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XMM-NewtonXMM-Newton
Achievements: high-throughput (2x1022 W/cm2 for 6 h exposure), broadband (0.1-

10 keV), medium resolution (20-30 arcsec) X-ray spectrophotometry and
imaging of sources, ranging from nearby stars to quasars

Launch date: 10 December 1999, routine science operations began 1 July 2000
Mission end: nominally after 2 years; 10-year extended mission possible
Launch vehicle/site: Ariane-504 from Kourou, French Guiana
Launch mass: 3764 kg 
Orbit: Ariane delivered it into 838x112 473 km, 40.0°; six apogee burns 10-16

December produced 7365x113 774 km, 38.9°, 48 h
Principal contractors: Dornier Satellitensysteme (prime), Carl Zeiss (mirror

mandrels), Media Lario (mirror manufacture/assembly), MMS Bristol (AOCS),
BPD Difesa e Spazio (RCS), Fokker Space BV (solar array)

The X-ray Multi-Mirror (XMM)
observatory (renamed XMM-Newton in
February 2000) forms the second,
High-Throughput X-ray Spectroscopy,
cornerstone mission of ESA’s
Horizons 2000 space science plan,
concentrating on the soft X-ray portion
of the electromagnetic spectrum
(100 eV to 12 keV). By virtue of its
large collecting area and highly
eccentric orbit, it is making long
observations of X-ray sources with
unprecedented sensitivity. Most of the
50-200 sources in every image are
being seen for the first time. Whereas
the German/US/UK Rosat mission,
launched in 1990, pushed the number
of known X-ray sources to 120 000,
XMM-Newton will see millions.

The heart of the mission is the X-ray
telescope. It consists of three large
mirror modules and associated focal
plane instruments held together by the
telescope’s central tube. Each module
carries 58 nested gold-coated nickel
mirrors using their shallow incidence
angles to guide the incoming X-rays to
a common focus for imaging by the
scientific instruments.

One module uses an advanced PN-CCD
camera (EPIC; see box) capable of
detecting rapid intensity variations
down to a thousand of a second or less
– important for tracking down black
holes. All three EPIC cameras measure
the proportions of different X-ray

wavelengths to give a broad impression
of each source’s spectrum. For a more
thorough analysis, two telescopes
divert about 40% of their beams with
grating stacks to diffract the X-rays,
fanning out the various wavelengths on
to a CCD strip (RGS; see box). Spikes
stand out at specific wavelengths,
corresponding to individual chemical
elements.

Besides its X-ray telescopes, XMM
carries a sensitive conventional
telescope (OM; see box) to observe the
same sections of sky by UV and visible

XMM’s Flight Model
lower module in the

Large Space Simulator
at ESTEC. The three

mirror modules are
clearly visible.
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One of the first science
images: an EPIC-PN
view of the 30 Doradus
region of the Large
Magellanic Cloud. In this
region, supernovae are
seeding the creation of
new stars. At right
centre is the blue-white
arc of a supernova
shockwave heating the
interstellar gas. At lower
right is the remains of
the star that exploded
as Supernova 1987A –
the first naked-eye
supernova since 1604.
The brightest object (left
centre) is also a
supernova remnant star.
(EPIC Consortium)

Far left: combined 30 h
exposures from the
EPIC-PN and EPIC-
MOS cameras of the
Lockman Hole, where a
‘window’ in our Galaxy
provides a view into the
distant Universe. Red
(low-energy) objects
were previously
observed by Rosat, but
green and blue objects
are much more
energetic and are being
seen clearly for the first
time. It is evident that
XMM is detecting vast
number of previously
unknown X-ray sources.

light so that astronomers know exactly
what the satellite is observing. An
exciting prospect is that XMM can
track simultaneously the X-ray and
optical afterglow of gamma-ray 
bursts.

XMM confirms Europe’s position at the
forefront of X-ray astronomy by
providing unprecedented observations
of, for example, star coronas;
accretion-driven binary systems
containing compact objects; supernova
remnants (SNRs); normal galaxies
containing hot interstellar medium as
well as point-like accretion-driven
sources and SNRs; Active Galactic
Nuclei, which may well be accretion-
driven; clusters of galaxies with hot
inter-cluster medium.

Activation of the science instruments
began on 4 January 2000, after the
mirror module and OM doors had been
opened on 17/18 December 1999.
After engineering images were
returned, the first science images from
all three EPIC cameras and OM were
taken 19-24 January 2000. The first
RGS spectrum was produced
25 January. The Calibration &
Performance Validation phase began
3 March 2000; routine science
operations began 1 July 2000.

Satellite configuration: 10.05 m total
length in launch configuration;
10.80 m deployed in orbit, 16.16 m
span across solar wings. XMM’s
shape is dominated by the telescope’s
7.5 m focal length and the need to fit
inside Ariane-5’s fairing. The mirror
modules are grouped at one end in
the Mirror Support Platform (MSP)
and connected rigidly by the 6.7 m-
long CFRP telescope tube to the
scientific instruments in the Focal
Plane Array (FPA). Launch was with
the mirror end attached to Ariane’s
adapter because of centre of mass

http://sci.esa.int/xmm/

XMM in operational
configuration
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The lower module Flight Model in the
Large Space Simulator at ESTEC.

XMM principal features. 1: X-ray mirror
modules (x3). 2: Focal Plane Assembly.
3: EPIC MOS camera. 4: EPIC PN
camera. 5: RGS (x2). 6: Antenna (x2).
7: OM. 8: Star tracker (x2). 9: Service
Module. 10: Telescope sunshield.
11: Solar array wing (x2).

Left: installing XMM-Newton on its
launcher. (CSG/Arianespace/ESA)
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XMM-Newton Scientific Instruments

Three Wolter 1-type mirror modules provide the photon-collecting area
(1475 cm2 at 1.5 keV; 580 cm2 at 8 keV EOL) for three CCD imaging array
cameras and two reflection grating spectrometers; complemented by a
separate optical monitor. Each 420 kg mirror module contains 58
paraboloid/hyperboloid mirrors 60 cm-long with a gold coating providing
the reflective surface at 0.5° grazing incidence. Outermost mirror 70.0 cm
diameter, innermost 30.6 cm; mirror thickness reduces from 1.07 mm to
0.47 mm and separation from 4 mm to 1.5 mm. Focal length 7500 mm.

European Photon Imaging Camera (EPIC)

A CCD camera at the prime focus of each mirror module performs
broadband (0.1-10 keV) imaging/spectrophotometry. Two cameras based
on MOS-CCD technology share the mirrors with the RGS; one camera
using PN-CCD has its own dedicated mirror module. EPIC consortium led
by University of Leicester, UK (PI: M. Turner)

Reflection Grating Spectrometer (RGS)

Half of the exit beams from two mirror modules are intercepted by a
20 cm-deep gold-coated reflection grating stack for dispersion to a CCD
strip at the secondary focus. E/∆E of 300-700 (1st order) for 0.35-
2.5 keV; resolving power >500 at 0.5 keV. RGS consortium led by SRON,
The Netherlands (PI: A.C. Brinkman)

Optical Monitor (OM)

A separate 30 cm-aperture Cassegrain telescope provides simultaneous
coverage at 160-550 nm for coordination with X-ray observations and
pointing calibration. Photon-counting detectors provide 17x17 arcmin
FOV at 1 arcsec resolution down to magnitude +24.5. A 10-position
filter/prism wheel permits spectroscopy. The OM group is led by the
Mullard Space Science Laboratory, UK (PI: K.O. Mason)

Right: each of XMM’s mirror modules houses 58
nested mirrors to reflect the incoming X-rays at

grazing angles to a focus. Two modules also have a
grating stack for spectroscopy.

considerations. Subsystems are
positioned around the external
circumference at this end in the
separate Service Module (SVM),
including solar arrays, data handling
and AOCS. ESA’s Integral gamma-ray
observatory uses the same Service
Module to reduce cost. The FPA is
protected by a Sun shield
incorporating passive radiators for
instruments’ detector cooling.

Attitude/orbit control: four Reaction
Wheels, two Star Trackers, four
Inertial Measurements Units, three
Fine Sun Sensors and three Sun
Acquisition Sensors provide 3-axis
control. Pointing accuracy better than
1 arcmin, with a drift of 5 arcsec/h
and 45 arcsec/16 h. Hydrazine
thrusters provide orbit maintenance,
attitude control and wheel
desaturation: four sets of two thrusters
(primary + redundant) 20 N blowdown
(24-5.5 bar) thrusters sit on each of
four inter-connected 177 litre titanium
propellant tanks. Hydrazine loading
530 kg.

Power system: two fixed solar wings,
each of three 1.81x1.94 m rigid panels
with Si cells totalling 21 m2, sized to
provide 1600 W after 10 years. 28 V
main bus. Eclipse power from two
24 Ah 41 kg NiCd batteries.

Communications: data rate 70 kbit/s in
realtime (no onboard storage) to

stations at Perth (Australia), Kourou
(French Guiana) and – added in Feb 2001
– Santiago (Chile). Controlled from ESOC;
science data returned to Villafranca,
Spain. Observations possible for up to
40 h out of each 48 h orbit, when above
Earth’s radiation belts.

Left: the gold-plated mandrel for one of XMM’s mirrors. Mirror
manufacturing was based on a replication process, which transferred
a gold layer deposited on the highly polished master mandrel to the
electrolytic nickel shell that was electroformed on to the gold.
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ESA’s Advanced Relay and
Technology Mission Satellite aims to
demonstrate new telecommunications
techniques, principally for data relay
and mobile services. At present, users
of Earth observation satellites such
as ERS in low orbit must rely on
global networks of ground stations to
receive their vital data. But, as
information requirements and the
number of missions grow, this
approach is becoming too slow and
expensive and sometimes technically
unfeasible. Two payloads aboard
Artemis will explore data relay
directly between satellites, receiving
data from low Earth-orbiting satellites
and relaying them to Europe: the
SILEX laser terminal and the SKDR
S/Ka-band terminal.

Europe’s Spot-4 and Japan’s OICETS
satellites will use SILEX; Japan’s
ADEOS-2 Earth-observation satellite
and JEM Space Station module may
use SKDR. ESA’s own Envisat will be
an important user of the Ka-band
element.

The L-band payload provides 2-way
links between fixed Earth stations
and land mobiles in Europe, North
Africa and the Near East. This
‘L-band Land Mobile’ (LLM) payload is
fully compatible with the European
Mobile System (EMS) payload already
developed by ESA and flying aboard
Italsat-2. It will be used by Eutelsat.

Artemis also carries a transponder
providing part of the European
Geostationary Navigation Overlay
Service (EGNOS) for enhancing the
GPS/Glonass navigation satellite
constellations.

Artemis is the first ESA satellite to fly
electric propulsion technology
operationally: UK and German xenon
ion thrusters will control the north-
south drift in geostationary orbit. The
attractions of this technology are its
high specific impulse (3000 s) and

ArtemisArtemis
Achievements: first European data relay mission, including first optical

intersatellite link; first European operational use of ion propulsion
Launch: 21:58 UT 12 July 2001
Mission end: design life 10 years
Launch vehicle/site: Ariane-510 from ELA-3, Kourou, French Guiana
Launch mass: 3105 kg (550 kg payload, 1538 kg propellant)
Orbit: planned geostationary, above 21.5ºE
Principal contractors: Alenia Spazio (prime, thermal control, RF data relay

payload), FiatAvio (propulsion), CASA (structure), Officine Galileo (power),
Fokker (solar array), Bosch/Alcatel (RD data relay payload elements), Astrium
SAS (SILEX), Astrium UK (Electro-bombardment thruster), Astrium GmbH (RF
Ion Thruster), Telespazio (ground segment)

Artemis was released into a low transfer 
orbit because of a malfunction in Ariane-5’s
upper stage: instead of the planned
858x35 853 km, 2°, the under-burn resulted
in 590x17 487 km, 2.94°. As scheduled, the
solar wings were partially deployed some 2 h
after launch and began delivering power while
controllers formulated a 4-step recovery
strategy:

1. 18-20 July: the Liquid Apogee Engine (LAE)
fired during five perigee passes to raise
apogee to about 31 000 km.

2. 22-24 July: the LAE raised perigee in three
burns to produce a circular orbit at about
31 000 km, 0.8°, 20 h. The solar arrays were
then fully deployed, as were the two antenna
reflectors.

3. software will be created and loaded for
orbit-raising by the ion engines.

4. from late September 2001 for several
months, the ion engines will raise the orbit to
achieve GEO. Spacecraft commissioning then
requires 2 months.
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Artemis is dominated by
the two 2.85 m-diameter
reflectors for inter-orbit
links and the LLM
payload.

http://telecom.esa.int

Above left: the Flight Model bus at
ESTEC, showing the Large Apogee
Engine. Above it are two ion thruster
nozzles.

Above: unpacking the Flight Model
after its arrival at ESTEC to begin

systems-level testing in July 1998. The
SILEX terminal is at bottom right; the

telescope is pointing down. Above it is
the Ku-band feeder link for the LLM

land mobile package. At top left is the
Ka-band feeder for the SKDR and

SILEX packages.

Left: vibration testing of the Artemis
Structural Model in launch configuration
at ESTEC in December 1996. One of
the ion thruster packages can be seen
at bottom left.
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low thrust (about 20 mN) in contrast
with chemical propulsion. For
Artemis, the result is a mass saving
of about 60 kg. Launch problems
mean that the ion thrusters are being
used unexpectedly to achieve GEO
(see box p.166).

Artemis also differs from the
traditional approach by combining
onboard data handling and AOCS
into a centralised processing
architecture.

