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European Space Organisatrons; the European Space
Research Organisation (ESRO) and the European
Organisation for the Development and Construction of
Space Vehicle Launchers (ELDO) The l\,4ember States
are Austria, Belgium, Denmark, Finland, France,
Germany, lreland, ltaly, the Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland and the United
Kingdom Canada is a Cooperating State

In the words of the Convention: The purpose of the
Agency shall be to provtde for and to promote for
exclusively peaceful purposes, co-operation among
European States in space research and technology and
their space applications, with a vtew to their being used
10r scientific purposes and for operatlonal space
apphcations systems

(a) by elaborating and implement ng a long term
European space policy, by recommending space
objectives to the Member States, and by concerting
the policies of the Member States with respect to
other national and international organisations and
institutions:

(b) by elaborat ng and implementing activities and
programmes in the space field;

(c) by co-ordinating the European space programme
and national programmes, and by integrating the
latter progressively and as completely as possible
into the European space programme, in panicular
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spatiale europeenne e bng terme, en
recommandant aux Etats membres des oblectlfs en
matiere spatiale et en concerTant les politiques des
Etats membres a lEgard d'autres organisations et
institutions nationales et internationales,

(b) en 
'laborant 

et en mettant en oeuvre des activit's et
des programmes dans le domaine spatial,

(c) en coordonnant le programme spatial europ6en et
les programmes nationaux, et en integrant ces
derniers progressivement et aussi compEtement
gue posslb/e dans le programme spatial europeen,
notamment en ce qui concerne le ddveloppement
de safe/rtes d'apphcations

(d) en 
'laborant 

et en mettant en oeuvre la politique
industrielle appropriee a son programme et en
recommandant aux Etats membres une pohtbue
industnelle coh6rente

L'Agence est dirigde par un Conseil, compose de
repr€sentants des Ftats membres Le Directeur general
est le fonctionnaire ex6cutif supdrieur de l'Agence et la
repr6sente dans tous ses actes

Le SIEGE de IAgence est a Paris

Les principaux Etabllssements de l'Agence sont:

LE CENTRE EUROPEEN DE RECHERCHE ET DE
TECHNOLOGIE SPATTALES (ESTEC), Noordwijk,
Pays-Bas

LE CENTRE EUROPEEN D'OPERAIIO,VS SPAI/ALES
(ESOC), Darmstadt, Allemagne

ESRIN, Frascati, ltaly

President du Consel: A Eensoussan

Directeur general: A Rodota



number 109 - februory 2002contenfs

Envisat on Watch
J. Louet

The Envisat Data Dissemination System
S. Badessi et a/. 12

Taxito the ISS - the Andromdde Mission
R. Ewald & C. Haignere

ISS: Columbus
A. Thirkettle et al.

The ESA Laboratory Support Equipment for the ISS
A. Petrivelli et al.

The Mission and Post-Flight Analysis of the
Atmospheric Re-entry Demonstrator (ARD)
A. Thirkettle, M Steinkopf & E. Joseph-Gabriel

21

27

?6

56

Cover: The launch of Envisat on 1

(see page 8)

Editorial/Circulation Off ice
ESA Publications Dvis on
ESTEC, PO Box 299, Noordwijk
22OO AG The Netherlands
Tel: (31) 71 5653400

Editors
Bruce Battrick
Barbara Warmbein

Layout
Carel Haakman

Montage
Paul Berkhout
lsabe Kenny

Advertising
Barbara Warmbein

lhe ESA Brlletin is published by the Furopean
Space Agency. Individual articles may be reprinted
provided the credit line reads 'Repr nted from
ESA Bulletin', pus date of issue Signed articles
reprinted must bear the author's name Advedise
ments are accepted in good faith; the Agency
accepts no responsibility for their content or claims

Copyright @ 2OO2 European Space Agency
Printed in the Netherlands ISSN 0376 4265

Europeon Space Agency

Vega: The European Small-Launcher Programme
R. Barbera & S. Bianchi o4

XMM-Newton In-Orbit Calibration
D.H. Lumb

Studies on the Re-use of the Mars-Express Platform
A. Gimenez et al.

71

78

The Erasmus Virtual Campus
D. lsakeit

The Orbital Liquid Experiment (OLE)
J.M. Lopez et al.

The ESA Education Office and Some Gurrent Projects
L Duvaux-Bechon & P. Messina

The UN/ESA Gourse Follow-up Programme

- A Vietnamese Success
M. Fea et al.

87

94

101

105

Polar Bears and Spacecraft Tracking
T A^A-^^^^^^ ^+ ^ll. 

^r/urEdJoEt 
I vL dr, 118

MATED - lmproving ESA's Model and Test Philosophies
P Messidoro & R. Roumeas tzz

Detecting, Tracking and lmaging Space Debris
D. Mehrholz et al. 128

Programmes under Development and Operations t.tc

ln Brief 147

Agence spaliole eurcp6enne
Publications tc4





looking fonraril.
Galilc0 lui0nica $.n.1., tne ltalian lcadel in

$lace and llefGnce lluilment.

www.spazio. gal i leoavionica.com

Gdileo Avionico

A Finmeccanica Company





Alcqtel Espocio

Your Best Sponish Spoce Supplier

Mo in Prod ucts
Digitol Electronic Equipment

- On-Boord Doto Hondling

- Digitol Poylood Engineering

- Antenno Pointing Systems

Rod iofreq uency Equipment

- S-Bond TTC Digitol Tronsponders ond Tronsceivers

- S-Bond TTC Spreod Spectrum Tronsponders

- S-Bond TTC High Power Amplifiers
- L-Bond Tronsmitters

- BPSK/aPSK Modulotors
- Filters, Diplexers, Multiplexers, etc.

Systerns Engineering

- On-Boord Processing (OBP)/Multimedio

- Sotellites Telecommunicotion Systems Studies

- Specific Checkout Equipmeni (SCOE)

- Power Benches

RF Active ond Possive, On-Boord Doto Hondling Equipment ond Subsystems is our moin line of business.

We ore speciolised in the development ond monufocture of o few equipment, through portnership

with the moin spoce prime controctors.

Our trock record includes porticipotion in more thon 45 progroms sotellites.

Alcotel Espocio is o Sponish subsidiory compony of Alcotel Spoce Industries

ARCHITECTS OF AN INTERNET WORLD

Alcotel Espocio, S A C/ Einstein, 7 28760 Tres Contos (PTM) o lV1o6r;6 - Spoin. Tel 34 9l BO7 79 00 - Fox 34 91 BO7 79 99

www.olcotel es/espocio/index_i htm







@esa bulletin 109 - february 2OO2

Envisat on Watc

The eagerly awaited launch of ESA's Envisat environmental-monitoring satellite took place from Kourou,
French Guiana, on I March at 02:07:59 hrs CET. Envisat's spectacular night-time launch also marked a return
to business for Europe's Ariane-S launcher. Rising into a clear sky and accompanied by the cheers of the
engineers, scientists and project team members at the launch site, the Ariane-S vehicle propelled Envisat
towards its lofty vantage orbit some 800 km above the Earlh's surface,

After a flawless lift-off, the Ariane-S launcher put Envisat into a Sun-synchronous orbit, allowing ESA ground
controllers at the European Space Operations Centre (ESOC) in Darmstadt, Germany, to take full control for
the first time of the most complex satellite ever built in Europe.

"Now Envisat is in orbit, the culmination of many years' work really begins and we are looking fonuard to the
environmental benefits the satellite is going to bring to Europe, " said Jos6 Achache, ESA's Director of Earth
Observation Programmes "The ten instruments onboard Envisat - more than on any other such satelltte -

cover a wide spectrum of phenomena, delivertng evidence of the interacttons between the atmosphere, the
ocean, the polar ice caps, the vegetatron as well as human activity on the surface of the Eafth. We will be able
to trace the smallest changes to the Earlh's surface anywhere on the globe. The imporlance of this mission
has tiggered great interest in the Earlh-scrence community, both at a European level and worldilde."

Given its sheer size, Envisat has involved almost all of Europe's space industries in the development of its
numerous advanced technologies, particularly for the payload

Its 65 m2 of solar array were fully deployed within 75 minutes after lift-off. This deployment and the subsequent
attitude stabilisation of the satellite, performed under coverage of the Perlh ground station and monitored from
the ESOC Control Room, were eagerly followed by the guests on the large screens of the Jupiter Control
Room in Kourou and by the guests at ESOC, both benefiting from a 3D animation display driven from the
telemetry being received from the satellite

Itt

Snortly after these events, the Envisat Programne Manager. Jacques
Louet, was extremely happy: "The events of this night went like a dream:
^ rt'" t^^^ ^"^ ^ +r^^ ^r lha at tfnmqlia <ont tanaoa nraarammad nnhnnrdd //dI,l//ess e\ecuuut tul...- ..-.,, ,ces programfftea ofiaoat u
the launcher and the satellite. lt is now pafty time for both the launcher and
satellite teams. Tomorrow, we will be working hard again to finalise the
various deployments, lo put the full pavload into operatron and to staft the
instrument calibration. The objective is to validate the user products within
six months - this means a tough job ahead of us, but we and our
supportrng scientists are well prepared for it This rs a superb day for all of
us, and we could not have dreamt of a better start for this mission"

Within three days, the ASAF antenna was deployed successfully, shortly
foliowed by the Artemis antenna communications mast Within a week
after the launch, the Launch and Early Orbt Phase ILEOP; was completed
and the satellite, stabilised in fine pointing mode, was already providing
stable X-band payioad communication links and onboard data recording
The switch-on of the instruments is currently in progress, and ESA is
looking forward to the first observations of the Eadh from this high-tech
observatory, which puts Europe at the forefront of environmental
monitoring from space and provides a major tool to support the European
Global Monitoring for Environment and Security (GMES) initiative,

The ten instruments that make up Envisat's payload - ASAB, N/lERlS,

AATSR, RA-2IN/WR/DORIS/LRR, N/IPAS, GON/OS and SCIAMACHY -
were described in detail in ESA Bulletin No. 106 (June 20Ol), An overview
of the Envisat Data Dissemination System, which provides for rapid
transmission of the satellites data products to users across Europe. is to
be found in the adicle on oaqe 12 of this issue
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Figures 1-1 2. Envisat launch preparations, from
spacecraft fuelling through to Ariane-S's readiness on
the launch oad
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the envisat data dissemination svstem

The Envisat Data Dissemination System

S. Badessi
Earth Observation Applications Department, ESA Directorate of Earlh Observation
Programmes, ESRIN, Frascati, ltaly

H.L. Moeller, P. Viau
Earth Observation Programmes Development Depaftment, ESA Directorate of Eafth
Observation Programmes, ESTEC, Noordwijk, The Netherlands

D. Castrovillari
Intecs HRT, Pisa, ltaly

B. Gollini-Nocker
Internet Broadcasting Solutions, GCS GmbH, Salzburg, Austria

Introduction
The Envisat mission calls for the dissemination
of scientific data oroducts to users within hours
of sensing. This requires a ground-segment
facility capable of distributing each product
from the Envisat Payload Data Segment
(PDS), charged with acquisition and processing
of the scientific data, to one or more user
oremtses.

The Envisat Data Dissemination System (DDS) will allow rapid
dissemination of the satellite's data products to users across Europe.
The system uses a commercial satellite-based network, which is
based on the Digital Video Broadcasting (DVB) standard and is
integrated into the Internet. lt accommodates low-cost user stations
and allows for cost-effective use of satellite bandwidth. lt is also
suitable for use in support of other missions.

In 2000, a survey of commercial data-
dissemination networks available on the
Eurooean telecommunications market showed
none matching the Envisat dissemination
requirements. Solutions based on terrestrial
networks were not considered cost-effective
for broad- and multi-casting tens of gigabytes
per day. Turnkey solutions based on a satellite
network lacked an adequate approach to the
integration of data sources and satellite up-
linking. Furthermore, they offered only limited
reliability of transmission, and did not provide

cost-effective use of the satellite bandwidth.

In the absence of an adequate off-the-shelf
solution. therefore. ESA embarked on the
development of a system making maximum
use of commerciallv established elements. This

involved the use of commercial satellite
capacity, industrially supported subsystems
for satellite-bandwidth allocation and data
transmission, mass-market data-reception
components and, last but not least, well-
established digital transmission standards [V
and Internet).

Based on these choices, and benefiting from
earlier experience within ESA and its industrial
paftners, it was possible to complete the
development of the Envisat Data Dissemination
System (DDS) in less than 12 months (Fig. 1).

This included the deployment of all of the user
stations that will be required during Envisat's
commissioning phase. DDS development and
validation has followed an incremental
approach starting from a core system, which
was gradually integrated with the Envisat PDS
and complemented with secondary functions.
This approach secured key capabilities at an

early stage and allowed a proper review of
progress at each stage of development and
proper planning for subsequent stages.

Today's DDS architecture (Fig. 2) and functions
are scalable in terms of the number of up-links
and receivers and can also suooort a further
increase in bandwidth, to allow the
accommodation of new data-dissemination
requirements emerging during the mission's
lifetime. The DDS's design also allows for multi-
mission use, i.e. other missions can make use
of DDS services in parallel with Envisat. In fact,
DDS is already being used to support limited
ERS data distribution in oarallel with the Envisat
rehearsal activities.

13



@esa buletin 109 - february 2oa2

PDHS

TX ESRIN

Fioure 2. DDS architecture

RX-sites
18 Stations for

Envisat Commissioning

PDHS - K

ryw
*K

DDS architecture
The DDS contains the following computing
infrastructures and telecommunications
networks:

- Two transm tt ng stations located at the
Envisat Payioad Data Handling Stations
(PDHS) at ESRIN in Frascati and in Kiruna,
Sweden Each station comprises a PC infra
structure for data handling, and an antenna
and RF units for data up linking

- A multitude of receiving stations located at
user p'emises across Europe, Each stat'on
comprises a commercial TV antenna, and a
PC with a board for digita video broadcast
(DVB) data recept on

- A central monitoring and control system co-
ocafed with the Envisat Pay oao Data Control
Centre (PDCC) at ESRIN

- A satellite network based on dedicated,
leased redundant transponder capacity on
the Eutelsat W1 spacecraft (Fig. 3)

The DDS also makes use of the following
terrestrial networks in order to ensure reliable
data transfers:

The Envisat Payload Data System (PDS)

Communication Network (PDS-CON/NET) for
system-critical links,

- The public Internet for receive-only users.

The DDS intedaces externally with:

- The Envisat Payload Data System (PDS)

Dissemination Facility at the two PDHS,
which rssues dissemination requests to the
DDS ano provrdes Lhe oata prooucts lo be
transferred

- The local networks and computing facilities
at user premises, such that users can forward
ronoiriod rlrta nrnnr,ata tn thorr nnmnr rtor

facilities for further processing

DDS functions
The principal function ot the DDS is the delivery
of PDS n.odrrcts tn rrse.s with,n three hours o.
one day of sensing. deoending on producl
type Products, which can be up to several
hundred Mbytes in size. are ret'ieved 'o'
disseminatron from the PDS Dissemrnation
Facility at the Kiruna and ESRIN PDHSs and
are delivered to receiving PCs at the user
premises, In performing lhs function, lhe DDS
acTS as a disseminatio" service provider to the
Envisat PDS Dissemination Facility.

48 hour dissemination planning
The PDS Ground Segment Planning (GSP)

issues a dissemination plan that identifies the
time windows during which the PDHS transmit
uplinks at Kirura and FSBIN are required to be

t RX_PC

INTERNET
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ready for dissemination. lt provides a listing for
each time window of all product dissemination
requests, together with the planned dissemination
staft and stop times. Plans are elaborated
regularly, typically every 24 hours, but can also
be issued on an ad-hoc basis.

Figure 4 shows a 48 hour dissemination plan

and identifies the dissemination instructions
therein. The top lines identify the orbit numbers
of Envisat and the time of day. The next line

shows the start and stop times allowed for the
planned individual dissemination requests
originating at Kiruna and ESRIN, respectively.
The following line indicates periods during
which the TX up-link at either Kiruna or ESRIN

is active and can disseminate products.
Wiihin thcse neriods the actual time slots for
individual product dissemrnation are identified
0etow.

lndividual product dissemination requests
The actual dissemination requests for individual
products will be issued by the DF at the
respective PDHS. once the product has been
annr riror'l nrnnoccoal anrl ic roar'hr fnr r-1iqqo-

mination. This happens shortly before the
planned staft time for the particular product in

the dissemination plan. Each dissemination
reouest identifies the oroduct data file location
at the DF, the list of receive destinations (one or
more), and the planned time window for the
dissemination of that product.

Data handling
The DDS provides for the data handling

associated with each individual product
dissemination request. Once a new request is

identified, the related product is transferred
locally from the DF to the DDS. The products
are forwarded for dissemination via the satellite
link. Urgent requests for dissemination can be
inserted manually, bypassing the DF interface.
Only one transmission is necessary, even il
more than one user is destined to receive the
nrnrlr rnl cinna tho irencfor nrninnnl iakac

advantage of the inherent broadcasting nature
of satellite links. Reliable dissemination is

ensured by immediate retransmission of lost
packets. At the end of a dissemination. the
DDS collects all dissemination repods from the
addressed receivers and provides them to a

central reporting point.

Figure 3. The Eutelsat W1
satellite's footprint from
1 0'E (courtesy of Eutelsat)

Figure 4. A 48 hour
dissemination plan

I ORBIT N +< ORBIT N + l 
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Figure 5. Dissemination
protocol
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Dissemination reouests can be addressed to
two different logical channels sharing the same
satellite link. The two channels, configured as

high-speed (several Mbps) and low-speed
(several kbps) channels, can be used in parallel

and are optimised for large and small data
products, respectively. Only one product can
be disseminated per channel at a given time.

DVB/ lP dissemination orotocol
Products forwarded for dissemination via
satellite are handled using the MPEG-2/DVB-S
based Datacast orotocol. MPEG-2/DVB has
become widely accepted as the means oj
transpod for both digital television and Internet

DES # ESRIN (Acting as DCC) DES # KIRUNA

TDM Outband Service Channel ('l carrier)
TDMfuSlotted-Aloha Inbound Service Channel (1 carrier)

forwLrd: DVB/MPEd-z
retuln: Internet

I

Protocol (lP) packets (Fig. 5). MPEG-2 uses
fixed-size packets (188 bytes) each with a
packet identifier (PlD) to discriminate between
logical channels. The Multi-Protocol Encap-
sulation is used to carry lP packets. DVB-S,
where S stands for satellite transmission,
orovides soohisticated error-correction with
Viterbi and Reed-Solomon codino.

Management of satellite capacity
The DDS allocates the satellite capacity to the
transmit stations according to the active
periods declared for the respective PDHSs in

the dissemination plan. Only one transmit
module can use the satellite capacity at any
one time. The capacity assignment can be
performed automatically or manually and
makes use of a commercial subsvstem
(DESNEI.

The DESNET network architecture (Fig. 6)

comprises two logically overlapped sub-
networks, the Traffic Data Network and the
Service Data Network. DESNET is fully self-
standing and does not require any special
additional telecommunications infrastructure.

The Traffic Data Network ftDN), which provides
for the actual product dissemination, is

characterised by a fully meshed topology with
DAMA/PAN/A access schemes for DDS
transmit modules. lt employs continuous,
SCPC (Single Channel Per Carrier), variable-
bandwidth satellite carriers.

The Service Data Network (SDN) provides for
the allocation of the Eutelsat W1 bandwidth to
the transmit modules accordino to the

to
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RX external unit
(12O cm dish)

dissemination plan lt is star-meshed with a
designated DfS contigured as the DESNET
Control Centre (DCC) at ESRIN actirg as the
centre of the network.

A DTSNF I session corresponds lo a lime
window allocated to a DDS transmit station
The session classification priority can be
'normal','priority' or'emergency'

DDS receiving stations
Ihe DDS infrastruct;re at user premises
comnriscq an antenna a coaxial cable with a

maximum length of 30 m, the receiver PC and
a user LAN (Fig 7)

Tha ranairiinn qieiinnc 2ra adr rinnorl rrrilh :

Pentium-based PC running the Linux operating
system. with hardware chosen to provide

sufficient speed at moderate cost:

- 1U chassis with an 800 MHz Pentium-lll

- 256 MB of BAM

- Intal FlhorfYnreqs 1Ol100

- 36 GB UW-SCSI hard disk.

It integrates the Broadlogic 2030- 16 Satellite
Express DVB receiver card. which perlorms the
deconversion/decapsulation of DVB data
qlrc2ms intn lP nacketg. ThiS Card haS been
shown to be the one best suited for low-
rate SPCP carriers, starting from 2 222
Msymbol/sec (corresponding to 2 048 Mbps)
The Lirux driver is able to receive data at up lo
approxrmately 7 Mbps per logical channel

User inteiace
The Envisat receiver PC provides a WWW user
front end, offering maximum ease of use. The
header frame shows the system information,
the navigation bar provides access to one-shot
information and sub-menus, and the content

RX-PC
(1U rack mount)

Ethernet
(User LAN)

User data
repository

frame always shows the current system status
(DVB link, disk usage, LAN foruvarding and/or
disk cleanup activated)

Figure 8 shows the in tray, which lists all of the
dala nrodr rr:t filcs rivith their reference codes
enr-1 qizoq ihei heria hoon racoirronl cr rnnoccfr rllrivuvvuJv,u,, y

and are still stored on the local PC, ready to be
downloaded via the LAN The 'LAN forwarding'
menu (Fig 9) allows one to configure tor and
activate manual or automatic forwarding of
products from the PC to a user workstation

The System Summary display gathers on one
screen all of the parameters that are imporlant
for smoolh operations, such as the disk usage
of all file systems.

DDS operations and quality of service
DDS operations are integrated into the scheme

75 {l sat-rated
coax cable

Figure 7. DDS receiver
infrastructure

Figure 8. DDS receiver
intedace - in tray
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ENYIS,\T D \TA DISSEIII\ATION SYSTENI
Envisat code: \ \l //rl):

RJCPCnme: rrlrl)l)l s rrr1, r';t

currently used at ESRIN for ERS and
Earthnet/Th,rd Pany m ssion operations. The
DDS Operations Team is responsible for the
correct configuration and maintenance of the
system, The shift operators will respond
outside normal office hours to occurrences
where a prompt intervention is required (e.9.
crnritchinn in : l-)l-)S rorir rnd:ni chqin\ DDq
nnor:iinne rniill qlcn ho cr rnnnrfod hrr lho trOvvUvvvv|Lvvv}L||vLv

Help Desk (Fig 10) in terms of interfacing to the
users. and by lhe Multi Mission Integrated
Monitoring System (N/iN/lS) as far as the DDS
network and system monrtoring are concerned,

ESA central monitoring and control
Two types of commurications are toreseen for
the monitoring: remote access from lhe central
MIMS, whereby a file containing the current
system status is read periodically. and
asynchronous communication (traps) from the
monitored system. generated whe. one o{ the
cort'olled f;nctions changes irs stalus, e.g an
alarm is raised at a user station Mon tored-
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Under each icon there s a tree of functions that
can be 'nonito.ed fFig 12\: for exanple,
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interface configuration (e.9. LAN forwarding
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space). In the case ot a failure. the centra
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Fnr ovamnla tho l-]DQ operaTor can Lnlervene

remotely to tree disk space for .lew

disseminations MIMS provides for continuous
24 hour per day. 7 day per week monitoring of
critical DDS eiements.

As a complement to MIMS monitoring, DDS
nnnarrlno aartnrmannp ronnriq tnr oenhVEI lUlqLUD PUI lUl llldl luu rul.Jv Lo rvr uour I

receiving and transmitting stat on, allowing the
quallty of service for individual users to be
monitored These reports cover both the
transmit actlvity in terms of how may files have
been transferred. the throughp..rt. the stad/stop
time of Lhe satelite session, and tne receive
activity for each station in rerms ot the nunber
of oroducts acknowledged as s;ccessfully
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all their components. nainly via hot' elemerts
that can be activated immediately following
nrorlofinonl nrnnor]r rrrY' -----' JS. e.g. emergency
operatons inrtrated by MIMS. Redundancy ot
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a contract scheme with Eutelsat, which
guarantees equivalent capacity in the event of
an unrecoverable transponder failure.

Gost aspects of DDS
The major cost objectives for DDS
development have been to minimise the
investment in user infrastructure needed and to
allow low operating costs. This goal has been
achieved through:

- A user infrastructure making use of a standard
PC, custom built into a rack unit with
commercial DVB receiving board and
commercial W outdoor equipment at a total
cost of about SkEuro per receive module.

- A commercial satellite bandwidth with
redundancy scheme, leased at a monthly flat
rate corresponding to a cost of about 50 Euro
per gigabyte of up-linked data, or l kEuro per

0ay.

- The integration of a large pad of DDS
operations and monitoring and control into
the framework of Envisat operations, resulting
in a marginal cost.

The up-front investment in DDS was
mainly for the two transmitting
stations and the local-area
networking at PDHSS. These
investments can be seen as Earth-
observation infrastructure
investments in suooort of multi-
mission requirements.

DDS status and possible evolution
Status
At the time of writing, the
development effort has been
concluded and DDS is being
operated in support of the Envisat
rehearsal phase. lt comprises two
up-link stations fl-X) and 20 receiving
stations (RX), including receivers at
all PDS Processing and Archiving
Centres. DDS uses a satellite bandwidth of 5
MHz and makes available about 2.5 Mbps of
effective throughput for reliable multicasting
and broadcasting. Additional capacity has
been reserved with Eutelsat. Operations are

managed as part of the Envisat operations,
with all central tasks being handled at ESRIN.

By design, DDS is capable of supporting other
missions in parallel with Envisat, interfacing with
additional data sources beyond the PDS-DFs
io provide dissemination handling also to users
outside the Envisat community, This capability
is currently being used for the rapid repatriation
of ERS calibration data from Kiruna to ESRIN.

The DDS architecture is scalable to increase
the number of transmitting and receiving
stations, even allowing for the addition of other

transmitters at other European locations, within
the limits of the Eutelsat W1 footorint. Overall
DDS capacity can be upgraded to 8.5
MHzl4.25 Mbps by exploiting already reserved
additional capacity on Eutelsat W1 . The system
is dimensioned to support up to 8 Mbps.

Operations outsou rc ing
Some areas of DDS operations are candidates
for outsourcing once the satellite-services
market for data communications has matured.
In particular, the leasing and access
management of the satellite capacity and the
provision and maintenance of the receivers
could soon benefit from market offerings. The
satellite resources could be managed from the
service centre of a satellite network ooerator as
oart of its overall ooerations. ESA's New Media
Service Centre (NMSC) may supporl such
transfers. However, the actual data-handling
aspects of DDS will remain closely linked to the
PDHS operations and locations, at least for the
duration of the Envisat mission.

Conclusion
Ten years after the development of the ERS

Broadband Data Dissemination System (BDDN),

a new state-of-the-art data-dissemination
system has been put in place for Envisat. lt
represents a decade of technological evolution
in the Internet age, supported by ESA through
its Telecommunications Programme. A number
of ESA-sponsored trials have supported the
technology transfer from digital satellite TV rnto

the domain of Earth-observation aoolications.
The experience gained in this process has
been fundamental to conducting the DDS
development so quickly. The result is a cost-
effective dissemination service based on future-
proof standards and commercial offerings, to
the undoubted benefit of the user. @esa

Figure 12. DDS MIMS
monitoring tree
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the andromede mission

Taxi to the ISS - the Andromdde Mission

R. Ewald & G. Haigner6

Astronaut Division, European Astronaut Centre (EAC), Cologne, Germany

Introduction
The French-Russian Andromede mission in

October 2OO1 proved to be a good example of
new ways of fully exploiting the limited human
spaceflight opportunities currently available.
Called a 'taxi mission', the flight's main purpose
was to deliver a new Soyuz spacecraft to the
International Space Station (lSS) and take back
the old one, which had been attached to the
Station since May 2OO1 . In the Mir era, this
would also have meant an exchange of the
expedition crews, with the old crew returning to
Earth in the Soyuz that had brought them up.
The internationality of the ISS does not stop
with the building blocks and the crews, but also

With the arrival of the first ISS expedition crew in November 2000, the
permanent presence of humans in near Eadh-orbit continued, taking
over from what the Russian Mir space station had demonstrated for
almost fifteen years previously. The way in which operations onboard
ISS are conducted owes a great deal to inherited Mir experience, but
many of the things happening now in orbit are quite new and are
providing new opportunities also for the European astronauts.

applies to the space vehicles used to ferry the
crews and provisions to and from the Station,
which also come from several partners. Thus

the ISS crews are being fenied up and down
on US Space Shuttle flights for most of the
Station's build-up ohase.

This in turn means that the three crew seats of
the Soyuz spacecraft can be used for stays
of 6 to 8 days, and sometimes longer, on the
lSS. Thus while the first Soyuz taxi flight
included a tourist paying for a very special, but
completely personal experience, the second
Soyuz taxi flight had a programme involving

scientific, operational, and educational goals,

implemented as part of the European preparation

for the utilisation of the lSS. All of these tasks
were given to Claudie Haignere, a European

astronaut of French nationality based at the
European Astronaut Centre (EAC) in Cologne,

Germany. The French space agency CNES
took the lead for this mission, with the French

Government paying through a bilateral agreement
with Rosaviakosmos for the orovision of the
flight and the payloads.

Figure 1. Traditions and
official meetings punctuate
the days before launch for
the flight and the back-up

crew. From left to right,
Koseev, Afanasiev,

Haigner6, Zalutin and
Kushelnaya.
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Figure 2. Three hours before
launch, the functioning of

Claudie's spacesuit is
checked under oressure in

the launch position

Letter from the Andromide Astronaut November 2OO1

The Andromdde mission was successfully completed just a few weeks ago. ln recognition
of the fact that the astronaut on board is lust one link in the chain, scientific, technical and
general debriefings will be conducted in the near future to disseminate useful information to
all those who contributed to the success of the mission.

I am deeply grateful to the French, Russian, German, Spanish, and European-integrated
scientific teams who devoted so much time and energy to developing excellent protocols to
take advantage of the space environment for their pariicular scientific fields. I greatly
appreciated the expertise of the operational and technical teams, the priceless presence of
the EAC Flight Surgeon throughout all phases of the mission, and the availability and
competence of the teams of engineers supporting the different phases of the mission and
training, from CNES in Toulouse (CADMOS), and from ESA at EAC in Cologne and in Star
City.

I would like to offer my thanks also for the friendly and professional relationships with my
colleagues, astronauts and cosmonauts from Bussra, NASA and especially the European
astronauts at the Mission Control Centres rn Russla and USA. I felt completely integrated
with all the personnel and their teams and prepared for our common goal: working in space
for the progress of science and in preparation for the future steps taking humans fufther into
space. I was really happy and honoured to represent the European Astronaut Corps and
ESA in space. lt gave me great satisfaction to work in so harmonious an international
atmosphere, with a multi-cultural crew, with two Mission Control Centres, and with the
capacity to interact with the ground teams in the event of non-nominal situations occurring.
The functionalities of the /SS are already very wide-ranging even in this early phase, even if
it is not always easy to coordinate the schedules of the visiting and the increment crews.
That also means that for so short a mlsslon as mine, it was difficult to find enough personal
time to enjoy the sights and the exceptional experience of my stay there.

We have certainly learned a lot, but we still have a lot to learn. Personally, I already feel
ready for the next step. / am therefore very pleased fo see new European missions and
projects being scheduled for the near future aboard the lnternational Space Station !

zz

Claudie Haignere
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The training
In Claudie Haigner6, an experienced astronaut
was chosen for the mission. She had already
made a 16-day flight to Mir in 1996 and had
served as back-uo astronaut for three other
missions, including training for a long-term stay
onboard Mir involving an EVA (Extra-Vehicular

Activity). She is also the only woman to have
received the Soyuz Return Commander
qualification, involving special training in

returning the Soyuz safely to Earlh in an
emergency situation with an incapacitated
CTEW.

Nevertheless, as pre-mission training is also
aimed at bringing a crew together, she started
courses for her latest mission in January 2OOl

at the Cosmonaut Training Centre in Star City,

Russia. With her were two Russian colleagues:
Victor Afanasiev as Soyuz Commander, a

veteran of now five space flights, and
Konstantin Koseev as Flight Engineer 2, a

newcomer in space. Together, they travelled to
France to familiarise themselves with the
experiments to be conducted during the
mission. At a stop-over on the occasion of the
Le Bourget Airshow in Paris, the Andromede
crew and their back-ups met a large number of
the Eurooean astronauts and a Shuttle crew
that had just returned from space. During a visit
to the Johnson Space Center (JSC) in Houston,
the crew was also introduced to the US

segment of the lSS. For the final launch
preparations, Claudie and her Russian
colleagues travelled to Baikonur in Kazakhstan.

Onboard the ISS
In preparation for the incoming Andromdde
flight, the ISS Expedition Three member and
Soyuz pilot Deshurov first had to 're-park' the
Soyuz spacecraft from a docking node at the
FGB module to another at the end of the newly
arrived Russian PIRS airlock and docking port.

The Soyuz launch, the chasing of the ISS in
orbit, and the docking to the newly freed port
went flawlessly for Claudie and her colleagues.
She proved her capabilities by being the
first female and non-Russian fliqht enqineer to

Figure 3. Months of
intensive training on
systems and payloads help
to make a good crew: from
left to right, V. Afanasiev,
K. Koseev and C. Haigner6.

Figure 4. The Soyuz TM 31

spacecraft attached to the
PIRS docking port and
airlock.
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Figure 5. The shirt-sleeve
environment on-board the

ISS is ideally suited for
exoeriment work

occupy the seat to the left of the Commander -
another 'first' in Soyuz history. The hatches
between the two spacecraft were opened on
23 October, to the sound of applause from a
large French delegation back on Earth led by
French Prime Minister Lionel Jospin, who was
watching the event from the TsUP Control
Centre in Moscow.

The same night the personal items belonging
to the two crews were transferred from one
Soyuz to the other. Claudie set up her quaders
'around the corner' in the 'Quest' airlock
compartment, a late addition to the ISS for
sorties with the US space suit. There she fixed
her sleeping bag to a wall and arranged some
often used equipment around her. The long-
term crew, who stay for up to six months on
board the lSS. is given priority use of the
'cabins'. A busy programme of activities
followed, with the two crews working through
their planned timelines for the next eight days.

The in-flight programme
Claudie immediately started her flight
programme, which consisted largely of
experiments prepared by French and other
international groups.

Life- science experi ments
COGNI - investigated the changes in perceived
spatial orientation of the astronauts by means of
a computer and geometrical patterns displayed
on the screen. After a virtual ride through a
complicated tunnel system, the astronaut had to
reproduce the navigation pattern.

Cardioscience - took up elements of
investigations pedormed on the Mir space
station, such as anambulatory registration of
pulse, ECG and other physiological signals.

Biology
AQUARIUS - provided a ride into space for
embryos and tadpoles of two amphibic
species, Xenopus frogs and Pleurodelus
salamanders, to anlyse the development of
their graviperceptive organs. Their swimming
behaviour in space was filmed and the data
gathered will be evaluated, also with the help of
school children. In a third experiment, yeast
cultures were grown in space and analysed
after return to Earth.

Earlh observation
Lightning and Sprites Observations (LSO)

- intended to clarify the nature of puzzling light
emissions in the upper layers of thunderstorm
clouds by observation from the lSS.

IMEDIAS - an Earth-observation experiment
that will complement satellite observations with
digital photographs taken by astronauts of
specific problem areas on Earth where
desertification, deforestation, and other
processes are occurnng.

Phvciral cn/onnac

GCF Protein Crystallisation - made use of
weightlessness to grow larger-than-on-Earth
protein crystals for later X-ray diffraction
analysis.

PKE - the Plasma Kristall Experiment - is a
German-French-Russian collaboration to
investigate the surprisingly ordered structures
that micro-sized padicles ('dust') show when
left in a plasma without the influence of
uncompensated gravity. One of the first active
experiments to be conducted onboard the lSS,
it opened the laboratory in space to a new
group of researchers in fundamental physics.

Tec h n o logy, o perat i o n al aspects
SPICA-S - assessed the influence that the
radiation environment inside the ISS has on
electronic components by exposing such
equipment and documenting its functioning.

FAC - the Fr rrnnean Astronaut Centre's set of
experiments provided a pouch container
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('Mirsupio') for in-orbit use, to contain in

weightlessness small objects that would
otherwise behave rather like a bag of fleas,
With the help of medical questronnaires, the
astronauts' mood changes and sleep quality

were assessed, which are important indicators
of stress and the astronauts' ability to cope
with the demanding work day.

Education
As the mother of a four-year old daughter,
Claudie especially wanted to address children
and their curiosity when demonstrating the
environment of the Space Station and the
effects of weightlessness. Her message was
communicated in live television transmissions
and interviews to various venues where young
oeoole had been assembled to learn more
about space and its exploration. This also
involved active participation by the children and
students in the evaluation of some of the
experiments, for example AQUARIUS with the
yeast and the tadpoles.

Special events
In a series of television links with the lSS, the
political and international dimensions of this
nro2+ anzno anrloarrnr tr \Atara hinhlinhtorlvvuvv vl

France's political support for and interest in the
mission were well demonstrated in W links and
interviews with Claudie. A link with the highest
rnnrnonn+n+ir rno nf +h6 Fr rrnnocn I lninntv|JtvDvr rtoLrvvD vr il rv Lur vPvqr I vr ilvr I

culminated in the presentation of a floating 1

Fr rrn nnin qorrrinn ae rricihlo nrnnf nf iho

growing unity within Europe.

The renowned Spanish 'Prince of Asturias
Award 2001 for International Relations' had
been bestowed on the lSS, its crews and the
ISS Padners. On the occasion of the award
ceremony, the ISS crew were linked by W with
an assembly of the highest representatives of
the Partner Agencies who had accepted an

invitation from HRH Prince Felioe to visit Soain.
A moving moment was the farewell call from
NASA Administrator Daniel Goldin before giving

up his post in November. All in all, Claudie,
NASA Station Commander Frank Culbeftson,
and the whole crew proved to be excellent
ambassadors for the peaceful ideals for which
the ISS stands.

Help from the ground for the crew
The ISS already in the current state of its build-
up is a complex machine, too complicated to
be run solely by a three person crew. even
given enough training time. So two Control
Centres, the MCC at JSC, Houston, and the
TsUP in Moscow are constantly in contact with
the crew to provide planning. advice and
decision supporl. The initial planning is refined
on a daily basis and sent to the Space Station

each evening for the following day's activities.
All involved pafticipate via station-to-ground
links in two planning conterences per day.

Communication with the prime control centre
(N/CC) is vra the TDRSS relay satellites. During
passes over Russian territory. the ground
stations there can also be used with the help of
VHF radio. The French project group at TsUP
including the European astronaut Reinhold
Ewald serving as one of the French crew
intedace persons, had the opportunity to assist
Claudie and guide her through difficult parts of
the programme, at her request.

A group of scientists had gathered at TsUP to
run reference experiments and were eagerly
awaiting the data from space. Another group
with supporting staff at the CNES User Supporl
Centre (CADN/OS) in Toulouse received voice,
video and data through permanent lines leased
for the duration of the mission. At the MCC in

Houston another European astronaut, Michel
Tognini, took over as NASA CapCom when the
normal workday was coming to an end in

Moscow.

Crew medical support during the mission
Soon after Claudie Haignere had been
assigned as a crew member to the Andromede
mission, the ESA Crew Medical Support Office
at EAC assigned a team consisting of a Flight
Surgeon and a Biomedical Engineer to suppod
her throughout all phases of the mission.

The Flight Surgeon, who is responsible for
dealing with all mission-related medical issues,
suooorts the medical examination and
certification process. monitors potentially
hazardous training, supports the launch and
landing on site, provides in-flight support from
the medical console in the Control Centre, and
supports the post-flight rehabilitation process.

The Biomedical Engineer is responsible for all

Figure 6. Working together
in a concentrated way was
the key to mission success;
here Claudie (left) and
her Russian colleague
Konstantin Koseev are in
the ISS Service Module

4tr,
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Figure 7. Floating inside the
ISS from one job to another.

A lot of items have to be
unstored. restored. and

handled. with the helo of the
'Mirsupio' bag for small

items

Figure 8. Safely back on
Earth in the Steppes of

Kazakhstan

rnnhni^rl -.^^^t- r^l^+.| in mo|,cel q rnnnriLEUI ll llUOl O)PUUIJ lUldlUu rv | | ruuruur Jvl.JVvr L.

and also ass sts the Flight Surgeon where
necessary.

The medical support begar w th tle
nrenar:tinns for ttre fi.q BuSSial Slate MediCal

Commission meeting, which grants the
cprl [ir-:tin- no.oqq2r\/ lOf the COSmOnaU[S [O
enter training This initial certification was
fo lowed by periodic examinations and some
other. more exle^sive. investigarions Together.
Ihe resu Ls oI these exarinaTions contribute Io
the final certification for space fiight, which is

granted via another meet ng just pr or to the
flight aro can oe co^sidered the final go tor
launchl'

Another of the Fl ghr Surgeon s tasks is

lo revierv the scicnti+ic DrotocolS and lo
identify potential inconveniences due to
time conslrainls. st.esses nduced by
tne design of equipment. ard the level

and intensity of the workload, For
Claudie's mission, this was done in

close cooperation with the EAC Crew
Safetv Officcr Recommendalions were
forwarded to the ESA Medical Board
for final review and approval.

Tostino of onerationel l4619

The Bromedical Engrneer had also
coordinated the development of
operational software dedicated to in

flight crew-operation supporl known
as the 'N/edical and Private Instruments
Tool (MaPlT) This tool has integrated
medical-operation-specific and off-the
shelf software. aliowirg easy adapt-
:iinn in tha cnocrf in 1^,i^t-rno af aanhqlrvr I Lv Lr ru Jl.Juuilru vvlJl lu) ul udul I

crew member whilst still handling the
data involved privately and securely.
After a series of rigorous tests. MaPIT
srrccessfr rllv nassed the linal-
acceptance criteria of RKK Ererg;a.

EAC provided Claudie wth the 'Mirsupio', a
aonor:l-nr rrnnea \A/o2rehlo nen tnr qinrnrano

and lransport of equip'nent, consumables.
tools and personal ilems. In coo.dination with
the Andromede management and the NASA
Astronaut Office, EAC also provided her wjth
private in-flight e-mail access

Support from launch to landing
After supporting the launch campaign in

Baikonur, the Flight Surgeon moved to the
Moscow Control Centre (IsUP) to provide in-
flinht qr rnnnrt lho trS{ team had aCCeSS lO a
TsUP console and stood ready to respond to
any onboard medical problem, in close
cooperation with the Russian medical team At
this L,rre. lhe Bio'nedical tngineer was localed
at lhe CNES User Support Centre. where he
\^/as nn sla^.lhv tn rccalyg teChniCal iSSueS in

support o'the crew men ber and/or the Fligl-t
Surgeon.

For the landing, the ESA Flight Surgeon flew
back to Kazakhstan, to assist Claudie as soon
rq qha omarnad lrnm lho Qnrrr rz nnncr rlo A{1or

a quick medical check. she was flown by
helrcooter to the nearest airpoft. Karaganda.
During the immediate post-fligbt period, an
astronaut has to readapt to living on Eafth,
which usually involves a short rehabilitation
programme, Due to the short duration of the
Andromede mission, one week was sufficient

1
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ISS: Columbus

A. Thirkettle, B. Patti, P. Mitschdoerfer
ESA Directorate of Manned Spaceflight and Microgravity,
ESTEC, Noordwijk, The Netherlands

R. Kledzik
Astrium Space Infrastructure, Bremen, Germany

E. Gargioli, D. Brondolo
Alenia Spazio SpA, Turin, ltaly

In 2001, a total of 13 assembly and logistic flights to the ISS were
made, using both Russian launchers and the Space Shuttle, including
flights of the first European astronauts, payloads and Multi-Purpose
Logistics Modules (MPLMS). Several US, Russian and Canadian
elements have already been assembled in orbit (Fig. 1) and the fourth
Expedition Crew is currently onboard. The cornerstone of ESA's
contribution to this enormous international undertaking in space is the
Columbus laboratory.

On 27 September 2001, the Columbus flight unit arrived at the
premises of ESA's industrial prime contractor Astrium in Bremen,
Germany. Final integration of the module is now nearly complete and
functional qualification and acceptance testing is about to staft. This
article summarises the characteristics and functional architecture of
Columbus, its development, integration and test approach, as well as
today's qualif ication status.

Introduction
The Columbus laboratory is the cornerstone of
ESA's contribution to the International Space
Station (lSS; Fig. 2). lt is a permanently
attached, pressurised laboratory allowing
astronauts to work in a comfortable and safe
environment (Fig. 3). Columbus will supporl
very sophisticated research in weightlessness
for at least 10 years by providing accommodation
for experiments in the life and physical
sciences, space science, Earth observation.
and technology domains.

After completion of the flight-unit mechanical
integration phase in Turin. the Pre-integrated
Columbus Assembly (PICA) was delivered to
the prime contractor's premises in Bremen on

Figure 1.

Appearance of the ISS by
December 2001. (NASA)
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27 September 2001 (Figs. 4-6). Flight-unit final
integration will be completed by early 2002 and
final system functional testing will then start,
bringing Columbus a major step closer to being
ready for its journey into orbit.

Columbus characteristics
The purpose of Columbus is to support
experiments and payload operations once
attached to the International Space Station. lt
therefore provides internal payload accom-
modation. In addition. the External Payload
Facility (EPF) provides four payload platforms
for experiments, which are directly exposed to
space. Although it is physically the Station s

smallest laboratory module. it provides the
same payload volume. power. data retrieval,
vacuum/venting services. etc. as the others

ftable 1). This could only be achieved by careful
utilisation of the available volume and high
equipment packaging density.

The Columbus laboratory has a 4.2 m-diameter
nrilindrir-:l qArlti.\n nlnggj With Welded end-
cones, with a total length of 8 m, including the
EPF, and weighing about 10.2 t without research
equipment. The module has a pressurised

habitable volume about 6.1 m long. The
laboratorys total volume is about 75 m3, of which
about 25m3 is the working habitable volume
when all racks are installed. lt will be attached to
the ESA-provided interconnecting Node-2 via the
module's Common Berthing Mechanism (CBM)

Inside Columbus, the laboratory racks are
^.-^^^^i ^.^,,^! *^^ circumlerence of theor r4r rgvu or vur ru Lr rg

cylindrical section to provide the working

Figure 4. The Columbus flight unit being unloaded from its Beluga transporler at
Bremen airport, on 27 September 2001 . The servicer attached to the transport
container provided atmospheric control.

I
Figure 5. Columbus being
moved to its integration
stand in the prime
contractor's integration hall.
The ISS mock-up in the
background includes
Columbus and the Jaoanese
Experiment Module, both
attached to Node-2. The
dark cabinets in front of the
mock-up are the ETM racks,
the lighter ones are the
EGSE racks.

Figure 6. The Columbus
interior as completed in
Turin.
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Table 1 . Columbus pavload resources

ISPR: International Standard Payload Rack IVA: not applicable

environment for up to three astronauts. A total
of 13 racks are available for payloads, of which
10 are completely outfitted with payload
resources and 3 provide passive stowage
accommodation. System equipment that
requires undisturbed crew viewing and
handling access, such as video monitors and
cameras, switching panels, audio terminals and
fire extinguishers, is located on the starboard
cone. The remainder of the system equipment
is housed in the rest of the end-cone areas and
in three of the deck (floor) racks.

Columbus will be carried to the ISS by the
Soace Shuttle Orbiter. A Station-common
grapple fixture will allow the Station's Remote

Manipulator System (SSRMS) to lift Columbus
out of the Shuttle Orbiter and attach it at its final
location on ISS Node-2. Columbus will be
launched with up to 2500 kg of payload already
in place in its payload racks, which will be
complemented and/or reconfigured in orbit by
later launches of additional racks. The external
payloads will be installed in orbit, using the
SSRMS, as standardised packages interfacing
with the External Payload Facility.

Functional architecture
Columbus is a manned laboratory and is
therefore equipped with an Environmental
Controland Life Support (ECLS)subsystem, as
well as man/machine interface provisions. Air

Total Resources Internal External Remarks

Lo€tion: 10 active ISPRS

3 Stowage ISPRS

Centre aisle

4 interfa@ planes pointing
to zenith. nadir & flight
diection

8lateral rack positions sup-
port Active Rack lsolation
System Functional re-
sources from Standard Utility
Panels.

