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If the sky’s the limit, let us get you off the ground

When you're developing complex
systems, your resources are
stretched in every direction. Satellite
manufacture and integration are no
exception.

The commercial pressure is on. Short
lead times, reliable performance,
stringent standards. Whether you are
building components for the payload
or managing the entire system
integration, talk to Hewlett-Packard
about making the test process
simpler and more cost-effective.
Leaving your people free to focus on
what they're best at.

You may know that Hewlett-Packard
offers the widest range of test
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products for satellite manufacturers
today. But have you heard that our
services range from straightforward
consultancy to the complete design
and implementation of test systems
for manufacturing, plus all the back
up training and support you need?
At Hewlett-Packard, our test
solutions will complement your
capability. We know how to deliver
test products, and take responsibility
for systems and services you can
trust. For more information on
sharing the load, call one of the
numbers listed or contact your
nearest HP sales office.

Denmark
Finland
France
Germany
Italy
Netherlands
Norway
Spain
Sweden
Switzerland
UK.

(45) 99 10 00
(90) 887 21

(1) 69 82 65 00
(0180) 5326233
(02) 9212 2241
(020) 547 6669
(22) 73 56 00
900 123 123
(08) 444 20 00
(1) 735 7111
(01344) 366666
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Daimler-Benz Aerospace AG
Satellite Systems

88039 Friedrichshafen
Phone (+07545)8-0
Fax (+07545)8-44 11

Missions to the planet Earth.

As prime contractor to ESA,
Daimler-Benz Aerospace/Dornier
took over the responsibility for
the programs of the European
Earth observation satellites ERS-1
and ERS-2. As system leader in a
consortium Dornier has developed
these all-weather satellite systems
in cooperation with 50 international
partners.

The microwave instrumentation
of ERS-1 and ERS-2 provides
excellent data and images of the
Earth's surface. Additionally ERS-2
monitors the ozone concentration
in the atmosphere.

Daimler-Benz Aerospace, with its

experience in significant space

projects, is a leading company in

further Earth observation programs:

LI Prime contract of the Envisat-1
mission

L1 Core member of the industrial
teams for the development of
the geostationary meteorological
satellite Meteosat and the
polar orbiting satellite Metop

U] Development of microwave
and optical instruments for
different applications

L1 Earth observation data receiving
and processing systems

[1 Application oriented data
processing, interpretation, and
services.

—=— Daimler-Benz AGI'OS[)&CG

¥

Satellite Systems
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PRARE on ERS-2

Precise Ranging and Range-Rate Equipment
PRARE is a modern space-borne orbit indepen-
dent Two-Way, Two-Frequency Microwave
Ranging and Range-Rate System providing:

rapidly available precise orbit determination
and precision spacecraft tracking
precise relative positioning of ground stations
for geodetic and geophysical purposes:
* detection of crustal deformations of
Earth's surface\
» plate tectonics, sensing of continental drift
¢ definition of boundary conditions for
3-dimensional model g
« Earth rotation service

Features:

Orbitindependent: low earth orbits up to

a geostationary orbit and beyond \
Ranging: sub-dm level, noise less than 2 cm

Range-rate: better 0.05 mm/sec
Mass: 20kg
Power: 31 W

Determination of Total Electron Content in the
ionosphere using differentiated range versus
integrated Doppler and/or dual frequency

measurements

TimeTech GmbH * NobelstraBe 15 « D-7
Tel. [49] 0711- 6 78 080 * Fax {49} 07114
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AALCATEL ESPACIO: Quality in Time.

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

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

(TTC_ transponders, Filters, Diplexers,
Multiplexers, etc.) ;

The organization of Alcatel EsFucio is focused

to meet the requirementfs of the customer,

guaranteeing in any case, Quality in Time.
-

: ALCATEL "

X ESPACIO SO

’ Alcatel Espacio, S.A. Einstein n® 7. Tres Cantos 28760 Madrid. Spair.\.
Tel. (341) 803 47 10. Fax. (341) 804 00 16 . e



Choose the European partner with global vision.

Space-qualified onboard electronics, power conditioning
and distribution, data and video processing.

Accurately tracking Earth’s ever-changing systems requires mission-critical
performance from liftoff to end-of-life.
At Sextant Avionique, we're meeting this requirement through the design
and integration of innovative, space-qualified systems for data management
and storage, power conditioning and distribution, data and video processing,
GPS receiver and inertial guidance systems, and man-machine interfaces
for manned-flight.
The result of in-depth synergies between our aeronautical and space
operations, our unique expertise in these areas is ready to meet your exact needs.
We offer 30 years of experience in equipping the world’s leading space
programs. And a proven ability to successfully manage broad, international
partnerships.
Give us a call. Tell us about your mission. You'll =
discover how our vision of space can help you see %/« §%‘IAQNU.!-
the Earth a lot more clearly.

3 . .
Space Division
25 rue Jules Védrines - 26027 Valence Cedex - France
Telephone (33) 75 79 85 11
Telex SXT 345 824 F - Fax (33) 75 79 86 00
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22°S - 80°W. When you have a date
with Emily, you'd better know where.
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The nicest names are sometimes given to the most formidable of natural phenomena : hurricanes can devastate crops, homes and human
beings. Satellites analyse their path and force. Spot, ERS, Hélios and Météosat provide daily proof of Matra Marconi Space’s leading role in

the field of earth observation.

Data on land evolu-

tion, ifs formation ond
structure. Observing
every spot on earth,
to know what's hap-
pening, even inside

the Imperial City.

Detection of land
and sea pollution
permitting a quick,
effective and coordi-
nated infervention

at o disaster site.

(rop monitoring and

harvest forecasting.
Because the earth’s
produce is vital, it's
important to watch
over its growth very

carefully.

MATRA MARCONI SPACE

SPACE SOLUTIONS TO EARTH PROBLEMS

Optical reconnais-

sance and radar sur-
veillance of strate-
gic sites. Because to
maintain peace you
have to keep an eye

on it very closely.



Giving you the keys to a total system.

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

-
# step of the planning, conception and realization of your project. And then give you the keys. AEROSPATIALE

A CHIEVEMENT H A S A N A M E. ESPACE & DEFENSE

i

'BLICIS - FCB



ERS-2:

We've put it together

Fokker Space & Systems B.V.
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ERS data are providing:

ERS-2: A Continuation of the ERS-1

Success

G. Duchossois

Directorate for Observation of the Earth and Its Environment, ESA, Paris

R. Zobl

ESA Earth Observation Projects Department, ESTEC, Noordwijk, The Netherlands

Introduction

The successful launch of ERS-2 on 21 April
1995, nearly four years after that of ERS-1 on
17 July 1991, not only ensures the data
continuity indispensable for both the scientific
research and operational applications initiated
with ERS-1, but also opens a new chapter in
research in the field of atmospheric chemistry.
For the latter, ERS-2 is carrying a completely
new instrument known as GOME, the Global
Ozone Monitoring Experiment. Through the
enhancement of another instrument, the
Along-Track Scanning Radiometer (ATSR),
already flying on ERS-1, ERS-2 will also provide
an additional capability for the monitoring of
changes in the Earth’s vegetation cover.

The ESA Council’'s decision to finance the
simultaneous operation of ERS-1 and ERS-2 in

The ability to map the Earth’s surface through clouds:

Geological features — Topography — Seaice — Deforestation —
Bathymetry in shallow seas — Coastal zones — Agricultural assessment
— Hazard and disaster detection (flooding, oil spills).

Fundamental discoveries about the oceans and atmosphere:
Global wind and wave fields at high spatial and temporal resolution —
Global ocean dynamics and climatic instabilities — Identification of
previously unidentified physical ocean features — Sea-surface
manifestations of atmospheric phenomena.

More accurate information about the polar regions:

Topographic maps of polar ice sheets at an increased accuracy and at
higher latitudes — Monitoring changes in ice sheets as indicators of
climate change — Monitoring changes in sea ice patterns —
Understanding the formation of the Arctic Basin.

Development of global and regional databases for use in climate

modelling:

Sea-surface topography at increased sampling density — Sea-surface

temperature atincreased accuracy — Monitoring temperate glaciers and
small ice sheets — Sea-ice extent and concentration — Crop growth and
desertification — Monitoring atmospheric aerosols.

The ability to detect small changes in the Earth’s surface:

Detection of landslides — Evolution of volcanic eruptions — Detection of
surface movement caused by earthquakes — Horizontal displacement
along active faults.

a so-called ‘tandem mode’ for a period of
several months will allow uniform data sets to
be collected, in particular from the identical
Synthetic Aperture Radars (SARs) on board the
two spacecraft. That will open completely new
perspectives for many areas of scientific
research as well as for operational and
commercial applications.

How successful is ERS-1?

In as littte as four vyears, ERS-1 has
revolutionised many areas of the Earth
sciences and their practical applications. Data
from ERS-1 sensors are helping scientists
greatly to improve their understanding of the
processes that control our environment. Such
an understanding is the basis for models that
can be used to forecast the effects of future
natural and man-made changes

As foreseen in the original mission objectives,
ERS-1 data are being used extensively within
the international scientific community for
physical oceanography, polar science and
climate research. Beyond these anticipated
areas, the data have stimulated a much
broader range of scientific utilisations than was
originally thought. This is the case, for example,
in the field of solid Earth and terrestrial
sciences

Thanks to the use of advanced observation
techniques, primarily radar, ERS-1 provides
both global and regional views of the Earth,
regardless of cloud coverage and sunlight
conditions. An operational near-real-time
capability for data acquisition, processing and
dissemination, offering global data sets within
three hours of observation, has allowed the
development of time-critical applications
particularly in weather, marine and ice
forecasting, which are of great importance for
many industrial activities.

How much are ERS data being used?

Every space agency that develops and
launches a completely new type of satellite
faces the same question: 'Will users have as
much call for the data as was predicted in
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preparatory studies and surveys?' Four years
after its launch, the demand for ERS-1 data has
not only lived up to expectations, but has
indeed exceeded them and is continuing to
grow at a rate of 20% to 30% a year.

A few figures will serve to illustrate this point:
the Proceedings of the two ERS-1 scientific
symposia (held in Cannes in 1992 and
Hamburg in 1993) contain a total of 410 original
scientific papers. Many have also been
published in recognised learned journals,
including Nature

At the first ERS-1 Application Pilot-Project
Workshop, held in Toledo, Spain, in June 1994,
more than 100 projects covering a wide
spectrum of operational applications were
presented. A significant number of those
projects have now reached the operational
stage, in particular in such fields as
meteorology, ice forecasting and bathymetry.

The customer service at ESA’'s data handling
centre ESRIN has dealt with some 15 000
orders for ERS SAR data from all corners of the
Earth. This does not include the thousands of
orders that went directly to non-ESA ground
stations rather than to ESRIN. The large
number of users in North America and the
Asia-Pacific Basin is particularly striking.

The breadth of ERS users is enormous, ranging
from individual scientists to multi-institutional
research groups, and from small high-tech
firms to large corporations and crucial public
services such as meteorological offices.

Another important element is the availability of
a well-maintained and accessible data archive.
This is especially true in the case of radar data,
which is unaffected by cloud cover and is in
principle continuously usable. ERS-1 has
provided more than half a million distinct radar
images, each of an area of 100 km x 100 km,
covering virtually the whole of the Earth’s
surface. They can be used either alone or in
combination with optical images from satellites
such as Spotand Landsat.

The high standard of performance in terms of
satellite instrument operations and the reliable
provision of well-calibrated data have
stimulated and encouraged the use of both the
SAR and the low-bit-rate data. This has been
achieved through close and fruitful cooperation
between the European and Canadian industry
involved in the development of the ERS-1
satellite and ground segment, the scientific
community, and the ESA project team.

What are the prospects and challenges for
ERS-2?

Built in the same way as ERS-1 by a consortium
led by Deutsche Aerospace, ERS-2 carries the
same radar instruments, together with GOME
and the enhanced ATSR. It will thus have to
deal with an even more demanding range of
tasks and an even greater number of users.

Following a worldwide Announcement of
Opportunity issued in the spring of 1994, using
very strict criteria, ESA selected a further 340
research teams interested in using data from
both ERS satellites. A number of them are
particularly eager to acquire data obtained
when the two satellites are working in tandem
Such unique data are especially useful for SAR
interferometry to generate accurate Digital
Elevation Models (DEMs) which are of high
value for many applications, such as hydrology
and cartography, or to detect small (cm-level)
movements in the Earth’s crust, for example
following earthquakes, prior to volcanic
eruptions, or as a result of glacier flows. A large
number of users are interested in the scientific
exploitation of data from GOME, since it offers
significant advantages over conventional
instruments in terms of both measurement
accuracy and spectral coverage.

The number of ERS receiving ground stations
is also expanding. There are now mobile
stations that allow data to be provided for areas
not previously covered, such as Central and
Eastern Africa, or incompletely covered with
the existing stations, such as Antarctica.

ERS-2 will benefit greatly from the expertise
and experience gained with ERS-1 in terms of
data processing and dissemination, sensor
calibration and data validation.

At the time of printing, ERS-2 is still in its
commissioning phase but has already
provided data of high quality, demonstrating its
capability to continue the ERS service until the
end of the 1990s, Then, the next generation of
satellite, Envisat-1, with even more advanced
sensors, will be launched and will take over the
service to users until 2005.

With ERS-1 and ERS-2, ESA is playing a major
role in the provision of the continuous,
high-guality and reliable data that is needed for
a better understanding of our complex home
habitat Earth and its fragile environment. (-]

1
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Figure 1. The ERS-2 spacecraft



spacecraft and payload

The ERS-2 Spacecraft and its Payload

C.R. Francis, G. Graf, P.G. Edwards, M. McCaig, C. McCarthy, A. Lefebvre, B. Pieper,
P.-Y. Pouvreau, R. Wall, F. Weschler, J.Louet, W. Schumann & R. Zobl
ESA Directorate for Observation of the Earth and its Environment,

ESTEC, Noordwijk, The Netherlands

The ERS-2 satellite is essentially the same as ERS-1 except that it
includes a number of enhancements and it is carrying a new payload
instrument to measure the chemical composition of the atmosphere,
named the Global Ozone Monitoring Experiment (GOME).

Other major instruments common to ERS-1 and ERS-2 are the Active
Microwave Instrument (AMI), the Radar Altimeter (RA), the Along-Track
Scanning Radiometer (ATSR), the Microwave Radiometer (MWR) and
the Precise Range and Range Rate Experiment (PRARE). The AMI
operates in three different modes devoted to radar imagery, and
oceanic wind and wave measurements. The RA measures precisely the
altitude over ocean ice and land surfaces and also measures oceanic
wind and waves. The ATSR measures sea-surface temperatures and
has been enhanced for ERS-2 by including visible channels for
vegetation monitoring. The MWR and PRARE both support the RA
mission by providing information respectively on propagation delays
of the radar signal and satellite positioning.

Note: This article is an updated version of an article describing ERS-1 which appeared in
ESA Bulletin 65 (February 1991)

AMIWIND SCATTEROMETER
ANTENNA (FGRWARD BEAM)
STOWED FOR LAUNCH

ERS-2 PAYLOAD

PAYLOAD
ELECTRONICS
MODULE
(PEM)

SOLAR GENERATOR
STOWED FOR LAUNCH

=

PAYLOAD PLATFORM
INTERFACE PLANE

PROPULSION
MODULE

PLATFORM

SERVICE
MODULE

_1_ e BATTERY

“ MODULE

SATELLITE LAUNCHER
SEPARATION PLANE

Figure 2. The major modules of
the ERS-2 satellite

The first European Remote Sensing satellite,
ERS-1, was launched on 17 July 1991. The
satellite had been developed during the 1980s
with the objective of measuring the Earth’s
atmosphere and surface properties, both with
a high degree of accuracy and on a global
scale. The primary scientific reason behind
acquiring such data is to increase our under-
standing of the interaction between the Earth’s
atmosphere and the oceans, in order to
deepen our knowledge of the climate and
improve global climate modelling

Other major benefits have been derived from
ERS-1 data, including: improved weather and
sea-state forecasting and ‘nowcasting’; a
greater knowledge of the structure of the sea-
floor, which is useful for oil and mineral
exploration; detailed measurements of the
Earth’s movements following seismic events;
measurements of ice coverage; and the
monitoring of pollution, dynamic coastal pro-
cesses, and changes in land use.