Satellite configuration: classical box-
shaped 3-axis bus derived from
Italsat and other European
predecessors. 25 m span across solar
wings. Primary structure of central

cylinder (aluminium honeycomb
skinned by carbon fibre), main
platform, propulsion platform and
four shear panels. The secondary
structure is principally the N/S
radiators, E/W panels and Earth-
facing panel. The central propulsion
module houses the propellant tanks,
LAE, pressurant tanks and RCS
pipes. E panel: L-band antenna/feed.
W panel: IOL antenna. N/S panels:
host most of the electronic
components requiring heat
dissipation. Earth panel: other
antennas and AOCS sensors.

Attitude/orbit control: Earth/Sun
sensors & gyros for attitude
determination, reaction wheels for
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attitude control (RCS thrusters for
wheel offloading). Unified
Propulsion System: conventional
bipropellant (MMH/N2O4) system of
a single 400 N Liquid Apogee
Engine (LAE, for insertion into GEO)
and two redundant branches of
eight 10 N RCS thrusters each.
Propellants in two Cassini-type 700-
litre tanks; helium pressurant in
three spheres. LAE operates at
regulated 15.7 bar, then isolated
once in GEO for RCS to operate in
blowdown mode. E/W positioning
maintained by RCS; N/S by ion
thrusters. Ion Propulsion
Subsystem (IPS) comprises two
thruster assemblies, one each on
N/S faces: a 15 mN RF Ion Thruster

(RIT) and an 18 mN Electro-
bombardment Thruster (EIT). Each
is powered and monitored
separately, but with common
propellant supply (40 kg Xe). 600 W
required in operation.

Power: twin 4-panel solar wings
provide 2.8 kW at equinox after
10 years to 42.5 Vdc bus; eclipse
protection by two 60 Ah nickel-
hydrogen batteries.

Communications: satellite control
from Control Centre and TT&C
station in Fucino Mission Control;
In-Orbit Testing from ESA Redu. See
separate box for Artemis
communications payload.

Artemis Communication Payload

Semiconductor Laser Intersatellite Link Experiment (SILEX)

SILEX is the world’s first civil laser-based intersatellite data relay system. The transmitter terminal
on Spot-4 in LEO will beam data at 50 Mbit/s (bit error rate <10-6) to the receiver on Artemis for
relay via the feeder link to Spot’s Earth station near Toulouse, France. Japan’s OICETS satellite will
also be used in experiments (including 2 Mbit/s from ground via Artemis to OICETS). Each terminal
has a 25 cm-diameter telescope mounted on a coarse pointing mechanism; pointing accuracy
0.8 mrad. Optical power source: 830 nm GaAlAs semiconductor laser diode, peak output 160 mW
(60 mW continuous), beamwidth 0.0004º (400 m-diameter circle at the distance of receiver).
Receiver: silicon avalanche photodiode (SI-APD), followed by a low-noise trans-impedance amplifier;
1.5 nW useful received power. CCD acquisition/tracking sensors direct fine-pointing mechanism of
orthogonal mirrors. A 1 m telescope at the Teide Observatory on Tenerife will also act as a test
station.

S/Ka-band Data Relay (SKDR)

The 2.85 m antenna tracks a LEO user satellite via either loaded pointing table values and/or error
signals to receive up to 450 Mbit/s Ka-band or up to 3 Mbit/s S-band for relay via the feeder link to
Earth. Up to 10 Mbit/s Ka-band and 300 kbit/s S-band can be transmitted by Artemis to LEO
satellite. Single Ka-band transponder (plus one backup) 25.25-27.5/23.2-23.5 GHz rx/tx, adjustable
EIRP 45-61 dBW, G/T 22.3 dB/K, up to 150 Mbit/s each of three channels LEO to Artemis and up
to 10 Mbit/s Artemis to LEO. RH/LHCP on command. One S-band transponder (plus one backup)
2.200-2.290/2.025-2.110 GHz rx/tx, adjustable EIRP 25-45 dBW, G/T 6.8 dB/K, 15 MHz
bandwidth, up to 3 Mbit/s single channel LEO to Artemis and up to 300 kbit/s Artemis to LEO.
RH/LHCP on command. Artemis broadcasts 23.540 GHz beacon to help the LEO satellite track it.

SILEX and SKDR feeder link

Three transponders (plus one backup, 4-for-3) act as Artemis-ground links for SILEX and SKDR.
27.5-30/18.1-20.2 GHz rx/tx, EIRP 43 dBW, G/T 0 dB/K, 234 MHz bandwidth, linear vertical
polarisation.

L-band Land Mobile (LLM)

Designed principally for mobile users such as trains and trucks. Artemis carries 2.85 m antenna and
multiple element feed for pan-European coverage and three European spot beams. Three 1 MHz plus
three 4 MHz SSPA channels, providing up to 650 2-way circuits with EIRP >19 dBW 1550 MHz
L-band transmitting to terminals (1650 MHz receiving) and 14.2/12.75 GHz Ku-band rx/tx for the
feeder links to the home stations. All channels fully tunable and most commandable LH/RHCP. LLM
provides an operational service in conjunction with Italsat-2’s European Mobile System package (also
funded through ESA).
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ProbaProba
Achievements: ESA’s first small satellite for technology demonstration, highest-

performance computing system yet flown by ESA, first flight of new type of
Earth-observation instrument

Launch date: planned for September 2001
Mission end: 2-year nominal mission duration
Launch vehicle/site: auxiliary passenger on India’s PSLV-C3 (main payload

Technology Experiment Satellite) from Sriharikota, India
Launch mass: 95 kg (payload 25 kg)
Orbit: planned 570x640 km, 97.8° Sun-synchronous
Principal contractors: Verhaert Design & Development (B; prime), Spacebel (B;

software), Verhaert/SIL/Netronics (B/UK/NL; RF, power & avionics), SAS (B;
ground segment), Université de Sherbrooke/NGC Aerospace (Canada; attitude
control and navigation), Space Systems Finland (FIN; software validation tool),
Officine Galileo (I; solar array).

ESA’s small, low-cost Proba (Project
for On-Board Autonomy) satellite is
designed to validate new spacecraft
autonomy and 3-axis control and
data system technology as part of the
Agency’s In-orbit Technology
Demonstration Programme. India’s
Polar Satellite Launch Vehicle will
carry it as a passenger into a Sun-
synchronous orbit, which is required
for Proba’s main payload. Provided as
an ESA Announcement of
Opportunity instrument, this is the
novel CHRIS imaging spectrometer.

Proba is ESA’s first fully autonomous
spacecraft, specifically aimed at
reducing the cost of space-mission
operations and including some of the
most advanced technology yet flown.
It carries the highest-performance
computing system yet flown by ESA,
with 50 times the processing power of
Soho. It relies on radiation-hard
SPARC (ERC-32) and DSP processors,
the latter resulting from an ESA-
European Union co-funded
technology development effort.

Proba’s high-performance attitude
control and pointing system supports
the complex directional spectral
reflectivity measurements of CHRIS.
The GPS-based position and attitude
determination and autonomous star
sensor technology make it one of the

best-performing small satellites in
production.

Proba offers the opportunity for rapid
flight-testing of technologies such as
miniature digital cameras and
distributed sensing, all of which are
of strategic importance for future ESA
missions and European industrial
competitivity.

In particular, the following autonomy
functions have been implemented:

– commanding for management of
onboard resource and
housekeeping functions;

– scheduling, preparation and
execution of scientific observations
(eg slew, attitude pointing,
instrument settings);

– scientific data collection, storage,
processing and distribution;

– data communications management
between Proba, scientific users and
the ground station;

– performance evaluation and
estimation of drifts, trends;

– failure detection, reconfigurations
and software exchanges.

A core of technologies to demonstrate
autonomy is accommodated in the
attitude control and avionics
subsystems as an integral part of
Proba’s design:
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– autonomous double-head star
tracker, all-sky coverage, high-
accuracy for Earth observation and
astronomy. Can autonomously
reconstruct inertial attitude from
‘lost in space’ attitude (Space
Instrumentation Group, Technical
Univ. Denmark);

– GPS L1 C/A receiver and four
antennas for position and medium-
accuracy attitude determination. It
provides all essential AOCS
measurements without ground
intervention, plus all onboard
timing for autonomous operations
(Surrey Satellite Technology Ltd,
UK);

– ERC-32 onboard computer performs

guidance, navigation, control,
housekeeping, onboard scheduling
and resource management. It
supports all processing normally
performed on ground. It is a space
version of a standard commercial
processor, intended by ESA to
validate a computing core for
future spacecraft. >80 Krad SPARC
V7 processor, 10 MIPS &
2 MFLOPS with floating-point unit;

– Digital Signal Processor (DSP),
TCS21020, for payload data
processing;

– Memory Management Unit, 1 Gbit,
as part of Payload Processor Unit,
to support autonomous data
transmissions (Astrium UK).

Proba is ESA’s
first small satellite for

technology demonstration.
(The apertures reflect an

earlier configuration.)
Inset: the flight model

during integration
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S-band patch antenna (x4)

Earth-viewing:
CHRIS, HRC, WACA: Astrium/Sira star tracker

B: DTU star tracker

velocity

Sun

B

B

A

DEBIE

DEBIE

GPS antenna (x4)

SREM

Top right and centre right: the flight model at prime contractor
Verhaert D&D. Centre left: the CHRIS imaging spectrometer will provide
new perspectives for land surface studies. Lower right: the two DEBIE
detectors and their processing unit. Bottom left: vibration testing of the
launcher final stage and piggyback payloads (all structural models) at
Sriharikota, February 2001. Proba is at right; DLR’s BIRD at left. Bottom
right: the SREM radiation detector.
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Proba Scientific Payload

Compact High Resolution Imaging Spectrometer (CHRIS)

Targeted at directional spectral reflectance of land areas; Proba slewing
allows multiple imaging (typically 6) of same Earth scene under different
viewing & illumination geometries. This permits new land surface
biophysical & biochemical information to be derived. For example, it
should be possible for the first time to distinguish between variations in
leaf biochemistry and leaf/canopy structure (such as wilting due to water
stress), which both affect the spectral reflectance of vegetation canopies.
Range 415-1050 nm, spectral resolution 5-12 nm, spatial resolution 
25 m at nadir, swath width 19 km, area CCD. The spectral bands are
fully programmable over whole range; up to 19 can be acquired
simultaneously at full resolution. Contractor: Sira Electro-optics (UK).

Space Radiation Environment Monitoring (SREM)

Measures electron (0.3-6 MeV) & proton (8-300 MeV) fluxes using three
detectors (two stacked) and total dose (RadFET). Box 10x12x22 cm;
2.5 kg. Contractor: Contraves (CH).

Debris In-orbit Evaluator (DEBIE)

Measures mass (>10-14 g), speed and penetration power using impact
ionisation, momentum & foil penetration detection of Proba’s sub-mm
meteoroid & debris environment. Two 10x10 cm impact detectors, on 
ram side and deep space face, plus processing unit. Standard detector
designed for different missions with little modification; also planned for
International Space Station in 2004. Contractor: Patria Finnavitec (FIN).

Cameras

High-level imaging requests handled by Proba’s planning capability to
predict ground target visibility. High Resolution Camera (HRC) is a black
& white camera to demonstrate high-res (10 m) imaging using a
miniaturised telescope (Cassegrain, 115 mm aperture dia, focal length
2296 mm) and steerable spacecraft; also complements CHRIS
multispectral imaging. 1024x1024 CCD detector using 3D packaging
technology. FOV 0.504º across diagonal. Wide Angle Camera (WAC) is a
miniaturised (7x7x6 cm) black & white camera using a 640x480 CMOS
Active Panel Sensor. FOV 40x31º. WAC (already carried by XMM-Newton
and Cluster) is for public relations and educational purposes; 40 Belgian
schools in the EduProba project will perform WAC & HRC experiments 
via the Internet. Contractor: OIP (B).

Smart Instrumentation Point (SIP)

SIP sensors provide measurements of total radiation dose and
temperature around the spacecraft, using smart sensor and 3D
technology. Contractors: Xensor (NL), 3D plus (F).

Satellite configuration:
600x600x800 mm box-shaped
structure of conventional aluminium
honeycomb design. Load-carrying
structure is of three panels in ‘H’
configuration. Top panel: 4 GPS
antennas, 2 S-band patch antennas,
solar cells. Ram panel: DEBIE sensor,
solar cells. Anti-ram panel: SREM
sensor hole, solar cells. Deep-space
panel: star sensor (2 holes), solar cells.
Earth panel: CHRIS aperture, 3 S-band
patch antennas, launcher interface.

Attitude/orbit control: 3-axis
stabilisation by four 5 mN-m Teldix
reaction wheels (unloaded by three
5 Am2 Fokker magnetotorquers);
attitude determination by autonomous
high-accuracy (<10 arcsec) 2-head star
tracker, GPS sensor & 3-axis
magnetometer. Nadir pointing to
150 arcsec accuracy; off-nadir inertial
pointing to 100 arcsec. A second star
tracker (Astrium UK/Sira) is validating
a new star-pattern recognition
algorithm. Autonomous navigation via
GPS and orbit propagation. No onboard
propulsion.

Power/thermal system: 4x4 cm
200 µm-thick GaAs cells on a Ge
substrate body-mounted on five faces
provide 90 W peak (72 W max.
required; 17 W in safe mode),
supported by 9 Ah Li-ion battery (AEA
Technology, UK). 28 Vdc bus. Passive
thermal control.

Communications: S-band link to ESA
Redu (B) control centre (2.4 m dish);
4 kbit/s packet TC uplink, 1 Mbit/s
packet TM down (2 W redundant
transmitter). 1 Gbit Memory
Management Unit, orbit allows
complete dump at least every 12 h if
required.

Operations: controlled from a dedicated
ground station at ESA Redu (B; 2.4 m
dish). Scientific data distributed from
Redu via a webserver. Contractors: SAS
(B), Enertec (F), Gigacomp (CH).