Mass:
- 2500 kg at launch
- 10160 kg onorbit

2500 kg at launch
9000 kg on-orbit

0 kg al launch
4 x 290 kg on-orbit

Electrical Power:
- 135kWtotal
- 120Vdc

5 x 6kW ISPRs
5 x 3kW ISPRs
3 x 1 2kW Standard Utiiity
Panels

2 x 1 25kW per extemal
payload lo€tion

Overall tobl during missim
depends on power availa-
bilityfrom ISS 1 2kWAuxil-
iary Power also available for
each Eck

C@ling: 1 mter cooling loop per
actve ISPR

Passive cooling

Data Management:
- 1 dedieted paylcd computer
- Crry interfaes by laptop
- Columbus payload bus

(MrL-STD-1553)

- US payload bus
(MrL-STD-1553)

- Columbus LmlArea Network
(Ehemet)

- American LocalArea Network
(Eu|emet)

1 @ld redundant per
ISPR

1 cold redundant per
active ISPR

1 6ld redundant per
active ISPR
1 cold redundant per
active ISPR

1 cold redundant per in-
terface plane for Colum
bus or American bus

1 @ld redundanl per in-
terface plane for Colum-
bus or Ameri€n Lo€l
Area Network
Analogue/dirrete
inputs/outputs

Telemetry and tele-
command links to,from
ground via ISS S-band
sy$ems

For mnitoring and control
of external payloads, and
commanding of ISPRS

Video:
- Video distribution (National

Television System Committee),
compression (Motion Picture
Experts Group) and transmission
to ground

- Vids €cording
- Video mnitoring
- Video c€meras

2 interfaffi peractive
ISPR eitherfor video or high-

rale data transmission

Data:
- Multiplexing and downlink (up to

43 l\4bits/s via Space Station
Manned Base and/ or Japanes
Experirent Module - in steps of
0.5 Mbps)

High Rate Data:
- 2 Fibre Optic directly connected

to the Spae Sbtion Manned
Base (each active rack laation)
for high rate data transmision
(generally used by American
racKS)

2 interfa@s per active
ISPR

2 cold redundant per
interface plane

Fibre opti6 interface at
ISPR, elecbical interface
at the Columbus Eliler-
nal Payload Facility

Vacuum & Venting:
- Vaorum line
- Venting line

1 perlateEl ISPR (xB)

1 peractive ISPR (x10)
N/A
N/A

< 2 28x104 bar

Nitogen Supply: 1 peractive ISPR (x10) N/A
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circulation fans continuously take fresh air from
Node-2, pass it into the crew cabin for
ventilation and then back to the Node for
refreshing and carbon-dioxide removal. Air
content is monitored for contamination from the
systems or payloads. The Columbus active
thermal control is via a water loop, connected
to the ISS centralised heat-rejection system via
interloop heat exchangers. An additional airl
water heat exchanger removes condensation
from the cabin air. The crew can control both
temperature and humidity.

All safety-related parameters of the system and
payloads are monitored and controlled by a

redundant set of computers (VlCs), which aleft
the Station in the event of a problem occurring
onboard Columbus. Both audio and visual
warnings are given to the crew, and laptop
interfaces allow the astronauts to 'safe' the
module from any location in the Station via the
ISS command and control data bus.

Non-safety-related system and payload data
are generated and distributed by the Columbus
Data Management System (DMS)- a series of
computers and other electronic equipment,
connected to the data busses and Ethernet
local-area network. The DMS is the basis of the
Columbus onboard software. lt is extended by
laptop applications and automated flight
procedures to provide end-to-end system
functions.

As mentioned earlier, the crew interfaces via

laptops, which can be plugged into the system
at many locations inside the Station.

Power for the complete Station is generated
centrally by large solar wings and routed to all

Station users. Inside Columbus. the oower
goes through the Power Distribution Unit (PDU)

and from there to all payload racks, external
platform locations, centre-aisle standard utility
panels and subsystems.

All data collected onboard Columbus, including
housekeeping, low- and high-rate payload and
video data, are multiplexed and then routed
through the Station to the ground control centres,
either via NASA's Tracking & Data Relay
Satellite System IIDRSS) or the Japanese
Experiment Module and related links.

The Columbus Control Centre, a facility at the
German Space Operations Centre (GSOC) in

Oberpfaffenhofen, further transmits the data to
de-centralised User Centres, which will have
direct access to the payloads under their
responsibility. In addition to handling the
command and control of the module, the
Columbus Control Centre will coordinate the

planning and timelining of all Columbus orbital
activities and will orovide the real-time
operational decision making.

Columbus development, integration and
testing
The Columbus development, integration and
test programme has a hybrid approach. The
classical project review system of design,
oualification and acceotance reviews are based
on lower level reviews. The model philosophy at
the unit level ranges from dedicated
qualification units to the protoflight approach,
depending on the complexity of the items.
Several units common to other prolects have
been adopted without further qualification, after
demonstration that they meet or exceed the
Columbus reouirements. Qualification of
commercial equipment required more stringent
environmental criteria to compensate for the
uncertainties of the reduced design and
manufacturing transparency.

A system-level engineering model as such does
not exist. Columbus functional oualification is

performed on the Electrical Test Model (ETM)

and/or on the Protoflight Model (PFM),

supplemented by analyses and best demon-
strations on various mock-ups:

ElectricalTest Model
The ETM is functionally identical to the
Columbus flight unit for avionics and software
items, and includes the complete power-
distribution and data-management system. All

avionics units are represented by their
engineering models. These are identical to the
flight models in terms of physical and functional
design, differing only in their detailed
manufacturing processes and parts quality. A
dynamic simulation of the liquid-cooling and
cabin-air loops complements the functionality
of the ETM. The latter does not contain
representative primary or secondary structures,
and does not represent the module physically,

but includes a fully representative set of power
equipment and data harnesses, which are
mounted in standard racks for easy access,
and all onboard software.

The other Columbus system items are simulated,
so that all system functions can be exercised
and used for troubleshooting in parallel with the
flight-model assembly, integration and test. ln
order to ensure end-to-end testing, the ETM is
functionally attached to specific Ground
Support Equipment (GSE), which simulates the
ISS and payload-interface provisions.

After completion of the ETM testing, the model
will be extended to become the Rack Level Test
Facility (RLTF), by adding flight-identical
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Figure 7. Columbus mock-
up attached to Node-2
mock-up in the pool of

NASA/JSC's Neutral
Buoyancy Laboratory, where

zero-gravity verification of
external operations (EVA)

has been performed. (NASA)

mechanical and thermal intedaces and thereby
providing all of the features required to test the
payload interfaces under realistic conditions.
Any future payload complement can then also
be tested during the lifetime of Columbus to
generate a realistic in-orbit operating scenario
for the payload under test. For those payloads

that will be launched within Columbus, this
testing will be done before their integration into
the Columbus flight configuration.

Protoflight Model
All remaining functional qualificatron activities
that could not be performed on the Columbus
ETM will be pedormed on the PFM. These
innlrrrla thnco ronrlir5mnntn +Fra+ nnai +hail ruruug Lr rvog rsvuil 9l I lul ILJ Ll ldL I luuu tl lv

complete physical system configuration, such
as electromagnetic susceptibility, internal noise,
microgravity disturbance and overall
contamination levels.

Mock-ups
Mechanical mock-ups of relevant parts of the
module were used in the early stages of the
programme to assess several aspects of the
laboratory's design, including its accessibility
and maintainability (1 g mock-up demonstrations).
Later in the programme, a complete Columbus
'zero-gravity' mock-up has been used to verify
in-orbit maintenance procedures, such as the
replacement of functional units and local repair
of the structure and harness, both from inside
and outside the module, while complying
with specific ergonomic and human-factor
requirements.

Structure
Structural launch environment qualification has
been achieved by analytical extrapolation of the

full-scale tests performed on the ASI MPLN/,

from which the Columbus primary structure
was derived. This analysis has been backed-up
by a dedicated Columbus modal-survey test.

Training
In order to support the training of all ISS

astronauts f or Columbus throughout its
operational phase, the Columbus Crew Trainer
has been developed. Mechanically speaking, it

represents the physical interior of Columbus
and simulates its functional characteristics.
One Crew Trainer is now at the European
Astronaut Centre (EAC) in Cologne, and a

second one forms part of the Space Station
Training Facility (SSTF) at NASA's Johnson
Space Center (NASA/JSC) in Houston.

A facility simulating the complete ISS onboard
avionics system for trouble-shooting and
change evaluation (e.9. software upgrades)

^rr ^r^-^^+ 'nterfaces durino thedut UJJ a| utut I tut I I I

Station s operational phase is available at
NASA/JSC. This facility is being extended as

new elements are attached on board the lSS.

The Columbus Software Verification Facility
(SVF) is a functional simulator, which is being
developed for integration into this overall ISS

simulation facility.

Flight-unit integration and qualification
Following the successful Columbus Critical
Design Review (CDR) in December 2000, flight-
unit assembly, integration and test was
released. Several requirements had already
been vedfied by then, among which were the
following:

- Cabin ventilation was verified in February
1999 on a mock-up of the Columbus interior,

using the fans and ducting hardware.

- Fire-suppression qualification tests were
conducted in March 1999 on mechanical
mock-ups of the relevant areas.

- The environmental- and thermal-control
systems were qualified in 1999 and 2000,
using a fluid-loop breadboard equipped with
the engineering models of the related
assemblies.

- A mechanical mock-up was used at Alenia in

Turin (l) to demonstrate and qualify in-orbit
maintenance procedures under 19. Another
mock-up was used for the first zero-gravity
verification of internal operations, which was
performed in a water tank at Alenia with the
supporl of ESA and NASA astronauts. They
also suppoded the final zero-gravity verification
of external operations, including ergonomics
and human-factor reouirements verification.
performed in 2000 at the Neutral Buoyancy
Laboratory at NASA/JSC (Fig. 7), which
demonstrated the ability to perform Extra
Vehicular Activity (EVA) servicing.
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- The primary and secondary structures had
been qualified in 2000 by pressure/leakage
and modal-survey tests to verify pressure

integrity requirements, as well as the finite-
element model.

- Tests performed continuously on the ETM in
Bremen helped to identify early and to resolve

any compatibility problems and deficiencies.

- The first test jointly performed with NASA and
the ISS prime contractor Boeing on data-
communications exchange between Columbus
and the rest of the ISS was successfully
comoleted in June 2001 .

The Columbus flight-unit integration began at
Alenia Spazio's premises in Turin in March 2001
with the integration of the PICA (pre-integration
phase), which comprises all mechanical items,
SUCN AS:

- primary and secondary structures

- thermal-control system [tCS) and environmental

control & life-support system (ECLS) equipment

- harness, ducting and plumbing

- illumination, crew support equipment, and

- external protection like multi-layer insulation and
micrometeoroid and debris-orotection items.

With the delivery of the Pre-integrated
Columbus Assembly (PICA) on 27 September
2001 to Astrium's premises in Bremen, a major
milestone in the development of the Columbus
laboratory was achieved. Flight-unit final
integration has started there, with Astrium
currently integrating all functional elements into
the Columbus module, including:

- Dower distribution units

- communications equipment (including video
and audio communication)

- data-management equipment, and

- flight-application software.

The Columbus module will then be ready for
functional qualification and acceptance testing,
once the module's ISS interfaces have been
attached to the relevant ground-support
equipment:

- Electrical Ground-Support Equipment (EGSE)

will provide resources for power and data
exchange.

- Fluid and Gas Support Equipment (FGSE)will
provide basic resources for cooling, gas and
arr supply.

The flight model of Columbus is planned to be
powered-up for the first time in February 2002.

The ETM test campaign has been underway for
over a year and will continue in parallel with the
PFM test campaign. The following tests will be
executed on the flight model:

- All system functions, including activation/
deactivation of the subsvstems.

- Hardware/software compatibility test, which
will require the greatest effort. This test will
include certification of the Mission Database
contents, which includes onboard and ground

software and all data used to configure the
software, such as sensor information,
command definition, downlink telemetry
packet definition and event messages.

- Mission simulation test, which will require a
similar effort in operating the system under
flight-operations conditions.

- All systems will be verified for compliance with
the specified electromagnetic environment.

- Several tests will be performed jointly with
NASA and the ISS prime contractor Boeing
to ensure full ISS compatibility.

- System tests for thermal and environmental
control, audible noise and microgravity
attenuation, offgassing characterisation of
the module's interior, and illumination of the
crew companmenr.

A oarticular feature of the Columbus
development programme is the involvement of
ESA astronauts as part of the project team.
Pedro Duque has been a member of the design
team for several years, participating in the
Critical Design Review, Neutral Buoyancy Test,

mock-up demonstrations and functional tests.
Thomas Reiter is co-located in Bremen for
familiarity training. Their involvement has
resulted in a design that should be crew-
friendly, and provides productive on-the-job
training for the astronauts involved.

Conclusion
Acceptance of the Columbus laboratory flight
model from the prime contractor will take place
in two steps. The first step is to certify that the

''anl' 'mF.' 'o -\,.+^m moota iic crrqfomVUIUIIIUUJ DyDLVI ll rr rvuro r(o oyorur | |

requirements, including external interface
requirements, without the payload facilities
having been integrated, The second step is to
authorise shipment of the integrated
Columbus, including payloads, to the launch
site in Florida, once the payload facilities have
been installed and successfully tested for
compatibility with the module. Columbus will
then be shipped to NASA's Kennedy Space
Centre (KSC) for pre-launch processing. Final

acceptance for flight will be achieved in

conjunction with the NASA ISS and Shuttle
programmes, and will include confirmation of
the readiness of the associated Ground
Segment, including the Columbus Control
Centre.

The Columbus laboratory's launch is currently
scheduled for October 2004. @esa
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The ESA Laboratory Support Equipment
for the ISS

A. Petrivelli
Laboratory Supporl Equipment Section, ESA Directorate of Manned Spaceflight and
Microgravity, ESTEC, Noordwijk, The Netherlands

The Laboratory Support Equipment (LSE) for the International Space
Station (lSS) is a suite of general-purpose items that will be available
onboard the Station either as self-standing facilities or as equipment
that can be used at defined locations. Dedicated to suppofting system
maintenance and payload operations, some LSE items are derived
from commercial equipment, while others have been specifically
developed for the lSS.

ESA is currently engaged in developing three pressurised facilities and
one pointing mechanism that will become part of the LSE
complement, namely:
- the Minus Eighty degree centigrade Laboratory Freezer for the ISS

(MELFT)

- the Microgravity Science Glovebox (MSG)

- the cryogenic storage and quick/snap freezer system (Cryosystem)

- the external-payload pointing system (Hexapod).

lntroduction
The LSE programme was stafted at ESA in

1994 following the finalisation of the Agreement
n Principle for ISS Early Utilisation, which was
subsequently trans ated into a Memorandum of
Understanding (N/OU) in 1997. According to
this Agreement, NASA provides ESA wlth flght
opportunilies and resources for accessing lhe
ISS before the ESA Columbus module is
launched ln exchange. ESA provides NASA with
nnnrlc :nal qorriinoq Thi^ i^^r,,!-^ +A- !. .., r^^
Vvvur u u our ! ruuJ, | | rlJ ll IUIUUUJ Lr lU UUVUIUP-

ment and delivery of the two pressursed
facilities - N/ELFI and MSG - and the external
payload pointing mechanism - Hexapod

laior lno IQF nrnnrer ^.,+^^.n^,i r^LULU . L U LUL l.Jr VVrUr I ll 'lu vvoo uAlul luuu tu
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sustaining engineering for MELFI, MSG and
Cryosystem Those additional items were
introduced with the ESA/NASA Arrangement
for the Columbus Laboratory Launch, s gned in

I997 In the same year, an MOU was signed
between ESA and NASDA whereby NASDA
provides ESA with twe ve ISS Standard
Payload Racks (ISPR) In return, ESA provides

NASDA with a MELFI unit, identical to those to
be delivered to NASA.

In additon. the LSE programme includes lhe
development of general payload Ground
Qr rnnnr.J trnr rinmant /GQl-\ c ,nh ec lha Toeluuvvv, L Lvu,|\Jl

Equipmert for Paytoad Developnent (IFPAD).

o'iginarly developeo 'or supporting the LSE

facilities, but now available as ISS interface
simulators for the development of any
pressurised payload (Fig 1)

From I994 onwards, the LSE programme
established and has ma nLaired programmatic
and technica interfaces with the NASA ISS

Payload Office and the NASDA Payload
n-^^^i .^.i^^ ^^...^,, ^^ with the NASA centresur gdr ilzdLtut t, dJ vvuil d.
raqnnncihla fnr iho rrrrinr rq eliccinlinoc raihinh

include Marshall Space Center (N/SFC)

Microgravity Program Office, the Johnson
Space Center (JSC) Environmenta Control
Depanment. the A'nes Research Center (ABC)

Life Science Prog.311 Office. and the Langley

TEPAD & other
common GSE

MSG
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Research Center (LaRC) Earth Observation
Missions Office.

As result of this activity, Joint lmplementation
Plans for all the projects have been established
and put under the control of the Multi-lateral
Payload Control Board (MPCB).

The LSE development programme
The four LSE prolects are currently at different
stages of implementation :

- MELFI and MSG have completed their design
and development phases. MSG was delivered
to NASA in October, and MELFI will be shipped
in March 2002.

- Hexapod is in the final stages of development,
with delivery to NASA foreseen for mid-2002.

- Cryosystem has been undergoing basic
scientific and utilisation reouirement
assessments. before starting the preliminary
design phase (Phase-B) at the beginning of
February.

The same general development philosophy has
been adopted for the first three prolects. The
Phase-B, which lasted about two years, has
included the development of breadboards of
the most critical eouioment and assemblies
and has demonstrated basic functional perfor-
mance. The main development phase (Phase-

C/D) was started in October 1996 for MELFI

and MSG, and in January 1998 for Hexapod.

Many technical challenges have been
encountered during the development of the first
three payloads:

- they were among the very first to be designed
for the lSS, for an environment and payload
infrastructure that were not yet settled

- the ten-year-lifetime and in-orbit-maintenance
design requirements for the two pressurised
facilities were important novelties, and the
design was heavily driven by those requirements

- the MELFI development included a significant
effort for the preparation of the two key
technologies on which the freezer's design
was based, namely the Brayton turbo-
compressor cooler and the super-vacuum
thermal insulation; significant breadboarding
and qualification effort was accomplished
without exceeding the restricted financing
available

- the MSG, as the first user of the European
Standard Payload Outfitting Equipment
(SPOE), had to adjust to the contemporary
develooment of those items and at the same
time serve as the test bed for their develooment

- the not yet settled ISS environment for the
external payload rendered the development
of the Hexapod external interfaces both
difficult and risky; only the good technical
coordination between the NASA and ESA

prolect teams has allowed progress to be
made in the develooment activities.

Ground models have been oroduced for MELFI
and MSG to support the science-procedure
preparation and crew-training activities. In

addition, engineering models for each facility
have supporled the development activities and
will be available for the sustaining engineering
during the operational phase. With the design
and development of MELFI and MSG, the rack
structural design and qualification expertise for
the NASDA-provided ISPR has been fully
acquired by ESA.

Following the Memorandum of Understanding,
NASA will assume ownership of the LSE
payloads and will be responsible for their
operation, but ESA will have to provide spares
and technical suooort for their maintenance.
These activities will be part of the ESA
Exploitation Programme, once it is initiated and
operational. Due to the time constraints,
however, the detailed responsibilities and
activities to be performed within the scope of
the general LSE programme agreements have
already had to be defined and agreed with
NASA. After many meetings and discussions, it
has been possible to baseline Logistic Support
Plans for MELFI, MSG and Cryosystem, which
have been accepted by all parties.

Conclusions
Within the ESA LSE programme, the MSG is

now integrated into the MPLM ready for an

expected launch by May 2OO2.The MELF|and
Hexapod activities will soon be completed in

Europe and these items delivered to NASA. The
Cryosystem is entering the design phase.

Significant experience has been accumulated
with these projects, not least in coping with the
many challenges generated by the Inter-
Agency Barter Agreement environment in

which they are taking place. So far, all of the
technical objectives for the individual facilities
have been met within the assigned
programmatic constraints. This allows us to
conclude that the ESA LSE programme has
demonstrated the usefulness and practicality of
the Inter-Agency Agreements, whereby the
participating agencies exchange goods and
services without a direct exchange of funds.
They have allowed optimal exploitation of the
resources available at the various Agencies.
Some hard lessons have also been learned, in

that the mechanism only works well if the basic
requirements - technical and programmatic -
and the procedures for handling changes,
which are unavoidable when dealing with long-
duration projects, are firmly established
together with the initial political agreements.
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MELFI

J.A. Jim6nez
Laboratory Support Equipment Section, ESA Directorate of Manned Spaceflight and
Microgravity, ESTEC, Noordwijk, The Netherlands

A. Brunschvig
Astrium Space, Toulouse, France

lntroduction
The Minus Eighty degree celsius Laboratory
Freezer for ISS (MELFI) is a rack-sized facility
that will provide the Space Station with a

refrigerated volume for the storage and fast
freezing of life-science and biological samples

1Fig. 1a.b). lt will also ensure the safe trans-
portation of conditioned specimens to and from
the ISS by flying in fully powered mode in the
Multi-Purpose Logistic Module (N/PLM)

installed in the Shuttle's cargo bay. Continuous
ooeration for uo to 24 months is foreseen for
each MELFI mission.

MELFI has been developed by the Agency
under various Barter Agreements, whereby
ESA will deliver three MELFI flight units to NASA
and one flight unit to NASDA. In addition, ESA
has agreed to deliver certain ground units to

NASA and to provide the necessary spares and
sustaining engineering to maintain them for up
to 10 years of operations.

ESA selected Astrium-Toulouse (formerly Matra
Marconi Space) as its prime contractor; the
other main sub-contractors participating in the
MELFI industrial consortium are:

- Air Liquide (fl, for the Brayton subsystem

- Linde AG (D), for the MELFI cold chain

- Kayser-Threde (D), for the electrical sub-
system and some rack components

- ETEL (CH), for the motor and motor-drive
electronics

- DAMEC (DK), for the utilisation hardware and
concept.

After a pre-development Phase-B study, the
main development phase (Phase-C/D) began in
January 1997. The Preliminary Design Review
(PDR) was completed by the end of that year,

and the Critical Design Review (CDR) was
successfully completed in summer 1999.
Staggered verification reviews were completed
by February 2002. The Qualification/Acceptance

Figure 1. (a) MELFI first
flight unit with one dewar

door open and a tray
partially extracted, and

(b) rear of the unit with the
cover removed to show the
nitrogen piping interfacing

with the cold box (upper
container) and the four

dewars
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Figure 2. The reverse
Brayton thermodynamic

cycle

Figure 3. MELFI block
diagram
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Beview in Europe tor the first MELFI flight unit
will take place in March 2OO2. The final
verification process using the ISS and N/PLM
simulators located at Kennedy Space Center
will start in May 2002. Thereafter, the MELFI
first flight unit will be ready for launch in
Scntcmher 2OO2 lt s nlanned to launch MELFI
to the ISS on the ULF-1 flight in January 2003.

The cooling concept
Many trade-off and technology studies were
carried out before selecting the cooling
concept for MELFI. The key drivers were:

- Low electrical power-budget allocation
(900 W) for the size of the cold volume and
the low working temperature

- Higl- reliability (two years of continuous
nncratinn) ancl c:qrr maintenance.

- Very low thermal leaks to cope with a power-
off time of 8 hours.

- Very low disturbances to the ISS microgravity
environment

- Very low acoustic-noise requirements
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From the outset, the technology for a -80'C
freezer was identified as being very difficult to
achieve, involving the development of new and
very challenging technologies and/or the major
adaptation of existing ones.

At the beginning of the 1990's, and after an
extensive trade-off with the Stirling cycle. the
rA\/AraA Rrar,4nn a\/.lo rarno onlnn+nA fnr +haruvurou ur qyrvr I uyurs vvoD JUtguLgu tut U tu

cooling thermodynamics. lt was chosen mainly
for its power efficiency in the temperature range
of interest and for the reduced microgravity
perturbation. thanks to its being a rotating
rather than a linear machine. The cold power
production relies on a closed thermodynamic
loop. in which nitrogen gas is compressed.
cnnlor^l :nr-i ovn:nr'lod tO aChieVe the lOwe,,v v/\vq,,vvL

temperatures required (Fig. 2). Depending on
tho olantrin:l nnrnror nrnrrinlod in tha Rrerrinn

vr v v rvvv

machine. the temperature in the expander (step
#4) can reach values as low as -95"C.

Th^ h^^+ i^ -^-^.,^! frnm lho camnloe hrr| | lE I lvdt lJ lul I IUVUU ru rqr I rvruo uy
passive means, i.e. conduction and radiation

onlv eoolinr^r hv torced Convection
was eliminated during the early
stages of the project because fans
inside the cold cavity are not reliable
(easily blocked by ice). increase
electrical power consumption, and
generate acoustic noise. Also, it is
rliffinr rlt tn nrndrrna nranlintchlo

convection flows to the samples.
hcc:r rqo the flnrnr dangplg On the
filling status. Natural convection due
to gravity effects occurs when MELFI
is on the ground, but it has been
designed to meet the requirements
without convection.

The system and its capabilities
Figure 3 shows the main system
components. The cooling engine is a
Brayton turbo-machine, which
nrnriidoc fho flnrni nf nnlel nitrnnon

The rotating components are theISS D,I.I'CTRICAI, PoWI'R & DATA I,INI]S

DEWAR 4
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turbo-expander, the compressor and the motor
magnet. all of which are integrated onto a
single shaft supported on gas bearings. This
bearing technology was selected because of its
long lifetime and the low-perturbation
requirements. Two radial bearings supporl the
shaft close to the compressor and turbine
wheels, while one axial bearing carries the axial

forces introduced in the shatt by the wheels'
aornrlrrnrmicc Tho h^^/i^^. rrn maAn a{uurvuyrrurrilvo. rrru UVdl lllV) Ol E lll4UE Vl

tungsten carbide to withstand the friction that
occurs during the starting and stopping of the
shaft The shaft itself can run at speeds in
excess of 90 000 rpm, depending on the
cooling energy required. The gap between the
static and rotating pafts of the bearings is only 1O

microns. lt is therefore very important to
balancing the shaft very precisely, and the gas

circulating in the cycle must retain very high
levels of cleanliness The machine is cooled by
water running through the motor heat
exchanger that surrounds the caftridge.

The Brayton motor relies on brushless and
sensorless technology. Brushes are not
suitable for the high speed and the long-life
requirements, and they generate pollution. The
sensorless technology was selected for its

robustness in the cold environment and because
it allows the very high rotor accelerations
required to 'lift' the shaft on the gas bearings
after lust a few turns. lmplementation of this
technology proved a major challenge,
especially in controlling the motor starting phase.

The heat exchangers needed to implement the
Brayton thermodynamic cycle are integrated
into a closed container called the Cold
Box, into which the Brayton machine is
inserted to form an integrated
aoonmF l', ^-ll^rl tho RrarrinnoJJUllluly uqrrvu Lr ru ur qy rvr I

Subsystem. A set of tubes (Fig. 1b)

distributes the cold nitrogen to four
independent cold cavities (the

dewars). The supply and return
nitrogen flows are in concentric tubes.
The nitrogen tubing provides the
nnnlinn nnr,vor tn tho deWafS in a
nlncad lnnn /i o iho niirnnon ic nnt in,vvv \,.v.

direct contact with the samples in the
dewars), at the so-called 'cold fingers'
that house the load heat exchangers.
A valve at the tip of each cold finger
regulates the nitrogen flow. In this way,
tho tAmnorAtr rrc in thc deWafS Can be
controlled independently in three
operating modes (at -80, -26 and
+4'C). The dewars are designed to
improve the thermal coupling between
iho camnloq anel tho nnld finnorc| ,v,vu q, vv,v ,,, ,vv, v.
A l..a++a.,, ,'.t/i,,^^ -r^rm^^r-+, ,r^ n^+^A Udt LUI y-UIVUt I tUt tpur dLUrU UdLd

Recorder [DR) provides the ability to

ronnrd tho +omnar2ir,.g in the dgWafS When

MELFI is not powered All of the areas where
the electronics could dissipate significant
amounts of heat are instrumented with thermal
switches that control potentially hazardous
situations within the ISS (fire protection).

Tho olonirinal crrhcrrciom nrnrrielaq nrrorell,vu, vvvvJ vrv, | |

control of the MELFI system and powers the
Brayton motor and control electronics (Fig.  ).

The freezer's continuous availability is crucial to
mission success and it is therefore imperative
that failure of any sensitive component be
recoverable within the maximum time for which
N/ltrl trl nan nr^ia.+ tho cqmnloc in neccirra

mode, namely B hours. Consequently, the
Eleclronics Unit (EU) and the Brayton machine
have been designed as Orbital Beplaceable
Units (ORU). with spares for each available
onboard (Fig. 5).

MELFI is integrated into a six-post aluminium
rack provided by NASDA, and manufactured
by Japan's lshikawajima-Harina Heavy
lndustries. The lHl rack was selected because
it was already space-qualified, meets the ISPR

mechanical intedaces, and is the only existing
rack structure able to carry MELFI's maximum
mass of about 800 kg

Designed for an operational lifetime of 1O years,

MELFI has been qualified for 15 launches in the
N/PLN/. lt has been basically designed for
installation in the US Lab module of the lSS, but
efforts are underway to interJace it with the
Japanese Experiment Module (JEM) also.

Figure 4. Close-up of the
front face of MELFI,
showing the active
electronic unit control oanel
(upper right). The spare
electronic unit is partially
visible to the left of the
active one. Below the active
electronic unit, the cover
plate has been removed to
show the Cold Box with the
Brayton machine inserted

. ,t,

.@
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Figure 5. The Brayton
machine cartridge (top) and

the machine shaft, with
compressor and turbine

wheels removed to show
the radial and axial gas

bearings

Figure 6. MELFI tray with
the foam insulation block

attached to the front of the
tray In this configuration,
the tray includes two 1/4-

size box modules and one
1/2-size box module

In addition to the four flight units, the project
includes the following ground units:

- Laboratory Ground Model (LGM), to be used
in qt tnnnrl cniontifin cnmnla -^^^'-'-^.l-li^-LU ruVVU| I Jvlgl lllrl! oOl llF/lE CUUUI lll l|UUOtlUl

in MELFI and the development ot sample
ntegration procedures. This unit is a fllght-
like stand-a one dewar that nc,udes all t.e
slandard samnle-:ccon-rnooation nardware

- The MELFI Training Unit, which will supporl
active crew training in a flight-like environment,

- The MELFI Engineering Unit, whlch is a fully
integrated rack thal wil' suoporl sustain,ng-
eng reer'ng 'unctions.

System utilisation
The utiiisation ot MELFI requi.es very close co-
ordination between the scientists who will
.on.lr r.l lho cynprimortts aboafd the ISS and
the ISS cold sto.age team lt is imponant to
know well in advance the type of sample,
camnla cnnieinor end nnnlinn anrl clnranourv, syv

requirements, so that the integration of all

exper,menls can be properly plarned, The
lime-lining betwee^ the associared expe' ments
and N/ELFI also has to be correctly co-
ordinated

The utilisation scenario will provide late access
to MELFI whilst the Shuttle s on the launch
pad. There will also be rhe possibility ro have
oarlv:neecc tn rolriorro ihp cemnlaq nnno rho

Shuttle has landed N/ELFI provides the
nAaAcc2r\/ nrnt tnnl-cr rnnnrl anr rinmoni r^ a2ra\tJ Y'""'
nr rt thoqp nnar:iinnc ln nrhii ihp qrmnlaq cen

be transfe'red at facility evel by exchangrng the
complete rack. or al l'ay leve' by using the
MELFI-provided in-orbit transfer bag.

Each dewar includes four trays, each of which
can be extracted without disturbing the
samples in the oLhe' three. In addition. MFL Fl

provides standa.d acco'nmodatron hardware
'or the insertion of samplss of ditferent shapes
:nrl qizoq lFinq A R 7\'

Standard vral card. This card is a flat
alum nium plate (10 x 1 I cm) that can carry
vra/s ranging from 2 to 10 ml in size, and
nt*anhnA A'/ ^l-.li^ l^^na F:nh narr-.1 nendt lOUl IVU Uy VIOOLIU lvvPJ. LoUl I Vql U vO

accommodate up lo 20 small vials ('O eac'
side) or 1O large (long) ones (5 eacl- side,;,

to
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- Contact cards Similar to the standard vial

card, but designed to improve the thermal
cnnd ,rtivitv hctrnrcpn Lhe Card and lhe bOX

module. tl-ereby Increas ng the cooling rale
I his caro fearures e astic loops to restrain
vials (4 ong or 8 sma l) on one side, and
Velcro straps to accommodate irregular
shapes (with one flat side) on the other

- Standard box modules, The boxes rnre'{ace
directly to the trays and can store a number
of vial cards, vial bags, or any large sample
that fits the module Elastic bands are
nrnvidcd to scc.,rc he CardS,

Receiving box module 7 This module is

oenticat n size and shape lo l^e slandard
ore. bul provides a dedicated nledace to
hold the Contact Card to improve the thermal
conductivity. lt also p'ovides a special
interface to accommodate 'bottle holders',

- Receiving box module 2' ldentical in sze and
shape to the standard one, il leatures a sol,d
bottom profile nsLead of a perforated one for
hotror thormal nnr rnltn^ L1^l'^,^^^ lhn lrn', +hnUgl.Ul ll lU | | lol vvuvl I I UELVVESI I Ll lE Ll Oy. Ll lg

box module and the insefted samp es

It w ll be user's responsibi ity to provide the
dedicated accon-rodalon hardware needed
{^" -^^^t^t ^^^ti^a+innarvr JpEUrqr qppiluqLrw o.

In-orbit commissioning
The MELFr system has bee^ ful y ver fied o^ the
ground, w th the therma performances in
particu ar oei^g 'neasured during exter-sive
tests, The cooling performances that will be
ach eved in orbiL have been predicted by
ana,ysrs. ;sing tlermal nodels correlaied du'ing
the grourd lests. lt is necessa'y to confir.'l i-
orbit that those pred ctions are correct,

In additon to the standard cbeckout of the
general interfacing and system functionality of
the MELF rack, the in-orbit commission ng of
the first N/ELFI fl ght unit will include verif cat on
nf 'ha ra'. rl aaal,nn ^^rfnrmannoc nrnrrielori lnUl tl lY OUtUCI UVV|ll ILJ PVI lVl I lql IULO l.-lUvlUUU lU

the sarples, For this. tSA has developed 1le
MELFI Or-O'bit Con-missioning Fxperiment
(N/OOCE) wh ch provides addltional nstru-
menratior in rhe oewar colo cavity that holds
the scientif c samples MOOCE's 24 thermo-
couples p'ovde comprelensive temperature
mapp ng of the tray, the box modules and the
samp es During the test, the MOOCE's
exLernal data-acq-'sitio^ un t will prov de
continuous recording and de-multiplexing of
the temperarure daLa, wh ctr will s-bseque^tJv
be 'errieved via the ISS raptop ano the tests
results sent to ground us ng the ISS downlink
communication services

Conclusions
WiLh Lhe VFLFI p'oject. ESA and Eurooea'
space inoustry have joi^tly develooed nove

Figure 7. A1/4-size
standard box module full of
standard vial cards with
frozen samples

tochnnlnnios anrj inton;glgd lhem inLo a newu,,u ,,,LUV

.^-^^ +r^^?^r thn- '.,ll nrnrr do tho cnianlifieJpolE ilEElgr Lr rot vv il lJrvv uu lrru curg ililu

community with a large permanent cold
r^^i i'. i^ -^^^: lor the [irst time, TheJturd\,u rdur rry il r JPou(

Agency and its MELFI contractors now look
forward to contributing thelr expertise to
kaoninn lho l\/1tr, Fl circlom noar:tinn:r in nrdor

to foster and grow the interest of the scientif c
community in doing sc ence aboard the ISS in
the years to come,
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Figure 1. The Microgravity
Science Glovebox (MSG)

ready for integration into the
MPLM
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lntroduction
The Microgravity Science Glovebox (MSG) for
the ISS completed its development and
verification in Eurooe in October 2001. After
shipment to NASA KSC, it underuuent a last
series of ISS interface tests before being
integrated into the MPLM on 1 March 2002.
From May onwards, it will equip the ISS with
unique and multidisciplinary laboratory support
caoabilities.

The MSG has been designed as a modular
multi-user facility for performing a wide variety
of materials, combustion, fluids and bio-
technology investigations in the microgravity
environment (Fig. 1). Primarily it provides an

enclosed and sealed Work Volume (WV)

equipped with lighting, mechanical, electrical,
data, gas and vacuum connections, and
thermal control. The WV is orovided with built-
in glove ports for safe handling by the crew and
isolates the item under investigation from the
operator area and the general ISS environment.
An attached Airlock (AL) allows specimens and
tools to be inserted or removed during MSG
operations with limited environmental exchange
between the WV and the ISS cabin. The MSG
facility will also accommodate minor repair/
servicing of hardware requiring a clean and/or
an encapsulated working environment (e.9.

the Fluid Science Laboratorv's investiqation
containers).

The design and development of MSG has
evolved substantially from the former Spacelab
and Mid-deck Gloveboxes that have been
flown on numerous Soace Shuttle missions
and on Mir. Significant enhancements include a
substantidly larger working volume to house
bigger experiments, increased power
availability, enhanced diagnostics and data
control, and temperature and humidity control.

The facility has been developed by ESA for the
NASA/MSFC Microgravity Program Office and
includes both flight and ground units. The three
ground units - Ground Laboratory Unit, Training
Unit and Engineering Unit - have all been
delivered to the relevant NASA entres and have
already been used extensively by the MSFC
Integration Team for experiment development
and by the crew for training (Fig. 2).

The development contract was awarded to an
industrial team comoosed of:

- Astrium GmbH (D), Prime Contractor,
responsible for System Engineering, Integration
and Verification
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- Rred[nrr] trnninoorinn /Nll \ racnnncihlo lnr

tho Cnra F:cilitv:nnl the VideO DrawerI uv,,,LJ u, ,v

\ /nrhanr+ l-lnoinn .nnl Darrolnnmant /R\- vEl llqgl L uvolvll ql rv uuvurvPr rrurrL \ui.
responsible for the Airlock and the Outfitting
Equipment.

At a laler stage, the team was joined by Laben
/l\ rocnnncihlo fnr tho An:lnnrra \/idan lntorf:no

Board,0 and Atos-Origin (NL). responsible for
the MSG Application Software.

System architecture and characteristics
The MSG has been developed following the
science requirements defined by the MSFC
Microgravity Science Team, and the functional
and interfaces requirements for ISS payloads,

defined by NASA Johnson Space Centre (JSC).

It is integrated into an ISS Standard Payload
Rack (ISPB)

The MSG system architecture (Fig. 3) is built
around the Core Facility (CF), hosting the
investigations in the VW and providing them
with all the resources needed The other main
nariq n{ iho feniliiri:ro'

- the rack infrastructure with ESA's Standard
Payload Outfitting Equipment (SPOE),

consisting of the Remote Power Distrlbution
Assembly (RPDA). the Standard Payload
Computer (SPLC), the Avionics Air Assembly
(AAA)

- three lSlS stowage drawers with supporting
equipment for payload operations and
consumables for facility operations

- the lSlS-based Video Drawer Assembly (VD),

supporting optical investigation diagnostics.

Figure 4 shows the Flight Unit (FU) rack during
Electro-Magnetic Compatibility (EMC) testing at
Astrium.

The MSG facility has been built for a projected
ten years of operational use in orbit. lt will be
initially accommodated in the United States
Laboratory (USLab), but could be moved at a
lqlar a+rna +^ tha tr' 'rnnnrn f\^l',mh, ,oruLur rLUVU rv LUI WPVOI I VUIUI I IUUD

Laboratory.

Core-Facility capabilities
The Core Facility includes the large Working
Volume (W\f, the Aidock and electronics for
nnntrnl hnr rcokoonin6 anA invno+inn+ianuvr rLr vrt I rvuoer\uuvil rV dl lU ll lvUJLlVqLlul I

resources and it occupies the upper half of the
overall rack (FiS. 4). The Command and
Monitoring Panel (CMP), located on top of the WV
for ease of crew operation. monitors the facilitys
status and pedormance and provides all means
for the manual operation of MSG by the crew.

The VW is a large confined volume of 255 litres

offering two levels of containment for
investigations. The first level is achieved by the

nhvsical harrier of thc wall and the second
through an under-pressure in the WV
compared with the surrounding environment,
i.e. in the event of a leak, any airflow will always
go into and be confined within the WV. The
continuous air circulation inside the WV and
Airlock that maintains the under-pressJre is
filiorod end nnnlad nrnrridinn hnth a nloqn-

room environment and the possibility to remove
up to 200 W of thermal energy from the item
under investigation.

Figure 2. The MSG Training
Unit

Figure 3. The MSG system
architecture
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Figure 4. The MSG flight-
unit rack during EMC testing

at Astrium

Figure 5. The MSG Work
Volume (WV)

Figure 6. The MSG Airlock

The WV is provided with front and side ports for
access/loading, all of which can be equipped
with gloves. The WV can be slid in and out of
the rack assembly to afford access to the side
ports for the initial introduction and manipulation
of investigations, and to fix accessories such as
the cameras to selected mounting points. The
entire front sufface of the WV is a Lexan window,
which provides the operator with a wide
viewing angle. For investigations needing a
darkened environment, the window and the
lateral panels of the WV can be covered with
special stray-light covers.

The large Work Volume and the large access
ports make it possible to perform large and
complex investigations, and two investigations
can be accommodated simultaneously. Other
experiments can be bolted to the bottom of the
WV and to the left part of the back wall (Fig. 5).

The WV's internal lighting can be dimmed, and
there is also a spotlight to provide illumination in

restricted areas. An Investigation Cold Plate
embedded in the floor of the WV allows
removal of up to 800 W of heat from the
baseplate of the investigations.

The Airlock (Fig. 6) provides access through a
sealed and tiltable top lid and has its own WV-
independent internal lighting.

Video Assembly characteristics
The Video Assembly (VA) has been contributed
to the MSG pro1ect by the Dutch Agency for

Space (NIVR). lt is integrated into a
dedicated active International Subrack
Interface Standard (lSlS) drawer,
provided with a sliding top lid for easy
access (Fig. 7). lt is a self-standing
subsystem including 4 colour cameras,
2 monitors, 2 analogue and 2 digital
recorders. a touch pad. power
distribution, a power and data line and a
controller board. Thermal control for the
powered components inside the Video
Drawer is provided by a rear suction
fan for air circulation to transfer a
maximum of 125 W to the MSG internal
air-cooling loop.

The VA has a dedicated controller that
allows the user to command the video
system via an input device connected to
the RS-422 serial intedace (normally
connected to the MSG SPLC) or via the
touch pad. The functiondity provided
through these digital interfaces is in

addition to the fully hardwired command
possibility via the drawer front-panel
switches and the individual local
command functions on the recorder,
monitor and camera units themselves.

Three dedicated, sealed feed{hrough ports in

the front corners of the Work Volume allow the
use of all external MSG video components
(video cameras. monitors, touch pad. etc.)
within the WV.

Command and control capability
The MSG facility will allow both unattended and
crew-attended investigations, and therefore
many different command and control
capabilities are offered. In the local mode, the
crew can introduce commands via the Control
and Monitoring Panel (CMP) and, in some

44



esa laboratory suppod equipment for the iss

cases and for a limited set of commands, also
through the Internal Control Panel (lCP) inside
the Working Volume. In the remote mode,
commanding is possible via:

- the MLC, which can be hooked up to the
MSG internal MIL 1553 Bus at the MSG front
panel. A subset of non-safety related
commands is available.

- lhe MLC connected to the ISS MIL 1553
Bus, from the MSG

- the US Lab System via the payload MDM

- by ground commands, which are accepted in

parallel with CMP controls; this mode would
also allow unattended operations for non-
hazardous investigations or unattended
^+^^ih\, ^^^+,^lDLAr rUUy UUr rLr Vr.

Facility operations
The MSG rack will be launched in oassive
mode in the MPLM on ISS Utilisation Flight
No.2 (UF-2), foreseen for May 2OO2.lI willthen
be moved to its location in US Lab, for in-orbit
commissioning. After the successful
completion of this phase, it will be ready to start
its operational life.

The experiments will be launched/retrieved
within stowage drawers (Express Racks or
Resupply/Stowage Racks) or Shuttle Mid-deck
Lockers. During certain MSG operations (such

as cleaning of the WV, filter change outs) they
can be stored temporarily within other MSG
racks and stowage drawers.

The MSG can operate in an open mode, with
air circulating from the WV to the MSG rack
interior, and in a closed mode with air
circulating only within the Work Volume. There
is also the possibility to maintain in an inert dry-
nitrogen atmosphere such that the oxygen
volume is kept to 10% or less.

The MSG will also accommodate ISS Laboratory
Support Equipment (LSQ, such as general-
purpose tools, fluid-handling tools, cleaning
equipment, mass-measurement devices, a pH

meter, a dissecting microscope and supplies,
digital multi-meters and a compound
microscope. Apart from the equipment required
for the general upkeep of the WV a significant
amount of resources and outfitting equipment is

available for MSG science investiqations.

Science and information interface
Glovebox investigations cover four major
disciplines: material science, biotechnology,
fluid science and combustion science. A similar
peer-review process to that used for earlier
Space Shuttle missions is being applied to
select the investigations to be flown in the MSG
by NASA's Microgravity Research Program
Office (MRPO). ESA has utilisation rights for this

facility and will therefore pre-screen the
European-proposed investigations and then
present them to NASA for final approval.

Both NASA and ESA periodically announce
microgravity research opportunities via NASA
Research Announcements (NRAs) and ESA
Announcements of Opportunity (AOs),

respectively. More details can be found at:

http://floyd.msfc.nasa.gov/msg, and hIIp://
www. esa. i nt/exoort/esaH S/research. html.

To assist potential Pdncipd Investigators (Pls),

there is a MSG Investigation Integration Team
located at NASA's MarshallSpace Flight Center
(MSFC), composed of a core group of
managers, engineers, and support personnel.

This Team oversees the intedace and safety
requirements, the schedule for meeting ISS

template milestones, the administrative support
for documenting intedaces to the MSG facility,

and the investigation manifesting, analytical
integration. and flight operations. lt also
supports the investigation development teams
in ensuring that the engineering interfaces to
the MSG and the ISS are met. The investigation
integration process and schedule are defined in
the Microgravity Science Glovebox Investigation
Integration Plan (MSFC-PLAN-3052), which
also addresses the imolementation activities
and the development of data products.
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Figure 7. The MSG Video
Assembly, contributed by
NIVR (NL)
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Gryosystem
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lntroduction
The Cryosystem is an ultra-low-temperature
facility for supporting life-sciences payloads in

space. lt brings together a unique set of
facilities for the optimal preparation, preservation

and storage of biological samples and protein

crystals at cryogenic temperatures. Thanks to
its ultra-rapid cooling capability and its relatively
large cold volume, it will provide a great
improvement in the quality and quantity of
science investigations in the fields of llfe
sciences, physiology and biotechnology.

The Cryosystem will complete in the ultra-low
temperature field (-1BO"C) the range of freezers
provided by ESA to NASA for use on board the
International Space Station (lSS), the other two
systems being N/ELFI working in the
temperature range from +4 to -80'C. and the
Crew Refrigeralor Freezer covering the range
from +4 to -26'C.

During the Cryosystem's preliminary design
phase (Phase-B), which has started in February
2002, prototypes of the complete freezers as
well as some in-orbit support equipment will be
developed to prove the feasibility of the
proposed concepts. The design phase is

therefore foreseen to last about 18 months,
concluding with a Preliminary Design Review
(PDR). The subsequent main development
phase (Phase-C/D) will be concluded with the
delivery of the last freezer unit, in 2008.

Since the ISS assembly sequence is currently
under review, the first launch of a Cryosystem
element is not yet fixed, but the On-Orbit
Preservation Rack (OPAR) could be launched
in the Centrifuge Accom-modation Module
(CAM) not earlier than January 2008.

The Cryosystem industrial development team
selected consists of:

- Astrium (Germany), Prime Contractor,
responsible for systems engineering, integration
and verification, as well as for development of

the rack infrastructure

- fAir Liquide (France), responsible for the
cryogenic cubsystem, including the freezer
drawers and the associated orbital and
ground-support equipment

- Thales Cryogenics [he Netherlands), which
will be responsible for the cryocooler's
development

- Damec (Denmark), responsible for the science
interfaces and utilisation hardware.

System architecture and operational scenario
The Cryosystem is being developed to meet
the science requirements defined by the NASA
Science Working Group, and the functional and
interface requirements for ISS payloads defined
by NASA Johnson Space Center (JSC).

The head of the system is the Cryogenic
Storage and Quick/Snap Combo Freezer.
Contained within one drawer, it will support the
following functions:

- storage and preservation of already frozen
biological samples and supplies contained in

vrals

- ultra-rapid cooling and 'snap freezing' of
various specimens, such as tissues, eggs
and cells

- transportation to and from orbit of specimens
and supplies

- transpoftation of specimens to/from other
ISS racks, such as the Life Science Glovebox
(LSG) and X-Ray Diffraction Facility (XCF).

The Orbital Support Equipment (OSE),

consisting of tools and ancillaries needed for
the freezer operations (including maintenance)
in orbit, will be stowed in a dedicated drawer.

The Cryorack is an ISS Standard Payload Rack
(ISPR) outfitted with a liner (mechanical
infrastructure) and subsystems to support
operation and transportation of the freezers,
and the transportation of passive payloads in

the Mini Pressurised Logistic Module (MPLM).
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NASA and ESA are also considering
rf orrolanino e qocnnd irino nf cnmhn Iroazar lo

allow the ultra-rapid keezing and slorage o[
specimens contained in bags, such as those
used for tissue cultures.

