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Meteosat Second Generation (MSG)
- A successful ESA-Eumetsat padnership
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Earth Observation Project Deparlment, ESA Directorate of Earth Observation,
ESTEC, Noordwijk, The Netherlands

E. Oriol-Pibernat
MSG Mission Manager, ESA Directorate of Eafth Observation,
ESRIN, Frascati, ltaly

Once Meteosat had been recognised as an

indispensable tool by the European meteorological

offices and services, it was clear that ESA had
done its job as the satellite initiator and
developer and that the meteorological
community would prefer to operate the
Meteosats themselves. That is how Eumetsat,
the European Organisation for the Exploitation
of Meteorological Satellites, came to be created
back in 1986. Initially, it was a small Secretariat
managing the funding from the countries
contributing to commonly operate the Meteosats,

ESA will shortly celebrate the 25th Anniversary of the launch of the
first European Meteosat meteorological satellite. The weather-pattern
images provided by the Meteosat series of satellites from their
geostationary position above the Greenwich Meridian, together with
added-value products, such as wind vectors, derived from the raw
images, gradually became familiar to professional meteorologists,
who stafted to exploit them in their daily work. When these same
images also began to be included in weather reports and forecasts on
television and in the newspapers, Meteosat began to be as well known
as the presenters.

gradually growing into an organtsation
employing over 150 staff at its Headquarters in

Darmstadt (Germany). The launches of
Meteosat-4 and 5 saw the foundation of a

successful long-term padnership between ESA

and Eumetsat. leading on to the complete
handover of the Meteosat system operations to
Eumetsat in December 1995, when the
seventh satellite in the Meteosat series was
launched.

The implementation and optimisation of a
remote-sensing mission is a long process. As
long ago as the early 19BOs, it was evident that
Meteosat could and should eventually be
improved. Scientists and engineers initiated a

series of workshops and meetings to define
what would become the next qeneration of

geostationary metorological satellites. Gradually,

a concept to continue the Meteosat mission

and enhance it was delineated at ESA in
consultation with the Eumetsat 'oioneers'. This
would ultimately result in the Meteosat Second
Generation (MSG) satellite series.

As MSG evolved from a concept into a real

project, it was time to discuss with Eumetsat

the ways and means of co-operating in

meeting such a challenge. The environment
had changed from the early 1970s, when ESA

alone committed to build Meteosat, now there
was Eumetsat, a partner who represented the
users' wishes and would fund an important
part of the venture. lt was therefore agreed that
ESA, with its experience in space-system
project management and innovation, would run

the preparatory studies, which lasted until the
early 1990s. Once the design for the system
that would meet the needs of the meteo-
rological and climate-monitoring operational
communities was ready, the time was ripe to
start the corresponding programmes at both
Organisations.

That milestone was reached on 17 February
1994, when ESA and Eumetsat signed a Co-
operation Agreement encompassing the MSG

system and the MSG-I satellite, followed by
the signature of a fudher agreement relating to
MSG-2 and MSG-3 on 16 October 1996.

Under these Agreements, ESA undertook to
develop and fund the prototype satellite that
would become the first in the series of MSG

satellites. Eumetsat committed to contribute
one third of the cost of the development model

and 100% of the cost of the MSG-2 and MSG-
3 satellites, which ESA would procure on
Eumetsat's behalf. Eumetsat. in turn, would
implement the MSG system, comprising a

ground segment, three satellites, their launches
and in-orbit commissioning and operation of
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METEOSAT-1

METEOSAT-2

Figure 1. The Meteosat
series of seven
geostationary
meteorological satellites

the system for a period of 12
years. The contract to develop the
three MSG satellites was sub-
sequently awarded to a European
Consortium led by Alcatel Space
Industries (Cannes, F).

METEOSAT-4

METEOSAT-5

The MSG satellites will not only continue and
improve the Meteosat mission's role in
operational meteorology and climate monitoring,
but will also contribute to fundamental research
in many Earth-science domains. For this
reason, ESA and Eumetsat jointly organised a
Research Announcement of Opportunity in
1998, open to scientists worldwide, who
proposed innovative prolects to use the data
from MSG and ESA's Earth-observation
satellites. A total oI 43 proposals were
accepted involving almost 250 scientists.

Now that the first MSG flight model has been
successfully launched on an Ariane-S vehicle
from Kourou, it is time to celebrate the success
achieved by combining the complementary
expertises of the two organisations and to look
forward to fufther successful oaftnershios in

the future. @esa

METEOSAT-3

Figure 2. The ESA and Eumetsat stand at the American
Meteorological Society Conference at UNESCO in Paris
in June 1998

METEOSAT-7
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the msg system

The MSG System

W. Schumann, H. Stark, K. McMullan, D. Aminou & H-J. Luhmann
MSG Project, ESA Directorate of Earth Observation, ESTEC, Noordwijk,
The Netherlands

The mission objectives
As the successor to the first-generation
Meteosat Programme, MSG (Fig. 1)is designed
to support nowcasting, very-short-range and
short-range forecasting, numerical weather
forecasting and climate applications over
Europe and Africa, with the following mission
objectives:

- the multi-spectral imaging of the cloud
systems, the Earth's surface and radiance
emitted by the Eairh's atmosphere, with
improved radiometric, spectral, spatial and
temporal resolution compared to the first-
generation Meteosats

- the extraction of meteorological and geo-
physical fields from the satellite image data
for the support of general meteorological,
climatological and environmental activities

The MSG System consists of a Space Segment and a Ground
Segment. lt is designed to provide data, products and services over a
system lifetime of at least 12 years, based on a series of three
sateflites called MSG-1, -2 and -3. The MSG System will perform
regular operations with one satellite at the nominal location of 0 deg
longitude over the equator, and foresees a stand-by satellite that
would be used in case of emergencies or during maior configuration
changes.

The MSG Space Segment is being implemented by ESA, which is
responsible for:
- the development and procurement of the first satellite, called MSG-1

- the procurement, on behalf of Eumetsat, of the two subsequent
satellites, MSG-2 and MSG-3.

The MSG Ground Segment has been developed by Eumetsat and
consists of:
- a control, acquisition, pre-processing and dissemination ground

segment composed of central facilities located at Eumetsat's Head-
quarters, and remote ground stations

- an Application Ground Segment, which extracts meteorological and
geophysical products from the calibrated and geo-located image
data generated by the Mission Control Centre, and performs data-
management functions.

Eumetsat is procuring the launch services for the MSG satellites, on
the Ariane launch vehicle, and the Launch and Early Orbit Phase
(LEOP) services, which are controlled and provided by ESAs
European Space Operations Centre (ESOC) in Darmstadt, Germany.

- the collection of data from Data-Collection
Platforms (DCPs)

- the dissemination of the satellite image data
and meteorological information after
processing to the meteorological user
community in a timely manner for the support
of nowcasting and very-short-range fore-
casting

- the supporl to secondary payloads of a

scientific or pre-operational nature which are

not directly relevant to the MSG programme
(i.e. GERB and GEOSAR)

- the support to the primary mission (e.9.

archiving of data generated by the MSG

System).

The mission objectives were subsequently
refined by Eumetsat, taking into account further
evolutions in the needs of operational
meteorology. This updating resulted in:

- the provision of basic multi-spectral imagery
in order to monitor cloud-system and surface-
pattern developments in support of nowcasting
and short-term forecasting over Europe and
Africa

- the derivation of atmospheric motion vectors
in support of numerical weather prediction
on a global scale, and on a regional scale
over Europe

- the provision of high-resolution imagery to
monitor significant weather evolution on a
local scale (e.9. convection, fog, snow cover)

- the provision of air-mass analysis in order to
monitor atmospheric instability processes in

the lower troposphere by deriving vedical
temperature and humidity gradients

- the measurement of land- and sea-surface
temoeratures and their diurnal variations
for use in numerical models and in now-
casting.

The lmaging Mission
To support the above mission objectives, a
single imaging radiometer concept known
as the Spinning Enhanced Visible and Infra-
Red lmager (SEVlRl) has been selected.
This concept, while yielding significant
development/recurrent cost savings, allows the
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Figure 1. The MSG System
configuration

simultaneous operation of all of the radiometer
channels with the same sampling distance. lt
therefore provides the users with improved
image accuracy and such products as
atmospheric motion vectors and surface
temperature, and also new types of information
on atmospheric stability. Moreover, as the
channels selected for MSG are similar to those
of the AVHRR instrument currently being flown
on polar-orbiting spacecraft, the efficiency of
the global system will be increased due to the
synergy of the polar and geostationary orbit
data.

An outline of the overall mission and
performance evolution from first- to second-
generation Meteosat is given in Figure 2.

The imaging mission provides continuous
imaging of the Earth in the 12 spectral channels
of the SEVIRI instrument, with a baseline repeat
cycle of 15 min. The calibration of the infrared
cold-channel radiometric drift can be oerformed
every 15 min, using an internal black-body
calibration unit. The imager provides data from
the full image area in all channels, except for
the high-resolution visible channel, where the
scanning mode can be switched by telecom-
mand from the normal to an alternative mode
(Fig. 3).

The VIS 0.6, VIS 0.8, lR 1 .6, lR 3.9, lR 10.8 and
lR 12.0 channels correspond to the six AVHRR-
3 channels on-board the NOAA satellites, while
the HRV WV 6.2. lR 10.8 and lR 12.0 channels
correspond to the first- generation Meteosat
VlS, WV and lR channels (Fig. a). The following
so-called'split-channel pairs' provide similar
radiometric information and may therefore be
used interchangeably: VIS 0.6 & VIS 0.8, lR 1.6
& lR 3,9, WV 6.2 & WV 7.3, and lR 10.8 & lR 12.0.

The HRV channel will provide high-resolution
images in the visible spectrum, which can be
used to support nowcasting and very-short-
range forecasting applications.

The two channels in the vrsible soectrum. VIS
0.6 and VIS 0.8, will provide cloud and land-
surface imagery during daytime. The
wavelengths that have been chosen allow the
discrimination from the Earth's surface of
different cloud types, as well as discrimination
between vegetated and non-vegetated
surfaces. These two channels also support the
determination of the atmosoheric aerosol
content.

The lR 1.6 channel can be used to distinguish
low-level clouds from snow surfaces and
suoports the lR 3.9 and lR 8.7 channels in

tz
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discriminating between ice and water clouds.
Together with the VIS 0.6 and VIS 0.8 channels,

the lR 1.6 channel may also support the
determination of aerosol optical depth and soil

moisture.

The lR 3.9 channel can be utilised to detect fog

and low-level clouds at night, and to
discriminate between water clouds and ice

surfaces during daytime. The lR 3.9 channel
may also support the lR 10.8 and lR 12.0
channels in the determination of surface
temperatures by estimating the tropospheric
water-vapour absorption.

The two channels in the water-vapour
absorption band, WV 6.2 and WV 7.3, will

provide the water-vapour distribution for two
distinct layers in the troposphere. These two
channels can also be used to derive
atmosoheric motion vectors in cloud-free
areas, and will support the lR 10.8 and lR 12.0
channels in the height assignment of semi-
transoarent clouds.

The lR 8.7 channel may also be utilised for
cloud detection and can suoport the lR 1 .6 ano
lR 3.9 channels in discriminating between ice

clouds and the Earth's surface. Moreover, the
lR 8.7 channel may also be applied together
with the lR 10.8 and lR 12.0 channels to
determine the cloud ohase.

The SEVIRI channel that covers the very strong
fundamental vibration band of ozone at 9.6
microns, namely lR 9.7, will be used to
determine the total ozone content of the
atmosphere and may also be applied to
monitor the altitude of the tropopause.

The two channels in the atmospheric window.
lR 10.8 and lR 12.0, will mainly be used

together with the lR 3.9 channel to determine
surface temperatures.

The lR 13.4 channel covers one wing of the
fundamental vibration band of carbon dioxide

Figure 2. Mission evolution
from first- to second-
generation Meteosat

Figure 3. SEVIRI Earth-
imaging frames: full image
area, HRV channel normal
mode and alternative mode
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Figure 4. The spectral
characteristics of the SEVIRI

channels

Channel AbsorptionBand
Channel Type

HRV Visible
High Resolution

VIS 0.6 VNIR
Core lmager

VIS O.B VNIR
Core lmager

IR 1.6 VNIR
Core lmager

lR39 lR/Window
Core lmager

WV 6.2 Water Vapour
Core lmager

WV 7.3 Water Vapour
Pseudo-Sounding

lR 8.7 lR / Window
Core lmager

lR 9.7 lR / Ozone
Pseudo-sounding

lR 10.8 lR / Window
Core lmager

lR 12.0 lR / Window
Core lmager

lR 13.4 lR / Carbon Diox.
Pseudo-Sounding

14

at 15 microns, and will therefore mainly be used
for atmospheric-temperature sounding in
support of air-mass instability estimation.

The Product-Extraction Mission
This mission will provide meteorological,
geophysical and oceanographic Level 2.0
products from SEVIRI Level 1.5 imagery. lt will
continue the product-extraction mission of the
current Meteosat system, and also provide
additional new oroducts.

The MSG meteorological products will be
delivered to the user community in near-real-
time via the Global Telecommunications
System (GTS) or via the satellite's own High-
Rate lmage Transmission (HRIT) and Low-Rate
lmage Transmission (LRIT) schemes.

The Data-Collection and Relay Mission
The data-collection and relay mission will
collect and relay environmental data from the
automated Data Collection Platforms (DCPs)

via the satellite. lt will be a follow-on from the
current Meteosat Data Collection Mission. with
some modifications:

- increased number of international DCP
cnannets

Nom. Centre
Wavelength

0m)

nom. 0.75

0.635

0.81

1.64

3.92

6.25

7.35

8.70

9.66

10.80

.12.00

13.40

Spectral
Bandwith
(um)

0.6 to 0.9

0.56 to 0.71

0.74 to 0.BB

1.50 to .1 
.78

3.48 to 4 36

5.35 to 7 15

6.85 to 7.85

B.3O to 9.10

9.38 to 9 94

9 BO to 11.80

.1 .1 
.00 to 13 00

12.40 Io 14.40

Radiometric Noise -
Assessed for MSG-1 at End
of Life at Reference Targets

0.63 at 1.3 W/(m2.sr.pm)

O.27 at 5.3 W(m2 sr.pm)

0.21 at 3.6 W/(m2.sr.pm)

0.07 at 0.75 W(m2.sr.pm)

0.17 K at 300 K

0.21 K at 250 K

0.12 K al25O K

0.10 K at 300 K

0.29 K at 255 K

0.11 Kat30OK

0.15 K at 300 K

O.37 K at 270 K

- increased number of regional channels

- DCP retransmission in near-real-time via the
LRIT link

- some of the regional channels will operate at
a higher transmission rate.