Proba-2

Proba-2 will demonstrate technology
miniaturisation and improvements in the
capabilities of small satellites:

– miniaturised attitude sensors;
– attitude control for high-res sensors;
– electric propulsion, such as FEEP;
– deorbit devices, possibly a 30 m tether;
– communication using commercial

telecommunications satellite services;
– integrated data handling and power;
– 100 Mbit/s Ka-band downlink.

It also provides a flight opportunity for
technological and scientific payloads; an AO
will be released in 2001. Proba-2’s 6-month
Phase-B is expected to begin in 2001;
Phase-C/D requires 2 years. Launch is
projected for end-2003. ESA’s financial
envelope is €8 million, as part of the General
Support Technology Programme.
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ESA’s second generation remote-
sensing satellite not only provides
continuity of many ERS observations
– notably the ice and ocean elements
– but adds important new capabilities
for understanding and monitoring our
environment, particularly in the areas
of atmospheric chemistry and ocean
biological processes.

Envisat is the largest and most
complex satellite ever built in Europe.
Its package of 10 instruments is
designed to make major contributions
to the global study and monitoring of
the Earth and its environment, such
as global warming, climate change,
ozone depletion and ocean and ice
monitoring. Secondary objectives are
more effective monitoring and
management of the Earth’s resources,

and a better understanding of the
solid Earth processes.

As a total package, Envisat’s
capabilities exceed those of any
previous or planned Earth
observation satellite. The payload
includes three new atmospheric
sounding instruments designed
primarily for atmospheric chemistry,
including measurement of ozone in
the stratosphere. The advanced
synthetic aperture radar can collect
high-resolution images with a
variable viewing geometry, together
with new wide swath and selectable
dual-polarisation capabilities. A new
imaging spectrometer is included for
ocean colour and vegetation
monitoring, and there are improved
versions of the ERS radar altimeter,

EnvisatEnvisat
Achievements: Europe’s largest and

most sophisticated satellite;
Europe’s most ambitious Earth-
observation mission and a key tool
in understanding the Earth system

Launch date: planned November 2001
Mission end: 5-year nominal mission

duration
Launch vehicle/site: Ariane-5 from

Kourou, French Guiana
Launch mass: 8140 kg (2145 kg

payload; 300 kg hydrazine)
Orbit: planned 800 km circular,

98.54º Sun-synchronous, 35-day
repeat cycle with same ground
track as ERS-2, 10:00am
descending node mean local time

Principal contractors: Dornier (mission
prime), Matra Marconi Space-
Bristol (satellite & Polar Platform
prime; MMS-Toulouse: Service
Module; Dornier: Payload
Equipment Bay), Dornier (payload;
MMS-Portsmouth: ASAR; MMS-
Toulouse: GOMOS; Alcatel Espace
Cannes: MERIS & LRR; Dornier:
MIPAS; Alenia Aerospazio: MWR &
RA-2), Alcatel Espace (Payload Data
Segment)



Envisat in operational
configuration.
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microwave radiometer and
visible/near-IR radiometers, together
with a new very precise orbit
measurement system.

Envisat will observe many of the
factors related to changes in
atmospheric composition. The results
of these changes include the
enhanced greenhouse effect,
increases in levels of UV-B radiation
reaching the ground and changes in
atmospheric composition.
Understanding the processes involved
and the ability to observe the key
parameters are both currently
lacking.

The oceans exert a major influence on
the Earth’s meteorology and climate
through their interaction with the

atmosphere. Understanding the
transfer of moisture and energy
between ocean and atmosphere, as
well as the transfers of energy by the
oceans themselves, are matters of
scientific priority. Envisat will
contribute to this area by providing

Envisat in launch configuration 
inside the Ariane-5 fairing.

(Dornier)

http://earth.esa.int
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The wavelength ranges
of Envisat’s suite of

instruments.

GOMOS will enable
simultaneous monitoring of ozone
and other trace gases in Earth’s
atmosphere, as well as
temperature distributions in the
stratosphere.

The range of ASAR
operating modes
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information on ocean topography and
circulation, winds and waves, ocean
waves and internal waves,
atmospheric effects on the sea
surface, sea-surface temperatures,
coastal bathymetry and sediment
movements, as well as the
biophysical properties of oceans.

The Earth’s land surface is a critical
component of the Earth system as it
carries more than 90% of the
biosphere. It is the location of most
human activity and it is therefore on
land that human impact on the Earth
is most visible. Within the biosphere,
vegetation is of fundamental
importance as it supports the bulk of
human and animal life and largely
controls the exchanges of water and
carbon between the land and the
atmosphere. Yet our understanding of
the many processes involved is
limited. Envisat observations will
characterise and measure vegetation
parameters, surface water and soil
wetness, surface temperature,
elevation and topography. These are
critical data sets for improving
climate models.

Last, but not least, the cryosphere is
a key component of the climate
system. It includes the ice sheets as
well as sea-ice and snow cover. Here,
Envisat’s all-weather capabilities will
be exploited to the full as the
hostility, remoteness, winter
darkness, inclement weather
conditions and frequent cloud cover
of high-latitude ice/snow-covered
regions make the use of remote
sensing mandatory. Envisat will
provide important information on
seasonal (and long-term) variations in
sea-ice extent and thickness,
evolutions in the ice sheets and snow
cover. All affect the climate system;
several are very sensitive indicators of
climate change. Here again, our

knowledge of many of the processes
involved is lacking.

The satellite comprises the payload
complement mounted on the Polar
Platform. Some of the instruments
focus on ensuring data continuity
with the ERS satellite: ASAR, AATSR
and RA-2 with the MWR, DORIS
and LRR supporting instruments
(see the box for instrument details).
Observation of the ocean and
coastal waters – with the retrieval of
marine biology constituent
information – is the primary
objective of MERIS. The ability to
observe the atmosphere, following
on from the GOME instrument on
ERS-2, is significantly enhanced by
three complementary instruments:
SCIAMACHY, GOMOS and MIPAS.
They can detect a large number of
atmosphere trace constituents by
analysing absorption lines, and
characterise atmospheric layers by
complementary limb and nadir
observations.

Envisat flight model during integration and
alignment tests at ESTEC, April 2000. (ESA)
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Satellite configuration: 10.5 m long,
4.57 m diameter envelope in launch
configuration; 26x10x5 m deployed in
orbit. The satellite comprises the bus
(Polar Platform; PPF) and the payload.
The PPF is divided into the Service
Module (derived from Spot-4’s SM
and providing power, AOCS and
S-band communications) and the
Payload Module providing data
handling, power and communications
for the payload.

Attitude/orbit control: primary 3-axis
attitude control by five 40 Nms
reaction wheels, magnetorquers for
fine control (0.1º 3σ). Hydrazine
thrusters provide orbit adjust and
attitude control. Attitude
determination by Earth, Sun and star
sensors, with gyros.

Power system: single 5x14 m
14-panel Si solar wing generates
6.5 kW after 5 years (1.9/4.1 kW
average/peak to payload); eclipse
power provided by eight 40 Ah NiCd
batteries.

Communications: Flight Operations
Segment including Flight Operations
Control Centre at ESOC working via
the primary S-band TT&C station at
Kiruna-Salmijärvi (S). Payload Data
Segment including Payload Data
Control Centre at ESRIN, Payload
Data Handling Stations at Kiruna-
Salmijärvi (X-band data) and ESRIN
(Ka-band data via Artemis), Payload
Data Acquisition Station at Fucino (I,
X-band data) and 6 Processing
Archiving Centres in F, UK, D, I, E &
S. Data transmission by 100 Mbit/s
channel for ASAR and one
0-32 Mbit/s and nine 0-10 Mbit/s
channels for others. Three 30 Gbit
tape recorders with Low Bit Rate
(LBR) recording at 4.6 Mbit/s;
60 Gbit solid-state recorder for LBR
plus ASAR high-rate & MERIS full-
resolution; playback 50 Mbit/s.
Realtime and recorded data via
X-band direct links and Ka-band via
Artemis (steerable 90 cm-diameter
antenna on 2 m-long mast); each
with two channels of 50 &
100 Mbit/s.

Dornier
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Envisat Payload

Advanced Synthetic Aperture Radar (ASAR) ESA

Improved version of ERS SAR. 5.331 GHz, 1.3x10 m array of twenty 66.4x99.5 cm radiating panels
(each 16 rows of 24 microstrip patches). Imaging mode: HH or VV polarisation, 29x30 m/2.5 dB
resolution, 7 selectable swaths 100-56 km wide at 15-45º incidence angles, 96.3 Mbit/s, 1365 W
power consumption. Alternating polarisation mode: HH + VV, 29x30 m/3.5 dB, 7 selectable swaths
100-56 km at 15-45º, 96.3 Mbit/s, 1395 W. Wide swath mode: HH or VV, 150x150 m/2.5 dB,
405 km swath width in 5 subswaths at 17-42º, 96.8 Mbit/s, 1200 W. Global monitoring mode: HH or
VV, 1000x1000 m/1.5 dB, 405 km swath width in 5 subswaths at 17-42º, 0.9 Mbit/s (allowing
onboard storage), 713 W. Wave mode: HH or VV, 30 m/2.0 dB, two vignettes of 5x5 km every
100 km in any swath at 20-45º, 0.9 Mbit/s, 647 W. Up to 30 min of high-resolution imagery can be
returned on each orbit. 830 kg.

Radar Altimeter (RA-2) ESA

Fully-redundant nadir-pointing pulse-limited radar using 1.2 m-diameter dish at 13.575 GHz &
3.3 GHz. Derived from ERS RA; 3.3 GHz channel added to correct for ionosphere propagation
effects. Fixed pulse repetition frequencies of 1800/450 Hz are used respectively by the two
channels. Onboard autonomous selection of transmitted bandwidth (20, 80 or 320 MHz) makes
possible continuous operation over ocean, ice and land. Altitude accuracy after ionospheric
correction improved to <4.5 cm for Significant Wave Height up to 8 m. 110 kg, 100 kbit/s, 161 W.

Advanced Along-Track Scanning Radiometer (AATSR) UK/Australia

Continues data from ERS-1/2 ATSR on sea-surface temperatures (accurate to 0.5 K) for climate
research and operational users. AATSR adds land and cloud measurements for vegetation biomass,
moisture, health and growth stage, and cloud parameters such as water/ice discrimination and
particle size distribution. Seven channels: 0.555, 0.67, 0.865, 1.6, 3.7, 10.85 & 12 µm, spatial
resolution 1x1 km, swath width 500 km. 101 kg, 625 kbit/s, 100 W.

Scanning Imaging Absorption Spectrometer for Atmospheric Chartography (SCIAMACHY) D/NL

240-2380 nm grating spectrometer (limb/nadir viewing) for detrimental trace gas measurement in
troposphere/stratosphere. Resolution 2.4 Å UV and 2.2-14.8 Å visible/IR. Swath 1000 km wide in
nadir mode. 198 kg, 400 kbit/s (1867 kbit/s realtime), 122 W.

Medium Resolution Imaging Spectrometer (MERIS) ESA

MERIS is the first programmable imaging spectrometer. 400-1050 nm, 250 m spatial/12.5 nm
spectral resolution (adjustable as required), swath width 1130 km. Water quality measurements,
such as phytoplankton content, depth and bottom-type classification and monitoring of extended
pollution. Secondary goals: atmospheric monitoring and land surfaces processes. 207 kg,
24/1.6 Mbit/s (full/reduced resolution), 148 W average.

Michelson Interferometer for Passive Atmospheric Sounding (MIPAS) ESA

A Fourier transform spectrometer observing mid-IR 4.15-14.6 µm limb emissions with high spectral
resolution (<0.03 cm-1), allowing day/night measurement of trace gases (including the complete
nitrogen-oxygen family and several chlorofluorocarbons) in stratosphere and cloud-free troposphere.
Global coverage, including poles. 320 kg, 533 kbit/s (8 Mbit/s raw), 195 W.

Global Ozone Monitor by Occultation of Stars (GOMOS) ESA

Two UV to near-IR spectrometers observe setting stars through the atmosphere for 50 m vertical
resolution and 0.1% annual variation sensitivity of ozone/related gases. Occultation method is self-
calibrating and avoids the long-term instrumental drift problems of previous sensors.
Spectrometer A: 2500-6750 Å, resolution 0.3 nm/pixel; B: 9260-9520 Å (H2O) and 7560-7730 Å
(O2), resolution 0.05 nm/pixel. The Fast Photometer Detection Module provides 1 kHz 2-band
scintillation monitoring of the star image. 163 kg, 222 kbit/s, 146 W.

Microwave Radiometer (MWR) ESA

A nadir-viewing 23.8/36.5 GHz Dicke radiometer with 600 MHz bandwidth. ERS MWR design
modified mainly in the mechanical layout and antenna configuration. Radiometric stability <0.5 K
over 1 year. Periodic onboard calibration by switching receiver input between two references: a horn
pointing at the cold sky and a hot radiator at ambient. MWR determines tropospheric column water
vapour content by measuring the radiation received from Earth’s surface to correct RA-2 altitude
measurements. 25 kg, 16.7 kbit/s, 23 W.

Doppler Orbitography & Radio-positioning Integrated by Satellite (DORIS) France

DORIS determines the orbit with accuracy of cm. It receives 2.03625 GHz & 401.25 MHz signals
from ground beacons and measures the Doppler shift every 7-10 s. 91 kg, 16.7 kbit/s, 42 W.

Laser Retroreflector (LRR) ESA

Precise orbit determination using cluster of laser reflectors mounted close to RA-2.
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ESRO approved development of
Europe’s first applications-satellite
project in 1972, creating the Meteosat
system that is now an integral and
indispensable part of the world’s
network of meteorological satellites.
The success of the first three pre-
operational satellites paved the way
for the Meteosat Operational
Programme in 1983 (Meteosat-4/5/6)
and the current Meteosat Transition
Programme (Meteosat-7).