The system will have a flexible and variable
architecture, depending on the utilizatron needs
of the various freezers The first Cryorack will be
transported to orbil within lhe Cenlrifuge
Accommodation Module (CAN/), and will
remain there tor its projected design litetime of
ten years. The other lwo Cryoracks will ensure
the cyclical up- and dow.r-loading of the
freezers and Lhe specimens therein. BoLh will

support multiple missions, including nstallation
in the MPLN/, installation of freezers,
transpoftation to and from orbit. removal from
the MPLM, and refurbishment before the next
mission (Fig 1)

The Cryorack may accommodate up to three
fraator rlrarnrorq ftar tti:t^ ^- +-- a-^^\ -^! -il uu4ur ur qvvur o \rvr vrdlJ Ul lUl UdgJ/ dl lU d

number of lnternational Subrack lnterface
Standard (lSlS) drawers, containing either the
lreezer orbrtal support equipment or additional
passive payloads (Fig 2\ The ISS Cold
Stowage Working Group will be responsible for
r-lofininn tha r-nnfinrrr:119n ngglgd fOf eaCh

increment, depending on the experiments
planned and on the availability of resources on
the MPLM and ISS

0tbital
Processing
Facility - KSG

VIF - Vial Freezer
BAF - Bag Freezer

Figure 1. The Cryosystem operating scenario (courtesy of Astrium)

Figure 2. Cryorack basic outfitting accommodation (courtesy of Astrium)

r" ;' I
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Subnck Freezer

14 PU

(a)l 181

Vlal{reezor

14 PU
(174 ks)
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Figure 3. Schematic of vial
freezer dewar

Figure 4. The Cryocooler's
displacer and flexure
bearing (courtesy of
Thales/L'Air Liquide)
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The Cryorack basic structure will be an ISS

Standard Payload Rack (ISPR), provided by
NASA but suitably modified to allow an optimal
design for the freezers and their infrastructure.
The rack will be outfitted to accommodate the
freezer drawers, the electrical subsystem (ESS)

drawer, and the additional lSlS drawers for the
passive payloads and the Orbital Support
Equipment. A water loop will ensure optimal
cooling of the freezers and the subsystems
needed for their correct operation. Cryorack
will provide the necessary power, thermal
control, and command and data handling. In
addition, OPAR may include a system for
supplying gaseous nitrogen for humidity control
within the freezers' cold volumes.

Gryogenic storage and quick/snap combo
lreezer
The freezer will be integrated into a drawer 14
panel units high (about 650 mm) and half a rack
in width (about 450 mm). The freezer itself will
ho a nrrlindrinal rroq.^l /.'l^\^/-r\v9 q vyilr rurruor v9oovr \uvvvol /, vquuurlr-

insulated, and provided wlth a complex
system of small porls to avoid heat
leakage, whilst still allowing for the
loading/unloading of the specimen
containers (Fig. 3).

Cooling will be provided by a Stirling
cooler, connected via a cold finger to
the dewar's internal structure. Given the
severity of the cooling requirements
and the ten-year lifetime requirement,
adaptation of an existing cooler - used
for military applications - has already
hoon inifiefod hrr il.,re companres
involved (Thales and LAir Liquide).
Figure 4 shows the development-model
cooler displacer provided with a flexure
Oeanng.

The dewar will hold about 800 2-ml or 400 5-
ml vials, or a combination of the two. The
containers will be arranged as a concentric
array of tubes providing: maintenance of the
required temperature, suppod and restraint
during critical orbital phases, and the possibility

of indexing every container. In particular. a
carrousel mechanism integrated inside the
dewar allows three-axis identification (angular,

radiai and in-deoth) of each container. Both the
dewar structure and each container will
therefore be suitably labelled and coded
according to the ISS Inventory Management
System.

Ihe freezer will have four basic modes of
operation: storage and transpo(ation, quick
freezing, snap freezing, and collection of
already processed and frozen protein crystals.
To accomplish this, it will be able to inter{ace
with and to ooerate in different racks: the
Cryorack, which is its 'home rack', the Life

Science Glovebox (LSG), and the X-Ray
Crystallography Facility (XCF)/Crystal

Preparation Prime ltem (CPPI).

Transportation of specimens and
supp/les to/from orbit
The Investioators' soecimens and
supplies will be transported from their
laboratories to the Kennedy Space
Center (KSC) processing facilities
rrsino r-lcr^licaicr^l nround dewars"""'YY'.
provided by the Cryosystem developer.
The specimens can be stored in the
freezer either before its installation in

the MPLM, after its installation in the
MPLN/ whilst still at the processing

facility, or during the late-access
operations with the N/PLN/iSTS
already on the launch pad.
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snapper tool

piston rod
container cap

copper washer

magnet

foam

-T-copperwashertlll container in pre-
cooling position

b
cold support

a

access window

Figure 5. (a) The snap-
freezing tool. (b) Operating
configuration at the vial
freezer pod (courtesy of
L'Air Liquide)

The freezer will receive all necessary power,

cooling and data-handling resources from the
MPLM, except for certain periods during the
launch and landing phases. lt is therefore
designed to have sufficient thermal ineftia to
maintain the required temperature inside the
cold volume (i,e. -180 t 5'C) during those
periods. The cold-volume temperature will be
monitored throughout the specimens' lifetime
in order to provide the lnvestigators with data to
confirm the 'suitability' of their specimens for
their investigations.

After the docking of the MPLM to the lSS, the
freezer will be removed from Cryorack/MPLM
and transported and installed by the crew into
the Cryorack location in CAM. The reverse
operation will be perlormed after the freezer
has completed its mission.

Transportation of specimens to other ISS racks
A challenging requirement for the vial freezer is
the ability to withstand multiple cycles of
installation/de-installation in various ISS racks,
as it continuously 'travels' from its home rack
(Cryorack) to either the LSG or the XCF-CPPI
racks and back. Wear oroblems are to be
expected for all mechanically interfaced parts
such as connectors and drawer slides.

Qu ick-freezing fu nction
Quick freezing occurs when a biological
specimen (plant tissue, animal tissue, animal
body fluid, etc.) is removed surgically (or

equivalent) from the host, inserted into a
specimen container and subsequently cooled-
down to below prescribed temperature limits
over a oeriod of several seconds to minutes.

These quick-freezing operations will occur with
the freezer installed at the LSG. The surgical
ooerations will be oerformed on the table inside
the LSG working volume, while the quick-

freezing tools will be contained inside the
freezer. The crew will remove the tools from the
freezer, transfer the sample from the surgical
table to the dedicated tool and then re-insert
the specimen container into the freezer's quick-
freeze zone. The vial freezer will be able to cool-
down a S-ml vial filled with standard saline
solution from ambient temperature to -1 60'C in

less than 10 minutes. The freezer will be able to
support multiple quick-freezing operations,
according to defined scenarios, before it needs
to be transferred back to OPAR for recovery
and storage.

Snap freezing
Snap freezing is a process whereby exposed
plant or animal tissue is rapidly frozen so that
sub-cellular structure is preserved during the
freezing process. During ordinary specimen
freezing, the water contained within the cell

forms large ice crystals that destroy sub-cellular
structures. With snap-freezing, the surface of
the material is frozen almost instantaneously, so
that amorphous ice or very small ice crystals,
which do not destroy sub-cellular structure, are

formed.

Since the cooling is delivered to the specimen
surJace and then propagates through the
material, the practical limitations of this process
limit 'good freezing' to a thin region (about 15
microns thick) near the specimen's sudace.
The vial freezer will be able to snao-freeze
samoles with an area of about 36 mm2 while
having at the least 10% of this area free from
cellular damage. These snap-freezing operations
will take place with the freezer installed at the

A prototype snap-freezing device (Fig. 5) has
demonstrated a success rate of about 80%,
which is comparable with the performance of
similar equipment used in ground laboratories.
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Figure 6. Cryovial, and a
Cryoloop with a'hanging'

drop of protein crystal
solution (photos courtesy of

Hamoton Research and
Lawrence Livermore
National Laboratory

respectively)

Figure 7. Biotechnology
bags inserted into a metal
frame (courtesy of NASA)

Protein crystal storage
The XCF is a NASA-integrated rack hosting
various sub-fac ltles lor the growth,
preparation. mo-nling and f'eezng of protein

crystals In particula', the CPPI (Crysral
Preparation P'ime lten) will take care ol the last
lwo onerations ard w ll move the frozen
cnnta norq rnhntrr-: h, to O ocation where the
+-^^-^- +-^^^+-- ^-* ^^1 be installeo. T^e cpplil uu4ur Lr dl Jrur pur t udl

equipment wlll fish the crystal from the growth
solution, mount it on a 'cryo oop' and insed the
latter nto a suitable vial (Fig 6)

lf the vial freezer collects a specimen in

unpowered slarus, the collection t n e wrll be
limited to one hour to maintain the very strict
tempe'ature requiremert to' t^e protein
crystals (-180 t 5'C) The inter-faces between
the freezer and Lhe CPPI, as well as the -umber
of containers that can be transferred in one
ho;r. have to be de* ned during tr-e oetaileo
desion nhascs fnr holl the freezer and the
CPPI.

Gombo Storage Freezer for bags
At the end of the Cryosystem design phase
(Phase-A), it became evident that 2 and 5'ml
vials would not be rhe only containers reeoed

a'
.:.' i

for ile-science expe'ime^ts. In particular. tiss-e
cultures would requrre use of bigger and more
conplex 'bags (Fig. 7). whe'e the tiss-e can
grow without any intervention from the crew
other than the injection of the growth solution
These sa'nples also reed to be stored at
cryogenic temperatures after growLh, However.
the vial Ireezer defined above cannot be used
for this because mixing of the two container
types and the va.ious sizes would grearly
reduce erttrer the available capacity or t^e
et tiek /qnaa-fraa tina narfnrmnnnn aI +Aa Irar -atvulvrv ol tav-ragLr rv vsr rur I rdr rug vr u 'u il uYl u .

or both For this reason, NASA required ESA to
propose an additronal combo lreezer Lo host
Lhose partrcular contairers. NASA will rake a

decrsion 'egard ng lhe irrplemenration of the
bag keezer in the second quarler ol 2002.

It \ASA decides to tund this oprion, the bag
freeze, will be very sn'ilar to the prevous one
The only differences w ll be in the internal
outfitting of the dewar, since the bags are
bigger and have a more complex configuration
thar the vials The fo'eseen dewar capaciry
could be around 150 1O-ml or 80 3O-ml bags,
or a combination of the two sizes In addition, it

will be possible to store about 40 sealed
syringes (or otber cylindrically shaped
containers) of 10-ml capacity. Th s wrll allow the
uploading of growth solutions at very low
*nmnnrr{r,/^. l^ l-'n in apfp6l inin hrnq nr rrialqlV llPEl OLUIVD. LU UY ll lluuruv il,Lv uuVJ vr vrutJ

for life-science experiments.

The quick-freezing capabil ty will be
imnlomontael rrqinn dodinalod nr rlfillinn Qnan-

fraaziao tc nnt nnccihla A^^-, 'oa rhn -^^^im^^il uuzr v ,o I rur |\Jvoorurg uuuou-E Lr rE -puuil | tY I

s not directly accessible. be,ng confined withir
+hn l-'rn Thn l-'rn ("aa,ar rrrill l-ro rrcorl ^ni\/ aru rY uog. | | rY uqv il EY4ur vvilr uu UDUU ur ily dt

the Cryorao<. because the specimen wil. be
contained within the bags and will not require a
closed and sealed environment for its
development.

The supplies and spec mens will be
t"ansported to/f.om orb t using the same
scenario as for the vial freezer.
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Introduction
SAGE lll (Stratospheric Aerosol and Gas
Experiment), an Eafth-observation instrument
developed by NASAs Langley Research Center
(LaRC), was one of the first scientific external
payloads selected for the International Space
Station (Fig. 1). lt was conceived to fly on a
spacecraft able to provide + 1 degree pointing
accuracy. Since the ISS's attitude can vary by
several degrees over a long period, it was
therefore necessary to provide a dedicated
nadir-pointing system. For this task, NASA
selected the hexapod-based pointing system
('Hexapod' for short) included by ESA in the list

of proposed European contributions to the ISS

early utilisation phase. Launch is currently
scheduled wiih assembly flight UF-3, although

this could be modified bv revisions in the ISS

assembly sequence.

The development of SAGE lll and the Hexapod
were both approved and funded in 1994. The
contract for the Hexapod design phase (Phase-

B) was awarded by ESA to Alenia Spazio (l) in

1995, with Carlo Gavazzi Space (l) and ADS
Italia as subcontractors. The mdn develooment
phase (Phase-C/D) was initiated at the
beginning of 1998, with Alenia Spazio (Prime

Contractor) and Carlo Gavazzi Space. The
Critical Design Review (CDR)was completed in

November 2000, and flight-unit completion is

scheduled by mid-2002. LaRC will then be
responsible for the overall Hexapod and SAGE
lll payload integration.

Elevation Scan Mirror
(0 - 300km, 1 km resolution)

Azimuth Gimbal (t185')

Telescope/S pectrometer
(290 - 1550nm)

Figure 1. The SAGE lll
instrument's key elements

cl



@esa bulletin 109 - february2Oo2

The SAGE lll Scientific lnstrument

SAGE lll is designed for the global monitoring of the vertical distributions
of stratospheric aerosols, ozone, water vapour, nitrogen dioxide and
trioxide, chlorine dioxide, and temperature from Earth orbit. lt uses
spectrographic techniques based on light-source occultation, which
typically offer the capability for self-calibration, high vertical resolution,
high signalto-noise ratio, and excellent inversion accuracy.

The core sensor is a soectrometer able to measure the extinction of both
solar and lunar radiation through the Earth's atmosphere during
occultation events, between 290 and 1550 nm with 1 nm spectral
resolution and 1 km vertical altitude resolution. The instrument
incorporates a unique charge-coupled detector (CCD) anay and a single
photodiode detector in the focal plane to perform the science
measurements. The sensor assembly provides spatial resolution over an

altitude range from cloud-top (or the Earth's surface on cloud-free days)
to 300 km. Science data are taken up to an altitude of 150 km. Data
seouences are also taken between 150 and 300 km altitude on some
orbits to radiometrically and spectrally calibrate the instrument.

Mission overview
The Express Pallet System (ExPS) is both a

Shuttle carrier and an in-orbit payload
accommodation facility, which can be
robotically installed on the truss of the lSS. lt

accommodates payloads mounted on Express
Pallet Adapters (ExPA). The ExPA hosting
Hexapod and SAGE lll is integrated onto the

Figure 2. The Hexapod ExPS on the ground, and is used as the

s payload carrier at launch. Hexapod will be

et launched unpowered, with the Orbiter
providing power for its 'stay-alive' heaters after

Adapter the payload-bay doors are opened in orbit

The complete ExPS will be moved robotically
from the Shuttle and transported by using the
ISS Mobile Base System (N/BS) to its nominal
in-orbit accommodation site. The location
assigned is the nadir-starboard outer payload

attachment site of ISS truss segment 33 (close
to the thermal radiator), with Hexapod and
SAGE lll accommodated on the ExPA installed
at the ExPS corner location in the ram-
outboard direction.

Hexaood and SAGE lll will be activated and
start their science mission only after the ExPS
is connected at its attachment site. Both are

designed for five years of in-orbit operation
without maintenance. Users will, however, be
able to up-link Hexapod flight-software updates.

At the end of their mission, Hexapod and SAGE
lll will be removed from the ExPS along with
their ExPA. They will remain unpowered during
the transfer to the Shuttle Orbiter and during
Earth re-entry. Fail-safe brakes in the Hexapod
linear actuators ensure that accelerations
during reentry do not cause payload
displacement in the cargo bay.

Hexapod design characteristics
The key performance requirements for
Hexapod consist of achieving a pointing
accuracy of t90 arcsec in the nadir direction -
with a pointing stability of 0.0025 deg/sec, a
pointing range equivalent to an 8 deg cone,
and with an angular pointing rate of at least
1.2 deg/sec - and accommodating a 35 kg
SAGE lll sensor assembly.

Hexapod determines attitude based on the
ISS-provided attitude state vector (attitude
quaternions and GPS data), and applies an
attitude correction matrix to take into account
the local attitude deviations actually experienced
at the mounting location. The matrix is defined
on the ground, based on the actual SAGE lll

measurements and uplinked to Hexapod (via

SAGE lll) along with the telecommand data for
the pointing manoeuvre

The Hexapod flight unit, including the
electronics, weighs 1 16 kg. The overall
payload, including the SAGE lll electronics
boxes, harness and other system-level
outfitting, will be close to the 225 kg allowance
for the ExPA. The accommodation of the SAGE
lll sensor assembly in the volume between the
Hexapod's legs takes best advantage of the
specific geometry of this type of mechanism
(Fis. 2).

Hexapod's power consumption in orbit varies
according to the operating mode. lt ranges
between the power needed to survive ExPA
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cold phases (the in-orbit stay-alive heaters
require around 100 W, with thermostatic
control), and a maximum operating power of
435 W during the execution of pointing
manoeuvres when all legs are moving
simultaneously (not required in all cases). The
estimated average power consumption is

about 120 W, given that the execution of a
complete pointing manoeuvre takes just a few
seconos.

Hexapod consists of two main parts: the
Electronic Unit (HEU), and the Mechanical
Assembly (HMA). The HEU is the integrated
power and control unit that handles power
distribution, telemetry and telecommand
management, data processing, and command
and control. lt provides the computer control
for the co-ordinated movement of the six linear
actuators. Hexapod flight software resides on
the Standard Payload Computer (SPLC).

The HMA includes six electromechanical linear
actuators, arranged as three trapezoids and
connected by means of I2 universal joints to a
bottom flange and to an upper platform. The
latter's attitude and position are determined in

six degrees of freedom (translation along and
rotation about all orthogonal axes in 3D space)
by the combination of the lengths of the six
linear actuators. The resulting configuration is a
statically determined structure that enables the
stroke of each individual linear actuator to be
changed without causing internal stresses in

the mechanism. The bottom flange is fixed to
the ExPA and the upper platform accom-
modates the SAGE lll sensor assembly. The
Hexapod's bottom flange includes an offset-
wedge function, suitably shaped to
provide static compensation of the
estimated average ISS pitch bias
(tilted 7 deg)and maximise the SAGE lll
field of view.

The other impoftant constituent of the
HMA is the off-loading device installed
around the hexapod mechanism to
interconnect the upper platform and
the ExPA during launch. lt enables the
linear actuators to be orotected from
launch loads, thereby preserving their
high accuracy for supporting the
scientific mission. The off-loading
device will only be disconnected once
the Hexapod is in place on the ISS

truss, after which the simultaneous
activation of all six linear actuators will
put the upper platform Into its nominal
operating position. The Hexapod's
ability to control linear translations
according to pre-defined trajectories
enables the design and operation of

the separation device to be simplified
considerably.

Hexapod-based positioning/pointing systems
are able to achieve pointing in a particular
direction via a very large set of possible
combinations of the six linear actuator lengths.
This provides the ability to recover partially from
linear actuator failures by adjusting the pointing

algorithms to take into account the actual
length of the faulty leg(s), and to continue to
execute pointing manoeuvres using only the
fully functional legs.

The electromechanical linear actuator (Fig. 3) is
a key element in the hexapod mechanism. lt
has to guarantee a positioning accuracy of
better than +25 micron over the full pointing

stroke, with a minimum resolution of 1O micron
and a positioning repeatability of better than
+5 micron. The lengths of the linear actuators
can range from the fully-retracted minimum of
471 mm, including the two cardan joints, to the
maximum stroke length of 568 mm. Their
nominal length, corresponding to the 'zero'
reference position of the upper platform, is

528 mm,

A DC three-phase brushless motor is installed
in direct-drive frameless configuration inside
the linear actuator. The stator is installed inside
the motor cage, and the rotor is installed on the
satellite screw shaft. The motor is double
wound for cold redundancy, with the phase

commutation provided by two sets of three Hall

sensors (one set for each winding). The motor
can provide a continuous torque of 0,7 Nm up
to 150 rpm, and a peak torque of 1 .4 Nm.

Figure 3. The electro-
mechanical linear actuator
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Figure 4. The Hexapod high-
f idelity mechanical-interface

simulator

Figure 5. Functional testing
of the Hexapod Engineering

Unit

A brake is used to lock the rotor, preventing the
satellite roller screw back-driving during the re-
entry phase. Based on two steel-toothed rings
(each with 200 teeth), the brake has two
separate solenoid windings (main and
redundant), each of which when energised is

able to disengage the toothed rings (they are
automatically engaged when power is ofl). The
brake system, the materials of which have been
specially selected to avoid debris production
during engagement/disengagement, is
dimensioned to resist a toroue of at least
6.3 Nm.

Hexapod ground models
Three Hexapod ground models are deliverable
items to suppoft NASA LaRC in its role as
integrator of the payload system. The High-
Fidelity Avionics Interface Simulator reproduces
the hardware and software sedal inter{ace to
SAGE lll. The High-Fidelity Mechanical
Intedace Simulator (Fig. 4) is an exact mock-up
of the essential items of the flight unit as far as
overall dimensions, placement of hardware on
the lower and upper platforms, and hole
locations are concerned. This simulator is used
for verifying that the SAGE lll sensor assembly
mounts properly to Hexapod, and to suppoft
payload system integration. The Engineering
Unit (Fig. 5) supports sustaining-engineering
functions such as anomaly resolution (hardware
and software), software modifications, and on-
ground verification of system changes during
in-orbit ooeration.

Future perspectives
ESA's development of the Hexapod marks the
upgrading of hexapod-based positioning/
pointing systems for space application.
Although tailored to meet the SAGE lll nadir-
pointing requirements, it can be adapted to
support other ISS external payloads, or
payloads to be flown on different spacecraft
carriers. Feasibility studies conducted before
starting the Hexapod design phase indicated
the possibility of using them for space
applications requiring pointing within about
+30o cones. A target-tracking capability (not
requested by SAGE lll) can also be provided.
The possibility to control payload attitude/
position in six degrees of freedom is another
attractive feature that could serve a number of
space applications in which the relative
displacement of two items has to be controlled
with high accuracy.

Other possible applications include active jitter
stabilisation at the payload inter{ace, operating
Hexapod as an anti-vibration platform. A
demonstration test performed in 1996 on the
Hexapod Phase-B development model
indicated that it was able to react 'as-built' to a
simulated disturbance by producing an in-phase
dynamic response suitable for compensating
low-frequency jitter of up to about 2 Hz.
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Introduction
The Atmospheric Re-entry Demonstrator (ARD)

was launched on 12 October 1998 on Ar ane-
503, the third Ariane 5 qualif cation flght The
ARD performed a sub-orbital flight with a
maximum altitude of 830 km and landed in the
Pacific Ocean, with a splashdown point wlthin
5 km of the predicted touchdown zone, The
mission prof le in Figure 1 shows the trajectory,
the re-entry profile, the f ight communicaton
system, and the splashdown The Demonstrator
Itself is shown in Figure 2

The ARD was flown in October 1998. lts purpose was to achieve a
controlled sub-orbital flight, from separation through atmospheric re-
entry to splashdown. lt carried an instrumentation and data-
acquisition payload so that the actual flight parameters could be
compared with those predicted mathematically. The post-flight
analysis was therefore an integral part of the overall project.

Adano-s and lower pslong€i to
gcoatetlonry Eansfar orblt

Dur ng the mission, key data (including
pressures. temperatures. vibrations. etc,) were
recorded on more than 200 measurement
channels distributed over the vehic e T^ese
measurements were stored on two recorders
and also transmitted to ground and airborne
+^l^-^lr\, .t-+i^n-. +h^ | il-\ra\/il o nrnr rnri cirlinnLglvr luLl y Jtollul lJ. ll lu Lrur 9vil I vruur ru otoilul

fo'ARD status data alte'Ariane-S separation.
and the Aria-1 and Ara-2 aircraft based stations
'or data Dror to and afler the blackout phase,

Project objectives
The main technica objectves with ARD were
to:

- test and qualify re-entry tech^ologies and
fl.ght control algor thms unde. actuar fl'ght
conditions
rnhinvn in flinlr+ ,,rliz-lr1i65 nf eloqinn .^n.aAia- out ilvvv il t-iltvt tL vqiluq-tut ut uuotvt I uvt tugvLo.

ha'dware and system capab lity to manage
compromises betweer various lechnologies

- validate the aerothe.modynan c predictions
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ard

- nr ralif\/ the r^lcsinn 2nd the materials of the
thermal-protection system

- assess the performance of the navigation,
guidance and control system

- assess the perlormance of the parachute and
recovery system

- study the radio communications during
atmospheric re-entry

- demonstrate industrial capability within a tight
schedule and with a limited budget

The main management objectives were based
on:

- a small ESA management team

- a high degree of autonomy assigned to the
industrial consoftium

- c diroal rorriorai/annontanno rnnrnanhevvvYLul

- an efficient development and cost schedule,
as shown in Figure 3.

Project organisation
Development
Twenty-seven companies padicipated in the
realisation of the ARD, under the lead of the
then Aerospatiale, now EADS-LV:

- Belgium: ETCA (functional control bench).
Sabca and Sonaca (structure), Trasys (software

development)

- Denmark: Alcatel

- France: EADS-LV (Prime Contractor, TPS,
GN&C, AIV antennas), Astrium (functional

electronics), Sextant Avionique, lntertechnique,
ONERA

- Germany: Astrium (reaction control system)

- ltaly: Alenia (descent and landing system)

- Spain: CRISA

- Sweden: Saab.

Post-flight analysis
The Agency set up a small team of experts in

order to monitor the industrial activities. Under
the Prime Contractorship of EADS LV (F), the
following companies/institutions were involved

I

in the post-flight analysis:

- Belgium: Von Karman Institute (CFD analyses)

- France: EADS-LV (Prime Contractor),
ONERA (wind-tunnel tests), SEP (CN/C

sample analyses), Astrium (GPS analyses)

- Germany: MAN-T (CMC sample analyses),
Astrium (FEl sample analyses), DLR (CFD

analyses and wind-tunnel tests)

- ltaly: Alenia Spazio (parachute analyses)

- Netherlands: Fokker (trajectory analyses)

- Switzerland: CFS (CFD analyses).

The post-flight-analysis methodology was
arliculated as follows (Fig. a):

Level-O activities: October 1998/Spring 1999

- Recovery and inspection

- Evaluation of data availability (real time, recorded)

Figure 2. The ARD vehicle

AIT including
. the planned period for 502launch
o the extended period for the 503 launch
. the storage phase
r the revalidation phase

- Initial comparison with predictions.

Phase-A evaluation: Spring 1999/Spring 2000
n^+^ll^; ;^+^ ^,,^1, ,^+i- ueLaileu ui4La eviituitLtOn

- Correction of flight parameters and correlatior Figure 3. The ARD

with predictions. development schedule

KOM CDR

1t07 t94 15/03/95

Planned

Ariane 502

Launch

03/04/96

FAR Ariane-S03 Post-Flight Analysis

Launch KOM Finalpresentation

1U05lgA 21110198 Spring'99 10/0112001
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Figure 4. The post-flight-
analysis work flow Table 1 ARD postJlight analysis major events

EVENT

Ariane-5 separation

Injection orbit

Librev lle visibility

TDRS signa received

ARIA-1 v sibility

Stad or reentry

Acceleration (max )

Trim

Ro I ang e command (max,)

Black out

Cross-range

ARIA-2 vis bility

Parachutes openlng

Splash down

End of mission

Recovery

PREDICTION
(time from H0)

O0: 12: OO

218 km

Semi major axis: 6798 5 km
Inclination: 5 753 deg

O0:17:09to00:27:39

I :08:34

1:15:42to1:20:30

1 : 18: 58

329

22 deg

1 05 deg

Between 90 & 42 km

68 km

1 :22: 05

1 :28: 14
atitude 14 km

1 :42:55
vedical velocity: 6 7 m/s
impact: 7g

1:47:55

l

FLIGHT Measurement
(time from H0)

OO : 12 :00
2.1 6 km

Sem -major axis: 6802,4 km
Inclinat on: 5,754 deg

00 : 17 : 38 to 00 .29 .2A

1 :09: 10

I : 15 : 34 Io 1 :23:25

4746s 1:19:06
gap in longitude : 60 km

3.7 g

20 deg

1 10 deg

Between 90 & 43 km

67 km

1 :25 :42

5280s-1:28:00
altitude 14 km
horizontal acc 3 km

6079s-1 41:19
vedical velocity: 7 m/s
mpact: /.3 g
accuracy: 4 9 km

1 :46:23

t hours
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Final phase: Spring 2OOO/January 2OO1

- Updated flight predictions, flight measure-
ments and correlations

- Synthesis of conclusions and lessons learnt.

Flight events and actual versus expected
major results
Table 1 shows the predicted events timeline
and major orbital parameters, and those
actually achieved during the mission. lt can be
seen that the trajectory was very close to
orediction, but that some discrete variations did
occur, which had an effect on the predicted
performance. However, overall the profile was
very accurate and capsule recovery (Fig. 5) was
achieved within five hours of splashdown.

Ae rod y n am i c s / Ae rot h e rm odyn am i cs
In terms of aerodynamics and aero-
thermo-dynamics, the analysis was
supported by CFD (Computational
Fluid Dynamics), computations (Euler

and Navier-Stokes) and tests in the
high-enthalpy F4 (ONERA) and HEG
(DLR)wind tunnels.

The analysis of the hypersonic trim
behaviour was consistent with a
Centre of Gravity (CoG) offset during
the flight of the order oI3-4 mm. This
could be explained by propellant
consumption and heat-shield pyrolysis.

CFD calculations confirmed the overall
Angle of Attack (AoA) evaluation during
the flight, whereas the pre-flight data
underestimated the impact of real gas

effects. The systematic flight-data
analysis of the relative pressure data
led to the conclusion that real gas

effects were also observed below
Mach 10. The same trend was
confirmed by the additional CFD
analysis carried out during the post-
flight study.

The atmospheric sensitivity analysis based on
the pressure density confirmed the flight-
prediction values and is coherent within the
applicable uncertainty band (predictive model
crRA 86).

The heating rates were difficult lo assess
due to a malfunction in the thermocouole
measurements, but the temperatures closest to
the surface appeared to be in the 700-800'C
range. However, the predicted peak heating
values could be correlated with the usable flight
data if chemical non-equilibrium is assumed,
because for the low heating rates non-catalytic
predictions are confirmed by flight data. These
trends have been well-reproduced by CFD and
other engineering methods. The low catalytic

effects at high altitude have been confirmed,
whereas the occurrence of pyrolysis effects
close to peak heating inhibits the low catalytic
behaviour, resulting in heating rates closer to
chemical-eouilibrium conditions.

Another example of surprising phenomena is
the rear cone section, for which the flight data
differed from those predicted. The observed
overheating cannot be reproduced by current
CFD analysis, for which two interpretations have

been orooosed. The first is the occurrence of a
transitional regime that cannot be correctly
described by current turbulence models, and
the second is inadequate finite rate chemistry
modelling.

Thermal Protection System (TPS)

Several different types of TPS were applied to
ARD, as shown in Figure 6:

- Aleastrasil (a compound containing randomly
oriented silica fibres impregnated with phenolic
resin) on the main heat shield

- Norcoat (composed mainly of cork powder
and phenolic resin) for the cone section

- Samples of Flexible External Insulation (FEl)

and Ceramic Matrix Composite (CMC).

A comparison of the ARD heat shield's state
before and after flight is shown in Figure 7. The
basic heat shield was a classical ablative, which
had the function of protecting the demonstrator
throughout the re-entry.

The Aleastrasil sample examination after coring
confirmed the exoected low surface recession

Figure 5. ARD capsule
recovery
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Figure 6. The ARD thermar-
protection system

Aleastrasil

Norcoat

Figure 7. Comparison of the
ARD TPS before (a) and

after flight (b and c)

(0. 1 to 0.3 mm) and provided an update to
tho thormal-nrnnortio. alntr on+ innl' 'Ainarr ru Lr rur rrrur prvlJur LruJ UqLO -EL. rr rurUUrr rV

measurement uncertainties to be taken into
account for revised heat-flux reconstruction,

The other TPS materials are reusable, and one
major test objective of the TPS flight experiment
was their potential application to future 'e-
r rcahla ro-onlnr rrohinlo<,v v, ,"y

Each materral has been visually inspected.
r{omnr 'ntod enr{ nrncocqod ihrnr rnh fr rrihor

mechanical tests, and finally the measured
lAmnortlrra tralt roc hlrro hoon rnalvqoel qnd

compared with design loads The results were
as follows:

- The FEI experiment did not show any
degradation or damage due to the tlrght
thermal environment, The thermal loads on
the leeward side of ABD were significantly
lower than expected, and therefore the
thermal stresses on the FEI were far below its
performance limit. During the recovery
nrnnodr rra enmo ao\/oro dzm2no \A/te atr rqaal

to iha trtr| hv lho hnicirnn nlovino Inc:l riniel

reinforcing would prevent this. Only a limited
demonstration of the reusability of the FEI

TPS on capsules is possible due to the
severe landing conditions compared to winged
RLVs.

- The CMC sample examination showed no
danr:datinn af tha mrr^/i^l'^ ^,,r{^^^ ^,,^ 

r^uuvrquorrvr I vr Lr ru | | rdlul ldl J JUI ldUU UUU LU

ablator contamination or the sea-water impact.
and it was therefore a successful demonstration
of this combination of CMC and ablator.
However, due to the relatively low re-entry
tomnortir rro lorrol fiho rrrrn tharmncnr rnlac an

the inner side registered about 900'C) only a
limited performance demonstrat on was
possible. Concerning litt-oft ar-d landing
l^^^- ^^ ^^-^^^ 
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themselves or the attachment bolts was
apparent. The surface morphology and oxidation
protection layer remained unchanged. No signs
of oxidation attack were apparent, but some
slight increases in mechanical propedies had
occurred (explained by the witness sample
manufacturing process). The maximum measured
sudace temperatures were around 940'C. In

summary, it can be said that for all CMC
samples the following applies:

- no material or oxidation damage

- no seal degradation, no carbon-fibre damage

- oxidation products probably coming from
n l^^^+-^^il ^,,-^1,,^l^nrudJLr dJil PyruryJrJ

- no loss of mechanical properties by the
samples after either the qualification test or
the flight.

Another interesting experiment that was flown
is the C/S|C screw. Here again, no damage has
been observed on overloaded areas, The ratio
of damaged thread tips is the same as that
observed on virgin screws, and only a slight
decrease in tensile rupture load can be
o0serveo.

The Norcoat pedormed as expected.

Flight controland GNC
The flight guidance, navigation and control
hardware, as can be seen in Figure 8,

consisted of:

- a Global Positioning System (GPS) receiver

- an inertial navigation system

- a flight computer.

Examination of the trajectory accuracy showed
that there was an attitude offset (time shift of
bank-angle manoeuvre and a higher bank-
angle value), including a higher load factor.

These discrepancies could been explained by
uncedainties in the atmospheric density model
and the Mass Centering and Inedial (MCl)

model. After updating these models with the
CoG location, as well as the normal and axial

force coefficients, the restored flight simulation
was coherent with the flight data. Analysis of
the propulsion model showed a higher fuel
consumption than initially expected. This was
due to an ARD jettisoning perturbation (CoG
nffcot\ rrrhinh rocr rltod in ^ro)lor Roantinn

Control System (RCS) activation to reduce the
range during re-entry and to cope with
wind perturbations. Most of the velocity errors
anr^l henr:e also nositiOn errors WereF

accumulated between 12 and 11 km altitude,
due to large uncertainties in north-south wind
gradients. lmprovement of the atmospheric
model, particularly the density element. is

necessary.

The recorded Inertial Measurement Unit (lMU)

and radar data were examined to establish the
best-estimate reference trajectory. The ARD
inertial navigation showed rather good
performance. The errors at injection into orbit
were lower than predicted and better than their
specified value of one sigma. The ARD IMU

behaved nominally during launch,during which
20 parameters were measured (biases, scale
factors. misalignments, etc.). Weak residual
inertial flaws were observed, but all stayed
below their specified one sigma value.

The main contributors to navigation errors were
the longitudinal accelerometer scale factor and
IMU alignment error in trajectory characteristic
data. This resulted in an updating of the IMU

model for further trajectory analysis.
Figure 8. ARD functional
block diagram

Conditioning
units

Telemetry
transmitter 1

Telernetry
transmitter 2

Ariane-5
equipment

SRI: Systdme de r6f6rence inertiel, inerflai measurement unit
ES: Electroniques6quentielle,Sequentialelectronics
UCTM: Unite centrale de t6l6mesure, Ielemeasure central unit
UAF: Unite d'Acquisition fonctionelle, Functional acquisition unit
BDP; Boitier de distribution de puissance, Power distribution box
CDCr Centrale de commutation, Switching unit
UA: Unit6 d'acquisition, Acquisition unit
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Pl asma and com m u n i cations
Drag friction during re-entry creates a plasma
(ionised gas) that can disturb the com-
munications links. The ARD was specially
equipped with eight dedicated skin antennas to
prevent data loss in the TDRS and GPS satellite
and Aria aircraft links (Fig. 8):

- 6 dedicated to the telemetry link

- 1 to the TDRS link

- 1 to the GPS link.

For the first time, the GPS flight data covered
the launch conditions, orbital motion, and re-

entry of a vehicle. The new 'code-only' mode
that had been developed to enhance fast
acquisition and robust tracking was success-
fully validated in flight. Quasi-permanent tracking
of nine satellites with a single patch antenna
during all accessible flight domains (except the
black-out period) was demonstrated, and even
the vehicle's rotating motion during the
parachute phase was clearly indicated.

The analysis of the GPS data has contributed
significantly to our understanding of plasma
formation and its effects, which included:

- very unsymmetrical attenuation effects, lasting
from 180 to 300 seconds

- forefront satellites disaooeared first and
reaooeared last

- oartial reacouisition.

The post-flight plasma analysis activities
snoweo:

- the usefulness of axi-symmetric calculations
on the windward side for studying the different
effects and guiding modelling selection for
3-D calculations

- the relatively good agreement between
calculations and measurements at altitudes
of 85 and 46 km

- the calculated plasma frequencies and TDRS
link attenuations are clearly greater than the
measured ones at an altitude of 61 .5 km.

The communication analysis results showed:

- blackout for GPS links on the leading edge
Irom 92 to 28 km altitude

- blackout for GPS links on the trailing edge

- from 87 to 41 km altitude

- attenuation due to olasma for the TDRS link
from 86 Io 44 km altitude (no comolete black-
out)

- attenuation due to plasma for the Aria-1
telemetry links (backward side) from 84 to
77 km altitude

- blackout for the Aria-2 telemetry links from
70 km (beginning of recording)Io 42 km altitude

- plasma measured by reflectometer (on the
shield)from 1OO to 42 km altitude.

The visibility picture for the between Aria-1and
-2 links is summarised in Fioure 9.

Parachutes
The overall study consisted of modelling using
DCAP (Dynamics and ControlAnalysis Package)
software, flight-data analysis and correlation of
the two (Fig. 10).

The main resuits of the study confirmed:

- the suitability of the drag-area groMh formulas
for inflation loads

- 8Oo/o is the appropriate scaling factor to be
applied for the descent-rate/drag-area
calibration for the 20% porosity conical ribbon
drogue chutes in capsule wake fields

TM ARIA 2
Recorders on al
4920s (70 km)

ARIAl

4866s (84km) to
4890s (77km) to

plasna

Figure 9. Visibility window
with Aria-1 and Aria-2
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FLIGHT MEASUREMENTS

. Accelerometer (3 axes)

. Gyros (3 axes)

. Bridles loading

. Atmospharic soundings

. Video record

MODELISATION DATA

. Subsonic aerodynamic datab€se

. Mass trd inertia tensors evolution

. Suspension lines stiffness, damping and

9eometry
. Pilachute drag reduction
. Parachute lateral dynamics
. Almosoheric models
. Air tutbulence and winds

RECONSTRUCTION

. Capsule position and attitude

. Capsule linear and angular speeds

. Air density and temperaturo, Mach numbel

. Relative parachute(s) motion

. Amplitude and frequency of oscillations

. Direction of tensile loads applied to the
capsute

Capsule and Parachut€ Dynamics

. ftajectory Simutation Tool

develoDment
. Simulation {OCAP measurements)
. Restituted (internal mesurement)
. Sensitivity to modelisation data

RE-ANALYSIS

. Validation of the method for prediction of vehicle stability

. lmprcvement of the tlight mechanics prediction software

. Definition of parachute modelling database

IDENTIFICATION

. Restitution of parachute lateral dynamics

. ResUtution ol link damplng propertioB

. Restitution of capsule dynamic coefficignts
(damping-in-

- simplified 1-D codes (two-body system) are
fully applicable for the deployment analyses,
with a safety factor of 1Oo/o for the estimation
of stretch velocity and snatch force

- the suitability of the simulator for stability
prediction in 2-D (pitch) analysis.

Lessons learned
In general, it can be said that the ARD flight was
successful and the initial demonstration
objectives set for it were fully achieved. Despite
the protoflight nature of the approach applied,
the initial flight-data analysis has already
confirmed the following major achievements:

- demonstration of Europe's ability to master
re-entry technologies

- successful overall mission control from launch
to recovery

- splash-down in the Pacific less than 5 km
from the exoected oosition

- nominal behaviour of all main equipment and
functions

- demonstration of Ariane-S's ability to service
complex missions

- demonstration of European industry's ability
to manage such a project under tight financial
and planning constraints.

Nevertheless, it has to be said that complete
mastery of re-entry technology is still quite a
challenge. The ARD has a simple shape, and
yet there were some significant discrepancies
between actual and predicted results. Most
could be explained, understood and corrected
a posteriori, but more complex shapes can be
expected to generate greater discrepancies.
The flying of real hardware is therefore mandatory
in a stepped approach to accumulate sufficient

expertise in mastering re-entry systems. The
need for flying prototypes before progressing to
operational vehicles is clear.

Gonclusions
This first European post-flight analysis of the
complete mission scenario for a re-entry
vehicle, covering its launch, orbit, re-entry and
landing, has greatly improved our knowledge of
the real flight environment. Europe's ability to
manage a complete mission of this type, including
recovery, has been successfully demonstrated.
Further exoerience with instrumented
experimental flight vehicles is mandatory to
improve Europe's mastery of future space-
transportation missions involving re-entry
vehicles, and the results of the unique ARD
flight will certainly help greatly in the preparation

of future flight demonstrators (X-384/201 and
others).

Programmatically speaking, the hands-off
management approach adopted by the Agency
with ARD, delegating responsibility for the
major development effoft to Industry, proved to
work well and greatly reduced the number of
contract changes required. The use of non-
high-reliability and off-the-shelf hardware was
also shown to be perfectly adequate, with the
simplified Critical Design Review and Flight
Acceptance Review that were conducted.
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Vega: The European Small-Launcher
Programme

R. Barbera & S. Bianchi
Vega Depaftment, ESA Directorate of Launchers, ESRIN, Frascati, ltaly

Background
The origins of the Vega Programme go back to
the early 1990s, when studies were performed
in several European countries to investigate the
possibility of complementing, in the lower
payload class, the performance range offered
by the Ariane family of launchers. The ltalian
Space Agency (ASl) and ltalian industry in
particular, were very active in developing
concepts and starting pre-development work
based on established knowhow in solid
propulsion. When the various configuration
options began to converge and the technical
feasibility was confirmed, the investigations
were extended to include a more detailed
definition in terms of a market analvsis and
related cost tarqets.

By the end of 2001 , the development programme for Europe's new
small Vega launcher was well underway. The System Preliminary
Design Review had been concluded in July 2001 with positive results,
confirming that the technical baseline is sound and consistent with
the strict system and programmatic requirements. At motor-
development level, the Zefiro motor that will power Vega's second
stage has already undergone one demonstration and two
development full-scale firing tests at the Sardinia test range. The next
key milestones are the System Design Review (SDR)foreseen for early
2003 and the Critical Design Review (CDR) scheduled for March 2004.
The parallel activities for Vega's new first-stage P80 motor and for the
ground segment are also progressing according to plan, and are
consistent with a first Vega qualification flight by the end of 2005.

As a conclusion of these preparatory activities,
in February 1998 ASI proposed that a small
launcher - in the meantime called 'Vega' - be
developed within the ESA framework as a co-
operative project with other ESA Member
States. The main reouirements as then defined
were:

- launch of an 800 kg payload into Sun-
synchronous orbit (SSO) at 1200 km altitude

- launch from Kourou, French Guiana

- a2m payload-envelope diameter

- maximum synergy with other Ariane develop-
ments

- low recurring cost (less than US$ 20 million)

- a first launch before earlv 2003.

The programme was adopted by ESA in June
1998, but the funding was limited to a Step 1 ,

with the aim of getting the full approval by the
European Ministers meeting in Brussels in May
1999. This milestone was not met. however.
because it was not possible to obtain a wide
consensus from ESA's Member States for
participation in the programme. This gave rise to
a period of political uncertainty and to a series
of negotiations aimed at finding an agreeable
compromise. lt is important, on the other hand,
to record that during the same period the
technical definition work continued without
major disruption, and development tests on the
Zefiro motor were successfully conducted.

The subsequent extension of the duration of
Step 1 provided the opportunity to revisit and
update the market analysis, based on the
evolution taking place in terms of potential
customers and comoetitors. The result of this
exercise indicated the need to refocus the
reference mission towards Earth-observation
payloads, and to increase Vega's performance
to be able to launch a 1500 kg satellite into a
700 km polar orbit, whilst still maintaining the
cost target. Several iterations were performed
to optimise the configuration, the results of
which are summarised later in this arlicle.

One of the major options selected after
technical and programmatic trade-offs is

represented by the adoption, as the first stage
for Vega, of a new high-performance solid motor
featuring several technology advances, in
particular a filament-wound (FW) case structure
not yet available in Europe for the size, propellant

mass and internal Dressure combination
needed. This new motor, called P80 FW in

association with the 80 tonnes of orooellant
mass, will not only offer increased pedormance
and lower production costs, but also pave the
way to future applications for medium-size
launchers complementary to Ariane-S and for a
new generation of boosters for Ariane-S itself.

After about two years of definition and
consolidation activities, the Vega configuration,
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including the new P80 FW first stage, two
additional solid stages (Zefio 23 and Zefiro 9)

as, respectively, second and third stages, and
the upper module AVUN/, was established and
ready for development as an ESA programme.
On the other hand, the choice of the PBO FW

implied a stretching of the duration of the
programme to allow for the demonstration of
the new technologies involved. Consequently,
the first launch of Vega is now scheduled by the
end of 2005. The formal funding was granted
by the participating European States in

December 2000, within a financial envelope of
335 million Euros. Seven countries have
subscribed to the programme: ltaly, France,
Spain, Belgium, the Netherlands, Switzerland
and Sweden. In parallel, the development of
the P8O FW motor was approved, with a
budget of 123 million Euros, about half of which
is provided by Fiat-Avio as an industrial
contribution. In addition to ltaly, France,
Belgium and the Netherlands are pafticipating
in the funding of the P80 development.

Market oppoftunities for the Vega launcher
The decision to develoo a small launcher is a
response to a Resolution in the Space
Transportation Strategy adopted by the ESA
Council in June 2000, aiming aI: "completing,

in the medium term, the range of launch
services offered by the addition of European-
manufactured small and medium launcher,
complementary to Ariane, consistent with
diversified users'needs and relying on common
elements, such as stages, subsysfems, techno-
logies, production facilities and operational
i nfrastructu re, thereby increasi ng the European
launcher industry's competitiveness".

Vega will also satisfy a potential market for
launching small satellites identified in several
forecasts. NASA, for example, is putting an

emphasis on 'small missions' making use of
low-mass satellites and low-capacity launch
vehicles, and several European space agencies,
especially the French and ltalian agencies, will

follow similar paths. The development of small-
satellite standard platforms, such as Minisat,
Proteus and PRIMA, has already been initiated.
It is expected that the availability of such
standard platforms will attract several
applications, allowing cost reductions and new
project starts.

From a technical point of view, the recent
evolution in Earth-observation technologies is

allowing a reduction in satellite masses. Optical
and infrared detectors are now much smaller
and, even in the field of radar observation, all-

weather surveillance can be pedormed using
satellites with masses of around 1 ton. ESA's

Earth-Observation Programme currently has

two main components: Eadh Explorer, science-
driven missions, and Earth Watch for
application missions. Both are based on
multiole small missions instead of another
single large satellite like Envisat. Smdl satellites
are increasingly being considered a suitable
alternative to traditional satellites for visible- and
radar-imaging military Earth-observation missions
also.

For its scientific missions too, ESA is proposing
a family of small satellites to demonstrate
enabling technologies to be used for future
larger missions (SMART for electric propulsion,

etc.).

ln the field of telecommunications. two oossible
types of mission are identified for small
launchers. 'Little LEO' constellations, which are

dedicated to data transmission, store and
forward services in real time and messaging
applications, are based on satellites weighing
some hundreds of kilogrammes. These
satellites may be launched as a single or
multiple payload by a small launcher. 'Big LEO'
constellations are based on satellites of about
one ton. For these systems, spares management
is not a trivial process, and the timely
replacement of a failed spacecraft typically in
less than two months allows a major saving.
With constellations relying on a very large
number of satellites, the market potential for
small launchers is linked to the need for such
replacements, it being understood that the
overall deployment strategy will rely mainly on
medium and heavy launchers.

As a result of several different, independent
assessments of the ootential market for a
European small launcher, it has been estimated
that the number of Eurooean (and a few non-
European) governmental missions that will
make use of a small launcher vvill initially be of
the order of two per year, and may grow to four
per year after 2005, with a total of 30 to 35
launches in the period 2OO4 - 2O13,

Current projections show that for little-LEO
constellation deployment, and for big-LEO (e.9.