In order to ensure the continuity of those
measurements, ERS-2, a second flight model
of the satellite, was planned. Its development
was started in the late 1980s and the satellite
was launched on 21 April 1995, Although it is
essentially the same as ERS-1, the satellite
includes a number of enhancements and, in
particular, it is carrying a new payload instru-
ment that measures the chemical composition
of the atmosphere

The spacecraft

In common with ERS-1, the major components
of the ERS-2 payload are active microwave
instruments or radars. Powerful radar pulses
are needed to provide sufficient illumination of
the Earth's surface to produce detectable echo
signals from the satellites’ polar orbits, which
have a mean altitude of about 780 km. The
spacecraft also need large antennas to be able
to pick up the returning signals. Consequently,
the satellites have to be rather large: they each
weigh about 2.3 tonnes. The payload alone
weighs about 1000 kg and consumes about

13
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Figure 3. Exploded view of
the ERS-2 satellite

1 kW of electrical power when in full operation.
The antennas, after deployment, are up to
10 m long; the main payload support structure
hasa 2 m x 2 mbase and is some 3 m high.
To support the payload by providing electrical
power, attitude and orbit control, as well as
overall satellite operational management, a
platform module (derived from the French
national SPOT programme) is attached to the
payload (Fig. 2). That module is roughly
equivalent in size to the payload itsell and is
equipped with a deployable 12 m x 2.4 m
solar array

When the main ERS-1 development contract
started, in 1984, the satellite was far larger and

WIND-SCATTEROMETER
FORE. MID, AFT
ANTENNA

WIND-SCATTEROMETER
ANTENNA MOUNTING PANEL

MICROWAVE

SOUNDER
ALONG-TRACK SCANNING
RADIOMETER (ASTR)

% GOME

AMi RF PANEL — YS

SAR ANTENNA

ANTENNA SUPPORT
STRUCTURE

RADAR ALTIMETER (RA)
ANTENNA

AMI HPA PANEL + ZS

RA PANEL + YS IDHT PANEL — ZS
LASER RETRO-REFLECTOR
(LRR)

CROSS PANEL WITH AOCS SENSOR PANEL
TAPE RECORDERS
AND PAYLOAD PDU

X-BAND ANTENNA

PLATFORM/PAYLOAD
INTERFACE FRAME

WITH THRUSTER PLATES
PLATFORM CENTRAL

CYLINDER INCLUDING
FOUR HYDRAZINE TANKS

UPPER EQUIPMENT
PLATFORM WITH GYRO
UNIT; AOCS SENSOR- AND

LOWER EQUIPMENT PLATFORM PROPULSION ELECTRONICS

WITH TORQUE WHEELS, OBC AND
PLATFORM CONTROLLER PLATFORM — Z PANEL

WITH PRARE

SOLAR ARRAY DEPLOYED AND
STABILISED BY PANTOGRAPH

more complex than any that ESA had flown
previously. A comparison between the
Meteosat satellite and ERS-1, for example,
shows that ERS-1is 7.5 times heavier, transmits
750 times more bits of data per second, and
has nine active onboard computers, while
Meteosat had none.

The largest of ERS-2's sensors, the Active
Microwave Instrument (AMI), is capable, in its
imaging maode, of producing highly detailed
radar images of a 100 km strip on the Earth's
surface. This mode is also known as the
Synthetic Aperture Radar or SAR mode
Because that mode consumes a large amount
of energy and produces a vast amount of data
which cannot be stored on board, it is only
used regionally, for periods of approximately
10 min per orbit. The same instrument has
alternative  global measurement modes,
namely the Wind (or Scatterometer) Mode in
which the wind speed and direction at the
sea-surface can be measured over a 500 km
swath, and a Wave Mode which provides small
radar images at 200 km intervals. Those
images can be used to generate ocean-wave
spectra, showing wave energy as a function of
wavelength and direction

A second instrument, the Radar Allimeter,
provides very precise measurements of the
satellite’s height above the ocean, ice and land
surfaces. The successful exploitation of those
height data — which are to be used to study,
among other topics, global ocean circulation
and height profiles across the ice caps — is
dependent upon precise determination of the
satellite’s orbit, which is derived from the
onboard tracking systems. Those systems are
a laser retro-reftector, which is a passive device
used by ground-based satellite laser-ranging
systems, and the PRARE instrument, which is a
two-way microwave ranging system that uses
small, dedicated ground stations. The PRARE
on ERS-1 failed shortly after launch. For ERS-2,
the cause of that failure has been eliminated
and, furthermore, a second PRARE has been
embarked.

Another payload instrument is the Along-Track
Scanning Radiometer (ATSR), which consists
of two parts. Detailed images of the sea surface
are made by an infra-red scanning radiometer,
which allows extremely precise measurements
of sea-surface temperature. For ERS-2,
additional channels have been incorporated to
provide imagery in the visible part of the
spectrum as well, The other part is a passive
microwave radiometer, which is used 1o
determine the water-vapour content of the
vertical column of the Earth's atmosphere
passing beneath the satellite.
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ERS-2 is also carrying one completely new
instrument compared to ERS-1: the Gilobal
Ozone Monitoring Experiment, GOME. That
instrument provides spectra of backscattered
sunlight in the ultra-violet/visible/near-infrared
part of the spectrum, while scanning a swath
below the satellite. Processing of those specitra,
in combination with direct solar spectra which
are also measured by GOME for reference,
allows the determination of concentrations and
profiles of many trace gases, but particularly
ozone, in the atmosphere,

The large amounts of data from those
instruments are transmitted to the ground via
the Instrument Data Handling and Trans-
mission (IDHT) Subsystem. That system
includes two high-capacity onboard tape
recorders to store the data being gathered
while the satellite is outside the visibility of the
various ground stations.

The orbit

Both ERS-2 and ERS-1 are in a Sun-
synchronous polar orbit, highly inclined to the
equator, giving the satellites visibility of all areas
of the Earth as the planet rotates beneath
their orbits. The inclination is such that the
precession of the orbit, caused by the
non-spherical components of the Earth’s
gravity field, exactly opposes the annual
revolution of the Earth around the Sun.
Consequently, the orbital plane will always
maintain, its position relative to the Sun,
crossing the equator with the descending node
at about 10:30 am local time. The constant
illumination conditions throughout the year
which that provides are advantageous for the
ATSR and GOME. They also have benefits for
the satellite design, in that, for example, the
solar array only needs to rotate about one axis,
normal to the plane of the orbit, in order to
maintain its correct alignment with the Sun

The orbital inclination required to achieve
Sun-synchronism is a weak function of satellite
altitude. For a mean altitude of approximately
780 km, it needs to be about 98.5°, making it a
so-called ‘retrograde’ orbit. The orbital altitude,
and consequently the revolution period, may
be adjusted by use of the orbit control thrusters
provided on both ERS-1 and ERS-2, so that a
harmonic relationship exists between the
revolution period of the satellite and the rotation
period of the Earth. Consequently, after a
certain number of orbits, the satellite re-traces
its tracks over the Earth’s surface. In practice,
the orbital altitude of ERS-1 has been changed,
by a few kilometres, several times during the
four years it has been in orbit. Five orbital
patterns have been flown: two had repeat
periods of three days but over different ground

tracks; for most of the mission, a
multi-disciplinary 35-day pattern has been
used; and two others had a pattern with a
168-day repeat, offset by half of the track
spacing to provide a very dense spatial
coverage. Each individual orbit in those
patterns lasts approximately 100 min.

ERS-1 and ERS-2 are both flying in the same
35 day orbit, over the same ground tracks. It is
foreseen that both ERS-1 and ERS-2 will always
remain in that orbit. The phasing of the two
satellites around that orbit plane has been
adjusted so that they overfly the same track
with a one-day separation, ERS-1 being ahead.
That provides excellent opportunities to
compare the results from the two satellites.

The platform

The spacecraft platform provides the major
services required for satellite and payload
operation. Those services include attitude and
orbit control, power supply, monitoring and
control of payload status, telecommunication
with ground stations for telecommand recep-
tion and telemetry of payload and platform
housekeeping data. The platform also houses
the two independent PRARESs as passengers

The platform has been modified with respect
to the SPOT programme, in which it was
developed as a multi-mission concept, to meet
the special needs of the ERS missions. The
major modifications have included extension of
the solar-array power and battery energy-
storage capability, modification of the attitude-
control subsystem to provide yaw steering and
geodetic pointing, and the development of new
software for payload management and control.

The solar array’s performance had to be
appreciably increased to support ERS-1's
power-hungry microwave payload. This has
been achieved firstly by increasing the array's
effective area (and corresponding power) by
about 66%, to approximately 24 m", and
secondly by using more efficient solar cells,
which produce about 12% more power.

The solar array (Fig. 4) consists of two
58m x 2.4 m wings, manufactured from
flexible reinforced Kapton, on which are
mounted a total of 22 260 solar cells. The two
wings are deployed by means of a pantograph
mechanism, and the whole array rotates
through 360° with respect to the satellite
during each orbit in order to maintain its Sun
pointing

During the 66-min sunlit phase of each orbit,
the array provides electrical power to all of the
onboard systems. It also charges the
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Figure 4a. Front side of the

solar array
(Photo: Aerospatiale)

Figure 4b. Rear of the solar

16

array, showing the
pantograph deployment
mechanism

spacecraft's batteries, located in a cylindrical
compartment at the solar-array end of the
platform, so that they can provide the energy
necessary for a similar level of payload
operations during the 34-min eclipse periods
The four nickel-cadmium (NiCd) batteries are
sized to allow payload operations to be
independent of the satellite’s orbital position
Connected directly to the spacecraft's unregu-
lated 30 V bus, they power it during the 14
eclipses that occur each day, using their
combined capacity of 96 Ah. The precise
management of the charge and discharge
cycles is handled by the onboard computer,
with the possibility of ground intervention if
required

Attitude and orbit control

ERS-2, like ERS-1, is a three-axis-stabilised,
Earth-pointing satellite. Its yaw axis is pointed
towards the local vertical with respect to a
reference ellipsoid, taking the Earth's oblate
shape into account. The direction of the pitch
axis oscillates slightly during each orbit to keep
it oriented normal to the composite ground
velocity vector, taking account of the Earth’s
rotation, to assist the operation of the AMI. The
residual attitude errors are no more than 0.06°
on each axis for ERS-1, and ERS-2 is expected
to have a similar performance The attitude
control system has the capability to be offset to
compensate for any static error that may be
observed, but that has not proved to be
necessary.

ERS-2 has a range of attitude sensors. The
long-term reference in pitch and roll is obtained
from one of two continuocusly operating,
redundant infrared horizon sensors. The yaw
reference is obtained once each orbit from one
of two redundant narrow-field Sun sensors
aligned to point at the Sun as the satellite
crosses the day/night terminator. The short-
term and rate reference are obtained from an

inertial core, with a pack of six gyroscopes, of
which any three can be in use. Finally, there are
two wide-field Sun-acquisition sensors for use
in the initial stages of attitude acquisition, and in
safe mode, when the satellite is Sun-pointing
rather than Earth-pointing.

The primary means of attitude control is
provided by a set of momentum wheels (large
flywheels), which are nominally at rest. They
can be spun in either direction, exchanging
angular momentum with the satellite in the
process. It is also possible, if there were per-
manent torques on the satellite due, for
instance, to radiation pressure on the solar
array, to bias one or more wheels to a nominal
non-zero speed. This has not been necessary
with ERS-1. Angular momentum also needs to
be dumped from the wheels on a regular basis
and a sophisticated system has been devised
for this purpose. The onboard computer con-
tains a simple model of the Earth’s magnetic
field, and is also able to control the current in a
pair of orthogonal magnetic coils. These coils,
called ‘magneto-torquers’, generale torques
by interacting with the Earth’s geomagnetic
field. Using a servo loop and the built-in field
model, the spacecraft's onboard computer
continuously adjusts the magneto-torquers to
keep the wheel speed close to the nominal
values.

ERS-2 has a number of monopropellant-type
thrusters, aligned about the spacecraft’s three
primary axes, in which hydrazine dissociates
exothermically as it is passed over a hot-
platinum catalyst. They are used in different
combinations to maintain and modify the
satellite’s orbit and to adjust its attitude during
non-nominal operations. That is normally done
by using pairs of thrusters to provide in-plane
thrust when slightly changing the orbital height
or speed, or by turning it in yaw to obtain
out-of-plane thrust when slightly modifying the
orbital inclination
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The payload module

The mechanical structure of the payload has to
meet a number of challenging requirements,
including rather tight mechanical-stability and
thermal-isolation constraints. It was also
foreseen that the payload would need to be
disassembled many times, and this had to be
considered in its basic design. There are two
main parts to the payload module (Fig. 5), the
Payload Electronics Module (PEM) and the
Antenna Support Structure (ASS), for which
different design solutions were adopted.

The Payload Electronics Module (PEM)

The PEM is an aluminium face-sheet/
honeycomb structure supported by nine
internal vertical titanium beams (titanium was
selected for its low thermal conductivity and
expansion coefficient). The central beam lies at
the intersection of two internal cross-walls, so
that the PEM is effectively divided into four
separate compartments. Each outer panel is
dedicated to a particular instrument, to simplify
integration logistics, and is fixed to the vertical
pbeams by close-tolerance bushes and titanium
screws. This construction minimises settling
effects due to vibration and ensures good
structural-assembly repeatability.

The payload is separated from the platform by
a non-load-bearing electromagnetic (EMC)
shield. An aluminium-honeycomb panel closes
the opposite end of the structure, stabilising the
beams and providing the interface to the ASS
at the beam locations. The beams provide a
load path from the ASS to the platform

It was clear that the integration programme
would involve many separations of the PEM
and the platform and so a system of tapered
dowels and shims was developed to ensure
repeatability of assembly. To facilitate the con-
nection and disconnection of the instrument
panels to and from the main harness, there are
large connector brackets attached to the lower
parts of the panels, with simple covers.

The Antenna Support System (ASS)

The ASS (Fig. 6), requiring structural stiffness
while minimising thermal distortion, has been
manufactured primarily from high-modulus
carbon-fibre-reinforced plastic (CFRP) tubes,
with titanium being used for all the highly
loaded structural elements such as nodes, strut
end-fittings, and interface brackets.

The lower part of the assembly consists of five
tripods, three of which provide support points
for the SAR antenna and two intermediate
support points for the upper assembly. These
tripods are also connected to each adjacent
node. The CFRP sandwich plate at the top,

which carries the Scatterometer antennas, is
supported by three further tripods attached to
the intermediate points and the SAR central
point. The Altimeter’s antenna is attached at
three node points by a triangulated strut
system

That intricate, highly stable assembly was
challenging in terms of design, manufacture
and integration. That is amply illustrated by the
central titanium node, which interfaces to ten
high-tolerance struts without inducing built-in
stresses

WIND SCATTEROMETER
ANTENNA TOP PANEL

INTERMEDIATE
STRUCTURE

RADAR
ALTIMETER
IIF FRAME

TOP PANEL

STRUT
ASSEMBLY

ALONG-TRACK
SCANNING
RADIOMETER
BASE PLATE

SENSOR PLATE

The thermal-control system

The thermal-control system is basically a
passive design, complemented by an active
heater system. The thermal-control approach
complements the modular overall design of the
satellite, the payload, platform and battery
compartment being thermally insulated from
one another as far as practicable, allowing
separate analysis and testing. The individual
modules are also insulated from the external
environment by multi-layer insulation blankets,
except for the radiators. The latter are covered
mainly with materials of low solar absorptance
and high infrared emittance, which reject the

Figure 5. The payload
support structure, showing
the box-like Payload
Electronics Module (PEM)
structure and the complex
strut assembly of the
Antenna Support Structure
(ASS)
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Figure 6. The ERS-2

payload being placed in the

e

Large Space Simulator for
nvironmental testing. The

Antenna Support Structure

18

(ASS) can be seen.

internally dissipated energy. The radiator areas
have been optimised for the extreme hot and
cold operating conditions that will be
encountered in nominal Earth-pointing attitude,
and during the Sun-pointing safe mode in
which the payload would be inert. A heat pipe
is used to transfer heat from the ATSR to one of
the radiators. The GOME, which was added
to the payload for ERS-2, obscures one of
the original ERS-1 radiators. The necessary
thermal dissipation is now provided by a further
heat pipe to an enlarged radiator on a nearby
panel. The GOME itself has a relatively large
built-in radiator panel facing cold space, to
which the Peltier coolers, which are used to
keep the detector temperatures at —30°C, are
connected by heat pipes,

High heat fluxes in the payload electronics
module are spread over larger areas by local
skin-thickening of honeycomb side panels

or by constant-conductance heat pipes
embedded in the panels
Active heater systems, which are fully

redundant during nominal operations and
partially redundant in safe mode, provide
autonomous thermal control to cope with
periods of limited ground contact. The heater
systems themselves are controlled pre-
dominantly by onboard software in nominal
modes and by thermostats in safe mode, or in
failure cases where the onboard computer
is not available. An anomaly-management
system is triggered by failures in the heater

systems and/or out-of-range equipment
temperatures. It decides on the appropriate
corrective action, which can be to switch to
redundant heater branches and/or to switch off
the payload.

All software parameters used for control or
surveillance can be enabled, inhibited or
updated by ground command, providing a
high degree of flexibility for coping with a
variety of unforeseen events or conditions.

On-board command and control

ERS-2 carries a significant number of software
packages run by different processors spread
throughout the platform and the payload. Inthe
platform, the On-Board Computer (OBC) runs
the so-called ‘Centralised Flight Software’,
which is a small software package (44 kwords)
incorporating alf the basic functions needed to
conduct the mission in an optimal fashion. In
addition, each payload component (AMI,
RA, ATSR and IDHT, described in more
detail below) contains its own decentralised
Instrument Control Unit (ICU). These five
computers are linked by the On-Board Data-
Handling (OBDH) bus, and communicate with
each other via a high-level packetised protocoal.
The PRARE, as a platform passenger, is not a
user of the OBDH bus, but also has built-in
intelligence, as does the GOME, which is
controlled by the control unit of the ATSR.

That set of interdependent computers fulfils a
critical requirement. ERS-2 is an extremely
complex satellite, with a great many modes,
parameters and logical conditions to be set
and respected throughout each orbit. It is
required to have 24-hour autonomy, and that
could only be achieved by providing intelligent
payload elements controlled by a capable
central computer. A basic concept in that
philosophy is the ‘'macrocommand’, a coded
instruction expanded and acted upon by the
ICU. In that way, the ICU relieves the OBC of
many detailed tasks related to internal
instrument configuration and operations.

