,
Merbold took numerous biological
samples that will provide European

on the human body of longer periods
spent in the space environment The

research will benefit astronauts who may

spend long durations on board the
International Space Station He also
conducted technological experiments that
will help ESA to develop new, more

effective equipment for space missions, In

addition, he took hundreds of
photographs of the Earth's surface

Five ESA materials-sciences experiments
will probably be conducted by the

cosmonauts at a later date because of the
failure of a crucial experiment furnace
Extensive efforts to repair the furnace,
which had been aboard the station for
many years, had to be abandonded

The two EuroMrr crews wait tn the quaranttne
area for the final asstgnment made by the
Slate Commrsston a few hours before the
mlsslon began The Commissron included a

representative from ESA's European Astronaut
a^nr,^ E.^6 t^tt r^ .i^^t trqA astfonaut
Ulf Merbold, Elena Kondakova and
Aleksandr Vtktorenko were confirmed as the
pime crew, and Yuri Grdzenko, Serge| Avdeev
and ESA astronaut Pedro Duque were
confirmed as the back-up crew
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Ulf Merbold dons h/,s space suil /n the

clean room afew hours before
boarding the launcher

Ulf Merbold (foreground) and the two
Bi-rsslan cosm on a uts w ave g aod -bye

before boarding the Soyuz rocket

The Soyuz rocket lifts off f rom the Batkonur
cosmodrome on 4 October at 03:42 local
time, carrying Ulf Merbold and two
Busslan cosmonauts

All photos P Aventurier for ESA
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Spare parts needed to repair it will be
shipped to the station on a Progress
supply vehicle The data from the
experiments could then be returned to
Earth on board a US Space Shuttle that is

planned to dock with lVir next summer.

On 4 November, after one month in space,
Merbold and two cosmonauts who were
aboard Mir before his arrival, returned to
the transfer module, undocked and began
their hour-long descent through the
atmosphere They landed safely with the
ain a{ ^^'^^h' '+^^oru ur Porour rutg-

Throughout the mission, scientists at
centres in Europe monitored their
on-board experiments and communicated
with the space station, via the mission
control centre near Moscow, using ESA's

DICE satellite videoconferencing system
(see full article in this issue of the Bulletin)
The DICE system allows up to four sites to
conduct a live videoconference
simultaneously ESA had approximately 20
minutes of vrdeo communication with Mir
daily, in addition to audio communication
and lhe transferring of experimenl data
The DICE system was also used to allow
Merbold to give press conferences from
the space station, to speak with the

German Chancellor Helmut Kohl, and to
discuss living and working in space with a
group of European school children He
also used the system on weekends to
speak with his family Such family contact
is considered to be important on
Innn-rlr rntinn flinhtc

EuroMir-94 was the first of two ESA crewed
missions with the Russians, The next one,
scheduled for August 1995 will be even
more ambitious lt will last 135 days and
include the first spacewalk by an ESA

astronaut Two ESA astronauts, Christer
Fuglesang and Thomas ReiteI are
currently training for that flight G

Studenfs discuss /ivlng and workrng tn space
with Ulf Merbold vta a live vtdeoconference
Wubbo Ockels (in ESA suit), another ESA

astronaut, leads the dlscussion Quesllons
included 'How do you shower rn space?',
'How does a rocket ga so high?' and
'What planets can you see?'

Ulf Merbold (centre) and two cosmonauts
on board Mir

Ulf Merbold lust after landing, after having
spent a month tn space

-',t

\
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Second ESA Astronaut
Blasts Off

ESA astronaut Jean-FranEois Clervoy and
five NASA astronauts blasted off from
Kennedy Space Center on 3 November on

an 11-day atmospheric research mission,

named Atlas-3

The Space Shuttle Atlantis (STS 66) carried
into orbit the Atlas laboratory: six

instruments mounted in the orbiter's cargo
bay on a Spacelab pallet, allowing the

experiments to be exposed directly to the

space environment

The Atlas-3 mission is the third in a series of

missions to take 'snapshots' of the

atmosphere throughout an 11-year solar
cycle The experiments on board are

sponsored by space organisations and
institutes in various countries including
Belgium. France. Germany and the USA,