Globalstar, lridium) and broadband LEO
satellite replacement, the market is very
uncertain. Taking into account the rapid
changes and the uncertainties as to how
constellations will develop, the number of
additional payloads originating from the
commercial applications is estimated to be one
or two per year. In the long term, an increased
launch rate may be envisaged as a consequence
of two oossible events:

- confirmation of the validitv of the smdl-mission
aooroacn



Iebruary 2002

- improvements in miniaturisation technologies
for small satellites.

In conclusion, combining the forecasts for the
various categories of customers described
above, the prolected market for a European
small launcher may be three to four launches
per year in the initial years, startingfrom 2OO4.

This is expected to grow to five or six launches
per year once the service is well established,
and the vehicle is marketed internationally by
an experienced organisation such as
Arianespace. This projected market represents
a realistic baseline for Vega operations.

Obviously, the key parameter driving the
commercial success of a new launcher is the
cost of the launch service it can offer. The
target set for Vega from the beginning of the
programme was that of being at least 15%
cheaper than the market competitors offering
western standards of launch services. Figure 1

provides a comparison of Vega's position vis-a-
vis estimates for other launchers.

Vega small-launcher objectives
On the basis of the identified European needs,
particularly in the field of radar satellite systems,
and of the requirements emerging from the
market survey, the in-orbit capability for the
reference mission is soecified as:

- 1500 kg of payload to a 700 km altitude,
circular oolar orbit

- Kourou as the launch site.

In addition to the reference mission, Vega will
be able to launch satellites for a wide range of
missions and applications, for instance with a
range of orbital inclinations from 5.2 degrees to
SSO, altitudes between 3OO and 1500 km, and
payload masses between 300 and 2500 kg.

Vega provides a minimum payload dynamic
envelope, in a single launch configuration, defined

by a cylindricalvolume of 2.35 m diameter and
3.5 m height, plus an additional conical volume
ot 2.8 m (with a height of 2.8 m), Growth-
potential studies are being carried out to
investigate the design impact of increasing the
length and/or diameter. The payload is
supported by a standard 937 mm-diameter
mechanical interface, the separation device
being provided by the launcher. The probability
of a Vega launcher failing to inject its payload
into the specified orbit, due to failure or
malfunction of any component, shall not
exceed 0,02 (i.e. minimum reliability of 0.98,
with a confidence level of 60%).

Limiting the cost whilst preserving and
improving the launcher's competitiveness, is

one of the major objectives in Vega's
development. The key factor in that cost
limitation is to streamline the industrial
organisation and to maximise synergy with the
Ariane launchers, by using the same
components, the same production facilities and
launch infrastructure, and relying on
technologies, facilities and hardware developed
within the Ariane and other national
programmes. To improve competitiveness, the
Vega development includes new technologies,
particulady in the field of solid propulsion. All of
these new technologies offer potential spin-offs
to Ariane.

Consistent with the market prolections and
the performance to be offered, the ultimate
programme objective is to achieve the
qualification launch of Vega by the end of 2005.

Gharacteristics of the launcher
Vega is designed as a single-body vehicle
composed of three solid-propulsion stages, an
additional liquid-propulsion upper module, and
a fairing for payload protection (Fig. 2).

Figure 1. Price/performance
comparison for Vega and

other launchers

Launch
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The propulsion for the Vega second stage is

based on a stretched versron of the Zefiro 16

solid-rocket motor (SRN/), with the propellant
mass increased to 23 8 tons, Three firing tests
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Figure 2. The Vega launcher

Figure 3. The Vega launch
seouence
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Figure 4. The Zefiro 16 QM1
firing test at Salto di Quirra,

Sardinia, on 15 December
2000

Figure 5. Preparation of the
Zefiro 16 QM1 motor for the

firing test on the Salto di
Quirra test bench
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all with good results. Figures 4 and 5 show the
last firing test performed on 15 December, at
the Salto di Quina test bench in Sardinia.

The new stretched SRM is known as Zefio 23
ano emproys:

- a lightweight carbon-epoxy case

- low-density EPDM-based thermal insulation,
charged with glass microspheres

- HTPB 1912 composite propellant

- a moving nozzle, based on flexible-joint
technology.

Polar fittings and interstage flanges are high-
strength aluminium forgings. The propellant
grain has a finocyl shape, with the star section
in the aft zone of the motor near to the
maximum polar opening. The star-shaped
section consists of a conventional star, with a
3D-transition region coupled to the cylindrical
region. The maximum vacuum thrust and
pressure of Zefiro 23 SRM are 12OO kN and

95 bars, respectively. The nominal burning
duration of the second stage is about 71 sec.
The nozzle throat diameter is 294 mm and the
expansion ratio is about 25. In addition to the
Zefiro motor, the second stage includes the
structural elements needed to connect it to
adlacent stages and to host the stage avionics.
ln particular, interstage 2/3 is an aluminium
cylindrical structure composed of shells with
integrated stiffeners on the inside.

Third stage
The Vega third-stage propulsion is based on a
solid-rocket motor with a orooellant mass of
9 tons, known as Zefiro 9 SRM, and strictly
derived Irom ZeIiro 16. Zefiro 9 employs a
carbon-epoxy filament-wound case, a low-
density EPDM-based thermal insulation, HTPB
1912 composite propellant, and a moving
nozzle based on flexible-joint technology. lts
maximum vacuum thrust and combustion
pressure are 28O kN and 67 bars, respectively.
SRM ignition occurs after a coasting phase of
several seconds (according to the required
trajectory), after Zefiro 23's burnout. The
nominal SRM combustion duration is about
117 seconds. The nozzle throat diameter is

164 mm and the exoansion ratio is 56.

The interstage connects Zefuo g to the AVUM,
and hosts the stage avionics and the safeguard
main unit.

AVUM
The AVUM upper stage is composed of two
different sections, one hosting the propulsion

elements (APM: AVUM Propulsion Module)and
one dedicated to the vehicle equipment bay
(AAM: AVUM Avionics Module). The APM
provides attitude control and axialthrust during
the final phases of flight, in accordance with the
mission requirements. lt fulfils the following
functions:

- roll control during third- and fourth-stage flight

- attitude control during coasting flight and the
in-orbit phase

- correction of axial velocity error due to solid-
rocket-motor performance scatter

- generation of the required velocity change for
orbit circularisation

- catolliio nniniinn

- satellite-release manoeuvres

- empty-stage de-orbiting.

The current technical baseline includes the
adoption of a liquid bipropellant system for the
primary manoeuvres, using nitrogen tetroxide
(NTO) as oxidiser and unsymmetrical
monomethyl-hydrazine (UDMH) as fuel, both
fed by gaseous helium under pressure, and a
cold-gas system (GN2)for attitude control.
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The total propellant loading will be between
250 and 400 kg, depending on the
configuration definition and the mission to be
performed.

The AAM hosts the main elements of the
launch vehicle's avionics subsvstems.

Upper composite
The upper composite includes the payload

adapter and the fairing. The upper-stage
configuration imposes the use of a conical
structure in order to orovide the required
payload standard interface of 937 mm
diameter. The reuse of an existing Ariane
adapter design is foreseen.

For the fairing, a two-shell configuration has
been defined, with a 2.6 m external-diameter
cylindrical paft and a total height of 7.5 m -
including a 3.5 m cylindrical part. The structure
is made of two composite shells, composed of
aluminium honeycomb and carbon skins.
Several access doors are provided on each
shell. Moreover, the fairing is equipped with
venting ports (Ariane-5 type). The fairing is
jettisoned by the combined action of a clamp-
band attachment and pyrotechnic longitudinal
separation system during the coasting phase

between the second- and third-staoe
propulsion phases.

Avionics
To keep the development and recurring costs
to a minimum, Vega's avionics will be largely
based on the adaptation of existing hardware
and/or components already under development.
For the same reason, particular attention has
been paid to defining the most appropriate
architecture for the avionics subsystems. The
baseline architecture consists of a centralised
approach, somewhat similar to the Ariane-S
concept. Four main subsystems are defined for
the electrical system:

- Power Supply and Distribution

- Telemetry

- Localisation and Safeguard

- Flight Control and Mission Management.

The safeguard subsystem is the only Vega
chain with complete redundancy, in order to
comply with the launch safety requirements.
For the functional subsystems, there are
specific redundancies at equipment level,
where relevant, to improve the launcher's
reliability.

The Flight Control Subsystem will use an on-
board programmable flight computer, an Inertial

Measurement Unit (directly derived from that
used on Ariane-S), and thrust-vector control
electronics for guidance, navigation and control.

A multi-functional box will deliver electrical
commands for mission manaqement.
and stage and payload separal
on reception of signals sent by the
on-board computer. The telemetry
subsystem will be similar to that of
Ariane-S, as it must be compatible
with existing standards and protocols
in use in qround stations.

For the safeguard subsystem, the
Ariane-5 trackinq architecture will be
applied, reusing already developed
components (transponders, antennas). The
destruct functions will be managed through
new equipment, the Safeguard Master Units
(SMUs) and Safeguard Remote Units (SRUs)

located in the stages.

Main features of the P80 motor
The improvement of solid-propulsion
capabilities by the adoption of advanced
technologies is one of the building blocks of the
European strategy. The development effort has
two primary objectives:

- demonstration of most of the technologies
necessary to guarantee the Ariane-S solid-
rocket booster's competitiveness

- develooment and oualification of the first
stage of the European small launcher,
representing the first step towards a new
generation of European solid motors (Fig. 6).

The motor is tailored and is directly applicable
to the Vega small launcher, but its scale is
also representative for validating technologies
applicable at a later stage to a new generation

of Ariane-5 solid boosters. A comoarison
between a Vega first stage, based on current
Ariane-S technologies, and the new P80 solid
boosters is shown in the accompanying table.

Table 1. Main technology choices

Component

Case

P85 Metallic, Ariane-5
derived

Metallic, re-use of Ariane-S,
D6AC steel, two segments

Propellant grain Monolithic Finoxil aft star

Figure 6. The P80 motor

P8O FW

CFRP monolithic
carbon fibre

Monolithic Finoxil aft star

19 12 PBHT

EGl LDB3 (from Zefiro)
low density

3D C/C new low-cost material

Composite, structural carbon
phenolic

Self-protected/low-torque

Electro-mechanical

Propellant

lnsulation

Nozzle throat 3D C/C

Exit cone

Flex joint

WC actuator

18 14 PBHT

GSM55-EG2 (Ariane-5)

Metalllic housing + thermal
protection

Boot-strap protection

Hydraulic
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Figure 7. The Vega Master
Development Plan

Figure 8. The Vega launch
and integration area

Ariane-5
BIL

53B

The development milestones are consistent
with the requirements of the Vega Small
Launcher Development Plan, and the PBO Solid-
Propulsion-Stage Demonstrator development,
including its qualification at stage level, should
therefore be completed by 2005 (Fig. 7).
Maximum reduction of the recurring cost is a
driving parameter at all levels of the solid-rocket
motor's design (subsystems, components,
equipment, ground infrastructure, operations,
etc.).

The target of a 25-30 % reduction in recurring
cost with respect to that of the 'metallic case
boosters' has been set for both the Vega first
stage and the new-generation Ariane-5
booster. There is a fudher reduction in the
specific launch cost due to the increased
performance achieved by the new generation
of booster.

The ground segment
The European launch facility (CSG) in Kourou,

French Guiana, offers a variety of launch
azimuth capabilities (equatorial, polar
and intermediate inclinations) and
existing infrastructures, services and
logistic supporl, which make it the
natural choice for the new European
small launcher. The actual site selected
for Vega, following a trade-off between
the different options possible in Kourou,
is ELA-1, located between the Ariane-4
and Ariane-S launch areas (Fig. 8).

The new Vega ground segment will
make use of the existing Ariane
infrastructure, such as the Ariane-1
launch pad at ELA-1 and the Ariane-S
Control Centre. Vega will be assembled
on the launch pad. The assembly and
integration operations will be performed
in a new BIV (BAtiment d'lntegration
Vega) building. The BIV will be a mobile
integration building which, after the
launcher's final assembly, will move
away from the launch pad. Launch
operations will be conducted from a
dedicated room within the Ariane-S
Control Centre (CDL-3). @esa

Ariane-5
BEAP

ELA-2 Tower
& Gantry

ater Tank

ELA-1 Vega
& Launch

Pad

Propellant
Storage
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XMM-Newton In-Orbit Galibration

D.H. Lumb
XMM Science Operations Centre, ESA Directorate of Scientific Programmes,
ESTEC, Noordwijk, The Netherlands

lntroduction
We are familiar with the high-resolution, often
Aramn+in imaano hainn nrnr{rrcod hriuf or ilolru. il ilovsD uv[ rv Pr vuuvvu wy

astronomical observatories in recent years.

While astronomers frequently infer vital
information from such imaqes, more detailed

Two years after launch of the XMM-NeMon Observatory saw a
gathering of about 350 scientists at ESTEC for the Conference 'New
Visions of the X-ray Universe'. This huge interest in the mission and
the rapidly increasing number of scientific papers published as a
result of XMM-Newton observations show the importance of ESAs
latest observatory for astrophysics in the 21st century.

A vital part of the scientific interpretation that enables this work is the
accuracy and reliability of the instrument calibration. To highlight this
feature, a session at the Conference was devoted to a Calibration
Workshop, allowing the instrument teams to explain the details of the
improving knowledge and remaining limitations. This afticle reflects
some of the presentations made in that Workshop, and reviews the
general in-orbit calibration activities, explaining some of the
complexities involved.

Figure 1. A typical spectrum produced by the XMM-Newton Reflection Grating
Spectrometer (RGS) instrument. The horizontal axis is proportional to the energy of
incoming X-rays. Strong features have been identified with different states of certain
ionised elements in the hot atmosphere of the star being observed
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diagnostics of temperature, pressure, chemical
composition and dynamical state are
indispensable for probing the true nature of
celestial objects. Spectroscopy is perhaps the
major tool for accomplishing these astronomical
investigations, and so XMM-Newton was
conceived as a mission to exploit X-ray
spectroscopy as a tool for probing the
conditions in some of the hottest and most
extreme environments in the Universe.

In Figure 1 we highlight how this can be done,
with the spectrum detected by the XM-Newton
Reflection Grating Spectrometer instrument
plotted as intensity versus wavelength. The
relative intensities of the different bright features
reflect the probability of transition of electrons
between different energy states of ionized
atoms, and are in turn directly related to the
temperature and density of the plasma
responsible for the X-ray emission. However,
unless we know precisely the relative detection
efficiency of the instrument for each
wavelength, this diagnostic is lost. This
examole therefore illustrates the essence of the
calibration activity - namely that we must have
an accurate descriotion of the instrument
parameters and how they affect the recorded
data. Moreover, we need to specify for the
scientific end-users how relrable this
information is.

Gosmic standards
For many years, the community of ground-
based astronomers observing in the visible
wavelengths of light has used 'spectrophoto-
metric' standards - namely stars with well-
known characteristics of light emission in

different colours - for calibration activity.
Essentially each new instrument or telescope
has only to look at a handful of these different
standard stars to be able to reference its
performance to other instruments, and to the
fundamental physics knowledge that is

embodied in the simole emission mechanisms
of these stars.
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Figure 2. The Crab Nebula
seen in visible light (|eft,

coudesy of ESO) and X-rays
(right, coudesy of

NASA/CXC/SAO). The
visible light image traces

filaments of hot gas, which
are a remnant of the stellar

explosion. The X-ray
emission comes from

electrons spiralling in a
strong magnetic field, and
therefore the two images

trace totally different
components of this complex

regton

In X-ray astronomy, no such 'standard candles'
are known. At best, in the 1960's and 70's,
which represented the early years of X-ray
astronomy's development, most instruments
were pointed to the Crab Nebula as part of their
calibration activity (Fig 2). This is about the
brightest object in the X-ray sky, and is believed
tn rcnrcscnt tho romrl2p{ Of a titaniC Stellar

explosion in the year AD 1054. The spectrum of
X-radiation given off by the remnant is assumed
to have a simnle tnrm that decreases with
energy by a simple power law. The instrument's
response can be cross-checked against this
assumption. Nevertheless. the inferred
brightness and detailed physics behind these
energy characteristics of the Crab have always
been a little in doubt.

To compound the problem for modern
observatories, their collecting power is now
so much more enormous than previous
instruments, that generally they are unable to
observe the Crab Nebula in normal operating
modes, because the brightness exceeds their
ability to count the individual X-rays properlyl
The challenge therefore has been to devise a
programme of observations of a wide variety of
cosmic sources that is suitable for verifying
ground-based measurements of the instruments
or substituting for our inability to make
representative measurements on the ground,
and interpret the data in a manner suitable for
qnianna anrlricic

Ground limitations
In principle, one could measure all the
necessary propedies on the ground before
launch, but this usually proves difficult, and
indeed was not possible for XMM-Newton for a
number of diverse reasons:

(a) Lack of time - instrument completion is

typically one of the last hardware phases in

the mission development, such that waiting
for several months for end-to-end calibration
of the complete instrument would add a
significant and expensive delay to the overall
programme. In any case, to collect enough
X-rays at representative brightnesses would
take a huge amount of time.

(b) Replacement of flight units - late in the hard-
ware delivery programme, a number of flight
units had to be replaced due to unexpected
failures, and spare detectors were eventually
flown which were not calibrated to the deoth
and accuracy of the former intended flight
units.

(c) Parallel beams - X-rays from cosmic sources
illuminate the telescope entrance in essentially
parallel beams. On the ground, the facilities
for creating X-ray beams from tiny high-
voltage vacuum tubes are implemented in
very long test facilities, which are designed
as much as possible to mimic flight conditions.
However, even a small diversion of light rays
from a point source prevents complete
illumination of the entrance aperture.

(d) Changing knowledge - only on completion
of the accelerated on-ground measurement
programme was the detailed analysis of
instrument performance made, and some
subtle aspects revealed that with the benefit
of hindsight more or different measurements
\A/oro rant rirarl in iniornrn+ annr rrnfnlr rvvur u ruvuil uu Lv il rrgr vrEL quvutotEty.

SpecialXMM challenges
XMM-Newton carries the largest-ever focusing
X-ray mirrors This is a key element of its
spectroscopic performance, because astro-
nomers need to collect as many photons as
possible at all X-ray wavelengths. This inevitably
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means that any systematic misunderstanding
in its collection efficiency becomes evident
above statistical fluctuations much sooner than
would be the case in smaller observatories.

An additional novel feature of XMM-Newton is
the simultaneous ooeration of all its
instruments, pointing to and observing the
same patch of sky. Observing an object with
different instruments with their very different
characteristics can in some senses aid the
calibration by providing a crosscheck for each
other. On the other hand, the general observer
also wants to combine data from the different
instruments for his/her own analysis and
needs a very secure knowledge that the
cross-calibration is reliable. For previous
observatories, it was possible ignore cross-
calibration difficulties under the assumption
that the astronomical target had perhaps varied
between different observations.

To maintain the greatest possible flexibility, the
XMM-Newton instruments have been provided
with different operating modes. For example,
the CCD arrays of the EPIC camera can be
programmed to read out restricted areas only
of the focal olane in order to accommodate
very bright objects. These cameras also have
different filters that can be deployed in the
focus to orovide different amounts of visible-
light-blocking capability, should the target
happen to be a very bright visible magnitude
star, which might swamp the X-ray signal, for
example. The RGS instrument has the
capability to select out a small portion of the
spectrum and rapidly read out the data with
high time resolution. Nevertheless, each and
every operating mode needs to be calibrated
with the appropriate accuracy, putting an
additional burden on the development of the
calibration database.

Early commissioning-phase activities
The spacecraft subsystems were declared to
be commissioned in early spring 2000, at
which point the long-planned sequence of
observations of calibration and pedormance/
verification targets was staded. In reality this
phase was also used to debug and tune a large
range of ground-segment changes. This was
necessary partly due to the accelerated launch
date, which did not leave time for compre-
hensive testing of the ground software
systems, and padly because of the usual array
of unexpected instrument operation details that
arise when new detector systems are deployed
in orbit for the first time.

Early calibration activity was therefore
pedormed in the context of a hectic cycle of
instrument updates, observation re-planning,

trouble-shooting the received data files, and
updating of software. The modus operandum
was generally that the data sets were sent to
the hardware teams, who worked out new
processing routines and associated calibration
quantities, through improved understanding of
the physics of the detectors. The ESA Science
Operations Centre (SOC)team revised the data
file formats, and co-coordinated changes in the
science analysis software, which was being
continudly improved by the members of the
Survey Science Consortium and ESA. Their
software calls upon Current Calibration Files,

which embody the latest calibration
knowledge, and which in turn are maintained
by the ESA SOC team, who were also
responsible for near-real-time planning of
updated sequences for the in-orbit operations.

By summer 2000, this hectic pace resulted in a
large number of early science results being
reported in a special issue of the journal
Astronomy and Astrophysics. Thereafter the
instrument teams and ESA staff started to plan

special calibration observations to determine
particular facets of the calibration knowledge
that had been shown to be lacking by such
science analysis. This required careful co-
ordination to understand the deficiencies,
define a target that would provide the required
information, determine the detailed instrument
setup needed for the observation. insert the
sequences into the mission planning cycle,
then on comoletion of the observation co-
ordinate the analysis and interpretation, This
planning cycle could be frustratingly long:
sometimes the ideal target might be available in

an accessible poftion of the sky only months
after its definition as an imoerative observation.
Even then, the time taken to understand the
results and recode software might be a further
impediment to instantaneous improvements.

Now the situation is a little more relaxed, so that
we are driven by the requirements of the
exciting new science that is enabled by XMM-
Newton's amazing capabilities, but which also
nr rqhcs the rcnrrircrpgl{g fOr calibratiOnYvv,,vu

knowledge still fudher. The ESA team has to
resoond to the reouests from the scientists for
further improvements by continuing the cycle of
planning and executing the new observations,
coordinating analysis and software changes.

In the following paragraphs, we review some of
the important instrument parameters that have
been explored in the calibration campaign.
highlighting some of the complexities involved.

Astrometry
One of the most obvious orooerties of an

astronomical object is its position in the sky. For
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Figure 3. The XMM-Newton
view of the stellar cluster
known as NGC251 6. The

colours reoresent the
temperature of detected
stars. Yellow and red are

probably from the relatively
cool (millions of degrees!)
stars, but the blue objects

are likely to be emission
from massive black holes

residing in very distant
galaxies in the background.
The scale bar of 5 arcmin is
eouivalent to less than 1/5th

the diameter of the full
Moon

Figure 4. Solar coronal loop
image from TRACE

(coudesy of M. Aschwanden
of Lockheed Martin Solar
Astrophysics Lab.). X-ray

emission on the Sun traces
small flares originating in

magnetic loops. We cannot
see such structures directly

even on the nearest stars,
but the X-ray measurements

allow us to measure the
temperatures, sizes and
motions of large active

regions on many stars, in
order to assess how these
flares may differ between

stellar types. The XMM-
Newton RGS instrument

observations of a number of
such stars were compared

to determine if the
wavelength scale was stable

(emission features in the
right-hand panel stay in the

same place)

example, when we discover new objects, they
are catalogued, so that follow-up at other
wavelengths of light can be perlormed in order
to characterise the objects better. Localising
the positions with as high an accuracy as
possible is impodant. so that large ground-
based telescopes can zoom in to an accurate
position without wasting valuable time
searching for the correct candidate. In many
typical XMM-NeMon observations, about 100
objects, many of them never previously
detected, might be imaged. The sharpness of
XMM-Newton's telescopes, in principle, allows
each of these to be centred to a precision of
about 1 arcsecond (the width of a I Euro coin
viewed at a distance of 5 kml). Such
performance needs to be matched by the
accuracy of the location of the cameras behind
the bore sight of the telescopes, the relative
location of all the camera readout devices
within the camera, the pointing accuracy of the

spacecraft star trackers and their
relative alignment to the telescopes.
etc. This accuracy has now been
achieved by observing a number of
selected fields containing enough
bright point-like objects whose
positions were previously known
from other catalogues.

Figure 3 shows one of those special
fields - a relatively nearby stellar
cluster known as NGC2516. While
more than 100 stars are precisely

located in visible light, their
association to the bright X-ray
sources is not always secure. Some
of the objects in this image may be
background galaxies, and some of
thc trr re stellar X-rav sources rather
dim in the optical. After very careful
matching of different catalogues,

we have satisfied the requirement of 1 arcsec
2aat traa\l Nlnrri ihic tarnof ie nhcorrrorl

several times a year to check for potential
ageing effects. such as the carbon-fibre
tube connecting mirrors to instruments
being affected by bending as a result of out-
gassrng.

Wavelength scale
ldentifying the precise energy of any of the
bright emission lines of a spectrum can be very
important. For example, the energies of
different atomic species are precisely known
from laboratory measurements, so identifying
such features allows astronomers to make a
census of atomic diagnostics to be measured.
Due to motions within the target or to
cosmological recession from our Solar System,
the line energy might be changed due to the
Doppler effect shifting the X-ray energies to
shorter or longer wavelengths. By measuring

Counts/bin
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these shifts precisely, the dynamical state of
gas within an object might be measured.

The accurate wavelength scale has been
determined by observing a number of well-
known bright stars. These have been selected
for the presence of very bright emission-line
features at well-determined wavelenqths.

PSF
The sharpness of images from a telescope is
characterised by a parameter called the Point
Spread Function, or PSF. Generally, the mirrors
of optical observatories are made by accurate
grinding and polishing of glass blanks. The
same technology was used to fabricate the
telescope in the Chandra Observatory, but for
XMM-Newton the need to provide a large
collecting area precluded launching the
necessary equivalent of tons of figured glass.
Instead, XMM-Newton's mirrors have been
fabricated from thin foils of nickel into the
correct shape (Fig. 5), but this inevitably meant
that the focusing is not as sharp. lt is impodant
to measure this image quality, so that the
astronomer can be sure whether an image of
an object is truly extended, or if it is an intrinsic
property of the mirror focusing. Furthermore,
when measuring the amount of X-ray light
detected from an object, a circle of interest can
be drawn which excludes neighbouring
sources, but then it is important to know
precisely what fraction of detected light is

within the circle.

Calibrating this quantity turns out to be far from
trivial. A high signal-to-noise ratio is necessary
to make an accurate measurement, but bright
objects suffer from an important problem in the
EPIC cameras: during the finite readout time
(-seconds) of each image frame, more than
one X-ray might fall on each picture element
(pixel), so that it becomes impossible
(for example) to discriminate between a
pixel with a single X-ray photon with
2 kilovolts of energy or two photons of
1 kilovolt. In fact, for the brightest
targets, the on-board electronics rejects
events that are merged together in

neighbouring pixels, so that a hole of
reduced brightness of valid events is

seen at the core of the image - an

artefact known as pile-up (Fig. 6).

Conversely, using faint sources to avoid
pile-up limits the calibration, either
through lack of time to build up the
na^aqa2r\/ imano ir a^^^"^^ +L^rruuuooqr y il rrqVU, vr UUUdUJU Ll lU

background of fainter stars confuses
the clarity of the wings of the PSF

To add complexity on top of complexity,
the PSF is expected to vary significantly

across the field of view and with X-ray energy.
While a number of measurements were made
to characterise the PSF in orbit, the approach
adopted has been to use these to verify
metrology measurements made on the mirror
shells on the ground, and derive a model for
expected performance in space.

Energy redistribution
Naturally, it is important to understand the
relationship between the energy of an incoming
X-ray and the signaltransmitted to the ground.
For a variety of reasons some of the photons'
energy absorbed by the detector may not be
correctly registered: the absorption may be in a
paftially dead entrance layer; perhaps some of
the energy might be lost during the process of
transferring the minute electrical signals across
the focal plane; or the amplification process
adds some noise and uncertainty to the
measurement. In order to calibrate this
'response function' we need to observe some
X-ray emission with individual features isolated

Figure 5. Close-up of an
XMM-Newton Mirror
Module. The 57 gold-coated
thin nickel shells are
concentrically stacked and
fastened to spokes that help
the shells maintain their
correct positions. The nickel
shells are about 1 mm thick,
with a separation of about
4 mm between them

Figure 6. An image from
XMM-Newton's EPIC
camera, which shows some
of the complexity involved in
calibrating the mirror Point
Spread Function (PSF) when
observing a bright target.
One of the brightest X-ray
objects observed by XMM-
Newton, it is probably a
binary system comprising a
normal low-mass star
orbiting either a black hole
or neutron star. Due to the
piling up of many X-rays at
the same oosition at the
very core of the image, the
onboard electronics cannot
recognise valid signatures in
that region and a 'hole'
appears in the image.
Radiating away from the
centre are faint beams
caused by the scattering of
radiation from the
supporting structures seen
in Figure 5. Also, the whole
image has a faint halo,
which is caused by X-rays
from the target scattering off
interstellar dust grains in
space - very interesting to
astronomers, but cedainly
no help to the calibration
scientist trying to
understand the intrinsic
focussing properties of the
mtrrors
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Figure 7. With the powerful
imaging capability of XMM-

Newton it is oossible to
view these Super Nova

Remnants (SNRs) even in
our neighbouring galaxy

(100 000 light years away).
The panel below shows the

spectrum recorded by the
EPIC camera and the ratio

between a model for this
spectrum and the real

measured data. This
provides a measure of how
well the energy response of

the camera is known (or
more likely in this case how

much detailed knowledge of
the plasma physics of these

remnants remains to be
established)

in X-ray energy. Pad of this can be done with an
internal radioactive source, but it has limited
energy range. Therefore, we supplemented the
measurement with observations of some bright
supernova remnants, with rather different
characteristics than the Crab Nebula. ln the
neighbouring galaxies to the Milky Way, known
as the lvagellanic Clouds, are two well-known
and rather bright remnants in which the X-ray
emission is produced by a hot tenuous gas.

This gas cools by radiating most of the energy
in the form of X-ray lines. Observing these lines
provides a very useful method of determining
the response across a wide range of the X-ray
spectrum.

Background
Not all of the information we need has been
derived from deliberately scheduled
observations of particular targets. and to
minimise the amount of precious observing
time spent on calibration the SOC team has
made ingenious use of existing data sets, by
carefully examining lots of Guest Observer
images to extract usef ul supplementary

information. One example is the compilation of
data that represents the detector background.

In addition to the required X-ray data of every
cosmic field, there is an unwanted and
annoying background signal that must be
accounted for or subtracted from the desired
signal. Often the observer can find a portion of
image near his or her target of interest that is

apparently devoid of X-ray emitting objects.
Any signal in this 'empty' region is assumed
representative of the background in the image
area of the desired target, and can therefore be
subtracted out. However, there are many
occasions when this procedure cannot be
followed, for example when the target of
interest covers a large fraction of the field of
VICW.

To facilitate such observations, we have
develooed a temolate set of data that contains
no bright sources, but also equivalent to a very
much longer exposure time than normal
observations so that statistical errors will be
negligible. Needless to say, with the power of
XMM-Newton's telescopes, no portion of the
true sky appears without some sources of
reasonable brightness. Therefore, we resorted
tn qaloctina a nrrmhor nf 'rlaon fialrl'vuvv

observations with no obvious central target,
removed all data from the brightest objects in

each field, and then co-added all the remaining
data together, so that the locations with
missing data were filled in and faint source
locations diluted by the other fields (Fig. 8).

These methods allowed us to save nearly half a
million seconds of observing time that would
otherwise have been dedicated to special
calibration observations, and furthermore
produce a quality that is not obtainable under
normal conditions. Nevertheless, for these data
to be trustworthy, the calibration scientists have
to take great pains to establish the effect of

!
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Figure B. Different fields are
combined together to make
an adificial star field for
background analysis.
Clockwise from the top left,
three fields from the true
sky were selected. In the
first two, some holes are
just visible where bright
sources have been
removed. In the third field,
some remnant low-level
faint sources are still visible,
but after adding many such
fields together a rather
smooth averaged field
remains (bottom left)

the various selection criteria on other users'
analysis, and provide detailed explanatrons and
caveals or recipes for their use. Otherwise.
there is a danger that the average scientist with
no detailed knowledge of the instruments may
jeopardise his/her analysis with erroneous
aoolication.

Conclusion
The status of all these and other calibration
measurements were reported at the New
Visions conference. Most oarticioants were
grateful for the chance to have a thorough
review of this existing knowledge. lt gave them
an uo to date snaoshot that allowed them to
judge whether their scientific interpretations
were valid, and to see what areas of concern
might need to be accounted for. In most cases,
the existing calibration accuracies were shown
to match or exceed the soecifications laid out
by the XMM-Newton Mission Science Team

more than six years ago. What became clear,

however, is that a number of exciting new
^^i^^^^ --^^^ +k^+ ^-^ beino enabled bv the-utEt tuv or EoD Lr rqr qr v

unique capabilities of XMM-NeMon are actually
demanding still higher calibration accuracy.

Inevitably. this is an on-going process of
improving knowledge and development that
continually presses the XMM-instrument teams
to refine the calibration information year by year,

so that this activity will continue with a high
priority.
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Studies on the Re-use of the Mars
Express Platform

A. Gimenez, J-P. Lebreton, H. Svedhem & J. Tauber
Research and Scientific Support Depaftment, ESA Directorate of Scientific
Programmes, ESTEC, Noordwijk, The Netherlands

Venus ExpressThe studies that were carried out in 2001 around the possibility of re-
using the Mars Express platform have proven the effectiveness of a
fast approach between ESA and the scientific community. lt was only
in March 2001 that ESA issued a 'Gall for ldeas' to react to the
identified possibility of a low-cost mission based on the re-use of the
platform developed for Mars Express, which will be launched in 2003.
A strict schedule was imposed, in order to benefit from these special
circumstances, aiming at a launch date for the new mission in 2005,
which is the next 'window'for missions to Mars. In response to the
Call for ldeas, the scientific community presented a wealth of
interesting and challenging proposals.

In order to proceed with the necessary studies leading to a possible
decision within the year, the advisory bodies of the Scientific
Programme made an in-depth but fast evaluation of all of the
proposals, resulting in a recommendation to further study three of
them: Venus Express, with the objective of exploring the inner planets
of our Solar System, focussing on Venus; Gosmic DUNE, aimed at
studying the interplanetary cosmic dust as well as the interstellar
contribution; and SPOrt Express, measuring the polarisation of the
Gosmic Microwave Background.

The definition studies for the three missions were carried out between
mid-July and mid-October 2001 , including payload, accommodation
on the platform, mission analysis, and scientific performance. The
results, which are summarised in the following contributions, were
presented to the Solar System and Astronomy Working Groups, which
made their recommendations for a possible implementation. In
November, the ESA Space Science Advisory Committee (SSAC)
recommended Venus Express as a candidate mission for inclusion in
the Agency's Science Programme. This recommendation was finally
presented to the Science Programme Committee (SPG) in December
2001 and Venus Express will thus be considered in the current
planning exercises. lf finally implemented, this mission will take
Europe to Venus, thereby giving the scientific community complete
access to all of the Solar System's inner planets (together with the
Mars Express mission to the red planet and the BepiGolombo mission
to Mercury).

by J-P. Lebreton

Introduction
The Venus Express spacecraft - an Orbiter for
the study of the atmosphere, plasma
environment and surface of Venus - is derived
from the Mars Express bus, with some
modifications to cope with the hotter thermal
environment at Venus (Fig. 1). The scientific
payload included in the Venus Express Study
comprises six instruments derived from Mars
Express or Rosetta flight-spare units. In

addition, during the study it was found
scientifically reasonable and technically feasible
to replace the standard Mars Express
engineering Video Monitoring Camera by a
scientific instrument known as the Venus
Monitoring Camera (VMC)

Venus Express is foreseen to be launched from
Baikonur in November 2005 by a Soyuz-Fregat
rocket onto a direct transfer trajectory to Venus.
It would arrive at Venus about 150 days after
launch and be inserted into a highly elliptical
polar orbit The baseline orbit selected during
the mission-definition phase is a quasi-polar
orbit with a oericentre altitude of -250 km and
an apocentre in the 30 000 - 45 0OO km range,
corresponding to an orbital period of 9.6 to 16
hours. A nominal mission duration of 2
Venusian days (480 Earth days) is foreseen.

Together with the Mars Express mission to
Mars and the BepiOolombo mission to
Mercury, the proposed mission to Venus,
through the expected quality of its science
results, would ensure a coherent programme of
terrestrial-planet exoloration and secure for
Europe a leading position in this field of
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planetary research. The international
coooeration formed in the framework of the
Mars Express and Rosetta missions wiil be
inherited by Venus Express, and will include the
efforts of scientists from Europe, the USA,
Russia and Japan. The Venus Express orbiter
will play the role of pathfinder for future, more
complex missions to the Earth's twin planet,

and the data obtained will helo to olan and
optimise future investigations.

Venus studies can have significant public
outreach given the exotic conditions on the
planet and the interest in comparing Venus to
Earth, especially in a context of concern
regarding the climatic evolution on Earlh.

Scientific objectives
The fundamental mysteries of Venus are related
to the global atmospheric circulation, the
atmospheric chemical composition and its
variations, the surface/atmosphere physical
and chemical interactions including volcanism,
the physics and chemistry of the cloud layer,

the thermal balance and role of trace gases in

the greenhouse effect, the origin and evolution
of the atmosphere, and the plasma
environment and its interaction with the solar
wind. The key issues of the history of Venusian
volcanism, the global tectonic structure of
Venus, and important characteristics of the
planet's surface are also still unresolved.
Beyond the specific case of Venus, resolving
these issues is of crucial importance in a
comparative-planetology context and for
understanding the long-term climatic evolution
processes on Earth-like planets.

The above problems can be efficiently
addressed by an orbiter equipped with a suite
of remote-sensing and in-situ instruments.
Compared with earlier spacecraft missions, a
breakthrough will be accomplished by Venus
Express by fully exploiting the existence of
spectral 'windows' in the near-infrared
spectrum of Venus' night side, discovered in

the late 1980s, in which radiation from the
lower atmosohere and even the surface
escapes to space and can be measured. Thus,
a combination of spectrometers, spectro-
imagers, and imagers covering the ultraviolet to
thermal-infrared range, along with other
instruments such as a radar and a plasma
analyser, is able to sound the entire Venus
atmosohere from the surface to 200 km
altitude, and to address specific questions on
the surface that would complement the
Magellan investigations. This mission will also
tackle still-open questions about the plasma
environment, focusing on the studies of non-
thermal atmospheric escape. This issue will be
addressed via traditional in-situ measurements,

Historical Context

The first phase of Venus spacecraft exploration (1962 - 1985) by the
Mariner, Venera, Pioneer Venus and Vega missions eslab/lshed a basic
description of the physical and chemical conditions prevailing in the
atmosphere, near-planetary environment, and at the surlace of the
planet. At the same time, they raised many quesfions about the physical
processes sustaining these conditions, mosf of which still remain
unanswered today. Extensive radar mapping by Venera-l5, Venera-l6
and Magellan orbiters, combined with earlier glmpses from landers,
have expanded considerably our knowledge of Venus' geology and
geophysics. A similar systematic survey of the atmosphere is now in
order. This parlicularly concerns the atmosphere below the cloud tops
which, with the exception of local measurements from descent probes,
has remained rnaccessib/e to previous Venus orbiters. Many problems
of the solar-wind interaction, particularly those related to its impact on
planetary evolution, are still not resolved.

as well as via innovative ENA (Energetic Neutral
Atom) imaging techniques.

The Venus Express mission will achieve the
following 'firsts':

- first global monitoring of the composition of
the lower atmosphere in the near-infrared
transparency'windows'

- first coherent study of the atmospheric
temperature and dynamics at different levels

of the atmosphere from the surface up to
-2OO km altitude

- first measurements of global surface
temperature distribution from orbit

- first study of the middle and upper atmo-
sphere dynamics from Or, O, and NO emissions

- first measurements of the non-thermal atmo-
soheric escaoe

- first coherent observations of Venus in the UV
to thermal-lR range (Pioneer Venus did this,
but Venus Express will do it better)

Figure 1. The Venus
Express spacecraft with
solar panels and VENSIS
antennas deployed
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- first application of the solar/stellar occultation
technique at Venus

- first use of a three-dimensional ion-mass
analyser, high-energy-resolution electron
spectrometer. and energetic neutral-atom
rmager

- first sounding of the Venusian top-side iono-
spheric structure

- first sounding of the Venusian subsurface.

Scientific payload
In order to be able to develop a mission in less
than three years, the Call for ldeas for the re-

use of the Mars Express platform required that
the Venus Express payload be selected from
existing flight-spare units developed for
previous planetary missions.

During the proposal phase, five available flight-
spare instruments developed for the Mars
Express and Rosetta missions that were best-
suited for addressing the scientific objectives
laid down above were identified. A list of
ootential additional instruments that were worth
considering during the study phase were also
identified. Following the recommendation of the
Solar System Working Group, the VENSIS
radar sounder was included in the payload-
accommodation studies. In addition, the Mars
Express engineering Video Monitoring Camera,
whose main function aboard Mars Express is to
take images of Beagle-2, was replaced by a
scientific instrument called the Venus
Monitoring Camera (VMC)

The main characteristics of the scientific
instruments are therefore as follows:

- SPICAM: a versatile UV-lR spectrometer for
solar/stellar occultations and nadir obser-
vations (heritage Mars Express)

- PFS: a high-resolution lR Fourier spectro-
meter (heritage Mars Express)

- ASPERA: a combined energetic neutral-atom
imager, electron. and ion spectrometer
(heritage Mars Express)

- VeRa: a radio-science experiment (heritage

Rosetta)

- VMC: a wide-angle Venus imaging camera
(heritage new/Rosetta/Mars Express)

- VENSIS: a surface, subsurface and ionosphere
sounding radar (heritage Mars Express)

- VIRTIS: a sensitive visible/lR spectro-imager
and mid-lR spectrometer (heritage Rosetta).

Addition of a high-resolution solar occultation
infrared channel to SPICAM and of a magnet-
ometer sensor to ASPERA is under consideration.

Spacecraft conf iguration
The Venus Express spacecraft is derived from
the Mars Express platform and is based on a

box-like shape of 1.7 x 1.7 x 1 .4 m3. Power is

provided by a steerable, two-winged solar array
with one degree of freedom. lts symmetrical
configuration is favourable for aero-braking
techniques (a capability built into the spacecraft
design, but not foreseen to be used at Venus)

and minimising the torques and forces on the
arrays and drive mechanisms during orbit-
insertion man@uvres performed with the main
engine. The spacecraft has a fixed high-gain
antenna.

Within the overall integrated design of the
spacecraft, there are just four main assemblies,
to simplify the development and integration
OTOCESS:

- the orooulsion module with the core structure

- the Y lateral walls, suppofting the spacecraft
avionics and the solar arrays

- the Y/+X shear wall and the lower and uooer
floors, supporting the payload units; the +Z
face is nominally nadir-pointed during the
science-observation and communications-
relay phases around the planet and Aspera-3

- the X lateral walls supporting the high-gain
antenna (-X) and instrument radiators (+X).

Attitude and orbit control is achieved using a
set of star sensors, gyros, accelerometers and
reaction wheels. A bipropellant reaction-control
system is relied upon for orbit and attitude
manoeuvres, using either a 4OO N main engine
or banks of 10 N reaction-control thrusters.

The data handling is based on packet telemetry
and telecommanding. The electrical power is

generated by solar arrays, and stored by a
lithium-ion battery. A standard 28 V regulated
mdn bus is available to the oavload instruments.

The RF communication system is designed to
transmit X-band telemetry via the high-gain
antenna at rates between 28 and 230 kbps,
depending on the planet-to-Earth drstance. A
variable telecommand rate between 7.81 and
2OOO bps (overall) is foreseen.

The Mars Exoress olatform needs to be
adapted to the hotter thermal environment at
Venus. The modifications reouired. which
include adaptation of the thermal accom-
modation of the instruments, have been well
identified during the industrial study phase and
present no pafticular challenge.

Mission design and operations scenario
Venus has a near-circular orbit with a radius of
approximately 0.72 AU, an inclination of
3.4 deg with respect to the ecliptic, and an

orbital period of just over 224 days. The
transfer to a Venus crossinq can be
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accomplished with an Earth escape velocity of
approximately 2.8 km/sec, which is the
minimum-energy case. The shortest possible
transfer period from Earth to Venus encounter
is 120 days. By contrast, the minimum-energy
transfer to Mars requires a higher escape
velocity, aI 3.25 km/sec, and a transfer period

of 220 days.

Venus Express rs proposed to be launched with
a Soyuz-Fregat rocket from Baikonur in

November 2005 on a direct trajectory to Venus.
After a transfer phase of about 150 days, it will
be inserted into a highly elliptical five-day orbit
around Venus. The spacecraft will be
transferred to its operational orbit by lowering
the aooaoses to an altitude in the 30 000 -
45 000 km range.

Mission development schedule
The proposed Venus Express mission design
builds on a strong heritage from the Mars
Express platform and on both the Mars
Express and Rosetta payloads, which are fully
compatible with the Mars Express bus.
Therefore, in order to save money, the
spacecraft will be designed using a proto-flight-
model approach, with direct integration of the
flight-model payload instruments. The overall
development schedule is shown in Figure 2.

Following the SPC's recommendation in

December 2OO1 , Venus Express is a candidate
mission to be included within the revised ESA
Science Programme that is under review. A final
decision is expected in June 2OO2. ln order to
maintain a schedule comoatible with a
November 2OO5 launch date, pre-Phase-B
activities on the spacecraft and payload have
been initiated in February 2OO2.

Conclusion
The Venus Express mission-definition study
demonstrated the feasibility of the proposed

mission to Venus in 2005. The Mars Exoress

spacecraft bus can accommodate Mars Express

and Rosetta flight-spare experiments with little or
no modification. The Soyuz-Fregat launch can
deliver the spacecraft to a polar orbit around
Venus with a oericentre altitude of -25O km and
an apocentre of -45 000 km. This orbit will
provide complete coverage in latitude and local

solar time. lt is also well-suited for atmosoheric
and surface sounding, as well as the studies
based on solar and radio occultations. Compared
with the Pioneer-Venus spinning spacecraft, Mars
Express is an advanced three-axis-stabilised
platform that provides significantly enhanced
spectroscopic and imaging capabilities. The
proposed duration of the nominal orbital mission

is two Venusian days (sidereal rotation periods),

equivalent to -500 Earth days.

The Venus Express mission takes advantage of
existing payload instruments, which offers a
significant cost-saving aspect for the national
funding of instruments. The re-use of the Mars
Express platform also offers a qurck and unique
opportunity for a mission to Venus that fills a
gap in ESA's terrestrial-planet exploration
programme at a cost comparable to that of
Mars Exoress.
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Gosmic DUNE

by H. Svedhem

lntroduction
The Cosmic DUNE (Cosmic DUst Near Earth)

mission is dedicated to the investigation of
interstellar dust. an imoortant but little-studied
component of the interstellar medium. lt also
addresses many of the questions concerning
the interplanetary dust complex, which has only
been partially studied previously. The mission
has been judged to have high scientific merit
and has been found feasible both technically
and programmatically. The payload selected is

largely based on existing, but nonetheless
advanced, instruments already flying on other
soacecraft and can be accommodated on the
spacecraft with only minor modifications to the
Mars Express bus (Fig. 1). The operational
requirements at both mission and payload level

are low.

Scientific objectives
The Cosmic DUNE observatory is designed to
characterise interstellar and interplanetary dust
in-situ. in order to orovide crucial information
not achievable with remote astronomical
methods. Galactic interstellar dust constitutes
the solid phase of matter from which stars and
planetary systems form. Interplanetary dust,
from comets and asteroids, represents
remnant material from bodies at different
stages of early Solar System evolution. Thus,
studies of interstellar and interplanetary dust
with Cosmic DUNE in Earth orbit will provide a
comparison between the composition of the
interstellar medium and primitive planetary
objects. Hence, Cosmic DUNE will provide
insights into the physical conditions during
planetary-system formation. This comparison
of interstellar and interplanetary dust is highly
important for both planetary science and
astrophysics.

The discoveries of interstellar dust in the outer
and inner Solar System during the last decade
suggest an innovative approach to the
characterisation of cosmic dust. Cosmic DUNE
establishes the next logical step beyond
NASA's Stardust mission, promising four major
advances in cosmic-dust research:

- analysis of the elemental and isotopic
composition of individual cosmic dust grains

- determination of the size distribution of
interstellar dust

- characterisation of the interstellar dust flow
through the planetary system

- analysis of interplanetary dust of cometary
and asteroidal origin.

Additionally, in supporting the dust science
objectives, Cosmic DUNE will characterise and
monitor the ambient olasma conditions near
the Earth's magnetotail.

Scientific payload
The science payload consists of a dust
telescope, comprising space-proven instruments
based on dust-detection techniques success-
fully used on Giotto, Vega, Cassini, Stardust,
Rosetta and other missions. They are
optimised for: (i) large-area impact detection
and trajectory analysis of micron-sized and
larger dust grains, (ii) determination of the
physical properties of sub-micron-sized grains,

such as flux, mass, speed, electrical charge,
and coarse chemical composition, and (iii) high-
resolution chemical analysis of cosmic dust.
Previous experiments by the proposing team
using similar instruments have shown that the
heavy-element and isotopic compositions of
carbon, hydrogen and nitrogen (C, H and N)

can oe measureo.

The instruments utilise different detection
methods and thereby complement each other
to yield robust measurements for more reliable
statistical analysis. A plasma monitor supports
the dust charge measurements. The viewing
directions of all dust instruments are co-
aligned with narrow fields of view. About 1000
grains are expected to be recorded by this
payload every year, with 10% of these providing

elemental compositions.