It was a primary requirement that all of the
onboard processors be reprogrammable
in flight, and many of the operating
characteristics are controlled by tables of
variable parameters. Commands are provided
for manipulation of those tables to enable major
changes in the operating characteristics to be
easily achieved

The main functions of the OBC flight software

are:

— to take the spacecraft from launch to
operational configuration, by automatically
sequencing such events as the firing of
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pyrotechnic cable-cutters and unfolding of
antennas;

— to manage the spacecraft in orbit, operating
the platform subsystems and managing the
overall payload. That includes overall power
regulation, power distribution and thermal
control of the platform subsystems, the PEM
and the antennas. The Attitude and Orbit
Control System (AQCS) is also piloted by the
OBC flight software;

— to monitor the spacecratft, in order to detect
and neutralise any critical failure and
thereby preserve the mission. In the case of
serious failure, the flight software will auto-
nomously reconfigure the faulty platform
subsystem to the redundant hardware, or
switch-down any payload instrument that
shows anomalous behaviour. If the recon-
figuration fails, the spacecraft will be put into
a so-called ‘safe mode’, in which the
payload will be switched off, the solar array
parked in the canonical position, and
the satellite placed in a Sun-pointing
attitude, awaiting further intervention from
the ground;

— to allow mission pre-programming from
the ground. The OBC ilight software can
memorise up to 16 orbits’ worth of
macrocommands for scheduled trans-
mission to the various payload instruments,
usually when the satellite is out of ground
coverage. This mechanism can also be
used to achieve temporary attitude (e.g.
roll-tilt) effects;

— to report to the ground. Every second, the
S-band telemetry link transmits 256 bytes of
data obtained by the OBC flight software,
either on the real-time status of the plat-
form and payload, or from dedicated
memory areas where the significant event
history has been recorded. The flight
software can also support trouble-shooting
via S-band telemetry, in that it is able
to access and transmit the contents of
all the computer memories onboard the
satellite,

The ICUs run software packages whose
functionality depends on the particular
instrument that they serve, but there is some
commonality. The common ICU tasks are:

— interfacing between the OBDH bus and the
instrument hardware, receiving macro-
commands and providing packetised
telemetry, so-called 'ICU Formats’;

— executing macrocommands, by putting the
instrument into the appropriate mode to
perform commands sent from the ground;

— monitoring sensors within the instruments in
order to detect any critical failure, and if
necessary switching the instrument to
‘standby mode’;

— reporting to the ground by the telemetry of
‘ICU Formats' consisting of real-time data
(such as sensor measurements, science-
data samples, and software variables) or
data recorded to trace the history of the
instrument (such as mode transitions and
anomalies)

The other functions of the ICUs are related
to scientific data conditioning/processing,
and are therefore more specific to each
instrument. Both the AMI and RA ICUs
interface with scientific computers, known
as the Scatterometer Electronics and
Signal-Processor ~ Sub-Assembly  (SPSA),
respectively. The AMI ICU manages a large
memory buffer which accommodates the data
originating from the sampling of the radar echo
in SAR and Wave modes, while the IDHT ICU
manages the tape recorders

There are two types of time-management
functions to be carried out onboard, namely
the scheduling of events and the time-stamping
of measurements. All timing is referenced to a
clock maintained by the OBC, providing time
signals with 4 ms resolution and correlated
with UTC (Universal Time Coordinated) by the
Kiruna (Sweden) ground station. Events are
scheduled by associating a time with each
macrocommand

The time-stamping of measurements, known as
‘datation’, is also performed by the ICUs, which
write the appropriate binary time code,
transcribed from the ICU clock, into the
secondary header of each source (data)
packet.

Deployments

During the first few orbits after ERS-2's
separation from the launch vehicle, a period
known as the Launch and Early-Orbit Phase, or
LEOP several units of the spacecraft were
deployed (Fig. 7). They include the solar-array
arm and panel on the platform, and the SAR
antenna, fore and aft Scatterometer antennas
and ATSR antenna on the payload. In
designing these deployments and their
sequencing, a number of constraints had to be
observed:

— Dynamic
The sequence of deployments is driven
primarily by the results of a shock analysis,
which showed that the SAR antenna could
be deployed with the solar array already
out, but the array drive mechanism had to
be locked. This also applies to the
Scatterometer antennas, but they could also
be deployed after drive-mechanism release
if need be
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— Timing
The SAR and Scatterometer antennas must
be deployed after the AOCS fine-pointing
mode has been achieved, which is at most
2000 s after separation. The SAR deploy-
ment takes 18 min, and the Scatterometer
antennas 8.5 min each.

— Visibility
The critical deployment phases must
take place within the visibility of one of the
seven ground stations participating in the
LEOP

— Power

During the LEOP the battery depth-of-
discharge must not exceed 60%. Before
solar-array deployment, the spacecraft has
to rely entirely on its batteries, which would
be 60% discharged after three orbits. Once
the solar array is deployed but is not yet
rotating, a short battery-charging cycle is
possible, thereby raising the batteries’
operating limit to 20 orbits.

Figure 7. Nominal
operations sequence for
the Launch and Early-Orbit
Phase (LEOP)
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— Thermal
The payload elements must be maintained
within their survival temperature limits

despite the need to use as little power as
possible. During the first orbit, therefore,
low-level heaters were switched on during
the day only. There would also be potential
thermal difficulties at some orbital positions
if the active face of the deploying SAR
antenna was exposed to the Sun.

All of the deployments were controlled by the
OBC, some via a pyrotechnic activation
sequence triggered by the separation from
the launcher, and some via time-tagged
macrocommands. The macrocommands were
loaded into the OBC before launch and were
thus executed at times independent of the
actual time of launch during the 5 min window.
To maintain synchronism between the two
types of deployment, had ERS-2 not been
launched at the opening of the launch-window,
the macrocommand queue could have been
updated very shortly after separation from the
launcher, when ERS-2 was visible from the
Wallops ground station, on the east coast of
the USA. There was also a possibility of
updating from Fairbanks in Alaska, or Perth in
Australia.

The ATSR microwave antennas were released
by pyros 5 s after separation. A spring drive
then rotated it into its latched position in just a
few seconds. Next, the solar-array arm’s
deployment began with a pyro release firing,
less than 1 min after separation, the further
deployment requiring no additional commands
and being mechanically sequenced and
driven by spring forces (Fig. 8). Deployment of
the solar-array panels themselves did not start
until about 45 min after separation, when
ERS-2 was visible from Perth. The deployment
was again passive, with the two panels being
pulied out of their container by spring-driven
pantographs

The SAR-antenna deployment (Fig. 9) started
75 min after separation, within the visibility of
the Santiago de Chile ground station. The two
antenna wings each have spring-driven and
motor-driven phases, and the whole sequence
was initiated by firing a pyro to release six lever
clamps holding the folded antenna in launch
configuration.

The Scatterometer antennas were deployed
immediately after the SAR antenna. They were
stowed at the sides of the PEM for launch, and
were also released by pyro firing. Each
antenna deployment involves a single motor-
driven rotational movement.
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Solar-array
box in stowed
position

Finally, after 24 h and 1V orbits, when the Sun
was directly overhead, the solar array rotation
was enabled. All the ERS-2 deployments
occurred precisely as planned

Instrument data-handling and telemetry
ERS-2 has two telemetry systems. The plat-
form’s needs are served by a classical-type
Telemetry, Telecommand and Control (TTC)
system operating at S-band. That low-rate
(2 kbit/s) system is used to transmit the ICU
formats for housekeeping purposes. Because
of the high bit rates involved, the science data
cannot use this link and the payload therefore
includes a so-called ‘Instrument Data Handling
and Transmission’ (IDHT) system. That system
allows real-time transmission of AMI Image-
Mode data, providing a regional service to
local ground stations and global recording and
telemetry of the other sensors

The instruments generate data in the form of
‘source packets’, which constitute a logical
division of telemetry data from the instrument

Deployed

point of view. However, they are not the
fundamental unit as far as transmission to the
ground is concerned, for which a further
division into 'transport frames’ is made. The
latter are smaller than source packets and, in
addition to pieces of source packets, contain
synchronisation and transmission error-control
information. The source-packet structure is
then reassembled from transport frames at the
ground stations.

Three data streams are transmitted from the

IDHT (Fig. 10). The first contains the high-rate
data from the AMI Image Mode, with auxiliary

Stowed Antenna %

Figure 8a. Deployment of
the solar-array arm

Figure 8b. One of the
spring drives for solar-array
deployment

Figure 9. Deployment of the
SAR antenna
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Figure 10. Block diagram of
the X-band science data
transmission system (IDHT)

Figure 11. One of the two
6.5 Gbit tape recorders,
which can hold 3000 ft of
1/4-inch tape
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data and a copy of the S-band telemetry data,
at a total rate of 105 Mbit/s. This channel has an
X-band link dedicated to it. The other sensors
have their data combined, again with a copy of
the S-band data and satellite ephemeris
information, into a (comparatively) low-rate
data channel, operating at 1.1 Mbit/s, which is
continuously recorded by the onboard tape
recorder (Fig. 11). This recorder is replayed at
13.6 times recording speed (in reverse order to
save rewind time) when over the ground
stations to form a second data channel, at 15
Mbit/s. It shares the second X-band link with
the live transmission of the combined low-rate
data, which constitutes the third data stream.

The tape recorder has been designed to
store a full orbit of continuous 1.1 Mbit/s
low-rate data on 3000 ft of Va-inch mag-

netic tape, leading to a total data-
recording capacity of 65 Gbit. When
performing a data dump to high-
latitude ground stations, such as the

primary Kiruna station, the spacecraft’s
solar array might cause a brief occultation
of the link, due to the system geometry.
On passes when that occurs, the on-
board command scheduling includes a
stop in playback before the occultation, a
slight rewinding of the tape, and a reac-
tivation of playback mode after the occul-
tation.

The modulation scheme used for the high-rate
channel is quadrature phase-shift keying,
called QPSK, which allows four distinct states
per clock cycle and makes it possible to
transport two bits of information per cycle. That
reduces the radio-frequency bandwidth
required for transmission by a factor of two
compared with a simpler modulation scheme.
The low-rate link uses unbalanced quadrature
phase-shift keying, or UQPSK, to modulate the
15 Mbit/s recorder dump and the convolu-
tionally encoded real-time data onto a single
link. If there are no recorder dump data,
bi-phase-shift keying (BPSK) is used for the
real-time data

Immediately before and after recorder
playback, the link is automatically switched
between BPSK and UQPSK operation, with
minimum impact on the real-time data stream.
The ERS-1/ERS-2 ground demodulators have
been designed to accommodate that mode-
switching automatically.

The fact that the X-band transmission was
required to have a minimum power-level
fluctuation during the satellite pass led to the
design of a shaped-beam antenna able to
compensate for losses at low satellite elevation
angles, when the distance to the ground station
is long, and the attenuation due to the
atmosphere’s water content is high. To achieve
that, the antenna reflector is shaped so that its
radiation pattern compensates for the
inverse-square-law variation in received power
with distance as the satellite passes across the
sky at the ground station. The polarisation of
the radiated energy is rotated to compensate

for Faraday rotation due to the Earth’s
ionosphere
The IDHT is physically located on the

Earth-facing panel of the PEM, with the tape
recorders mounted inside, on one of the
cross-walls



The scientific instruments

The Active Microwave Instrument (AMI)

Two separate radars are incorporated within
the AMI, a Synthetic-Aperture Radar (SAR) for
Image and Wave Mode operation, and a
Scatterometer for Wind Mode operation. The
operational requirements are such that each
mode needs to be able to operate inde-
pendently, but the Wind and Wave Modes are
also capable of interleaved operation, in
so-called ‘Wind/Wave Mode'.

In Image Mode, the SAR obtains strips of
high-resolution imagery 100 km in width to the
right of the satellite track (Fig. 12). The 10 m
long antenna, aligned parallel to the flight
track, directs a narrow radar beam onto the
Earth’s surface over the swath. Imagery is built
up from the time delay and strength of the
return signals, which depend primarily on the
roughness and dielectric properties of the
surface and its range from the satellite

Figure 12.

SPACECRAFT ALTITUDE
(785 km NOMINAL)

spacecraft and payload

/

SUB-SATELLITE TRACK

The SAR Image Mode

AMI Image-Mode (SAR) Characteristics

Bandwidth 15.55+0.1 MHz
PRF range 1640—1720 Hz in 2 Hz steps
The SAR’s high resolution in the range Long pulse 37.12+0.06 us
direction is achieved by phase coding the Compressed pulse length 64 ns
transmit pulse with a linear chirp, and Peak power 4.8 kW
compressing the echo by matched filtering. ~ Antenna size 10m x 1m
Polarisation Linear-Vertical (LV)

Range resolution is obtained from the travel
time. Azimuth resolution is achieved by
recording the phase as well as the amplitude of
the echoes along the flight path. The set of
echoes over a flight path of about 800 m is
processed (on the ground) as a single entity,
giving an azimuth resolution equivalent to a
real aperture 800 m in length. This is the
‘synthetic aperture’ of the radar.

Operation in Image Mode excludes the  'eauency
; Data rate
other AMI operating modes, and power
considerations limit operating time to a
maximum of 10 min per orbit. The data rate of
100 Mbit/s is far too high to allow onboard
storage, and so images are only acquired
within the reception zone of a suitably
equipped ground station.
Wave-Mode operation of the SAR provides
5 km x 5 km images at intervals of 200 km
along track (Fig. 13), which can then be
AMI Wave-Mode Characteristics
Wave direction 0—180° (180° ambiguity)
Wave length 100—1000 m
Accuracy direction +20°
length +25%
Spatial sampling 5 km x 5 km every
200—300 km, programmable
anywhere within the SAR swath
Incidence angle 23°
Frequency 5.3 GHz (C-band)
Polarisation Linear-Vertical (LV) Figure 13.

Analogue/digital complex sampling
Sampling window
Quantisation

Spatial resolution
Radiometric resolution
Swath stand-off
Swath width
Incidence angle

18.96 million samples/s

296 us (99 km telemetred swath)
51, 5Q if range compression on
ground (nominal 6, 6Q if range
compression on board)

30m x 30 m

25dBatgy= -18dB

250 km to the side of the orbital track
100 km

23° at mid-swath

53 GHz (C-band)

<105 Mbit/s

/

SUB-SATELLITE TRACK CHATHRORE A

WAVE MODE
(5km X 5km)

200km or 300km
(SELECTED BY COMMAND)

-

LA IR
»/!OO{&TY','
1—7?/1

SWATH WIDTH

The SAR Wave Mode
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interpreted to provide wave spectra. The
relatively low data rate allows onboard data
storage, and thus a global sampling of wave
spectra is obtained

The Wind Mode uses three antennas to
generate radar beams looking 45° forward,
sideways, and 45° backward with respect to
the satellite’s flight direction (Fig. 14). These
peams continuously illuminate a 500 km-wide
swath as the satellite moves along its orbit, and
each provides measurements of radar
backscatter from the sea surface on a 25 km
grid. The result is three independent
backscatter measurements for each grid point,
obtained using the three different viewing
directions and separated by a short time delay.

Figure 14. The SAR Wind Mode

AMI Wind-Mode Characteristics

Subsatellite Track
fom

Wind direction range 0—360°
Accuracy +20°
Wind speed range 4—24 m/s
Accuracy 2 m/s or 10%
Spatial resolution 50 km
Grid spacing 25 km
Swath stand-off 200 km to side of orbital track
Swath width 500 km
Frequency 53 GHz +200 kHz
Polarisation Linear-Vertical
Peak power 4.8 kW

Mid Fore Aft
Incidence angle range (approx.) 16—42° 22—50° 22—50°
Antenna length 23 m 36m 36m
Dynamic range — 42 dB -
Pulse length 70 us 130 us 130 us
No. of pulses per 50 km 256 256 256
Radiometric resolution 8.5% 9.7% 9.7%
Detection bandwidth 25 kHz 25 kHz 25 kHz
Sampling scheme Complex I/Q 8 bits each
Return-echo window duration 2.46 ms 3.93 ms 3.93 ms
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As the backscatter depends on the wind speed
and direction at the ocean surface, it is possible
to calculate the surface wind speed and
direction by using those ‘triplets’ within a
mathematical model.

The AMI electronics (see right panel) cover two
full 2m x 1 m side panels of the PEM. In
addition, the calibration unit is mounted on a
cross-wall inside the PEM, the switch matrix
and its controller are on the top panel, and the
four antennas, one of the most characteristic
elements of the ERS-1 and ERS-2 satellites, on
the Antenna Support Structure (ASS).

The Radar Altimeter (RA)
The Radar Altimeter is a nadir-pointing pulse
radar designed to make precise measure-
ments of the echoes from ocean and ice
surfaces. It has two measurement modes,
optimised for measurements over ocean and
ice, respectively. In the so-called ‘Ocean
Mode’, the echo characteristics of interest are:
— Time delay with respect to the trans-
mitted pulse, which provides the altitude
measurement
— Slope of the echo leading edge, which is
related to the height distribution of reflecting
facets and thus to the ocean wave height
— The power level of the echoed signal, which
depends on small-scale surface roughness
and thus on wind speed.