Clervoy, of French nationality, is

undertaking his first space flight, In

addition to his main role as mission

specialist, he has another important
responsibility: he is operating the Shuttle's
1S-metre-long robotic arm to deploy and
later recover a German atmospheric
research satellite The CRISTA SPAS will

operate from an orbit 40 to 70 km behind
the Shuttle for eight days, studying the

middle atmosphere of the Earth. lt will then
be recovered using the robotic arm and
placed in the payload bay for its return to

Earth The data gathered by the
CRISTA-SPAS will complement that
gathered by Atlantis' main payload

Clervoy is testing a new approach
technique that is expected to be used
during the Shuttle docking with lVir next
year. The approach is designed to

minimise damage to Mir from the Shuttle's
proximity operations

The mission is expected to end on

14 November, with Atlantis returning to
Kennedy Space Center. G

ESA astronaut Jean-Franqois Clervoy durtng
tinal lraning at Johnson Space Cenler in

Houston before the Atlas-3 mlssion launched
on 3 November (NASA photo)

Plan for Use of Tethers in
Space Proposed

Eighty scientists, engineers and other
experts from European, American,
Canadian and Russian research institutes,

space agencies and industry gathered at

ESTEC on 28 to 30 September for an

lnternational Round Table on Tethers in

Space They proposed a phased approach
to begin the utilisation of the developed
tether technologies The meeting was

organised upon the initiative of ESA, ASI

and DARA

A tether system provides new ways of

carrying out conventional space missions,

or new capabilities A smaller satellite is

deployed from a main satellite and remains
attached to the main satellite by a thin
cord or tether. The tether can be tens of

kilometres long A number of

demonstration tether experiments have

been undertaken and a fair understanding
of the principles and behaviour of tethers in

space has been achieved Based on that
experience and on theoretical work done
over the past 20 years, tethers can now be

operated in space in a controlled and safe

manner.

The Round Table participants therefore
proposed a stepped approach to begin to
use tethers An initial European
demonstration or pre-operational phase

would first be undertaken, in 1997 - 98, to

verify the selected methods and
technologies, and it would be combined
with synergistic scientific measurements
and opportunities The utilisation phase

would then follow.

The group agreed that the following areas

of application have scientific, technical and

operat onal (and therefore commercial)
potential:

- Scientific research:

- Atmospheric physics research, with
potential evolution toward
aerothermodynamtc research

- Electrodynamic research in the

Earth's ionosphere, thermosphere
ano mesospnere

Operational support of the space
station, for example, frequent return of

samples and waste disposal at a lower

operatronal cost, with a potential

evolution toward orbit reboost,

Each of these areas also offers g reat

potent al for internaLional cooperation

Since there are already several flight
opportunities for tether electrodynamics,
or plans for flights, the participants

recommended that ESA concentrate on

proposed tether missions that have not yet

been carried out, such as tether-assisted
re-entry or an atmospheIc-researcn
mission For those missions, technology
can be derived from elements existing in

Europe and being developed by ESA up to

the breadboard level Potential platforms to
support a demonstration mission include
Russian spacecraft. the US space shuttle

and expendable launcher upper stages

Representatives from the national space

agencies that sponsored the meeting

expressed their willingness to continue to

support tether activittes in Europe G
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Return to Sardinia:
The 30th Anniversary of
Sounding Rockets

Thirty years ago. in July i 964, ESRO, a

forerunner of ESA, launched its f rst ever
payload into space ll was a sn al
sor rrri nn rockpt la ,nnhgl frOir lie SaltO
11 Olirra rn.(pl 12nflp in lf g ifr1g 61a1

Sardinia, ltaly The origina launch tower
still stands tiere a lribute to t1e people
who worked long and hard for the
Sound ng Rocket Programme

It was to this launch tower that a group of
about 30 rechnic ans. e19 neers. scientisls
and otbers, who had been invo ved n the
early Sounding Rocket Programme. came
to commemorate the 30th ann versary
Men and women of 1O different
nationalities travelled f rom as far away as