The following instruments make up the
scientific payload:

- Cosmic Dust Analyser: CDA is an impact
ionisation detector with an aperture of 0.1 m2,

capable of measuring dust masses above
lO tu g and velocities from 1 to 100 km/s. lt

measures rough composition, at a resolution
of about 50 amu, for those particles entering
the central oart of the detector.

- Cometary and Interstellar Dust Analyser:
CIDA is a high-resolution impact ionisation
time-of-flight mass spectrometer with a
resolution of 250 amu and an aoerture of
0.012 m2 . lt is mounted outside, but co-
aligned with, the dust telescope.

- Dust Detector System: D2S consists of two
parts, an upper parl for particle-trajectory
determination, based on grid wires detecting
the electrostatic charge on the particles,

and a lower part, based on a permanently
polarised PVDF film. When a particle hits the
film, part of the film is vaporised and a
proportional charge is detected. The aperture
is 0.11 m2 and the mass threshold is

3 x 10-12 g. Particle charges above 10-15 C
are detected.
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Figure 1. The Cosmic DUNE
dust-telescope payload
integrated on the Mars
Express bus. The nine D2S
modules form a telescope
with a 25" half-width and a
sensitive area of 1 m2. ISIDE
and CDA are attached to the
impact plane of D2S, with
each replacing one PVDF
impact module (lower left).
CIDA is attached to the side
(optimum mounting angle 40
deg), while PLASMON is
mounted with a stand-off
structure to measure the
solar wind

lmpact Sensor for Interstellar Dust Exploration:
ISIDE is a piezo-electric-based momentum
sensor with an active area of 0.06 m2. lt can
detect oarticle imoact momentums above
1O-e Ns.

Plasma Monitor: PLASMON will characterise
the environmental electrons, ions and magnetic
field in the 0.35 - 42OO eY,40 - 8000 eV and
10 pT - 1000 nT ranges, respectively.

Nine of the D2S units make uD the dust
telescope, seven of them where the PVDF

detectors are used, one where CDA is used,
and one where ISIDE is used as a 'focal plane'
instrument. The total payload mass is 63 kg
and the Dower reouired is 53 W.

Spacecraft conf iguration
The differences in accommodation between
the Cosmic DUNE and Mars Exoress satellite
configurations concern only the payload. All

instruments point towards +2, except PLASN/ON

which points towards -X (i.e. towards the Sun).

The alignment-accuracy requirements are not
severe, being about 0.5" for all instrument lines

of sight.

All instrument sensors apan from CIDA are
accommodated on Ihe +Z wall of the platform.
The CIDA sensor is accommodated on the
external face of the platform +X wall. The main
instrument electronics boxes are housed in the
two enclosures located in the +X paft of the
platform, where they replace the Mars Express
payload. The large D2S sensor box occupying
most of the volume above the +Z face (the
'Dust Telescope') is a lightweight structure and
cannot carry any additional mechanical loads.
The original +Z low-gain-antenna support will

have to be extended upwards to offer an

adequate field of view. The +Z Sun-acquisition
sensor's location will also have to be modified.

The functional architecture of Cosmic DUNE is
very similar to that of Mars Express, being
modified only to accommodate the new
instruments. Owing to the low data rates
between the spacecraft and the payload, the
1355 IEEE high-speed data bus is not used for
any payload element. All of the main electronics
units of the instruments are linked to the OBDH
bus via the RTU. Two instruments (CDA and
PLASMON) will require cover mechanisms,
actuated by pyrotechnic devices after launch.

The satellite operates in two different modes:
the observation mode, in which the satellite and
its solar array are kept in an inertially fixed
attitude typically for I to 4 weeks, and the
communications mode in which the satellite is

pointed towards the Earth for 1 or 2 days for
transmitting the payload data stored in the
onboard mass memory. In observation mode,
the soacecraft's health is monitored from Earth
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via the low-gain antennas. Spacecraft house-
keeping actions (reaction-wheel management,
station-keeping, etc.) are performed in

communications mode only, to avoid disturbing
the instrument observations.

The power-budget figures for Cosmic DUNE are:

spacecraft bus (communications on) 479 W,

payload 54 W, and a 10% system margin,
totalling 673 W. Cosmic DUNE's solar array will

be a recurrent version of the Mars Exoress solar
array. The total power requirement of 673 W
calls for a 5.8 m2 solar array. The present Mars
Express solar array is about 1 1 m2 in size. The
fuel budget is sized for the Soyuz three-stage
worst-case situation and the soecific imoulse
(l"j for the main-engine boost is taken as

316 sec (this includes simultaneous firing of the
small thrusters for satellite attitude control). The
delta-V for station-keeping (4 m/s) is provided
by small thrusters with an l"o of 285 sec. The
AOCS fuel and residuals are taken from Mars
Express figures, which are worst-case figures
for orbit at the second Lagrangian point (L2),

where only the solar radiation pressure creates
perturbing torques. For Cosmic DUNE, the fill

ratio is 74% (wiIh 5% margin), which is well
within the allowed limits.

The adaptation of the Mars Express platform
for the Cosmic DUNE mission oresents no
technical difficulties. The satellite development
drivers include:

- New payload interfaces: these will necessitate
modifications to the platform structure, thermal
control, and electrical system and an early
payload electrical interface validation activity
is therefore proposed in the development
pran.

- The satellite magnetic moment needs to be
characterised for the plasma instrument
(PLASMON).

- The Mars Express satellite has not been
designed with magnetic-cleanliness require-
ments in mind.

Mission design and operations scenario
Cosmic DUNE is designed for a Lissajous orbit
around the second Lagrangian point (L2) of the
Sun-Earth system. In this position, which is

about 1.5 million km from the Earth and on the
oooosite side of the Earth as seen from the
Sun, the spacecraft appears stationary in a
reference frame with the Sun-Earth line fixed.
The spacecraft will orbit the Sun as well as the
Earth once per year. This orbital position can be
easily reached with the Soyuz/Fregat launch
combination, and the transfer orbit can be
phased such that very little fuel is required for
the L2 orbit inseftion.

This operating location has been selected
because it is a stable orbit sufficiently far from
the Eadh to avoid confusion due to debris
particles orbiting the Earth. The interstellar dust
oarticles that have been found to enter the
Solar System from a well-defined direction at
about 26 km/s will be encountered at a relative
velocity of about 56 km/s during northern
winter. This will enhance the chances of
detecting the smallest pafticles. On the other
hand, during nofthern summer these particles
will be encountered from the apparent opposite
direction at 4 km/s. This will imorove the
separation of the interstellar from the inter-
planetary population. Cosmic DUNE's
operation would be organised in blocks of two
to four weeks, within which the inertial pointing
would be constant in order to collect sufficient
data for reliable statistical analysis. During
these observing blocks, no mechanical action
is allowed on the spacecraft to minimise noise
effects. The resulting de-pointing of the solar
panels can be accepted thanks to the large
available power margin. The payload produces
a modest amount of data and telemetry
sessions are only required at one- to four-week
intervals.

A mission duration of 2 years is required. The
first year of observations would focus on
interstellar dust, while the second year would
also include a number of observations
dedicated to the different interplanetary dust
types. A possible one-year extension would
allow dedicated studies of specific sources like

B-Pictoris and other dust-rich nearby stars,
meteor streams, or other targets of opportunity.
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SPOrt Express

by J. Tauber

Introduction
SPOrt Express - the Sky Polarisation
Observatory for reuse of the Mars Express
Platform - is a orooosal for a mission to
measure the polarisation of the Cosmic
Microwave Background (CMB) and the
polarised emission from the Milky Way at
microwave wavelengths. lt is based on the
SPOrt-lSS experiment, which is being
developed to fly on the International Space
Station stalring around 2005. Instrumentally,
there are two mdn modules in SPOrt Express:
LARMI (Low Angular Resolution Multifrequency
Instrument) which measures the Stokes Q and
U parameters of the sky emission with 7.0 deg
angular resolution at four frequencies between
22 and 90 GHz, and HARI (High Angular
Resolution Instrument) which measures Q and
U with 0.5 deg angular resolution at 90 GHz
only. LARMI is essentially identical to the
payload of SPOrt-lSS, whereas HARI is a new
addition allowed by the Mars Express bus.

Accommodation of the SPOrt Express
experiment on the Mars Express bus was
studied for ESA by Astrium in Toulouse (F)

between July and October 2001. That study
indicated that only minor modifications to the
bus would be needed (Fig. 1). The main critical
item identified was related to the low
temperature required to be passively achieved,
and the associated cryogenic testing at system
level, which could become relatively complex.

In parallel, a study team was formed
by ESA to address the scientific

questions raised by its
Astronomy Working

Group (AWG)

in its

Figure 1. The SPOrt Express payload
accommodated on the Mars Express bus

pre-evaluation. In short, the study team's
mandate was to examine the scientific merit of
SPOrt Express, particularly in the context of the
capabilities of other ongoing experiments such
as MAP (a NASA mission in operation) and
Planck (an ESA mission under development
and due for launch in 2OO7).

Scientific objectives
Measuring the polarisation signature of the
Cosmic Microwave Background (CMB) has
very high scientific interest, due to its potential

to provide original information on the
characteristics of the early Universe. Of
particular interest for SPOrt Express is its ability
to shed light on the epoch at which the re-
ionisation of the intergalactic medium took
place. Many experiments dedicated to this
problem, both ground- and balloon-based, are
already gathering data or in development.
There are high expectations that MAP and
Planck will detect and image at least the
brightest polarised components of the CMB.
The community is also starting to design the
next generation of CMB observatories based in

space, which wiil undoubtedly be dedicated to
the measurement of polarisation.

There are two major components to the
science case for SPOrt Express: CMB-related
science, and Milky-Way-related science. The
study team concentrated on the CMB element
of the scientific case, trying in pafticular to put
it into the current context of similar ongoing
space- and ground-based experiments.

Observationally, the objective of SPOrt Express
is to make maps of the linear polarisation of the
sky (via the Stokes parameters U and Q; the
parameter | - which parameterises intensity - is

not accurately measured by the receiver
concept; and since the CMB is not expected to
generate circular polarisation, no emphasis is

put on measuring V). The maps will be
used to estimate the anqular Dower

spectra of the E(or gradient)-

component and B(or curl)-
component of the CMB. The E-
comoonent is exoected to be the
brighter of the two and is
therefore the main target for

SPOII Express.
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Scientific payload
Much of the scientific case for any CMB
experiment rests on its instrumental perfor-

mance, and the Team therefore looked closely
at this aspect. The critical performance phase

soace for CMB exoeriments includes such
parameters as sensitivity, sky coverage,
frequency coverage, and angular scale
coverage. lt is generally agreed that the best
CMB exoeriment will cover as much of this
phase space as possible, which implies a
better ability to recover the angular power
spectrum of CMB emission, and therefore to
extract cosmological parameters.

When only comparing the nominal performances

of the SPOrt Express payload with that of
Planck, it is apparent that the latter is superior
by a significant factor. However, instrumental
systematic effects, rather than the nominal
performances, may turn out to be the limiting
uncertainty in the measurements of Q and U.

The SPOrt Express design has a definite
advantage over Planck in this respect.
exploiting a receiver concept that has been
designed from the start to measure polarisation,

and is robust and effective at suppressing such
systematic effects. lt was assumed that in the
case of SPOrt Express, instrumental systematic
effects would have a negligible impact.

Under the above assumption, the analysis by
the study team indicated that the following
main objectives could be achieved by the
baseline conceot oresented in the SPOrt
Express proposal:

- it would obtain all-sky maps of galactic fore-
grounds aI22 and 32 GHz

- it would make measurements of the CMB
polarisation with a significance that depends
on cosmological parameters: the current
analysis shows a detection at a significance
level between 1 and 7o (depending mainly
on the level of cosmic re-ionisation)

- it would make a measurement of the optical
depth of the re-ionised cosmic medium (with

a 1o confidence level of -0.03 if r,.",on = 0.05).

In addition to the above nominal performance,
the study team identified some potential
enhancements to the (CMB-related scientific
return of SPOrt Express which could be
achieved through relatively minor modifications
to the payload concept: (a) changing the
observing strategy from a (shallow) all-sky
survey to a (deeper) scan of a small patch of
the sky (as allowed by the three-axis pointing
capability of the Mars Express bus); and (b)

increasing the angular resolution of the HARI

module (which appears achievable within the
volume and mass constraints of the Mars
Express bus).

Conclusion
Unfortunately, after weighing all scientific and
programmatic considerations, the AWG felt
'unable to recommend implementation of the
SPOrl Express payload with the re-use of the
Mars Express platform. lVeverfheless, recognising
the compelling scientific importance of
measuring CMB polarisation, the AWG sees
this as a key area in which ESA should be
involved in the future. Therefore, the AWG
supports and encourages the community to
continue to develop approaches to CMB
polarisation studles, with the aim to provide a
strong proposal for consideration at the nert
available ESA misslon opportunity'.
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The Erasmus Virtual Campus

D. lsakeit
International Space Station Erasmus User Information Centre,
Directorate of Manned Spaceflight and Microgravity, ESTEC, Noordwijk,
The Nethedands

What is the Erasmus Virtual Campus?
The purpose of the Erasmus Virtual Campus,
based at ESA's ISS Erasmus User Information
Centre in Noordwijk, The Netherlands, is to
bring people together, increase their collective
knowledge and facilitate cooperation between
them. The target audience for the Campus is

European scientists and engineers who are
interested, or already involved, in using the
International Space Station (lSS) or other space
and ground facilities to which the ESA
Directorate of Manned Spaceflight and
Microgravity (D/MSM) can provide access.

The Erasmus Virtual Campus was inaugurated in September 2000 to
bring together scientists and engin in. using the
International Space Station and other ir research. lt
also provides the foundation for creating Virtual Institutes in selected
scientific disciplines. The current capabiliti6s of the,Campus are '

highlighted, along with plans for the future.

The Virtual Campus also provides the
foundation for the creation and operation of
Virtual lnstitutes in selected scientific areas.

Who can use the Campus?
The Virtual Campus is open to anybody
interested, or already involved, in using the
research facilities developed and operated
under the responsibility of D/MSM or for which
this directorate coordinates and facilitates the
access of Eurooean users. These facilities
cover the European elements of the lSS, as
well as other orbital and ground-based
research facilities such as the US Space
Shuttle, Russian Foton capsules, European
Maser and Maxus sounding rockets, parabolic
flight campaigns with the Airbus A3O0 aircraft,
drop towers and selected ground
for research in life sci
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The Erasmus Virtual Camous is thus ooen to a
large potential user community:

- scientists who are interested in using any of
the above facilities for their research;

- project engineers and managers involved in

the development, building or operation of
these facilities;

- scientists and engineers in the European
User Support and Operations Centres
(USOCS) who deal with the utilisation of these
facilities;

- politicians who decide on research activities
and who want to obtain information on the
objectives and results of the work performed
in these facilities;

- students in search of reference material for
their university studies or of information and
guidance in their personal career choices;

- public and private educational institutions and
exposition centres that focus on the popula-
risation of science and technoloqv activities
In space;

- laypersons and media representatives with
an interest in research and high-technology
subjects.

Who is the primary target group of the
Campus?
The primary target group of the Virtual Campus
consists of the scientists, engineers and
research coordinators who are involved in the
various research or development projects of
ESA's M icrogravity Application Programme (MAP)

or Technology Application Programme ftAP), or
who are members of one of the 'Topical

Teams'. The Campus wants to encourage and
facilitate the setting up of MAP and TAP project
teams and Topical Teams and supporl the
communication and coooeration amonq their
members.

What are the MAPs, TAPs and Topical
Teams?
MAP aims at involving industry in applied
research aboard the lSS, by identifying those

areas where the utilisation of soace could be an
important element in the research and
development of an industrial programme.
Groups of scientists are encouraged to team
up with industry. The MAP initiative was started
by ESA in 1999 with an Announcement of
Opportunity for proposals in which researchers
and research teams, with partners from
industry suggested ideas and new approaches
to include the microgravity research in their
overall product-oriented and market-driven
aoolied-research activities.

The 125 MAP orooosals resulted in 44 concrete
research projects. For the first 2 years, the
financing is focused mainly on ground-based
research. During this period, industrial questions
that can be answered by future microgravity
experiments are being identified. Thereafter,
precursor experiments are planned in selected
research areas using early opporlunities on the
lSS, Space Shuttle/Spacehab flights and
sounding-rocket missions.

A similar programme, directed at applied
research activities in technology, is being set up

by ESA as the Technology Application
Programme fl-AP).

The MAP and TAP initiatives are
supplemented by broadening the
approach through the establishment of
Topical Teams. In these Teams, new
space-environment applications are
discussed in a series of workshops with
industrial participation. Covering the
different disciplines of material science,
fluid sciences and biotechnology, these
workshops have proved to be an
important step in identifying applied-
research problems that could be solved
by using microgravity as a key tool.

Why do these teams need a Virtual
Campus?
The MAP and TAP projects and the Topical
Teams unite people from different scientific
disciplines and professional corporations on a
common research objective. The teams are
international and the members often do not
know each other well at first. Becoming familiar
with each other's discipline, sharing existing
knowledge, working with the same reference
documentation and jointly working out plans
and proposals is a constant preoccupation of
these teams. The Erasmus Virtual Camous
makes this task easier.

It is expected that the Campus, thanks to its
particular information and communication
tools, can cater for a more interactive type of
information exchange and a higher degree of
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group interaction among the team
mamhorq then rnraq nnccihlo in lho noci

vvuu'v'v

with the classical one-to-one informa-
tion and communication tools

What are the principal functions of
the Virtual Campus?
Firstly, the Campus is an information
^- a^t tt r^^i i,^+^^ ^^^^3S tO rnfOrmationPUt LOt, tL OUt ttdLUJ dUUEi

that exists somewhere, but is difficu t to
find.

Secondly, the Campus is itself an

information content provider. lt is a

warehouse for validated and up-to-date
reterence information lt packs this
info'n-ation into appropriate boxes.
rnrriioc iho nlocnriniinn aI cnnianl 

^n 
I^n,vUv, ' v

and stores the boxes in a structured way on
shelves where they can easily be found,

Thirdly. the Campus s a broker lt contributes to
making the rdeas and prolects of people known
to nther neonle and helos them Lo connect wtLh

each other

Fourlhly. the Campus is a cooperation facil tator.

It provides information and commun cation
tools that a low research teams to work on a

common research project even though they are
geographical y separated

F fthly the Campus is a time-saver and trouble-
shooter The ISS User Information Centre
selects or deve ops for the Viftual Campus
information and communication tools that are

conpatible and complemenlary, lt ensures
coherence and standard sation in tie -se of
tools throughor,t the whole Vinual Campus
commun:ty and helps participants to set up
these tools and become familiar with their
operat on. lt runs the Internet servers and the
communication hubs through
which the members of
+h^ \ /i4, ,^t 

^^-^, 
,^ ^^FLre vrrLUar ualI'pus can

share information and
communrcate.

{e

Figure 2. The structure of the Erasmus Virtual Campus.
(ESA/D. Ducros)

What does the Virtual Campus look like?
Th^ \ /i'+ 'rr r'-nmn' ,^ i- otr rntr rrael \/Ar\/ mt rnh likplllE vll Luor vol llpu- lJ DLr uuLuruu vur y rrruur rilr\u

a campus in the physical world, lt is a city with
^^/..l l.-,,il.-li^^- nnnnociod hrr qirooiqp dUUJ dl 'U UUllUll l!.lJ uvr I uuLUv uy JLruuLo.

While some buildings may be open to all

vistors. others have a restricted access for
members only. There is a Forum for discussion
and for meeting new people. ar Amphitheatre
for lcctr rros :n.l nrcscq{gligpg ard a COliSeUm
r^- ^..^^r^ Th^-^ i^ ^ Librarv and an Archive.IUI YVUI ILJ. I I IWI U IJ O

The Virtual Camous can also host Virtual
lnstitutes. These Virtual lnstitutes will be
operated in a shop-within-a shop r-ode They
would be the masters of thelr own business.
but they could make use of a common
information and communication infrastructure
and of cedain services orovided bv the Virtual
vqr rrpuo

{

\
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What are the products and services of the
VirtualCampus?
lnternet site
The core product of the Viftual Campus in its
triple function as an information portal, an

information content provider and an information
broker is the lnternet site at www.spaceflight.
esa.int/users. This site is structured into the
following main areas: Facilities, Disciplines,
Mission and Campaigns, Coordination of
Research, Information, Advice and Support,
and Databases.

Facilities contains information on the various
facilities for research and aoolications that are
covered by the Erasmus Virtual Campus. The
Internet site catalogues all these facilities,
presenting their purpose, technical and
operational characteristics, responsibilities and
access rules. Page structure and content are
such that the advantages as well as the
limitations of the facilities can easily be
identified and the facilities comoared with each
other.

Disciplines shows the relevance of the available
facilities for the various disciolines and ooints to
the scientific or technical results that have
already been obtained or are envisaged to be
obtained with these facilities.

Mission and Campargns identifies past and
future activities that use these facilities,
nroqontq tho er:iontifjg Content Of theSe
missions and campaigns, and points to the
scientists and engineers involved in these
activities.

Coordination of Research is both a
noticeboard for the announcement of
research opportunities and a meeting
place for people who are involved in

research on the ISS and other
facilities.

lnformation, Advice and Support is

where the Campus visitor can find
contact points and counterparts who
can answer specific questions and give
advice and supporl in the preparation
and execution of research prolects.

Databases gives an overview of and
provides access to databases such
as the Erasmus Experiment Archive.
Internet-based documentation depos-
itories and the Photo and Video
Archive.

This Internet site is not meant to be a simple
online eouivalent of oublic-relations-oriented
information brochures. but a resource of

validated uo-to-date reference information for
scientists and engineers. lt is therefore based
on two essential concepts: the avoidance of
information duplication; and data and
information ownership.

Avoiding duplication is the prerequisite for
efficient configuration control of the reference
information contained in the many pages of an
Internet site that is expected to cover about
1OO0 individual pages once it is completed.
Any fact or figure that is expected to evolve
over time is oresented on a minimum number
of different pages. The ideal is a single
reference page to which other pages then refer.

Structuring the Internet site accordingly is

therefore a major efforl.

The other conceot. which ensures that the
information on the site is uo-to-date.
unambiguous and contradiction-free, is the
ownershio of data and information. For each
page, the owner or owners of the reference
information contained are clearly identified and
agreed upon. The content of each page is then
either submitted for the endorsement of the
information owner or, if appropriate, the full

responsibility for maintaining the page is

handed over to the information owner. In order
to make this concept feasible, the site
www.spaceflight.esa.int/users is based on a
rather comolex Oracle database linked to a
Cold Fusion server.

Document Server
In its role as a cooperation facilitator, the
Campus allows its members to store
documents of common interest and share
them among team members. As a first step,
the documents are uploaded upon request by
the various research teams participating in the
Campus by the collaborators of the ISS User
Information Centre. As a second step, an
interactive document server is envisaged to
allow easy upload and maintenance of the
stored documents by the individual research
teams themselves.

Photo and Video Archive
A function similar to the interactive document
server, but for the shared storage and access
of photo and video files, is already operational
as the Photo and Video Archive. This archive is

also based on the information ownership
concept and the individual owners of the files in

the archive can decide themselves whether
they want to restrict access to a particular user
community or share them with the public.

At oresent. the interested viewer must first
download the video files in the archive before
they can be seen. The technical capability to
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receive the video files via streaming video is
under oreoaration. This will make the Photo
and Video Archive particularly attractive for use
in tele-education activities on the Campus.
Computer-based familiarisation and training
sessions can then be accessed easily as video-
on-demand streaming video files.

Remote worki ng sesslons
In its role as a cooperation facilitator, the Virtual
n^-^,,^ i^ ^^++i^^ ,,^ ^ +^^l +h^+ ^ll^,^,a\Jdl llpUJ lJ JULLII lV Up d LUUI tl rdL dlluvvJ

geographically separated research teams to
work in real-time and interactively in Word,
Powerpoint and Excel, and to speak to each
other through the Internet. lt is true that there is

already an abundance of similar tools - some of
them are even offered for free download from
the Internet. However, while most of these tools
work well between two computer enthusiasts
connected through their individual modems,
they often fail, or even create serious software
operations conflicts, when they have to be

yet widely accepted as a replacement for face-
to-face meetings. They are difficult to set up.
have limited field of view and offer insufficient
resolution and interactivity for dealing with
documents, images and drawings. The tele-
conferencing and tele-education tool selected
for the Virtual Campus will avoid these
problems, and its combination with other
communication tools, such as satellite
communication, 3D television and the
Interconnected Ground System (lGS) network
that links the USOCs with ESA. can increase
the attraction of this form of remote
coooeration to ootential users.

Chat and dlscusslon forums
In addition to the interactive working sessions
in closed-circuit mode, the Virtual Campus will

organise chat sessions and discussion forums
with a broader audience and the general public.

These tools will be part of Ihe www.spaceflight.
esa. i nU u sers I nternet server.

Figure 3. Working in the
Multimedia Library

compatible with existing office software tools
and the firewall protection techniques that are

typically used in the computer networks of
research institutes, space agencies and
industrial companies. The ISS User Information
Centre is therefore setting up a dedicated
server and procuring the necessary numbers of
licences for a tele-conferencing and tele-
education tool that will work with the software
and firewall environment of the Campus
participants. lt will also familiarise the
oarticioants with the use of this tool and
provide supporl during its operation.

Experience with existing, ISDN-based video-
conferencing tools has shown that they are not

Video oroduction and broadcast facilities
The ISS User Information Centre is equipped
with a TV studio and the resources for
producing video films (including 3D). lt also has
its own satellite television uplink and downlink
facility and access to a Ku-band transponder
on a Eutelsat satellite, so video productions
and live events can be broadcast from
Noordwijk to the whole of Europe for the
Erasmus Virtual Campus.

The ISS User Information Centre had already
contracted and supervised the production of a
number of video recordings with leading
scientists and engineers to illustrate the
Station's utilisation in the various user

91



@esa bulletin 109 - february 2OO2

Figure 4. The control room
for the TV and video

Figure 5. Live TV coverage
of the Campus inauguration

disciplines at the ISS Forum 2001 in Berlin in

June 2001. There is much raw material that
was not used at the Forum, and it will become
the initial stock for the oroduction of lectures
and educational films in the framework of the
Erasmus Virtual Campus for broadcast via ry
satellite and as streaminq video-on-demand.

Presentations, /ectures and live eyents
The television studio of the ISS User
Information Centre in Noordwiik is comole-
mentcr^l hv An ar rr^lilgfigfn fOr 120
spectators. Together with the existing
satellite broadcast facility and the
planned Internet streaming video
broadcast facility, the auditorium can be
r rqccl f ar roat tlzr nresentationS andv|\
lcctr rrcq nn qoloctod tnOiCS Of intefeSt tOv, I vv,vvLvv Lvl

the Virlual Campus and which can be
broadcast live to Europe via satellite and
lnternet.

The same tools and resources also
ensure a wider distribution for launch and
ISS in-fllght events, in particular for
events with a scientific or educational
connotation.

European viewing sites
The satellite uplink station of the ISS User
Information Centre was designed mainly for
distributing satellite feeds to other ry
broadcasters. lt is therefore equipped for using
a Ku-band digital satellite transponder in the
Single-Carrier-per-Channel (SCPC) mode. The
ESA Television Service normally uses a leased
transponder on a Eutelsat satellite at an orbital
position of l OoE. Although typical consumer-
type equipment can receive this satellite, it is

not expected that many potential viewers who
the Erasmus Virtual Camous hoDes to reach
will have the necessary equipment installed and

pointing at lOoE. This TV satellite is

not widely used by the public and the
SCPC mode requires an antenna
diameter of at least 1.2 m.

The Viftual Campus will therefore
base its programme of lectures and
event transmissions around a
number of viewing sites in Europe
that have the necessary satellite TV
ror:ontinn onr rinmon{ and an

appropriate auditorium to host
interested viewers f rom their
geographical area. The USOCs are
expected to play a key role in this
network of viewing sites. Apaft from
the satellite reception, these centres
are also connected to the Erasmus
User Information Centre through the

ESA-internal IGS network, which offers
additional possibilities for communication,
including 2-way. Commercially funded user
suppod centres like ALTEC in Turin, ltaly, and
BEOS in Bremen, Germany, are invited to
become paft of the network of viewing sites.

In a second step, it is envisaged to extend the
network to interested research institutes and
organisations, universities, other space agencies,
industrial companies, and education and
popular science centres.

What is the status of the Viftual Campus?
The Erasmus Viftual Campus was formally
inaugurated on 8 September 2000, in the
presence of the ESA Director General,
A. Rodota, and the Director of Manned
Spaceflight and Microgravity. J. Feustel-Buechl,
with a series of presentations and a roundtable
discussion on the life sciences utilisation of the
lSS. The event was transmitted live to Europe
via satellite and as streamino Internet video.

Subsequently, the work focused on the
development and refinement of the tools, in

particular in the area of television and Internet.
Working with the TMP company in Bayreuth
(D), a new 3D television system was developed
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and made operational. lt was presented for the
first time to the general public during the
International Radio and Television Exhibition IFA

2OO1 in Berlin in August 2001 with a live 3D W
transmission from Noordwijk to Berlin.

ln parallel, the Internet site at wwuz.spaceflight.
esa.int/users has been set up, together with
the Photo and Video Archive. A substantial area
of concern has been the insufficient bandwidth
of ESA's access to the Internet backbone for
streaming Internet video activities. This is

critical for reaching a large audience of the
Virtual Campus in a cost-efficient manner. With
the expected increase in the course of 2OO2

from 4 Mbit/s to 34 Mbit/s, these problems
should be resolved.

The success of the Internet video streaming of
the whole ISS Forum 2001 conference in real-
time and as video-on-demand - organised by
the User Information Centre - not only increased
our experience with the technique, but also
demonstrated the high interest in this form of
information distribution within the potential
+^-^^+ ^.,!i^^^^ ^{ the Erasmus VirtualLdr vut duurur ruu ul
Campus.

With most of the tools now being developed or
ready for operation, the next step is to bring life
to the Erasmus Virtual Campus. lt is planned to
highlight the concept and resources of the
r\^-^,,^ ih ^ ^^ri^^ ^f nrocantatinnq tn ifqUdl I lpUJ ll I d JUI IUJ Ur Vruour rrqLrvr ro Lv rro

primary target users, namely the members of
the MAP and TAP project teams and the
Topical Teams.

The emphasis over the coming months will be
nn thn Inlnrnn* *aln-666f66666in6 orrantqul I Ll lg ll lLvl I lvL. tvlv uvr ilurur ruil rvt uvur rro.

education and Virtual lnstitutes.

Teams will be offered the opportunity to present

their activities on the lnternet sile al www.
spaceflight.esa.int/users and to use it for
exchanging project rnformation, documents,
and photo and video files.

The efficiency and acceptance of the tele-
conferencing tools will be tested and evaluated
during a number of joint ESA/NASA sessions
on ISS payload safety, with engineers and
sr:ientists mcetino in oarallel in Houston and
Noordwijk, and during the joint 8th European
Symposium on Life Sciences Research in
Space / 23'a Annual International Gravitational
Physiology Meeting in Stockholm this June.
Based on our experience with the particular
advantages and limitations of the various tools
during these sessions. a standardised tele-
conferencing support concept will then be
presented to the MAP/TAP project teams and
tho Tnninal Toamc
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establishing the initial viewing sites and initiating
joint events with the USOCS. The technical and
organisational measures will be implemented to
use the ESA IGS network for these events.

For education, the approach is two-fold.
Working with the scientists concerned, the
video footage produced for the ISS Forum
2001 will be 'upgraded' into a collection of
short educational video films explaining the
background, objectives and benefits of
research on the ISS and other research
facilities, in selected disciplines. In parallel,

scientists will be invited to elaborate a joint

^nna6n+ 
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lectures given at regular intervals in the
auditorium of the ISS User Information Centre
beginning in 2002.

For the Virtual Institutes, it is planned to present

the principal possibilities and the available
resources of the Virtual Campus to interested
scientists, and to assess with them how they
could benefit from the Virtual Campus for
creating their own Vidual Institutes.

Contact point
Scientists and engineers from the potential user
community of the Vidual Campus who would
like to receive additional information or who
would like to be among the foundation
members of the Campus are invited to contact:

Dieter lsakeit, Manager, ISS Erasmus User
Information Centre, Directorate of Manned
Spaceflight and Microgravity (mail code MSM-
GAU). ESA/ESTEC, PO Box 299, NL-2200 AG
Noordwlk, The Netherlands. Tel +31 71 565-5451,
Fax +31 71 565-3661, Dieter.lsakeit@esa.int

@esa

Figure 6. Hosting coverage
of the Zvezda launch

ri..
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The Orbital Liquid Experiment (OLE)

J.M. L6pez, F. Mancebo, D. Meizoso & P. Valls
Universidad Politecnica de Madrid. Soain

U. Merbold
ESA Directorate of Manned Spaceflight and Microgravity,
ESTEC, Noordwijk, The Netherlands

The SUCGESS competition
In 1998, ESA initiated a European student
contest to supporl the early utilisation phase of
the International Space Station (lSS).

SUCCESS (Space Station Utilisation Contest
Calling for European Student Initiatives) was
officially presented at the Second Space
Station Utilisation Symposium held at ESTEC
on 17 November 1998. lts main aim was to
have European students thinking about space
and working on a proposal for an experiment
aboard Europe's Columbus laboratory module
of the lSS. The contest was ooen to all

disciplines in order to stimulate new space
science initiatives for the lSS.

The student Orbital Liquid Experiment (OLE), winner of the Agency's
SUCCESS competition, has been built and successfully operated.
OLE, which investigates the impacts of liquid drop against liquid
surfaces, flew on ESAs 30th Parabolic Flight Campaign. Achieving
conditions unobtainable under normal gravitational effects, valid data
were recorded for 44 parabolas during the three flights of the
campaign. The preliminary results show that, in microgravity
conditions, there is an absence of any kind of reflection of the liquid
following impact.

SUCCESS was addressed to all students in

more than 950 universities all around Europe -
more than a million students from all disciolines.
The year-long contest was organised in three
phases. In the first phase, the students had to
register and briefly describe their ideas; 485
orooosals trom 229 universities were received
by the deadline of 18 February 1999. A
Professional Day was organised in March
1999. when ESA exoerts answered online
questions from the students.

In the second phase, the students had to write
a proposal describing their initiatives in more
detail. ESA received 103 experiment proposals
from 126 students, in Austria, France,
Germany, lreland, ltaly, The Netherlands,
Norway, Spain and the UK, spanning the fields
of technology, life sciences, physics, materials
science and Earth observation.

ESAs Space Station Utilisation Panel (SSUP)

served as the competition's jury and decided
on the best essays to select the participants for
the third phase. A Team Day was organised at
ESTEC on 23 April 1999, when the pairicipants
met for the first time and worked together on
their proposals. The objective was to provide

first-hand information about the ISS and
Columbus, as well as to encourage pafticipants
with srmilar proposals to form teams with
members from other countries.

In this ohase. the teams elaborated detailed
proposals for flight experiments. The SSUP
chose the winners. The award event was
organised in connection with the SOIn Inter-
national Astronautical Federation congress, in

Amsterdam, in October 1999. Under the aegis
of ESAs Director for Manned Spaceflight and
Microgravity, Mr Jorg Feustel-Buechl, prizes
were awarded to:

First Prize: Jos6 Mariano L6pez Urdiales,
Fernando Mancebo Ordoflez, Daniel
Meizoso Latova and Pablo Valls Molden-
hauer (Universidad Politecnica de Madrid,
Spain);

Second Prize: Paolo Ariaudo (Universitd degli
Studi di Napoli 'Federico ll', ltaly);

Third Prize: Alexander Roger and Anna
Glennmar (University of Glasgow, UK).

The First Prize was the oppoftunity to work on
the experiment at ESTEC and test it on a
parabolic flight campaign. Second Prize was a
laptop; Third was a trip to Kourou to witness an

Ariane launch. This article describes the
activities and results that followed from the
award of the First Prize to the Orbital Liouid
Experiment (OLE; Figs. 1 and 2)team.

Background
Behind the beauty of the apparently simple
event of a liquid drop impacting against a liquid
surface lies a complex and unsolved physical

system. Given the initial conditions and
properties of the liquid, we are not yet able to
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fully explain or predict what will happen. The
sublect has important implications for a wide
variety of fields of science. including fluid
dynamics. chemical engineering, space
research and meteorology. lt is impodant for
many technical applications in the
pharmaceutical. metallurgical and food
industries The investigation of drop collision
and coalescence processes as a whole is

leading to new and more efficient technologies.
The main oblective of this research is to gain a
better understanding of liquid drop impact
phenomena under a wider range of physical

conditions than can be achieved in a qround-

based facility.

Fluid dynamics researchers have studied
impacts of liquid drops against flat liquid
surfaces since the early photographic work of
Prof. A.M. Worthington in the 19th Century.
Many experiments of this type have been
carried out using liquids of different properties
(from water to superfluid helium) and drop
diameters of up to 6 mm. However, they were
all carried out under normal gravity, which
imposed two limitations in the range of
conditions that could be exolored. First. the
drop diameter was limited to less than 6 mm;
second, the gravity in the impact reference
frame was always the same. OLE was
conceived to elude these limitations by
providing experimental conditions in which the
gravity of the reference frame of the impact was
a control parameter, while being able to form
drops larger than on the ground.

The outcome of the imoact deoends on the
propefties of the drop fluid, the target fluid and
also of the fluid the drop travels through before
it impacts. lt also depends on the diameter of
the impinging droplet, the impact velocity and
the level of acceleration. Also, the boundary
and initial conditions play an important role that

may vary the results of
similar experiments.
The two main physical
parameters on which
the phenomenon
depends are the Weber
and Bond numbers,
which are respectively
the kinetic energy and the gravitational energy
of the drop, both normalised to the surface
energy. Using high-speed imaging, the impact
can be observed and the shaoe and size of the
impact crater can be measured to characterise
the phenomenon.

Each different impact condition can be
associated with a ooint in the Weber-Bond
plane. The paft of the plane already explored in

ground-based laboratories is shown in Figure 3
This part can be divided into regions, each
representing a different impact regime. Results
so far show three different regimes: bounce,
coalescence and reflection. Shod descriptions
of these regimes in drop-flat fluid sudace
collisions are given below.

Bounce
It may happen that the gas surrounding the free
surfaces is trapped between them as they
close in. The thin gas layer then inhibits the
contact between them and the drop bounces
off the flat sudace. The deformation and
drainage of the thin gas layer depends upon
external factors such as the gas pressure, the
shape of the impacting droplets and the
behaviour of the trapped gas. This
phenomenon is difficult to reproduce because it
occurs only under very specific conditions.

Coalescence
In this case, the air layer escapes from the gap
between the droo and the fluid sudace. After
initial contact, a liquid bridge appears between

Figure 1. OLE ready for
shipping to Bordeaux

Figure 2. OLE during an
experiment run, poised at
the top of the bearing rail
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Figure 3. The Weber-Bond
plane

Figure 4. Schematic of the
selected hardware concept

them; the mass inside the drop joins the fluid of
the target in a process called coalescence.

Reflection
The process is similar to that of coalescence -
the drop merges with the target surface but
then a new drop separates, of different mass. lf
the Weber Number of the impact is higher than
about 65, a jet is reflected upwards and a new
drop is pinched off at the tip of the jet (Rayleigh

instability) Even higher Weber Numbers
produce more complicated reflections: smaller,
satellite drops are generated behind the main
oroo.

Before the OLE team's arrival at ESTEC, a
series of experiments in the Universidad
Politecnica de Madrid generated results in the
previously known regimes and provided hands-
on experience with drop impacts and high-
speed imaging. This preliminary work paved

the way for the project's rapid progress.

OLE was designed to study impacts of drops of
various diameters in microgravity, and impacts
of very large drops in conditions simulating the
gravities of Titan, Mars and Earth. Figure 3
shows the impact conditions that were
achieved in the experiment. All these impacts
are beyond the previously explored range.

The experiment hardware
Many concepts for the experiment were
studied from October to December 2000;
Figure 4 shows the final version. The main
hard-ware components are the:

- working fluid;

- injector system;

- fluid cell system;

- high-speed digital imaging system;

- illumination system;

- servo-controlled linear motor;

- power sysrem;

- data-acquisition and control system;

- slruclure.

Disti I led water was selected as Ihe wo rki n g fl u i d
because it has a high surface tension and it is
relatively safe and easy to handle. The injector
system consists of a set of adapters, syringes,
tubing and Teflon needles to form single drops
in microgravity. Figure 5 shows the Teflon

needles and an adapter. The drops were
formed by pumping water manually with the
syringes. Manual operation provided greater
flexibility of operation than using a digitally
controlled syringe. To form drops of various
sizes, different drop injection sets (with needles
of diameters ranging from 0.1 mm to 0.8 mm)
were attached to the top of the fluid cell using
custom-made adapters. The injector system
was assembled at the Microgravity Laboratory
in ESTEC.

The fluid cell system provides a watertight
volume where the liquid is stored and drops
can be formed and impacted against a flat
liquid surface. The cell chamber is a straight
prism with a square 100 mm section made of
transparent polycarbonate sheets. The injection
sets were attached at the top of the cell. One
critical requirement for the experiment to work
was to keep the surface of the liquid flat even
during microgravity time. This was achieved
with the aid of a laser-cut stainless steel plate
150 microns thick, its surface was treated with
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an experimental non-wetting coating
provided by 3M (L16154). Ground
tests and mrcroscopy inspections
rnroro nor{ormer-l tn characterise the
properties of the sharp edge.
However. the only way in practice to
fully validate this solution was to test it

in microgravity, which was obviously
not a realistic option. Foftunately, this
solution proved to be very eflective
because the surJace remained pinned

to the sharp edge of the plate for
more than 90oo of the parabolas. In
the rest of the cases, the surface was
probably destabilised by a small but
^, ,^+^i^^^ ^^^^l l',^ .^^in' '^l anaal a.a+ian>u5tdil tuu I tuudltvu IUJruudl duuur-urduur I

during the first seconds of the
parabola, causing the liquid to 'fall' upwards.
The fluid cell was built in the main workshoo in
ESTEC.

The impacts were imaged by a high-speed
256-level greyscale, digitally controlled drErilal

imaging system. The camera was capable of a
resolution of 256x240 pixels at 1000 frames
per second lfps). The camera head weighed
only 1.6 kg and could accommodate different
lenses via a standard C-mount. The camera
and the lenses are shown in Figure 6 Up to 4 s
of images, or 256 MB, were recorded in real

time at each impact. The whole system was
extremely compact and comprised only the
CCD camera, a high data-rate cable and a PCI

card plugged into a slot of the motherboard of
the computer. The camera was triggered
manually with a negative TTL trigger built at
ESTEC. Using custom camera software, at the
end of each parabola. one experimenter
selected the time interval during which the
impacts occurred and stored it on the hard-
drive in order to free the D-RAM for the next
parabola. Photon kindly loaned the camera and
the PCI card. Different illumination solutions
were tested; the best proved to be a white
diffused background. The illumination system
consisted of a set of four off-the-shelf 12 Vdc
50 W halogen dichroic lamps and a diffusing
chaot Tnnoihor ihorr nrnrridod tho intonqo,vvv(,,v,. L,,v,

diffuse background illumination that the camera
required to take images at 1000 fps.

One of the reouirements for OLE was to
reproduce phenomena under different gravity

conditions. In the original proposal for
SUCCESS, intermediate gravity was to be
achieved via a small centrifuge. After studying
the new requirements (shorter microgravity
time than aboard the ISS) as well as the
additional oppodunities afforded by the 4300
aircraft (higher volume. mass and power
available). a servo-controlled linear motor was
found to be a better ootion to orovide the
required 0.01-1 g for 3 s. lt also simplified the
analysis and interpretation of the results
because of the purely linear acceleration and
the absence of Coriolis forces. The drop
inlection, fluid cell, high-speed camera and
illumination systems were all rigidly mounted on
a linearly moving platform. The platform was
attached to the thrust block of the linear motor,
which moved along a vedical rail fixed to the
aircratt. The overall length reaches 1.6 m,
providing 1.3 m of travel. The position of the
motor was monitored constantly, with an

optical linear encoder providing 5-micron
accuracy. The motion profiles of the motor were
pre-programmed in MintrM language and
downloaded to the NextMoverM PCI controller
during the intervals between parabolas. A
series of ground tests set the parameters and
gains of the controller for each motion profile.

Figure 5. The Teflon needles
and adaoter

Figure 6. The high-speed
camera head and lenses
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Figure 7. OLE during flight:
operating the high-speed

camera from the computer

The data acquisition and control system
consisted of a PC with two dedicated PCI

cards and custom software. During parabolas,
the system was used to control the linear motor
and imaging system simultaneously. Operated
by one experimenter, the computer ran under
Windows 98. Instead of a normal mouse, which
would not work properly in microgravity, a
Microsoft Ballpoint was used as a pointing
device. This trackball proved to be very
comfortable to operate and it performed
flawlessly under all gravity conditions. The
computer was supplied by Serco.

As with any experiment flown on the 4300
aircraft, the hardware had to meet rigorous
mechanical requirements imposed by the
vehicle's flight profile. The most prominent is an
acceleration of 9 g along the aircraft's main axis

The tests were performed moving the motor in
a horizontal direction to simulate the conditions
of motion in microgravity. In each operation
cycle, there was a motion profile characterised
by three values of the acceleration. The first
phase was the initial acceleration, which had
two different purposes. lt detached the droplet
from the needle and orovided a ceftain relative
velocity between the drop and the flat sudace.
Until shortly before impact, the motor kept
moving in the same direction but at a different
acceleration in order to provide the desired
acceleration value during the impact process.
After impact, the platform stopped in the
minimum distance compatible with the loads
that appear on the platform; that was the third
level of acceleration. The exoeriment used the
power syslem provided by the aircraft's
electrical panel #1, which supplied up to 2 kVA
of 22O V at 50 Hz. In order to obtain flicker-free
illumination, a rectifrer feeds the illumination
system with 12 Vdc.

towards the nose. The primary structure is a set
of aluminium beams of full souare cross section
attached to a reinforced olate of aluminium.
This structure holds the linear motor bearing rail

vertical. All the linearly moving items are
attached to the platform. This one was built in

aluminium and designed to be rigid enough to
prevent any vibrations or misalignments
between the camera, mirror and fluid cell.
Auxiliary structures were designed and built for
the electronics boxes and the computer. All the
structures were built in ESTEC's main
workshoo.

The parabolic flight campaign
OLE (Fig. 7) was one of 14 experiments that
flew on the 30th ESA Parabolic Flight
Campaign from Bordeaux (F) on three flights
15-17 May 2001. Each flight included 31
parabolas, each providing about 20s of
microgravity. As usual on all parabolic flights,
each period of microgravity was preceded and
followed by a short phase of hypergravity of
about 1.8 g. The crew from Novespace and
Sogerma, the French companies that operate
and maintain the aircraft, were especially
helpful in meeting the security requirements
and safely attaching the experiment to the seat
tracks on board.

For the first part of the first flight, the
experimenters familiarised themselves with the
singular and breathtaking sensation of weight-
lessness. These first parabolas also confirmed
that the fluid surface remained flat under
microgravity. Two experimenters (PV DM)then
learned the intricate art of pumping single
drops of increasing size in weightlessness. To
prevent jetting or, even worse, the drop staying
on the tip, a fine compromise was reached
between the pumping speed and duration. At
the same time, JML, via the PC, operated the
high-speed camera and the linear drive, and
between parabolas was responsible for
selecting and storing on the hard drive all useful
oorlions of video data.

The experiment required a high degree of
manual interaction, so a highly detailed
procedure was devised and tested on the
ground for weeks before the flights. A
comprehensive set of programs for the linear
drive was prepared for operational flexibility -
critical for succeeding with any new
experiment.

During the first flight, some drops intended for
low-velocity impacts failed to detach from the
needle: the initial acceleration of the moving
platform was too low for those particular

fnotion profiles. The antiwetting coating was
extremely impoftant for holding the fluid inside
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the container and the drop attached to the tip
of the needle as long as possible. lt became
clear that very small drops would not detach
from the needle, whereas large volumes were
easily elected even for low values of the
induced acceleration. Hence, the knife-edge
and each needle were carefully covered with
antiwetting coating before each flight and the
analysis focused on drop sizes larger than
those obtainable at 1 g. The timing had to be
precise because the longer it took to form the
drop the more unstable became the fluid (inside

both the container and the drop). However, the
fluid had to be injected slowly into the drop in

order to avoid detachment before the linear
motor was triggered. Therefore, it was
necessary to pump the volume slowly enough

and to trigger the motor immediately after drop
formation. lt took several parabolas before the
procedure was trimmed. The ratio of successful
impacts rose from 8 out of 31on the first day, to
17/31 on the second and 19/31 on the third.
An impact was considered successful if a single
drop was detached and impacted in the field of
view against a reasonably flat liquid surface,
with the whole process recorded on the
computer. During the third flight, a few bonus
impacts under hypergravity were recorded
between parabolas. However, the drop size
could not be controlled and was always roughly
the natural size of a detaching drop at 1.8 g.