The radar echoes over ice sheets, particularly
the rough surfaces at the continental margins,
show much greater variances in shape than
oceanic echoes. In order to maximise the data
return in those areas, the Ice Mode includes
three features designed to improve its ‘robust-
ness’. The range window width is increased by
a factor of four, which also degrades precision
by a similar amount. A simplified height-
tracking loop greatly improves the ability to
keep the echo in the range window, although it
cannot distinguish the leading edge of the
signal. Finally, the tracker is more agile

In the Ice Mode, as in the Ocean Mode, the
telemetered data stream contains the effective
height of the range window, and the digitised
echo waveform within this window. They allow
ground processing to retrieve topographic
information. The returned power level is also
lelemetered.

The effective pulse width is 3 ns, which is
equivalent to about 45 cm in two-way range.
The radar is said to be ‘pulse-width-limited’
because not all of the target is illuminated
simultaneously by the short pulse, and the
received power is controlled by the
illumination.
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The AMI Electronics

The radio-frequency (RF) subsystem units, covering half of a panel in the
spacecraft, contain all the electronics needed to generate the transmit
pulses and to amplify and filter the received signals.

The intermediate frequency (IF) radar contains a transmit and a receive
section. The transmit section, in Image Mode, generates a linearly
chirped pulse of 15.8 MHz bandwidth and 37.2 ps length. This pulse is
generated by gating the 123 GHz output of the frequency generator into
ashort pulse and applying it to a dispersive delay line. Atthe output of the
delay line, the pulse is amplified and cut to the correct length of 37.2 ms.
In Wind Mode, the transmit pulse is generated by the Scatterometer
electronics, and the IF radar acts only as an amplifier.

The up- and down-converters are contained in a single unit. The
upconverter converts the output signals of the IF radar to 5.3 GHz and
amplifies them to a level of about 250 mW, required for the input of the
high-power amplifier (HPA).

The two redundant units of the HPA occupy one complete panel; each
consists of a farge power conditioning unit (EPC), a travelling-wave-tube
amplifier, an output isolator, and an output filter. The latter two elements
are located on the outside of the panel. The HPA ampilifies the input
signals to output levels of about 5000 W

The output signal from the HPA arrives at the circulator assembly, or
switch matrix, on the top panel of the PEM. This matrix of ferrite
circulators switches the signal coming from the HPA to any of the four
antennas, and on the return path directs the receive signal from the
chosen antenna into the receive chain.

The waveguides from the switch matrix to the four antennas are
lightweight CFRP units with a rectangular cross-section of
4 cm x 2cm, internally metallised. They are rigidly connected to the
SAR antenna and the mid Scatterometer antenna, while the connection
to the deployable fore and aft antennas is by choke flanges, without a
fixed connection.

The largest of the AMI antennas is the SAR antenna, with a radiating area
of 10 m x 1 m. ltis a slotted-waveguide array made of metallised CFRP.
The antenna itself is subdivided into ten electrical and five mechanical
panels, lts planarity across its 10 m length is better than 1.5 mm when in
orbit.

£a
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Amplifier
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The three Scatterometer antennas are made of aluminium alloy. Like the
SAR antenna, they are slotted-waveguide arrays, and each is subdivided
electrically into two panels, The central unit, measuring 2.3 m x 0.34 m,
contains eight waveguides, while the fore and aft arrays, measuring
3.6 m x 0.25 m, each contain six waveguides.

All of the antennas are designed for vertical polarisation

The receive echo arrives at the receive part of the IF radar, via the
circulator assembly, the receiver shutter, which safeguards the sensitive
low-noise receiver against transmission-pulse leakage, and the
down-converter. In nominal operation, the IF radar works for both SAR
and Scatterometer mode as an amplifier and filter stage. In SAR mode,
however, onboard range compression can be commanded from the
ground, which then switches the signal through an inverse dispersive
delay line, compressing the echo pulses by a factor of about 600.
Depending on the mode of operation, the output is fed to the SAR
processor or the Scatterometer electronics

The SAR processor filters the signal and down-converts it to baseband.
After analogue-to-digital conversion, auxiliary data are added, then the
data are buffered and delivered to the IDHT for transmission to the
ground. The SAR processor additionally functions as the AMI's ICU, The
Scatterometer electronics also has two tasks. It filters and digitises the
Wind-Mode echoes and transfers them to the IDHT for transmission to
ground. It also controls the AMI during Wind-Mode operation.

The echoes from the fore and aft antennas have rather a high Doppler
shift, which varies from approximately 70 to 150 kHz across the swath
This Doppler spread would prevent narrow-band filtering to reduce
noise. The Scatterometer electronics therefore, while the echoes are
coming in, changes the local oscillator frequency according to the
expected instantaneous Doppler shifts. This acts as Doppler
compensation. This is also applied to the mid echoes, but here the
required compensation is small.

Apart from providing a sample of the transmitted signal into the receiver
for calibration purposes, the other task of the calibration unit is to defay a
SAR transmit pulse and feed it back to the IF branch of the receiver. This
signal is used as a replica of the chirped transmit pulse for on-ground
range compression in the ground processor, as an alternative to the
onboard range compression mentioned earlier On-ground range
compression is, in fact, the nominal operating mode.

Image
data

IDHT Interfaces

- IDHT Interface

Wind
data

{> PRF
pulse

Figure 15. Functional block
diagram of the Active
Microwave Instrument (AMI)
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Figure 16. Schematic of the
Radar Altimeter’s operating
principle. The signal at
various points is shown as
a frequency/time plot.

Over ocean surfaces, the distribution of the
heights of reflecting facets is gaussian or
near-gaussian, and the echo waveform has a
characteristic shape that can be described
analytically. It is a function of the standard
deviation of the distribution, which is closely
related to the ocean wave height.

Different echo waveforms occur over ice
surfaces. Over sea ice, there is generally a
strong specular component, while the rough
topography of continental ice sheets at the
margins leads to complex return waveforms. In

central ice sheet areas, the height distribution
becomes more regular and echoes similar to
ocean returns are observed

Real echoes are composed of the sums of
signals from many point-scatterers, each with
individual phase and amplitude. To reduce
uncertainties in the determination of pulse
characteristics, the Radar Altimeter averages
pulses together to reduce that statistical effect

The constraints of available peak transmit
power and required pulse width determined

Chirp
Generator

D

Antenna

that a pulse-compression technique be used
to spread the required energy over time,
allowing reduced peak power (see panel
below)

Table 1. Radar Altimeter (RA) characteristics

Frequency 138 GHz
Pulse length 20 ps
Pulse rept. frequency 1020 Hz

Chirp bandwidth 330 MHz (sea)

825 MHz (ice)

Transmit power 55 W peak
Antenna diameter 1.2m
Height noise 3 cm at 8 m wave height
A Mass 96 kg
Output Data DC power 130 W

The RA Electronics

The chirp generator, which is based on surface acoustic wave (SAW)
devices, is triggered at a fixed rate of almost 1020 Hz. The chirps pass
through a 20 s SAW delay line used to separate transmit and receive
chirps during calibration. After upconversion to the transmit frequency,
they are amplified by the high-power amplifier, a 50 W travelling wave
tube (TWT). The pulses pass via the front-end electronics (FEE), which is
an arrangement of circulators and the calibration coupler, to the antenna,
a front-fed paraboloid

Returning echoes arrive, via the antenna, FEE, and low-noise amplifier
(LNA), at the microwave receiver. When the echo is expected to return,
the chirp generator is re-triggered and a second chirp generated. During
the upconversion and multiplication process, a slight frequency offset is
introduced, and this becomes the first intermediate frequency (IF). This
local oscillator chirp is mixed with the received echo in the ‘deramping
mixer’ in the microwave receiver. A series of tones is thus generated,
centred on the first IF

The microwave receiver is a dual-conversion system, and after
conversion to baseband the in-phase (l) and quadrature (Q) signals are
passed to the signal processor sub-assembly, or SPSA. The next
important stage, inside the SPSA, is the spectrum analyser where the
spectrum of the tones is found. This spectrum exactly represents the time
structure of the echo waveform in 64 points at an equivalent spacing of
3.03 ns. The average power spectrum over 50 successive pulses is
formed, and finally this information is used by the parameter estimator.
This step is essential in order to provide the estimate of when the next
echo is expected to return, for the chirp re-triggering. As an indication of
the need for this estimate, the full bandwidth of the spectrum analyser is
equivalent to a height window of about 30 m in the ocean mode
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The maximum height rate is about 30 m/s; if the height estimate were not
continually updated, the signal couid be completely lost in about 1 s.

Sometimes, however, the echo can be lost, for example, as a result of
passing over some topographic features such as mountains. In this case,
the acquisition mode is automatically entered, This is a sophisticated
multi-stage scheme, partially relying on dedicated hardware processing,
which virtually guarantees getting any trackable surface into the tracking
mode range window in just over 1 s.

The parameter estimator is a microcomputer, within the SPSA. It is used
in acquisition and tracking modes. In ocean and ice tracking, it runs
software tracking loops which follow the signal characteristics. In the
ocean mode, there are three main loops to track echo time-delay
(height), leading-edge slope, and echo power. The error signals used as
input to these loops are derived from adaptive discriminators

The time-delay and echo-power loops are also used in the ice mode,
although the error signals are derived from different discriminators.
Because of the reduced chirp bandwidth, the spectral points are spaced
at 12.12 nsintervals, leading to a range window of about 115 m.

Internal open-loop calibration is performed every minute. This procedure
is very fast (about 100 ms). The transmitted signal is coupled into the
receiver through an attenuator, and analysis of the received signal is
performed on the ground to determine the delay around the system, The
major item omitted in this scheme is the ultra-stable oscillator (USO),
which provides the echo timing. This calibration is obtained by
broadcasting the USO frequency via the IDHT to enable measurements
to be made on the ground.
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The Along-Track Scanning Radiometer and
Microwave Sounder (ATSR-M)

The ATSR-M consists of two instruments, an
Infrared Radiometer (IRR) and a Microwave
Radiometer (MWR). The IRR has been
upgraded from the ERS-1 instrument to include
three channels in the visible part of the
spectrum as well as the possibility of
performing some on-board averaging of data,
to flexibly allow the extra channels of
information to be provided within the same
overall data-rate limitations.

The primary objective of the IRR is to measure
the global Sea-Surface Temperature (SST)
for climate-research purposes. lIts absolute
accuracy is better than 0.5 K when averaged
over areas of 50 km x 50 km, assuming that
20% of pixels within the area are cloud-free.
For the cloud-free pixels, of 1 km x 1 km, the
relative accuracy is about 0.1 K

To achieve those objectives, the IRR was
designed as an imaging radiometer with
four co-registered channels with wavelengths
of 1.6, 3.7, 11 and 12 pym, defined by beam
splitters and multi-layer interference filters. The
Instantaneous Field of View (IFOV) at the
nadir on the Earth’s surfaceisa 1 km x 1 km
square, which is imaged onto the detectors via
a /2.3 paraboloidal mirror. These detectors,
fixed onto a Focal-Plane Assembly, are cooled
to 80 K by a Stirling-cycle cooler in order
to reduce their background noise to an
acceptable level

Table 2. Along-Track Scanning Radiometer
(ATSR) characteristics
IR Radiometer

Swath width

Spectral channels

Spatial resolution
Radiometric resolution
Predicted accuracy

500 km

1.6,3.7, 11 and 12 um

1 km x 1 km (at nadir)
<01 K

0.5 K over a 50x 50 km?
with 80% cloud cover
Conical scanning

Microwave Sounder

Channels 238 & 36.5 GHz
Instantaneous field of view 20 km
Near-nadir pointing

The 1.6 and 3.7 um channel data are trans-
mitted alternately, switched by a day/night logic
provided as a service by the platform.

The IFOV is scanned over the Earth's surface
by a rotating plane mirror in such a way that it
gives two Earth views, namely a 0° or nadir
view and a 47° or forward view. The rotation
period is 150 ms and the scan is subdivided
into 2000 pixels of 75 us each. In order to
calibrate the optical and electrical signal chain,
two black bodies (one hot and one cold) within
the IRR are scanned during the rotation. After
onboard data compression, a packet of 960
pixels (655 nadir-view and 371 forward-view
pixels, and 16 hot and 16 cold black-body
pixels) is transmitted to ground, together
with housekeeping and datation. Extensive
on-ground data processing
then permits retrieval of the
IRR final product, namely
the Sea-Surface Tempera-
ture (SST)

The main objective of the
ATSR Microwave Sounder
is to measure the atmos-
pheric integrated water
content (vapour and liquid)
in order to compute
the most problematic part
of the tropospheric path
delay in the Radar Alti-
meter’s signals

The MWR has two
channels, operating at
23.8 and 36.5 GHz, each
with a band-width of
400 MHz. The instrument
is nadir-viewing, using an
offset antenna deployed
shortly after the space-
craft's separation from the
launcher. Onboard calibra-

Figure 17. Measurement

principle of the Along-Track

Scanning Radiometer
(ATSR)
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Figure 18. Computer
illustration of the
measurement of
atmospheric ozone by
GOME. Each measure is
represented by a rectangle
of a different colour, and
corresponss to 40 x 80 km
of the Eartn s surface.
Sardinia and Corsica are in
the lower left corner, and
Denmark is in the upper
right corner.

Figure 19. The Laser
Retro-Reflector (LRR). Each
corner cube is individually
made, to compensate for
satellite motion in
reflecting incident laser
energy back exactly along
its incoming path

tion is performed by a sky horn
pointing to cold space, and internal
hot loads. The acquisition cycle is
synchronised to the ATSR scan
occurrence and the MWR data are
merged into the IRR packets
described above

Global Ozone Monitoring
Experiment (GOME)

GOME is an optical spectrometer
spanning the ultra-violet/visible/
near-infrared wavelength range from
240 to 790 nm, with a spectral
resolution of 0.2 to 0.4 nm. Light
upwelling from the Earth, decom-
posed by the instrument into its
spectral components and recorded
on four silicon array detectors with
1024 pixels each, carries the
absorption signatures of ozone and a
number of other atmospheric trace
gasses. The quantitative concentra
tion of those molecules is derived
from the spectrum by fitting the
highly banded absorption cross-section of the
molecules to the measured spectrum

The instantaneous field of view, corresponding
to the projection of the spectrometer slit on the
Earth, is a narrow rectangle 40 km long,
aligned in the along-track direction. In order to
observe a large fraction of the atmosphere, a
scan mirror sweeps that field of view in the
across-track direction. The sweep, which
normally sweeps 960 km in 4.5 s with a rapid
flyback, together with an integration time on
the detectors of 1.5 s (30 s for the UV part),
results in ground pixel sizes of 320 x 40 km.
With that, global coverage can be achieved
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within three days. However, smaller pixel sizes
can be commanded by reducing the angular
extent of the scan, with spatial coverage
reduced accordingly

In order to enable high-accuracy, long-term
trend measurements, a calibration unit enables
regular views of the Sun. Additionally, a
wavelength calibration lamp provides the
possibility to regularly check the wavelength
stability of the instrument and can also be used
to monitor the Sun calibration path for possible
degradation. During the times when it is not
used, a shutter protects the Sun calibration
path

As the instrument is sensitive to the polarisation
of the incoming light, a polarisation detector
array monitors one polarisation direction in the
broadband channels corresponding essen-
tially to the array detector channels 2, 3, and 4.

The Laser Retro-Reflector (LRR)

The Laser Retro-Reflector is a passive device
which is used as a target by ground-based
laser ranging stations, The operating principle

Table 3. Laser Retro-Reflector (LRR)
characteristics

Wavelength 350—800 nm
optimised for 532 nm
Efficiency =015 end-of-life
Reflection coefficient =080 end-of-life
Field of view elev. half-cone angle 60°
azimuth 360°
Diameter =20 cm
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is 1o measure the time of a round trip of laser
pulses reflected from an array of corner
cubes mounted on the Earth-facing side of
the spacecraft’'s Payload Electronics Module
(PEM) (Fig. 19).

That array consists of a polyhedral housing
with a hemispherical arrangement of one
nadir-looking corner cube in the cenire,
surrounded by an angled ring of eight corner
cubes. This allows laser ranging for satellite
passes in the range of 0° to 360° azimuth and
30° to 90° elevation at the ground

The Precise Range and Range-rate Equipment
(PRARE)

The PRARE is a satellite tracking system which
performs two-way microwave range and
range-rate measurements to ground-based
transponder stations with high precision
Signal-propagation  effects are compen-
sated by two-frequency measurements, for
ionospheric refraction, and ground-station
collection of meteorological data for
tropospheric refraction.

Two signals are transmitted to ground, one at
S-band (2.2 GHz) and one at X-band (8.5 GHz)
frequencies (both signals modulated with the
pseudo-random noise code). The ground
stations receive the two simultaneously emitted
signals with a slight time difference and
determine the time delay This provides a
measure of the ionospheric refraction taking
place in the atmosphere

The received signals are demodulated and a
coherent regenerated copy of the X-band
(7.2 GHz) sequence retransmitted to the
satellite, where the two-way travel time and the
two-way Doppler measurements are carried
out, so that the range and range-rate can be
determined. Two-way measurements are
possible for up to four stations simultaneously
via so-called ‘code multiplexing’.