Canada ard Sweden r1 a rostalg c 'etLr.
lo lhe scene o'tie r ssrl s1 f 

.i-npng

On 30 Septenbe'. lne day o'tre ot'rc a

re-n on. ll-e group lrave ed ro Capo San

Lo'e"zo, an ltalian naval base o- rhe east
coast of Sardinia, for an offic a welcome
Upon arrival, everyone paused outside the
auditorium to admire a Skylark rocket -
lhp _:ma tvne nf rnnLor r^ nr,.t hann naaryPUvr vu'\u.dJ quuqg tu)gu

in that first aunch

Afrer a welcom,rg speech by rhe

Commandant of the naval base, several
'old tiners spoke Rudi Meiner. a prolecr
sc,ent st rr earlier days. was tre rraster of

, - --1,3 ,r-
*JrJ+* *.

The Skylark lfts off from the launch tower rn

Sardinia ntarktng EBSO's f rrst launch of a

saunatng racKet

ceremonies Steve Pooley, the o dest
member of the g rou p and one of the
original canpaigr di'ecto's gave o.e ot
iis anusrrg anecdotal alks Adni'al
lVondino also one of the early campa gn
direr:lo.s oavc annlipr sDeeCi. and Dav d
Beal-ie ar exnerin'e-ler or lhe tirst
payload, fo owed Finally, Arne Pedersen,
prev ously a sc ent fic coordinatot ta ked
about tie sc er[ 'ic aspects o'rne
programme

n + -h^ -r- ^. ^1 +A- ln tho qr rrnriqenl tllg UIU)g Ul Ll lq )E)) Ul ru .l

of the participants, each person was

n.espr'erl 'r li. : r:c.t,'icate Of ServiCe

The group then drove by coach a ong a
<tAAA anal rrrinrj nn rnr^ i^ ihn na',rl Aa _a
c.lUV ollU \vl lU 19 IUOU tU ll g I dvdl Ud)U

al Perdasdelogu Afte' urch. Ihey

^^ni,-,,^^ nn +n -ha ^ri^i1al launch sitev, I rv u,u v,,91

Once there, the moment of true
se'limenlality a'riveo as Dete Slarlirg
attempted to c imb the rust ng auncher.
Oll^e's wandered a.ourd lre oase. p:cking
up components that had been left ly ng for
many years

A tiorgh no one wanreo to eave. the Navy
l-osls rrnc.l -rp nrnr In tn reLLrn tO Lhe

buses The c ouds descended as the party
arr ved at the Te emetry Station, which was
by then shrouded ln mist The lta an hosts,
nevertheless, welcomed the group with
w ne ano cneese

As da'hress fell. the g.oup sadly letr

Pcrdasdp'nnrr rn rptr rrn tO tne,f hOtel Tne
journey was long and w ndrng The silence
in the coach was full of unspoken
nemories Eacl- parlicipanl rad tin e to
reflect on h s own experience of what had
been an exciting and interesting period of
aarlrr cn:no racoere h

Maggie Sanderson

Bold Scientific Programme
for Next Century
FSA h:s eip'iren 2 \n2.e >C ence
programme that wi foilow on from its
current long-term plan, Hor zon 2O0O The
new programme, cal ed Hor zon 2OO0

Plus, is concerned w th m ss ons beyond
2006 and spans some ten years lt is
desrgned as a'rolling programme to
ensure contrnu ty and coherence with the
objec-ives oi Lhe exrsting plar Il-e
objectives ard 'inanc al o'ojectiors ol lhe
new prograrnme must now be
ncoroo'aLed rlo ESA s Lorg Terrr Ptan.

which wi be presented to the next ESA

Council meet ng at m n sterial evel, in

1 995

Objectives of Horizon 2000 Plus
It is recommended that, depending on
funding, ESA implementtwo orthree
'Cornerstone missions and four
medium-sized mrssions, in add tion to
those current y being mplemented
through Horizon 2OOO'Cornerstone'
m ssrons are large m ss ons in well-defined
areas o'space science and sho- o oe
European or European ed undertakings

IT'J

G

ll'i

\
4

Early members ol EBSO's Soundrng Rocket Programme team gather tn f rant af the onginal
saunding roche[ launch tower to celebrate the 30th anntversary of the frrst launch
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in brief

Horizon 2000 was built around four
Cornerstones: the Solar Terrestrial Science
programme, an X-ray spectroscopy
observatory, a rendezvous with a comet for
in situ investigations, and a sub-millimetre
observatory.