The Dissemination Mission
The dissemination mission will provide digital
image data and meteorological products via
two distinct transmission channels:

- the HRIT scheme transmits the full volume of
processed image data in compressed form

- the LRIT scheme transmits a reduced set of
processed image data and other meteo-
rological data.

Both transmission schemes will use the same
radio frequencies as the current Meteosat
system, but the coding, modulation scheme,
data rate and data formats will be different.
Different levels of access to the high- and low-
rate information transmission data will be
provided to different groups of users through
encryption.

The Meteorological Data Distribution mission of
the current Meteosat System will be integrated
into the HRIT and LRIT missions of MSG.

The Geostationary Earth Radiation
Budget (GERB) experiment
The GERB payload is a scanning
radiometer with two broadband
channels, one covering the solar
spectrum, the other covering the
entire electromagnetic spectrum.
Data will be calibrated onboard
tho cotolliio tn arrnn^r+ thouvvvv, L r, ,v

retrieval of radiative fluxes of
reflected solar radiation and
emitted thermal radiation at the
top of the atmosphere with an
accuracy of 1%.

The Geostationary Search and
Rescue (GEOSAR) relay mission
The sateliite carries a small
communications payload to relay
distress signals from 406 MHz
beacons to a central reception
station in Europe, which will pass
the signals on for the rapid
organisation of rescue activities.
GEOSAR will thereby allow
continuous monitoring of the
Earth's disc and hence the issuing
of immediate alerts. @esa
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MSG's SEVIRI lnstrument

D.M.A. Aminou
MSG Project, ESA Directorate of Earlh Observation, ESTEC, Noordwijk,
The Netherlands

The MSG satellite's main payload is the optical imaging radiometer,
the so-called Spinning Enhanced Visible and Infrared lmager (SEVIRl).

With its 12 spectral channels, SEVIRI will provide 20 times more
information than the current Meteosat satellites, offering new and, in
some cases, unique capabilities for cloud imaging and tracking, fog
detection, measurement of the Earth-surface and cloud-top
temperatures, tracking of ozone patterns, as well as many other
improved measurements. The SEVIRI instrument has been
manufactured by European industry under the leadership of Astrium
SAS in Toulouse, France.

The instrument design
SEVIRI is a 50 cm-diameter aperture, line-by-
line scanning radiometer, which provides image

data in four Visible and Near-lnfraRed NNIR)
channels and eight InfraRed (lR) channels. A
key feature of this imaging instrument (Fig. 1) is

its continuous imaging of the Earth in 12

spectral channels with a baseline repeat cycle
of 15 min. The imaging sampling distance is

3 km at the sub-satellite point for standard
channels, and down to 1 km for the High

Resolution Visible (HR\i) channel. The main

characteristics of the instrument are

summarised in Table 1.

The SEVIRI instrument is composed of a
Telescope and Scan Assembly [SA), a Focal

Plane and Cooler Assembly (FPCA), and an

Electronic Unit Assembly (EUA) (Figs. 2 & 3).

The EUA, which controls SEVIRI and processes

its data, consists of three electronics boxes
located on the satellite main platform, namely
the Functional Control Unit (FCU) and the
Detection Electronics (DE), consisting of the
Main Detection Unit (MDU)and the Preamplifier

Table 1. SA/lRl instrument characteristics

Spectral range:
. O.4 - 1.6 pm (4 visible/NlR channels)
. 3.9 - 13.4 um (8 lR channels)

Resolution from 35 800 km altitude:
. '1 km for the high-resolution visible channel
. 3 km for the infra-red and the 3 other visible

channels
Focal plane cooled to 85/95 K
One image every 15 min

245 000 images over 7 yr nominal lifetime

Instrument mass: 260 kg

Dimensions:
r 2.43 m high
. 1 m diameter without Sun Shield

Power consumotion: 150 W
Data rate: 3.26 MbiVs
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Figure 2. The SEVIRI radiator assembly

Figure 3. The SEVIRI cold-lR Optical Bench

Unit (PU). The tCU is responsible for SEV|Bls
command and control, and it nterfaces wth
the spacecraft's onboard data handling
subsystem

The 12 SEVIRI channels consist of B InfraRed
/lR\ rjetoernr n:nL:noc i? elatoclnrc aanhr

and I High Resolution in the Visible (HR\,f
channol /Q detor-tnrq\ 2 VSible anq I Near-lR
(3 detectors each) The lR detectors are all

made of mercury cadmium tellurlde, the visible
detectors are in silicon and the NIB detectors

are made from indium doped gallium arsenide
Tho r-lalonlnrc ora ohna66l :n;j qizeel in celicfir| | rg ugLcu(vt D qtE -t touuu qt ru ot/ uu Lv Joilot)

both the radiometric and imaging perJormances
required by the end users.

The operating principle
The scanning mirror is used to move the
instrument line-of-sight (LOS) in the south-
nofth drreclion. The targel radiance is collecled
by the telescope and focused onto the
detectors Channel separalion is perlormed at
telescope focal plane level, by means of foldirg
mirrors. A flip-flop type mechanism is
periodical y actuated to p ace the lR calibration
rererence source in rhe insrru.nent's field of
view, The image data are directly transferred
from the Main Detecton Unit (MDU) to the
onboard data-handling subsystem. The FCU
controls the SEVIRI functions and provides the
telemetry and telecommand intedaces with the
satellite,

The Earth imaging is achieved by means of a
bi-dimensional Earth scan, relying on the
spacecratt's spin and the scanning mirror, as
shown ir Figure 4. The rapio scan (line scanl is
performed from east to west thanks to the
qn:conr:Fl q rnt:tinn :rar rnnl itc snin rvic /cninq^|U \9P|| |

rate .100 rpm). The spin axis is perpendicular to
the orbital plane and is nominally oriented in the
south-north direction The slow scan is
performed from south to norlh by means of a
scanning mechanism, which rotates the scan
mirror in steps of 125 8 microradians A total
scan range of +5 50 (corresponding Io 1527
scanning lines) is used to cover the 22' Eafh
imaging range in the south-nofth direction, and
1249 scan lines to cover the whole Earth in the
l,\--^li^^ r^^^^+ ^.,^l^uoJUilr rY rv|JEoL uyutu,
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The full Earth's disc image is obtained in about
12 min. The scanning mirror is then driven back
to its initial position and the flip{lop mechanism
is activated to insert the black body onboard
the spacecraft into the optical path for the
instrument calibration. The black body is

removed from the calibration oosition after
about 2 sec and Earth observatron is resumed,
leading to an overall repeat cycle of 15 min.

Performance verif ication

Radiometric pertormance
Characterisation of the SEVIRI instrument's
radiometric oerformance centres on the
determination of such parameters as the
radiance response and its associated non-
linearities, validation of the on-board calibration
process, and the measurement of radiometric
noise and drift. Constant and uniform targets
are employed, as specified at system level.

The image data mean value (corresponding to
one line) consists of samples coded over
10 bits, ranging from O to 1023. This results in
up to 5751 samples for each HRV chain and
3834 samples for each of the other detection
chains. A set of data is defined as the
concatenation of the data lines corresponding
to several consecutive Earth-acouisition
windows, and corresponding to the same
configuration (i.e. same illumination level and
same detection-chain parameter settings). For
all of the radiometric test results (spectral

response, radiance response and noise), there
are negligible differences between the
operational temperatures of the lR focal plane

at 85 K and 95 K. The MSG-1 environmental
tests indicated that SEVIRI lR calibration is

needed in the worst case once oer nine
rmages.

lmaging performance
Two major imaging-characteristic tests have
been performed at SEVIRI and satellite level,

addressing:

- the geometric imaging: checks were performed

mostly in the ambient environment to
determine the stability of SEVIRI's line of sight
before and after environmental testing (e.9.

thermal-vacuum and vibration)

- the Spatial Frequency Response (SFR):

Modulation Transfer Function (MTF),

sampling-distance and co-registration tests
were oerformed in thermal vacuum.

The Central Line Of Sight (CLOS) instability due
to thermo-elastic distortion of the radiometer is

the most important contributor to geometric
imaging errors. lt was measured in vacuum for
two extreme telescope temperatures during
SEVIRI's thermal-vacuum testino. These

measurements were used for instrument
geometric performance verification whilst
validating the thermo-elastic model. The results
have shown the SEVIRI instrument to be stable
in terms of both its line of siqht and its overall
geometric parameters.

The two-fold objectives of the SFR determi-
nation were to provide:

- on-ground characterisation allowing the
SEVIRI Radiometer/lmaoer MTF to be
determined

- on-ground measurements for the verification
and characterisation of the SEVIRI co-
registration error (including its internal IFOV

sampling accuracy, i.e. pixel positions).

All of the MTF data were within specification,
with sufficient margins to accommodate
measurement errors and focus evolution during
the instrument's in-orbit lifetime. HRV is the
most sensitive channel, but with a defocussing
of up to 2.8 mm it still meets the specifications.
The instrument's stability has been fully
demonstrated for all soecified environments.

Gonclusion
This article has described the SEVIRI
instrument's design and the environmental
testing approach applied to assess the flight
model's perlormance for the MSG-1 satellite.
The tests that have been performed have
shown that the instrument meets the
performance requirements for all specified
environments and is therefore fully flight-
qualified.

Acknowledgements
The author would like to thank the entire
MSG/SEVIRI team, from ESA, Alcatel Space
Industries and Matra Marconi Soace. for their
support and contributions to the analyses and
testing. Special thanks go also to all of the
engineers who have contributed to the
development of the SEVIRI lmaging Radiometer.

@esa

17



@esa bulletin 111 - august 2OO2

MSG's GERB Instrument

H-J. Luhmann
MSG Proyect, ESA Directorate of Earth Observation, ESTEC, Noordwijk,
The Netherlands

lntroduction
The GERB instrument is a highly accurate
visible-infrared radiometer, which will provide

unique measurements of the outgoing shorl-
wave and long-wave components of the
Earth's radiation budget from geostationary
orbit, which have not been achieved previously
(Fig. 1). To date, all such measurements have

The Geostationary Earth Radiation Budget experiment (GERB),
selected as an Announcement of Opportunity instrument for MSG, will
make accurate Earth-radiation-budget measurements from
geostationary orbit. The GERB instrument (and its recurrent models)
has been designed, developed and manufactured by an International
Consortium* led by the Rutherford Appleton Laboratory (RAL).

* Consortium members: lmperial College of Science, Technology and Medicine (ICSTM),

London; Leicester University, UK; AEA Technology, UK; Galileo Avionica, ltaly; Amos,
Belgium and the Royal Meteorological Office (RMIB), Belgium.

been made from satellites in low Earth orbit
(LEO). The data obtained from single satellites
must be used with caution, as they cannot
provide proper temporal sampling. In response
to the diurnal variation in the solar heating,
there are strong diurnal variations in the
radiation budget observed, particularly over
land. In order to provide coverage of the diurnal
cycle with a temporal resolution of 3 h, four
LEO satellites would be needed. However, at
least hourly measurements are needed to
resolve the diurnal cycle of tropical convection
properly, and no practical system of polar
orbiting or other LEO satellites can deliver this.
The GERB instrument will orovide a full Earth-
disc image every 15 min, which will allow
excellent temporal sampling.

Scientific goals
The overall GERB scientific aims can be
summarised as:

- investigation of the role of clouds in the
Earth's radiation budqet and cloud radiative
feedback

- investigation of the role of water vapour in

radiative feedback

- observational studies of specifrc processes,

such as trooical convection and marine strato-
cumulus formation, and their diurnal and
synoptic variability

- identification of additional constraints on
numerical weather-orediction models

- imorovement of LEO diurnal-variation
simulation models and sudace bi-directional
reflectance functions

- validation of climate models for the MSG-
observed regions

- contribution to a global Eafth-radiation-budget
measuring system by combining GERB data
with that from other sensors (e.9. LEO
satellites, CERES and ScaRaB), and

- synergy with SEVIRI short-wave visible
calibration.

The GERB measurements will orovide
substantial contributions in each of these areas,
leading to improved operational weather

tt'



the msg gerb instrument

Perfomancecharacteri stics of the GERB i n strument

Wavebands

Radiometry
Absolute Accuracy
Signal/Noise Ratio
Dynamic Range

SpatialSampling

Temporal Sampling

Cycle Time

Co-Registration

SW

<1o/o
1250
0 - 380 W.m-2ster-]

0.32 - 30 pm
0.32- 4 pm
4-30pm

LW

<0.5o/o
400
0 - 90W.m-2ster-1

Total
Short wave (S\A/)

Long wave (L\tV)

45 x 40 km2 (NS x EW)at nadir

15 min SW and LW fluxes

Full Earth disc, both channels in 5 min

Spatial: 3 km w.r.t. SEVIRI at satellite
subpoint
Temporal: within 15 min of SEVIRI at each
pixel

25 kg

35W

Instrument Mass

Power

monitoring and permitting further important
progress in climate-change research. Both
short-wave (0.32 - 4 micron)and total(0.32 - 30
micron) radiance measurements will be made,
with long-wave (4 - 30 micron) data obtained
by subtraction. The accuracy requirements (1 %
short wave and 0.5% long wave) are an
improvement over previous radiation-budget
measurements. The Earth's radiation is

detected by a thermoelastic detector array
(bolometer) of I x 256 pixels, designed to
image the full Earth's disc (18' field-of-view) in

a north-south direction (Fig. 2). The exposure
time to the Earth's radiation is limited to 40 ms
within an MSG rotation. Full coverage of the
Earth is achieved by scanning the detector'
field of view continuously from west to east and
back again, thereby building an image from a
series of consecutive strips in the north-south
direction. Three raw measurement samples
covering the same scene (full Earth's disc) will

be taken within a 15 min interval and averaged
to bring the radiometric noise of the corres-
ponding processed radiance within limits.

Instrument design
The highly autonomous GERB instrument
consists of two main units:
The Instrument Optical Unit (lOU)which is very
compact (56 x 35 x 33 cm3), and includes
essentially (Figs. 3 and 4):

- a telescope (three-mirror anastigmatic system)

- a de-scanning mirror for staring at appropriate
targets, continuously rotating at 50 rpm in the
oooosite direction to the satellite's rotation
(100 rpm), freezing the view of the Earth for a
oeriod of 40 ms

Integrating sphere

Figure 3. Schematic of the
GERB Instrument Optical

Unit (lOU)

Figure 2. The Earth as obserued by GERB (18" x 18').