Both the space-to-ground and ground-to-
space links have additional capacity for data
transmission at low bit rates. Control codes and
broadcast ephemerides for ground-station
operation are transmitted in the downlink, and
calibration data, ionospheric-measurement
results and meteorological ground data are
included in the uplink. All measurement data
are stored inside the PRARE itself, in
512 kbytes of RAM, and dumped during the
next available ground-station pass

The PRARE on ERS-1 failed shortly after
launch, a failure ascribed to destructive
latch-up of a RAM chip caused by the radiation
environment. For ERS-2, the parts have been

PRARE Ground Station

Laser Site

e LA

Figure 20. Precise orbit
determination by PRARE
and Laser Retro-Reflector
range measurements

Table 4. PRARE characteristics

Up-link 7225296 MHz 10 Mbit/s
PSK (10 MHz bandwidth)
60 cm parabolic dish

2 W transmit power
8489 MHz 10 Mbit/s
PSK (10MHz bandwidth),
1 W transmit power
Crossed dipoles at

X- and S-bands

5—10 cm (predicted)

Ground transponder

Down-link

Satellite antennas

Ranging accuracy

replaced by radiation-resistant devices and
various software modifications have been
made. Furthermore, a second PRARE is
installed on ERS-2 to provide a similar level of
redundancy to the majority of the payload

Integration and testing

The main integration phase of the ERS-2
Programme started in January 1991. Since
ERS-2 was, with a few exceptions, an exact
rebuild of ERS-1, an assembly, integration and
test programme was devised which relied
on the satellite qualification having been
achieved by ERS-1. Only acceptance testing
was required. For ERS-1, the mechanical/
thermal qualification was performed on the SM
(structural model) and the EM (engineering
model). The only deviations from that concept
were GOME, because it was a new instrument,
and PRARE, because it had undergone a
major redesign after its in-orbit failure on
ERS-1.

The manufacturing of the flight units for the
payload core instruments and the instrument
integration were completed by the end of 1992
The integration and testing of the instruments
proceeded very smoothly. Since the work had
been carried out by almost the same teams as
for ERS-1, there was no ‘learning curve’ effect
and the instruments were delivered well ahead
of schedule
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Figure 21. The ERS-2 flight
model undergoing acoustic
testing in the ESTEC LEAF

facilities
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The platform units were manufactured at the
same time. Some manufacturing problems at
unit level, especially in the propulsion
subsystem, caused late delivery of items for
the platform integration. In parallel to the
manufacturing of the recurrent units, the
GOME design and development was
undertaken. Initially, it was foreseen to have
only a GOME breadboard and flight model but
during the course of the project, that was found
not to be sufficient. Therefore the breadboard
model was upgraded to a fully-fledged
engineering model which was then exposed to
environmental qualification tests. Furthermore,
the initial GOME integration tests at payload
and satellite level were performed with the
engineering model.

After the in-orbit failure of the PRARE onboard
ERS-1, the manufacturing of the PRARE for
ERS-2 was halted until the results of the failure
investigation were known. As a result, a major
electrical redesign had to be initiated. The
design changes were tested on the ERS-1
PRARE engineering model before being

implemented in the flight and flight spare

models. The changes affected exclusively
the electronic design, and so a protoflight
qualification concept was adopted for the
flight unit. The flight spare was acceptance
tested.

The integration of the flight model payload
started at the end of 1992. After the mechanical
and electrical integration of all instruments,
a successful full-performance test was
conducted. The payload assembly integra-
tion and test programme was completed
well on schedule. It included a three-
week thermal vacuum/thermal balance test
in the large space simulator at ESTEC in
Noordwijk (NL), and the final integration
and alignment of the SAR and Scatterometer
antennas.

In parallel to the payload integration, the
platform was integrated. After a functional
performance test and a thermal vacuum test at
Intespace, Toulouse (F), the platform was
delivered to ESTEC for satellite integration in
December 1993, exactly on time despite the
late delivery of some units.




The satellite integration started in January
1994. After payload and platform coupling, a
series of electrical tests, including hardware/
software compatibility and a system validation
test with ESOC, were performed. Prior to the
environmental test, the propulsion subsystem
was checked for leak-tightness

Vibration and acoustic testing were then
carried out to demonstrate, successfully, that
the ERS-2 satellite would not be adversely
affected by the vibration and noise induced by
the launch vehicle. That was followed by a
deployment test, under onboard software
and under ESOC control, of the SAR, the
Scatterometer and the Microwave Radiometer
antennas using special ‘zero-gravity' rigs to
simulate a realistic deployment

The satellite assembly, integration and test
(AIT) activities concluded with a full functional
performance test and a rehearsal of the launch
site procedures in August 1994. The AIT
programme was completed exactly on the
date that had been originally planned at
the beginning of the ERS-2 programme in
1990

Following the flight acceptance review, the
flight hardware and the associated ground
support  equipment were prepared for
shipment to the launch range in Kourou,
French Guiana. Five sea containers and
two dedicated 747 cargo flights were
used to transport the equipment to the
launch site.

ERS-2 was planned to be launched on Ariane
flight V72 in January 1995  The launch
campaign started on 14 November 1994,
After the set-up of the check-out equipment,
the satellite mechanical preparations and
the alignment, a post-transport functional
performance test was performed. Immediately
before the end of that test, on 30 November,
however, the launch of Ariane flight V70 failed
The posttransport test of ERS-2 was
completed but the satellite then had to be
placed in storage until the preparations for
flight V72 could be resumed. The satellite was
protected by a dedicated tent, which was
purged and the ambient conditions inside the
tent were permanently monitored.

The launch campaign was interrupted for
two months, from 19 December 1994 to
17 February 1995, Only a small ‘babysitter’
team remained in Kourou

In February 1995, the campaign resumed with
a short functional test, the integration of the
solar array and the preparation for fuelling.

spacecraft and payload

After further delays due to hydrogen and
oxygen leaks in the third stage of the Ariane
V71 launch vehicle, ERS-2 was transferred to
the filling and encapsulation hall. Finally, onthe
night of 20 April 1995, ERS-2 was successfully
launched [ <

Figure 22. ERS-2 being
prepared for encapsulation
in the Ariane V72 fairing
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ATSR-2: The Evolution in Its Design

from ERS-1 to ERS-2

N.C.M. Stricker & A. Hahne

ESA Directorate for Observation of the Earth and Its Environment,

ESTEC, Noordwijk, The Netherlands

D.L. Smith, J. Delderfield, M.B. Oliver & T. Edwards
Space Science Department, Rutherford Appleton Laboratory, Didcot, UK

The Along-Track Scanning Radiometer, or ATSR, was developed for
the ERS-1 mission as an Announcement of Opportunity package by the
United Kingdom and France. It consists of a four-band Infrared
Radiometer (IRR) to measure the Sea Surface Temperature (SST), and
a Microwave Radiometer (MWR) to measure the integrated (vapour and
liquid) atmospheric water content. The IRR was developed by
Rutherford Appleton Laboratory (RAL, UK) and the MWR by the Centre
de Recherche en Physique de I’Environment Terrestre et Planetaire
(CRPE, F).

For the ATSR-2 on ERS-2 , the IRR has been upgraded by adding three
more bands in the visible part of the spectrum to provide data for
vegetation studies (Fig 1). The MWR is identical to that used on ERS-1,
but is provided by a different industrial contractor, namely Schrack
Aerospace of Austria.

Figure 1. A512 x 512 km
section of the tropical rain
forestin Rondonia (western
Brazil), as seen by ATSR-2.
This image combines three
channels from ATSR-2, at
0.55 pm (extracted as blue),
0.67 um (green)and 1.6 ym
(red). The regularly-shaped,
pale cream patches are
areas where the rain forest
has already been felled
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The ATSR instrument on ERS-1

The IRR, an imaging radiometer equipped
with  four infrared channels operating at
wavelengths of 1.6, 3.7, 11 and 12 microns,
scans two 500 km swaths across the satellite’s
ground track, one being the nadir view and the
other 800 km forward (47° with respect to
the nadir) along the ground track (Fig. 2).
Successive swaths are displaced by 1 km due
to the satellite’s orbital motion.

two tracks

A rotating mirror scans the

once every 150 ms, each scan being sub-
divided into 2000 pixels (each equivalent to
75 microsec), 555 of which contain nadir-view
data and 371 forward-view data. The infrared
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channels and associated electronics are
calibrated using two black bodies, one hot and
one cold, located in the path of the scanning
mirror.

With the 555 pixels in the nadir view, a
resolution of the order of 1 km x 1 km can
be achieved. Averaging over 50 km x 50 km
gives an absolute accuracy of better than 0.5 K
in sea-surface temperature, assuming that
20% of the pixels within the area are cloud-free.
For cloud-free pixels of 1 km x 1 km, the
relative accuracy is about 0.2 K.

The scanning mirror directs the incoming
radiation to an off-axis paraboloidal mirror (Fig.
3). A field stop positioned at the focus of the
instrument determines the field of view. Beyond
this field stop, the beam diverges into
the Focal-Plane Assembly (FPA), where it is
spectrally divided into four infrared chan-
nels Three of the component beams,
corresponding to the 3.7, 11 and 12 micron
bands, are re-imaged by three off-axis
ellipsoidal mirrors onto separate detectors. An
aspherical zinc-sulphide lens re-images the
fourth beam (1.6 micron) onto its detector
(Fig. 4). Photoconductive cadmium-mercury
telluride detectors are used for the 11 and
12 micron channels, and indium-antimonide
photodiode detectors for the 1.6 and 3.7
micron channels.

A Stirling-cycle cooler keeps the Focal-
Plane Assembly at 80 K, to provide the
required low-noise performance for the
detectors. Eight onboard pixel maps allow the
selection and compression of IRR pixels for
eight different data sets. After formatting, the

Scan mirror

Ellipsoid

E / FLIGHT DIRECTION
| \
\

data are collected by the Instrument Data-
Handling and Transmission Unit (IDHT) and
transmilted to ground via the X-band link.

The MWR instrument uses a 60 cm Cassegrain
offset-fed antenna to view the Earth in the nadir
direction at frequencies of 23 8 and 36.5 GHz.
The signals received are compared with
that from the reference source at a known
temperature in order to minimise the effects of

Paraboloid

|

Figure 2. Measurement
principle of the Along-Track
Scanning Radiometer
(ATSR)

Axis of
ellipsoid

Detector

Figure 3. The arrangement
of the ATSR’s optical
components
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Figure 4. The optical layout
of the Infrared Focal-Plane
Assembly (IRFPA) for
ATSR-2

Figure 5. The optical layout
of the Visible Focal-Plane
Assembly (VFPA) for
ATSR-2

11.0pm detector

.:

XD

3.7um detector / T,

12.0um detector

1.6pym
detector

Field stop

From

paraboloid mirror

short-term variations in the receiver-chain gain.
To calibrate the MWR, additional features are
used: the sky-horn antenna is pointed towards
the very low cosmic background radiation of
deep space at about 4 K for ‘cold reference’
measurements, while the 'hot reference’ is
obtained from measurements within the
instrument itself.

The ATSR-2 instrument on ERS-2

In the ATSR aboard the ERS-2 mission, three
additional visible channels are accommodated

Enclosure for

cooled optics Intermediate
image of
l field stop

From
paraboloid
mirror

—  Asssaatl
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Silicon
aspheric lens

W To
visible FPA

by adding of a second Focal-Plane Assembly,
with the constraint that it was not to impact
adversely on the existing channels.

The Infrared Focal-Plane Assembly (IRFPA)
on ERS-2 differs somewhat from that on its
predecessor ERS-1. The mirror used to reflect
radiation into the 1.6 micron detector has been
replaced by a dichroic beam-splitter. This
allows the visible beam to pass out of the IRFPA
(Fig. 4), via a sapphire window and radiation-
resistant doublet relay lens, and enter the

D2 (0.659um)

D3 (0.865um)
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Visible Focal-Plane Assembly (VFPA, Fig. 5)
There the beam is split into three, using
dichroic beam splitters, before being focussed
by zinc-sulphide triplet lenses onto the visible-
channel detectors. The centre wavelengths of
these three channels are 0.555, 0.659 and
0.865 microns, respectively.

The visible channels are calibrated with a
Visible Calibration Unit, as shown in Figure 7.
The opal MS20 diffuser, located behind the
solar input baffle and radiation-resistant glass
window, is illuminated by the Sun during some
parts of ERS-2's orbit. Mirror M1 reflects the
diffuse beam onto the plane mirror M2, located
between the nadir view and one of the
black-body units in the path of the scanning
mirror. The size of the M2 mirror determines the
aperture stop in this calibration system, adding
16 visible-calibration pixels to the ATSR-2 data
stream. Calibration takes place close to the
time of local satellite sunset, when the Sun is
13° below the tangent to the Earth's surface
at the satellite’'s nadir point. The nadir- and
forward-viewing baffles are designed to
exclude stray radiation from entering the

Figure 6. This ATSR-2
image, recorded on 8 May
1995 over Central ltaly and
Sicily, is a false-colour com-
posite, compiled from the
uncalibrated data in the 0.67
pm (as a blue extract), 0.87
pm (green) and 1.6 ym (red)
spectral channels

Figure 7. Optical
components of the visible
calibration system

Monitor
2mm photodiode

ATSR-2
enclosure __

Track of the
scan mirror view

"~ Nadir view

t nd
Mean . i
solar axis
input
Upper and lower
Solar input nadir baffles
baffle
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Figure 8.ATSR-2 view of
the Gulf Stream, which
gives Europe its
temperate climate,
acquired on 16 May 1995.
It shows the eastern
seaboard of North
America, stretching from
New York (at the top) to
Charleston, South
Carolina (at the bottom).
Off the coast is the warm
Gulf Stream (in red),
which comes up from the
south and meets the cold
Labrador current off Cape
Hatteras. The sometimes
quite wide transition
zones stand out very
clearly, as do the swirling
eddies and broken-up
currents that occur
further on. The varying
colours of the clouds near
the top and bottom edges
of the picture are also due
to temperature
differences
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calibration system, which would degrade its
accuracy.

Three new amplifiers have been added to the
pre-amplifier unit to cope with the three visible
channels on ATSR-2, and three corresponding
Single Channel Processors have been incor-
porated into the electronic system.

The increased data flow on ATSR-2 called for a
new set of data-compression algorithms. In
addition, uncompressed infrared and visible
data can be transmitted in a high-data-rate
mode, which provides double the normal
throughput. This mode is limited, however, to

L T
*

s

the periods when other payload instruments
are not making full use of the X-band data
capacity.

The possibility with the original ATSR of
choosing between eight fixed pixel-selection
maps is replaced for ATSR-2 by a facility for
uploading different pixel formatting maps
from the ground, thereby providing greater
operational flexibility. Two pixe!l maps can be
loaded at any given time, which allows two
different maps to be used during an orbit, for
example one over the sea and a different one
overland. It also allows swath-width modulation
and a reduction in the number of detector

t 4

i
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ATSR-1
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DEU

ERS-1 Payload Module

ATSR2

DSuU

DEU-A DEU-B

ERS-2 Payload Module

channels to be traded-off against better
resolution in the remaining channels in low-
data-rate mode.

Major mechanical modifications were made to
the ATSR-2 Infrared Radiometer. The carbon-
fibre structure has been substantially re-
designed, the vestigial ATSR-1 optical bench
has been removed, and all optical elements are
now mounted directly onto the structure.

With the addition of the Global Ozone
Monitoring Experiment (GOME) for the ERS-2
mission, and the need to interface this
experiment to the satellite via the ATSR-2's
Digital Electronics Unit (DEU), it became
important to add more redundancy to the latter
as it now interfaces with the IRR, the MWR and
GOME. A second identical DEU was therefore
added to the payload module, together with a
DEU Switching Unit (DSU in Fig. 9),

The ATSR products

The main application objectives for the original
ATSR instrument aboard ERS-1 are:

— sea-surface temperature measurements

— cloudand atmospheric measurements

— lake measurements

— Sea-ice measurements

— land-ice measurements

— deforestation measurements

— forest-fire detection

With the new features that have been

incorporated into the ATSR-2 instrument

carried by ERS-2, the following additional
objectives are being addressed:

— combined visible/infrared remote-sensing
of vegetation in both the nadir- and
along-track viewing directions

— improved spatial resolution and coverage in
high-data-rate modes, when the Active
Microwave Instrument (AMI) is in low-
data-rate mode

— quantitative  vegetation measurements,
using the 0.65 and 0.85 micron channels

— leaf-moisture measurements, using the 0.85
and 1.6 micron channels

— vegetation state (growth stage and health)
measurements, using all three visible
channels. ¢

Figure 9. Schematic of the
configurations of the IRR,

MWR and DEU aboard
ERS-1 and ERS-2
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PRARE-2 - Building on the Lessons

Learnt from ERS-1

W. Schiéfer

Institut fGr Navigation, Stuttgart, Germany

W. Schumann

Earth Observation Projects Department, ESA Directorate for Observation of the Earth
and Its Environment, ESTEC, Noordwijk, The Netherlands

Introduction

The PRARE instrument's operation is based
on onboard measurement of the propaga-
tion delay between signal transmission and
reception at X-band to provide range
information. The round-trip X-band carrier
phase is also measured to derive range-rate
data. The purpose of the instrument is to
provide high-precision measurements of the
satellite’s position using a network of dedicated
ground stations.