The Cornerstone missions recommended
in Horizon 2000 Plus are:

- A mission to Mercury, the planet

nearest to the Sun and which is still

largely unexplored Both planetary and
magnetospheric aspects are to be

addressed

- An interferometric observatory Such a
mission, performing astrometric
observations at a resolution reaching
ten micro-arcseconds, would enable
distances, motions and luminosities of

tens of millions of stars in our galaxy to
be obtained, and would allow their
mass distribution to be studied The

mission would also allow the search for
Jupiter-like planets and brown dwarf
companions around the stars. In

addition, rt is recommended that
studies using infrared interferometry be

performed to detect Earth-like planets

around other stars

A gravitational wave observatory,
particularly one allowing observations
at low frequencies Such a mission

would make it possible to explore the

very early phases of the universe and to
observe massive black holes and their
coalescence, furthering the

understanding of the nature of gravity

and of general relativity

The four medium-sized missions will be

selected competitively, based on

proposals submitted by the scientific
community, as was done with the original
Horizon 20OO programme There are.

however, some areas that are of great

interest. namely the study of Mars and a
solar physics mission lt was therefore
recommended that ESA seek to participate
in future international projects in those
areas, as opportunities arise lt should also

draw on opportunities provided by the
International Space Station to prepare for
potential future missions as well as for
future small and medium-sized projects

To ensure that the missions achieve their
goals and that they are conducted
efficiently, the programme will require the
development of some very advanced

technologies, particularly in the areas of

spacecraft mass and power, pointing, data
handling and communications.

Development of the plan

At its Ministerial Meeting in Granada in

1992, the ESA Council asked that a plan

be drawn up establishing space science

objectives for the period after the current
plan, Horizon 2000, has been completed

ESA received an overwhelming response
to a call for mission concepts: the scientific
community (more than 2500 scientists in

Europe alone) proposed some 110 ideas

that reflect future trends in space science
and represent the community's main areas

of interest The Survey Commtttee, a
committee of representatives from the

European scientific community, was

subsequently set up to review the
proposals and draft a plan. lt was assisted
by 'topical teams'that surveyed the main

science areas and by ESA working groups

that studied the international space
science environment Following a series of

discussions, the Survey Committee then
met with the ESA Executive in Rome in late

September to finalise the plan G

Orbit Determination

Time and Frequency Generation

Time Synchronisation

Time Dissemination

Space-based Precise Two-Way Ranging
and Range-Rate Equipment

Roumfohrtsysteme
ZeitmeBtechnix

SATRE-Geo, Grou nd-based Two-Way
Ranging Equipment
. Pseudo-noise ranging system with spreading up to

20 MChips/sec
o Orbit-independent:
o Ranging:
o Range-rate:
o Mass:

o Power:

o Orbit determination software
range-rate and laser data

LEO to GEO

sub-dm level

better 0.1 mm/s

20 kg

31 W

for two-way range,

Frequency and Time Generation
o Very low phase-noise crystal oscillators
. Typical '100 MHz VCXO: - 157 dBc at 1 kHz offset,

- 'l 68 dBc at 10 kHz offset
o Frequency and time distribution amplifier
o Compact Active Hydrogen Maser "Sapphire"

Operation down to - 30 dB signal-to-noise ratio

Code-division multiple access

Simultaneous multi-hop and multi-loop ranging

Operates through occupied satellite TV and data
transponders without interference to primary user

SATRE-Time,
Time-Dissem i nation Eq uipment
o Time-receiver for reception of pseudo-noise signals

f rom geo-stationa ry satel lites

o Time-code generator
. Standard frequency and time outputs (20 MHz,

1000pps, 100pps, lpps)

a

o

a

o

TimeTech GmbH, Nobelstrasse 15, D-70569 Stuttgart, Germany, Tel. xx49-711-6 78 08-0, Fax xx49-711-6 78 08-99