Figure 4. The GERB IOU flight unit

Il,
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Figure 5. GERB data-
processing scheme

- a wideband detector anay (a linear, blackened,
256-element thermo-electric array) with its
own signal-amplification and processing
circuitry (including ASICs and a DSP)

- a ouartz-filter mechanism used to switch the
measurement into alternative wavebands
(totaland short-wave)

- calibration devices: a black-body for thermal
calibration and a solar diffuser for monitoring
the degradation of the short-wave reflectance
of the mirrors, quartz-filter transmittance and
detector absorotion

- a passive thermal design, and

- a structure based on a solid-ootical-bench
design.

The lnstrument Electronic UniI (22 x 27 x 25 cm3\

is designed to receive detector data, format them
and pass them on to the spacecraft's data-
handling system. lt also provides regulated power

to all of the subsystems, the thermal control of the
lOU, and the command and data interfaces and

the instrument monitoring and control functions.

Instrument calibration
GERB-1 has been exhaustively tested in a
purpose-built calibration facility consisting of a
vacuum chamber with a black body at about
300 K, which represents an Earth-like source
(Warm Black Body, WBB), a black body at
liquid-nitrogen temperatures as an approxim-
ation of the cold space (Cold Black Body,
CBB), and an integrating sphere for calibration
in the solar spectral domain. Radiometric data
(gain, filter transmission, linearity, etc.), spectral
responses at several discrete wavelengths,
Point Spread Functions (PSF), and on-board
black body performance have been measured.
Checks for stray light and for gain drift as a
function of temoerature have also been made.

Data analysis and its comparison with
unit-level measurements and instrument-
level oredictions has demonstrated the
validity of the GERB concept.

Apart from the on-ground calibration,
extensive in-orbit calibration campaigns
will be carried out throughout instrument's
in-orbit lifetime. A variety of targets such
as the Moon and reference sites on the
Earth will be used to derive proper
instrument Derformances.

In-orbit operation and data prcoessing
Once in orbit, the GERB instrument's
operation will be monitored by a team at
RAL and ICSTM. In addition, a number of
satellite Darameters will be monitored at
Eumetsat to orovide a basic check on the
safety of the instrument. The processing
of the GERB data will be divided between
two locations (Fig. 5). The conversion of

raw GERB data to calibrated geo-located
radiances will be done at RAL using software of
the GERB Ground Segment Processing
System (GGSPS). The processed data will then
be oassed to RMIB for conversion to fluxes.
RMIB will make certain flux products available
via the World Wide Web for short-term usage,
but the main GERB data and product archive
for long-term usage will be at RAL.

Several of the olanned scientific studies are
expected to take advantage of the synergy
between the GERB and SEVIRI (see

companion article in this Bulletin) instruments
and their data. From the merging of the two
data streams, near-real-time estimates of the
Earth's radiation budget with the high spatial
resolution of SEVIRI (3 km at nadir) can be
anticipated. lt is expected that once the
scientific community realises the full potential of
GERB as a result of the GERB-1 flight, there will

be a growing demand for its measurements
and orocessed data.
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msg's communications payload

MSG's Communications Payload

K.D. McMullan
Earth Observation Programmes Department, ESA Directorate of Earth Observation
Programmes, ESTEC, Noordwijk, The Netherlands

The Antenna Subsystem
The MSG telecommunications system has to
provide a number of mission-critical services,
each of which requires a particular type of
anlenna:

- Receotion of telecommands and trans-
mission of housekeeping data: the S-band
transponder is resoonsible for this task and
is connected to a dedicated telemetry,
tracking and command fnC) antenna.

- Transmission of the measured radiometer
(SEVlRl) data, coming from the data-handling
subsystem, to the primary ground station: the
Electronically Despun Antenna (EDA) used
for this task operates at L-band.

- Reception of pre-processed images with
associated data: a Toroidal Pattern Antenna

[tPA) operating at S-band is used for this task.

The highly reliable communications system needed for data
transmission and distribution for the mission is provided by the MSG
Communications Payload (MCP) carried on the spacecraft. lt consists
of three main elements, namely the Antenna Subsystem, the MGP
Transponder, and the TTC Transponder.

Figure 1. The flight-model
MCP Antenna Subsystem

- Transmission to users: this relies on the
L-band EDA antenna for low-resolution and
high-resolution data.

- Receotion data from Data Collection Plat-
forms (DCPs): this requires an electronically
switched circular array antenna and uses
the UHF EDA operating aI4O2 MHz

- Transmission of the DCP data: this is
provided by the L-band EDA antenna.

- Reception of emergency (Search & Rescue):

this relies on the UHF EDA operating at
406 MHz.

- Transmission of Search & Rescue messages:
this is provided by the L-band EDA antenna.

Figure 1 shows the flight-model MSG Antenna
Subsystem.

The S-band TTC antenna is a low-gain, wide-
coverage antenna, the design of which has
been optimised for MSG, taking rnto account
the spacecraft's much larger body compared to
the orevious Meteosat satellite series.

The Toroidal L- and S-band antennas are
narrow-band, reduced-height, slotted-wave-

-
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Figure 2. Block diagram of
the MSG Communications

Payload (MCP)

guide antennas, which provide toroidal patterns
in the plane perpendicular to the satellite spin
AXIS.

The L-band EDA is used in transmit mode only,

to send the raw image data to the primary
ground station and the processed data,
received via the S-band link, to the secondary
users. As the satellite rotates at 100 rpm and
the high-gain antenna beam needs to be aimed
continuously at the ground, an electronic
means of despinning this beam in the opposite
direction to the satellite's rotation is
implemented. This antenna is composed oI 32
columns of 4 dipoles each, and is mounted on
a cylindrical construction close to the top of the
satellite.

The UHF-band EDA is used to receive the
meteorological data from the DCPs operating in

the UHF band and the newly implemented
Search & Rescue mission on N/SG. An
electronically switched UHF array of 16 crossed
dipoles has been selected for the purpose. Of
the 16 dipoles, four are used to form the beam,
whereby the next dipole is selected every 22.5"
synchronised with the satellite's spin rate.

To control and supply all of the complex timed
switching for the various active elements of the
antenna subsystem, a dedicated piece of
eouioment known as the Common Antenna
Control Electronics (CACE) is used. lt receives
synchronisation signals from the Data Handling
Subsystem and generates the correctly timed
drive signals for the Antenna Subsystem.

The MCP Transponder Subsystem
The MCP Transponder Subsystem's tasks on-

board the satellite are the reception,
amplification and transmission of the following
channels:

- Raw Data Channel: down-linking to the
Primary Ground Station (PGS) of the SEVIRI
(and GERB when applicable) raw data
stream, plus auxiliary/ancillary information
received from the Data Handlinq Sub-
system.

- HRIT Channel: high-data-rate dissemination
to the user community (High-Rate User
Stations, or HRUSs) of processed meteo-
rological data and images received from
the PGS.

- LRIT Channel: low-data-rate dissemination
to the user community (Low-Rate User
Stations, or LRUSs) of processed meteo-
rological data and images received from
the PGS.

- DCP Channel: relay of messages from the
Data Collection Platforms to the PGS for
further distribution.

- Search & Rescue Channel: relay of distress
signals from emergency beacons on the
visible Earth's disc to dedicated ground
stations (Cospas/SarSat network).

Figure 2 gives a block diagram of the MCP, and
Figure 3 is a photograph of the first flight
transponder during integration.

The raw data signal coming from the Data
Handling Subsystem is fed to the Raw Data
Modulator (internally redundant), which
performs the QPSK (quaternary phase-shift
keying) modulation before the data enters the
Intermediate Frequency Processor (lFP). The
IFP also receives the HRIT and LRIT signals
coming from the S-band antenna via the
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msg s communications payload

S-band filter and the S-band receiver (two in

cold redundancy), which provide the necessary
low-noise amplification and frequency down-
conversion. The IFP equipment, which
operates in cold redundancy, filters and up-
converts the three signals separately and
amplifies them to a selected output level or with
a certain fixed received-signal (RD, HRIT and
LRIT) gain set by ground command, The output
signals of the IFP drive the Solid-State Power
Amplifiers (SSPAS) directly to their chosen
operating points.

The multi-carrier DCP channel, whrch can be
composed of up to 460 individual carriers,
enters the transponder together with the
Search & Rescue signal via the UHF filter and
feeds the two UHF receivers (configured in cold
redundancy). They perform the low-noise
amplification and frequency up-conversion to
the corresponding down-link frequency in L-
band. The DCP signal is then forwarded to the
SSPA matrix for further amolification.

The SSPA matrix is composed of four SSPAs
(output power about 10 W per amplifier) in a
4:3 redundancy scheme. One SSPA is
allocated to the HRIT channel, one is used by
the RD and LRIT channels simultaneously, and
one is dedicated to the DCP channel. The
remaining redundant SSPA can be used by any
of the other channels in the event of a failure.

The Search & Rescue signal is pre-amplified by
the UHF receiver and then further filtered,
frequency up-converted and power-amplified in

the Search & Rescue Transponder.

After power amplification, all of the channels
(RD+LRIT, HRIT, DCP and S&R) are filtered and
combined in the output multiplexer (OMUX),

before being fed to the Antenna Subsystem.

The TTG Transponder Subsystem
The Telemetry, Tracking and Command fl-IC)
Subsystem consists of two S-band transponders
and it performs the following functions:

- Reception and demodulation of the up-link
command and ranging subcarriers of the
S-band signal transmitted by the ground
control station.

- Delivery of the telecommand video signal
to the on-board Data Handling Subsystem,

- Modulation of the down-link carrier by the
received and demodulated ranging signal
and the telemetry signals received from the
on-board Data Handling Subsystem.

- Power amplification and delivery of the S-
band down-link carrier to the Antenna Sub-
system.

The down-link carrier can be generated
coherently or non-coherently with respect to
the up-link carrier received from the ground
station.

The TTC Subsystem is composed of two
identical transponders, each consisting of
several modules packaged in a single unit
(Fig. 4). The receiver and transmitter of each
transponder are electrically independent,
except for the necessary interconnections to
perlorm the ranging operations. The receivers
and the transponders will always be 'on'
throughout the satellite's lifetime, with the
transmitters operated in cold redundancy. @esa

/
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Figure 3. Integration of the
first flight-model MCP
Transoonder

I
fi

Figure 4. One of the two TTC Transponders
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msg-l safely in orbit

MSG-1 Safely in Orbit

G. Dieterle & R. Oremus
MSG Project, ESA Directorate of Earth Observation Programmes,
ESTEC, Noordwijk, The Netherlands

Initially, the first of the next generation of
European weather satellite's, MSG-1, was
slated for launch in October 2000, but delays
incurred in the ground segment's development
resulted in the launch being postponed until
August 2002. As a consequence, MSG-1 was
put into storage from early 2001 until August
2001. During this storage period, work
proceeded in industry on the two recurrent
satellite models MSG-2 and MSG-3, and the
meteorological services continued to use data
from two of the Meteosat first-generation
satellites, which are still performing satisfactorily
and are planned to be operational for a few
more years yet.

Almost exactly 25 years after the launch of the very f irst
ESA-developed Meteosat spacecraft in November 1977, the first
representative of the next generation of European weather satellites
has been successfully placed in orbit by Europe's own Ariane launcher
and is currently being made ready to add new dimensions to the
monitoring of our planet's fragile climate.

Figure 2. The MSG satellite
container emerging from

the Antonov transoort
aircraft in French Guiana

In the meantime, the August 2OO2 launch date
was confirmed, and an Ariane-5 launcher
selected (with a co-passenger), after a shock-
qualification problem had been resolved by the
inclusion of three shock-absorbing devices in

the launcher/spacecraft intedace. Consent to
shio MSG-1 to the Ariane launch site in French
Guiana was subsequently given by both ESA

and Eumetsat, and on 14 May 2002 the
satellite was on its way. Figure 2 shows the
satellite container emerging from the Antonov
transport aircraft in Rochambeau. close to
Cayenne in French Guiana, the following day.

After transport by truck from Rochambeau to
the Guiana Space Centre (CSG) in Kourou, the
soacecraft was out into the launch site's clean
room (S1) for final assembly and checkout,
which was completed at the end of June. The

spacecraft was subsequently transported to
one of the fuel filling areas, before being
combined with its co-passenger Atlantic Bird-1,
an Alenia-built spacecraft that will be operated
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Figure 3. The arrival of MSG
in the clean room at the

Guiana Space Centre (CSG)
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(Fig. 3). the ESA team responsible for s;per-
vising the pre-launch activities, a team from
Al:atel .Soar:c thc contractor who built the
onnaanrn|t and ' ^,n' 'lA a66611 rnt iha f inrl nro-ovougul al L dl lu vvvulu uvr iuuuL Lt tu ilt rot l.,tu
launch testing, and a Eumetsat team
responsible for the provision of the launch
qonrinoq :lqn :rrirrod :l CQG in nronara fnr tho

launch.

In parallel, ESAs European Space Operations
Centre (ESOC) in Darmstadt (D), which is
roqnnncihla fnr iha miccinn'c I rr rnnh and Ferlrr

'v, , u, ,v ' s,,)

Orbit Phase (LEOP) under a contract from
Eumetsat, began an extens,ve simulation
programme in preparation for operating the
spacecraft after its separation from the tauncher.

Aflnr r 
^n^ 
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control problen. at 19.45 h local rime 122 45 h

GMI on 28 August the Ariane-S launcher
carrying N/SG-1 lifted-off from the Guiana
Space Centre and successfully delivered tl-is
improved Meteosat, and its payload
companion Atlantrc Bird-1 into Geostationary
Transfer Orbit (GTO), with a flawless launch.
Under ESOC's control, N/SG-1 will now make a
^^-i-^ ^{ -^^ ^ -, ,. .-^ a r rqinn itc ^nh^2r.1JUI IUJ Ul | | ldl LUUUVIUT uril rV rLo vr ruvur v
propulsion system, which will carry iI onwards
to its definitive geostationary operating orbit in

a few weeks' time.

Eumetsat, as the satellite's commercial
operator, will be taking over MSG-1 at the end

of September. following the in-orbit check-out
of its systems, and will then proceed with
acceptance of the payload, The lirst image
frnm +hn on+nllitn io ay566f66l hrr tho anr] nfIvr rr il rY ooLEiltLE tJ u^|\Jgwr9u uy Lt ts sr tu ul

October. About a year after launch. MSG- 1 will
anmmonao nnorrtinn.l oa"',ina aF^',a tlrluur ril rrur ru9 vpstoLrur tot -ut vtuu duuvu Lt tu

equator. at 0" long.rude. taking over from
Meteosat-7 as the main weather- and climate-
monitoring satelliLe for Europe.