The Precise Range and Range-Rate Experiment (PRARE) instrument is
designed both to give the ERS-2 mission a geodetic and geodynamics
capability and to support the satellite’s Radar Altimeter instrument. It
is a two-way microwave ranging system operating at S- and X-band,
providing state-of-the-art microwave positioning (Fig. 1).

Figure 1. The PRARE-2
instrument during
integration
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The PRARE on ERS-1 was an ‘Announcement
of Opportunity’ instrument funded and
procured by the German Bundesministerium
fir Forschung und Technologie (BMFT) and
the Deutsche Agentur fur Raumfahrt-
angelegenheiten (DARA). It was developed
by the Technische Universitat Berlin and the
Institut fur Navigation in Stuttgart. ESA’s
involvement was limited to management of
the satellite interfaces and to the instru-
ment accommodation aspects. The PRARE-2
instrument for ERS-2 was procured directly by
ESA.

The PRARE instrument on ERS-1

PRARE-1 was launched aboard ERS-1 on
17 July 1991 and was switched on for the first
time seven days later. After almost five days of




operating nominally, the instrument auto-
matically switched itself off and could not
subsequently be recovered. Prior to the failure,
all instrument telemetry was nominal, except
for a high number of errors appearing in the
main processor memaory.

Failure occurred whilst the spacecraft was in
the so-called ‘South Atlantic Anomaly’, which
is a region of the Earth’s magnetosphere
notorious for its high levels of proton radiation.
Unfortunately, the spacecraft was not in
contact with a PRARE ground station at the
time the anomaly occurred, which meant there
was very little telemetry data available for the
subsequent analysis conducted by the ESA
Failure Review Board (FRB).

This Board's final report, issued in December
1991, indicated that the failure could have
been caused by a proton-radiation-induced
destructive latch-up of a Random Access
Memory (RAM) device in PRARE’s main
processor. This conclusion was supported by a
radiation test with a particle accelerator
exposing the RAM device to proton radiation,
which resulted in its failure. Further tests
showed that only this component was
radiation-sensitive. It transpired that this
first PRARE contained no radiation-hardened
components, mainly to keep the instrument’s
cost to a minimum. The Failure Review Board
also identified a number of other more minor
design and manufacturing deficiencies that
could have given rise to problems later in the
mission. All of these areas were addressed in
the subsequent design and development of the
PRARE-2 instrument for ERS-2.

The fact that PRARE-1 had consciously been
designed to have an absolute minimum
number of telecommand and telemetry
interfaces between it and the spacecraft, with a
view to providing instrument compatibility with
several different spacecraft, turned out to be a
major drawback after the failure. It imposed
severe limitations on those investigating the
in-orbit failure

The PRARE-2 instrument aboard ERS-2

As already mentioned, it had been agreed
prior to ERS-1’s launch that the PRARE flight
segment for ERS-2 would be directly procured
by ESA. The PRARE-2 contract had therefore
been signed in 1990 assuming that just a
simple rebuild of PRARE-1 would be needed.

Following the PRARE-1 in-orbit failure in July
1991, and the first findings of the Failure
Review Board, all PRARE-2 manufacturing
activities were put on hold. Once the FRB's
final report was published, the ERS-2 Project

prare-2

Team decided that the PRARE-1 design would
have to be substantially modified prior to the
re-flight on ERS-2

The design changes were related primarily to

the suspected cause of the in-orbit failure and

the other potentially problematic areas, i.e.

- the latch-sensitive memory devices were
replaced by latch-up-free chips

— whenever possible, commercial parts were
replaced with Hi-Rel or MIL standard com-
ponents

— the critical software was no longer stored
in an EEPROM (Electrical Erasable
Programmable Read-Only Memory), but in
a PROM

— the EEPROM carrying the non-critical
software was protected against under-
voltage damage

— the design of the power-supply current
limiter was modified and a redundant unit
was added.

These changes were first implemented and
tested using the PRARE-1 engineering model,
which ultimately successfully survived a
rigorous proton-radiation test.

Changes were also made in the PRARE
operating concept, largely as a result on the
findings of the Failure Review Board, although
not directly related to the in-orbit failure of

PRARE-1:

— The telemetry / telecommand interface
between the instrument and the spacecraft
has been extended, within the constraints of
the satellite capabilities. The number of
PRARE telemetry channels has been
increased from two on ERS-1 to eight on
ERS-2

— The PRARE-1 standby mode has been
deleted, putting the instrument immediately
after switch-on into a mode with all
transmitters and receivers active and the
main processor running only vital software.

— PRARE-2 has been given redundancy by
also accommodating onboard ERS-2 the
PRARE-1 flight-spare model, which has
been upgraded to the same specification as
the main unit.

The PRARE-1 in-orbit failure and the short
time then remaining for the above re-
design effort meant that extensive support
from the ERS-2 Project Team was needed
to fulfl the Agency’s responsibilities in
the procurement of the PRARE-2 instru-
ment. This support covered all aspects of
product assurance, electrical and soft-
ware engineering, electrical ground-support
equipment, assembly integration and testing,
as well as management support.
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Only through the combined efforts of the
Contractor and the ESA Team was it possible to
implement all  of the above-mentioned
modifications successfully and still deliver both
PRARE units in time for the overall satellite
integration and test activities.

The PRARE products
As part of the German/Russian space
cooperation, it was agreed to fly a PRARE
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precursor mission on a Russian Meteor
satellite. Apart from the satellite interface, this
instrument, launched in January 1994, s
identical to PRARE-2. Since it was switched on
in February 1994, the PRARE on Meteor has
performed flawlessly, delivering excellent
results. This Meteor experience served to
demonstrate the validity of the modifications
implemented following the problem on ERS-1

PRARE-2 on ERS-2 was swilched on
immediately after the satellite launch and early
orbit phase, on 26 April 1995. It has now been
operational for several weeks and all of its
functions have been verified. The range (Fig. 2)
and range-rate (Fig. 3) data are already
providing good results. The instrument has
successfully demonstrated its ability to detect
the total electron content in the signal-
propagation path by comparing the group
delay and phase delay in the round-trip signal
(Fig. 4)

The uncalibrated instrument stability over the
first five weeks of operation was of the order of
19 cm. Each ranging session is further
enhanced by closing the instrument’s internal
calibration loop after the ground-station
contact, leading to a final measurement
uncertainty of less than 1 cm. Consequently,
confidence is high that all PRARE-2 scientific
and mission objectives will be met

The PRARE-2 instrument will enter its routine
operational phase in August, once the current
in-orbit commissioning activities have been
completed

Conclusion

The history of the PRARE instrument has

allowed two important lessons to be learnt:

— The development of a demanding
experiment like PRARE with the overriding
constraint of keeping cost to an absolute
minimum has to be recognised as being
extremely risky

— The combined efforts of a scientific institute
and its subcontractors working in harmony,
with substantial technical support from
the Agency, have resulted in a flightworthy
instrument being delivered in a short time
scale, despite the system’s high complexity
and novel design,

The early results from PRARE-2 are
demonstrating the high precision of the
instrument.  This, together with PRARE's
unique capabilities, will hopefully stimulate
further research into microwave tracking
systems and their applications ¢
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GOME - The Development of a New

Instrument

A. Hahne, A. Lefebvre, J. Callies & B. Christensen*
Earth Observation Projects Department, ESA Directorate for Observation of the Earth
and Its Environment, ESTEC, Noordwijk, The Netherlands

The instrument’s beginnings

As early as 1988, the Agency’s Executive
started with the preparatory work for ERS-2 as
the follow-on to ERS-1 which, at that time, was
just starting its assembly phase. It was felt
necessary to complement the capabilities of
ERS-1  with instrumentation that could
contribute to the growing discussions taking
place in the public arena about such
contentious issues as global warming and
ozone depletion. In November 1988, selected

GOME is an across-track scanning optical spectrometer, covering the
wavelength range 250 — 790 nm. This spectral range is split into four
channels, each equipped with a 1024-pixel linear array detector. The
resulting spectral resolution is 0.2 nm in the ultraviolet and 0.4 nm in
the visible/near-infrared parts of the spectrum.

GOME'’s task is to sense the sunlight being reflected or scattered in
the Earth’s atmosphere and at its surface. The measured spectrum

contains absorption features,

which can be used to derive

quantitative information on the amount of ozone present, and a
number of other atmospheric species.

GOME is the only new instrument on ERS-2 compared with ERS-1.
A full technical description of it was published in ESA Bulletin No. 73

(February 1993).

* Now with the MIKO
Company, Lystrup, Denmark

Further reading about
GOME:

A. Hahne et al. 1994,
Calibration of the GOME
Instrument for ERS-2,

ESA Journal, Vol. 18, p. 119.

Ch. Readings &

T.D. Guyenne (Eds.) 1993,
GOME Interim Science
Report, ESA Special
Publication SP-1151

European scientists involved in atmospheric
chemistry instrumentation were therefore
approached with a request to submit
proposals for such an instrument to be
included in ERS-2’s payload, possibly
replacing the Infrared Radiometer part of the
ATSR instrument,

Among the proposals received was one
prepared jointly by J. Burrows and P. Crutzen,
called ‘Sciamini’, being derived from the
‘Sciamachy’ instrument concept proposed for
flight on the Polar Platform (which later
became part of the Envisat project). An
in-house assessment of the technology
involved confirmed the feasibility of such a
concept in principle, and the authority was
given to proceed with a more detailed

instrument concept study. Some simplifica-
tions were, however, already introduced at this
point: no limb viewing and only one unit,
rather than two side by side. The modified
instrument was also renamed the 'Global
Ozone Monitoring Experiment’, or GOME.

By the end of 1989, a contract had been
placed with the Dutch firm TPD to develop the
optical concept in more detail. In parallel, ESA
performed in-house studies on the possible
accommodation of the instrument inside the
ERS-2 Service Module, and on the details
of the detector's analogue electronics. In
February 1990, the first contacts were made
with the ltalian firms Officine Galileo and
Laben, to complement TPD in conducting a
Phase-B study beginning in July that year. In
parallel, ESA’'s Earth Observation Programme
Board endorsed the ERS-2 Programme,
including the GOME instrument

The industrial Phase-B activities cumulated
in a Design Baseline Review in March 1991
in Noordwijk (NL). The outcome was quite
significant in a number of areas:

— The electrical configuration presented, with
a dedicated Instrument Control Unit (ICU)
and a pre-multiplexer to multiplex GOME
and ATSR data prior to presenting the
combined stream to the Instrument Data-
Handling and Transmission Subsystem
(IDHT), was considered far too power-
consuming (at that time ERS-1 had yet to
be launched and the actual system
margins established). It was therefore
proposed instead to provide the necessary
services for command and control and
data formatting and transmission directly
via the ATSR’s Digital Electronics Unit
(DEU).

— It was decided to change to active thermal
control for the detectors, with Peltier
coolers rather than a passive radiator.

— A change was made in the calibration
optics: the light path was routed via the
scanning mirror, the Sun diffuser was
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Figure 1. The initial GOME
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protected by a shutter and a mesh, and the
possibility of monitoring potential diffuser
degradation by means of the calibration
lamp was introduced.

Another major outcome, initiated at the
DBR but confirmed only later in terms of
its feasibility, was the change in the
accommodation of the instrument from inside
the Service Module to the outside of the
Payload Module.

The main development phase for GOME was
prepared and negotiated on this basis, and
began in April 1992, A separate contract was
placed with RAL and BAe for the necessary
modifications to the ATSR’'s DEU hardware
and software

The political and technical boundary
conditions as set forth by the Programme
Board for the inclusion of GOME into the
ERS-2 Programme can be summarised as
follows:

— GOME was not to jeopardise any other
aspect of the ERS-2 mission, either
technically or programmatically.

— GOME had to ‘live with the system margins’
as known at the time of its approval, namely
30 kg, 60 x 30 x 20 cm®, 40 Kbit/s, and
approx. 30 W, non-redundant.

— There were to be no financial provisions
made in the ERS-2 Programme for GOME
data routing and processing.

— Project management and system engineer-
ing were to be provided directly by ESTEC
staff, this being considered the only
possibility for complying with the schedule
constraints,

The instrument development programme
The development programme for the GOME
instrument, as initially envisaged, implied
some breadboarding activities for critical
subunits and a bench model for scientific
testing, but was essentially a protoflight
programme aiming for instrument delivery in
early 1993 (Fig. 1)

Soon after starting the detailed definition of the
breadboard model, it became obvious that
some critical performance parameters could
only be evaluated in vacuum. Hence, the first
upgrade to the breadboard was to make it
suitable for thermal-vacuum testing. In a next
step, it was realised that the critical spectral-
stability aspect could only be thoroughly
evaluated if the structure were in close to final
form. As a result of these concerns, the final
step to producing a full engineering model
was taken and this was subjected to a full
environmental test programme at qualification
vibration, EMC, and thermal-vacuum levels. In
addition, this model was used for interface
testing with the entire payload and was also
subjected to a full calibration programme to
exercise all necessary setups and procedures.

Whilst these activities were still in process, the
flight-model programme was started. For
schedule reasons, after the instrunent-level
vibration and EMC tests, the flight model was
used for the satellite-level alignment, vibration,
acoustic and EMC tests and was then
returned to the contractor for thermal-vacuum
testing. The GOME flight model was declared
flight-ready just in time for transport to the
launch site together with the ERS-2 space-
craft. The major steps in this development
programme are summarised in Figure 2.
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The ground segment

No financial provisions were made in the
ERS-2 Programme for the processing of the
GOME data. Still, it was recognised that, in
order to optimally exploit the sensor's
capabilities, a ground processing system was
necessary and that it must be comparable in
capability to those for the other instruments on
ERS-2.

Early in the GOME programme, scientists
had started to work on some specific
ground-processing issues, such as radiative-
transfer modelling and an instrument simu-
lator. In 1991, the German Deutsche
Forschungsanstalt fur Luft- und Raumfahrt
(DLR) (Fig. 3) volunteered to implement,
within the framework of the German Pro-
cessing and Archiving Facility (D-PAF) and
with national funds, the core of an operational
GOME Data Processor. This
comprised the conversion of the
raw data to geo-located, wave-
length and radio-metrically cali-
brated radiances (level 0 to 1) and
the retrieval of ozone total column -
amounts (level 1 to 2). This proposal F
was endorsed by the ESA .
Programme Board in November |
1992. Additional level-2 products,
related to the retrieval of ozone
profiles and cloud/aerosol para-
meters, were earmarked for being §
generated at the UK and ltalian
PAFs, respectively.

How was GOME possible?
Compared to many space- and
ground-segment development pro-

N

° as scheduled in Feb. 95

grammes, the time needed for the GOME
instrument’'s development was extremely
short. The obvious question is why is this not
generally possible? The answer is that there
were numerous favourable boundary con-
ditions in GOME's case that are not generally
valid:

— ERS-2 was a repeat of the ERS-1
programme, so that the overall system
architecture, satellite configuration, mission
profile, environmental loads and conditions,
etc. were all well-known, and the many
iterative loops involved in establishing
them were not needed, Consequently,
the interfacing of the instrument including
its ground segment was rather straight-
forward.

— Being a repeat programme also meant that
the engineering and management teams,
both within ESA and at the satellite Prime

Figure 2. The actual GOME
development schedule

Figure 3. The German

Aerospace Research

Establishment (DLR) in
Oberpfaffenhofen, which
hosts the D-PAF facility,

including GOME data
processing
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Contractor, were confident about the
system capabiliies and able to decide
quickly what was possible and what not.
Most saw the inclusion of a new instrument
as an interesting challenge in an other-
wise repetitive programme. Consequently,
GOME issues received high priority within
the specialist teams

Despite the extensive goodwill within the
industrial team, if the system engineering
and management responsibility had
not been directly with ESA/ESTEC, the
unavoidable delays in communication and
decision-taking would have made the
already tight schedule impossible. Rapid
progress kept the motivation high among
the small GOME team, and this rubbed-off
on the industrial and scientific partners and
the other ESA establishments

The schedule pressure actually helped
in that it forced quick decisions, with-
out lengthy trade-offs of conflicting

Lessons learnt

Although every project differs in terms of its particular boundary
conditions and constraints, some worthwhile lessons can be learnt
from the GOME Project experience:

Model philosophy

Although at first glance costly and leading to many activities having to
be conducted in a short time, the breadboard model, which ultimately
became a fully-fledged engineering model, proved to be an invaluable
tool in the overall GOME programme. Not only did it enable the
discovery of difficult-to-predict effects, such as straylight and electronic
crosstalk, in time to implement remedies on the flight model, but it also
served as a ‘place holder’ in many system-level tests where the
presence of ‘a GOME’, but not necessarily the flight model, was
required,

Calibration programme

Another benefit of the breadboard model was that it passed through
the entire calibration programme. The main benefit was that the
acquisition of these breadboard calibration data allowed the
necessary software tools for data analysis and processing to be written
and debugged. The experience gained allowed the time needed for
the entire calibration campaign to be reduced, from more than six
months in the case of the breadboard model to less than two months
for the flight and flight-spare models.
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approaches, and imposed the discipline
needed not to develop ‘nice to haves’, but
to focus on the main issues, Seen in
retrospect, most of the decisions proved
to be right, the only notable exception
being the means selected for measuring
polarisation, which is admittedly less than
optimum.