ESA was responsible for developing
and operating the system on behalf of
the newly-created European
Organisation for the Exploitation of
Meteorological Satellites (Eumetsat),
which took direct operational control
on 1 December 1995. The Meteosat
Second Generation (MSG) is ready for
introduction in 2002 to provide
services until at least 2014. ESA
continues responsibility for
developing and procuring these
satellites; MSG-1 funding is shared
by ESA (two-thirds) and Eumetsat,
while MSG-2/3 are fully funded by
Eumetsat.

MSG is a significantly enhanced
follow-on system to Meteosat,
designed in response to user
requirements to serve the needs of
‘nowcasting’ applications and
Numerical Weather Prediction (NWP),
in addition to providing important

data for climate monitoring and
research.

MSG carries the new Spinning
Enhanced Visible and Infrared Imager
(SEVIRI), improving on its Meteosat
predecessor:

• 12 spectral channels, instead of
three, to provide more precise data
about the atmosphere, improving
the quality of the starting
conditions for NWP models,

• 15-min imaging cycle, instead of
30-min, to provide more timely
data for nowcasting, helping in the
forecasting of severe weather such
as thunderstorms, snow and fog,

• better horizontal image resolution
in visible light (1 km vs 2.5 km) to
greatly help forecasters in detecting
small-scale weather phenomena,

• the all-digital data transmission
increases performance and data
rates.

Digital image data and meteorological
products will be disseminated via two
distinct channels: High-Rate Image
Transmission for the full volume of
processed image data in compressed
form; Low-Rate Image Transmission
for a reduced set of processed image
data and other data in compressed
form. Different levels of access to
HRIT and LRIT data will be provided
through an encryption system.

MSGMSG
Achievements: continues and extends Europe’s geostationary meteorological

satellite system
Launch dates: planned MSG-1 July 2002; MSG-2 December 2003; MSG-3 2007
Mission end: 2014 (7-year design lives)
Launch vehicle/site: Ariane-4 or -5 from Kourou, French Guiana 
Launch mass: about 2 t (MSG-1 dry mass 1063 kg)
Orbit: geostationary over 0°
Principal contractors: Alcatel Space Industries (Cannes, prime), Astrium SAS

(radiometer), Astrium GmbH (power system, AOCS, propulsion system), Alenia
Spazio (Mission Communication Package), Saab-Ericsson Space (Data Handling
Subsystem)

http://www.esa.int/msg/
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The Eumetsat central processing
facility in Darmstadt will generate a
range of meteorological products,
including:

• atmospheric wind vectors at
various altitudes,

• cloud analysis providing
identification of cloud layers with
coverage, height and type,

• tropospheric humidity at medium
and upper levels,

• high-resolution precipitation index,
• cloud top height images for aviation

meteorology,
• clear sky radiances
• global airmass instability,
• total ozone product.

The Global Earth Radiation Budget
(GERB) instrument was selected by
ESA as an Announcement of
Opportunity payload for MSG-1.
Eumetsat then decided to fund
further instruments for MSG-2 and
MSG-3. GERB will provide critical
data on the Earth’s reflected solar
and thermal radiation for climate
research.

MSG will provide
enhanced
meteorological services
until at least 2014. (ESA)

The MSG-1 Structural and Thermal Model (STM)
during assembly at Alcatel’s facility in Cannes,

France. The SEVIRI imager is in the centre, with its
(covered) viewing aperture pointing down and left.

(ESA/Alcatel Space Industries)

http://www.eumetsat.de
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The principal features of the Meteosat Second
Generation spacecraft. (Alcatel Space Industries)

Integration of the SEVIRI Engineering Model at Astrium
SAS. The telescope stands 1.3 m high, plus the 1.2 m-

high passive cooler for cooling the infrared detectors.
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MSG Earth Observation Payload

Spinning Enhanced Visible and Infrared Imager (SEVIRI)

SEVIRI returns 12 visible/IR full-disc Earth images every 12 min,
followed by a 3 min reset period. The 5367 mm-focal length telescope
uses three lightweight Zerodur mirrors. The 51 cm diameter circular
main mirror is combined with a 512x812 mm elliptical scanning mirror,
stepped with MSG’s rotation to scan Earth’s disc at 9 km intervals south
to north. There are 42 detector elements: 9 for High-Resolution Visible
(HRV, 0.5-0.9 µm) and 3 each for the other 11 channels: 0.56-0.71, 0.74-
0.88, 1.50-1.78, 3.48-4.36, 8.30-9.10, 9.80-11.80 & 11.00-13.00 µm
(enhanced imaging); 5.35-7.15, 6.85-7.85, 9.38-9.94 & 12.40-14.40 µm
(air-mass, pseudo-sounding). Data sampling intervals 3 km, except 1 km
for HRV. 270 kg, 153 W nominal power consumption.

Global Earth Radiation Budget (GERB)

Together with SEVIRI, GERB enables study of water vapour and cloud
forcing feedback, two of the most important (and poorly understood)
processes in climate prediction. It measures Earth’s long- and shortwave
radiation to within 1%; a full scan takes 5 min. Bands: 0.35-4.0 and
0.35-30 µm (4.0-30 µm by subtraction). 45x50 km nadir pixel size.
Instrument 26 kg, 36 W power consumption, 55 kbit/s data rate.
Cooperative project by UK, Italy and Belgium; developed by consortium
led by Rutherford Appleton Laboratory, UK.

In addition to these instruments,
MSG will receive 100 bit/s Data
Collection Platform information for
distribution in near-realtime, and the
Search & Rescue transponder will
relay 406 MHz distress signals from
ships, aircraft and other vehicles to
the COSPAS-SARSAT system.

Satellite configuration: 3.218 m-dia,
3.742 m-high (2.4 m body) stepped
cylinder, with SEVIRI field of view at
90° to axis for scanning Earth disc.

Attitude/orbit control: operationally
held within ±1° at 0° longitude by
thrusters. Spin-stabilised (by
thrusters) at 100 rpm anti-clockwise
around main axis parallel to Earth’s
axis. Attitude information from Earth
horizon and Sun sensors.
Bipropellant (MMH/MON-1) Unified
Propulsion System (94 kg dry) of two
400 N apogee engines for 3-burn
insertion into GEO and six 10 N
thrusters. Four 75 cm-dia spheres
hold up to 976 kg propellant.

Power system: eight panels 2.4 m
high, 1.25 m wide on cylindrical body
carry 7854 32x60 mm high-ε Si cells,
supported by two 29 Ah 27.5 kg NiCd
batteries, deliver 700 W at equinox
after 7 years. Solar array mass 76 kg.

Communications payload: raw data
downlinked at 3.27 Mbit/s
1686.8 MHz L-band using one of
three 10 W solid-state transmitters,
together with relayed Data Collection
Platform data, to Eumetsat in
Darmstadt, Germany. L-band
retransmits processed imagery
received at S-band and other data to
users in high/low rate data streams
(up to 1 Mbit/s without compression).
MSG’s data volume is a magnitude
greater than the current Meteosat.
Telecommand/telemetry at S-band.

The MSG-1 STM being prepared for shipping from
Alcatel in Cannes to ESTEC for testing in 1998. The

black & white panels simulated the thermal
characteristics of the real solar array. SEVIRI’s

covered aperture is at left. 
(ESA/Alcatel Space Industries)
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ESA’s International Gamma-Ray
Astrophysics Laboratory (Integral) is
dedicated to the fine spectroscopy
(E/∆E=500) and fine imaging (angular
resolution: 12 arcmin FWHM) of
celestial gamma-ray sources in the
energy range 0.015-10 MeV. Integral
was selected by the Agency’s Science
Programme Committee in 1993 as the
M2 medium-size scientific mission. It
is conceived as an observatory with
contributions from Russia (Proton
launcher) and NASA (Deep Space
Network ground stations).

Integral will provide the science
community at large with an
unprecedented combination of
imaging and spectroscopy over a wide
range of X-ray and gamma-ray
energies, including optical
monitoring. For the first time,
astronomers will be able to make
simultaneous observations over seven
orders of magnitude in photon energy
(from visible light to gamma-rays) of
some of the most energetic objects in
the Universe.

Gamma-ray astronomy explores
nature’s most energetic phenomena
and addresses some of the most
fundamental problems in physics and
astrophysics. It embraces a great
variety of processes: nuclear
excitation, radioactivity, positron
annihilation, Compton scattering, and
an even greater diversity of
astrophysical objects and
phenomena: nucleosynthesis, nova
and supernova explosions, the

interstellar medium, cosmic ray
interactions and sources, neutron
stars, black holes, gamma-ray bursts,
active galactic nuclei and the cosmic
gamma-ray background. Not only do
gamma-rays allow us to see deeper
into these objects, but the bulk of the
power radiated by them is often at
gamma-ray energies.

The two main instruments are SPI
and IBIS (see table). The fine
spectroscopy by SPI over the entire
energy range will permit spectral
features to be uniquely identified and
line profiles to be determined for

IntegralIntegral
Achievements: detailed spectroscopy and imaging of celestial gamma-ray sources;

largest ESA science satellite
Launch date: planned for September 2002
Mission end: 2-year nominal duration; spacecraft designed for minimum 5 years
Launch vehicle/site: planned on Proton from Baikonur Cosmodrome, Kazakhstan
Launch mass: about 4100 kg
Orbit: planned 10 000x153 000 km, 51.6°, 72 h
Principal contractor: Alenia Spazio
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physical studies of the source region.
The fine imaging capability of IBIS
within a large field of view will
accurately locate and hence identify
the gamma-ray emitting objects with
counterparts at other wavelengths,
enable extended regions to be
distinguished from point sources and
provide considerable serendipitous
science, which is very important for
an observatory-class mission.

These instruments are supported by
two monitors for complementary
observations in the X-ray (JEM-X)
and optical (OMC) bands. SPI, IBIS
and JEM-X have a common principle
of operation: they are all coded-
aperture mask telescopes. This
technique is the key that allows
imaging at these high energies, which
is all-important in separating and
locating sources.

One of Integral’s most important
objectives is to study compact
objects, e.g. neutron stars and black
holes. Almost all are significant

sources of high-energy radiation.
Integral will image them in
unprecedented detail and SPI will
provide the first detailed physical
analysis at gamma-ray energies.

star trackers

SPI

OMC

service module

IBIS coded
mask

JEM-X coded
masks

Left: the Integral Flight Model ready for payload integration at Alenia Spazio.

Integral’s Structural and Thermal Model (STM) at ESTEC in 1998. The patterned
coded-aperture mask for IBIS is visible at top right. SPI is the cylindrical unit at
left. Facing page: SPI’s 2.75 MeV image of a simulated star using a sodium-24
source is the first-ever high-resolution (better than 2°) gamma-ray image beyond
1 MeV produced by the coded mask technique. It was generated during the SPI
calibration campaign at CESR Toulouse in April 2001.



186

Satellite configuration: 5 m high, body
diameter 3.7 m, 16 m span across
solar wings. The Service Module
(SVM) design, including power, data
handling and attitude/RCS, is reused
from the XMM mission, with minor
modifications. The science
instruments are accommodated in
the Payload Module (PLM), designed
to be tested separately and then
attached to the SVM via simple
interfaces.

Attitude/orbit control: four Reaction
Wheels, two Star Trackers, four Inertial
Measurements Units, a Rate
Measurement Unit, three Fine Sun
Sensors and three Sun Acquisition
Sensors provide 3-axis control. Pointing
accuracy better than 15 arcmin, with a
drift of 4 arcsec/h. Hydrazine thrusters
provide orbit adjust, attitude control
and wheel desaturation: four pairs
(primary + redundant) of 20 N
blowdown (24-5.5 bar) thrusters sit on
the SVM base, supplied by four inter-
connected 177-litre titanium

Integral’s STM under test in ESTEC’s Large Space
Simulator in 1998. The Service Module, at left, is the

XMM STM. Adopting a common SVM design and
Russia’s provision of the Proton launch in exchange

for observing time have allowed this cornerstone-
class mission to be executed at the cost of a

medium-class project.

propellant tanks. Hydrazine loading
520 kg.

Power system: two fixed solar wings,
each of three 1.81x1.94 m rigid
panels of Si cells totalling 21 m2,
sized to provide 1600 W after
10 years. 28 V main bus. Eclipse
power from two 24 Ah 41 kg NiCd
batteries.

Communications: science data rate
85 kbit/s in realtime (no onboard
storage) to ESA Redu & NASA
Goldstone ground stations. Controlled
from ESOC; science data routed by
ESOC to the Integral Science Data
Centre (provided by the user
community) in Geneva, Switzerland.
ESTEC’s Integral Science Operations
Centre will plan the observation for
uplinking by ESOC. Observations will
be possible above Earth’s radiation
belts, from about 40 000 km.

Further information on Integral can be found at

http://astro.estec.esa.nl/Integral/
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Integral Scientific Instruments

SPI IBIS JEM-X OMC
Spectrometer Imager X-ray Monitor Optical Monitor

Energy range 0.020-8 MeV 0.015-10 MeV 3-35 keV 500-850 nm

Detector 19 6x7 cm Ge 16384 CdTe Microstrip CCD
cooled to 85 K (4x4x2 mm) Xe-gas (1.5 bar) + V-filter

4096 CsI
(9x9x30 mm)

Detector area (cm2) 500 2600 CdTe; 3100 CsI 2x500 2048x1024 pixel

Spectral resolution 2 keV at 1.3 MeV 7 keV at100 keV 1.5 keV at 10 keV –

Field of View 16 9x9 4.8 5x5
(fully coded, degrees)

Angular res. (FWHM) 2.5º 12 arcmin 3 arcmin 17.6 arcsec/pixel

10σ source location < 60 arcmin < 1 arcmin < 20 arcsec < 8 arcsec

Continuum sensitivity* 7x10-8 at 1 MeV 4x10-7 at 100 keV 9x10-6 at 6 keV 19.2m (103 s)

Line sensitivity* 5x10-6 at 1 MeV 1x10-5 at 100 keV 2x10-5 at 6 keV –

Timing accuracy (3σ) 129 µs 92 µs 122 µs vary in 1 s units

Mass (kg) 1309 746 65 17

Power (W) 385 240 50 15

*sensitivities are 3σ in 106 s, units photons/(cm2 s keV) continuum, photons/(cm2 s) line

SPI

The spectrometer performs spectral analysis of gamma-ray sources and regions with unprecedented
energy resolution using 19 hexagonal high-purity germanium detectors cooled by active Stirling
coolers to 85 K. A hexagonal coded-aperture mask 1.7 m above the detection plane images large
regions of the sky. To reduce background radiation, the detector assembly is shielded by an active
scintillator veto system around the bottom and side of the detectors almost up to the coded mask. 
Co-PIs G. Vedrenne (CESR Toulouse, France) & V. Schoenfelder (MPE Garching, Germany).