During video processing, all of the 'Titan'
(1 .4 ms-2) runs were found to be defective

Figure 8. Comparison between two impacts of similar Weber
Number: ground-based reflection (left) and pure coalescence in
microgravity (right). Note the difference in the drop sizes

Figure 9. The impact of a
15 mm-diameter coloured drop
at 1.4 ms-1 in Earth gravity

Figure 10. The impact of a
9 mm-diameter drop at 2.3 ms-1

in martian gravity
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Figure 11. Radius of the
impact crater, normalised to
the radius of the impacting

drop, as a function of the
Bond and Weber Numbers

Preliminary results
One of the most striking results concerns the
reflection phenomenon. In the range of
explored Weber Numbers, a drop impacting a
flat liquid surface in microgravity always
coalesces with the target fluid, preventing
reflection. Even for imoacts with Weber
Numbers up to 300, no drop or jet is ejected in

the opposite direction. From this, we infer that
the familiar ohenomenon of reflection is caused
by gravitational effects. This is seen in Figure 8,
which compares an impact recorded on the
ground with one in microgravity, with similar
Weber Numbers. With gravity, there is a
reflection while in microgravity the drop simply
coalesces. Gravity has a strong influence on
the shape of the impact crater and particulady
in the way it collapses.

apparently because of an instability breaking
the fluid surface just before impact. Despite this
minor setback, an excellent set of successful
impacts was recorded for the Mars (3.8 ms 2),

Earlh (9.81 ms-2) and pullout phases (18 ms 2)

for various sizes and different soeeds,

During the last few parabolas of each flight a
few impacts were reproduced using coloured
water. The violet colouring agent was
potassium permanganate, chosen because it
leaves the surface tension and density almost
unchanged. These impacts are useful because
they allow us to see what happens to the fluid
inside the drop after impact.

About half of the imoacts were obtained while
accelerating the platform at 9.81 ms 2 

11 91. In

this case, the novelty of the experiment came
from the large drop sizes: 7-18 mm in diameter.
Figure 9 shows a 15 mm coloured drop
impacting at 1 .4 ms-1.

Particularly exciting are the impacts recorded
under 'martian' gravity. A series of drops
7-18 mm in diameter and at impact velocities
of 1.2-2.5 ms-l was made to fall and impact
under martian conditions. All yielded Weber
Numbers high enough for reflection. The
reflected jet was always much wider and
reached further than similar imoacts under

terrestrial gravity. lf , as many
planetary scientists believe, water
once rained down on a martian
ocean, the impacts probably looked
something like Figure 10.

During June 2001, more than 50
image sequences were analysed.
Emphasis was placed on
determining the main features of the
imoact crater and its maximum size.
Figure 11 combines data from the
parabolic flights and the results from
ground-based experiments. lt
graphically represents the radius of
the impact crater, normalised to the
radius of the impacting drop, as a
function of the Bond and Weber
Numbers.
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The ESA Education Office and Some
Current Projects

L Duvaux-B6chon & P. Messina
Education Office, ESA Directorate of Administration, Paris

Introduction
ESA's European Space Education Programme
is aimed at:

- challenging and motivating a large number of
young people through active involvement in

exciting projects in order to enhance their
literacy in science and technology in general,

and space-related matters in particular

- identifying competent and creative students
in order to foster a highly talented workforce
for the 21st century.

ESA has recently reinforced its policy with respect to education and
outreach, which was presented to Council in June 2001 in a document
titled 'The European Space Education Programme'. Education is one
of the mandatory activities foreseen by the ESA Convention, and the
Long-Term Policy Gommittee proposed two actions directly linked to
education in its latest report. The Education Office and its mandate
have therefore been enlarged and several new initiatives have been
launched. This article puts the Agency's increased commitment to
educational activities into perspective, brings you up-to-date with the
latest news, and introduces some of the projects currently under
development.

Such ambitious goals call for a pro-active and
innovative approach with a strong 'marketing'
slant, i.e. making ourselves and our initiatives
appealing to our target groups.

To achieve these two objectives we need an

effective strategy relying on, among other
things, internal and external networks. Such an

external network will comorise Eurooean
academic institutions, national and local
authorities, teacher and students associations,
other European organisations as well as
representatives from ESAs industrial partners.

The role of such a network will be to provide
inputs, opportunities, and exchanges of
information for the benefit of the ESA
Educational Programme and thereby constitute
the ideal comolement for its successful
imolementation.

External co-ordination
The Advisory Committee on Education (ACE)

forms the first element of the external network.
This Committee brings together representatives

from the ESA Member States and additional
national exoerts to advise the Director General
on education policy and initiatives. lt also serves
as primary chain of transmission for information
between ESA and the national agencies. The

Secretariat to the ACE is provided by the
Education Office. There are ooints of contact in
each ESA Directorate, so that ACE will also
become a useful tool for all ESA groups that
carry out educational activities in their own
soecific fields of interest. ACE also welcomes
representatives of the European Commission
and European industry in order to foster a forum
in which to discuss and define a truly European
policy for education both in space-related
matters and in science and technology in general.

The first meeting of ACE was held in Paris on
24 October 2OO1 and was opened by Antonio
Rodotd, ESA's Director General. The second
meeting was held on 29 January 2OO2.

lnternal co-ordination
The second meeting of the internal Education
Team (E-Team) was held in December 2001.
This team consists of reoresentatives from
the various ESA Directorates involved in
educational activities. These meetings (two per
year) promote fruitful discussions and an easy
exchange of information within the Agency,
bringing together the various ideas and projects
and thereby making better use of the resources
available within ESA. At this meeting, the
various plans and projects for 2OO2 were
presented, together with the new publication
'EDUnews' (see below) and the future ESA
Education Web Site (see ESA Bulletin No. 108,
November 2001).

The Education Office is creating a database of
volunteers from ESA who are willing to
participate in education activities, by giving
presentations at schools and universities,
tutoring young visitors, preparing educational
material, participating in video-conferences
with schools, providing useful addresses or
foruuarding documentation, or translating small
texts into their mother tongue. By the end of
2001. more than 100 staff from all ESA
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Establishments had already volunteered. We
are now structuring this database of volunteers
so that requests for help can be quickly
satisfied and all potential needs are covered
(covering each programme domain and each
Member State language, for example).

Current activities and projects
Prior to taking on its new co-ordination role
through its enlarged mandate, the Education
n#:^^ h^^ ^t-^^i,,\Jnrce nas arreaoy organtzed numerous
successful projects and activities. Many of
them have already proved very popular over the
past years, such as the IAF Congress Outreach
Programme, through which several hundreds
of European students have had the opportunity
to oarticioate in this annual International
Astronautical Federation event.

Through its Student Parabolic Flight Campaign,
a project that has already been running
successfully for several years, the Education
Office gives several student teams drawn from
all over Europe the opportunity to design,

develop and finally fly a microgravity experiment
during a two-week flight campaign every year in

Bordeaux. The best student exoeriments
subsequently get the chance to fly on
professional parabolic flights and may one day
end up on the lnternational Space Station (lSS).

The Education Office has also teamed uo with
colleagues from other European research
organisations, namely CERN and ESO, to
make the 'Physics on Stage' event happen,
The first festival took place at CERN in Geneva
(CH) in November 2000 and attracted
hundreds of European teachers and other
educators. The EC Commissioner for Research
and Technology, Philippe Busquin, was among
those who attended. This year, the Education
Office is organizing Physics on Stage 2 at
ESTEC in Noordwijk (NL) from 2 to 6 April (see

below).

Another example of an appealing project for
students is SSETI. lt is a challenging and
innovative way for teams drawn from
universities all over Europe to design a
spacecraft using a web-based platform. lt has
led to the creation of a very active 'virtual

community' of space-interested students.

EDUnews
The 'marketing' approach being pursued by
the Education Office requires several ways of
communicating and getting our message
across in the most effective way. Along with
the new web site that is being developed, the
need for an education newsletter was strongly
felt. We therefore enlisted the helo of the ESA
Publications Division to launch 'EDUnews' as
a communications tool for all ESA entities and
individuals dealing with educational matters.

We believe that EDUnews will prove a very
effective means of informing interested
individuals, raising awareness and
establishing new contacts throughout the
Member States and beyond. lt will provide

the possibility for our partners to promote
their space-related education events and
initiatives also.

EDUnews will be made available from the
ESA Education portal by e-mail, as well as
being distributed by e-mail or in hard copy
to our mailing list and during appropriate
events.

ESA external traineeships and
relations with European universities
The Education Office and the Human
Resources Deoartment will share
responsibilities with respect to the revision
of the ESA external traineeshio oolicies
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and the Young Graduate Trainee (YGT)

scheme. Human Resources will remain the
actual recruiter and the counsellor for
recruitment matters vis-a-vis the ESA
Directorates, whilst the Education Office will

be responsible for the upstream part of the
programme, such as defining and promoting
the YGT Scheme and integrating it fully and
coherently into the ESA educational policy.

One improvement that is being developed is

to give interested young Europeans the
opportunity to apply for the YGT scheme via
an interactive Internet-based system,
known as the 'Young Friends of the Agency
Database'. Apart from being a modern
promotional and information-gathering tool,
an imporlant feature of this database will be
the ability to create an updated roster of
YGT candidates for browsing and pre-

selection by ESA's line managers. lt will

help in matching the flow of applications
from specific groups (e.g. young
graduates with systems-engineering
skills/experience) with ESA's future needs,
as well as providing a snapshot of young
people interested in a career in space.

Along with the traineeship policy review, the
Education Office has started thinking about
how to imorove relations with academia for
educational purposes. Even though extensive
ties already exist between ESA and European
Universities, there are still gaps and a lack of
coordination. The rationale is to fill these gaps
(a new PhD grants programme is about to be
launched) and provide interested ESA parties

with a framework for carrying out projects with,
and thereby enhancing their relations with,
universities.

Projects for primary and secondary schools
Physics on Sfage
During 'Physics on Stage 2', trom 2 to 6 April
2002, ESTEC will play host to more than 300
physics teachers from 22 European countries
(selected by national steering committees) who
will discuss new ways of teaching physics in

order to make it more attractive for children,
and show and share the educational materials
that they have developed. They will also select
what they believe to be the best examples,
which ESA will then help to disseminate as
widely as possible. These teachers will be
taking home a lot of new methods and ideas for
interesting more young Europeans in studying
and pursuing a career science. Further details
can be found at: http://www.estec.esa,nll
outreach/oos/oos2. htm.

From 2003, the event will be extended to more
disciplines (like biology) and will be called

lgl

'Science on Stage'. lt will be organised by a
foundation that is part of EIRO (European Inter-
governmental Research Organisations), which
groups together the mdn Research Organisations
in Europe like CERN, ESO, EMBL, ESA, etc.,
and is supported by the European Commission.

Netdays
'Netdays' is an event organised every
November by the Directorate of Education and
Culture of the European Commission.
Education Office participated in the event of
2001, when the main subject was 'Youth on the
Net'. We asked young Europeans to send us
their ideas about space as texts, poems or
drawings. ESA staff replied to questions posted
on the Internet.

Netdays 2OO2 will include a question-and-
answer forum on the Education website. There
will be links to space images and videos on the
Internet, and we will show specially developed
films to help children learn about space.

Learning materials
The material available within ESA, at the
moment mainly CD-ROMs, is being reviewed
and adapted for primary and secondary school
use. Translations are being prepared for special
items so that material for younger children is
available in all Member State languages.
Materials that have already been developed in

the Member States will also be translated, in

order to make as much interesting material as
possible available to everybody. Initially, priority
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A6lia Voisin, Loiret, France

L'espace est un univers trds
vaste : j'ai I'impression que
les hommes n'arriveront
jamais d tout connaitre sur sa
dimension et ses secrets.
Mais l'espace est pour moi
un spectacle grandtose,
parce que quand nous
contemplons I' univers, nous
sommes spectateurs de
merveilleux paysages, cela
^^+ +-A^ ^^.^^Al^qor U vo o9r vaurv
Les safe//iles nous
apportent les
t6l6communications et cela
narmAl r'la rroar da<

emplots
Grdce a I'espace nous
apprenons beaucoup et
nous avanQons plus loin
A^^^ t^ +aahnalaaiauat ta t4 Lavt r tvtvgta.
Alaiq aa nt p ia nr6fAra

melnr6 lar tl r'a<f aalla

impression d'6tre si petite,
presque nen par rappoft e
I'univers qui, lui, est
tmmense.
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procure un grand bien !

Myriam, Paris

is being given to adapting existing material
rather than developing a lot of new material.

Partnerships with publishers
Partnerships with publishers for youth
publications have been started, initially in
France, to ensure that information on space
matters in these oublications is accurate and
of the right level and that ESA and its
programmes are well-represented. lt is
planned to extend this initiative to working
also with editors in the other Member States.

ESA material in schools
Another important task for the Education
Office is to assess where space topics can
be introduced into the school curriculum.
We are trying to help teachers by putting at
their disposal information, material, fact
sheets, and projects for the classroom. In

this way we can help to increase European
children's - and parents' - knowledge of
science in general and space-related
science and technology in particular..

'L'Enfant du Cosmos'
This project, proposed by Pierre Comte
and the 46ro Club de France, links art and
space technology. About 32 000 children
in Europe will make an imprint of their
hands on large plastic squares, which will

then be assembled to form the shape of a
child (3OO m x 400 m). Helicopters,
aircraft and satellites (SPOT and ERS or
Envisat) will take oictures and radar
images of the figure, which will then be

sent to the children. The children will also
receive basic information and oractical
exercises relating to Earth Observation. CNES
and ESA will provide the satellite images and
help with the educational material. The ESA
Member States will help with the translation
and dissemination of the material.

Pafticipation in World Space Week
This week, organised by the United Nations,
takes places every year between 4 and 10
October. The theme for 2OO2 is 'Space and
Daily Life'. The Education Office is proposing
one proyect titled 'Space and Daily Life in 45
Years, the case of the Martian Base'.
Information to be provided to the teachers and
children could include basic data on N/ars, a list

of life-sustaining needs for man, and a guide for
tho foenhore in holn fhom fn nrada fho

children's proposals. The best projects
selected and submitted to ESA will be
rewarded and presented on the ESA web site.
The children will be encouraged not only to
draw or build a model of a Martian base, but
also to explain the various parts of it and why
and how man would be able to live there.

The above are just a sample of the many
projects that are in progress or under
develooment within the ESA Education Office.
lf you have education-related questions, or if
you wish to subscribe to EDUnews, please
write to: education@esa.int and visit http://
www.esa. int/education. @esa
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The UN/ESA Gourse Follow-up Programme

- A Vietnamese Success

M. Fea
Head of Training and Promotion Section, Earlh Observation Applications Depaftment,
ESA Directorate of Earth Observation Programmes, ESRIN, Frascati, ltaly

K. Bergquist
International Relations, Directorate of Strategy and External Relations, ESA, Paris

To Quang Thinh
Director of the Remote-Sensing Centre, General Depaftment of Land Administration
of Vietnam, Hanoi

S. Gamacho
Chief, Space Applications Section, United Nations Office of Outer Space Affairs,
Vienna, Austria

G. Gabella
Senior Economic Affairs Officer, United Nations Department of Economic and Social
Affairs, New York, USA

lntroduction
ESA has worked closely for many years with
various specialised agencies of the United
Nations to oromote and demonstrate the
potential of space applications in helping to
achieve sustainable development. Normally,
this work is done through the organisation of
joint training courses by the UN and ESA for

The one-year UN/ESA/Vietnam project described here illustrates how
successful a joint effod in the environmental domain can be when
supported by national authorities and people working with enthusiasm
and dedication. A fundamental cornerstone was the on-going long-
term co-operation between the UN and ESA, particularly in the field of
space-technology applications. The Metnamese experience underlines
the fact that Earth-obseruation training initiatives are most effective when
participants are offered the opportunity to immediately put into practice
what they have learned, through the establishment of operational tools
and methodologies and with experts on hand to advise and assist.

participants from developing countries. For
these 'non-typical' projects, ESA as a research
and development organisation in the space
field relies on the UN's expertise to assess the
prevailing conditions and needs in those
developing countries.

The objective of these joint UN/ESA projects is

to demonstrate the imoortance of soace
applications for developing countries and that,
through using space technologies, they can
leap-frog steps in their development path. This
is particularly true for telecommunications, but

also for remote-sensing applications, where
satellite data can provide the accurate
information needed for better decision making
in carrying out national development
programmes. The UN/ESA proyect described
here is an example where this approach has
been particulady successful.

The UN/ESA Gourse Follow-up Programme
The UN/ESA Course Follow-up Programme on
the use of remote-sensing technology in

sustainable development activities was formally
endorsed by the United Nations (Department of
Economic and Social Affairs, and Office for
Outer Space Affairs) and ESA on 9 April 1998.
It was initially conceived to provide hands-on
experience to participants of four UN/ESA
training courses and was designed with two
essential goals in mind:

- to support selected on-going projects of
national/regional importance in the areas of
natural-resource management, environmental
monitoring, sustainable development, and
disaster management, by providing the
necessary technical assistance and related
supporVcapacity building in the use of remote-
sensing technology;

- to improve the effectiveness of on-going
applications prolects in the above-mentioned
areas.

Further details of the historical background to
this unique UN/ESA Programme are reported in

the accompanying panel.
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Historical Context

ln 1992, an agreement was reached between the United Na/ions Office for Outer Space
Affairs and ESNESRN to undeftake a series of four training seminars for regional experts in
remote sensrng on the applications of data from the European Remote-Sensrng Safe//ifes
(ERS-I and ERS-2)to natural resources, renewable energy and the environment, Funding of
this training programme was to be assured through co-financing using regular programme
resources from each institution involved, and additionalfunds made available by the ltalian
Government to the United Nations Deparlment for Economic and Social Affairs through the
Natural and Renewable Sources of Energy (/VFSE) trust fund to supporl technical cooperation
activities.

Each sesslon of the training course addressed technical professionals with some degree of
experlise in remote-sensing applications from a single geographical region, starting in 1993
with professionals from francophone African countries of the Economic Commission for Africa
(ECA). The following year, it was the turn of professlonals from the Economic Commission for
Latin America and the Caribbean (ECLAC) region to attend, followed in 1995 by professionals
from the Economic and Social Commission for Asia and the Pacific (ESCAP) The foufth and
last training course took place in 1997 for technical professionals from English- and
Porluguese-speaking countries from the Economic Commission for Africa.

Although the basic structure of the training course has remained the same throughout the
programme, adjustments have been made to take into account specific regional
characteristics, technological improvements, and /essons learnt throughout the series. Each
training-course session was co-financed with contributions from all three parties, with the UN
Secretariat contributing resources from the NRSE frust fund to finance the parlicipation of the
group of trainees, the parlial cosf of the administration of the course, and the cost of
parlicipation by its technical staff. Participant's travel costs were covered by a contribution
from the UN Office for Outer Space Affairs in Vienna, while facilities, feachers and training
material were provided by ESA through ESR//V.

Following the second training course in 1994, representatives of some participating
government institutions, participating governments and ESA indicated their interest in some
form of course follow-up activities through which the pre-operational applications of space-
related technology could benefit national and regional efforls addresslng issues dealing with
natural resources, energy and the environment. As the principle of continued support was
endorsed by the United Nations, ESA and the ltalian Government, an agreement was
reached to earmark additional NRSE funding for that purpose. Though an initial efforl to
identrfy candidate projects took place in 1995, it was not until 1997 that theissue was re-
activated with the process of preparing the fourth and last training course in the programme.

At that time, a consensus was reached on the purpose and goals of a course follow-up
programme. lt was agreed that the latter should support se/ecfed on-going or newly
formulated projects of national and/or regional imporlance in the areas of: (a) natural-resource
management, (b) environmental monitoring and sustainable development, and (c) disaster
reduction, prediction and preparedness by providing the necessary technical assistance and
related supporT in remote-sensing technology and capacity building. Similarly, the follow-up
programme should improve the effectiveness of on-going space-related activities in the
above-mentioned areas.

ln order to set the course follow-up programme in motion, a joint agreement on project
selection, implementation and management was reached by the UN and ESA in 1998. This
agreement included a framework for UN - ESA cooperation that identified goals and
objectives, problems to be addressed, expected resu/ts, target beneficiaries, and selection
criteria for candidate projects, assrgrned responsibilities and coordination mechanisms.
A tentative programme implementation timetable was a/so parl of the agreement.
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eanoioale nroiecls |or l.re UN tSA Course
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Following a thorough evaluation process that
also considered links with ex st ng on-going
.elated actvities i^ rhe country or region, the
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Latin America (regionai prolect lnvolving
Argentina, Bolivia and Chile) and one in Asia
located in Vietnam

The Asian element
The Vietramese prolecL proposal was enlilled
'App ications of Remote-Sens ng Technology
for Coasta Zone Management in Vietnam' and
was subm tted by the Remote Sensing Centre
o' thp General Denarme-t o' Land Admirist.at'on
of Vietnam (RSC/GDLA) based in Hanoi The
nr rrnoqe nf lho nrn o.' \VaS tO COnLf ibute LO the
improvement of coasta management through
the strengthening of nat ona capacity for the
application of remote-sensing technology using
ERS. SPOT and Landsat data to establ sh
geographic information systems for the
rnanagenent a^d develop'nent of V'etnamese
coastal zones

Essentially, this project was aimed at
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radar (ERS) and optica (SPOf and Landsat)
data By covering the whole V et'amese
.^2at:l zono raiiih nnt'c.l nnA "rnn' imaaa"'.uvurLor / v u !vilr I vv. uor or ru rouor rr rrqgur y

and appropratey analysng the data therein,
lho nrn onl rnr:q rloqinnoel ln :rlnlross mnro fr rll,r

the reeds for sustarnab e socia af d economic
derie onmenl n' laroe cotcenlrat ons ol human
colllomonlc nr^mnla th^ h^+-^r .^ ^+ --+ r-lru rrr. l.,ru I ruru .r rY uul Lvr lJg ur roLUrol

rtrsnr rrctrs nrn'e.l lhe Coasta e-vrronment

"om lhe imoacr of i^d-s .ial and orhe' poll-t on
sou'ces. and cont'ibure ro iTproved dsasler
management, inc ud ng disasterimpact
reduclion. and cliratic and meteorological
mon toring assessments To achieve these
nhiantitroq iha fn lnrnr-rtn ^rnin^' '^,ro u-lnoia^nz-lvuJUUilvuo. Lr rL u rv,r' uv vr ulcut vval uuDrv uu
.n nnhrnan nnlinnrl n rnrhil tioc hi, nrnrr r-linn ntu ct I ot tuv ttouut tdr ugpquil il90 uy p vv ur v. rl

addition to selected radar image data and
processing equipment. some techn cal and
train ng suppon n processing and analysing
the radar imagery,

-he targel was lo erab e the immediate
r^^l n :+ ^^ ^{ ^ ,,^ ^-{^^^^^ l^dP|,r ud|ur I v q vv I riJr Y ur r) vE uqLoud)u Lw

allow the productio^ of themaric naps oI
V etnam's coastal regions covering such
aspects as land use, urbanisation and rnfra-

structure. wetlands, mangrove growth changes,
e'osron and deposil oalte'ns. lTonitorrrg and
impact of environmental pol uton, and coastal
se-si'irrtv The datah2sc wo-ld also contrib-te
to the on going monltoring process llnked to
d saster mitigation and eariy-warning systems
associated with the work of the Vietnamese
Centra Committee for Storm and Flood

Figure 1. The three project
oilot/test sites in Vietnam
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Figure 2. The
UN/ESA/V|etnam prolect

team at the Remote Sensing
Centre of the General

Department of Land
Administration in Hanoi

Control, as well as to the work of other national
and provincial agencies involved in development
planning activities.

Following the selection of the pro1ect, the
UN/ESA Course Follow-up Programme team
and the Vietnamese project counterpart
authorities fine-tuned and finalised the proyect

proposal in the form of a formal project
document approved by all pafties and ready for
implementation in early 2000.

lmplementation in Vietnam
In order to ensure regular, high-quality support
to the project, ESRIN, as the cooperating ESA
agent with responsibility for overall technical
expertise and support in Earth-observation-
related areas, and with the UN's agreement,
assigned the technical monitoring and the
specific training activities to support the
Vietnamese prolect authorities to a consultant
with solid experience in the region. Mr Rob
Schumann, now Managing Director of RS-Tech
Consulting Co. Ltd. based in Bangkok, Thailand,
was formerly the ESA representative in Thailand
at the Asian Institute of Technology. He was
chosen for his skills in remote-sensing training
and data processing and his experience with
remote-sensing applications in the region.

In addition, pilot-prolect sites were visited in the
north (Hai Phong and the Ha Long coastal
areas), where a visit was paid to the Hai Phong
Institute of Oceanology, and in the central part
of the country (Hue Da Nang region).

The implementation of the project was divided
into three distinct elements, namely preparations,

technical training, and practical application.
The first of these was a prerequisite to all that
was to follow in the course of the prolect, with
the training and practical application elements
being conducted more in parallel.

Preparations
Three main study areas were selected in

coastal zones, in the northern, central and
southern regions of the country, respectively.
For all three areas, the 'catch-all' application
was coastal-zone mapping. The end objective
was to develop methodologies for integrating
the application of remote-sensing data into an

operational map-production chain, with
emphasis on the use of synthetic-aperture
radar data in particular, which could sub-
sequently be extended to include the mapping
all of Vietnam's coastal zones.

In the north, the area of the Red River Delta
centred on Hai Phong and extending north-
eastwards to include Ha Long bay, was chosen
because of the widespread occurrence of
erosion and deposition along the coast, the
highly varied agriculture practised in the area,

and the system of dykes used for flood
protection. The area is backed by a range of
mountains to the north that extends all the way
down to the coast at the eastern edge. South
and west of Hai Phong itself is the coastal flood
plain, where a great variety of agriculture is

practised in a fairly heterogeneous mix,
dominated by rice, but including corn, beans,
cabbages and many other vegetables, on very
small, family-cultivated plots.

Th^ ^^^^+^r around Da Nanq is| | tg uvoDtot ot uo c _

characterised by a very narrow coastal plain

rising within a few kilometres of the coast into
steep mountains. The topography, in particular
the way in which the mountains funnel run-off
onto the plain, produces spectacular flash-
floods during the rainy season, the most
damaging of which in recent years occurred in

late 1999 with significant loss of life and
property.

The study area in the south was itself divided
into two sub-areas. The first, with a focus on
rice agriculture and coastal erosion/deposition,
was centred around Soc Trang Province, in the
heart of the Mekong River Delta. The second
focused on one of Vietnam's larqest remaininq

The work formally started with the first project
workshop, held at the Remote-Sensing Centre
in Hanoi on 13-19 April 2000. During this first
workshop, both government and user
institutions with coastal-management-related
responsibilities were visited in Hanoi, namely:

- the lnstitute for Fisheries Economics and
Planning, within the Ministry of Fisheries

- the National Environment Agency, within the
Ministry of Science. Technology and
Environment

- the Disaster Management Unit, within the
Ministry of Agriculture and Rural Development

- the UNDP Office.
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mangrove forests, which lies to the south of Ho
Chi Minh City (Saigon) and the agricultural areas
that lie across the main river channel from it.

Each area has different characteristics and
hence problems, but this also allowed
examination of the mapping potential of
remote-sensing techniques for a wider range of
coastal features than would have been the
case if only a srngle area had been selected.

With the three areas selected, attention turned
to ensuring that adequate data were available
for each of them. RSC/GLDA had available
SPOT coverage for the whole country acquired
in 1996 and 1997, and for many of the study
areas good multi-temporal ERS datasets were
also available from the ESA archive for 1995
and 1996. These periods were therefore
focussed uoon. but with the intention of also
using recent and newly acquired data for the
twelve months of the project. In the end,
archive data was the most extensively used,
although fresh data acquisitions were made for
the proyect for an area of the Mekong Delta
close to the Cambodian border that was hit by
major flooding in September 2000.

While well-equipped in terms of computer
hardware, the GDLA software environment
was oriented more towards GIS and to mao
production than to the digital analysis of image
i^+^ T^ ^^+i^{,, +luala. ro sausry rne rmage-processrng
requirements, project funding allowed the
ourchase of suitable software for installation on
GDlA-orovided hardware. Both the UN and
ESA made additional funds available to the
project to support data needs, as a reflection of
their special interest in this pilot endeavour. The
RSC project authorities made a special request
for access to images from the Enhanced
Thematic Mapper of the Landsat-7 spacecraft.
as this data was considered crucial to the
current work. The agreement achieved by
ESA/ESRIN with the data distributor allowed 19
Landsat-7 ETM datasets covering a large part
of the country to be bought within the available
budget. ESA, within the framework of its
training programme, also made available 70
ERS SAR image datasets to the project. These
ERS datasets included 48 Precision lmages
and 22 Single-Look Complex lmages for
advanced remote-sensing applications.

Technical training
Perhaps not surprisingly, with few in-house
image-processing resources available before
the start of this project, GDLA also needed to
focus on training staff so that they could make
effective use of the new tools being put at their
disposal. A significant element of the project
was therefore 'on-the-job' training for the

analysts charged with processing the data that
was being provided to them in fairly substantial
quantities.

The challenge, to whrch GDLA and their staff
rose enthusiastically, was therefore to take new
and unfamiliar data and process it with new
and unfamiliar software while also using new
and unfamiliar technioues/orocedures. To

assist with this training and the parallel
technical support elements, the project needed
to address two different tasks:

- the introduction of digital image processing
concepts and methodologies through lectures
and practical exercises

- the introduction of the basic orincioles of
synthetic-aperture radar as a means of
acquiring Earth-observation data, and
extending image-processing techniques to
the analysis of this sort of data.

Figure 3. One of the training
sessions given to Bemote
Sensing Centre staff by the
proiect consultant

Owing to the tight time constraints, the first of
these, the basic introduction to digital image
processing for remotely sensed data, had to be
carried out using available data in advance of
the receipt of data ordered specifically for the
project. This training lasted one week and was
divided roughly 60:40 between lectures and
practical. lt provided a basic knowledge of the
subject, ranging from 'what is an image?'
through to classification and post-classification
techniques. This laid the necessary foundation
for the subsequent training and practical work.

The second and longer phase of training,
conducted one month after the first and,
significantly, after ERS data requested for the
pro1ect had started to arrive, lasted for two
weeks and followed a similar solit between
lectures and oractical work.
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Figure 10. The opening of
the final project workshop.

From left to right: the
UN/DESA officer, the

ESA/ESRIN representative,
the expert from RS-Tech

Consulting, the Deputy
Head of RSC's Cartographic

Updating Division, and the
Director of RSC

Both training sessions were attended by
approximately 40 persons, drawn from GDLA
and other agencies, including the Ministry of
Agriculture. Disaster Management Unit,
Forestry and the Hai Phong Institute of
Oceanology

The second phase of training also saw the start
of the real work of the prolect, allowing what
had been covered in the lectures to be applied
directly to proJect data in the practical sessions,
with the support of the course lecturer to
resolve any difficulties that arose. Multi-scene
registrations and initial processing steps were
all carried out over the SocTrang area during
this period. enabling GDLA staff to proceed
unaided with similar processing of the data
from the other areas when it arrived.

t
t

The project consultant made regular visits after
the second training period, monitoring progress
and providing first-hand assrstance wherever
needed. However, the emphasis throughout
was on GDLA staff doing the work and taking
the decisions themselves that determined its

direction. The result of this aooroach was a
growing confidence on the part of all GDLA
team members as the project progressed, to
tha ayiani ihat fhpri rrraro alqn ahlo ln holnLv |,v,v

teach each other by the project's mid-point.

At this point, a third element to the training was
injected into the original calendar, this time
involving participants from other countries in

the Mekong basin and hosted by the Asian
Institute of Technology, still with UN and ESA
support. With 14 participants, eight of whom
were from the project team in Vietnam, the goal
was to explore more advanced processing
methodologies and at the same time spread
this training to a wider audience. This two-week
event introduced some asDects of inter-
ferometry and the use of differences and ratios

in the analysis of extended time series of SAR
data. lt aso allowed a number of SAR-based
case studies to be presented, including a focus
during the second week on flooding, backed
up by newly acquired ERS data over the
Mekong Delta floods that had occurred just a
month before the workshoo.

Practical application
Data handling and processing involved a variety
of operations carried out sequentially during the
course of the project. In particular. data was
co-registered - ERS to ERS. ERS to SPOT, and
eventually all data to maps. SAR images were
filtered to reduce the speckle. and feature
mA2sr rrcmcnts rnrcrc OerfOrmed. Time-SefieS
analysis, feature enhancement and masking
were also carried out. Product exoort and
integration into the mapping chain were
eventually implemented

During the later stages of the analysis work in

Vietnam. emphasis was given to the visual
features required for mapping purposes. This
was a conscious decision on the part of the
team and, while it would have been possible to
go further with the digital processing, it was felt
that results thus obtained contained too much
detail and would have been less readily
integrated with the later stages of the map-
production process operating within GDLA
This was crucial to the acceptance of this new
input into the mapping process for Vietnam, to
the successful conclusion of the prolect, and to
the likelihood of it being picked up and used in

a fully operational way in the future.

At the time of the final report in May 2001,
samole mao sheets for each of the three
nrimnrrr o+r r^\, 

^r^^^ hcr] hoon nrnr]rrnad
Pr il | rqr y oLuuy or EoD I rdu uuur I pruuuuuu.
although not all topographic layers had been
completed, each map sheet requiring over 20
^^^^-^+^ l^',^.^DEUOI OtU IdVUI J.

Findings, difficulties and achievements
In general, the use of SAR data within the
mapping process was found to enhance the
ability to map coastline changes and was, not
surprisingly, particularly useful in highlighting
the structural differences between objects.
Sadly, there was no opportunity to back up the
data analysis with real-time ground truth and all

analysis was done using already archived data,
aq nnnnqad tn nornr :nnrriciiinnc flrnqq-

checking of results relied upon first-hand
knowledge of the areas in question and upon
available land-cover maps. The results
achieved were nevedheless felt by GDLA to be
extremely encouraging. The close integration of
training into the general framework of the
project was tound to have been highly
beneficial both to the project itself and, on a
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personal 'development of skills' level, to the
individuals involved in it.

Chief among the difficulties encountered was
the almost impossibly short time frame in which
to design, implement and finish such an
ambitious undertaking. That finished map
sheets were indeed produced stands as a
remarkable achievement, given the point from
which work had commenced just 12 months
earlier. Other difficulties, which were perhaps to
be expected, included the initial delays in

getting the data through to GDLA at the
beginning of the project, with the practical work
on real project data not really getting underway
until two months into the year available. lt all

then pretty much arrived together, presenting

the enviable problem of being faced with too
much data all at the same time, although this
too got turned to advantage in terms of
developing data management and organising
the analysis approach that was adopted.

Conclusions
This Asian element of the UN/ESA Course
Follow-up Programme was successfully
completed in one year and the results are

ceftainly of a very high quality. The skill,
dedication and professionalism of the RSC staff
will ensure that the GDLA Remote Sensing
Centre will be able to orovide other institutions
in Vietnam and further afield with products and
services of the highest quality.

It is important for deriving maximum benefit
from the project that the final outcome is

properly communicated, documented and
promoted via national/international meetings
and conferences and the media. With the
permission of GDLA and the RSC authorities,
the detailed results will be disseminated via the
UN and ESA web sites and oublications.

One conclusion drawn is that tying the pro1ect

and training events closely together and
running them in parallel was of great benefit. lt
meant. for instance. that the resources invested
in the training of the Vietnamese staff were very
effectively utilised because the subjects
covered in theory and in idealised training lab
exercises could immediately be tried out using
real data, with which the participants came to
be intimately familiar during the year. Future
training programmes should certainly take this
into account. Potential future participants
should also be given every possible assistance
in writing and submitting their project proposals
in a form that gives them a reasonable
expectation of getting accepted.

The UN's and ESA's expectations in embarking
on this project have certainly been met in terms

of its achievements, in that:

(a) A focal point of expertise both nationally
and within the region has been established,
which will allow the RSC staff to train other
applications experts and promulgate their
exoenence.

(b) Greater international co-operation has been
achieved in the region, with the starting of
specific application proyects for sustainable
development, related particularly to
environmental and hazard monitoring and
resource and risk management.

(c) The links between Vietnam and Europe
have been strengthened.

(d) The way to the exploitation of ESA's Envisat
satellite products and services has been
paved.

The results achieved by the project confirm the
fact that the real value of satellite data resides
in the unique information that it carries and
which is best exploited when space data is

integrated with information from more
conventional sources. The proyect has also
been a very successful demonstration of one of
the ways in which the UN and ESA can
implement the UNISPACE lll recommendations.
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Figure 11. The final project
workshop: presentation of
project results by RSC staff
to UN and ESA repres-
entatives in Hanoi

117



@esa bulletin 109 - february2Oo2

Polar Bears and Spacecraft Tracking

T. Andreassen
Spacetec, Tromso, Norway

T. Beck
Operations Department, ESA Directorate of Technical and Operational Supporl,
ESOC, Germany

J. Bolle
ryCO, Thorn Sicherheits GmbH, ESOC, Germany

A. Haaland
GMV Engineering, ESOC, Germany

A. Jensen
Tromso Satellite Station, Tromsu, Noruvay

lntroduction
The Svalbard satellite station at Spitzbergen is

the most northerly ground station in the world.
It is this unique location (Fig. 1) in the Svalbard
archipelago, at 78 deg 13 min north, that
provides the station, known as SvalSat, with its
unique coverage. SvalSat is the only station

Spitzbergen is probably more often associated with polar bears and
extreme Arctic winters than with high technology and cutting-edge
satellite ground stations. This is now changing! Since the end of 2000,
ESOC has been tracking the ERS-2 spacecraft from a ground station
at Spitzbergen. Now, a new phase in the cooperation between ESA
and Norway is about to commence, with the establishment of a long-
term agreement for the provision of launch and early-orbit-phase and
routine-operations services from Spitzbergen for the soon to be
launched Envisat satellite.

able to provide ground contact for all orbits of
ERS-2 and Envisat and most other polar-

orbiting ' satellites. For Earth-observation
satellites, this means an oppoftunity to perform
a global data dump for each orbit at a single
site. lt also means that, with just one ground
station, Telemetry Tracking and Commanding

tn&C) services can be provided for every orbit.

Based on its exoerience with the ERS-2
service, ESOC has placed a long-term frame-
contract with the Tromso Satellite Station f-SS)
company for support from SvalSat. A first slice
covers Launch and Early Orbit Phase (LEOP)

support and extensive tracking support for
Envisat (five passes per night throughout the
mission's lifetime), as well as a continuation of
the current ERS-2 supporl (two passes per

Figure 1. Location of
SvalSat
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night). In addition, any future ESA or third-party
Earth-observation mission with a polar orbit
th:t iq nnor:tod frnm ESOC will alSO bevvv,ervv,,v,1

covered by this frame contract.

SvalSat's history
As some Bulletin readers may remember,
ESRO/ESA had a VHF station on Spitzbergen
in the 'early days'. The station used now,
however, is not owned by ESA but by
Norwegian industry, and is installed at a
different location. This new facility has been
established by the Norwegian Space Centre
(NSC) with support from TSS. lt was designed,
procured and constructed between 1996 and
1998. The construc-tion work included the
provision of an access road, power, the station
building and related infrastructure and all basic
SETVICES.

The development at Svalbard was triggered by
NASA, who had requested a locatron for an

antenna to be used for its Earth Observing
System (EOS) Polar Ground Network. The
NASA-dedicated TT&C activities from SvalSat
were initiated in 1997 when TSS started
operating the ground station on the Svalbard
archipelago under a contract with NSC. Today,

TSS has 1 1 staff working permanently on the
island. The station is manned around the clock
and operations and maintenance are handled
by three shifts.

Technical installations
The antenna infrastructure at SvalSat today
consists of two operational 1 1-metre S- and X-

band systems applied both for TT&C and for
r^lata rer:ention /Fio 2) The number of satellite
operators signing up for service provision from
Svalbard is growing steadily and TSS is

therefore currently finalising the installation of a
third complete multi-mission (13 m) ground
station to be co-located with the existing ones
(Figs. 3 & 4). This third system will become
operational in February 2OO2 and will be
supporting ESA's Envisat and ERS-2 missions
on a priority basis.

The Norwegian telecommunications proVider
Telenor also has several antenna systems
installed at SvalSat and orovides telecom-
munications services to the Norwegian
mainland. The communications to and from
Svalbard have generally been recognised as a
critical issue for reliable operations. TSS has

therefore established a dedicated communi-
cations link directly between Tromss and
SvalSat, which is now the primary link for all

operations tasks. To maintain communications
redundancy between TSS and SvalSat,
switched ISDN lines are used as a backup in

case of prime satellite link failure. Near-real-time

services requiring very reliable and fast
distribution systems are offered by TSS, who
are presently distributing data to customers at
rates ranging from 9.6 kbit/s to 2 Mbit/s.
Further possibilities are to establish dedicated
satellite links.

Operations concept
SvalSat is manned around the clock by a
team of 11 TSS engineers and an operations
manager. They carry out all operations and
maintenance at SvalSat. Additional managerial
support in terms of special maintenance.
financial administration and quality assurance is
provided from TSS in Tromso. Two engineers
staff the station at all times, ready to respond
immediately on site if anomalies occur. One of
the antenna systems available at SvalSat (the

NASA-dedicated system) is operated locally by
this TSS crew. The remaining two (including the
new TSS antenna) are remotely controlled and
operated by the Tromso Network Operations
Centre (TNOC).

TNOC is a part of TSS and since December
2000 it has been providing operational S-band
support to ESA's ERS-2 satellite. Since 1 April

Figure 2. The radome
housing the 1'l m antenna for

NASA support

Figure 3. The new 13 m
SvalSat antenna
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Figure 4. Installation of the
radome for the new 13 m

antenna

Figure 5. SvalSat TT&C links
to ESOC

120

2001 , TNOC has also been certf ed for fLr

operations on severa NASA missions There
are also two eng neers ava able at TNOC at al

li'nes, to respond im-ediare ) Io operatio.dl or
tech.ical )uppo1 reqJtrSts A^) ..tredulrng of
the remotely control ed insta lat ons is also
handled by INOC (by e ma or vo ce
communicatlon)

The remote operations are supported by a
powerfu Un x based stat on computer The

'olor-91-.,1^lcation> cor^ecton iletween the
ground segment at Sva bard and TNOC is via a
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that link, the station can be controlled loca ly by
the SvalSat staff.

Cont nuity and exper ence are imporlant factors
when operat ng an advanced techn ca
nstallation in the Arctic, and the staffing of the
Trorso office and Lhe Sva bard s le s lherefo'e
seef in an overal context, with engineers being

rolated fro|n Lrne Lo Lime beLween Lhe

two This he ps to maintain both the
techn ca competence and Arctic
axpe'ience within the organ sation The
fact that operat ng in an Arctic
env ronment calls for spec al

competences to ensure personnel
cefotv q : cn fnn rco.l r--. - Jpon.

Preparing to support ESA
The procurement of a pure TT&C
servrce frorr an external station,
without having any ESA nsta lations on
site was a first for ESOC Before
starli-g lhe endeavour. lhere[ore. a

number of technica and operat onal
changes had to be implemented At
ESOCs end (Fg 5), a gateway had to
be developed lAal l'dnsldles 1^tr

d fferent formats and protocols used at
the Sva bard statron into someth ng

that make it look I ke a standard ESA
ground station (it translates Svalbard's
TCP/lP based protocol to the standard
ESA SD D/X.25 format), Connection
with SvalSat is initiated from ESOC in

Darmstadt (D). by caling ether of the

.^.4



polar bears and spacecraft tracking

gateways. Traffic between SvalSat and ESOC
is routed via a firewall. At the SvalSat end,
some specific features required for ERS and
Envisat had to be installed in the station's uo-
and down-link chains.

During the initial service-optimisation phase,

ESOC teams visited the TSS control centre and
the Svalbard site (FiS.6) and thereby
experienced first hand the particular challenges
of operating such an installation in an Arctic
desert. In winter, the weather can change
rapidly from good, with no snow or wind, to
very bad, with strong winds and dramatically
Inrnrcr lpmncratr rrcs When conditions do
deteriorate, the road from the local settlement
to the station has to be closed and the crew
transporled by helicopter (Fig. 7). The station is

equipped to survive for a week or two without
a fresh supply of water or waste removal (for

environmental reasons, evefihing that goes up
to the station has to be removed after use).

Apad from the obvious climatic peculiarities,

there is a real danger of encountering polar

bears outside the settlement. Consequently,
everyone leaving the settlement or even just

walking between the equipment building and
antenna radome has to be accompanied by
station staff carrying large-calibre guns. This
frontier atmosphere also pervades the hotel bar
at the settlement, where a special cupboard is

available for depositing the guns whilst having a

drink!

Outlook
The current NASA missions suooorted from
SvalSat include Landsat-7, AM-1/Terra, EO-1,
SACC-C, Acrimsat, Champ, QuickScat,
Kompsat, Cobe, Aqua and Quicktoms.

Preparations for new NASA missions are also in

progress. The European meteorological satellite
organisation, Eumetsat, has also decided that
SvalSat will be their prime site for polar-orbiting
missions, which will result in the installation of
two complete EPS ground stations (10 m

antennas). Eumetsat has already signed a
contract with TSS for providing the Polar Site
Infrastructure and Operational Services for the
EPS system. The MetOp satellite that ESA is

providing to Eumetsat for this programme is

planned to be launched in 2005.

With ESAs 'return' to the Svalbard location,
ESOC is now in a position to offer excellent
coverage for polar-orbiting missions. The
service from Svalbard comolements the oroven
support already provided from the ESA station
at Kiruna, and will enable ESOC to react more
flexibly to the programmatic and operational
needs of its customers. Gesa

Figure 7. The route to the
plateau
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MATED - lmproving ESAs Model and Test
Philosophies

P. Messidoro
Infrastruture and Scientific Satellite Directorate, Alenia Spazio SpA, Turin, ltaly

R. Roumeas
Mechanical Systems Division, ESA Directorate of Technical and Operational Support,
ESTEC, Noordwijk, The Netherlands

Introduction
In the last decade, the pressure from the space
market to shorten the development time from
system concept to launch has continued to
grow, with the aim of reducing development
time and cost without jeopardising mission
success. The Assembly, Integration and
Verification (AlV) process makes up an important
part of the space system's development cycle,
constituting typically 20-30% of the costs and
60-70%o of the schedule. The model and test
ohilosoohies that form the basis of the AIV
process are therefore important cost drivers.

Today's space activities are characterised by growing cost and
schedule constraints, often combined with greater technical/industrial
complexity. This impacts on the Assembly Integration and Verification
(AlV) process that is a fundamental step in the development cycle of
any space system. The question then is, how can the process be
improved to reduce the duration and cost of the AIV process whilst
still maintaining the necessary quality and an acceptable level of risk?

The ESA-developed Modeland Test Effectiveness Database (MATED),
and its associated methodologies, is proposed as a viable tool for
supporting such an initiative. This article describes the prototype
database, the types of data that can be shared, the proposed analysis
methodologies, and the potential benefits.

The existing standards and industry practices
that define the requirements to be applied in

the preparation of test specifications and
procedures are generally based upon tradition
and need to be improved in the light of the
latest modelling and test-effectiveness criteria.

It was against this background that an ESA
study on 'lmproving the Effectiveness of the
Model and Test Philosophy Applied by ESA
Programmes' was contracted to an industrial
consortium led by Alenia Spazio SpA, with
Astrium GmbH as subcontractor. The study's
main objective was to develop a Model and
Test Effectiveness Database (MATED), together
with the associated methodoloqies. to serve as

a repository for AIV Non-Conformance Report
(NCR) and Flight Anomaly (FA) data to be
shared between European industry agencies
and space organisations. This novel resource
should foster a continuous imorovement in the
AIV process itself, the related model and test
philosophies, and the associated verification
and testing standards.

The MATED concept
The main functions of MATED are to:

- archive data on anomalies encountered during
the ground testing and flight operations of
different soacecraft

- archive data on the AIV processes for different
spacecraft, with particular emphasis on the
cost-driver-related activities

- provide data-analysis functions that support
identified methodologies for test-effectiveness
evaluation and AIV programme-optimisation
purposes

- ensure security of data, remote and multiple
access, and flexibilitv of installation and
utilisation.

MATED's architecture (Fig. 1) is based on a
commercial Relational-Database Management
System (RDMS) with a client/server approach
compatible with the World Wide Web (Fig. 2).

The study objectives were to:

- assess the state-of-the-art in the model and
test-effectiveness domain and the available
data sources

- analyse the AIV process as defined in the
European (i.e. ECSS) standard, identifying
cost drivers and imorovement trends

- identify the methodologies for the analysis of
the associated AIV data

- realise a prototype database that archives
on-ground and in-orbit anomalies and other
AIV-related space-prolect data

- populate the database with inputs from
several projects in development and in
operation (both applications and scientific
missions)
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Figure 1.

The MATED
design logic

- carry out a first set of analyses to demonslrale
the valrdity of the concept and the associated
methodologies

- recommend methodologies for using the
analysis results in updating and maintaining
lhe Fr r.onean stanr^lards

- evaluate future development towards
nna12tian2l e\/aiam

Access Io the N/ATED dala loadrng. reading
and analys's functions is regulated by a
password system based on user-specif ic
pre'ogatives. Free user access to the welcome.
news and information pages is also foreseen.