N/SG-1 is to be followed by two other identical
satellites, for which Eumetsat will be fully
roqnanqihla l\/qG-, ic nr rrrontlrr cnhodr rlor] fnr

launch in early 2005, and MSG-3 in spring
2009. Since each satellite has a nominal
nnoratinnal lifptimo af covon \/arre tt\^/^ m^ra

' Jvurv

than the current N/eteosats), the new family of
spacecraft will provide a cost-effective system
that will allow Europe to maintain its leading role
in gathering global weather data until at least
2012. Consideration is being given to building a
fourth satellite to maintain continuity of the
programme beyond 2014.

Following the success of the launch from
Kourou, Jose Achache, ESA Director of Earlh
Observation, told the ?ress: "With the World's
political leaders gathered in Johannesburg to
dlscuss the requirements for sustatnable global
rlevelnnmpnf nf nt tr nlnnal FQ/ ic nrnt tr-l lnPt vuv Lv

have deployed this satellite on behalf of
Eumetsat and for the benefit of countless
users. /t is going to improve weather
fnroaqclinn at tr t tnr'larclenr'lina af olimela

rhanaa nnr"l +hn ioo,,a nf lha nlanat'c tttclarvl lal lvc Ql Iw Lt tv /oJUg u/ Lt tu l.Jtat /9r o Luotgr
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GMES
- Un instrument de gouvernance environnementale pour

I'Europe

J. Achache
Directeur de I'Observation de la Terre, ESA , Paris

S6curit6 environnementale
A l'aube du 21eme sidcle, les questions
d'environnement et de s6curit6 prennent une
place chaque jour plus importante dans les
p16occupations quotidiennes des citoyens.
Elles sont d6sormais en premidre ligne de
l'agenda politique. Environnement et securite
doivent 6tre entendus ici au sens le plus large.
ll s'agit bien s0r, en premier lieu, de la s6curit6
des hiens ct des Dersonnes contre lesF

Le 15 juillet 2002, ESA et la Commission europ6enne ont lanc6 une
proc6dure de consultation sur I'initiative de surveillance mondiale
pour I'environnement et la s6curit6 (GMES). En combinant les
technologies spatiales, terrestres et a6roport6es, I'initiative GMES a
pour objectif de mieux exploiter les capacit6s et infrastructures
actuelles et futures de I'Europe et d'am6liorer les m6canismes de
collecte et de distribution de I'information. GMES r6pondra donc au
souci croissant des responsables politiques d'acc6der librement, en
temps utile et en toute ind6pendance aux informations sur
I'environnement et la s6curit6 aux niveaux mondial, 169ional et local. ll
apportera un soutien aux politiques de I'Union europ6enne dans des
domaines tels que le d6veloppement durable, le changement
climatique d l'6chelle plan6taire, et la politique 6trangdre et de
s6curit6 commune.

agressions et les vols. Mais ces preoccu-
oations exoriment aussi un besoin accru de
securite sanitaire devant l'6mergence des
maladies virales, sida et hepatites, et des
maladies d orion et devant la recrudescence
des maladies infectieuses; un besoin,
6galement, de s6curit6 alimentaire aprds les

r6centes 6pid6mies de fievre aphteuse et de
vache folle et face aux discours confus
entretenus sur les OGM; un besoin, encore, de
s6curit6 civile face aux catastroohes naturelles,
inondations, temp6tes et s6ismes, aux risques
industriels, pollutions, incendies et explosions;
un besoin. enfin. d'assurance face aux
incertitudes sur les cons6quences du
r6chauffement de la plandte. Ainsi, le contrdle
des 6pid6mies, la pr6servation de l'int6grit6 des
ressources alimentaires, de la qualit6 de l'eau,
la pr6vention des catastrophes et la prevision

des changements climatiques sont les enjeux
de ce que l'on appelle aujourd'hui la securit6
environnementale.

Cette question de la s6curit6 a pris, avec les

6venements du 11 septembre et les agressions
bact6riologiques qui ont suivi, un tour infiniment
plus tragique et plus urgent. Depuis ces
attentats, chacun s'interroge sur les moyens de
lutter contre de tels actes terroristes et, plus
g6n6ralement, sur les moyens d'assurer la

s6curit6 des populations. Les agences
spatiales ne peuvent se tenir ri l'6cart d'un tel
questionnement. Les satellites d'observation et
les systdmes d'6coute 6lectronique sont deja
utilis6s par les agences de renseignement dans
la surveillance des activit6s terroristes. On
pr6voit que demain les systdmes spatiaux de
positionnement comme le GPS et Galileo
permettront d'ameliorer la s6curit6 dans les

avions et au voisinage des aeroports ou encore
de suivre a la trace tous les transports de
matiere dangereuse, sur terre et sur mer.

Au deld, ces 6v6nements apportent un
6clairage nouveau sur la reflexion engag6e en

Europe autour du programme GMES de
surveillance globale pour l'environnement et la
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securite. Les menaces oue font oeser les
uvr rDu9uur ruuJ uu I uilul uu JUItu ul uub
changements climatiques ne sont pas du
meme ordre que la menace terroriste m6me si,

dans les deux cas, la s6curit6 des populations
est en jeu. Poudant, nous sommes confrontes
la a deux menaces de nature fondamentalement
globale auxquelles on ne peut opposer
nr r'rno ronnnqa nnlloniirra at nlnhalo Nli loc
/^-^^^^^L\ili+A^ ^i l^^ ^i l^^ ^^^^:rv)PUr rJou[rtuJ, | il tuJ uduJUJ, | il tuJ uut t5u-

quences des changements climatiques globaux
ne sont et ne seront 6galement paftagees.
Pourtant, nous sommes collectivement
concernes et nous serons tous affectes, a des
rlonr6q divarc Faaa A I'offot da earro lq

rtrnnnqa na nor rt n2a alro cimnlomontvqu

technologique. Comme face au terrorisme. la

lutte contre les changements climatiques sera
Inna',n nl na an^aJ' 'i"2 q1 17 nlr rcior rrq frnniclWl IVUE VL JU UUI lUUllq our l.Jruotuut o il vt tro,

scientifique, economique et politique. Aucun
bouclier spatial ne nous protegera durablement
contre l'une ou l'autre de ces menaces. lvais
les techriques spatiales peuvent etre bien
Anvnn*aan ^imnlo hnr rnlior FllocUOVOI ILdVU LlU Ul I Jl I rvru uvuuilsr. Lilso
norma+tani r{'nhcorrrr,. - ----, ,Jr. oe mesurer, oe
surveiller et de transmettre. Elles oeuvent ainsi
constituer le cGUr d'un systeme global
d 'intelligence environnementale' capable de
modeliser, comprendre et prevoir l'evolution de
notre 0lanete

En renonqant a ratifier le protocole de Kyoto.
les Etats-Unis ont-ils pris la mesure de la

menace que constitue le rechauffement de la
planete pour notre civilisation et la securite des
oooulations? lls semblent avoir fait le choix
d'adapter leurs modes de production et leur
mnrlAlo onnnnminrra aUX COntfaintes dU

changement climatique avant que celui-ci ne

soit devenu insuoooftable et surtout irreversible.
Danq notto hrinnthoce arrcci lo hoenin .lo
qr rnroillor |a nnmnron^lra n+ rl^ ^rA\,^ir ^o+our vuilrur, uv uvr I rl.,r9r rutv vl uY vt vvvil EDL

essentiel.

C est tout I'enjeu du programme GMES.

Le sidcle de la diplomatie environnementale
En juillet 2001 d Bedin, 188 etats ont reconnu
ensemble les dangers d'un rechauffement
nlanoiairo ot ratilia la nrnlnnnla r'lo lirntn la

dernier rapport de l'lntergovermental Panel on
Climate Change (IPCC)est en effet categorique
sur plusieurs points. La temp6rature moyenne
de l'atmosphere a augmente (de 0 6'C; depuis
un siecle. La composition chimique de
l'atmosphere, et en padiculier la teneur en gaz
a effet de serre. a change et I'activite humaine
en est la cause. Enfin. si rien n est fait pour
reduire les emissions de ces gaz a effet de
serre, la temperature moyenne sur la planete va
augmenter d'ici la fin du siecle de 1 ,4 a 5,8 'C
selon les hypotheses utilisees. Pour mesurer

1800 1900
Year

Figure 2. Concentrations de dioxyde de carbone dans l'atmosphdre de la Terre
depuis les dernidres 250 ann6es.

I
-

:l '

Figure 3. Temp6ratures globales de surface de la mer (SST) qui seront surveill6es par
l'instrument AATSR d'Envisat (source: RAL, GB)

Figure 4. La pr6vision de changements de temp6rature pendant le XXle sidcle grace
aux diff6rents sc6narios d'6mission (de SRES, 2000) et moddles de climat (de IPCC, 2001)
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I'ampleur de la menace que ce
rechauffement constitue, songeons que
le passage de la dernidre dre glaciaire d
la periode temperee que nous vivons
s'est accompagn6 d'un r6chauffement
plan6taire moyen de seulement 4"C. Les
moddles actuels ne permettent pas de
predire avec precision les consequences
de ce rechauffement 0our chaoue
r6gion. Elles pourront etre tres variable
d'une region a l'autre. Ainsi, les
changements climatiques qui vont
advenir oroduiront s6cheresses et
d6sertification pour les uns, inondations
et temoetes oour les autres. Peut-etre
verrons-nous aussi d'heureuses
surprises comme ce 'Sahara veft' prevu
par certains modeles. Par contre, ils
inr-linr rcnt tnr rs deS COnditiOnS

climatioues olus instables et donc des
oerturbations et des evenements
extr6mes olus freouents. Les inondations
qui se multiplient en Europe en sont
peut-etre une premidre indication. Elles

montrent en tout cas a ouel ooint notre
civilisation est devenue sensible a toute
variation, meme faible, des conditions
climatioues.

En effet, un premier constat s'impose:
l'humanite est devenue olus vulnerable aux
phenomenes naturels a mesure que les
populations se sont regroupees dans de vastes
zones urbaines. Ce sont aujourd'hui plus de
3 milliards d'etres humains qui vivent dans des
m6gapoles et sont concentres sur quelques
pour-cent de la surface de la Terre, le long des
fleuves, a proximite des grandes failles
qicminr roc 

^r 
I riqnc loc r6ninnq nAtiorocu,u, |,,Yuvu

s'exposant ainsi aux inondations, aux ouragans
et aux catastrophes telluriques.

Face a ces catastrophes naturelles, les enjeux
sont autant humains qu'economiques. Combien
de temps encore pourrons-nous tolerer que les

catastrophes naturelles tuent autant qu'elles le

font, en particulier les seismes: 25 000 morts
en Turquie en 1999, 6000 a Kobe au Japon
en 1995. Les inondations, si elles sont moins
mortelles, entrainent aussi leur lot de
devastations dans les pays d6velopp6s comme
dans les pays en developpement. Avec
I'augmentation de la variabilite climatique, elles
deviennent aussi plus frequentes. Au plan

6conomique, selon une etude recente d'une
compagnie de r6assurance, les catastrophes
ont co0te plus de 100 milliards d'euros, pour la

seule annee .1999.

Un second constat est dresse dans le raooort
de I'IPCC: I'Homme pese sur son environ-
nement, sur l'6volution du climat et sur les

ressources naturelles. La ouestion n'est olus de
savoir si la ouantite de carbone dans
l'atmosphdre va doubler mais d quelle vitesse
et si nous serons or6oar6s d faire face aux
consenr rences | 'Hnmme est devenu le
premier facteur d'erosion sur Terre, bien avant
le vent, la pluie et les fleuves et le principal

agent de deforestation. En bouleversant ainsi le
relief et la couverture v6g6tale, il modifie
profondement les equilibres naturels. ll preleve

la majeure partie de I'eau douce utilisable A la
surface des continents. Cette deqradation des

ITI@-E@trlENIIIBf]
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Figure 5. Carte
interf6rom6trique du mont
Etna, en ltalie, aprds
l'6ruption du volcan d l'6t6
2001, produite avec des
donn6es des satellites ERS

Figure 6. L 6tendue du trou
d'ozone au-dessus
d'Antarctique le 22
septembre 2000, calcul6e d
partir des donn6es du
satellite ERS-2
(source: KNMI, Pays-Bas)
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milieux, cette rar6faction des ressources, la

deforestation, la s6cheresse, la pollution des
eaux et des sols, contribuent d l'augmentation
de la pression environnementale qui constitue
une source croissante d'ins6curit6,
d'instabilit6s et de conflits. Ces ph6nomdnes
sont aussi des causes de pathologies et
d'affections nouvelles, qu'il s'agisse de
maladies respiratoires dues a l'ozone et au
dioxyde d'azote dans les grandes villes, de la
recrudescence des 6pid6mies de meningite en
Afrique liees a l'augmentation des a6rosols,
cons6quence de la desertification, ou encore
de la reapparition de fidvres h6morragiques
vehicul6es par des insectes dans les r6gions
trooicales.

Une r6ponse collective a l'echelle mondiale est
en cours d'elaboration dans le cadre de
conventions internationales impliquant tous les
pays de la planete. Ce travail est engag6 et la
ratification r6cente du protocole de Kyoto,
m6me en l'absence des Etats-Unis, est un
signe encourageant. Et ce n'est pas le seul.
Deouis le premier sommet de la Terre de Rio en
1992, ce sont plus de 200 trait6s, conventions
et accords internationaux sur l'environnement,
la limitation des produits toxiques, le parlage
des ressources naturelles ou encore la
preservation d'especes et de 169ions
menac6es qui ont vu le jour et sont en cours de
negociation ou en attente de ratification. Les
plus connus sont le protocole de Montreal sur
les CFC et la couche d'ozone, les accords sur
la biodiversite et la desertification et. bien s0r. le
protocole de Kyoto sur les 6missions de gaz d
effet de serre.

Autour de ces negociations, tout un dispositif
de'diplomatie environnementale' rassemblant
expeds et politiques se met en place dans la
plupart des pays pour pr6parer et n6gocier ces
accords. L'enjeu en est la participation d
l'6laboration des rdgles et des contours d'une
gouvernance environnementale de la plandte,
la d6finition des modeles 6conomioues et
politiques du developpement durable, les
conditions de la croissance des pays du Sud et
surtout, les regles de gestion et de partage des
ressources naturelles, et tout particulidrement
de l'eau. Sur toutes ces questions, la conduite
de negociations internationales necessite
une bonne connaissance de l'6tat effectif
de I'environnement et de son 6volution et la
comorehension des causes et des m6canismes
des changements observes afin de pouvoir
6valuer les cons6quences environnementales,
sociales et 6conomioues des mesures
envisagees. La mise en GUVre de ces trait6s et
conventions lorsqu'elles sont 6tablies,
necessite, quant d elle, de disposer de moyens
de v6rification et d'6valuation.

De l"lnformation dominance' d la 'Global
transparency'
Quels peuvent 6tre, vis-a-vis de ces enjeux, la
place et le rdle des satellites?