Data acquisition: Fucino, ltaly
Data processing: ltalian PAI ASl, Matera, ltaly

Red: Orbit 7696 - Frame 2637 - 4 Jan, 1993
Green: Orbit 5692 - Frame 2637 - 1 7 Aug 1992
Blue: Orbit 41 89 - Frame 2637 - 4 Mav 1992

ln this ERS-1 SAR multitemporal image, the
River Danube can be seen crossing from left to
right as it flows through a fertile depression

with distinctive field patterns. The bright
built up area expanding southwards in the top
right includes the city of Vienna. The hilly area
to the left shows a drfferent morphology due to
the different litholog ical compositions:
crystalline, limestone, and sandstone lt ends
west of Vienna in the famous 'Vienna Woods',
To the lower right is the Neusiedler Lake, which
exhibits surface roughness effects due to local
light winds.



Data acqu sition. Niamey Ground Slatior.
28 January 1 993
Data processing: ESA/ESRIN Frascati. ltaly

This three-band (1,2,4) NOAA l1 AVHRR

colou r composrte is the resr;lt of the applicalion
of calibration, classrfication and enhancement
lonhnrnrroc ln lho nrinin-lAr+r Thn r.^fi'/^ {ir^tuur rril(-1uuJruil uu,rvilroru4to llrg ouLlvE llE

algorithrr has marked lhe oixels ir red

whenever a fire has been detected lt has

identif ied over 1 700 'active f ires', due mainly to
human action and rural habits, over a wlde
geographrcal area thal i'-tcludes lhe tollowing
countres: Guirea. Siera Leone. Liberia. lvory
Coasr. Ghana. Togo. part of Benin. parl of
Niger. Burkina Faso. Ma i. part oI Senegal. and
part of Mauritania

O Ar no, J L chtenegger. & G Ca abresi

ESA/ESRlN, Frascat, lta y
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Publications

The documents listed here have been
issued since the last oublications
announcement in the ESA Bulletin
Reouests for cooies should be made in
accordance with the Table and Order
Form at the back of this issue

ESA Journal

The following papers were published in
ESAJournalVol 18, No. 3:

INTERIVARSNET ANINTERNATIONAL
NETWORK OF STATIONS ON IVARS FOR
GLOBAL IVAFTIAN CHARACTERISATION
A CHICARRO, G SCOO/V &M CORADINI

LISA A LASER INTERFEROMETER SPACE
ANTE N NA FOR G RAVITATIONAL-WAVE
IVEASUREIVENTS
Y R JAFRY, J COR/VEL/SSE&R REINHARD

MERCURY OFBITER AN
INTERDISCIPLINARY IVISSION
R GRARD, G SCOOiV&M CORADINI

I\i1ORO A EUROPEAN I\IOON.ORBITING
OBSEFVATORY FOR GLOBAL LUNAR
CHARACTERISATION
A CHICARRO,G RACCA&M CORADINI

STARS - AN INVESTIGATION OF STETLAR
STRUCTURE AN D EVOLUTION
M FRIDLUND ET AL

STEP - A FUNDAIVENTAL-PHYSICS
LABORATORY IN SPACE
R REINHABD,Y JAFRY&R LAURANCE

COBRAS/SAIV BA - A M ISSION DEDICATED
TO THE IVEASUREIVENT OF COSMIC
BACKGROUND AN ISOTROPI ES
L TAUBER,O PACE&S VOLONTE

ESA Special Publications

ESA SP-364 
' 

70 DFL
PROCEEDINGS OF THE TECHNOLOGY
TFANSFER WORKSHOP
25-27 May 1994, ESTEC, Noordwijk,
The Netherlands
(ED TD GUYENNE&JJ HUNT)

ESA SP.366 // 80 DFL
FIFTH EUROPEAN SYIVPOSIUN/ ON LIFE
SCIENCES RESEARCH IN SPACE
26Septenrber- 1 Ocrober 1993,
Arcachon, France
(ED H OSER &r D GUYENNE)

ESA SP-1131 (Revision 2l ll 50 DFL
CATALOGUE OF ESA PATENTS
P A KALLENBACH
(ED B BATTRICK&WR BURKE)