The MATED data
On the basis of the study findings, the foreseen
analysis reeds. and the industrial consortium s
cxncricnr-e lor rr r-:lor^rories Of data haVe been
defined: Project Data, AIV Process Data,
NCR Data and FA Data (Fig 3) The innovative
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Figure 2. The MATED web
site

Figure 3. The MATED data
tree

Fb EdA hw flvo*b ro* B.h

e8dr . .' n, :j d gtud jjF*drE Jed" -j- J jl
ru.'14 iq;;-'- '----- '- 

-J

PF]OJECT CODE/TYPE

CUSTOMER

PROJECT MASTER
PLANNING

MISSION
TYPE/DESFIPTION

PEBCENTAGE AIV COSTS

INDUSTRIAL
CONSTRAINTS

TECHN CONSTFIAINTS

PRODUCT TREE
(INCLUDING QUANTITY,
CATEGORY
DESCRIPTION, OUAL
STATUS, HEFITAGE)

PFOJECT TECHNOLOGY
(|NCLUDING NUMBER OF
ELECTF PARTS, MASS,
DTMENSTONS, ErC )

REOUIREMENT
VERI FICATION I\,1ATRIX

VERIFICATION STRATEGY

MODEL PHILOSOPHY
(INCLUDING MODEL,
LEVEL,
REPRESENTATIVEN ESS,
OUANTITY UTILIZATION,
ETC )

VERIFICATION AND TEST
SUMMAFY (INCLUDING
AIV ACTIVITY METHOD,
TYPE, CONDITIONS,
FACILITYSTAGE,
PFODUCT, MODEL, COST
PAFAMETEFS, ETC )

AIV PLANNING
(INCLUDING ACTIVITY
DURATION, START DATE,
ETC )

NCF] NUMBER

SPECIFIC PBODUCT

NCFl TITLE

NCF] SUMMAF]Y

NCR DISPOSITION

NCR CAUSE

NCR CLASSIFICATION

NCR DATE

NCR IMPACT

NCR NOT EARLY

FA NUMBER

SPECIFIC PRODUCT

FA TITLE

FA SUMI\,4ARY

FA CAUSE

FLIGHT ACTIVIry

FA SEVEFIry

FA DATE

FA NOT EARLY
DISCOVEBY REASON

FA AIV FEEDBACKDISCOVEF]Y REASON

123



@esa bulletin 109 - february 2oO2

<^ts /7
ata Input in Sessions

FTP HTTP

lnternel

Figure 4. MATED data-
collection scenario

Figure 5. MATED analyses

feature of MATED compared with existing
systems is the linking of the project products to
the respective AIV activities, ground failures
and flight anomalies. The associated time and
cost aspects of the AIV process are also
documented, albeit in relative values for
reasons of confidentialitv.

Data can be loaded into MATED using both
the batch-loading and the on-line-loading
capabilities of the system. ln the case of batch-
loading, a simple ASCII interface table can be
generated either by a commercial PC tool, by
filtering existing company databases, or by
using a dedicated 'MATED loader'. The data
currently collected in the MATED prototype
consist of: 7 prolects (both applications and
scientific missions), 24 models, about 800
products, more than 300 AIV activities, about
400 NCRs and 50 FAs. The svstem-level data

are substantially complete, while additional
lower-level data will be collected during the
next phase together with new project data.

The MATED analyses
As shown in Figure 5, four levels of analysis
have been defined:
L1 : on-ground, in-orbit and combined failure

statistics
L2: technical and financial test-effectiveness

evaluations
L3: model and test-effectiveness-index evalua-

tions and time/cost oarameter simulations
L4: risk assessment, risk/cost comparison,

sensitivity analysis and optimisation.

The higher-level analyses are based on the
results of the lower-level analyses, and the L1

and L2 analyses are also customisable in the
sense that other selected parameters can be
introduced. The MATED analyses can be
applied to the entire database or just a subset
of it (i.e. investigation field), considering only
ceftain projects or limited ranges of the different
key parameters. The system allows one to
select the applicable investigation field (Fig. 6).

Potential of MATED results
MATED analyses can answer such questions as:

- Which tests are discovering more NCRs? At
which stage and what level?

- What are the most critical subsystems or
equipment items in the ground testing?

- Which AIV activities are more impacted by
design or workmanship failures?

- ls there any correlation between failures and
time into test?

- ls an alternative verification method more
effective?

. SPECIAL ASSESS[/ENT AND 0PTlMlZATl0N

-
. PRE-DEFINED NiIODELANDTEST EFFECTIVENESS INDEX EVALUATION +
. CUSTOMIZABLE SPECIALTIME/COST SIMUUTION #

. RISK ASSESSMENT

. 0PTlNillZAT|0N (te$ philosophy specifications, procedures)

. SENSITIVITY T0 PARAMETER VARIATI0NS

NIATEI OF SPECIFIC PROJECT

TIMSCOST PREDICTIONS

. PRE-DEFINED STD EFFECTIVENESS EVALUATION

. CUSTOMIZABLE SPECIAL EFFECTIVENESS EVALUATION

I PRE-DEFINABLE STD STATISTICS

. CUST0N,IIZABLE SPECIAL INVESTIGATI0NS

# TEST/FINANCIAL EFFECTIVENESS OF EACH TEST

-_+ INFLUENCE 0F SPECIFIC C0NDITI0NS (test parameters, heritage, alternative methods)

+ STATISTICS 0F FAILURES ON-GROUND AND lN-0RBlT

--+ COMPARISON BETWEEN PROJECTS. EFFECTS OF TECHNOLOGY TRENDS

MATED DATA: PR0JECT DATA, AIV PROCESS DATA, NCR DATA, FLIGHT ANOMALIES DATA
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- Which subsystems/equipment items are more
critical to operations?

- What is the technical and financial effective-
ness of a test?

- How we can compare two model and test
ohilosoohies?

- Which test is the most likelv candidate for
deletion?

In terms of L1 Ground Failure (GF) statistics,
MATED allows one to derive distributions of the
numbers of NCRs, in absolute or relative terms,
normalised to the number of electronic oarts (to

take into account project complexity), as a
function of several key parameters. Figure 7, for
instance, shows the distribution of NCRs vs
type of test, with the ranking of the different
tests highlighted. The distributions can also be
customised to include a selected third
parameter,

In terms of L1 In-Orbit Failure (OF) statistics,
similar distributions can be derived as a
function of the key parameters and are also
subsequently customisable, Figure 8 shows the
customisation of the failure-analysis distribution
vs type of severity with respect to the 'FA AIV
feedback' parameter, where the anomalies with
the severest consequences (partial loss of
functionality and redundancy switching)
suggest the need to improve EMC, endlo-end
communication, functional and performance,
life and thermal-vacuum testino.

In terms of L2 Test-Effectiveness Evaluations,
the Technical and Financial Test Effective-
noeeae fTTtr and trTtr indinoc\ nzn ho

calculated. The TTE corresoonds to the
number of NCRs in the test of interest, divided
by the sum of the total NCRs plus the FAs in

the early flight period. The FTE multiplies the
TTE by the ratio between the cost of the
mission and the cost of the test (i.e. for the
same TTE, the FTE is greater if the test costs
less). The TTE can be customised for a third
parameter, such as different test conditions
(e.9. number cycles in thermal vacuum). Figure
9 shows the TTE and FTE for an acoustic test.

In terms of L3 Model and Test-Effectiveness
Index (MATEI) and Time/Cost Parameter
Evaluation, a reference index as been defined
corresponding to the level of completeness of a
certain model and test philosophy with respect

Figure 6. Investigation field selection

Figure 7. Typical L1 ground-failure statistics

Figure 8. Typical Ll customised in-orbit-failure
statistics
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to the ECSS (European Cooperation for Space
Standardization) verification and testing
standards. Figure 1O shows the MATEI ECSS
Test Philosophy table.

Given a pre-determined model and test
philosophy, it is therefore possible to estimate
the MATEI and try to anticipate the number of
early failures to be expected (Fig. 11). The
validity of that MATEI can subsequently be
checked/verified during the operational lifetime
of that particular spacecraft or space system.
An equivalent approach can be followed for
cost and time-parameter aspects.

ln terms of L4 Sensitivity Analyses and
Optimisation, MATED offers the user the ability
to carry out risk assessments, risk/cost
comparisons, sensitivity analyses and optimi-
sations for current and new projects. This type
of analysis is usually supported by a suitable
set of L3 and sometimes L2 analyses, as well
as other offline investigations such as risk
assessments. Figure 12 shows a typical result,
where the data are expressed as percentage
deviations with respect to the baseline.

The MATED operational scenario
The future aoolication scenario foreseen for
MATED, which could be made operational very
soon, is as follows:

- ESA would serve as the MATED host and
database administrator.

- The MATES Industrial Consortium would
support ESA as applications manager for
data loading, system upgrading, maintenance,
special analysis and user feedback.

- Other European and world-wide companies,
agencies and organisations would become
'partner users', providing data and statistics
and receiving tailored access to MATED
functionalities. They could also be supported
by the N/ATES Industrial Consortium with
suitable training and maintenance support.

Gonclusion
Streamlining of the model and test philosophies
for Europe's future spacecraft and space
systems is crucial to reducing the time, and
hence the investment, needed for their
development whilst still keeping the degree of
risk under control. The proposed sharing
through the MATED database initiative of the
European space sector's AIV knowledge and

Figure 9. Typical TTE and FTE evaluation

Figure 10. Typical MATEI ECSS test-philosophy
table

Figure 1 1. Typical early-flight-failure diagram
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experience accumulated over many years
would represent a major step forward in
this respect. The first results have already
demonstrated the validity of such an initiative.
The number of spacecraft developed in Europe
is not so high in a global context, and the
number of in{light anomalies that have been
experienced to date by ESA spacecraft is

actually very low. For MATED to be a success.
therefore, as many parlicipants and inputs as
possible are needed, in order for the results to
be statistically significant. lt is therefore hoped
that the many companies, agencies and
organisations both in Europe and around the
World working in the space domain will be
motivated to loin in this initiative, which holds
the promise of substantial mutual financial
benefits for the participants. @esa

Figure 12. Typical sensitivity analysis and optimisation result
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A leading resource management company dedicated to
providing technical seruices and solutions to customers
world-wide. Modis has supported the European Space
Agency in fhe Netherlands for nearly twenty years. We
frequently have great job opportunities based at ESTEC
(Noordwijk, The Netherlands). Cuffently we have the
following positions:

Design & Testing Support Engineer
Oualifications:
. Experience in encryption, secure communications a mustl
. University degree in Electrical Engineering or equiv,
. Specialist in the design and testing of TT&C Systems

(Telemetry Tracking and Command) and equipment
for near earth aoolications. Should have at least four
years expeilence,

. Specialist in the design of radio equipment with under-
standing in radio te(hniques (eg modulations) and in the
technologies used in radio equipment (VLsl, ASIC, MMlC., )

ESTB Simulation &
Data Collection Engineer
Qualif ications:
. General background on satellite navigation, ranging

and positioning techniques
. 5pecific knowledge on satellite navigation systems

(GPs, GLONAS, EGNOS): signals and message structure,
systems architecture

. Knowledge of satellite navigation receivers
(principles, receivers architecture)

. Experience at user level with satellite navigation receivers,

. Experience in satellite navigation positioning and
integrity algorithms (least squares, smoothing,
Kalman filtering).

. Knowledge of programming languages
(C++ and Matlab)

. Between two and five years experience in the fields
described above.

. Languages: English is required and French is desirable,

Microwave Engineer
Oualifications:
. University degree in microwave engineering, or

equivalent, with proven experience in microwave
measurements and microwave photonics

Further Information
lf you are interested in one of these positions or would
like to receive further information please contact:
Name: Fiona Jamieson
Direct Tel: +31 (0) 40 294 8676
Fax: +31 (0) 40 2948562
Email: fiona,iamieson@modisintlcom
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Detecting, Tracking and lmaging Space
Debris

D. Mehrholz, L. Leushacke
FGAN Research Institute for High-Frequency Physics and Radar Techniques,
Wachtberg, Germany

W. Flury, R. Jehn, H. Klinkrad, M. Landgraf
European Space Operations Centre (ESOC), Darmstadt, Germany

Earth's space-debris environment
Today's man-made space-debris environment
has been created by the space activities
that have taken place since Sputnik's launch
in 1957. There have been more than 4000
rocket launches since then, as well as many
other related debris-generating occurrences
such as more than 150 in-orbit fraqmentation
events.

Among the more than 8700 objects larger than 10 cm in Eadh orbits,
onfy about 60/o ?re operational satellites and the remainder is space
debris. Europe currently has no operational space surveillance
system, but a powerful radar facility for the detection and tracking of
space debris and the imaging of space objects is available in the form
of the 34 m dish radar at the Research Establishment for Applied
Science (FGAN) at Wachtberg near Bonn, in Germany.

In this article, the current space-debris environment surrounding the
Earth is briefly presented and the hazard that it and meteoroids
represent is discussed. The more than ten years of successful
cooperation between FGAN and ESAs European Space Operations
Centre (ESOC) in the field of space-debris research is also
summarised.

Currently, there are more than 8700 objects
larger than 1O-30 cm in Low Earth Orbit (LEO)

and larger than 1 m in Geostationary Orbit (GEO)

registered in the US Space Command Satellite
Catalogue. US Space Command tracks these
objects with radars and optical telescopes to
determine their orbits and other characteristic
parameters, including their sizes (Fig. 1).

Approximately 6Yo are operational spacecraft,
21%o are old spacecraft, 17o/o are rocket upper
stages, 13o/o are mission-related debris, and
43%o are fragments from (mostly) explosions or
collisions. Consequently, about 94% of the
catalogued objects no longer serve any useful
purpose and are collectively referred to as
'space debris'. In addition, there are a large
number of smaller objects that are not routinely

tracked, with estimates for the number of
objects larger than 1 cm ranging from 100 OOO

to 200 000.

The sources of this debris are normal launch
operations (Fig.2), certain operations in space,
fragmentations as a result of explosions and
collisions in space, firings of satellite solid-
rocket motors, material ageing effects, and
leaking thermal-control systems. Solid-rocket
motors use aluminium as a catalyst (about 15%
by mass) and when burning they emit
aluminium-oxide pafticles typically 1 to 1O

microns in size. In addition, centimetre-sized
objects are formed by metallic aluminium melts,
called 'slag'. They typically amount to 1 % of the
propellant mass and leave the motor with low
velocities at the end of the burn. There is

evidence from ground-based radar measure-
ments that 16 of a total of 31 nuclear reactors
used by Russian ROBSATS (Radar Ocean
Reconnaissance Satellites) have lost their
sodium-potassium (NaK) coolant, following
their reorbiting and subsequent core ejection in

disoosal orbits at between 700 and 950 km
altitude. The size of the NaK droplets observed
ranges from 6 mm to 4.5 cm. The NaK
population is assumed to consist of about
60 000 objects, with a total mass of about
50 kg.

It is unclear how severe the space-debris
situation will be in future years, because this
depends on the scale of future space activities,
the degree to which debris generation is

controlled, and the effectiveness of any
mitigation measures adopted. This problem
can be analysed with a space-debris
environmental model like ESA's MASTER (see

below), which describes the spatial distribution
and paftrculate flux as a function of its size and
location in soace. These mathematical models
have to be validated with measurement data.



detecting, tracking and imaging space debris

Europe still has only very limited capabilities for
the detection and tracking of 'uncooperative'
cnana nhionrc Ao o .;eneral rule, radars are
primarily used for the characterisation of the
space-debris population in LEO, whereas
optical telescopes are used for more distanl
orbital regions such as the geostationary ring
(GEO). One high-performance radar facility in

Europe able to probe the Eafth's space-debris
environment and track and even image space
objects is the FGAN Tracking and lmaging
Radar ftlRA) system. Because of its unique
capabilities, it is used for civil protection (orbit

determination and imaging of re-entering risk
oblects) and to a limited extent for externally
funded research-oriented studies, as well as
defence-related activities. FGAN therefore
cooperates with institutes in Germany and
abroad, as well as with national and
international organisations such as DLR, ESA,
NASA and NASDA.

With beam-park experiments with TIRA alone,
or jointly with the Max-Planck-lnstitute of Radio
Astronomy's 1OO m telescope at Effelsberg in

Germany (bi-static mode), snapshots typically
of 24 hours duration can be taken of the
current space-debris population to provide
statistical information and rough orbit para-
meters for objects as small as 1 cm at altitudes
up to 1000 km. In several such experiments,
uncatalogued centimetre-sized debris could be
detected, and in some cases the possible
sources identified, such as the droplets
generated by RORSAT reactor cores and
debris from a Pegasus upper-stage explosion.
Ground-based radars are therefore important
tools for validating space-debris models.

The hazards posed by space debris and
meteoroids
The major concern with debris is that it might
hit an operational spacecraft or a larger object
such as the International Soace Station. with a
whole variety of detrimental consequences.
The average collision velocity in LEO is greater
than in the much higher circular (GEO) orbits
and typically ranges between B and 12 km/s. In
a LEO collision between an operational
spacecraft and a catalogued object, it is likely
that both would be destroyed and hence many
more space-debris fragments would be
generated. lf these fragments were large
enough, they too could generate additional
debris through further collisions.

Up to now only one operational spacecraft, the
French Cerise reconnaissance satellite, has
been hit by another catalogued object, being
struck in 1996 by a fragment from the third
stage of an Ariane launcher that had exploded
ten years earlier. Evidence of the degrading

nature of the space environment, however, is
provided by the increasing numbers of close
encounters in space. Several times per week,
the flight path of ESA's ERS-2 Earth-
observation satellite is carefully examined for
potential close encounters or collisions with
catalogued objects. lf the chance of a collision
exceeds a certain tolerance, a collision-
avoidance manoeuvre is carried out. ESA
pedormed two such evasrve manoeuvres with
the ERS-I spacecraft in June 1997 and March
1998. The most recent collision-avoidance
manoeuvre, with the International Space
Station (lSS), took place on l5 December
2OO1 , when Space Shuttle 'Endeavour'
increased the Station's altitude by 1 km to
avoid a collision with a Russian SL-8 uooer
stage launched in 1971
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Figure 1. History of catalogued objects in orbit
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Figure 2. History of successful rocket launches
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Figure 3. The TIRA facility

The natural meteoroid environment does not
pose a serious hazard to most spacecraft in

Earth orbit. Exceptions are meteor streams
with high Earth-approach speeds such as the
Leonids, which were traveling at 71 km/s,
which may necessitate special safety measures
for ooerational soacecraft .

The FGAN system
The main subsystems of the FGAN Tracking

and lmaging Radar (TIRA) are: a 34-m
parabolic antenna (Fig. 3), a narrow-band
mono-pulse L-band tracking radar, and a high-

resolution Ku-band imaging radar. The
sophisticated, fully computer-controlled, 34-m
parabolic Cassegrain-feed antenna is mounted
on an elevation-over-azimuth pedestal, lt is

shielded from atmospheric influences by a rigid
49 m-diameter radome.

The L-band radar is used primarily for the
detection and tracking of space objects. Using

a double-Klystron power stage, it generates

high-frequency pulses of typically 1 to 2 MW
peak power and 1 ms pulse length. The signal-
processing concept supporls target tracking in

angular direction as well as in range and range
rate. In this operating mode, up to 30
statistically independent observation vectors
per second are measured with the tracking
filter. The main comoonents of an observation
vector are: time, azimuth and elevation angles,
range, range rate, echo amplitude and phase,

and the transmitted peak power.

The Ku-band radar's main aoolication is in the
imaging of space objects, being operated
simultaneously with the tracking radar on the
same target. Typically, linear frequency-

modulated radar pulses of 13 kW peak power,

256 microsec pulse length and 800 MHz

bandwidth are generated by a travelling wave
tube. The signal processing is based on the
de-ramp prrnciple, and the matched-filter
operation is realised by fast Fourier transformation
in a post-processing mode. Up to 400 range
profiles per second are acquired with 25 cm
resolution (Hamming window applied) in

imaging mode.

The main space applications of TIRA are:

- searching for and tracking space objects
(orbit determination)

- characterisation of the space-debris environment

- validation of space-debris models

- tracking re-entering (risk) objects

- imaging space objects (verification of
operational procedures, attitude determination,
emergency operations, damage and frag-
mentation analysis)

- radar measurements of meteoroid streams.

Searching for and tracking space
objects
For space-object tracking, there is

generally a priori information available,
such as some orbital elements and
the approximate size of the object
(radar cross-section). The radar beam
is pointed to a pre-determined
position in space and after detection
the object is tracked and observation
vectors are collected, from which its

orbital parameters and radar signature
can be computed. The latter provides
clues as to the object's intrinsic
motion (rotation or tumbling rate). This
mode of observation is called 'target-
directed' and is used when the
uncertainty in the knowledge of an

object's orbit is unacceptably high and
more precise information is required,
for instance for collision-avoidance
manoeuvres for operational space-
craft and for reentry predictions for

potentially dangerous objects.

Another application is for tracking support
during the launch and early operations phases
of a mission, which may include confirmation of
reaching the nominal orbit after launch, or
searching for spacecraft and determining their
actual orbits following a non-nominal launch.

Characterisation of the space-debris environ-
ment
An imoortant tool in the characterisation of the
small-size debris population are so-called
'beam-park' experiments. In this operating
mode, the radar beam is maintained in a fixed

direction with resoect to the Earth and all
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objects that pass through the beam are
registered. In the course of one day, the Earth's
rotation scans the beam through 360 deg in

inerlial space. From the backscattering of the
radar signal, the size of the object and some of
its orbital parameters can be determined. The
FGAN radar is sensitive enough to detect 2 cm-
sized objects at a distance of 1000 km. This
primarily statistical information on the small-size
terrestrial debris population in the LEO region
can be used to validate soace-debris models.

Several US radars are carrying out beam-park
experiments from Haystack (Mass.), Goldstone
(Calif.), and Kwajalein (in the Pacific). Until
recently, the Haystack radar was the only data
source for objects as small as about 2 mm.
Between 1990 and 1994, space debris was
observed for more than 3000 hours and the
results of these measurements have influenced
most space-debris models.

The first European beam-park campaign was
carried out in 1993. During a 1O-hour
experiment, the TIRA L-band radar's ability to
detect small-size debris in LEO was
successfully demonstrated. The first
operational measurement campaign was
subsequently performed on 13/14 December
1994, when the FGAN L-band radar was
operated in beam-park mode for 24 hours and
the Fylingdales Phased-Array Radar (UK) also
parlicipated for 24 hours. The Herstmonceux
20 cm telescope (UK) also operated for 3 hours
with good weather conditions, but the
Zimmenrvald 50 cm telescope in Switzerland
unfortunately experienced bad observation
conditions. All sensors were oointed at the
centre of the same observed volume.

Within the framework of ESA/ESOC study
contracts with FGAN, hardware modifications
were introduced in 1995/1996 to imorove
TIRA's sensitivity: new low-noise amplifiers
(0.3 dB) were fitted to the L-band receiver's
front end and directly connected to the
switched limiters. On the transmitter side, two
modulation decks were reconstructed in order
to operate the transmitter at higher peak power
levels (increased from 1 to about 2.5 M\A/) with
reduced inter-pulse noise. These modifications
roughly doubled the distance at which objects
can still be detected.

With the more powerful radar in place, a third
measurement campaign was performed on
25 November 1996. This time the TIRA L-band
radar was operated in bistatic 'COoperative
BEAM-park mode' for 24 hours. A second
data-collection system was installed at the
World's largest steerable, 100 m parabolic
antenna, at Bad-Munstereifel Effelsberg in

- 
EFFE L-band
Haystack X-band

- 
TIRA L-band

_ T|RA Ku-band

,^2 1 ,'l | , | , | , | | , | | ,

'"-70 -60 -50 -40 -30 -20 -10 o 't0 20
RCS [dBsm]

Germany, operated by the Max-Planck-lnstitute
of Radio Astronomy in Bonn, and about 21 km
from the TIRA system. On the same day, the
Haystack radar in the USA, and during the
same week the TRADEX radar on Kwajalein,
were also operated. This COBEAM campaign
(Fig. 5) showed that the FGAN L-band radar
can indeed detect 2 cm objects at 10OO km
distance. When combined with the Effelsberg
-^;i^ +^l^^^rauro Lerescope as a secondary recerver,
objects as small as 0.9 cm can be detected at
the same distance. Pointing the Effelsberg
antenna in azimuth to 90 deg E (or 90 deg W)
provides an unambiguous relationship between
Doppler frequency measurements and orbital

Figure 4. Range
oerformance for bi-static
radar operation with the
100 m Effelsberg radio
telescope, for the FGAN
L-band and Ku-band radars.
and for the Haystack X-
band radar. The plots are
for single-pulse processing
with a signal-to-noise ratio
of3dB

Figure 5. The 'beam-park'
experiment geometry
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inclination of detected targets for circular orbits.
Together with the corresponding pointing
angles for the two antennas, there was an

altitude overlap of more than 2OO km.

During the 24-hour COBEAN/ observation
campaign. 371 objects were detected by
Effelsberg and 317 by FGAN. 189 objects were
seen by both sites and the total number of
objects detected was 499. The many
detections around 900 km altitude are most
likely due to the NaK droplets from RORSATS.

The increased detection rate at 600 km is

probably due to debris generated by the
explosion of a Pegasus hydrazine auxiliary
propulsion stage five months prior to the
COBEAM experiment. This explosion of the
Pegasus stage illustrates the highly dynamic
nature of the space-debris environment, which
means the beam-park experiments must be
frequently repeated to monitor the constantly
changing (mainly increasing) risk of collisions as
a function of the altitudes and orbital
inclinations of operational satellites, Four more
24-hour exoeriments have therefore been
conducted in the meantime, and one or two
such campaigns per year are planned for the
future.

Due to improved data-processing capabilities,
the observation windows of the campaigns in
2OO0 and 2001 were extended to cover
distances from 350 to 2000 km. As a result,
nearly 5OO objects are now detected by FGAN
in 24 hours, i.e. one every three minutes. Figure
6 shows an altitude versus Doppler inclination
plot for lhe 471 objects detected in October
2000. Only 94 of these objects appear in the
US Space Command Catalogue. Various
clusters such as the NaK droplets at 900 km
and 65o inclination, and the Globalstar
constellation at 1400 km and 55o inclination,
are clearly apparent.

2000

1800

1600

The main results of these beam-park
experiments, however, are the comparisons
provided with the space-debris models. Every
24-hour experiment in the past confirmed that
our understanding and modelling of the space-
debris environment was incomplete; in some
orbital regions, twice as many objects were
detected as were predicted by the models. The
observational data have been and will continue
to be used to improve our space-debris
models.

Validation of space-debris models
ln order to describe the soatial distribution of
the debris population that is not yet
catalogued, mathematical models have been
developed. ESA's reference model for space
debris and meteoroids, called 'MASTER', was
jointly developed with researchers at the
Technical University of Braunschweig in
Germany. The most recent model, MASTER
99, is based on the catalogued population, the
known historical fragmentations and non-
fragmentation debris. Pafticles as small as
1 micron are taken into account. lt also
contains the Divine-Grun-Schaubach meteoroid
model, which provides directional fluxes.

For the construction of a meteoroid and debris
reference model, several assumptions have to
be made which introduce uncertainties. Most
models take the cataloged population as a

basis and add fragments from known breakups
in the micron to 50 cm size regime to account
for the incompleteness of the catalogue. For
sizes larger than 50 cm, the breakup model
parameters are calibrated such that the
theoretical population fits the catalogued
population. For the size range between 1 mm
and 50 cm. however. observational data are

soarse and the uncertainties in the models
increase considerably with decreasing object
size. However, validation of the models in the

size range from a few milli-
metres to 50 cm can be
achieved with special
ground-based measure-
ment campaigns using high-
performance radar facilitres
like TIRA.

Tracking re-entering (risk)
oby'ecfs

Since Sputnik I was
launched, more than 17 000
catalogued objects have
reentered the Earth's
atmosphere and most did
burn up completely. In the
case of compact and
'-^^^i,,^ 
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Figure 6. Altitude versus
Doppler inclination for

objects detected during the
October 2000 beam-park

experiment
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process will not be complete and
fragments of the vehicle may reach the
ground, as has been the case with
Skylab, Kosmos-954 and Salyut-7/
Kosmos-1 686. The standard procedure
for large objects for which re-entering
fragments constitute a safety hazard on
the ground, is to carry out a controlled
re-entry in an uninhabited oceanic area.
Recent examples are the de-orbiting of
the Russian Mir space station and of
NASA's Compton gamma-ray
spacecraft.

lf a massive space vehicle becomes
uncontrolled at low altitude, the task of
determining the re-entry window (time
and location) and the dispersion of the
re-entering fragments along the ground
track will be very difficult. Also in the
case where the re-entering object is still
controllable, but the available propellant
for the de-orbit manoeuvre is very
limited, the orbit-prediction task will be
fraught with difficulties. The main reason
is that aerodynamic forces will increasingly
influence the trqectory, which cannot then be
modelled with sufficient accuracy. Other factors
that limit the prediction accuracy are changes in
atmospheric density and the attitude of the
soace vehicle.

Radar tracking of re-entering risk objects is

thus of paramount importance. lt allows us to
determine the changes in the orbit parameters
and hence to calculate the re-entry window in

time and along the ground-track. Recent
examples of re-entering objects for which FGAN
has provided this supporl to ESA are Salyut-7/
Kosmos-1686, Kosmos-398, China-40 and the
Mir space station (Fig. 7).

lmaging space objects
The imaging capability of the TIRA Ku-band
radar is not only of relevance for space-debris
research, but also for space operations in
general. lts main applications are:

- in the suppoft of Launch and Early Orbit
Phases (LEOPS), including verification of the
deployment of moveable elements of a space
vehicle, and

- as a diagnostic tool in the event of spacecraft
anomalies, including determination of the
attitude. shape and configuration
tho cnanonrafiL' 

'v 
vvevvv, u, L.

An example of lust such an emergency
situation was provided by the Advanced Earth
Observation Satellite, ADEOS (FiS. 8).
Launched on 17 August 1996 into a 797 km-
altitude circular orbit with 98.6 deg inclination
and designed for a lifetime of more than three

-15 -10 -5 0 5 10
cross ranoe / m

years, ADEOS operations had to be terminated
on 30 June 1997 due to loss of electrical
power. The spacecraft's main body was 4 x 4 x
7 m3 and it had a 3 x24 m2 and 0.5 mm-thick
solar panel. Several passages of ADEOS were
observed on 7 and 14 July 1997 with TIRA.
From the Ku-band measurements, images
were computed to investigate the cause of the
malfunction. For the altitude assessment, a
three-dimensional wire-grid model was
constructed and two-dimensional projections
of this model were overlayed on the images.
The analysis revealed that the satellite's main
body and the large boom that
suppofted the solar panel were
altruavs viqihlo in tha imanocil | rqvvu.

However, the solar panel and its
supporting structure - stiffeners made
of carbon fibre, which have a qood
reflectivity for the
Ku-band radar
were only visible in

very few images.

Figure 7. Radar image of the
Mir soace station

Figure 8. Schematic of the
ADEOS soacecraft
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Figure 9. Radar image of
ADEOS with overlayed wire-

grid model and the results
of intrinsic motion and

damage analysis

cross range / m

lnstead a cluster of scatter centres at the end

of the boom was always visible. lt is therefore
assumed that the solar panel was snapped off

at the base near the spacecraft's main body.

Figure 9 clearly shows the dislocated solar
panel at the end of the boom.

The analysis of the rntrinsic motion of ADEOS

identified basically two rotation components:
one around the satellite's main body with an

angular velocity of approximately 0.1 deg/s,
and another around the satellite's boom with an

angular velocity of about 0.4 deg/s.

Radar measurements of meteoroid streams
Another application of the TIRA system is the
detection of meteors, in particular during
meteoroid streams. As we marvel at the sight of
visible meteors, not everybody is aware of the
fact that for every one we see there are many

much smaller ones that cannot be seen with
the naked eye, but are detectable by high-
power radar systems. Owing to their high

speed, even these naturally occurring small

meteoroids, which typically range from a

fraction of a micron to a few millimetres in size,

are potentially hazardous to Earth-orbiting
spacecraft. The situation is padicularly critical in
the case of high-speed meteor streams such
as the Leonids.

Because the progenitor of the Leonids, Comet
Tempel-Tuttle, had passed through perihelion in

February 1998, strongly enhanced meteoroid
activity was expected with the Leonid shower
of 17/18 November 1998. The very high

approach velocity of the Leonids (more than
70 km/s) comoensates for their small size and

they thus constitute a real safety hazard

for satellites. ESA therefore took special

safety measures to protect its own
spacecraft in orbit against potential
impacts. lt also warned other European

satellite operators of the hazards and
advised them on how to reduce the risk.

ln the event, on 17/18 November 1998

over a period of about 25 hours the
Earth passed through a shower of
relatively large meteoroids, which arrived

at a rate of some 200 per hour (zenithal

hourly rate, ZHR). This was the most
severe shower since the previous

Leonids meteor storm in 1996.

The question of how many radar-
detectable meteors can be expected in
a meteor storm like the Leonid event

was the motivation for a measurement
campaign with the FGAN L-band radar

in 1999. The Leonids meteor storm was
observed from 23:30 UT to 12:00 UT

during the night of 17l18 November. A

total of 176 meteor tracks were detected that
night which, given the small 0.5 deg field of
view of the TIRA system, is quite impressive.

However, a closer analysis of the angular
distribution of the meteor trails showed that
very few of the meteors detected actually

belong to the Leonids, the vast majority
subsequently being assumed to form part of
the sporadic background.

ln order to understand better the
measurements that were made in 1999, in

2OO1 another campaign was initiated that was
designed specifically to measure the number of
background meteors. On 1B November 2001 ,

aZHR of about 2OO0 was recorded. The data
collected during the background campaign are

still under rnvestigation, but preliminary results

indicate that the radar-detected meteors are

indeed dominated by the sporadic back-
ground.

Another interesting aspect of the TIRA
observations is the radar detection o1

meteoroids that arrive at speeds higher than
80 km/s. Particles arriving at these speeds
cannot originate within our Solar System, and

must be coming to us from interstellar space.
As the highly sensitive dust detector on ESA's

Ulysses spacecraft already detected such
interstellar particles back in 1992, the TIRA

detections of such fast meteors are credible.
Therefore, high-power radars like TIRA can nol

only provide valuable information about space
debris, but can also be used for high-quality
space-physics observations. @esa
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Programmes under Development and operations
(status end-December 2001 )
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rso
With the end of the Post-Operations

Phase in December 2001, ISO has

entered its five-year Active Archive Phase.

This phase will focus strongly on

increasing the 'off-the-shelf' usability of

the ISO archive products, while continuing

to support and encourage the scientific

community in the exploitation of the ISO

data. The work will be pursued in close

collaboration with the National Data

Centres (NDCs) that are funded for the

Active Archive Phase, and with groups in

the community.

Over the past tew months. ongoing wrap-

up activities for Post-Operations Phase

have been directed towards the release

of a reference Legacy Archive, to contain

all ISO data products automatically

reprocessed with the latest calibrations

and software. That bulk reprocessing has

already been completed and refinement of

the explanatory documentation is also

nearing completion.

There are now over 1200 registered

external users of the ISO Data Archive,

Science highlights
As ISO's Post-Operations Phase came to
a close, exploitation of the ISO archive

continued with around 120 refereed

papers being published during the year.

Recent highlights included the finding of

thirty brown dwarfs, elusive oblects at the

boundary between planets and stars, in

the rho Ophiuchi cloud. ISO results

suggested they form star-like, by accretion

from a gaseous sphere, rather than

forming planet-like, out of a disk orbiting a

star, Many brown dwads have their own

disks.

The discovery of more than 30 Earlh

masses of carbonates in two planetary

nebulae has suggested formation

mechanisms not associated with the
presence of liquid water. This calls into

question the previously assumed role of

water (aqueous alteration) in the formation

of carbonates in the early Solar System,

with strong implications for estimates of

the time of first appearance of liquid

water, and of liquid-water-bearing planets,

in the system

XMM-Newton
XMM-Newton operations continue to run

smoothly, In the last quader of 2001 ,

some science time was unavoidably lost

due to solar activity, but recently there

have been almost no interruptions.

In December 2OO1 , the ESA Science
Programme Committee (SPC)

unanimously approved the extension of

XMM-Newton operations for four years

until March-2006, During the extension

discussions it was agreed that the so-

called'guaranteed-time programme'

would be completed as soon as possible.

This is imporlant to the overall observing
programme, as it will prevent impodant

celestial targets from being 'proprietary'

for too long a period. lmplementation of

this will mean a delay of six months in

starling the Second Announcement of

Oppodunity (AO-2) observations, and a

delay of approximately three months in

their completion.

A successful observation of a gamma-ray

burst, following a BeppoSAX trigger, took
nl:eo nn 12 Dpcpmhcr 2001 XMM-v,uvv vl

Newton was on target approximately 1O h

after the burst was detected. This was an

excellent (overnight) achievement by ESAs

VILSPA (E) and ESOC (D)teams. An

electronic circular giving the precise

position (10") was issued some 7 h after

the start of the observation. The data,

which were processed and made public

on 27 December, are still being analysed,

but a preview is available at:

http://xmm.vilspa.esa.es/news/GRB01 1 2 1

1/grbO11211.html

The overall XMM-Newton data-processing

and data-shipment activities are going

according to plan. SoIar 1427

observation sequences have been

executed, and the data for 1 282 of these

have been shipped. A new, improved-
calibration version of the XMM-Newton

Science Analysis Software (SAS),

developed jointly by ESA and the Survey

Science Centre (SSC), will be released at

the end of February 2OO2.

The XMM-Newton satellite will enter its

fifth eclipse season in March 2002, and

The impressive rho Ophtuchi cloud, located 540
light-years away in the constellation Ophiucus,

as seen by /SO

t.to
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The lrttegral launch pad rn Kazakhstan ten
ntonths before launch

p'epar al ors lor l . l'a\a already beon

started Work on the deve opment of the

XMM-Nelryton Scence Archive (XSA)

LOf 'r -e.' dfd W b^ rpp"scd in lie
f rst quarter of 2402,

A r-') rr qocef.l :,.tpOSiUr, allefded
by some 330 astronomers, entted 'New

Visions of the X ray Universe n the XMM-

Newton and Chandra Era' was he d at

ESTEC (NL) frorr 26 30 November
2OOl , The Proceed ngs w I be published

shorty by ESA Publications Dvision as

ESA SP 4BB (on paper and CD RON/)

Integral
The two renraining f ight model

instruments the BIS mager and the
JEV-Y X- a, ^tol or ha.a bAAl lciqclol
and integrated on the spacecraft ntegra

is therefore now comp ete and ready for
the f na phase of ts environ-menta test

campa gn at ESTEC The current status of
work n all areas s compliant w th the

October 2002 launch date

The electromagnetic compatibility test and
e;[5cquorl S\Sle1l lesls. Lie f .sl SLr-tr

tpqts ,r, th rho , nmn ata n2\/lo:.1 inroor-tpel

nn lha cnananrefr herro haon q rr r o--fr rll'r

completed The payJoad-calibrat on

ear paign. dl'-g wl-rch Iie oe'jo'na ceq

of the various scientif c nstruments wi be

verified using radioactve sources has
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have now been delivered, and also the
onboard software required for the test
phase. The electrical qualification model
programme is continuing in parallel and is

being used to debug all system functional
test sequences before they are run on the
protoflight model.

The scientific performance problems with
the COSIMA instrument have now been

identified and a new unit is being

manufactured, which will be substituted
later in the programme. The rest of the
scientific payload is operating nominally on

the spacecraft.

The Lander is integrated on the
spacecraft, but some problems were

experienced during final testing with the

deployment of the landing gear. Solutions
to improve the gear's robustness are

being investigated and retrofits to the
existing gear will be introduced later.

The Ground Segment lmplementation
Review successfully took place during
November 2OO1 at ESOC in Darmstadt
(D). Most ground-segment elements are

progressing according to plan, but the
operational readiness of the New Norcia
ground station, which is now planned for
A ^ ^+ 'An^ i^ for concern.nuvuDL awvat ta o uouDY

The Launcher Preliminary Mission Analysis

Review has successfully taken place with
Arianespace. The launcher's pedormance

for the Rosetta mission is now confirmed,
but some aspects of this unique Earlh-

escape mission need still to be qualified

on the ground.

Mars Express
One of the major events in the prolect's life

cycle took place in October, namely the
successful completion of the mechanical
qualification of the structural model at
lntespace in Toulouse (F). In the case of
Mars Express, the structural model is the
final flight model, except that mass
dummies replace the electronics boxes
and the solar arrays. All other elements of
the spacecraft are already of flight quality,

including the main structure and the entire
propulsion system.

After successful completion of the
campaign, the model was transported
back to Alenia (l), where the flight-model
test programme started in early
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November. By the end of December the
harness and several flight-model sub-
systems had been integrated onto the
platform.

As regards the scientific payload. the

sequence of Instrument Delivery Reviews

started before Christmas. Their main

oblective is to review the completeness of
all instrument activities and release them
for integration on the spacecraft.

As far as the ground segment and the

launch services are concerned, there has

been nominal progress towards readiness

for the launch of Mars Express on 23 May

2003.

SMART-1

Spacecraft
The development work has made good
progress in the last months of 2001 . After
completion of the second phase of
electrical system testing, involving the
payload and most of the spacecraft
equipment, including the electric-
propulsion electrical models, the third
phase involving the flight models has

started. The development and integration

of the onboard software has been

completed. The system tests are now
proceeding at Spacebel (B) for the data-
handling part, and at Swedish Space
Corporation for the application cores.

The flight-model structure has been
manufactured and painted by APCO (CH)

and sent for integration to Saab Ericsson

Space in Linkoping (S). The spacecraft
Critical Design Review was held in
September and followed by a Mission

Critical Design Review in November,

where all of the mission elements were

closely scrutinised. The current plan

foresees launch-readiness by December
2002. However, a firm launch date cannot
yet be committed to by Arianespace, as

this is driven by the main passenger with
whom SMART- 1 will share the Ariane-S

rroe.

Payload
The development of all six payload

instruments is generally proceeding

according to plan All the electrical-model
tests have been completed. The Critical

Design Reviews have also been success-
fully held for all instruments. Three

instrument flight models - AMIE, EPDP

and SPEDE - have been electrically and

shock tested.

Propulsion
The qualification of the new electric-
propulsion engine (PPS-1350G) has been

completed, but the lifetime test will run

until the end of 2002. The SMART-1

thruster firing test has been successfully
performed (see accompanying photo) The

Power Processing Unit (PPU) flight model
has been manufactured and tested by

ETCA (B) All other flight-model units have

also been manufactured, with the
exception of the Pressure Regulation

Electronics (PRE); being a new
development, a PRE qualification model

has been made for further testing with the
SMART-I system unit at Swedish Space
Corporation.

Operations
The ground-segment preparations are

proceeding according to schedule, despite
some difficulties in the intedace verification

with the spacecraft simulator and database.

The Science and Technology Operations
Coordination has been established at

ESTEC (NL), sharing the facilities with the
Rosetta Science Operations Centre,

The SMART-1 thruster dunng firing tests at
SNECMA (N

The flight model of the SMART-I PPU at
ETCA (B)
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Launcher
All launcher activities are on schedule.
Work is also proceeding on the planning

of the launch campaign in Kourou, to be

conducted in parallel with that for Rosetta

Herschel/Planck
The system-design activities for both
spacecraft are progressing as expected.
The first malor system-design review, the
System Requirements Review, was
completed on 12 October with the
successful conclusion of the Review

Board Meeting. The results of that review

and the action items that resulted from it

dominated much of the subsequent
system-engineering work during the
remainder of the year.

The Herschel/Planck procurement activities

also progressed during the last quarter.

The first subcontractors were brought
onboard following successful evaluation of
the first batch of offers and the decisions
of the Senior Procurement Board.

Invitations to Tender (lTTs) and Requests

for Quotation (RFQs) for the second of a
total of five batches were issued and the
evaluation of the offers received is nearing

completion The decisions on this second
set will be taken at the end of January
2002, leading to a new round of contract
negotiations with the selected contractors
and a further enlargement of the Herschel/
Planck industrial team.

Regarding the procurement process, it is
wodh noting that, following a training
programme between ESA's Contracts
Department and the main contractors,
Herschel/Planck is the first ESA
programme for which Industry can issue
procurement actions directly using the
ESA EMITS computer-based system.

A second major milestone has been the
approval to place a contract with a

Portuguese company for the supply of
Documentation Control and Planning

Support, making it the first contract
awarded by the Herschel/Planck pro1ect

to ESA's newest Member State.

The mid-term review for the large, 3.5 m-
diameter Herschel silicon-carbide
telescope was successfully completed at

the end of November at Astrium SAS in
Toulouse (F). All items being developed
under this contract are progressing
^^^^"^i^^ +^ ^l^^quuvruil rv ru Pror r.

Regarding the Planck reflectors, the
Agency's participation in the procurement

of these items together with the Danish

Space Research Institute was approved
by ESA's Industrial Policy Committee (lPC)

in early December, and the technical
progress on this activity at Astrium GmbH
is going according to plan.

With respect to the payload, the work on

updating the instrument intedace
documents continued during the last
quader of 2001 , with the aim of
completing the revision process and

achieving approval and signature of the

documents in the near future. The

development status of the instruments
will be reviewed as parl of the upcoming
Instrument Baseline Design Review, to
verify compliance with the spacecraft
development programme. This Review

will also formally release the starl of
manufacture of the first hardware

development models,

The co-ordinated parts procurement for
Herschel and Planck, now part of the

industrial contract for spacecraft
development, is running smoothly
Activities are at present centered around

the parts procurement for the scientific
instruments and will more and more

include the parts procurement for the two
spacecraft.

Artemis
Following its arrival in the parking orbit at

an altitude of 31 000 km, all of Ademis's
subsystems were commissioned and

found to be working normally. The satellite

is still in Earth-pointing mode. lts orbital
period of I t h means that it is over a
given point on the equator every 5 days.

This allows payload performance testing,
albeit with limitations since not all

frequencies are allowed to be used from
the spacecraft's non-nominal position.

Nevertheless, it has been demonstrated
that all payload functions are available and

that the communication programmes can

be executed as planned, once the satellite
reaches its nominal orbital position.

The two main and most complex
functions are working nominally: the large

inter-orbit antenna operating at Ka-band is

able to follow its partner satellite in low
Earth orbit in both programmed tracking
and closed-loop RF tracking mode. Most

spectacular has been the demonstration
of the SILEX system, the inter-orbit data
link operating at laser wavelengths. The

SILEX terminal on SPOT-4 transmitted its

image data via a laser link to Artemis,

which then retransmitted the data to the
Spot lmage processing centre in Toulouse

Up to now, all 26 links commanded have

been successfully established and

maintained. The communication link's
quality is almost perfect, with a bit error
rate of better than 1O-e.

The preparation of the new software
needed to support the contingency orbit
raising using the spacecraft's ion thrusters
took more time than expected. lt was
therefore not possible to start this phase

in September as initially hoped, The final

software was delivered by the middle of
January 2OO2 and is now being validated
using the satellite simulator at Telespazio,

in Fucino (l). Nevertheless. the electrical
propulsion system has been checked out
and the availability of all hardware

elements for the orbit-raising manoeuvre

confirmed.

The orbit raising will be performed by the
almost continuous firing of two ion

thrusters, each delivering a thrust of just

15 milliNewton. Due to their low thrust, it
will take about 2OO days for Ademis to
reach its final orbital position, during

which less than 20 kg of xenon will be

consumed. This will still leave enough gas

in the tanks to support a 5 Io 7 year

mission. Once Artemis is on station, the
xenon will be used for nodh-south station
keeping, and chemical fuel for east-west
station keeping and wheel desaturation

Earth Observation
Envelope Programme
(EOEP)

Three Eadh Watch elements were
subscribed to at the ESA Ministerial

Council in Edinburgh (UK) in November:

- The GMES services element: This

element is meant to ensure a sustained
European supply of EO-based
information products and services

derived from current and future EO

missions, in line with the goals of the
joint European Commission-ESA GMES

initiative. This will be achieved by
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supporting the putting into operation of
these EO-based services. In the initial

phase. this element will necessarily

concentrate on services derived from
current missions.

- The lnfoTerraJTerrasar consolidation
element: InfoTerra is an initiative aimed

at exploiting the requirements for geo-

information services for institutional and

commercial users. lt is based on the
exploitation of the Terrasar system, and

includes satellites flying L-band and X-

band SAR instruments. The consoli-
dation phase will ensure completion of
the system studies prior to the InfoTerra/

Terrasar implementation. Activities
related to the pre-development of the L-

band SAR have been started at the end

of 2001 and will provide an L-band SAR

demonstrator.

- The Fuegosat consolidation element:
Fuegosat is intended to be a demon-
stration mission for the Fuego

constellation, aimed at providing early

warning for and monitoring of forest fires

in the Mediterranean areas and at similar

latitudes in the rest of the world. The

consolidation phase will prepare for
Fuegosat's implementation. These

activities are planned to stad in 2OO2.

The Aladin instrument second phase

(manufacturing and testing of pre-
development model) was kicked off in

October. The PDM development and test
contract should last two years. The

instrument developed will be flown on the

ADM/Aeolus mission, planned for launch

in 2007.

The APEX Phase-C/D proposal was not

fully accepted by the Tender Evaluation

Board, and so the bidder will submit an

amended proposal at the beginning of
2002. To ensure optimum coordination
with the EOEP-funded elements, ESA will

pedorm the technical management of
Phase-C/D.