Dans la n6gociation environnementale, comme
dans toute negociation diplomatique, la
maitrise de l'information est d6terminante.
Durant toute la guerre froide, les affrontements
diplomatiques entres grandes puissances se
sont appuyes sur des services de
renseignement puissants et organises charges
de collecter et d'analyser toute information
pertinente et de la mettre d la disposition des
decideurs politiques et des n6gociateurs. Si
I'essentiel de ces informations 6tait d'abord
collecte 'sur le terrain', dds la fin des ann6es
60, les satellites ont d6montre leur apport
notable. Pour les Etats-Unis et I'Union
Sovi6tique, ils ont rapidement constitue une
source privilegiee de renseignement et les

annees 70 ont vu le d6ploiement de v6ritables
constellations de satellites-espions, les
'Keyhole','Lacrosse' et'Cosmos'.

Avec la chute du mur de Berlin, les enjeux de
souverainete se sont deplaces et les etats ont
cherch6 d asseoir leur presence 6conomique
en soutenant les ambitions internationales de
leurs entreprises. La conquOte des march6s et
le contrOle de la oroduction de marchandises a
pris le pas sur la conquete des territoires et le
contrOle des zones d'influence respectives. Les
ann6es 80-90, qui furent marqu6es notamment
par l'Uruguay round, dernier round de
negociation du GATT, qui a mis en place
I'Organisation Mondiale du Commerce, ont
alors vu l'emergence d'une diplomatie d'un
nouveau genre, qu'on pourrait qualifier de
'diplomatie commerciale'. Dans cette course,
la cl6 a encore 6t6 la caoacit6 des diff6rents
acteurs d acceder a l'information et d en
controler la diffusion, les Etats-Unis allant
jusqu'a en faire une doctrine, celle de
l"lnformation dominance'. Et ld encore on
retrouve, au c@ur de cette doctrine, de
puissants systdmes satellitaires comme le
reseau Echelon', r6seau plan6taire d'6coute,
de traitement et d'analyse des communications.

Les futures n6gociations environnementales
ob6iront a la mOme logique. Chaque
intervenant doit pouvoir s'appuyer sur un
dispositif d"intelligence environnementale' qui
lui permette de surveiller, d'analyser, de
comprendre et d'anticiper les changements de
I'environnement, l'alt6ration ou la rarefaction
des ressources, les menaces que cela peut
faire peser sur les populations et surlout
d'6valuer les cons6quences politiques,
economiques, sociales et environnementales
des choix qui seront faits. Dans cette nouvelle
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diplomatie environnementale, les 6tats ne sont
plus seuls autour de la table. La multiplicit6 des
acteurs impliqu6s dans ces negociations, et
notamment les organisations non gouverne-
mentales et la communaute scientifique, cree
une situation inedite et oose clairement la
question de l'accds aux observations et aux
t6l6communications spatiales, au moins pour
traiter des questions scientifiques et des
problemes li6s au changement global et au

d6veloooement durable. Pourra-t-on aboutir a
davantage de transparence dans I'acces a
I'information et tout oarticulierement e
l'information spatiale? C'est la question de la
'Transparence globale'.

Face aux catastrophes naturelles, il est urgent
rlo rliqnnqor r'lo qrrqtAmoc intanroe da

surveillance, de pr6vision et d'alerte capables
de orevoir et de or6venir les effets des
catastrophes et pas seulement d'en evaluer les

d6gAts. Plusieurs exp6riences en cours, et
notamment la Charte lnternationale sur ies

Catastrophes Naturelles mise en place par
l'ESA, la France (CNES) et le Canada
(ASC), auxquelles se sont joints recemment
l'lnde (ISRO) et les USA (NOAA), ont fait la
d6monstration operationnelle de I'apport
des techniques spatiales pour la prevention,

la pr6vision et la gestion des catastrophes.
Ces experiences ont montr6 que la

r6solution des images, les delais d'obtention
des informations et la permanence des
systdmes de communication necessaires
dans ces situations pour 6valuer les d6gAts et
conduire les operations de secours se
r6vdlent tres proches des sp6cifications des
systemes militaires et de leurs contraintes
op6rationnelles. La pr6vision et la gestion des
catastrophes naturelles posent ainsi le

orobleme de l'utilisation a des fins civiles de
systdmes d'observation militaire et, plus
gen6ralement, de I'utilisation duale des
systemes spatiaux (i.e. des systemes capables
de satisfaire conjointement des besoins civils et
des besoins militaires). La encore, I'alternative
est oosee: 'lnformation dominance' ou 'Global

transparency'?

Gonstruire un systdme de renseignement
environnemental
GMES est un programme europ6en pour
repondre a tous ces besoins. GMES, pour
'Global Monitoring for Environment and
Security', est un programme conjoint de l'ESA
et de la Commission euroo6enne avec la
participation des agences spatiales nationales,
de l'industrie et de la communaute scientifioue.
fobjectif est de coordonner les programmes
spatiaux et les systdmes non spatiaux dedies a
I'observation de la Terre et a l'6tude de
I'environnement avec les efforls de recherche

et d6veloppement engag6s par les 6tats et la
Commission europ6enne et les besoins de tous
les utilisateurs potentiels, afin de constituer,
a terme. un systdme complet d'aide a la

d6cision, publique ou priv6e, capable d'acqu6rir,
de traiter, d'interpreter et de diffuser toute
information utile sur I'environnement, les
risques et les ressources naturelles.

Observer, mesurer
Les techniques spatiales sont un outil ideal
pour la surveillance globale, permanente et
fiable de l'environnement, aussi bien de
I'atmosphere, des oceans que des terres
emergees. Les donnees ainsi recueillies
peuvent couvrir toutes les 6chelles n6cessaires
d'espace, du continent a la ville, jusqu'a
I'habitation individuelle, et de temps, depuis la

decennie pour suivre les changements du
climat, jusqu'a I'heure pour anticiper les
catastrophes naturelles, comme cela se fait
d6jd pour les cyclones tropicaux.

Toutefois, nous ne pouvons pas tout mesurer
depuis l'espace. Beaucoup de paramdtres
essentiels doivent etre mesures dans
I'atmosphere, au sol, dans le sous-sol ou dans
les oc6ans. en oarticulier les donnees
chimiques et biologiques. C'est pourquoi un

systdme d'information comme GMES, doit
6galement s'appuyer sur des observations in
situ de l'environnement. En cela, GMES est
bien I'analogue environnemental des systemes

\)l
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de renseignements traditionnels oir observations
et ecoutes par satellites viennent compl6ter les
informations obtenues sur le terrain.

Mod6lisef comprendre
Mais les donnees soatiales brutes sont
generalement peu utiles pour un utilisateur non
sp6cialiste d la recherche d'informations
pratiques et op6rationnelles sur I'air, le sol, I'eau
ou la v6g6tation. Elles le sont encore moins
pour un ministre ou un diplomate en charge de
negocier un trait6 environnemental dans un
champ de contraintes impos6 par des
consid6rations politiques et economiques.
L utilisation rationnelle des observations de
l'environnement, leur transformation en
information pertinente et utile pour le politique
necessitent un effort de d6cryptage et de
traduction.

La d6cision politique et les choix diplomatiques
doivent oouvoir se fonder sur la meilleure
connaissance des ph6nomenes en jeu. La

compr6hension approfondie des processus est
donc la oriorit6 car nous souffrons d'un d6ficit
de connaissance scientifique sur bon nombre
de questions. En depit des ceftitudes acquises
recemment sur l'6volution de I'environnement
et les causes des catastrophes naturelles, de
nombreuses incertitudes demeurent. R6duire
ces incertitudes demandera un effort soutenu
oour ameliorer les moddles dont nous
disposons et acqu6rir des observations sur de
longue duree necessaires pour nourrir ces
moddles. La mesure globale, continue et
durable de I'environnement terrestre apparait
clairement comme I'objectif premier d'un
systeme GMES tant l'6volution de l'environ-
nement et de ses interactions avec la soci6te
ne peuvent Otre analys6es et comprises
qu'avec l'appui d'observations de longue
dur6e. Celles-ci oermettront d'identifier les
processus responsables des d6gradations
lentes des ressources et de l'environnement
global voire d'6laborer des modeles de
prevision prenant simultan6ment en compte les
processus naturels, les choix energetiques, les

choix industriels ou agricoles, les choix
politiques d'am6nagements et d'urbanisation
et surlout les capacit6s d'6volution et les

besoins des soci6tes.

R6duire les incertitudes, pr6voir et g6rer la
plandte
En ce qui concerne les changements
climatiques, les principales incertitudes poftent
actuellement sur le r6le des nuages et des
aerosols, sur les 6changes entre les oc6ans
et l'atmosphdre, sur les sources et les puits
de carbone, sur les cons6quences des
changements d'occupation des sols, sur le r6le
des calottes oolaires et surlout sur I'effet des

couplages multiples qui interviennent dans le
systeme climatique entre les diff6rents
polluants de l'atmosphdre, entre l'6volution de
la couche d'ozone et l'effet de serre. Le
couplage entre les differentes 6chelles
d'espace et de temps jouera 6galement un r6le
critique. Dans le domaine des catastrophes
naturelles, des progres encourageants ont 6t6
accomplis durant la derniere decennie mais
beaucoup d'incertitudes demeurent, notamment
sur les mecanismes de d6clenchement de ces
catastrophes, la reponse des milieux naturels et
les effets de l'anthropisation sur ces deux
processus.

GMES pourra b6n6ficier de l'exp6rience
acquise dans Ie domaine de la pr6vision
m6t6orologique. Lexemple de la m6t6orologie
est, en effet, instructif a bien des 6gards. Les
services meteorologiques nationaux se sont
developp6s avec ies progrds des connais-
sances sur les processus atmosph6riques et
avec I'elaboration de moddles dynamiques
globaux de l'atmosphere. lls ont progresse
encore r6cemment avec la comprehension du
couplage entre I'oc6an et I'atmosphdre. On
peut observer qu'ils s'appuient, comme GMES
le fera, a la fois sur des observatoires spatiaux,
regroupes sous la responsabilite de l'organisation
europ6enne Eumetsat, et sur des r6seaux
d'observatoires in situ.

l-)oq nananii6c at rlo-- -. -,s servrces anarogues
commencent a se mettre en place pour la
pr6vision de l'etat de la mer, en France avec le
prqet Mercator ou en Norvdge avec le systeme
Diadem/Topaze, deux projets qui s'inscrivent
dans le cadre de I'exp6rience internationale
GODAE. Ld encore, la prevision operationnelle
s'appuie sur le triptyque observations
soatiales/mesures in situ/moddles. GMES
permettra d'etendre ces capacites au domaine
des terres 6merg6es. Or, dans ce domaine,
l'homme interagit directement avec les
processus naturels. C'est ld un d6fi important
de GMES: elaborer aussi bien des systdmes
d'observation que des moddles d'6volution et
de prevision qui prennent en compte
simultanement les processus naturels, les
activites industrielles et les besoins des
soci6t6s.

La pr6vention, la pr6vision et la gestion des
catastrophes en phase operationnelle font
partie des objectifs de GMES. Des efforts
impoftants sont d6ja engag6s en Europe dans
la orevention et la orevision des inondations d
partir des observations spatiales et les premiers

systemes operationnels se mettent en place
auores des s6curit6s civiles et des
gestionnaires de bassins. Les progrds r6alises
dans ce domaine doivent beaucouo d la
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coop6ration exemplaire des industriels, des
soci6t6s de service, des centres de recherche
publics et des administrations responsables.
fapport des images spatiales dans Ia gestion
des situations de crise a 6t6 d6montr6 d
plusieurs reprises par les equipes de secours,
les s6curites civiles et les organisations
humanitaires lors de nombreux evenements
recents (ouragan et glissements de terrain au

Salvador, inondations en France, s6ismes en

Turquie et en Inde, 6ruption du Nyiragongo,
etc.) notamment grace a la Charte Inter-
nationale sur les Catastrophes Naturelles.

Les atouts de I'Europe
Le premier atout de I'Europe est I'existence de
nombreux organismes de recherche qui

travaillent sur la comorehension des
changements climatiques, des risques
naturels, des processus physiques impliqu6s
dans I'evolution des milieux naturels et des
enjeux sociologiques et politiques des
changements globaux ou encore sur les outils
math6matiques, numeriques et informatiques
adaptes a leur mod6lisation. Ces comp6tences
peuvent 6tre mobilisees au profit de GMES, Sur
le theme du changement global, la coop6ration
entre ces organismes est deja bien etablie a
l'6chelle eurooeenne et mondiale a travers des
programmes scientifiques internationaux
comme l"lnternational Geosohere-Biosohere
Programme' (IGBP) et le 'World Climate
Research Programme' (WCRP). Sur les autres
thdmes, et notamment celui des catastrophes
naturelles, il est encore necessaire de
renforcer la coooeration entre tous les
acteurs a I'echelle europeenne.

En appui d ces efforts, des missions
scientifiques exploratoires sont d6velopp6es
dans le cadre du programme 'Living Planet'
de I'ESA, les missions Earth Explorer, ou dans
un cadre national par les diff6rentes agences
en Europe, a l'image du microsatellite
Demeter d6veloppe par le CNES pour les

risques sismiques ou de la'Disaster Monitoring
Constellation' d6veloppee par l'Universit6 de
Surrey en Grande-Bretagne. A terme, les
donn6es fournies par l'ensemble des satellites
des agences spatiales participant au
partenariat international IGOS (lnternational
Global Observing Strategy) pourront contribuer
aux travaux de d6monstration de GMES, voire
d la mrse en ceuvre op6rationnelle de ce
programme.

Le second atout de l'Eurooe est l'existence
simultan6e d'un reseau de services oublics
organis6s d l'6chelle de la communaut6
europ6enne (e.9. l'Agence europeenne pour
l'environnement), des 6tats ou encore des
r6gions et d'un important tissu de societes de

service, notamment sur le marche de
l'information g6ographique. Ces acteurs sont
les mieux places pour coordonner l'expression
des besoins des individus. des collectivites,
dcs cntrcnrises et deS administratiOnS et
relayer I'information fournie par un systeme
GMES jusqu'd son destinataire final, dans la
forme et dans les d6lais qui conviennent. Ces
agents disposent en outre de r6seaux
d'observatoires in situ qui sont, nous I'avons
d6jd dit, une composante essentielle d'un
systdme de renseignement comme GMES.