IBIS

The imager provides fine imaging and spectral sensitivity to continuum and broad lines over a wide
energy range, achieved by two layers of detector elements: a front layer of CdTe backed by CsI
elements. A tungsten coded-aperture mask 3.2 m above the detection plane is optimised for high
angular resolution. The two layers of detectors allow the photons to be tracked in 3D as they scatter
and interact with elements. The aperture is restricted by a lead tube system and shielded in all other
directions by an active scintillator veto system. PI: P. Ubertini (IAS Frascati, Italy).

JEM-X

The X-ray monitor is crucial for identifying gamma sources by making observations simultaneously
with the main gamma-ray instruments. Its prime 3-35 keV energy band can be extended to 100 keV.
Two identical imaging microstrip gas chambers each view the sky through a coded-aperture mask
positioned 3.2 m above the detection plane. 
PI: N. Lund (Danish Space Research Institute, Denmark).

OMC

The optical monitor consists of a passively cooled CCD in the focal plane of a 50 mm lens. It offers
the first opportunity for making long-duration optical observations simultaneously with those at
X/gamma-rays. Variability patterns from tens of seconds up to years are monitored.
PI: A. Gimenez (INTA Madrid, Spain).
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SMARTSMART-1-1
Planned achievements: test new technologies, first European lunar orbiter, first

global map of lunar elements
Launch date: nominally November 2002 (window October 2002 - October 2003)
Mission end: nominally after 6 months of lunar-orbit operations
Launch vehicle/site: Ariane-5 from Kourou, French Guiana
Launch mass: 350 kg (15 kg science payload)
Orbit: planned GTO, then lunar orbit of 300-2000x10000 km, 90°, with pericentre

over South Pole (±30º)
Principal contractors: Swedish Space Corp (prime), SNECMA (plasma thruster),

APCO (bus structure), Saab Ericsson Space (integration, test, thermal, RTUs,
harness), Fokker Space (solar array), CRISA (battery management electronics),
Primex (hydrazine system); Phase-A May - September 1997, Phase-B April 1998
- June 1999, Phase-C/D October 1999 - October 2002

SMART-1 is the first of the Small
Missions for Advanced Research in
Technology of ESA’s Horizons 2000
science plan. Its principal mission is
to demonstrate innovative and key
technologies for deep-space science
missions. Its primary objective is to
flight test Solar Electric Primary
Propulsion (SEPP) for future large
missions; the BepiColombo Mercury
mission will be the first to benefit,
followed by Solar Orbiter and,
probably, LISA, GAIA and Darwin.

ESA’s Science Programme Committee
(SPC) in November 1998 approved a
lunar-orbiting mission as the
baseline, with the possibility of
extending it to a flyby of a near-Earth
asteroid. The SPC approved the
€84 million (1999 rates) funding in
September 1999; the prime and
launch contracts were signed in
November 1999. The low budget
meant that a low-cost launch and a
new procurement and management
approach were adopted. SMART-1
will therefore fly as an auxiliary
payload on a commercial Ariane-5
launch into GTO. The SEPP will be
used to spiral out from GTO over 15-
18 months, followed by lunar
swingby, lunar capture and then
spiralling in to a near-polar lunar
orbit with a perilune of 300-2000 km
and an apolune of 10000 km.
SMART-1’s SEPP will use a 70 mN

Hall-effect xenon plasma thruster
from SNECMA,

The SPC confirmed the selected
science payload in November 1999
following AOs in March 1998
(science) and April 1998 (technology).
It includes a 5° field-of-view
multicolour micro-camera (AMIE)
with high resolution and sensitivity
even for lunar polar areas. A very
compact IR spectrometer (SIR) will
map lunar minerals and look for
water and carbon dioxide ice in
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SMART-1 will use its
PPS-1350 plasma
thruster (bottom left) to
spiral out from GTO to
the Moon.
(ESA/J. Huart)

eternally shadowed craters. An X-ray
mapping spectrometer (D-CIXS) will
provide the first global map of the
major rock-forming elements and also
X-ray monitoring of very bright
cosmic sources during the cruise. The
absence so far of global maps of
magnesium, aluminium and silicon
abundances is a serious hurdle to
understanding the Moon. The XSM
solar X-ray monitor will also perform
spectrometric observations of the Sun
during the cruise. The lightweight
SPEDE will characterise the natural
and induced plasma environment
around the spacecraft. The
complementary EPDP technology
package will monitor the plasma and
contamination created by the SEPP
thruster. The RSIS radio science
investigation makes use of the KATE
X-Ka radio transponder technology
payload to perform several
experiments. One, in conjunction
with AMIE, will measure lunar
libration as a demonstration of the
crucial BepiColombo investigation of
Mercury’s internal structure.

AMIE will help to validate deep-space
optical communications (LaserLink
Experiment) using ESA’s Optical
Ground Station at the Teide
Observatory in Tenerife. The camera
will also validate the OBAN
autonomous navigation experiment
based on image processing. For the

spacecraft bus, a combination of off-
the-shelf hardware and innovative
application has been used. For
example, the communications bus is
inherited from the automotive
industry. 

In synergy with its technology
objectives, SMART-1 provides an
opportunity for lunar science
investigations. These include studies
of the chemical composition and
evolution of the Moon, of geophysical
processes (volcanism, tectonics,
cratering, erosion, deposition of ices
and volatiles) for comparative
planetology, and high-resolution
studies in preparation for future
steps in lunar exploration. The
mission could address several topics

http://sci.esa.int/smart/

SMART-1 Technology and Science Goals

– test SEPP and characterise the induced
environment

– test new spacecraft and payload
technology for Cornerstone missions
(Li-ion modular battery package, X-Ka
deep-space transponder with turbo-codes,
deep-space laser link, Swept Charge
Device X-ray detector, onboard software
auto-code generation & autonomy)

– Moon elemental geochemistry and
mineralogy

– Moon geology, morphology & topography
at medium- & high-resolution

– Moon exospheric and polar environment
– cruise observations of X-ray cosmic

sources
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SMART-1 payload experiments.

Expt. Investigation Main Team
Code Type Investigator Co-Is Description of Experiment

AMIE Principal J.L. Josset F, NL, Asteroid Moon Imaging Experiment. 
Investigator (CSEM, CH) FIN. miniaturised CCD (1024x1024-pixel) camera, 

I, ESA 27 m res from 300 km, 4 fixed filters (750, 
847, 900, 950 nm), 5.3° FOV, 16.5 mm-dia 
aperture, 154 mm f.l., micro-Data Processing 
Unit. Also supports LaserLink, OBAN 
& RSIS. 1.8 kg (camera 0.45 kg), 9 W

LaserLink Guest Z. Sodnik  Demonstration of a deep-space laser 
Technology (ESA) link with ESA Optical Ground Station:
Investigator OGS aims 6 W 847 nm laser with 

< 10 µrad accuracy for detection by AMIE.

OBAN Guest F. Ankersen Validation of On-Board Autonomous 
Technology (ESA) Navigation algorithm. AMIE stares at planet/
Investigator asteroid, ground software uses star tracker 

datato remove spacecraft attitude motions 
to reveal relative velocity vector. Ground 
demonstration only.

SPEDE Principal H. Laakso FIN, S, Spacecraft Potential, Electron & Dust 
Investigator (FMI, FIN) ESA, Experiment. 2 Langmuir Probes on 60 cm-

USA long CFRP booms measure spacecraft 
potential and plasma environment created 
by EP. 0-40 eV, 0.7 kg,2 W

EPDP Technology G. Noci I, ESA, Electric Propulsion Diagnostics Package 
Investigator (Laben FIN, A for monitoring the EP; plasma environment 

Proel, I) characterisation. Plasma (0-400 eV):
Langmuir Probe and Retarding Potential 
Analyser. Quartz-Crystal Microbalance 
measures mass of deposited 
contamination; dedicated solar cell monitors 
neutral ion deposition. 2.3 kg, 18 W

RSIS Guest L. Iess USA, D, Radio-Science Investigation System monitors 
Science (Univ. Rome, UK, F, the Electric Propulsion, using KATE and 
Investigator I) ESA, S AMIE.

SIR Technology U. Keller D, UK, SMART-1 IR Spectrometer. Miniaturised 
Investigator (MPAe, D) CH, I, 256-channel near-IR (0.9-2.4 µm) grating 

IRL spectrometer for lunar surface mineralogy 
studies. 1.1 mrad FOV, 6 nm spectral res, 
330 m spot size at 300 km. Passively cooled 
InGaAs array. Good discrimination between 
pyroxenes, olivines & feldspar; possible 
detection of H20, CO2 & CO ices/frosts. 
1.7 kg, 2.0 W

D-CIXS/ Technology M. Grande S, E, Demonstration Compact Imaging X-ray 
XSM Investigator (RAL, UK) I, F, Spectrometer for mapping main lunar rock-

J. Huovelin ESA, forming minerals (Si, Mg, Fe, Na, O, C; 
(Univ. USA 30 km res) via X-ray fluorescence. 24 Swept 
Helsinki, FIN) Charge Detectors plus micro-collimators. 

0.5-10 keV. X-ray Solar Monitor using 
Peltier-cooled Si diode measures the solar 
X-rays that excite the Moon’s fluorescence. 
0.8-20 keV. Total D-CIXS/XSM: 3.3 kg, 10 W

KATE Technology R. Kohl ESA, Ka-band TT&C Experiment, demonstrates 
Investigator (Dornier, D) UK, I X-band (8 GHz) + Ka-band (32-34 GHz) 

telecommunications (up to 500 kbit/s from 
lunar orbit) & tracking (X/Ka-band Doppler 
improves accuracy) and tests turbo-codes 
(2-3 dB increase) and VLBI operation. 
5.2 kg, 18 W
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such as the accretional processes
that led to the formation of planets,
and the origin of the Earth-Moon
system. SMART-1 will also prepare
the scientific community for the
BepiColombo mission.

Satellite configuration: box-shaped
115x115x94.5 cm 45 kg bus of
conventional aluminium
construction, with twin solar wings
spanning 14 m. Thin-walled riveted
thrust cone carries main loads (top,
equipment and bottom platforms) and
houses Xe tank.

Primary propulsion: PPS-1350 Hall-
effect Stationary Plasma Thruster,
70 mN at 1350 W inlet power, 10 cm-
dia chamber, SI 1500 s, up to 80 kg
Xe propellant, mounted in 2-degree-
of-freedom gimbals, pointing accuracy
0.02º.

Attitude/orbit control: 3-axis zero
momentum by 4x2.5 Nms Teldix
reaction wheels, 10 arcsec accuracy

for 10 s required; 8x1 N hydrazine
thrusters (4 kg hydrazine) for RW
unloading and high-rate recovery.
Attitude determination to 4 arcsec by
two autonomous star trackers.

Power system: twin 3-panel (each
800x1778 mm) solar wings, adapted
from Globalstar design, GaAs/InP
multi-junction cells, 1850 W @ 1 AU
BOL. Supported by 5 Li-ion batteries
totalling 600 Wh capacity.

Communications: no realtime science
or operations, ground contact for
< 8 h every 4 d via 15 m ESA station
network. Experimental mobile XKaT
laboratory based at ESTEC as backup
(S-band 62 kbit/s, X-band 2 kbit/s
from lunar orbit, Ka-band
120 kbit/s). Redundant 4 Gbit solid-
state mass memory. S1MOC Mission
Operations Centre at ESOC, STOC
Science & Technology Operations
Centre at ESTEC.

Inset: the glow of ionised Xe
from the PPS-1350 thruster

(SNECMA)



192

RosettaRosetta
Planned achievements: first comet orbiter, first comet lander, first solar-powered

deep space probe, first European probe beyond Mars
Launch date: planned for 02:12 UT 13 January 2003 (19-day window)
Mission end: 10 July 2013 (perihelion)
Launch vehicle/site: Ariane-5 from Kourou, French Guiana
Launch mass: 3011 kg (165 kg Orbiter science payload, 90 kg Lander)
Orbit: planned 200x4000 km, Earth parking orbit; heliocentric; cometocentric
Principal contractors: Astrium GmbH (prime), Astrium UK (bus), Astrium SAS

(avionics), Alenia Spazio (AIV), DLR (Lander). Mission Definition 1993-1996,
Phase-B March 1997 - September 1998, Phase-C/D 12 April 1999 - May 2002

The International Rosetta Mission
was approved in November 1993 by
ESA’s Science Programme Committee
(SPC) as the Planetary Cornerstone
Mission in the Horizon 2000 science
programme. Rosetta’s main goal is
mankind’s first rendezvous with a
comet: 46P/Wirtanen. Comets are the
most primitive objects in the Solar
System so they hold many clues to
the evolution of the Sun and planets.
On its way to Wirtanen, Rosetta will
inspect two asteroids, Otawara and
Siwa, at close quarters.

The mission has a number of unique
features and challenges, including a
fixed launch date and a flight of
10.5 years in deep space while relying
on electrical power from solar arrays.
The considerable variations in the
distances from the Sun (1.05-
5.25 AU) and the Earth have major
effects on thermal control, solar array
design and telecommunications.
Onboard autonomous operations are
particularly important because the
round-trip light time for radio signals
exceeds 90 min for a significant part
of the mission.