The L-band SAR predevelopment activity

has been kicked off in January 2OO2 with
Astrium Ltd. as the main contractor. This

activity is planned to last 28 months,
roughly in line with the expected
completion of the activities within the
Eadh Watch I nfoTerra/Terrasar

consolidation element.

In the Market Development area, the five
new shod-term and five new longer-term
activities, selected as a result of two
Invitations to Tender (lTTs) issued in May
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Programme (EOPP) Generation

and July 2OO1 , were started in November.

All of these activities target the exploitation
of the new capabilities offered by Envisat.

An Earth Observation Market Develop-

ment Workshop was held at ESRIN in

Frascati (l) in October.

Earth Observation
Preparatory

The Earth Science Advisory Group (ESAC)

has recommended three Earth Explorer

Core Missions, following the Third Eadh

Explorer Consultation Meeting held in
Granada last October:

- EarthCARE (Earth Clouds, Aerosol and
Radiation Explorer), carrying a cloud
radar, a lidar. an imager. a radiometer
and a spectrometer, will peer closely at
the interaction between clouds, aerosol

and radiation to better understand their
impact on climate. lt is a loint ESA/

NASDA mission.

- SPECTRA (Surface Processes and

Ecosystem Changes Through Response
Analysis), carrying a high-pedormance
imaging spectrometer and a thermal

imager, will study the relationship between
vegetation and climate change, across
the entire world's ecosystems.

- WALES (Water vapor and Lidar
Fvnorimont in Qneno\ , carryrng a

differential-absorption lidar (DIAL), will

map atmospheric water-vapour
concentrations. lt will provide improved
insights into the distribution of
atmospheric water vapour and
information on aerosols in the tropos-
phere and lower stratosphere.

Following the ESAC's recommendation,
the Executive submitted the Phase-A
study inplementation proposal to the

November meeting of the Agency's Earth-

Observation Programme Board (PB-EO)

and secured its approval. The relevant

lTTs will be issued in the first quarter of
2002.

Comments were sent to the Lead
Investigators of 29 outline proposals for
Earth Explorer oppodunity missions
received in September. As a result, 25

consolidated full proposals were
subsequently received by the B January
deadline. They will be evaluated in the
comrng months and the recommendations
submitted to ESAC in April.

The Phase-A for SMOS has been

completed. The Preliminary Requirements

Beview took place successfully in October.
Following the results of the scientific review,

ESAC recommended to proceed with the
mission beyond Phase-A. The Earth-

Observation Programme Board will decide
on the Phase-B authorisation in January.

Meteosat Second

The preparation of the MSG-1 spacecraft
for a July 2002 launch on an Ariane-4
launcher is proceeding on schedule.

Consent to ship to the Kourou launch site

in French Guiana is being sought in the
March 2OO2 timeframe During January
2002, System Verification Tests are being

executed with the spacecraft located in

Cannes (F), but monitored and
commanded via telephone lines from
ESOC and Eumetsat, both of which are

located in Darmstadt, Germany.

MSG-2 and MSG-3 and the engineering

model will remain in storage until after the
MSG-1 launch.

MetOp
The satellite Critical Design Review (CDR)

was successfully concluded in October
2001 , and an action plan has been agreed
with the MetOp Prime Contractor Astrium

fioulouse) to address the CDR Board's
recommendations.

The final step in the implementation of
MetOp Assembly, Integration and
Verification (AlV) restructuring programme
has been achieved, with the approval of
the related contract proposal by
Eumetsat's Council in December 2OOl .

The space-segment integration baseline
now accommodates the extended
Eumetsat ground-segment development
period, as well as the recently announced
delivery dates for the third-party
instruments. Subject to the timely delivery
of the lASl instrument's proto-flight model,
MetOp-2 is now earmarked as the fist
MetOp satellite for launch in 2005.
MetOp-1 will complete its nominal AIV
programme without the lASl instrument
and will go into storage in 2004. The
integration of the lASl flight-model
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engines, and Arianespace believes that it
understands the most likely causes and

has established a clear calendar for the
Envisat launch campaign. The latter was
resumed on 3 January 2002. leading to a
launch on 28 February 2002 (Kourou

time).

In the meantime, Envisat has remained in

storage in Kourou. A two-week
maintenance campaign was carried out
starting in late October, with completely
^^+i^4^^+^^, -^^, ,l+^JdUJtdutut y IEDUTLJ,

Taking full advantage of the launch delay,

the ground-segment and industrial-
support teams have concentrated their
efforts on the Ground Segment Overall

Validation (GSOV) and the training of
operators. The Flight Operation
Procedures within the Flight Operations
Segment (FOS) are complete and have

been reviewed and validated by

simulations at ESOC, with support from
the project team and industry. The

remaining simulations have been re-

phased to adapt to the launch delay.

As far as the Payload Data Segment (PDS)

is concerned, efforts have been

concentrated on:

- The GSOV with all external interfaces

tested, realistic operation scenarios
exercised jointly by the mission planning

facilities at FOS and PDS, and recently

an overall data-product circulation and

dissemination test.

- The training of the operation teams in

Kiruna (S) and at ESRIN (l) for the early

operations after instrument switch on.

- The integration of the Processing and

Archiving Centres (PACs), which were
initially accepted as standalone items

and have subsequently been integrated
successfully within the PDS.

In terms of preparation for the satellite

Commissioning Phase, the Expert

Support Laboratories and the Principal

Investigators (Pls) have reorganised the
planning of their activities to cope with the
launch delay, and have been working to
rmprove the quality and readiness of the
tools to be used for the calibration and
validation activities.

GryoSat
The CryoSat project has now entered in

the core of its main development phase

(Phase-C/D). After a detailed review of the
satellite's design during November 2001 ,

the industrial padners of the Prime

Contractor, Astrium GmbH, are now
preparing their manufacturing files.

Within the ground segment, development
of the Payload Data Segment has also

been initiated. The development of the
algorithms for the processing of the
scientific data (up to Level-1b) is also
progressing nominally. An Announcement
of Opportunity (AO) for the Calibration and

Validation activities has also been issued.

GOGE

The contract for the GOCE space
segment was signed at Alenia Spazio in

Turin (l) on 23 November. The contract
covers Phases-B/C/D/E1 of the GOCE

satellite project, but only the Phase-B and

advanced Phase-C/D activities have been

released so far.

Good progress has been achieved in the
competitive selection process involving

the various equipment suppliers, although
the micro-propulsion area remains
problematic. On the basis of the results of
the breadboard testing carried out by the
various bidders and of the analyses
performed at platform/system level, it has

finally been decided to select the Field-

Emission Electric Propulsion (FEEP)

technology. However, due to lack of
sufficient lifetime-test evidence, the final

supplier has not yet been selected. lt

was concluded that specific lifetime-

demonstration testing with the two FEEP

suppliers was needed before making the
final choice. Duing December, those test
activities have been agreed and kicked-off
with both potential suppliers.

The Gradiometer Preliminary Design

Review (PDR) was carried out between
mid-November and mid-December. The

Board concluded that, despite the
progress achieved, additional efforts had

to be made before the Review could be

considered successfully closed. The

majority of the related actions are planned

to be completed by end-January 2OO2.

The GOCE Preliminary Design Review
(PDR) is scheduled for the second half of
February 2002.

The GOCE Web site has been released as

a pad of the new ESA Earth Explorer site

under ESA's Living Planet Programme
(http://www.esa. int/livingplanet/goce).

International Space
Station
ISS Overall Assembly Sequence
Three assembly and logistic flights were
made to the ISS during the last quarter of
2001 A Soyuz 'Taxi' Flight 35, launched
on 21 October, took ESA astronaut
Claudie Haigner6 to the lSS. The following
Progress flight was launched on
26 November, while Assembly Flight UFI
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/SS rn-orbit configuration, December 2001
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(STS '08) la;rcl-ed or 5 Decenoe.
was the fourth MPLM f ight
(upload ng experiment and storage
fac'lr''es) a-d third crew rotat on. with

the Expedition Four crew taking over.

Golumbus Laboratory
Integration work continues The

Qualification Review for the Data-

Management System (DMS) has

been conplsled. ard all 'lighf-model
iardware 6as been delivered and is

ho rn in-onrcloel O, :lif n3[i9pvv ,v,l

lcs'inn nlhe ple, l.:c:l leST rnooel

is cont nuing,

Columbus Launch Barter
,A/odes 2 and 3
Node-2 fL ght-un t integration is

progress ng, with the secondary
structure and harness deliveri-.s
rccst . .cd fnr mnd' rlo nloq1gpi961

h:r,inc hopn cnmnlp-ed NOde 3

pr mary-structure manufacturing
continues, and the harness and

secondary structure Critical Des gn

Reviews (CDRs) have been

compteleo,

Crew Refrigerator/Freezer (RFR)

The Preliminary Des gn Rev ew
(PDR) for the RFR has been

successfully completed Cryogenic
Frcctor /alRYOS\ nconl -rLions wiLh

NASA, to agree on a frnal configuraton,
nave conlrnueo,

Cupola

The Cupoa CDR and Safety Review-l/l
h^.,^ h^^^ ^ ,^^^^^{, ,il,, .'riive oeer 'sJ((ess uily con-pleTeo
Prpnpr:'in'rq fnr lhp Sl.r .Ctural -eSL ArtiCle

(STA) vibro acoust c test are underway, lt

will be the last qrali'icalior test or- this u,rl
prior to ts delivery to NASA in March

2003

Automated Transfer Vehicle (ATV)

The contract rider has been signed and
tbe ESA/NASA Segment Spec fication,

reflecting the Prelim nary Design Review
(PDR) results as agreed wth NASA, has

been tinal seo and s greo bv tSA All

elements of the structural/thermal model
(STM) have been delivered to ESTEC and

assembled, and the acoustic test - the
'irst ir a series of environmerlal tests -
was pedo'med successfully in Decembe'.
The spacec"aft e ect'ical test 'rodel (ETV)

integration is progressing, but the
propL,rs or-subsvsterr schedule is be rg
impacted by addilional A'rare 5 lesrs lhal

are occupying the same test facility,

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

A fufther drop test with the Vl31R
rioninlo rrrlq q rnnoqqirrlhi nnmnlotorl

in December 2001, Work is

continu ng in industry for the de very
nf lho trr .rnna2. r:nrlrihr rtiOnS LO

the X-38 veh cle, and a contract
anendmenL has been signed

allowing furlher ndustria activities
Tho llQ annnroqq hec rr,-- *Jproveo a

$40 million budget line for X 38

continuation n 2aa2, and NASA has
tpr-ta irrelr, .o-s.he.l ter-l he X-38
flight to 2005,

Ground-segment development
and operations preparation
The submission and evaluation of
the Columbus Control Centre

srbsystem proposals is coll'nJrlg
rnr] chnr /r_l ho nnmnlolorY,-.-J Oy ero-
l\/:rch tOOt lmnlomcn-2f 9^ ig

proceeding ncrementally to avord
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structural/thermal model at ESTEC, in
Noordwijk (NL)
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Claudie Haigner6 on board the /SS, October
2001

Quotation (RFQ) for the AW Control

Centre has been released.

The ATV-CC Operations Preparation

Definition Phase has been kicked off with
CNES. The offer for the equivalent

contract with DLR has been received and

is being evaluated.

Utilisation
Preparation
A significant number of the Microgravity
Applications Promotion (MAP) projects

have successfully passed their mid-term
reviews. Of the 44 projects selected. 39

had been fully initiated by end-2001 and a

further four are foreseen to stad early in
2002.

Payloads and their integration
The industrial proposal for the main

development phase (Phase-C/D) of the

Atomic Clock Ensemble in Space (ACES)

has been received, but it indicated a

considerably higher cost than expected for
part of the industrial work, and

negotiations with industry are continuing.
The earliest launch date for ACES now
appears to be February 2006. For other

external payloads, i.e. Solar, Expoft and

EuTEF (European Technology Exposure

Facility), the Phase-C/D activities have

been running according to plan.

Preparations tor design (Phase-A) studies
of two space-science instruments (Lobster

and EUSO) that could also use the Space
Station have been in progress. The Phase-

A accommodation study for a commercial
Eadh-observation instrument (RapidEye)

was completed, The PDR for the
Matroshka radiation-measurement facility

baselined for the Russian segment of the

ISS was completed. The unit is planned

for flight in 2003.

Analytical integration of the Microgravity
Facilities for Columbus (N/FC) - Biolab,

Fluid-Science Laboratory and the
European Physiology Modules - and for
the European Drawer Rack (EDR) has

continued. The Bequirements and Design

Definition Phase for the User Suppoft and

Operations Centres (USOC) is also in

progress, with completion planned early in

2002 The schedule and budgetary
planning for USOC implementation has

been initiated.

Astronaut activities
The French/Russian Andromdde mission

with ESA astronaut Claudie Haignere

onboard as Soyuz Flight Engineer was
successfully launched on 2l October. The

Soyuz vehicle docked with the ISS on
23 October. and then returned safely to

land in Kazakhstan on 31 October.

ESA astronaut R. Vittori has continued his

training in Star City for a Soyuz Taxi Flight

to the ISS in April 2002. E de Winne, who
will fly on a later mission, joined him in

training. They have successfully
completed the first round of examinations
nn Qnrrr 17 a\/atoma

ESA astronauts R Vittori and E de Wtnne tn

training for flight in a Soyuz vehicle
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The second period of ISS Advanced
Training at Johnson Space Center
(NASA/JSC) was successfully concluded

on 16 November. The Advanced Training

continued at NASDA on 12 December,

with one week of training for each of the
participating ESA astronauts - P Nespoli,

P Duque, L. Eyharts and T. Reiter - and

one NASDA colleague. The first ISS

Advanced Training session at the
European Astronaut Centre (EAC) is in

preparation and will take place in July

2002.

Astronaut A. Kuipers has continued with

the complementary Basic Training courses
during his stay in Star City.

The mechanical configuration of the

Columbus Trainer for EAC has been

delivered and was installed in December.

Early deliveries

Data Management System for the Russian

Service Module (DMS-R)

The DMS-R is continuing to be problem-

free in operation. The accumulated run

time in orbit (24 h per day) reached 18

months at the end of December.

European Robotic Arm (ERA)

The ERA flight-model functional
qualification testing at the prime contractor
Fokker (NL) is continuing. The preJlight

Mission Preparation and Training

Equipment (MPTE) has been accepted by

ESA.

The ERA launch date, which is also heavily

influenced by the current US budgetary
situation, is still open. A credible schedule

is not now expected before late-2002.

Laboratory Suppotl Equipment (LSE)

The Microgravity Science Glovebox (MSG)

verification testing at Kennedy Space

Center (KSC) has continued to be
problem-free. The use of MSG for ESA's

experiments is under discussion with

NASA, as is the possible location of the
ground model in Europe (at ESTEC) to

support preparations and initial training for

European experiments to be carried-out

on upcoming Taxi Flights.

The verification test campaign for Flight

Unit 1 (FU1) of MELFI (-80 degC Freezer)

has continued. The Final Safety Review

was successfully completed in November,

and the FU1 launch is now scheduled for

January 2003.

The qualification test campaign on the

Hexapod linear actuator staded in
November.

ISS Exploitation Programme
All five International Partners have agreed

the text of the multi-lateral ISS guidelines

document for commercial ISS use. Formal
programme approval is planned for early

2002.

Although approval of the Commercialisation

Programme Proposal by the ESA

Ministerial Council was postponed in

November, activities are continuing to

define and implement pathfinder projects,

and to safeguard the proposed industrial

contribution under the co-operation
agreement. A first commercial experiment
has been agreed with ASI to fly on the

upcoming ltalian Taxi Flight mission.

Due to NASA's budgetary problems and to

changes in the content of the Programme
Proposal for Exploitation Continuation, the
ESA RFQ sent out earlier was no longer

fully valid. Following the approval of the
Exploitation Continuation for Period 1

by the Ministerial Council meeting in

Edinburgh in November 2001, ESA will

update the RFQ and industry will submit a

binding offer in April2OO2.

The Exploitation Programme Continuation
and in particular the Period 1 funding were

approved in Edinburgh, but with 60% of

that funding blocked until October 2002,

contingent on the US reconfirming its

commitment to the implementation of the

Inter-Governmental Agreement (lGA). The

available funding is sufficient to start the

time-critical procurement of spare parts,

the AW production programme, as well as

maintenance and sustaining-engineering
activities.

Microgravity
The Microgravity Programme Board has

approved the experiments selected from

the Physical Sciences 2001 Announce-
ment of oppodunity (Ao), the ESA

payload for the April 2OO2Taxi Flight, and

the replacement of the Maser-10

sounding-rocket flight by the more
powerful Maxus-6 within the EMIR-2

Extension Programme. The related

Maxus-6 experiments were also approved,

Preparation of the ESA microgravity
research facilities for flight on the STS-107

Space Shuttle mission has continued. This

mission is now scheduled for June 2OO2

and the six ESA facilities for this flight are

currently in various stages of readiness.

Similar preparations have been continuing
for the flight of ESA facilities (Fluidpac,

Biopan and Stone) on the Russian Foton-

M1 recoverable-capsule mission, which is

now scheduled for launch in October
2002. fhe flight of the Maser-9 sounding-
rocket mission originally planned for
November 2OO1 has been postponed to
March 2002. The 31st parabolic-flight

campaign took place successfully in

October, with 10 experiments including

two student experiments being

conducted.

As the flight of the R-2 Spacehab mission,

which would have represented a major

new flight opportunity for ESA payloads,

has become increasingly less likely,

alternative flight opportunities are being

sought.

The development within the EMIR

programmes of facilities for use on the
ISS has continued. These include the

European Modular Cultivation System

(EMCS), the Expose facility for exobiology
research, the Mares facility for muscle
research, and the PCDF facility for protein-

crystallisation research.

The Advanced Protein Crystallisation

Facility (APCF), which had been flying on

the ISS since August 2001 , was returned

to ground in December and analysis of the
results has started. APCF was ESA's first

microgravity facility to fly on the lSS,

enabling 108 days of protein crystal
growtn.

The Granada protein-crystallisation box,

which had been flying on the Space

Station and which was recently returned

to Earlh on a Russian Taxi Flight, has been

opened and the crystallised proteins

removed for analysis.

Microgravity Facilities for Columbus
(MFC)

Within the Microgravity Facilities for

Columbus (MFC) Programme, the various

experimental facilities are well into their

development. The Biolab engineering

model has been accepted, the Science
Reference Model Critical Design Review

(CDR) has been concluded, and flight-
model subsystem procuremenV

manufacturing is proceeding well. For the

Fluid Science Laboratory (FSL), the

1AR
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engineering-model integration tests on all

subsystems have been completed, with
the exception of the tacility core element,
and the FSL baseline CDR has been
closed-out. For the Materials Science
Laboratory (MSL) in the US Lab, the
Solidification and Quench Furnace (SQF)

CDR was successfully concluded and the
engrneering-model system testing
preparatron is almost complete. The
contract for Phase-B of the
Electromagnetic Levitation Furnace in MSL
has been signed. For the European
Physiology Modules (EPM), the CDR was
in preparation. For the EPM contribution
to HRF-2, the flight model was delivered
to NASA at the end of November and
integration initiated in its HRF-2 facility.

PROBA
Following launch on 22 Oclober 2OO1 , the
in-orbit commissioning of the spacecraft
platform lasted until early January, lt has
confirmed that all of PROBA's subsystems
are performing as intended,

The commissioning team. composed of
ESA and Verhaed engineers, is now busy

with the validation of the
payload and the most
advanced autonomous
onboard functions. All of the
instruments (SREN/, DEBIE

and CHRIS) have already
been switched to acquisition
mode and have returned
excellent data, which are

now being analysed by the
scientists.
PROBA is currently being
operated from its dedicated
ground station and control
centre at ESA's Redu station
in Belgium, with additional
supporl from the Kiruna (S)

station. However, extension

of the ground segment with
the installation of a second
identical ground station at
Kiruna or Svalbard has been
initiated. This will greatly

enhance the imaging

capability for the Earth-
observation community
exploiting data from the CHFIS instrument

@esa

lmage of the coast of Cuba reconstructed from
data in three spectral bands acqutred with
PROBA's CHBIS instrument
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The Foton capsule in the /SS User lnformation
Centre

Focus on Foton

The ISS User Information Centre at ESTEC

has a new exhibit: a Foton science

capsule, Marked by the fires of its 2500-
degree reentry - if visitors stand close

enough, they can still smell the scorched
heat-shield - the small Russian spacecraft
is the descent module from the Foton-12
mission, launched in September 1999.

Foton craft have been flying since the mid-
1980s, carrying anything up to 650 kg of
scientific experiments into an orbit around

the Earth. This means around two weeks
of excellent weightlessness conditions. At
launch, Foton weighs roughly 6.5 tonnes
and consists of three modules: a battery
module, a service module, and the descent

module with the scientific payload. A Soyuz

booster from Plesetsk near Archangel

launches the craft; once its mission is
completed, the descent module lands

near the border between Russia and

Kazakhstan and its contents are usually

availabie to researchers within a few hours.

ESA has been a Foton partner since 1987

- long enough to develop an excellent

working relationship between the agency
and the Russian manufacturers and

launch teams. The Foton programme

gives researchers the opportunity for
relatively low-cost work in weightlessness
for much longer durations than with
sounding rockets and a faster turn-around
than they could expect with long-term

w

experiments aboard the International

Space Station,

ESA Technical Officer Antonio Verga has

worked with Foton for years. "lt's very

good value for money. Foton carries a
multi-disciplinary payload - anything from
biological experiments to fluid physics and

technology testing. Since the spacecraft is

unmanned, logistics are greatly simplified

and safety concerns are minimised."

Foton is about opportunity "lt's not a
museum piece." says Verga, "lt's there to

show visitors what ls possible." Foton-12,
its experiments long since removed, is not
quite an empty shell. "You can still see

some of its major characteristics: the
external vacuum venting line, the power

supply interface and the parachute

compartment, for example." Verga hopes

that visitors to the User Information Centre

will see it as a potential platform for their
ideas for experiments, The next Foton

mission - Foton M-1 - is scheduled for

October 2002, and will include

experiments designed by student groups

from York, Edinburgh and Zurich.

Focus on Foton Seminar
The Foton group is organising a "Focus on

Foton Seminar" at the User Information

Centre on Wednesday 20 March.

The seminar for scientists and non-

scientists covers facts on Foton as a 0g-
research platform, programmatic highlights

and testimonials by past scientific users.

For more details on the seminar and

registration forms contact Antonio Verga

(ext. (+31) 71 565 3098) or Pietro Baglioni

(ext. (+31) 71 565 3856). @esa!r

':..:. 'e. 
1

Fluidpac on Foton
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When Time is Gritical:
Gharter Website to
Assist Rescue Operations

On 16 January, the members of the
International Charter on Space and Major
Disasters launched a new website that will

assist rescue teams dealing with severe
disasters. lt will enable satellite planners to
accelerate the immediate tasking of
space-based resources, including ESAs

ERS, CNES's SPOT, Canada's Radarsat-1

and soon selected Indian and US

satellites, to acquire new images in order
to assist humanitarian help.

The International Chader was set up in the
framework of the UNISPACE lll conference
of the UN in 1999 and has been in force
since 1 November 2000. lt aims to put

space technology at the service of rescue
authorities in the event of major disasters.
To date the Charter has been activated to
deal with floods, landslides, volcanic
eruptions, oil spills and earthquakes in all

corners of the globe, For example, it
provided impodant assistance to rescue

operations following a series of
eafthquakes in El Salvador in 2OO1 .

Current members of the Charter are the
Canadian Space Agency (CSA), the
French Space Agency (CNES), the Indian

Space Research Organisation (ISRO), the
US National Oceanic and Atmospheric

Administration (NOAA) and the European

Space Agency.

The new website offers information about
updates in procedures, disasters covered
and links to non-governmental
organisations, civil protection
agencies, international

organisations involved in disaster
mitigation and humanitarian assistance,
and the individual partner agencies. For
more information, check on
h tt p : / /www. d i s aste rs c h a rle r. o rg

Jerdme B6quignon,
ESA member of the
International Chader's
Executive Secretariat,

commented "lhis

website is an imporlant
step fonuard in
promoting the Charler
and the results

obtained and in
reeialinn rae.t to

teams during real

emergencies".

@esa

Jos6 Achache
(photo. CNES/E. Martin 2000)

New Director for Earth
Observation
Programmes

On 1 January 2002 Jose Achache took up
his duties as ESA's Director of Eafth
Observation Programmes for a period of
four years. The ESA Council had made
this appointment at its restricted session
on 20 December.

Jos6 Achache, 48, obtained his doctorate
in geophysics at the Pierre et Marie Curie
University in 1979 and his doctorate in

physical sciences at the Rene Descades
University in 1984. He loined the Institut
de Physique du Globe de Paris (IPGP) in
1978 and was a Visiting Scholar at
Stanford University for one year. In 1989
he was appointed Professor, created the
Depaftment of Space Studies at the IPGP,

and from 1989 to 1995 he was Director
of the Post-Graduate School of Earth
Sciences.

In 1996 he joined the Bureau de
Recherches G6ologiques et Minidres as

Deputy Director of the Research Division
and the following year became its Director,
In 1999, he was named advisor to the
President of the French Space Agency
(CNES) and in 2OO0 was appointed to
the post of Deputy Director General for
Science.

Jose Achache has published more than
60 refereed papers on such subjects as
geodynamics, plate tectonics, the
magnetic fields and environments of the
Eadh and other planets, natural hazards,
Earth observation and space technology.

@esa
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18 November 2OO1=

The Leonids Have Been
Back!

The Leonids are small dust particles that
enter the Eadh's upper atmosphere with a

very high velocity of about 71 km/s, burn
up and appear in the night sky as

shooting stars They are visible every year

in November when the Earth passes

through or close to the debris cloud of
comet Tempel-Tuttle. They are called
"Leonid" events because the meteors
seem to be coming from the direction of
the constellation Leo. There is evidence
that this comet has created meteor
showers and meteor storms for more than

1.000 years. Tempel-Tuttle. named after
Ernst Tempel and Horace Tuttle who first

discovered the comet in 1865 and 1866,

has a nucleus about 4 km in diameter and
orbits the Sun with a period of just over
33 years. At its closest approach to the
Sun, it also passes close to the Earth's

orbit. The Earth passed through that same

region in space on 18 November 2001

and Leonid observers saw an increase in
the amount of cometary debris.

The 2001 Leonid meteor storm
The intensity of the Leonids is usually
measured in zenithal hourly rate (ZHR).

The ZHR indicates how many meteors per

hour would be visible if the observed
shower were to come from the direction of
the zenith under optimum observing

conditions (no moon, no clouds). The limit

of visibility is at 100 micrograms per dust
particle that travel at 71 km/s, which is
equivalent to a magnitude of 6.5 or a
diameter of about 0.5 mm. The 1999
Leonids were a virtual storm with an

houdy rate above 1000, but in 2000 they
took it a bit easier with a maximum ZHR of
about 5OO Still, scientists awaited the
arrival of the Leonids in 200.1 on

I B November with great suspense.
Predictions by Asher/McNaught and other
scientists suggested lwo peaks. the first

one around 1O UT and a second larger

one at about 18:15 UT with possibly 8000
meteors per hour.

The best place to observe the first peak

was Norlh-West America. For the later

second peak Australia was a favourable

location. ESOC participated in an

observation campaign organised by Peter

Jenniskens from NASA Ames Research

Center. The campaign consisted of two
groups: one climbing Mount Lemmon in

Arizona equipped with cameras to film the
first peak, the second group waiting in

Alice Springs, Australia for the big storm.

The first data arriving from Mount
Lemmon showed that at 1O:00 UT the
ZHR had passed 500 and increased

continuously until about 11:OO UT when
the computed ZHR peaked at about
2500. Within a few minutes it dropped
back to below 500. The first peak was
about I hour later than expected but quite

spectacular. ESOC then had to wait about
3 hours until the constellation Leo rose

above the horizon of Alice Springs. The
first data from there indicated that Leo
was prepared to roar again with a ZHR of
500 and continuously increasing. Around
18:00 UT the activity reached its

maximum ZHR of about 2000 and for
more than one hour 20 shooting stars

dashed through the sky every minutel

Prudent spacecraft operations at ESOC
The curye of the meteor rate was
displayed on the ESOC web-page. lt was
the only website where people all around

the world could follow the Leonid peak in

real-time if they were not lucky enough to
be under a clear night sky with the
constellation Leo above the horizon Many
journalists and amateur astronomers were
among the l8OOO hits on the web-site.
but the spacecraft operators at ESOC

were also keeping a close eye on the
activity level of the Leonids. They were
worried about the physical integrity of their
spacecraft: ERS-2, XMN/, the 4 Cluster
spacecraft, Marecs 82 and ECS-4 are

under ESOC control, but also SOHO and

the Hubble Space Telescope were under
threat of getting hit by a tiny meteoroid

The ERS-2 payload. for example, was
switched off in the evening hours of the
day before the predicted peaks to
minimise the risk that an impact of a
meteoroid could permanently impair the
electronrcs of the spacecraft due to
plasma generated by the collision.
Additionally, the thrusters and gyros were
warmed up, the spacecraft was switched
to Fine Pointing Mode (a more robust flight
mode), the solar array was placed in an

automatic Sun re-acquisition mode, the
payload heater thresholds were lowered

and the on-board memory and the power

system were continuously checked.

AI 21:32 UT the Kiruna ground station

received telemetry from ERS-2 indicating

that the satellite was healthy. In the
following hours it became clear that the
other ESA spacecraft had also survived

the Leonids unscathed. This yeat if the
predictions are as reliable as last year,

there will be the last Leonid storm for
many decades to come. For this storm
Europe will be the place to be! @esa
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in brief

First Flight Hardware
Delivery for the ESA
Pulmonary Function
System (PFS)

ESA has delivered a science module, the

Pulmonary Function System (PFS), to
NASA for use on board the lnternational

Space Station (lSS). lt forms part of the
Microgravity Facilities for the Columbus
programme and the co-operation between
ESA and NASA in the field of human
nhrrcinlnnrr rocaarnh

The PFS forms part of the European

Physiology Modules (EPM)facility and was
originally planned to be launched in the
Columbus Laboratory. However, in view of
the high NASA interest, ESA was offered

an earlier flight opportunity as pad of the
NASA Human Research Facility (HRF-2)to

be launched on ULF-1 in November 2002
and installed in the US Destiny Laboratory

The PFS is .lesinnc.l to determine the
concentration of the different components
of a respirated gas mixture (oxygen,

carbon dioxide, etc.) by using photo-

acoustic methods. The gases for
inhalation are supplied by the Gas

Distribution System in the NASA HRF

facility. The PFS analyser system is a low-
power consumption system that can

detect gases contained in the breath of
the test subject with great sensitivity.

These specific features of the PFS offer

exciting possibilities, both with regard to
research oppoftunities on board the ISS

and also for clinical medicine on Earth.

The flight model has been delivered to the
Johnson Space Center for integration in

the HRF-2 Laboratory. Following

completion of the testing programme, the
HRF-2 will be shipped to the Kennedy
Space Center for launch.

The PFS was built by the Danish company
INNOVISION S/A and is a fourlh-
generation ESA development, with the first
two generations already launched in 1993

and 1995, and the third planned for flight
in mid-2002. INNOVISION S/A, a high-

tech company specialised in the field of
biomedical engineering, has played a key

role in each of these developments. They

have also used the expertise gained from
each space hardware development [o

develop and market a corresponding
ground-based instrument.

The commercial instrument derived by
INNOVISION S/A from the PFS is called

INNOCOR. The main purpose of this

instrument is to non-invasively measure

cardiac output in patients with
cardiovascular diseases In many cases

the INNOCOR replaces a potentially

dangerous invasive method, which
involves insedion of a catheter into the
patient's heart. INNOCOR was recently

approved for CE marking and is thus
ready for sale in all EU countries. The
potential market for INNOCOR is
estimated at several million Euros, as it is
intended for use with patients with such
common diseases as heart complaints

The PFS (top left)

integrated in the

NASA Human

Research Facility

Transponder for ATV
Arrives at Astrium

An important step in the development of
the communications systems for ESA's

Automated Transfer Vehicle (AW) was
achieved at the end of December, with the
successful delivery of the electrical
qual fication model (EQM) Transponder to
Astrium SAS by Alcatel Espacio. This

TDRSS-compatible transponder will

handle communication with the TTC
ground stations via the NASA Tracking

and Data Relay Satellite System [|DRSS).

When work on the EQM is completed.
Alcatel Espacio will deliver the flight units

for each AW mission to the International

Space Station. lt is estimated that there

will be one such mission per year, with a

first mission planned by 2OO4. @esa

and hypertension. @esa
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Sophisticated
Thermometer
A special device will allow monitoring of the

temperatures in the MELFI payload on board

the International Space Station (lSS). MELFI,

the "Minus Eighty Degrees Laboratory

Freezer for the lSS" will provide cooling and

storage capabilities for scientific experiments

at three different temperatures (4, -26 and
-80"C). In order to confirm that MELFI is

meeting the requirements in orbit, a team at

ESTEC has developed, buift and tested

MOOCE - the MELFI ON-Orbit

Commissioning Experiment.

MOOCE consists of two oarts - one inside

one of the four MELFI trays and a laptop-

based data-acouisition unit on the outside.

The connection between the two oarts is

provided by wires going through the MELFI

door, which caused some initial problems

and hardware restrictions. In order to give a

complete temperature map of the tray and

the samples, special Multiplexers operating

at -80'C are used to read out the 21

remperature sensors.

Another restriction for MOOCE was that it
should minimise the additional work for the

astronauts. A soecif ic temoerature
measuring scheme has been developed

and tested, and almost all sensors are

mounted on the tray or the sample holders

themselves, minimising the need for the

astronauts to place temperature sensors

directly on the samples after inseftion. The

device has been successfully tested at

ESTEC with a temoerature measurement

accuracy better than 0.5'C. As a

next step, MOOCE will be integrated into a
flight model of MELFI for a final performance

and qualification tests to veriiy compliance

with the strict requirements for ISS payloads.

@esa

All About Space Weather:
Alpbach Summer School
2002

lf you want to learn more about space
weather, Alpach in Austria is the place to
be. This year's Alpach Summer School

from 23 July to 1 August has the theme
"Space Weather: Physics, lmpacts and

Predictions".

The school has a long history. Started in

1975, it takes place every year and

addresses different subjects of space
research. The aim of the Summer School
is to offer advanced training and working
experience to European graduates and
post-graduate students as well as young

scientists and engineers on subjects that
are not usually part of the academic
curricula. The Summer School is co-
organised by the Austrian Federal Ministry

of Transporl, Innovation and Technology

and the Austrian Space Agency (ASA) and

co-sponsored by ESA and the national

space authorities of its Member States.

The Summer School is also supported by

the Government of Tyrol.

There will be lectures on the basics of
space plasma physics and more detailed

ones addressing the impact of space
weather events ('space storms') on the
technical infrastructure in soace and on

the Earth's surface. Students will also be

orovided with information on the scientific
instruments and data sets that are most
important for space weather applications
and will be introduced to the engineering

tools that are used for designing space

152

missions. Last but not least, the students
will learn about new numerical techniques
that are used in space weather
predictions, Participants can deepen their
knowledge in workshops, in which case-
studies or representative space projects

are conducted. The lecturers are
renowned scientists and experts in the
field, from universities and space-related
agencres.

The application deadline for the Summer
School is 29 March. Detailed information
can be found at http://www.asaspace.at

Two competing teams will each deal with
three topics. The workshop teams will be
guided by expeds, who will act as tutors
for the workshops. The lecturers will also

participate in the workshops, providing

assistance in the definition of the mission
to hc r^lesir^rncr^l The resrtlts Of eaCh

workshop team will be presented by the
students on the last day of the Summer
School to a review panel

An accompanying social programme will

provide students, lecturers and tutors with a
convivial atmosphere for informal

discussions. @esa
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First lmage
Transmitted by
means of an Optic
Laser between
Artemis and Spot-4
On 30 November 2OO1 , the first-
ever transmission of an image by

laser link from one satellite to
another look place. The system

used, called SILEX, consists of
the Opale terminal on Aftemis and

the Pastel terminal on the Spot-4
satellite, lt was desrgned in close
cooperation between ESA, the
French space agency (CNES) and

manufacturer Astrium with over 20
European contractors involved.

The terminals exchange high-
definition imagery data at 50

megabits per second. Aftemis
subsequently beams the data to
lhe receiving station operated by

Spot lmage at Toulouse. using a
conventional 20 GH.,z radio link,

The potential of the new
technology extends beyond Earth

observation; it promises to
-^,,^t, ,+i^^i^^ ^^+ +^ ^^+I uvutuLtut ilJE >dL- Lv--ot

communications for constellations
in low-earth orbit, geostationary

satellites and deep-space
avnlnratinn nrnhpq

Further information was provided

in ESA Bulletin 108, page 114,

@osa
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European Major Research Infrastructure

Aerospace Materials Technology Testhouse

EC-Programme "lmproving the

Human Research Potential"

The EC-Programme enables to

Perform your Research
on Aerospace and Space Materials Technology

at our Facilities
free of Gharge

. 0pen Access to a complete set of facilities for materials' R&D

including technical supporl for Guest Researchers from EC or

associated states including East Europe

. Research Program and duration of visit defined by Guest

. Funding of travel and subsistence costs

. Easy Application (1 Page Proposal)

Gall for Proposals
Detailed Info, application forms and actual deadline:

lnternet: htto://www.arcs.ac.aVamtt

Dr. E.Semerad: Tel: +43 50550 3322. Fax: +43 50550 3366

e-mail : amtt@arcs.ac.at

Austrian Research Centres
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ESA Newsletters

CoNNECT, NO.1 (SEPTEMBER 2001)
NEWSLETTER OF THE ESA DIRECTORATE OF
APPLICATIONS

ED BATTBICK B,

NO CHARGE

PREPABING FOR THE FUTURE,
voL.12, NO.1 (JANUARY 2002)
NEWSLETTER OF THE ESA DIRECTORATE OF
INDUSTRIAL MATTERS AND TECHNOLOGY
PROGRAMMES

EDS BRISSON P & BATTRICK B.

NO CHARGE

EDUNEWS, NO. 1 (JANUARY 2002)
NEWSLETTER OF ESA EDUCATION

OFFICE

ED WARIVBFIN B

NO CHARGE

oN-STAT|ON NO. I (MARCH 20021

NEWSLETTER OF THE ESA DIRECTORATE OF
MANNED SPACEFLIGHT AND MICROGRAVITY

ED, WILSON A

NO CHARGE

EARTH OBSERVATION QUARTEBLY NO.70
(FEBRUARY 2002)

NEWSLETTER OF THE ESA DIRECTORATE OF
EARTH O BS ERVATI ON P ROG RA M M ES

EDS HARRIS R A & SAWAYA-LACOSTE H,

NO CHARGE

EUROCOMP NO.5 (SPRTNG 2002)
NEWSLETTER OF THE SPACE COMPONENTS
SIEE,q/,ryG BOARD

EDS, WONG J & BATTRICK B

NO CHARGE
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publications

ESA Brochures

IMPACT 2OO1 - ESA TECHNOLOGY

TRANSFER PROGRAMME (NOVEMBER 2OO1 )

ED BATTRICK B

ESA BR-178 // 49 PP

PRICE: 20 EURO

REALISATIONS DE L'ESA DEPUIS LA

SESSION DU CONSEIL AU NIVEAU

MrNrsrERrEL DE 1999 (NOVEMBRE 2001)

DIVISION STRATEGIE DE IESA
EDS, DIEKN/ANN A & BATTRICK B

ESA BR-182(F) // s6 PP

PRIX: 7 EURO

MINING, OIL AND GAS - THE ESA

TECHNOLOGY TRANSFER PROGRAMME
(FEBRUARY 2002)

ED BATTRICK B

ESA BR-184 (1) // 6 PP

NO CHARGE

ESA Special Publications

EXPLORING THE GAMMA-RAY UNIVERSE -
PROCEEDINGS OF THE FOURTH INTEGRAL

WORKSHOB ALICANTE, SPAIN, 4-8
SEPTEMBER 2OOO (SEPTEMBER 2OO1)

EDS GIMENEZ A , REGLERO V, WINKLER C,

& BATTRICK B

ESA SP 459 // 678 PP (CD-ROM INCLUDED)

PRICE: 60 EUBO

SPACE DEBRIS - PROCEEDINGS OF THE

THIRD EUROPEAN CONFERENCE, ESOC,

DARMSTADT. GERMANY. 19-21 MARCH

2001 (ocToBER 2001)

ED, SAWAYA-LACOSTE H

ESA SP-473 // 492 PP AND 41 / PP (CD-ROM

INCLUDED)

PRICE: 1OO EURO (2 VOLUMES AND CD-ROM)

ouro

Introduction
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RETRIEVAL OF BIO- AND GEOPHYSICAL
PARAMETERS FROM SAB DATA FOR LAND
APPLICATIONS, PROCEEDINGS OF THE

THI RD INTERNATIONAL SYMPOSIUM.
SHEFFIELD. UK. 11-14 SEPTEMBEB 2OO1

(JANUARY 2002)

ED. WILSON A

ESA SP 475 // 427 PP

PRICE: 60 EURO

SPACECRAFT CHARGING TECHNOLOGY

- PROCEEDINGS OF THE SEVENTH
INTERNATIONAL CONFERENCE, ESTEC,

NOORDWIJK, THE NETHERLANDS,
23-27 APRTL 2001 (NOVEMBER 2001)
ED HARRIS R A

ESA SP-476 // 657 pp (CD-ROM TNCLUDED)

PRICE: 50 EURO

STELLAR STRUCTURE AND HABITABLE
PLANET FINDING - PROCEEDINGS OF
THE FIRST EDDINGTON WORKSHOB

CORDOBA, SPAIN, 11-1 5 JUNE 2OO1

(JANUARY 2002)

EDS FAVATA F, ROXBURGH I,W,, GIIVENEZ

A. & BATTRICK B

FSA SP-485 // 378 PP (CD-ROM INCLUDED)

PRICE: 50 EURO

METEOROIDS 2OO1 - PROCEEDINGS OF

AN INTERNATIONAL CONFERENCE,

KIRUNA, SWEDEN, 6-10 AUGUST 2OO1

(NOVEMBER 2001)
ED WAFMBEIN B,

ESA SP-495 // 683 PAGES

PRICE: 60 EURO

MIMR - THE MULTIFREQUENCY IMAGING
MICROWAVE RADIOMETEB (NOVEMBER

2001 )

N/IMR SCIENCE ADVISORY GROUP

ED. HARRIS R.A,

ESA SP-1245 // 49 PP

PRICE: 20 EURO

tco

ENVISAT APPLICATION IMAGES
(FEBRUARY 2002)
ENVISAT PROJECT TEAM

(ED SAWAYA LACOSTE H )

ESA SP-1258 // CD-ROM
PRICE: 1O EURO

ESA Procedures Standards
and Specifications

SPACE PRODUCT ASSURANCE - FAILURE
MODES, EFFECTS AND CRITICALITY
ANALYSIS (FMECA) (SEPTEMBER 2OO1 )

ECSS SECRFIARIAT

FSA ECSS-Q-30-O2A // 52 PP

PRICE: 20 EURO

SPACE PRODUCT ASSURANCE -
OUALIFICATION OF PRINTED-CIRCUIT
BOARDS (NOVEMBER 2001)
ECSS SECRETARIAT

ESA FCSS-O-ZO-1OA// 106 PP
PRICE: 30 EURO

SPACE PRODUCT ASSURANCE -
PROCUREMENT OF PRINTED-CIRCUIT
BOARDS (NOVEMBER 2OO1)

ECSS SECRETARIAT

ES/ FCSS-O 7O-1 1A // 60 PP
PRICE: 20 EURO

SPACE PRODUCT ASSURANCE -
PREPARATION, ASSEMBLY AND
MOUNTING OF RF COAXIAL CABLES
(AUGUST 2001)
ECSS SECRETARIAT

FSA ECSS-Q-ZO-1BA // 48 PP

PRICE: 1O EURO

ESA Gontractor Reports

METEORITES - MOBILE SATELLITE
SPHERE - PHASE 1 - FINAL REPORT
(NOVEMBER 2000)
ALCATEL SPACE. BELGIUIV

ESA CRN-4326 // 94 PP
PFICE: 20 EURO
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Spoce producl
ossuronce
Foilure modes ellecls ond crihcolily
onolysis (FMECA)

PERFORMANCE AND CALIBRATION
REQUIREMENTS FOR APEX -
SUMMARY FrNAL REPORT (JULY 2001 )
U\l V OF ZUR CH, SWITZERTAND

ESA CR(P) 4327 I 28 PP

PFICE: I O EUBO

ESA SPACE LIDAR EYE SAFETY REPORTS
(SEPTEMBER 2OO1)

AUSTR AN RESEARCH CENTBE. VIENNA

ESA CR(P) ,1328 // CD RaM
PRICE: 25 EURO

DETERMINATION OF ATMOSPHERIC WIND

STATTSTTCS (AUGUST 2001 )

UNIV OF STOCKHOLM, SWEDEN

ESA CR(P) 4329 // 19 PP

PR CE: ]O EURO

ADVANCES IN TRANSIENT VIBRO-

ACOUSTICS APPLIED TO ANTENNA

REFLECTOR DESIGN AND VERIFICATION

- FrNAL REPORT (SEPTEMBER 2000)
N/ETRAV B, FRANCE

ESA CR(P) 4330 // /8 PP

PBICE: 20 EURO

HYPERVELOCITY IMPACT COMPUTER

STMULATTON - FrNAL REPORT (JULY 1999)
ES SA, FBANCE

ESA CR(P) 4ss1 // 168 PP
PRICE. 30 EURO

MISSION ANALYSIS OF SATELLITE

CONSTELLATIONS ORION - FINAL
REPORT (JUNE 2001)

GN/V SPA N

ESA CR(P) 43s2 // 1s9 PP

PR CE: 30 EURO
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Contractor Reports
ESA CB(P) docun enls are available
on microfiche from either of the
following addresses:

Britisl Library - Doc. S;pply Centre
Customer Service
Boston Spa
Wetherby. West Yorkshire
LS23 7BQ
England

Universitaetsbibliothek und TIB
Welfengarten 1B
D-30167 Hannover
Phone: (+a9) 51 1 /762-2268
Fax: (+49) 51 1/715936

Credit Gard Payments for ESA Publications
Thc Anoncvq nr rhlin:tinns c:n ho n rrch:qod frOm the FSA PUbiCaLiOnS DiViStOnI uu vu,vl'Bookshop using your corporate o' !orf personal credit card lEurocaro
Mastercard, Visa or American Express),

Yo- can telephone o'telefax your orders to the numbers given below. quoring your
card's number, securty code (where applicable), and its exp ry date

The Bookshop (attn. Mr F'its deZwaanl
ESA Publications Division
ESTEC
Keplerlaan 1

2204 AG Noordwijk
The Netherlands

Telephone: (31) 7i 5653405 - Telefax: (31) 71 5655433

Other methods of payment are also accepted. Please call or fax for details

A list of the latest publications can be accessed via the ESA Publications
Division's Home Page at: www.esa.int
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JOINT
ESA I NASA

rodn

SPACE.FTIGHT
SAFETY CONFERENCE

g
fli

(tThe Moin Topics of the Conference ore :

. System Sofely & Risk Monogement

. Poylood Solety & Certificotion

with respecl lo:
. Design & Development
o Verificotion &Volidotion
. Operotion of Spoce Systems

Obieciives of the Conferencel

. To orovide on internotionol forum
o To otlroct ond mointoin otteniion to sofety
e To foster co-operotion between NASA, ESA ond

other portners on the sofety of spoce-flight proiects
. To ossess current oroctices ond lessons

leornt for spoce-flight sofety
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publications

Available irom ESA Publications Division

Publication Number of Scope/Contents

rssues per year
Price Source

Periodicals

ESA Bulletin

Earth Observation Quarterly

Reaching for the Skies

On Station

Preparing for the Future

ECSL News

4

4

4

4

4

4

trQA'c hnr rco maaazino

Remote-sensing newsletter

Space Transportation System newsletter

Space Station and Microgravity newsletter

Technology Programme newsletter

News from the European Centre for

Space Law (under ESA auspices)

Free of charge ESA Publications Division

Monographs

r'-nnforonno Prnnoodinnc

Special Publications

Brochures

Scientific & Technical Reports

Scientific & Technical Memoranda

Procedures, Standards &

Specifications

Training Manuals

Code

(SP-xxx)

(SP-xxxx)

(BR-xxx)

(STR-xxx)

(STM-xxx)

(PSS-xxx)

fIM-xxx)

Collections of papers presented at

ESA conferences

Detailed monographs on

ESA programmes/prolects

Concise summaries on

ESA programmes/projects

Feflecting ESAs position on a given subject

Latest but not finalised thinking on a

given subject

Definitive requirements in support of

ESA contracts

Series for education of users or potential

users of ESA programmes, services or

facilities

Prices vary ESA Publications Division

Public-relations material General ESA literature, posters
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ESA Communication Dept

8-10 rue Mario-Nikis

75738 Paris 15, France

All periodicals are also available -via the Internet at:

http ://esapu b.esri n. esa. itl

Public-relations material and other ESA information is available at:

http://www.esa.int
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No publications sent before receipt of payment in Euros (€).
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