Enfin, l'Europe dispose deja ou disposera
bientot de satellites qui permettent de traiter
dds aujourd'hui plusieurs des questions qui

relevent de GMES. Toutefois, la majeure partie

de ces satellites n'ont oas de caractere
op6rationnel et, de ce fait, ne repondent pas

a I'exigence de continuit6 d'observation
indispensable d un systdme de renseignement
comme GMES: beaucouo sont des satellites
experimentaux destines a la recherche ou a
des op6rations de demonstration. Seuls les

satellites d'observation m6t6orologique,
exploit6s par Eumetsat (Meteosat, auxquels
succederont bientot MSG - Meteosat Second
Generation - et plus tard MetOp) et les satellites
SPOT, dont le dernier, SPOT-S, vient d'6tre
lance, correspondent a ce critere. Les satellites
canadiens RADARSAT, avec le prochain
lancement de RADARSAT-2, r6pondront
6galement d cette exigence.

Prcgrarnme
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Figure 9. Le satellite Envisat
de l'ESA. lanc6 le 1er mars

2002

L'oc6anographie spatiale devrait atteindre
bientdt ce stade op6rationnel. Cette discipline
s'est developp6e avec Tope></Poseidon, un
prolet conjoint du CNES et de la NASA. Son
plus grand titre de gloire est d'avoir permis
d'elucider le ph6nomdne El Niflo. Plus
g6n6ralement, la prise en compte de I'oc6an
comme r6servoir de chaleur, dans des modeles
coupl6s de l'oc6an et de l'atmosphere, a
ouvert la voie d la pr6vision climatique a moyen
terme. On peut ainsi pr6voir aujourd'hui le
niveau moyen des precipitations sur de
nombreuses regions du globe avec prds de six
mois d'avance et donc anticiper les risques
eventuels de s6cheresses ou d'inondations. On
est bien la au ceur des ambitions de GMES.
Avec le lancement de Jason, touiours en

parlenariat entre le CNES et la NASA, la

continuite des mesures sera assuree Dour
quatre ann6es suppl6mentai res. La su rveil lance
globale des oceans d des fins op6rationnelles
n6cessitera d'assurer la p6rennit6 de ces
mesures au-dela de Jason. C'est l'objet d'un
accord en cours de n6gociation entre le CNES,
la NASA et les deux agences qui de part et
d'autre de l'Atlantioue mettent en euvre les

satellites m6t6orologiques: Eumetsat et la
NOAA.

Les satellites radar ERS-1 et ERS-2 de I'ESA
ont 6galement fourni de longue s6ries de
mesures, principalement en imagerie radar, en
altimetrie oceanioue et sur l'6tat de la couche

d'ozone, dont la perennite est aujourd'hui
assur6e avec le lancement d'Envisat. Ce
satellite permettra en outre d'exp6rimenter de
nombreux autres instruments du systeme
GMES pour le suivi de la chimie de
l'atmosphdre et du cycle du carbone et pour la
pr6vision des catastrophes.

La continuit6 des mesures altim6triques
fournies par Jason et ERS contribuera aussi a
l'etude du cycle de I'eau continentale, d la

surveillance des zones inondables et d la
gestion previsionnelle des ressources en eau,
En effet, les satellites d'altim6trie permettent la
mesure directe du niveau des grands lacs
continentaux et des principaux fleuves.
Demain, les missions CHAMP (financ6 par
l'agence spatiale allemande, le DLR), GRACE
(par la NASA et le DLR) et GOCE (par I'ESA)
devraient aussi apporter leur contribution a ces
probldmes, par la mesure fine des variations du
champ de gravite qui refldtent les changements
de niveau des nappes phreatiques. CryoSat, en
mesurant l'6volution des calottes polaires,
compldtera l'etude du cycle de l'eau.

A terme, il appartiendra d GMES d'assurer la

continuite operationnelle de ces mesures, des
que leur utilit6 aura 6t6 confirmee par une
communaute d'utilisateurs. Cette strat6gie, oit
la continuit6 op6rationnelle est mise en ceuvre
sur la base des resultats 6prouv6s de missions
scientifiques exp6rimentales, est au ceur de la
strategie du programme Earlh Watch de l'ESA
qui cherchera, en outre, d assurer la meilleure
complementarit6 entre les programmes
propres de l'ESA tel TerraSar, les initiatives
nationales et bilaterales en Eurooe et celles des
autres agences dans le monde, reduisant ainsi
les duplications et permettant de couvrir au
olus vite I'ensemble des besoins de GMES.

Comme nous l'avons vu plus haut, le probldme
de I'utilisation duale des systemes spatiaux est
clairement pose dans GMES, pour la pr6vision

des catastrophes et la gestion des crises. Le
programme franco-italien d'imagerie d haute
resolution en cours d'elaboration, qui regroupe
le projet franqais Pleiades et le projet italien
Cosmo-Skymed, r6pond bien d ces besoins
et s'inscrit parfaitement dans les objectifs
de GMES. S'agissant d'un programme
operationnel, un tel systdme offrira une garantie
de continuite des observations essentielle pour
en faire un instrument oermanent des s6curites
civiles dans le monde. ll oermettra en effet de
gerer les aspects op6rationnels des situations
de catastrophes majeures, tels que les
inondations et les tremblements de terre, de
realiser l'6valuation des degAts et de planifier
I'organisation des secours. Cette constellation
aooortera non seulement la haute r6solution et
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la capacite 'tous temps' permise par les radars,
mais egalement des possibilites de
programmation rapide, indispensables en
situation de crise.

Les systemes de t6l6communications sont
6galement appel6s d jouer un role operationnel
imporlant pour la prevention et la gestion des
risques. La mise en orbite prochaine des
satellites Artemis de I'ESA et Stentor du CNES
oermettra de demontrer comment les satellites
de tel6communication oeuvent contribuer a
GMES dans I'acheminement rapide des
donnees d'observation vers les centres de
traitement et les utilisateurs ou encore dans le
maintien des communications et le controle
des operations dans les situations de
catastroohe naturelle. Envisat utilisera cette
capacite pour fournir d ses utilisateurs, qu'ils
soient scientifiques ou operationnels, des
donnees NRT (near-real-time) en moins de trois
neures.

L'Europe et la gouvernance mondiale de
I'environnement
A travers un programme comme GMES,
l'Eurooe disoosera de nombreux atouts dans le
debat sur la mondialisation et le develop-
pement durable. Les diff6rentes manifestations
qui ont stigmatis6 les r6centes r6unions du G8
et de I'OMC, de Seattle d GOnes, ou celles
contre les transports de dechets nucleaires
expriment clairement les preoccupations
environnementales qui 6mergent de ce debat.
Qu'on ne s'y meprenne pas, les 'Tutti Bianci' et
autres manifestants du sommet de Gdnes ne

marchent pas contre la mondialisation. Ce
qu'ils expriment est davantage un souci
extr6me de la plandte et de son avenir. Et c'est
bien naturel pour cette g6neration qui a grandi

avec Internet, dont tous les symboles sont
mondiaux et pour qui le village plan6taire est
bien davantage qu'un slogan politique ou un

argument de librairie. Elle n'eprouve pas les

difficultes de ses aines a se situer dans ce
monde ou chacun peut poursuivre ses etudes
sur plusieurs continents differents et ou un

voyage au bout du monde peut s'organiser en
quelques heures grAce aux agences de voyage
en ligne. Au contraire, pour cette generatron,
les questions de partage de souverainete entre
les etats. l'Europe et les organisations
internationales peuvent paraitre depassees,
quand eux-mOmes r6clament simplement
davantage de regulation. d'equilibre et de
justice dans la gouvernance de leur planete
qu'il s'agisse du rdglement de la dette des pays
pauvres, de la regulation des flux de capitaux,
de la reduction des in6galit6s entre le Nord et Ie
Sud, de l'accds d I'information et a l'education
ou encore de la protection de l'environnement
^+ ^^ 

l^ ^^^,,";+^UL UE IO DEUUI ILE.

En prenant le leadership d'un programme
GMES de surveillance globale de I'environ-
nement et de la securite, l Europe se posera
egalement en interlocuteur de grandes
puissances comme la Russie, la Chine et l'lnde.
Celles-ci sont, en effet, particulierement
nron..:r rnAoq nar l'offet de Seffe et SeSv, vvvvuvvvu vul

consequences. D'abord parce que ces pays

seront parmi les plus gros contributeurs aux
6missions de gaz a effet de serre. Mais surtout
parce qu'ils seront, d'aprds les simulations
dont nous disposons aujourd'hui, les plus

durement touches, avec les pays en
developpement, par les consequences du
changement climatique. Les inondations, les

secheresses, les cyclones et les seismes que
ces pays endurent sont chaque annee plus

catastrophiques. Ainsi, ces pays ont deja fait
connaltre leur rnteret et leur volonte de
participer a un tel effort mondial et, en
particulier, au programme GMES. Le Sommet
Mondial sur le Developpement Durable qui se
tiendra cette ann6e d Johannesburg, dix ans
apres Rio, sera la prochaine grande etape dans
I'elaboration de cette gouvernance environ-
nementale de notre planete. La place qu'y
tiendra l'Europe est d la fois un defi et une
oppoftunite. C'est aussi un enjeu majeur pour
I'avenir de la planete. GMES sera I'un de ses
atouts. @esa
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Integral - Ready to Fly!

K. Glausen, P. Sivac, P. Jensen, B. Henson, E. Balaguer, L. Popken,
P. Strada, G. Tirabassi & P. Rumler
Integral Project Team, ESA Directorate of Scientific Programmes, ESTEC,
ESTEC, Noordwijk, The Nethedands

lntroduction
In+aarnl in an aa+rnnomrr nhcorrratnry ihetlllLUV|dl lJ dl I dJtlUl lur rry vvourvuLvr ), Lr rqL

detects gamma-rays, which lie at the most
energetic end of the electromagnetic spectrum.
lie aim iq tn nrnrrido rn rrnnronodantad hiah-
racnlrrtinn imeninn nenahilitv Inr tha

unambiguous identification of gamma-ray
anr rraoa anrl hinh-onornv-rocnlrrtinn lino

The International Gamma-Ray Astrophysics Laboratory (lntegral) is a
truly international enterprise. While ESA is responsible for the overall
mission, the satellite's development and the flight operations, the
launcher is provided by the Russian Space Agency and the second
ground station is provided by NASA. The scientific instruments and
the Science Data Centre are provided by the mission's Principal
Investigators, with funding from national organisations.

The Integral project was approved in 1993 and the hardware phase
was started in 1996. After a long and difficult development phase
dominated by the design and manufacture of Integral's complex
scientific instruments, the flight model has been successfully tested
during the past year and was recently shipped to Baikonur for launch
on a Proton rocket.

spectroscopy. Due to the low photon flux,
which decreases with higher energies, and due
to the high penetrating power of gamma-rays,
large-area detectors and heavy shielding are
required. Unlike visible light and X-rays,
gamma-rays cannot be reflected by mirrors.
Their irraging is therefore especially
cumbersome and has to be based on the
coded-mask technique, which again involves
high masses and large dimensions. This means
that a gamma-ray mission cannot be achieved
with a mini-satellite and Integral is therefore a
very large and complex spacecraft - in fact it is
ESA's heaviest scientific satellite ever. lt could
be implemented as a low-cost mission only
by using a common Service Module design for
XMM (another ESA scientific mission) and
Integral (Fig. 1), and by relying on extensive
international cooperation.

The Proton launch, planned tor 17 October
2OO2 aI 4.41.OO (UTC), will put Integral into a
highly eccentric 700 km x 153 000 km transfer
orbit inclined at 51 .6o to the Eouator. and with

Figure 1. The Integral flight-
model satellite, with solar

arrays deployed, in the ESTEC
test facilities. Inset, the XMM

satellite with which it shares a
common Service Module

design (lower part)

#il

I
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Figure 2a. Schematic of
Integral's operating orbit

and a cutaway view of the
radiation belts in yellow

Figure 2b. Eclipse regions
and telemetry coverage

from the Redu (B) and
Goldstone (USA) ground

stations immediately after
launch

its apogee in the Northern Hemisphere.
Separation of the spacecraft from the
launcher's upper stage will take place 1.5 h

after lift-off. The Mission Operations Centre
(MOC) located at ESOC in Darmstadt (D) will

then assume control of the satellite using
ground stations at Redu in Belgium and
Goldstone in California. After the initial
checkout, the first five orbits will be used to
commission the spacecraft and to raise the
orbit's perigee from 700 to 10 000 km, to
escaoe the destructive effects of the Earth's
radiation belts on the oerformance of the
scientific instruments. This will be followed by a
five-week performance-validation phase for the
scientific payload. Thereafter, Integral will be
ready to begin observations for the scientific
community, hopefully making many
unprecedented discoveries in the field of high-

energy astrophysics during its five-year
operational lifetime.

The Integral payload consists of two large
gamma-ray instruments

- an lmager (lBlS)

- a Spectrometer (SPl)

and two monitoring instruments:

- two identicalX-ray monitors (JEM-X)

- an Optical Monitoring Camera (ON/C).

These instruments are co-aligned and will
observe the same celestial objects over the full

wavelength range extending from the visible to
high-energy gamma-rays.

The mission
Integral will be launched on a three-stage
Proton rocket, with a Block DM upper stage
that is capable of several separate ignitions,
thereby allowing a variety of different injection
orbits from circular to highly eccentric. After
many detailed studies, an inclined, highly
eccentric orbit with the following characteristics
and its apogee in the Northern Hemisphere
was finally selected:

Apogee height
Porinoo hainhi

Inclination
Period
Maximum eclipse

1 53 O0O km
10 000 km

51.6 deg
3d

1.8 h

This orbit was preferred over a more circular
one due to the simpler injection scenario, which
is less demanding on the satellite's thermal and
power subsystems. The chosen orbit also
means that Integral will spend 84o/o of its time
above an altitude of 60 000 km and hence
completely outside the Earlh's potentially very
damaging radiation belts (Fig. 2a). This will
provide perfect conditions for undisturbed,

80

60

4

aN

,T

F -2g

4

40

{o
50

Ttusr6ol|gN

He'i9ht = 6000 km-- z 
z

Height=4OmO|mi/

38



integral - ready to fly

long-duration real-time scientific observations,
which is one of the mission's primary design
requirements. The two ground stations, Redu
(B) and Goldstone (USA), together provide

complete telemetry coverage for satellite
altitudes above 40 000 km (Fig. 2b).

System design
The spacecraft configuration was driven by: the
decision to re-use the XMM Service Module
design, the mass and field-of-view require-
ments of the instruments, and the constraining
dimensions of the Proton fairing fl-able 1). The
basic programme requirement that the Integral
satellite should be compatible with either an
Ariane-S or Proton launch posed interesting
design challenges. lt required all mechanical
and electrical interfaces, the environmental
requirements, and the spacecraft envelope to
be established for design integrity with both
tauncners.