ESA Brochures

ESA BR-68 (FRENCH) // 50 DFL
CONIMENT OBTENIR DES IVARCHES AVEC
fESA
(ED B KALDETCH)
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publications

ESA BR-95 // 35 DFL
FINLAND OPENlNG THE WAY AHFAD
(ED N LONGDaN&B BATTRTCK)

ESA BR-103 // 35 DFL
ECS TENTH YEAR N ORBIT
D W BASTON ETAL
(ED W R BURKE)

ESA BR-106 // 35 DFL
EUROIV1IR MISSIONS TO SPACE WITI-I

RUSSIA
ESA PUBLIC RELAIlO,ryS

ESA BR-108 // 35 DFL
ULYSSES FIRST YEAR IN FTIGHT
N ANGOLD ET AL
(ED W R BUBKE)

ESA Newsletters

EARTI OBSERVATION QUARTEFLY
(FRENCH)
No 44 JUNE 1994 (NO CHARGE)
(ED T D GUYENNE)

PREPARING FOR IHE FUTUBE
(Techno ogy Programme Quarterly)

VOL 4, No 3, SEPTEMBER 1994
(NO CHARGE)
(ED M PERRY)

REACHING FOB THE SKIES

lOua-Le. y Ner,rs ene'on tSA s Larrcrers;
No 12, SEPTEMBER 1994 (NO CIABGE)
(ED T D GUYENNE)

ESA Procedures, Standards and
Specif ications

ESA PSS-01.411 //50 DFL
SNEAK ANALYSIS N/ETHODS AND
PROCEDURES FOR ESA SPACE
PROGBANIIVES
ESTEC PRODUCIASSUFA,ryCE & SAFETY

DEPARTMENT

ESA PSS-01-745 // 50 DFL
STAN DARD FRACTU RE N/ ECHAN ICS,

FAT GUE AND RELATED TEST |\/ETHODS
trOq tSA SPACL SYSTTIVS
ESTEC PRODUCI,4SSURANCE & SAFETY

DEPARTMENT

ESAPSS-03-7OVOL1&2//
90 DFL PER VOL
HUN/AN FACTORS
ESIEC L/FF SUPPORT AND THERMAL
CONTRAL DIVISION

ESA Scientific and Technical
Memoranda

STM-244 (Revised Edition) // 35 DFL
IVATERIALS AND PROCESSES FOR

SPACECBAFT: THE ESTEC APPROACH
J DAUPHIN
(ED W R BURKE)

STM 254 // 35 DFL
PACKET TELEI\/ETRY AND PACKET
TELECON/ IVAN D FRONT-EN D SYSTENIS FOR
SPACE AND GROUND
D RAUAT ET AL

Other ESA Publications

RD-02 (Rev 2) ll SODFL
TOXIC TY AND FLAIVNIABILITY DATA FOR

SPACECRAFT IVATERIALS
PMAJOLLET G

ES STM-2il
Septmber 19

T*hnalogy Cem

l:1d$si6lts!e1$@r.

N'12 Septffibetlgg4

Packet telemetry and

@ft:"r:ro.':;E**
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NINTH EUROPEAN SYMPOSIUM
GRAVITY.DEPENDENT PHENOMENA IN PHYSICAL

SCIENCES
Berlin Congress Centre, 2 - 5 May 1995

Berlin, Germany

The Ninth European Symposium will proMde a f orum for the presentation of scientific investigations
on gravity-dependent phenomena in physics, fluid and materials sciences. Contributions on both,
theoretical and experimental aspects are solicited. The topics to be addressed include

- combustion
- critical point phenomena
- crystal growth from melt, solution or vapour
- crystallization of biological macromolecules
- disperse systems
- fluid dynamics
- heat and mass transfer in fluids
- liquid undercooling and metastable phases
- phase separation and interfacial phenomena
- physico-chemical phenomena
- self-organization and pattern formation
- solidification orocesses
- thermophysical properties
- other topics in fundamental physics

Special attention will be paid to results of recent Space Shuttle and MIR missions. In addition, the
presentation of experiments using re-entry satellites, sounding rockets, parabolic aircraft flights,
drop tubes, and centrifuges is encouraged. Further ground-based investigations and the
development d new diagnostic methods should contribute to a substantial programme. Presentations
will be given in the form of invited papers and posters.
(A more detailed scope of the Symposium willbe outlined in the Second Announcementto be ssued
by the end of August 1994.)