Orbiting the comet for more than a
year, Rosetta will observe changes in
surface activity as the nucleus is
warmed by the Sun. Instruments will
analyse the effusions of dust and gas
and determine the chemical,

mineralogical and isotopic
composition of the volatiles. The
Lander will provide ground truth data
by analysing in situ samples.
Cometary material is representative of
the early solar nebula 4600 million
years ago; there has been little
evolution since then. 

Comet Wirtanen was discovered in
1948 by Carl Wirtanen at Lick
Observatory in the US. It belongs to
the family of short-period comets,
which have aphelions at Jupiter’s
orbit. As a consequence, the orbits
can be perturbed when they pass

Comet 46P/Wirtanen

Nucleus diameter (km) 1.2
Orbital period (yr) 5.45
Aphelion (million km/AU) 768/5.25
Perihelion (million km/AU) 159/1.05
Orbital eccentricity 0.657
Orbital inclination (deg) 11.72

Asteroids 4979 Otawara & 140 Siwa

Otawara Siwa
Avg distance from Sun 324 409

(million km)
Orbital period (yr) 3.19 4.52
Size (km) 2.6-4 110
Rotation period (min) 162 278
Orbital inc (deg) 0.91 3.19
Orbital eccentricity 0.1449 0.2157
Asteroid type V or SV C
Discovered Aug 1949 Oct 1874
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close to Jupiter – as happened to
Wirtanen in 1972 (0.28 AU) and 1984
(0.46 AU), changing the orbital period
by almost 20% to 5.5 years. Although
Wirtanen’s orbit is now fairly
predictable, continuous observations
are underway to determine its precise
path and to choose the optimal
rendezvous trajectory for Rosetta.
Wirtanen was selected in 1994
because, for the required launch
period, it was the only candidate
attainable with current technology.

When Rosetta closes in to about
100 000 km, the navigation cameras
will image the comet to optimise the
approach trajectory. Rosetta will
rendezvous with Wirtanen on the
inward leg to the Sun so that it can
study the nucleus and its
environment as solar radiation
increases.

Three planetary gravity-assists plus a
deep-space plane-change will set up
the rendezvous (see box). Rosetta will

twice fly through the main asteroid
belt, fulfilling the secondary mission
objective, and fly close to asteroids
Otawara and Siwa (see box). These
primordial rocks could hardly be
more different. Siwa will be the
largest asteroid yet encountered by a
spacecraft, while Otawara will be the
second smallest. Otawara is
suspected to be a chunk of once-
molten basalt, and Siwa is carbon-
rich and blacker than coal. Otawara’s
rapid rotation should allow Rosetta to
image most of its surface during the
10 km/s flyby 283 million km from
Earth. Rosetta will fly past Siwa at
17 km/s, approaching on the sunlit
side and then looking at a crescent
phase as it moves away. At this time,
they will be about 470 million km
from Earth, so signals will take
26 min to reach ground stations. 

On arrival at Wirtanen, Rosetta will
manoeuvre into an orbit with an
altitude of 5-25 nucleus radii,
depending on the comet’s actual size,

http://sci.esa.int/rosetta/

Rosetta Scientific Goals

The mission’s primary scientific
objectives are to study the origin of

comets, the relationship between
cometary and interstellar material and the

implications for theories on the origin of
the Solar System. The measurements in

support of these objectives are:

• global characterisation of the nucleus,
determination of dynamic properties,

surface morphology and composition;
• determination of the chemical,

mineralogical and isotopic
compositions of volatiles and

refractories in a cometary nucleus;
• determination of the physical

properties and interrelation of volatiles
and refractories in a cometary

nucleus;
• study of the development of cometary

activity and the processes in the
surface layer of the nucleus and the

inner coma (dust/gas interaction);
• global characterisation of an asteroid,

including determination of dynamic
properties, surface morphology and

composition.
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Launch (13 Jan 2003): into 200x4000 km Earth
parking orbit. After about 2 h, Ariane’s upper stage
reignites to inject Rosetta into the interplanetary
trajectory.

Commissioning (Jan-Apr 2003): solar arrays are
deployed, Sun is acquired, all systems are checked
and the payload is commissioned. Rosetta then
hibernates for the cruise to Mars.

Mars flyby (26 Aug 2005): Rosetta flies past Mars at
200 km, making some science observations, adding
1.53 km/s.

Earth flyby #1 (28 Nov 2005): Rosetta is active
during the cruise to Earth, flying past at 4500 km,
adding 3.5 km/s. Operations mainly involve tracking
and orbit determination.

Otawara flyby (11 Jul 2006): Rosetta hibernates
during the cruise to asteroid Otawara. Flypast at
2200 km; science data downlinked after the flyby.

Earth flyby#2 (28 Nov 2007): Rosetta hibernates
during the cruise to Earth. Flyby at 1370 km altitude
adds 3.7 km/s. Operations mainly involve tracking
and orbit determination.

Siwa flyby (24 Jul 2008): Rosetta hibernates during
the cruise to Siwa. Flypast at 3500 km; science data
downlinked after the flyby.

29 Jun 2009: 430 m/s deep-space manoeuvre to
match Wirtanen’s orbital plane. Rosetta then enters
hibernation; during this period, it records its
maximum distances from the Sun (780 million km)
and Earth (1000 million km). 

Comet rendezvous (29 Nov 2011): Rosetta is
reactivated before the rendezvous manoeuvre, when
the thrusters fire for several hours to slow the
relative drift rate to the comet to about 25 m/s.

Comet approach (Nov 2011 - May 2012): as Rosetta
drifts towards the nucleus, controllers avoid dust and
achieve good nucleus illumination conditions. The
first images dramatically improve calculations of the
comet’s position and orbit, as well as its size, shape
and rotation. The relative velocity is gradually
reduced, to 2 m/s after about 90 days. 

Comet mapping/characterisation (May-Jun 2012):
less than 200 km from the nucleus, images show
the comet’s attitude, angular velocity, major
landmarks and other basic characteristics.
Eventually, Rosetta is inserted into orbit at 35 km
altitude. Relative velocity is a few cm/s. The Orbiter
starts to map the nucleus in great detail. Five
potential landing sites are selected for close
observation. 

Landing (Jul 2012): once a landing site is selected,
the Lander is released from a height of 1 km.
Touchdown speed is < 1 m/s. Once it is anchored to
the nucleus, the Lander transmits high-resolution
images and data on the ices and organic crust. The
Orbiter downlinks them to Earth at the next ground
station contact.

Escorting the nucleus (Jul 2012 - Jul 2013): the
Orbiter observes events as perihelion approaches.
The mission ends in Jul 2013, at perihelion, after
3800 days.

Left: a simulated image of Rosetta’s flyby
of asteroid Otawara, generated with the
planning software of the Rosetta Science
Operations Centre.

Right: the Rosetta Structural & Thermal
Model during thermal balance tests in the

Large Space Simulator at ESTEC.
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shape and mass. The comet’s radius
is expected to be about 600 m, while
the Orbiter’s relative velocity will be
< 1 km/h much of the time. A
dedicated 1-month global mapping
programme will lead to the selection
of a landing site, while other
instruments simultaneously measure
the comet’s environment. 

The Lander ejection, descent and
landing operation is a complex
autonomous sequence of events. The
Orbiter navigation must be precise to
within 10 cm and 1 mm/s at the time
of ejection, at an altitude of 1 km for
a touchdown speed of 1 m/s. Local
gravity is only 10-4 g, so the Lander
will anchor itself to the dusty

snowball by firing a harpoon on
contact. The minimum goal for
surface operations is a week, but it is
hoped that several months will be
achieved.

As the Lander carries out its
experiments, the data will be relayed
to Earth via the Orbiter. Thereafter,
the Orbiter will follow the comet for
another year. Throughout the
cometary phase, there are severe
technical, operational and
navigational challenges because
Rosetta will fly at low altitude around
an irregular celestial body with a
weak, asymmetric and rotating
gravity field, enveloped by dust and
gas jets.

MIRO

LGA
MIDAS 

RPC-MIP

RPC-LAP

RPC-LAP2
RPC-MAG
(boom not
deployed)

RPC-ICA

RPC-IES

navigation
cameras

louvred radiator

Sun
sensor

CONSERT

Sun
sensor

ALICE

Lander leg (x3)

Berenice (deleted)

Lander

VIRTIS radiator
VIRTIS-M

VIRTIS-H
ROSINA COPS

ROSINA
DFMS

star tracker

star tracker

OSIRIS-WAC

OSIRIS-NAC

GIADA

COSIMA
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Rosetta Orbiter Scientific Instruments

ALICE. UV (70-205 nm) imaging spectrometer. Coma/tail gas composition, production rates of H2O
& CO2/CO, nucleus surface composition. Spectral res 3-13 Å; spatial res 0.05x0.6º. PI: S.A. Stern,
SouthWest Research Inst., USA. 3.1 kg, 2.9 W, Participating: F.

CONSERT (Comet Nucleus Sounding Expt by Radiowave Transmission). Nucleus deep structure.
Lander transponds 90 MHz radio waves back to Orbiter after propagation through nucleus.
PI: W. Kofman, CEPHAG, F. 3.1 kg, 2.5 W, 24 Mbit/orbit. Participating: D, I, NL, UK, USA.

COSIMA (Cometary Secondary Ion Mass Analyser). Characteristics of dust grains. Time-of-flight
mass spectrometer, m/∆m 2000. PI: J. Kissel, MPI für Kernphysik, D. 19.1 kg, 19.5 W. 
Participating: A, CH, F, FIN, I, NL, USA.

GIADA (Grain Impact Analyser & Dust Accumulator). Number, mass, momentum & speed
distribution of dust grains. PI: L. Colangeli, Obs. di Capodimonte, I. 6.2 kg, 3.9 W. Participating: D,
E, F, UK, USA.

MIDAS (Micro-Imaging Dust Analysis System). Dust environment: particle population, size, volume &
shape. Atomic Force Microscope with nm-res. PI: W. Riedler, Space Research Inst., A. 8.0 kg, 7.4 W.
Participating: D, F, N, NL, UK, USA.

MIRO (Microwave Instrument for the Rosetta Orbiter). Abundances of major gases, surface
outgassing rate, nucleus subsurface T. 30 cm-dia dish radiometer & spectrometer, 1.6 & 0.5 mm
wavelengths. Spatial res 15 m & 5 m at 2 km, respectively. PI: S. Gulkis, JPL, USA. 19.5 kg, 43 W,
2.53 kbit/s. Participating: D, F.

OSIRIS (Optical, Spectroscopic & IR Remote Imaging System). High-resolution imaging. WAC wide-
angle camera (10.1 m res at 100 km, 12x12º, 245-800 nm, f.l. 767 mm) & NAC narrow-angle camera
(1.9 m res at 100 km, 2.18x2.18º, 250-1000 nm, f.l. 132 mm). PI: H.U. Keller, MPI für Aeronomie, D.
30.9 kg, 22 W. Participating: E, F, I, NL, S, TWN, UK, USA.

ROSINA (Rosetta Orbiter Spectrometer for Ion & Neutral Analysis). Atmosphere/ionosphere
composition, velocities of electrified gas particles and their reactions. Double-focusing spectrometer:
12-200 amu, m/∆m 3000; time-of-flight spectrometer 12-350 amu, m/∆m 2900. PI: H. Balsiger,
Univ. Bern, CH. 34.8 kg, 27.5 W. Participating: B, D, F, USA.

RPC (Rosetta Plasma Consortium). Nucleus physical properties, inner coma structure, cometary
activity, cometary interaction with solar wind. Five particle/field sensors: Langmuir probe, ion &
electron sensor, fluxgate magnetometer, ion composition analyser, mutual impedance probe.
PI: R. Boström & R. Lundin, Swedish Inst. Space Physics, S; J. Burch, Southwest Research Inst.,
USA; K-H. Glassmeier, TU Braunschweig, D; J.G. Trotignon, LPCE/CNRS, F. 8.0 kg, 10.6 W.
Participating: HUN, S, UK.

RSI (Radio Science Investigation). Nucleus mass, density, gravity, orbit, inner coma by Doppler
tracking of X-band signal. PI: M. Pätzold, Univ. Köln, D. Uses spacecraft telemetry. Participating:
CHL, F, N, S, UK, USA.

VIRTIS (Visible/IR Thermal Imaging Spectrometer). Maps nature & T of nucleus solids, identifies
gases, characterises coma conditions, identifies landing sites. 0.25-5 µm. PI: A. Coradini, IAS-CNR, I.
30.0 kg, 28 W, 3 Mbit/s. Participating: F, G.

with the solar wind (GIADA, RPC).
CONSERT, on both craft, investigates
the large-scale structure of the nucleus.
RSI uses the telecommunications
system to study the mass distribution
in the nucleus. The Lander focuses on
the in situ composition and physical
properties of nucleus material. It
carries cameras (CIVA and ROLIS) and
instruments for compositional analysis
(APXS, COSAC, Ptolemy) and for the
study of physical properties (SESAME,
MUPUS, ROMAP, CONSERT).

The Orbiter payload comprises 11
investigations. Four instruments
(ALICE, OSIRIS, VIRTIS, MIRO) provide
remote sensing of the nucleus, covering
the wavelength range from UV to sub-
mm. Three (ROSINA, COSIMA, MIDAS)
provide compositional and
morphological analysis of the volatile
and refractory components of the
nucleus. They are complemented by a
suite of instruments that describe the
near-nucleus gas and dust
environments and the coma interaction
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Rosetta Lander Scientific Instruments

APXS (Alpha Proton X-ray Spectrometer). Surface elemental composition (C-Ni) by α-particle
backscattering and X-ray fluorescence. PI: R. Rieder, MPI für Chemie, D. 1.2 kg, 1.5 W.