The large mass of the Spectrometer (SPl) and
the minimum focal length of the lmager (lBlS)

presented serious centre-of-gravity and fairing
envelope problems, besides the need to
distribute the heavy loadings into the Service
Module structure. Nevertheless, with the help
of local cut-outs in the fairing insulation and by
rounding off the corners of the upper part of the
Payload Module, almost perfect balancing of
the satellite has been achieved.

The tight fairing envelope also influenced the
accommodation of the telecommunications
antennas. By placing them on short booms at
diagonally opposite corners of the Service
Module, the desire to avoid deployable booms
and the envelooe constraints were both
satisfied. A dedicated radio-frequency mock-
up test was performed to verify the provision of
full spherical coverage by the antennas.

The spacecraft's Reaction Control System has
four tanks filled with 540 kg of hydrazine, most
of which will be used for the perigee-raising

manoeuvre. The remainder will be available for
off-loading the reaction wheels during routine
satellite ooerations. The usual horizontal
transoortation of the Proton launcher to the
launch oad orecluded re-use of the XMM
internal tank design for Integral. The tank had
to be redesigned to incorporate a diaphragm
separating the pressurant from the fuel, to
avoid the ingestation of gas into the fuel pipes
during the horizontal transpoftation. Also, the
orientation of the 20 N thrusters had to be
reversed compared with the XMM layout
because of the asymmetric nature of Integral's
Payload Module (maintaining the XMM layout
would have caused a high disturbance torque
due to plume impingement).

Table 1. Main spacecraft design drivers and constraints

Main Design Drivers & Constraints

Compatibility with Proton and . Fairing envelope
Ariane-S Launchers . Horizontal launcher transoortation after

satellite hydrazine filling

Commonality with XMM

Science reouirements

Ground-segment outage

Other requirements

The Attitude and Orbit Control Subsystem
(AOCS) maintains the three-axis stabilisation of
the satellite, using a star tracker, fine Sun
sensors, and reaction control wheels for the
fine-pointing mode. The AOCS for Integral has
its own attitude-control comouter and a set of
additional sensors for failure detection. lt was
modified to fulfil the additional design
requirement of using gyros only when they can
be checked out in advance of their application,
following the 'lessons learned' from in-orbit
gyro failures in the past. This implied the
development of a solid-state gyro package,
which is based on the principle of a vibrating
fork and its sensitivity to satellite rotation. The
gyro package is to be used for the emergency
recovery mode if satellite attitude control
should be lost. The package is always active
and, in principle, has an unlimited lifetime.

Dedicated star-tracker baffles were develooed
to achieve the required attenuation of stray light
caused by the larger Sun angle. In addition,
because of the mission characteristics and the
spacecraft's mass propedies, modification of
the AOCS control algorithms and corresponding
software was also required.

lntegral's power subsystem is based on a28Y
regulated power bus. lt comprises the main
regulator unit, the solar arrays (SA), two NiCd
batteries, two power-distribution units (one
PDU for each Module), and a pyrotechnic
control unit to release the solar arrays and
initiate activation of the satellite after its
separation from the launcher. The two
deployable solar-array wings, each with three

o Environmental loads during launch
. Radiation environment after injection

Minimise changes to:
. System design
o Unit design
. Onboard resources

. Undisturbed observation; maximise time
above 40 0OO km

. Real-time operation (observatory)

. Focal length of the instruments

. Co-aligned instruments

36 h of onboard autonomy

Reduce the use of gyros to ground-controlled events
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Table 2. lntegral facts and figures

Mission International Gamma-Ray Astrophysics Laboratory

Objective Fine imaging and spectroscopy of celestial gamma-ray sources in

the energy range 15 keV to 10 MeV

Instruments:

rmager

Spectrometer

X-ray Monitor

Optical Monitor

Launch Vehicle

Operational orbit

Ground stations

Lifetime

Dimensions

Mass

Power/energy Storage

Solar Aspect Angles (SM)

Communication

Mechanical Prooerties

Energy:

15 keV-10 MeV

20 keV-B MeV

3-35 keV

50G600 nm

Perigee height
Apogee height

Inclination

Argument of Perigee 300 deg
RMN
Period

Max eclipse

Instrumentation:

Coded-aperture mask
'16 384 CdTe detectors (each 4 x 4 mm2)

4096 Csl detectors (each 8.4 x 8.4 mm2)

Coded-aperture mask 19 Ge detectors
(each 60 mm diam.) actively cooled to 90 K

Coded-aperture mask
Micro-strip detector (diam. 250 mm) Xe/CHo

CCD detector, refractive optics

.10 000 km
153 000 km
51.6 deg

gas

Proton with Block DM upper stage. Launch from Baikonur.

105 deg
3 days
1.8 hours

Redu (Belgium) and Goldstone (California)

Coverage 100% above 40 000 km

2.2 years nominal - 5.2 years extended

Satellite body: 2.8 m x 3.2 m x 5 m
Solar-array span: 16 m

Total mass
Dry mass
Fuel (hydrazine)

Instrument mass

Load case 1

Load case 2

3954 kg

3414 kg

540 kg

2013 kg

+ 9 g longitudinal, t 1.5 g lateral

+ 0 g longitudinal, t 4.5 g lateral

28 V regulated power bus
Advanced rigid solar arrays, silicon cells
Launch/2.2 years 2377 /1960 W, SM 0 deg

1834/1630 W SM 40 deg
Two 24 Ah NiCd rechargeable batteries

40o nominal mission, 30o extended mission

S-band up- and down-links,2fxed antennas
Telemetry rate 91 kbps
Telecommand rate 2 kbps

First axial mode >38Hz
First lateral mode > 12 Hz

Three-axis-stabilised soacecraft
Absolute pointing enor 5 arcmin (Y,Z) 15 arcmin ffi
Instrument alignment
knowledge 1 arcmin (Y,Z) 3 arcmin ffi

40

Pointing and alignment
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rigid panels, provide 2 kW of power during
sunlit periods at beginning-of-life. The two
rechargeable NiCd batteries (each with 24 Ah
capacity) power the satellite during eclipse.
Originally, these batteries were specifically
selected for Integral due to its longer eclipse
durations, but the same type were also
eventually chosen for XMM due to an orbit
change for that mission. The Payload Module
PDU and all of the wiring harnesses are
Integral-specific designs.

The Onboard Data Handling (OBDH)subsystem's

main functions are to distribute commands, to
sample/format telemetry data, and to provide

data-processing services. The OBDH is built
around the ESA standard OBDH bus and is

fully compatible with the ESA Standards for
Packet Telemetry and Packet Telecommands.
The system consists of a Command and Data
Management Unit (CDMU) and two Remote
Terminal Units (RTUs), one for each Module.
Both real-time and time-tagged commanding
capabilities are supported. Processing services
are provided for spacecraft control, monitoring
of its health and resources, maintenance and

distribution of spacecraft time, as well as the
storage of minimum monitoring data during
periods of satellite non-visibility. The OBDH's
design is basically identical to that of XMM, with
a few imporlant exceptions: the telemetry rate
has been increased to 91 kbps to satisfy the
data-rate reouirements from the scientific
instruments, which has implied adjustments
also to the telemetry carrier modulation.

Several new software modules have been
developed and implemented to satisfy the
requirement for 36 hours of satellite autonomy
in the event of a ground-station outage. This
includes, in particular, on-board monitoring of
any sampled housekeeping parameters and
overall thermal-status monitoring in order to
identify and isolate any system anomalies and
initiate autonomous recovery if any such
malfunction should occur.

A summary of the main Integral facts and
figures is given in Table 2.

Figure 3 is an exploded view of the complete
l^+^^-^l ^^+^lll+^II ILUUIdI JdTUIIILU.

Figure 3. Exploded view of
Integral showing the Service
Module (lower part) and
Payload Module (upper part)
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Assembly, Integration and Verification
(Arv)
The satellite system AIV flow was based on
three models f|able 3):

- a Structural Thermal Model (STM), to qualify
the satellite's structural and thermal design
and to validate the relevant mathematical
models

- an Engineering Model (EM), to verify system
functionalities and performance and to qualify
the design in terms of Electromagnetic
Compatibility (EMC) and Electrostatic
Discharge (ESD)

- a Proto-Flight Model (PFM), which is actually
the flight unit.

Each of these system models contributed a
large part of the subsystem verification,
especially for some elements of the payload
that could not otherwise be tested. The
alignment of masks and detectors, payload
calibration, and detector thermal control are
examples of items that could only be tested at
system level, due to the padicular configuration
of the satellite and the instruments.

In the early part of the prolect, the commonality
of the Integral and XMM Service Modules was
exploited to optimise the integration and test
activities. The largely common Ground Support
Equipment (GSE) helped to reduce costs and
minimise development risk.

Active co-operation between the XMM and
Integal AIV teams was encouraged from the
start of the prolect. Several Alenia AIV
engineers participated in XMM-Newton's
integration, providing support and ensuring the

transfer of experience to the Integral
programme. The SVM, STM and EM

spacecraft, test rigs and electrical equipment
were also reused. The actual test procedures
differed somewhat due to the different
approaches and integration philosophies of the
two prime contractors.

The integration and testing of the complex
Integral payload presented the greatest
challenge. To avoid problems with instrument
integration, ESA provided standardised
spacecraft interface simulators for instrument-
level testing. Alenia AIV engineers were
detached to support the instrument integration
activities and to acquire instrument experience
for the satellite AlV.

Delays in the delivery of the Integral flight-model
instruments resulted in a rethinking of the
spacecraft flight-model test campaign in order
to save as much time as possible between the
last instrument delivery and launch. Whereas
the STM campaign had been divided between
ESTEC in Noordwijk and IABG in Munich, the
FM campaign was conducted completely at
ESTEC, which simplified the logistics and
thereby saved time (Figs. 4 & 5). The alignment
philosophy was also modified: instead of using
a rotary table, which limits the number of
activities that can be conducted in oarallel with
the alignment work, the satellite was kept fixed
on the integration stand and the measurements
were made with a number of 'roaming'
theodolites, communicating wirelessly with a
base computer. This allowed integration and
test activities to continue in parallel, allowing
considerable compression of the AIV schedule.

Movement of the satellite between tests was
also kept to a minimum, because the Spectro-
meter required two vacuum pumping systems
to be connected and a helium cooling circuit for
ground operation. The EMC system test was
therefore performed in the ESTEC integration
area, with the satellite surrounded by moveable
anechoic walls. The instrument calibration
campaign was performed with radioactive
sources suspended from the crane bridge in

the ESTEC clean room, moving the bridge back
and forth to illuminate the satellite under various
incidence angles. The exact positions of the
sources with respect to the satellite were then
reconstructed using theodolites.

A number of tests could not be comoressed or
ootimised further. but were nevertheless run as
effectively as possible thanks to the dedication
of the Industry and ESA teams. Most of the
functional testing was performed using shift
working, The calibration campaign was run 24
hours per day for two weeks, with the

Table 3. Satellite system fests

System Test

Modal survey

Sine vibration

Clamp-band release

Acoustic

Solar-array deployment

Thermal balance/thermal vacuum

Alignment checks

Functional tests

Payload calibration

System validation tests with ESOC

Conducted EMC

Radiated EMC

ESD

RCS leak and performance checks

STM

X

X

X

X

X

X

EM PFM

X

X

X

X

X

X

X

X

X

X

X

+z
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parlicipal o^ of ie srienr slo'esponsible
for a I of the h gh-energy nstruments.
The thermal balance test was also
conducted within the a located time
span, with two hot exposures and two
cod exposures being performed in 19

oays.

Launch-campaign preparation
The typ ca launch carf pa gn for
commerc al sate ites n Baikonur
involves a short 'sh p and shoot'
app'oac". w ti rery in ited atcess time
-or >a-cllte p'eporalio^, Tr adiLonally.
FSAs -oph Sr co-ed scicrti' c :ate ltes
require a longer period for pre-launch
p'eparo-rOr ard ro. to 'each a wOrl^irg
comprom se with our Bussian padners,
ESA ntroduced a number of innovations
to simp ify and speed up the aunch-
prepararon process Tor Inlegra ,

L rsrl;. t^e -ra-soo'l co.llai.lers were
mod fied to accommodate the two
completed satell te Modu es This
allowed the solar arrays, Sun sensors,
antennas and baffles to be fully
assemb ed prior to shipment to
Baikonur Secondly. the satell te
verif cat on needed at the launch site
was optimised to nclude only a post
transporl damage check and a reduced
nstrument and subsystem functiona
Itrsl A Le e-et I I nL" is provided ro

trdr-r>ter tre satelle daLa fr o'r Bai(onL

(

I

t

s-d

:
I

{J
Figure 4. Integral in the
Acoustic Test Facility al
ESTEC

Figure 5. Integral in
ESTEC's Large Space
Simulator (LSS) for thermat-
vacuum testing
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to ESOC in Darmstadt, from where the
instrument teams will perform their final payload

checkouts prior to launch.

The launch campaign starts with the transport
of the ground-support equipment to Baikonur
in mid-AugusI2OO2, followed a few days later
by the Service and Payload Modules in an
Antonov-124 aircraft.

Project management
Integral's baseline costing was founded on
three assumptions:

- provision of the payload through international
coo0eration

- re-use of the XMM Service Module design

- provision of the Proton launcher by the Russian

Space Agency in exchange for scientific data.

All three assumptions were initially a potential
threat in terms of continuation with the mission,
but all were eventually satisfied, allowing the
project development activities to proceed to
completion. The Integral proyect schedule is

shown in Figure 6.

Although the international cooperative approach
eventually succeeded, the initial stages were
sometimes very critical, with key partners
pulling out just at the time of payload selection.
With no clearly defined instrument consortium,
a reshuffling of the cooperative arrangements
between Principal Investigators and funding
agents had to be performed in early 1995 to
save the mission. The payload complement
was also critically reviewed and new teams
were formed, with ESA taking on a greater role
than had initially been foreseen. The interfaces
to the satellite data handling were changed, the
Industry parts-procurement scheme was made
available to the instrument teams, and key
technology developments, such as the cryo-

coolers, were handled directly by the ESA
project team.

Meanwhile, the development of XMM was
proceeding at a rapid pace. The idea of re-

using its Service Module therefore had to be
implemented as quickly as possible in order to
benefit from the potential commonality savings.
Many options had been considered, ranging
from having one prime contractor build both
Service Modules in series, to having different
two prime contractors sharing a common
design. This last option was finally adopted,
and a summary of the scheme is shown in

Figure 7.