Last but not least, a rigid payload and
satellite assembly, integration and test (AIT)
programme would have caused severe

problems. Only by providing flexibility
in scheduling AIT tasks to cope with
GOME's specific needs and problems
was a complete and coherent instrument
programme possible. This is reflected in the
many jumps between instrument-level AT,
higher-level AIT, and calibration of bath the
breadboard and flight models (cf. Fig. 2).

The first GOME results

Few results are yet available from GOME, due
mainly to the outgassing time of about one
month needed after launch. During this initial
period, certain instrument functions could be
tested, but no performance evaluations or
onboard calibrations could be performed

When the closed-loop coolers were activated
for the first time, and the first solar spectrum
was acquired a few days later, it was proved
that all of the hardware is functioning correctly

The temperatures of the four detectors and of
the optical bench are very stable and within
the uncertainty range of the predictions. From
the wavelength calibration, one can con-
clude that spectral stability is excellent: the
measured wavelength drift as a function of the
orbital temperature is of the order of just
1/50th of a detector pixel (Fig. 4).

As expected, GOME shows some sensitivity to
the space radiation environment. To quantify
this effect, the instrument was left for three
days in ‘dark-current mode' and the results
mapped; Figure 5 clearly shows the location
and extent of the South Atlantic Anomaly
(SAA). The radiation has two effects: a general
increase in noise level, which is evident when
comparing Figures 6a and b, and the high
sharp spikes evident in Figure 6¢. The
ground-processing software has been con-
figured to cope with the latter.

On 15 May, GOME recorded its first solar
spectrum, which is being used both for
instrument calibration and in the retrieval of
ozone data in the ground processing chain
The spectrum was largely as expected, except
that for the wavelength range 289 - 307 nm
the detector was in saturation. This was
corrected by adjusting the integration time for
the affected band, and the next Sun
acquisition was then within the nominal range.
Detailed investigations and fine tuning of the
processing are still going on, but first
impressions are that the GOME measure-
ments compare very well with the external
references

The acquisition and initial processing of
earth-shine spectra is currently in progress,
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Figure 6. Dark-current readouts of one channel: (a) at a location inside the
South Atlantic Anomaly; (b) outside the SAA, showing a less noisy behaviour;
(c) the spikes on individual (or very few) detector pixels, as plotted in Figure 5

together with the optimisation of integration-
time settings, stepping through different scan
patterns, and fine-tuning of operational
procedures
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Experience
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The first European Remote-Sensing Satellite (ERS-1) was launched
from Kourou on 17 July 1991 (Fig. 1). Today, with the celebration of its
fourth anniversary in orbit, ERS-1 has exceeded twice its planned
operational lifetime, having completed more than 20 000 revolutions of
the Earth.

The platform providing the major services for satellite and payload
operation continues to perform exceptionally well. In particular, the
power and thermal-control subsystems are very stable, and there is still
a large reserve of hydrazine onboard for a further extension of
operations. The comfortable power-budget margin allows continuous
and extensive operation of all payload elements.

The healthy condition of ERS-1 is currently allowing the
unprecedented tandem mission with ERS-2, as well as providing
additional confidence that its data-gathering role could be maintained
for several more years.

Figure 1. The ERS-1 spacecraft

Orbit maintenance

ERS-1, being the first mission of its kind, has
been operated in various orbital scenarios,
ranging from the 3-day reference orbit used
during the commissioning phase, to the
168-day repeat cycle allowing a very high
density of Radar Altimeter (RA) tracks.

The latter orbit covering the so-called ‘geodetic
phase’ has been visited twice by ERS-1 (with
an offset introduced to improve the track
density) and has provided scientists with a
detailed mapping of the topography of the
sea-surface for the first time. This topography is
dominated by the structure of the gravitational
equipotential surface called the ‘geoid’, the
shape of which is largely determined by the
sea floor's topography. ERS-1 is therefore
providing us with a glimpse of the vast hidden
parts of our planet that lie beneath the sea

(Fig. 2).

At present, ERS-1 is operating in the nominal
‘multti-disciplinary phase’ with a 35-day repeat
cycle, andis leading the ERS-2 satellite which is
in the same orbit with a one-day offset.

Aside from these planned changes in repeat
cycle, orbit maintenance is required to
compensate for the air drag on the spacecraft,
which varies with the degree of solar activity.
The compensatory in-plane control inter-
ventions generally consist of two-burn thruster
manoeuvres

During 1991 and early 1992 solar activity was
high and control cycles were typically in the
order of 1 to 3 weeks, In the subsequent period
of low solar activity, the time between in-orbit
corrections has grown to one month or more,
Out-of-plane manoeuvres to correct for the
reduction in the inclination of ERS-1's orbit
have also been required every 9 to 10 months
The ERS-1 ground track has been kept within
a deadband of better than + 1 km since
launch. For the current tandem operation, the
maximum distance between the ERS-1 and
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Figure 2. Map of marine
gravity anomaly derived
from ERS-1’s Radar
Altimeter instrument
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ERS-2 ground tracks is fine-tuned to just a few
hundred metres.

Shortage of fuel, often the commodity that
determines the end-of-life for a satellite, will not
be a key factor in the continued operation of
ERS-1. The average rate of consumption is just
0.9 kg of hydrazine per month and 255 kg of
the original 300 kg of fuel still remain. This
abundance of fuel is a direct result of the
perfect performance of the Ariane-4 launcher
backin 1991, Additional hydrazine, carried as a
contingency for fuel-hungry orbital corrections

in the event of a dispersion in launcher injection
paramelers, was therefore not needed and part
of it can be used for other purposes, including
rapid de-orbiting of ERS-1 at its eventual
end-of-life

Spacecraft performance

The platform's thermal-control system has
worked perfectly throughout the four years in
orbit. The observed onboard temperatures lie
well within the acceptable operational limits,
the maximum average being lower than 16°C.
The maximum temperature observed so far
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has been 30°C for the solar-array drive
mechanism and the gyroscopes. The
observed degradation in spacecraft-radiator
temperature amounts to less than 1°C for each
year in orbit (Fig. 3)

The power subsystem provides an equally
positive picture. The battery compartment
contains four NiCd batteries, each with a
specified capacity of 24 Ah. Their actual
in-orbit capacity at beginning-of-life (BOL) was
32 Ah, since when the battery compartment
has been maintained at about —4°C,
providing optimum and stable conditions for a
long lifetime. Nominal ERS-1 operations have
resulted in a mean depth of discharge (DOD) of
around 20%, which is notably lower than the
24% anticipated before launch.

The end-of-discharge voltage at the end of
eclipse is a good indicator of battery
degradation. The battery supplier guarantees
a minimum end-of-discharge voltage of 26 V
after a four-year mission, to be compared with
the 28 V presently being measured. This value
has not changed for a long time, leading to the
conclusion that battery health is good

ERS-1's  solar-array power is regularly
monitored. A survey starting from launch in
1991 is presented in Figure 4. It shows that
BOL performance exceeded expectations and
that the degradation in available power is
presently 1% per year. The available power
level will therefore approach 2300 watts after
five years in orbit, thereby considerably
exceeding the two-year specified design goal
of 2100 watts.

The lifetime predictions for both the thermal-
control subsystem and the solar array are
based on typical degradation factors taking
into account mainly solar ultraviolet radiation
and in-orbit particle radiation effects. The
ERS-1 platform, derived from the French
national Spot platform, has confirmed the
experience from earlier Spot flight models that
factors used to model degradation in polar
Sun-synchronous orbits. are too conservative,
Studies are therefore underway to use this
knowledge to optimise the design of the future
generation of polar-orbiting spacecraft

ERS-1's attitude and orbit control subsystem
consists of Earth and Sun sensors, gyroscope
package, reaction wheels and magneto-
torquers. This subsystem is also closely
monitored and regular gyroscope main-
tenance campaigns are performed to
determine long-term drifts. During one such
campaign, the onset of noise was noted in one
operational gyroscope. Although the noise
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level was within acceptable limits, the active-
gyro configuration has been modified to keep
the gyroscope in question as a redundant unit.

The payload itself provides a further means for
direct verification of AOCS performance. The
Radar Altimeter (RA) accurately detects the
off-nadir pointing, while the Active Microwave
Instrument (AMI) determines the Doppler shift
with respect to the Synthetic Aperture Radar
(SAR) antenna, allowing a precise estimate to
be made of the satellite’s combined yaw/pitch
mis-pointing. Actual mis-pointing has proved in
practice to be less than 50 mdeg, and thus a
factor of five better than the specified AOCS
performance

The On-Board Computer (OBC) on the ERS
spacecraft runs the ‘centralised flight software’,
which is a small package (44 kwords) incorp-
orating all mission-essential functions. A series
of spurious parity errors detected in the
autumn of 1992 led to a software re-initialisation
and a redundancy re-configuration for the

Figure 3. Evolution in
the spacecraft platform’s
average temperature as a

function of lifetime

Figure 4. Evolution in
solar-array performance

since launch
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Figure 5. Average payload
temperature as a function
of lifetime

Figure 6. Availabilities of
the ERS-1 instruments
since launch
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OBC. The failure was traced to a specific
memory area dedicated to storage of the
payload command queue. The inherent
versatility of the memory design allowed the
size of the command queue to be reduced and
the failed memory block to be eliminated,
whilst still maintaining sufficient capacity to
store the payload commands. Full redundancy
for the OBC has thereby been restored and
operations have subsequently continued
without further incident,

Payload performance

Thermal subsystem

The correlation between in-flight data and
thermal-model predictions for the ERS-1
payload has been excellent, the overall
temperature difference amounting to just
3°C. The average payload temperature of
approximately 13°C is far below the maximum
permissible operating conditions of 40 — 50°C
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for the onboard equipment, thus providing
ideal conditions for the electronic units.

The payload-radiator temperature has proved
just as stable as the platform’s thermal con-
trol, with less than a 1°C change per year

(Fig. 5).

Instrument data-handling and
(IDHT) subsystem

The handling of the payload’s science data, as
well as its transmission to ground by X-band
link, is provided by the IDHT subsystem. The
lifetime-critical elements in this subsystem are
the 6.5 Gbit tape recorders and the travelling-
wave-tube assemblies (TWTAs).

telemetry

The tape recorders have been operated in
sequence for three-month periods. A nominal
orbit requires one complete recording and
playback cycle, which means that each unit
has been subjected to approximately 10 000
cycles over the four-year period. Life tests on
the ground have validated such tape recorders
for almost 38 000 tape passes and 120 000
start/stop cycles. The IDHT high-rate link TWTA
failed in December 1993 after 2.5 years of
operation. A Failure Review Board concluded
that it probably failed due to fatigue resulting
from thermo-mechanical stresses induced by
repeated high-voltage on/off cycles. The
design had been life-tested for 18 000
switching cyles, based on predicted usage
over a three-year period. The favourable power
conditions aboard ERS-1, however, have
allowed for extensive SAR operation. The
TWTA’s failure after 27 000 switching cycles
therefore meant that it had already greatly
exceeded its expected lifetime.

Measures have since been introduced into the
mission-planning  system at ESOC, in
Darmstadt (D), to limit the number of such
switching cycles by optimising the image-
acquisition sequences. The redundant high-
rate TWTA has experienced just over 11 500
cycles in 1.5 years, while the low-rate TWTA
in operation since 1991 has been sub-
jected to 20 000 cycles. Assuming a life-
time capability of 30 000 switchings, the
remaining lifetimes for both TWTAs are
estimated to be slightly more than two
years. Given that the defective TWTA is
stil capable of handiing low-rate trans-
mission as a backup unit, the IDHT should
still be capable of providing excellent data
continuity for future operations,

The instruments

The instrument availability figures have been
extraordinarily high, typically ranging between
and 95% and 100% (Fig. 6).
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The Active Microwave Instrument (AMI)
High-voltage arcing is a common problem with
High-Power Amplifiers (HPA) of the type
needed on ERS. There have been an average
of five such events per month since ERS-1's
launch, which is well within the specified
allowable four arcs per 100 hours. A period of
excessive arcing in 1994, however, rendered
the AMI inoperable, but after a few days of ‘rest’
the system behaved correctly once more and
the good performance has continued ever
since,

The long life of the prime HPA s
unprecedented, exceeding the total duration of
the various HPA on-ground life tests.
Procedures for a reconfiguration to the
redundant HPA and instrument recalibration
are in place to provide a smooth transition
should any such probiem arise.

Monthly reports are produced concerning
the radiometric stability of the AMI wind
scatterometer (SCATT) over the Amazon rain
forest, and the same parameter measured for
the SAR over a calibration site in the
Netherlands (Figs. 7 a,b). Both parameters
have shown excellent stability for the AMI in
both the SCATT and SAR modes over the four
years since launch.

The AMI has acquired more than half a million
radar images in those four years, which
constitutes a true demonstration of the wealth
of data being provided to users by the ERS-1
payload

The Radar Altimeter (RA)
The Radar Altimeter boasts a near-perfect
in-orbit availability figure close to 99%. Over

the past four years, software updates have
allowed the Altimeter’s tracking capability over
non-ocean surfaces like coastal zones, land
and ice, to be further improved. The ERS-1 RA
is now also capable of keeping track over
medium-rough terrain, as well as terrain with
rapidly changing backscatter or major
changes in echo shapes. Consequently, the
instrument has been available for longer
periods of unperturbed operations (Fig. 8)

The Along-Track Scanning Radiometer
(ATSR)

The ATSR and Microwave Sounder has
experienced only one setback during the four
years of operation, namely loss of the Infrared
Radiometer’s 3.7 micron channel in mid-
1992. High-quality images have continued to
be acquired, however by the 11, 12 and
1.6 micron channels. The specified accuracy
of 0.5°C for the global day/night sea-
surface temperature product has been
maintained, and so the impact of one channel’s
loss on the ATSR’s scientific return is regarded

as minimal by the Principal Investigators
concerned.
EL
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Figures 7 a,b. Radiometric

stability of the AMI wind
scatterometer, calibrated
weekly over a specially
selected area of the
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Figure 8. The tracking
performance of the ERS-1
Radar Altimeter, for the
period 30 July to

3 September 1993
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The Microwave Sounder has an excellent track
record and its product, the atmospheric
integrated water content, is used to enhance
the quality of the Radar Altimeter’'s output.

Conclusion
Despite being a completely new type of
satellite, ERS-1  has provided excellent

performance, exceeding all expectations and
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A key aspect for users is data continuity and
there again ERS-1 has paved the way for future
missions, by demonstrating the extremely high
operational availability of such a polar-orbiting
platform and payload

ERS-1's resources are still far from being
depleted and, given the so far largely
unexploited redundancy, the satellite has the

more than proving, throughout its four years of
operation, the novel and sophisticated nature
of its payload and data products

potential to back-up ERS-2 operations until the
end of 1996 and beyond [ o

ESA Publications via Internet

Selected ESA Publications are now available via an ESA Publications
Division ‘home page’, on a server run by the Agency’s Information
Retrieval Services Division — Exploitation Depariment, at ESRIN in
Frascati, Italy.

The address of the host is:

http://esapub.esrin.esa.it/esapub. html

Further information can be obtained from the IRS Help Desk at ESRIN:

Telephone: +39.6.94180300
E-mail: irshelp@mail.esrin.esa.it  (Internet)
or irshelp@esrin.bitnet
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ERS-1 and ERS-2 Tandem Operations

G. Duchossois & P. Martin

Directorate for Observation of the Earth and Its Environment, ESA, Paris

What is tandem operation?

ERS-1 and ERS-2 are flying in the same orbital
plane with an inclination of about 98.5° to the
Earth's equatorial plane, giving the satellites
visibility of all areas of the Earth as it rotates
beneath them (Fig. 1). Each satellite’'s pattern
of orbital tracks over the Earth’s surface repeats
itself exactly after a certain number of days.
This ‘repeat cycle' depends upon the altitude
of the orbit; ERS-1 and ERS-2 are both flying at
the same mean altitude of 785 km, providing a
repeat cycle of 35 days.

The passes of the two satellites over the
ground receiving stations last about 10 min.
The reconfiguration of the stations between the
end of one satellite’s pass and the beginning of
the pass of the next takes about 15 min; since
the orbital period is approximately 100 min, the
time interval between the two satellites has to

When it was decided in 1990 to build ERS-2, the prime motivation was
to provide a follow-on to ERS-1 and thereby ensure the necessary
continuity of data and services to both the scientific research and
operational application user communities. When it became clear
towards the end of 1993 that ERS-1 would remain technically
operational well beyond its 30-month design lifetime, strong interest
was expressed, at several ERS-1 User Meetings and Symposia, in the
simultaneous operation of ERS-1 and ERS-2 over a period of several
months, and possibly up to one year.

To explore the potential benefit that would result from such ERS-1/2
tandem operations in more detail, several consultation meetings with
both scientific and application-oriented users were organised by the
Agency. They showed that a great many advantages and benefits for
both research and applications would accrue from flying two identical
sets of instruments in an appropriate orbital configuration; in
particular, a ‘unique SAR data set’ could be collected for
interferometry applications.

On 23 March 1995, the ESA Council adopted a Resolution on
ERS-1/ERS-2 tandem operations which will ‘keep ERS-1 alive’ until
April 1997 and allow such operations for a nominal duration of nine
months, beginning at the end of the ERS-2 Commissioning Phase in
autumn 1995.
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be between 25 and 75 min. With the current
orbital configuration, ERS-2 follows ERS-1
with an approximate delay (called the ‘orbit
phasing’ of the two satellites) of 35 min.