ÇIVA (Comet IR & Visible Analyser). 6 identical ÇIVA-P micro-cameras return panoramic surface
images (1 mm res under Lander); 7th camera adds stereo. ÇIVA-M 1-4 µm spectrometer studies
composition, texture & albedo of samples collected by SD2. 40 µm res. ÇIVA-M microscope 7 µm res,
3-colour images. PI: J.P. Bibring, IAS, F. 4.4 kg (with ROLIS). Participating: D. Imaging Main
Electronics shared with ROLIS.

ROLIS (Rosetta Lander Imaging System). CCD camera obtains high-res images during descent and
stereo panoramic images of areas sampled by SD2. PI: S. Mottola, DLR Berlin, D. 0.94 kg, 4 W.
Participating: F.

CONSERT See Orbiter entry. 1.9 kg, 2 W, 1.5 Mbit/orbit.

COSAC (Cometary Sampling & Composition Expt). Evolved gas analyser identifies complex organic
molecules from their elemental & molecular composition. PI: H. Rosenbauer, MPI für Aeronomie, D.
4.85 kg, 8 W, typically 3 Mbyte from 1 sample. Participating: F.

MUPUS (Multi-Purpose Sensors for Surface & Subsurface Science). Sensors on anchor, probe &
exterior measure density, thermal & mechanical properties of upper 32 cm of surface. 
PI: T. Spohn Univ. Münster, D. 2.0 kg, 1.3 W, 3 Mbit/first science sequence. Participating: A, F, POL,
UK, USA.

Ptolemy. Evolved gas analyser focuses on isotopic ratios of light elements. Gas chromatograph &
mass spectrometer. PI: I. Wright, Open Univ., UK. 4.3 kg.

ROMAP (Rosetta Lander Magnetometer & Plasma Monitor). Local magnetic field (fluxgate
magnetometer) and comet/solar wind interaction (Simple Plasma Monitor). Ions to 8 MeV, electrons
to 4.2 MeV. PI: U. Auster, TU Braunschweig, D. 0.7 kg, 0.9 W, 4.4 kbit/s. Participating: A, HUN, RU,
USA.

SD2 (Sampling & Distribution Device). Drills up to 23 cm deep, collects samples and delivers to
ÇIVA-M microscope and COSAC/Ptolemy ovens. PI: A. Finzi, Politecnico di Milano, I. 4.6 kg, 6 W.

SESAME (Surface Electrical, Seismic & Acoustic Monitoring Expts). 3 instruments measure
properties of nucleus outer layers to 2 m depth: Cometary Acoustic Sounding Surface Expt (CASSE,
propagation of sound); Permittivity Probe (PP, electrical properties); Dust Impact Monitor (DIM, dust
falling back to surface). PI: D. Möhlmann, DLR Köln, D; H. Laakso, FMI, FIN; I. Apathy, KFKI, HUN.
1.9 kg. Participating: F, NL.

merged their efforts into the Rosetta
Lander. The prime contract was
awarded to what was then Dornier
Satellitensysteme in February 1997.
The launch contract with Arianespace
was signed 19 June 2001.

Spacecraft configuration:
2.0x2.1x2.8 m box-shaped bus of
conventional aluminium
construction, with solar array
spanning 32 m. Central thrust

The AO for Orbiter investigations and
Interdisciplinary Scientists was issued
in March 1995, and the selection was
endorsed by the SPC in February
1996. It included two Surface Science
Packages: Champollion by
NASA/JPL/CNES and RoLand by
DLR/MPAe. During the 1-year science
verification phase, the payload was
consolidated and, for programmatic
and budget reasons, NASA withdrew
from Champollion in September 1996.
CNES and the RoLand team then
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cylinder of corrugated Al honeycomb
with shear panels connecting the side
panels. Solar wings on Y panels, HGA
+X, Lander –X, science instruments
+Z.

Control: 90-min round-trip light-time
means that realtime control is not
possible, so autonomous
management system executs pre-
loaded sequences and ensures
immediate corrective actions in case
of anomalies. Implemented on 4 MA-
31750 processors (any 2 for data
management & AOCS).

Attitude/orbit control: 2 sets of
12x10 N thrusters using 1670 kg
NTO/MMH in 2x1108-litre tanks;
2200 m/s delta-V. Blowdown mode
(can be repressurised twice; 4x35-
litre tanks). Attitude determination to
40 arcsec by 2 star trackers
(16.8x16.8º FOV), 3 laser gyros, Sun
sensors.

Power system: twin 5-panel steerable
solar wings provide 850/395 W at
3.4/5.25 AU. 249 W required during

hibernation, 401 W active cruise,
660 W at comet. 62 m2 of Si LILT
cells optimised for low-intensity
(40 W/m2) & low-T (-130ºC). 4x10 Ah
NiCd batteries. In hibernation,
totalling, 2.5 yr, almost all electrical
systems are off: Rosetta spins at Sun-
pointing 1 rpm, with only radio
receivers, command decoders and
power supply active (these units are
hot redundant, so autonomous fault-
management system not required
active). 

Thermal control: to cope with x25
variation in solar heating. 132 W of
heaters for cold operations. MLI of 2
sets of 10-layers; external foil is 1-mil
carbon-filled black Kapton. Cooling
by 14x0.17 m2 louvre radiators.

Communications: 2.2 m-dia 2-axis
HGA S/X-band up/down (28 W
X-band), 1º beam, up to 64 kbit/s
down (5 kbit/s min during main

Rosetta: a History

ESA’s Horizon 2000 long-term programme
was established in 1984 with ‘A Mission to
Primordial Bodies including Return of
Pristine Materials’ as one of the four
Cornerstones. A returned drill core from a
comet was of the highest scientific interest.
The Rosetta Comet Nucleus Sample Return
mission was studied in partnership with
NASA for launch in 2002 to deliver 10 kg of
samples in 2010 to Earth. The main craft
was based on NASA’s Cassini design, with
ESA providing the lander and return
capsule. NASA decided in 1991 that the
project could not begin until about 2000,
departing in 2005 at the earliest. ESA’s new
baseline thus became a Europe-only mission
focusing on comet rendezvous and asteroid
flyby. The reference mission was originally
Comet Schwassmann-Wachmann 3 and
asteroid Brita but studies showed there to be
insufficient margins. Comet 46P/Wirtanen
and asteroids 3840 Mimistrobell &
2530 Shipka were adopted in 1994.
2703 Rodari replaced Shipka in 1996.
Otawara and Siwa were baselined in 1998
after further studies showed them to be
more interesting objects.

Rosetta’s Structural & Thermal Model during
vibration testing at ESTEC. The 2.2 m-dia HGA is

prominent.
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‘balcony’ area is exposed, with SD2
sampling system and MUPUS & APX
deployable sensors. Nine experiments
total 21 kg, plus SD2. On command,
Lander self-ejects 1 km above surface
by 3 rotating lead screws, providing
ejection speed selectable 0.05-
0.5 m/s (±1%). Descent stabilised by
5 Nms flywheel. Single 17.5 N GN2
thruster provides up to 1 m/s
increase to reduce 1 h descent time
and minimise atmospheric effects.
Tripod legs deploy and damp out
impact energy. Microswitches on
footpads trigger harpoon to anchor
Lander to surface (GN2 thruster also
fires). Legs can rotate, tilt and lift to
level Lander. Orbiter provides power
before release; at release, 700 Wh
primary non-rechargeable battery
+68 Wh rechargeable. At 3 AU, Si
LILT cells covering 1.4 m2 provide 9-
10 W during comet’s ‘day’; average
5 W projected. Primary battery allows
complete measurement cycle in 60 h
irrespective of solar power. 16 kbit/s
data rate to Orbiter, allowing 13 Mbit
in 15 min after touchdown. At 3-
2 AU, electronics are kept warm
inside two 20-layer MLI tents aided
by two absorbers on hood. At 2 AU,
overheating becomes the problem.

science phases). Coding & modulation
optimised for power-limited system
(Turbo Code will be demonstrated by
SMART-1). Fixed 80 cm-dia MGA, 9º
X-band, 30º S-band. 2 LGAs for
emergency S-band. 25 Gbit mass
memory. Up to 12 h/day coverage by
35 m-dia ground station at New Norcia,
Perth, Australia. Mission Control
Centre at ESOC, Science Operations
Centre at ESTEC & ESOC; Lander
Control Centre at DLR Cologne,
supported by Lander Science Centre at
CNES Toulouse.

Lander: carbon-fibre structure consists
of a baseplate and a 5-panel
instrument platform under a polygonal
hood that is covered by solar cells. The

D
L
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locations, as well as the temperature,
pressure and fluid velocity at 17
locations. The influence of the
sloshing water on the spacecraft’s
dynamics will be measured by
gyroscopes and accelerometers.

Total experiment time will be about
24 h, spread over the Shuttle’s
mission duration. Although operated
from the ground, Sloshsat’s data will
be routed via the Shuttle. Quiescent
periods between experiment runs will
allow the water to settle and the
battery to charge. Checkout and
calibration will be performed before
ejection, concluding with a few runs
using Shuttle-induced motions.

The data will validate a new
generation of fluid motion simulation
models. These models will better
predict sloshing behaviour in

Achievements: first satellite dedicated to studying fluid behaviour in weightlessness
Launch date: planned January 2003 (ready by end-2001 for flight but depends on

Space Shuttle manifest)
Mission end: about 10 days after deployment (depends on Shuttle mission

duration); reentry projected after about 6 months
Launch vehicle/site: Space Shuttle from Kennedy Space Center, USA
Launch mass: satellite 129 kg
Orbit: planned 225x225 km, 51.6° (to be confirmed)
Contractors: National Aerospace Laboratory (NL; prime), Fokker Space (NL;

structure, power), Verhaert (B; ejection system, ground support equipment),
Newtec (B; Hitchhiker Communication System, Sloshsat radio subsystem), Rafael
(IS; reaction control system), NASA (launch), Kvant (RU; solar cells)

Sloshsat-FLEVO is a small satellite
designed to investigate the dynamics
of fluids in microgravity. The
behaviour of water in an
instrumented tank will be monitored
to help understand how sloshing
affects the control of launchers and
space vehicles. As a joint programme
between ESA and the Netherlands
Agency for Aerospace Programmes
(NIVR), satellite development is being
performed within ESA’s Technology
Development Programme Phase 2 and
NIVR’s Research & Technology
programme. FLEVO is the acronym
Facility for Liquid Experimentation
and Verification in Orbit; it is also the
region of The Netherlands where NLR
is located. Indeed, the word means
‘water’.

Sloshsat will be ejected from a NASA
Hitchhiker Bridge in the Shuttle
Orbiter cargo bay. It is part of the
Slosh Test Orbital Facility (STOF),
which also includes ESA’s spring-
loaded ‘ESAJECT’ ejection
mechanism (designed for 50-150 kg
satellites) and the Hitchhiker
Communication System (HHCS) radio
communications package interfacing
with the HH avionics.

For 10 days after ejection, Sloshsat
will transmit data on the behaviour of
the water in its experiment tank. The
thickness of the water near the tank
wall will be measured at 270

Sloshsat-FLEVOSloshsat-FLEVO
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Above: model of Sloshsat attached to its Hitchhiker 
interface platform. The ‘spots’ on the tank represent
the 270 platinum capacitors for measuring the
thickness of water on the wall. Right: Sloshsat being
prepared for thermal-vacuum testing. Bottom:
mounting sensor electronics on the tank.

microgravity, yielding more accurate
control of satellites carrying large
quantitites of fluids. For example,
docking supply vessels to the
International Space Station,
controlling launch vehicles and
accurately pointing astronomical
satellites will all benefit from the new
models.

The mission’s main objectives are to:
• design and develop the STOF and

perform the experiment;
• obtain experiment data to

verify/validate existing fluid
dynamic models;

• develop and qualify a low-cost,
small spacecraft bus that complies
with the Shuttle safety
requirements.

The data obtained will be used for the
following main scientific objectives:
• to verify the adequacy of existing

analytical fluid dynamics models;
• to verify the existing Computational

Fluid Dynamics (CFD) software;
• to allow the development of new

CFD numerical models;
• to provide information for designing

microgravity liquid management
systems.

The effect of sloshing on spacecraft
control has so far been difficult to
predict for real situations.

Configuration: box-shaped bus, 
91.6x74.8x96.5 cm. 86.9-litre experiment
tank, cylindrical with hemispherical ends,
contains 33.5-litres of deionised water and
nitrogen at 1 bar. The aluminium outer tank,
736 mm long, 498 mm diameter, protects the
inner tank of an aramid fibre reinforced
epoxy and 2.3 mm-thick polyethylene liner.
Sensors: 270 capacitors (coarse water
thickness on wall); fine liquid thickness (3
locations); liquid velocity (10); liquid pressure
(1); liquid temperature (3). The tank is
mounted on the equipment platform, which
hosts power, data handling, control, etc
systems. Sloshsat’s structure is aluminium.

Power/thermal control: body-mounted Si
solar cells on five sides provide 35-55 W,
supported by 5.1 Ah/143 Wh NiCd battery
for eclipses. 28 Vdc provided through
ESAJECT eject system when attached to HH.
Internal 0-70ºC maintained by multi-layers
insulation blankets, heaters & coatings.

Motion control: 12x1.1 N blowdown thrusters
fed by four nitrogen tanks (1.6 kg N2 at
600 bar) provide linear/rotational movement
to excite fluid motion. (Corresponds to
maximum linear acceleration capability of
0.0186 m/s2 for 432 s.) Three Litton-Litef
fibre-optic gyros (±98º/s) and six AlliedSignal
QA-3000-10 accelerometers (±0.030 &
±1.5 g) monitor Sloshsat movements. No
attitude or orbit control. 20-95 km
separation maintained by Shuttle.