The XMM orime contractor started its
procurement activities in 1994, requesting
proposals from subcontractors for two flight
units, one for XMM and the other to be
delivered to the Integral prime contractor.
Alenia Spazio was awarded the prime
contractorship for Integral soon afteruuards,
and took over the management of those
second units from the XMM subcontractors.
This was achieved in a smooth and timely
fashion, allowing the subcontractors to
organise their manufacturing activities in the
most efficient way. Had the two prolects drifted
apart by more than a year during this period, it
is unlikely that the cost savings would have
been so great. Close coordination between the
ESA project teams was essential to ensure that
initial long lead items were financially covered,
first via XMM for both units, then by Integral
itself under its own contracts.

Change and configuration control in this
environment was an initial concern. How would
one cope with a design change originating from
XMM on Integral? Would the change have to be
automatically accepted by the Integral prime

Figure 6. Integral project
schedule
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contractor? How would one deal with an
important non-conformance, or a request for a
waiver? A pragmatic, case-by-case approach
was agreed to by all parties and proved to be
extremely successful, requiring only limited
extra coordination between the ESA project
teams.

The commonality approach was highly
beneficial for the satellite industrial develooment
and was a key factor in allowing the mission to
oroceed. Some benefits were also obtained in
the operations area, although commonality was
not implemented as systematically there as on
the satellite-develooment side.

The provision of the launch by the Russian
Space Agency in exchange for scientific data
has provided a significant cost saving for the
Science Programme. lt is the first time that an
ESA satellite will be launched on a Proton
rocket. The Integral Project was directly
involved in the adaptation to the fairing and the
upper stage, the development of a new
adaptor between the satellite and the rocket,
and the upgrading of the launch facility to meet
Integral's requirements. The co-operation with
the Russian contractors in these efforts was
very constructive.

Conclusion
Integral has broken new ground in the attempt
to increase programme efficiency. Most
important has been the approach of having a
common Service Module for both Integral and
XMM. lt required an intensive system design
efforl by ESA's Integral team and in industry to
allow re-use of the XMM Service Module
with relatively few modifications, without
compromising the Integral mission objectives.
This commonality approach has ultimately
proved highly successful in terms of savings in

development costs, with the sharing of flight
spares and the re-use of thermal and electrical
models, as well as ground-support equipment.
The in-orbit operations feedback from XMM
since its launch has also oroved valuable for the
final Integral design.

Another important Programme decision was to
cooperate with the Russian Space Agency
concerning the Integral launcher. At the time of
that decision, ESA had never used a Russian
launcher and the Proton launcher system had
not yet entered the Western market. In this
cooperation, each side started from a very
different engineering tradition, but converged in

a long and fruitful process on the definition and
adaotation of launcher interfaces and the
optimisation of the orbit and orbit injection. The
launch campaign has also been thoroughly
prepared. The mutual widening of scope in

terms of engineering experience and human
endeavour has been most rewarding.

Integral has now been fully verified on the
ground. lt has withstood all of the
environmental tests conducted at ESTEC
during a thorough campaign, in which it was
exposed to the vibrations and acoustic inputs
of the launch and to the vacuum and thermal
conditions of deep space. All of its functions
have been re-checked after each test and the
satellite has performed exactly as expected.

Integral is ready to flyl
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Introduction
Gamma-ray astronomy is more complicated
than other branches of astronomy because at
high energies matter is transparent, and
therefore source detection and imaging cannot
be accomplished with standard optical-like
technologies. In addition, the weakness of the
source fluxes calls for instruments with large
detector areas, which tends to make them
large and heavy.

Gamma-rays represent one of the most energetic forms of radiation in
nature. They carry large quantities of energy radiated from some of
the cataclysmic of all astronomical events, including exploding stars,
colliding neutron stars, particles trapped in magnetic fields, and
matter being swallowed by black holes. Integral's payload instruments
- lBlS, OMC, JEM-X and SPI - will study these gamma-rays through
detailed imaging and high-resolution spectroscopy, providing
astronomers around the World with their clearest views yet of the
most extreme environments in our Universe.

Blocked photon: stopped by
the closed element of the mask
which shadows the detector

Valid photon: passes through the
open element of the mask and is
recorded bv the detector

I E f, r',rnsr

Vetoed ohoton or oarticle:
coming from outside the
field of view of the
instrument, it is detected
at the same time in the
anticoincidence crystal
and in the detector and is

ANTI-
COINCIDENCE

Figure 1. Basic principles of a
gamma-ray instrument

The first problem to be solved is how to make
an image of a source when the incoming light
cannot be focussed, i.e. it passes through most
matedds without being deviated. The solution
adopted for Integral is to use a method known
as the 'coded-mask technique' (Fig. 1). The
concept is simple, even if the associated
mathematics is far from trivial. A coded mask
can be seen as a chessboard where the black
squares are made of very thick and heavy
material with high atomic number, and the
white squares are either empty or made of very
light and thin material. The incoming gamma-
ray radiation is stopped by the black elements,
but is unaffected by the white elements. Any
source will cast a shadow on the detector,
olaced a few metres below the mask. From the
kind of shadow produced and knowing the
geometric characteristics of the mask (the so-
called 'code'), the position and shape of the
source in the sky can be reconstructed on the
ground. Of course, the presence of several
sources in the sky, the effect ofthe external and
internal backgrounds, and the fact that the
geometry of the mask is much more complex
than a simple chessboard, make the image
reconstruction a complex mathematical exercise.

The second problem is how to image only what
it is in the field of view of the instrument, and to
exclude photons or high-energy particles
reaching the detector from other directions.
This could be achieved by surrounding the
detector with a structure of material so thick
and heavy that it is able to stop any undesired
radiation. Unfortunately, this is not practical for
two reasons: firstly, the structure will weigh
several tons, and secondly too much material
around the detector will create even more
disturbance due to emissions of secondary
radiation. The technique actually used is called
'active anti-coincidence' and the Anti-
Coincidence System (ACS) is a key element of
most gamma-ray instruments. The ACS
consists of several blocks of thick crystal
surrounding the detector, with the exception of
the field of view. When the crvstal is hit bv a
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particle or a photon, it generates a flash of light,
which can be recorded in time. lf the timing
coincides with an event in the detector, the
relevant oarticle or ohoton is considered as
coming from outside the instrument's field of
view and it is disregarded, or'vetoed'.

The detector is the core element of the
telescooe where the interactions with the
photons take place and the relevant signals are
generated. Three interaction mechanisms are
involved: the photoelectric effect, Compton
scattering and pair production, depending on
the energy of the incoming photon. The higher
the energy that has to be measured, the greater
must be the stopping power of the detector,
and therefore its thickness. The quality of the
image generated by the telescope, i.e. its

spatial resolution, depends on the number of
elements constituting each detector, which in
Integral's case ranges from a few tens to
several thousands of crystals. As the goal of
the Integral mission is precise imaging coupled
with fine spectroscopy, the instrument
detectors will also provide high-resolution line

specrroscopy.

Integral's instruments
The Integral payload consists of two main
gamma-ray instruments, and two monitoring
instruments operating in the X-ray and optical
bands (Fig. 2).fhe two high-energy instruments
are the SPI (SPectrometer on Integral), and the
lBlS (lmager on-Board the Integral Satellite).
The X-ray monitor is the JEM-X (Joint European
Monitor for X-rays), and the optical instrument
is the OMC (Optical Monitoring Camera). Allfour
instruments have been designed with good
scientific complementarity in mind in terms of
energy range, energy resolution and imaging
capability. Each of the two main instruments
has imaging and energy-resolution capabilities,
but whilst the lBlS is best for imaging, the SPI
is optimised for spectroscopy. The two
monitors will provide complementary but still

fundamental, observations of the high-energy
sources at X-ray and optical wavelengths.

Also formrng part of the payload is a small
radiation monitor, which will continuously
measure the charged-particle environment of
the spacecraft, particularly the electrons and
orotons. This will orovide essential information

Figure 2. The four Integral
instruments are integrated
on the upper structure of
the satellite, known as the
Payload Module (PLM)
(illustration Medialab)
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ESA/ESTEC S/C Interfaces

LSAMMS SPI Cryocooior

lJ ofsouthamnton TBTS Modelling

U ofLouvain SPI Ge Crvshls
CSL OMC Optics

OMC Bame Assembl!

S P I C o- P.incipal I nr6 li gal o r
SPI D€tgction Assembly
SPT Analog Electronios

SPI Eagineering & Muagemenl
SPT Lowcr Conc Structurc
SPT Cryostat md Themal Control
SPT Application SAV

CEA SPT Digital Electronics
IBIS ISCzu

= 
LAEFF/INTA OMC Principa! Intestigotor

OMC Enginecring & Manogcrenl
OMC Struoture. Themal Control
OMC Application S,A/y'

U of Badona OMC Slar Calalogue

U of Valencia./SENER SPI Mmk
JEM-X Mask
lBtS Mask

Figure 3. The Integral instrument consortia

U of Beryen lBlS Veto High Voltage Bords
lBlS Veto Front End Electronics

f Meto.e* JEM-X Detector Structure and Window

TI
II DSRI JEM-X Principal Inwsligotor

JEM-X Engineeing & Management
.J EM-X Detector Electronics
JEM-X Digital Electonics

MPE Gdching SPI Co-Principot lneesligalor
Pho to m u ltipl ie6

DLR/DASA/DlO SPI Anti Cloinciden€ System

IAAT IBTS Applioation S,4'
TBIS HEPT

E psr TREM
. j'

| | crrrn-raslaSl tBlsPrincipallnrNtiguor
I BIS S),s lcm Co- or di nal io n
JEM-X HV Boards

LABEN IBIS Englneerlng & Management
IBTS Structure. Themal Control
TBIS Veto Mechmical. Electrical & ODtical
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CNR-ITESRE lBlS PlCslT
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MSSL

I f uco,oras

I I cusR

CNIS

OMC Read Out Electronics

OMC Cmera ECSE
OMC Camera Electronics

IF
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J

I SRC JEM.XEGSE
JEM-X Application S/W
lBlS Veto Electlonios

NASAruCSD/Berkeley SPTPSD

NASA/MSFC IBIS MCSE

ffi-

U ot Ferara
SPI Pl6tic Scintillator

JEM-X Detector Collimator

Table 1. Summary of the lntegral payload's main scientific performances

Fully Coded Field of View 16'

Paftially Coded Field of View 35"

Angular Resolution 2.8'(FWHM)

Point Source Location 30 arcmin

Continuum Sensitivity 3 x 1O-7 ph cm-z s-1 keV-1

3 o in 1Oo sec @ l MeV 6E=1 MeV

Parameter

Energy Range

Detector Area

Energy Resolution

Line Sensitivity
3 o in 106 sec

Timing Accuracy 3 o

Limiting Magnitude

Sensitivity to Variations

SPI

20keV-BMeV

500 cm2

2.4 keV @ 1.33 MeV

2 x 1O-5 ph cm-2 s-r
@ lMeV

160 ps

tBts

15 kev - .10 
MeV

27OO cm2

B% @ 100 keV
9%@lMeV

9'x 9'

29" x29'
(zero response)

12 arcmin (FWHM)

30 arcsec (lSGRl)

5 x 1O-7 ph cm-z s-1 keY-r
@ 100 keV 6E=U2

1 .6 x 10-7 ph cm-2 s-1 laeY-t

@ 1 MeV 6E=U2

1.1 x 10-5 ph cm-z s-t
@ 100 keV

5 x 1O-5 ph cm-z s-t
@1MeV

'120 ps - 30 min

JEM-X

3 keV - 35 keV

l OOO cm2 (two units)

16% E>6keV

4.8"

13.2
lTor rocnnna6l

3 arcmin

30 arcsec

'1 .3 x 10-5 ph cm-2 s- 1 keV-1

@6keV
8 x 10-6 ph cm-2 s-1 kev-1

@ 30 keV

1 .7 x 10-5 ph cm-2 s-t
@6keV

5 x 1O-5 ph cm-2 s-r
@ 30 keV

122 ps

oMc

Vjilter (at 550 nm)

'1 .33 x 1.33 cm2
1024 x 1024 pixels

50 mm aperture diameter

12 bits, 4095 digital levels

5"x5"

1 7.6 arcsec x 1 7.6 arcsec

2 ms (frame transfer time)
3 s (time resolution)

17.6 (10 x 100 sec, 3 o)
18.2 (50 x 100 sec,3 o)

mu<O.l,formu<16
(15 x 100 sec, 3 o)
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to the payload in cases where high particle
backgrounds (radiation belts. solar frares) are

being encountered, allowing instrument high
voltages to be switched off and on as
appropriate, and will also provide background
information for sensitivitv estimates.

The four scientific instruments have been
provided by separate scientific consodia, each
led by a Principal Investigator, or Pl (Fig 3).

They are nationally funded, with ESA contributing
the Data Processing Electronics (the dedicated
onboard computers), the cryo-cooler, and high-
reliability electronic components. The pre-
processing and distribution of the scientific data
to the science community will be the responsibility
nf tho lntonrel Qnionco l-)ata Contra /lSl-.)C\

which is also nationally funded via a Pl-led
consodium. A summary of the Integral payload's

main scientific pedormances and spacecraft
resource allocations is given in Tables 1 and 2.

SP/ (Spectrometer on lntegral)
Pls: J.P Foques (formerly G Vedrenne)(CESR
Toulouse) and V. Schonfelder (MPE, Garching)

The SPI is a spaceborne spectrometer
designed to perform high-resolution gamma-
ray spectroscopy (Fig. 4). The instrument will

explore the most energetic phenomena that
occur in the Universe, such as neutron stars,
black holes, supernovae and the most
fundamental problems in physics and astro-
physics, such as nuclear de-excitation, positron

annihilation, and synchrotron emission. To meet
its scientific objectives, the instrument has to
satisfy very challenging measurement require-
ments. lt has thus been designed to provide
good angular resolution and an excellent
energy resolution in the range 20 keV - B MeV
with imaging and accurate positioning of point
sources (-2.8') or extended celestial gamma-
ray emissions. The SPI's detection, shielding
and imaging capabilities for high-energy
photons rely on three main features: a 19-

detector focal plane. an active shielding
telescooe and a oassive coded mask.

lnstrument

Mass

Peak power
in sunlight

Average power
in eclipse

Data rate

SPI

1273 kg

384 W

159 W

Up to 20 kbps

Figure 4. Exploded view of the Spectrometer (SPl), with the core of the instrument,
the detector element, housed in a cryostat (courtesy of CNES)

Table 2. Summary of spacecraft resources allocated to the lntegral payloads (including DPE)

IBIS

731 kg

234 W

BW

Up to 60 kbps

JEM.X

76 kg

68W

BW

Up to B kbps

oMc

23 kg

26W

17W

Up to 2 kbps

Total

2103

712W

192 W

7o of spacecraft
resources

53%

45 o/o

26 a/o

UVS

VCU

AFEEz

PSD T:A-N1/

---+CC

AFEEl

Up to 86 kbps 95 o/o
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