Interested authors are invited to submit an extended 2-page abstract of their proposed paper by
13 January 1995. The abstracts and any requestsforfurther information should be sent to:

Dr. M.H. Keller
Conference Office
Ninth European Symposium

Gravity-Dependent Phenomena in Physical Sciences
c/o DLR
Linder HOhe

D-51140 K6ln, German

Tel: +49 - (0)2203-601-2635 or -2862
Fax; +49 - (0)2203-63463

This Symposium is cGsponsored by Deutsche Agentur filr Raumfahrtangelegenheitq GmbH
(DARA), and the European Space Agency (ESA)
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publications

Publications Available from ESA Publications Division

Publication Number of ScoDe/Contents
rssues per year

Availability Source

Periodicals
ESA Bulletrn

ESA Journa

Earth Observa!on Ouarterly
(Englrsh or French)

ECSL News

Beachrng for the Skres

Columbus Logbook

l\4rcrogravrty News

{E'gl sh w'th l-'e^ch sunma. es;

Preparrng for the Future

4

4

4

4

4

3

ESAs pr mary magazne
ESAs earned lournal
Rem^to.eanern^

Newspaper of the European Cenlre for

Space Law (under the auspces ol ESA)

Space Transportat on Syslems newspaper

Space Statron/Co umbus newSpaper

N,4rcrogravrty Programme newspaper

Techno ogy Programme newspaper

Free ol charge ESA Publ calrons Drvrs on ESTEC

. 2200 AG Noordwlk The Netherlands

Monographs
Cnnf oranno Prnnoodrnn<

Screntrlrc/Technrcal Monographs

ESA Brochures

ESA Folders

Scientrfrc & Technrcal Reports

Screntrirc & Technrcal Memoranda

Procedures, Standards & Specrlrcatrons

Code
(S P-x xx)

(SP xxxx)

(BR-xxx)

(F-x xx)

(STF xxx)

(STM xxx)

(PSS xxx)

Volumes of spec I c Conference papers Prrces below
Specrf c/deta ed nlormalon on

graduale evel subjecls

Summarres of ess than 50 pages

onaspeclcsublect
'Folders g v ng short descnplrons ol Free ol charge

S-btect>'or lf,a <pd.e.^le e\'pd dlrrdn
f',r).rrrlp ro\.p rol orlr. aqAS Pt .es oelou
posrtron on a g ven subject

Graduate leve atesl but not I na sed

If|nkrng on a grven suDJect

Def In tve requ rements n support ol

contracls

ESA Pull|catrons Dvsron, ESTEC

2200 AG Noordwilk The Nelherlands

Other Publications
Trarnrng l\rlanuals

Technrcal Tianslatrons

(TlV xxx)

(TT xxx)

Ser es lor educat on of users or potentral

users of ESA programmes, serv ces or

tac iles

Trans at ons of nalronal space re ated

documents (M crofrche or

photocopy only)

Pr ces f rom ESR N ESRIN, V a Ga| eo Gal ler,

CP64 00044 Frascatr ltJly

or ESA/IFlS Ollrce 8 10 Marro Nrkrs

75738 Par s 15 France

Public-relations material General terature, posters

photographs, I lms, etc

ESA Publ c Belatrons Servrce

8 10 rue l\,4ano Nrk s

75738 Par s 15, France

Charges tor printed documents
Number of pages in document
Pr ce (Dutch Gurlders)

EO

1 -50
35

E1

51 100

50

E2
'101-200

70

E3

201 -400
80

E4
401 -600
100

Note

ln the last three years we have left the pnce of our pubhcations unchanged Costs have risen tn that Ume, particulaily postal charges, and f rom 1 January
1994 new pnces wtll be charged as shown abave

To compensate for this increase two dlscounts wtll be passtble

a All orders over Dfl 110 - dtscount of 10o/o

b All orders for addresses outstde Europe over Dfl 110 - no extra payment [or atrmatl
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