Communications: when available, Shuttle Ku-
band 16.3 kbit/s downlink used for realtime
relay of bulk data. A dedicated Payload &
General Support Computer (a standard IBM
laptop in Shuttle cabin) stores data for
dumping via Shuttle Ku-band after runs are
completed. An S-band 1.2 kbit/s
up/downlink is used for non-realtime
experiment control and realtime experiment
observation. Spacecraft control by Payload
Operations Control Center at NASA Goddard.
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X-38 & CRX-38 & CRVV
Planned achievements: first ESA participation in development of

manned spacecraft
Launch date: X-38 space test February 2003 (STS-116); CRV #1 2007
Mission duration: 3 years (CRV)
Launch vehicle/site: NASA Space Shuttle from Kennedy Space Center, Florida
Launch mass: CRV about 10 000 kg 
Orbit: as Space Station (about 400 km, 51.6°)
Principal ESA contractors: MAN Technologie for X-38; with Alenia Spazio

(co-primes) for CRV

In a highly successful partnership,
NASA, ESA and European industry
are building the X-38 spacecraft, the
prototype of the Crew Return Vehicle
(CRV) for the International Space
Station. Once attached to the Station
in 2007, the CRV will provide a route
home for the 7-strong crew if anyone
requires specialist medical attention,
the Station becomes uninhabitable or
it cannot be resupplied.

ESA is responsible for 15 X-38
subsystems or major elements, plus
engineering expertise. Subscriptions
by ESA Member States to the X-38
programme is allowing a significant
role in the development and
production of reusable space
transportation systems. Atmospheric
reentry technologies must be
mastered for future cost-cutting
reusable space transportation – the
significant technical knowhow of
Europe used in and gained through
this programme can be applied to
ESA’s Future Launcher Technology
Programme and beyond. The basic
X-38/CRV configuration offers
inherent capabilities for future roles,
such as a mini-shuttle or an in-orbit
ferry between vehicles.

The X-38 programme is using a rapid
development approach of
incrementally designing, building and
testing essential systems and
technologies. It is a new way of
reducing the cost of developing
manned spacecraft by an order of
magnitude.

The X-38 is a lifting body with a
disposable deorbit stage. This lifting
body adopts the heritage of the US
X-23/X-24 vehicles developed and
flight tested in the 1960-70s, but it is
enlarged and significantly modified by
ESA to improve the flying
characteristics and volume efficiency.
This design’s entry crossrange
capability allows a short orbital flight
to assure a landing at specific ground
sites irrespective of the time of
departure from the ISS. The brief
flight results in simpler, more reliable
vehicle systems.

The X-38 programme is using five
prototypes: four atmospheric drop-
test vehicles (V131, V132, V131R,
V133) and a space test vehicle (V201).
V131 had the X-24 shape, 7.32 m
long, with the primary goal of
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demonstrating the transition from
lifting body to parafoil flight. The
control surfaces were fixed. It flew
twice in 1998-99 before it was
refurbished as V131R to reflect the
modified CRV shape, including the
berthing/docking mechanism on the
top and the 680 m2 full-size parafoil.
V132 has the original shape and
scale, with the primary goal of
demonstrating the flight control
systems using Electro Mechanical
Actuators and advanced control
software technology during its three
flights, in 1999 and 2000.

V133 will be the same size and shape
as the CRV, with the primary
objective of verifying the aerodynamic
shape modifications as well as the
control laws.

V201 is the space version, to be
deployed from Space Shuttle
Columbia in 2003 for a full-up entry
test. It has the modified shape scaled
to CRV’s 9.1 m. In order to fit into the
Orbiter’s cargo bay, the upper parts
of the fins are foldable. V201 is under
assembly at the NASA Johnson Space
Center (JSC).

Initially a NASA in-house project, the
X-38 programme developed into a full

partnership between ESA and NASA:
ESA is responsible for the design and
development of 15 major subsystems
or elements of the V201 spacecraft.
ESA’s work is being performed under
a firm fixed-price contract with MAN-
Technologie (D) leading a team of 22
industrial companies in eight
countries. ESA’s contributions
include: 

– vehicle shape validation and overall
aerodynamic and aerothermo-
dynamic database;

– crew cabin design and layout;
– aft fuselage design and manufacture

of major aft structure elements;
– rudders, including accompanying

sensors;
– the metal nose structure;
– the front and main landing gear;
– the cabin equipment pallets;
– hot structure (Ceramic Matrix

Composite, CMC) leading edge
segments of the fixed fin, including
accompanying sensors;

– the Thermal Protection System (TPS)
blankets for the leeward vehicle
surfaces, including fins and aft
fuselage frame;

– guidance, navigation and control
(GNC) software, including
man/machine interfaces, for the
parafoil flight phase;

– Fault Tolerant Computers with
reentry GNC software;

– Vehicle Analysis and Data Recording
System (VADRS), including front-
end electronics for overall vehicle
instrumentation;

– predevelopment of the CRV/ISS
berthing/docking mechanism;

Preparing X-38 V131R 
for its maiden flight.

ESA’s GNC software
guides X-38 V132 to
its second landing,
9 July 1999.
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– active thermal control water
pump;

– crew seat concept for the CRV and
provision of a representative crew
seat with instrumented dummy for
X-38 flight testing.

The ESA/NASA partnership is
complemented by DLR’s TETRA
(TEchnologie für zukünftige Raum-
TRAnsportsysteme) programme,
which is developing essential V201
elements, specifically the CMC body
flaps and the CMC nose cap
assembly.

The X-38 cooperation is
unprecedented. It is the first time
that NASA, ESA and ESA contractors
together are developing the prototype
for a reusable operational
spaceplane. The development of
essential systems and technologies
for a reusable, reentry vehicle is a
first for Europe, and sharing the
development of an advanced reentry
spacecraft with foreign partners is a

first for NASA. It is remarkable that
NASA selected ESA’s aerodynamic
shape over its own.

The fast pace of the X-38 programme
would not have been possible without
effective decision-making processes
and the collocation of industrial
partners in Europe and at JSC. ESA’s
X-38 team has included engineers
from 11 industrial firms working in
an integrated team at JSC.

The V201 space test vehicle will fly
the entire operational entry mission
(speeds, altitudes, attitudes) of the
operational CRV. Much of this flight
regime was covered by the three X-23
space tests (1966-67), and once below
Mach 2 and 25 km altitude it is
operating in the X-24 database (28
flights 1969-75). When V201 enters
the subsonic region, it will be flying
the same trajectory that atmospheric
vehicles have followed many times.
Once the drogue parachute is
deployed and has decelerated the

Left: X-38 V131R descends on its
second flight, 10 July 2001.
Bottom left: X-38 V201 in assembly
at JSC. (NASA)

CRV and European Industry

Austria MAGNA: foldable fin
Belgium SONACA/SABCA: aft structure

SAS/Spacbel: software independent 
validation, displays & controls/Man-
Machine Interface

Verhaert: trunnion mechanism, IBDM
France AML: aerodynamics

Dassault: aerodynamics/
aerothermodynamics

ONERA: aerodynamics
Germany Astrium: parafoil GNC, software 

independent validation
DLR: CMC nose thermal protection, 

aerodynamics/aerothermodynamics
MAN Technologie: industrial lead, 

body flap assembly
Italy Aermacchi: aerodynamics

Alenia Spazio: industrial lead, nose 
primary structure

CIRA: aerothermodynamics, Scirocco 
plasma facility

SICAMB: crew seats
Netherlands Fokker: rudders

NLR: aerodynamics
Spain Sener: landing gear, IBDM
Sweden FFA: aerodynamics
Switzerland Contraves: fin folding mechanism

(status February 2001)
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ESA’s participation in
the CRV programme 
(status February 2001).

An ESA and Belgian industry team is developing CRV’s
cockpit control and display systems. CRV’s flight will
normally be automatic but two astronaut ‘operators’
will monitor progress and can intervene via keypads
and handcontrollers. The current concept provides six
multi-functional screens – two per operator and two
shared. The CRV’s orbital position, deorbit burn
opportunities and landing site positions are displayed
on a continuously updated moving world map. Detailed
information about each landing site can be called up.

vehicle, the rest of the flight will be
under the same conditions as all
large parafoil deployments in the
atmospheric vehicle and pallet drop-
test programmes (approximately 90
tests). These tests initially used a
485 m2 parafoil and later the full-size
680 m2 parafoil.

The CRV has three main elements:
the lifting body entry vehicle, the
CRV/ISS International Berthing/
Docking Module (IBDM) and the
Deorbit Propulsion Stage (DPS). A
CRV will be delivered by the Space
Shuttle and remain attached to the
ISS for up to 3 years. It will
accommodate 0-7 crew members in a
shirtsleeve environment, and provide
autonomous flight and landing. The
maximum mission duration (for an
emergency departure) is 9 h, and
about 3 h in the case of a medical
return. The CRV must be able to
separate from the Station at any
attitude with a tumbling rate of up to
2º/s. The maximum sustained entry



206

g-load will not exceed 4 g along the
longitudinal axis. The DPS thrusters
are fired to initiate the descent, and
the module is jettisoned. The vehicle
enters the atmosphere at an altitude
of about 120 km, travelling at
27 000 km/h. Attitude is controlled
initially with nitrogen cold-gas
thrusters but, as air pressure
increases, the rudders and body flaps
take over. A drogue parachute
deploys at 8 km altitude, stabilising
the vehicle in a 1 g sustained sink
rate. This is followed by the 5-stage
deployment of the 680 m2 parafoil.
Automatic GNC software steers the
CRV through its final descent and
landing. The landing accuracy is
≤ 9 km radius and the landing speed
≤ 9.1 m/s horizontally and ≤ 4.6 m/s
vertically. As an emergency vehicle,
CRV must be able to land on a wide
range of unprepared surfaces. It
skids to a halt within a short
distance on three gravity-deployed
titanium legs using crushable
cartridges to cushion the impact. The
landing mass will not exceed
10 000 kg.

ESA and NASA agreed in 1997 to
extend the X-38 partnership to the
CRV. These early agreements at
programme-management level were
followed up by the NASA/ESA
Protocol on X-38/CRV Cooperation,
signed in November 1998. At the May
1999 ESA Ministerial Conference in
Brussels, it was decided to link a
European contribution to the CRV
programme with ESA’s ISS
exploitation phase committments:

ESA is negotiating a Barter
Agreement to receive NASA-provided
Station services such as
transportation and high data-rate
services. The scope of ESA’s
participation goes beyond the X-38
partnership, and includes additional
subsystems or elements, such as the
foldable fins, the fin-folding
mechanisms, the trunnion
retraction/extension mechanisms,
the crew seats and the hot structure
body flaps and nose TPS.

CRV development is in two phases:
Phase-1 includes the design activities
up to the Critical Design Review;
Phase-2 will include the production of
four operational CRVs, including the
DPS and the CRV Berthing Adapter
(CBA) with the IBDM.

With the full start of Phase-1
projected for late 2001, the first
operational CRV is expected to be at
the Station before mid-2007. Until
then, astronauts have to rely on
Russian Soyuz capsules in
emergencies and the crew size is
limited to three.

ESA began early Phase-1 activities in
December 1999: aerodynamics and
aerothermodynamics; qualification
activities for the CMC material, for
the hot structure body flaps, rudders
and nosecap TPS; display technique
development and man-machine
interfaces; design activities for the
IBDM; and system and subsystem
engineering as part of the integrated
ESA/NASA team at JSC.

The CRV departing from Node-3 of the Space Station. The DPS fires to begin the descent.



CRV’s 11.8 m3 cabin can carry seven passengers. CRV reentry.

Following the approval of the
consolidated programme by ESA’s
Manned Space Programme Board, the
Request for Quotation was issued to
industry in early October 2000.
Phase-1 will be synchronised with
NASA’s industrial Phase-1. Europe’s
industrial team has evolved from the
X-38 team, with MAN Technologie
and Alenia Spazio sharing the role of
prime contractor, and leading a team
of 19 subcontractors in the nine
contributing nations (see table). By
mid-2001, Member State
contributions were approaching a
comfortable €150 million. Countries
vowed to increase funding no later
than the end of Phase-1 in order to
secure a European role throughout
CRV’s operational phase.

Full utilisation of the ISS requires a
crew of 7 and hence the CRV. ESA
and NASA, in March 2001, agreed in
principle on a substantially expanded
European role in the CRV
programme. This agreement has to be
formalised and approved by the nine
participating states. Financing would
be through ESA’s commitments in
the ISS exploitation programme,
together with additional funding,
motivated by the high technology
content of the CRV programme and
its synergies with future reusable
space transportation systems. 

The potential expanded role and lead
responsibilities for Europe in CRV
development offer a unique
opportunity for ESA and European
industry to enlarge its technology and

system engineering base significantly
for atmospheric reentry and therefore
for reusable space transportation
systems – manned or unmanned.
The ESA/NASA agreed potential
scope includes the system and
subsystem engineering
responsibilities, including interface
management and ground and flight
operations support for all ESA lead
functions. These include the
complete mechanical assembly of the
vehicles, including: all the primary
structure, all control surfaces (CMC),
hot structure (CMC) nose and leading
edges, TPS blankets, thermal control
and life support, equipment
accommodation in the cabin, crew
seats, the IBDM system, CRV/ISS
Berthing Adapter, trunnion
mechanism and fin-folding
mechanism. It includes the cold-gas
attitude control subsystem (ACS) and
the complete DPS. It increases the
scope of the aerodynamics work
through additional CFD, wind tunnel
testing and the transonic flight
testing of V131R in Europe. Avionics
could include the architecture, fault-
tolerant design, all data busses,
MDM equivalents, power control
equipment, reaction control system
for ACS and DPS, integrated health
management, avionics qualification,
independent software evaluation,
GNC for the parafoil phase, displays
& controls, instrumentation, solid-
state recorders, audio, video &
lighting, and system engineering in
mission planning, operations concept
development, and ground support
software and processing. 
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