Because of this delay and the Earth’s rotation,
the ground-track patterns of ERS-2 are shifted
westwards with respect to those of ERS-1
(Fig. 2). The orbit phasing has been adjusted
to ensure that ERS-2’s track over the Earth’s
surface coincides exactly with that of ERS-1
24 h earlier. Within the repeat cycle of 35
days, the opportunity to observe any point
on the ground under identical conditions
(altitude, incidence angle, etc) is therefore
doubled during the tandem operations.
Different ground-site revisiting intervals can be
achieved by changing the orbital phasing of
the two satellites.

The ERS-1/ERS-2 tandem mission is being
operated with a very limited additional budget
and with a ground-segment infrastructure that
was designed for just a single satellite. It is
therefore only feasible at all subject to the
following assumptions:

— at the end of the ERS-2 Commissioning
Phase, ERS-2 will become the nominal
satellite, taking over from ERS-1 in providing
routine services to the user communities

— ERS-1 will be dedicated to support the
tandem mission for a nominal duration of
nine months, and will be operated on
a campaign basis by performing the
acquisition of the Synthetic Aperture
Radar (SAR) data, which will be processed
off-line

— a primary objective is to acquire, as quickly
as possible, complete Earth coverage with
ERS-1 and ERS-2 SAR data within the
visibility of the existing ERS-1 ground
receiving stations, which have responded
positively to this request.

The current orbit phasing of 1 day, needed to
calibrate the ERS-2 Radar Altimeter during the
Commissioning Phase, will be retained until the
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Figure 1

end of 1995, when orbit manoeuvres will take
place to introduce an 8-day ground-site
revisiting cycle, which is an attractive alternative
for many scientific and application-oriented
users

What are the potential benefits of tandem

operation?

The benefits of tandem operations are best

characterised by the following attributes:

— When the same area of the Earth is
observed by the same instrument on ERS-1
and ERS-2 with a ground-site revisiting
interval of 1 or 8 days, the improvements
compared to a single satellite are:

(i) the number of acquisitions in a repeat
cycle (35 days) is doubled

(il) the time interval between two successive
acquisitions is shorter, being 1 or 8 days
rather than 35 days.

— For global applications, for instance those
involving the use of wind-scatterometer data
in weather-prediction models, the ground
surface covered within a given time period
is doubled when acquisitions by the same
instrument on both ERS-1 and ERS-2 are
combined.

— When the ground-track pattern of nadir-
looking instruments on one satellite over-
laps that of side-looking instruments on
the other, their information can be com-
bined (Fig. 3), thereby providing synergistic
benefits

Consequently, data acquired jointly by ERS-1
and ERS-2 will undoubtedly give rise to

Figure 3

Figure 2

ERS—-2 ATSR
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numerous demonstration projects and new
scientific research in many fields of earth
sciences (eg. agriculture, hydrology, and
emerging applications such as SAR inter-
ferometry), and will be exploited in particular in
a large proportion of the proposals selected
from the recent ERS Announcement of
Opportunity.

SAR interferometry

The SAR interferometry technique, which in
the past was an airborne technique, has
shown its true potential with ERS-1. This
technique requires several satellite passes over
the same area in order to obtain a suitable
pair of images, with the orbital cross-track
separation constituting the interferometer
paseline (Fig. 4). For each pixel corresponding
to the same area of ground in both images, the
phase values (depending on the satellite to
ground pixel path length) are subtracted to
produce a phase-difference image known as
an ‘interferogram’ Knowing the orbit para-
meters, the phase interferogram can be used
to generate a Digital Elevation Model (DEM) of
the surface, with an accuracy in the order of
10 m. An additional product is the so-called
‘coherence image’, which shows bright areas
where the coherence between the two SAR
images is high, indicating no variation in
backscatter between the acquisition times of
the two images. Dark regions indicate areas
where changes have occurred.

Satellite SAR interferometry is a very powerful
tool for generating DEMs with medium
accuracy, very efficiently and for a large
fraction of the land surface. For cloudy
areas or for regions with extremely low
textural surface features, it is the only
method that is feasible.

The large-scale gen-
eration of DEMs
depends on the
tandem mis-
sion for
its

Figure 4

success, as several constraints have to be met

which cannot always be satisfied with just one

SAR in operation; namely

— Temporal coherence between the SAR
image pair must be high. For many parts of
the Earth’s land surface affected by fast
surface-cover changes due to, for instance,
vegetation growth, the 35-day repeat cycle
is too long (there are various other effects

that cause a deterioration in coherence
for interferometric processing, such as
ionospheric, tropospheric, rain, and
soil-moisture changes).

Investigations have shown that for some
regions correlation degrades by as much as
10% in 5 days.

— Spatial coherence must also be high for
interferometric  DEM  production. In
addition, the ambiguity problem must be
resolved. The interferometric baseline
should preferably be between 50 and
150 m. This baseline is much better
controlled during the tandem mission, as
the orbits of the two satellites are affected by
similar forces, whilst the baseline between
consecutive passes of a single satellite
cannot be accurately predicted.

DEMs are one of the most useful auxiliary
remote-sensing data sets. They provide the
ability to correct images of the Earth — from
both microwave and optical sensors — for
offsets caused by elevation differences, as well
as facilitating adequate geo-referencing of
these data.

BASELINE
ERS-2

7 MAY 1995 %

[, ~ ERS-1
" 2 6MAY 1995

DEMs are also

an important tool
in many earth-
sciences disciplines,
greatly improving flood
forecasting through model-
ling of the watershed hydraulics,
and helping to determine water
availability for irrigation, power pro-
duction, industrial and agricultural
production, from local slope information. In
glaciology, they have already demonstrated
their potential for determining topography over
ice sheets and glaciers and deriving ice
motions. Combined with spatial-analysis
models, they can be used to identify and
simulate viewing perspectives for land-use
planning. DEMs are also useful for military
applications, and there is already a significant
market for commercial applications, such as
mobile communications where they are an
essential tool in the implementation of ground
relays.
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Figure 5 shows the current availability of
topographic data. Extensions of the present
DEM coverage will be extremely difficult with
conventional methods, because most of the
globe’s still unsurveyed land areas are in the
predominantly cloud-covered and humid
tropical regions and in the polar areas.

Results of the early tandem operations
Just a few days after the launch of ERS-2, a
number of SAR images were made using
ERS-1 and ERS-2 in tandem mode, observing
the same region with a one-day interval. These
data were quickly processed and analysed by
European experts to demonstrate some of the
possibilities offered by SAR interferometry for
the generation of DEMs.

First example over Central ltaly: generation of
a radar interferogram as a basis for a
three-dimensional map of the Earth’s surface
An interferogram uses not the brightness
(intensity) of the reflected radar beam, but the
phase information it contains. The phase
differences that occur for two slightly shifted
viewing angles are calculated individually for
each pixel, by analysing images recorded from
slightly offset positions during overpasses of
ERS-1 and ERS-2 on consecutive days. As
these phase differences are directly related to
the heights of the terrain being surveyed, when
colour-coded they resemble the contour lines
of a topographical map.

The tandem-interferogram in Figure 6 shows a
15 km x 20 km section from the first ERS-2
SAR image of 2 May 1995, combined with an
ERS-1 image from the previous day. In this
case, the orbits of the two satellites were about
400 m apart (the optimum figure is rather less).
The individual interference zones (colour

Scale

- 1: 40000-1: 75000
l:l 1:100000-1:126720
- 1:140000-1:253440
[] Unmapped

=10

Area 107 km?

-5

Digital data

cycles) correspond in each case to a difference
in height of around 22 m. The image
processing was performed by Prof. Rocca’s
team at the Politecnico di Milano (ltaly)

The interference patterns are seen most clearly
in the mountainous regions; here ‘blurred’
areas point to the existence of forested areas
which, because of the height of the trees, are
‘seen’ differently from the different viewing
angles of the two satellites (this is known as the
‘volumetric effect’). On the other hand, there is
pronounced ‘blurring’ in the sea area and in
parts of the enclosed lowlands, because the
coherence requirement is barely met over the
water. Comparison with a multi-temporal image
(Fig. 7) combining the ERS-1 and ERS-2 data
used in generating the interferogram provides
an idea of the effect that the varying wind fields
(and consequent wave patterns) and changes
in soil moisture or surface coarseness can have
on coherence.

Second example over the Maastricht area of
the Netherlands: generation of a radar
interferogram and DEM

On 7 May 1995, ERS-2's SAR imaged the
area known as ‘three-countries corner’, where
the borders of Belgium, Germany and the
Netherlands meet. As Figure 8 shows,
one can easily make out the valley of the River
Meuse running vertically up the picture, with
Liege (B) at the bottom edge and Maastricht
(NL) closer to the centre. To the right of
Maastricht is Aachen (D), appearing as a light-
toned patch with the fringes of the Ardennes
below it in a lighter grey. Eindhoven (NL) is
visible at the left-hand edge of the picture

Whilst a single image like this will yield detailed
information about, for example, forested areas

Figure 5

Source: NASA Topographic
Science Working Group
Report
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Figure 6

Figure 7
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or other types of ground use, a great deal
of examination and comparison  with
observations made on the ground is needed.
By superimposing several images, however,
particular features become apparent much
more quickly and this opens up other potential
applications also.

To demonstrate this, the ERS-2 SAR image of
7 May 1995 has been combined with an ERS-1
image that was recorded the previous day
(Fig. 9). The resulting interferogram (Fig. 10)
shows the typical striped patterns created by
such superpositioning. These palterns contain
information about the differences in distance of
the Individual pixels at the various positions
from which the two satellites recorded the
images (the distance between the two
recording positions — the baseline for the
digital triangulation — for this image-pair was
approximately 220 m) and are like the contour
lines on a topographical map. The difference
between the chain of hills in the Ardennes to
the bottom right and the very much flatter
terrain elsewhere in the picture is immediately
appareni.

Figure 11 shows — jusl like a multi-temporal
image — where the phases differ and where
they match (providing a measure of the
differences in distance at the recording
positions at a given moment) for the two
satellite overpasses. Light-grey tones show a
high degree of coincidence (i.e. little change),
while dark areas point to ‘changes’ of all kinds.
So, for example, the wooded areas now appear
more distinctly than they did in the single
images — as dark areas in which volumetric
effects (brought about by differing views of the
trees due fo the slightly offset viewing points of
the two satellites) make the phases of the
reflected signals differ from one another. More
detailed analysis is needed for the three light
zones fo the left of centre, which show up very
differently in the individual images.

Figure 12 offers a quasi-three-dimensional
view (looking from the northwest) of the lower
right-hand part of Figures 8 and 9. The data on
which this is based are firstly the raw version of
a digital height model produced from the
tandem interferogram (Fig. 10), and secondly
the intensity values from the ERS-2 overpass,
which give this height model the appearance of
a landscape. The greatly exaggerated relief
shows the fringes of the Ardennes together
with the chain of hills in front of them leading to
the Meuse valley visible on the right of the
picture. This demonstrates how, during the
ERS-1/ERS-2 tandem mission, the sets of data
from the two salellites can be combined to
provide digital height models.

Figure 8
ERS-2/ERS-1 SAR images processed by CNES = Copyright ESA/CNES 1995

Figure 9
ERS-2/ERS-1 SAR images processed by CNES & Copyright ESA/CNES 1895
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Figure 11
ERS-2/ERS-1 INSAR images
processed by CNES

® Copyright ESA/CNES 1995
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Conclusion

The tandem operation of ERS-1 and ERS-2 is
providing a unique opportunity to achieve
significant advances in both the earth-sciences
and applications domains for the next decade.
In particular, the use of SAR interferometry
techniques should allow the generation
of consistent and homogeneous medium-
resolution Digital Elevation Models over large
portions of the Earth's land and ice masses.
Used in a differential interferometry mode, the
SAR tandem data sets will also offer a unique
opportunity to detect and measure very small
— of the order of a few centimetres -
topographic changes such as those caused by
earthquakes, landslides, volcanic activities and
glacier motions.

It is ESA's Iintention to encourage both
the scientific and application user communities
to take maximum advantage of this unique
tandem data set, thereby opening new
perspectives for both scientific research and
operational applications in  the earth-
observalion sphere.
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Evolution of the ERS-2 Data Processing

Ground Segment

M. Albani, V. Beruti & S. D’Elia

ERS Exploitation Division, ESRIN, Frascati, Italy

In its four years of operation, the ERS-1 ground segment has
delivered almost 26 000 SAR scenes and a few million low-bit-rate
fast-delivery products that have allowed hundreds of scientific
investigations, and pilot and demonstration projects as well as many
commercial and operational applications to be carried out.

Given that the ERS-1 and ERS-2 satellites will now be operated in
tandem until at least mid-1996, the same ground segment must be
able to manage a much greater workload. It must perform the
exploitation of the ERS-2 payload data, including the data from new
instruments such as GOME, PRARE and the ATSR visible channels, in
parallel to the handling of newly acquired ERS-1 data and the retrieval
of ERS-1 archived data. Most of the facilities have been modified to
cope with the higher requirement for data and services and, where
applicable, for the handling of data from the new sensors.

ESRIN, via its ERS Exploitation Division, is responsible for the
exploitation of the ERS Payload Data Ground Segment and for user
services.

The Payload Data Ground Segment
The ERS Payload Data Ground Segment is
composed of the following facilities:

— the ESRIN ERS Central Facility (EECF)

— the ESA Ground Stations network

— the ESA Processing and Archiving Facilities
(PAFs)

— the National and Foreign Stations (NFS)

Figure 1 shows the interfaces between the
facilites and their relationship to the user
community

The ESRIN ERS Central Facility (EECF)
The EECF located in Frascati, Italy, includes
User Services, the Product Control Service
(PCS), and the Payload Reference System. It
provides:

RAW DATA AND FAST-DELIVERY
PRODUCTS FROM
STATIONS

|

=1 SALMIJAERVI

FUCINO
MASPALOMAS
ii TROMSO
' GATINEAU
PRINCE ALBERT

FAST-DELIVERY PRODUCTS

Figure 1. The ERS ground
segment

MISSION PROCESSING
MANAGEMENT AND
& CONTROL CENTRE ARCHIVING
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ESRIN, FRASCATI

'
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The Salmijaervi Station, in
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northern Sweden

— the user interface (the help and order
desks)

— definition of tasks for the whole ERS ground
segment

— mission planning in conjunction with the
Mission Management and Control Centre
(MMCC) at ESOC

— management of a faciliies network for
the acquisition, archiving, processing and
distribution of fast-delivery and off-line
products

— quality checks of fast-delivery and off-line
products

— routine monitoring of sensors

— coordination of the network of national and
foreign stations

— the interface to the industrial consortium
charged with the promotion and distri-
bution of data to commercial users

— maintenance of data-processing software
for the entire ESA network.

The User Services unit is responsible for
planning the ERS-1 and ERS-2 missions in fine
with the user requests and for scheduling the
worldwide data acquisition accordingly. In
addition, it supports the end users, maintains
the centralised catalogue of acquisitions and
products, and handles user requests and
product orders

The Product Control Service’s operational
tasks include the monitoring and control of
ERS data-product quality and assessment of
the compliance of system performance with
the system specifications. Another of its main
roles is to assess instrument behaviour and
the related margins. This information provides
vital feedback that will be used in the
development of future programmes, including
the analysis and development of algorithms for
calibration and validation activities. The

Product Control Service uses a range of
systems, including the so-called ‘Reference
and Low-Rate

System’ for the High-

Fast-Delivery Processing chains, which also
supports the maintenance of the operational
software installed at the ESA ground stations
For ERS-2, the Reference System has been
upgraded with a dedicated GOME QA and
performance monitoring system and with a
tool for the continuous long-term monitoring of
the newly added low-bit-rate (LBR) trans-
cription system at the stations

The EECF also provides support for the
monitoring of the progress of the pilot and
demonstration projects, for the training
programmes given in developing countries on
the application and exploitation of ERS data,
and for promotional activities in conjunc-
tion with the industrial consortium for the
ERS commercial applications development,
including the preparation of materials for
symposia and conferences and for public-
relations purposes.

The ESA ground station network

The ESA ground station network has been set
up to allow the maximum coverage over the
European area for the Synthetic Aperture
Radar (SAR) and the global LBR payload data
acquisitions.

The ERS-2 payload data network is the same
as the one used for ERS-1, It is managed by
ESRIN and includes six ground stations,
located at Salmijaervi (Kiruna, Sweden),
Fucino (ltaly), Maspalomas (Canary Islands,
Spain), Tromso (Norway), and Gatineau and
Prince Albert (Canada).

The ground stations’ systems have been
upgraded to allow them o handle ERS-2. In
particular, the LBR processing chain installed
at the stations has been re-hosted on a Silicon
Graphics platform, replacing the old chain
which was based on a minicomputer plus
array processor. The new chain has a much
higher CPU power and growth capability and
generates the specified products for all
sensors, including the new ERS-2 sensors
GOME and ATSR-2, within the same time
constraints as the old chain (100 minutes per
orbit). The new chain also has the advantage
that the LBR data are transcribed in near-real
time at the stations on Exabyte cassettes for
shipment to the relevant archiving facilities,
while for ERS-1, the transcription was
performed on a dedicated off-line facility
installed at Fucino station. This will drastically
improve the reliability and delivery time for raw
data to PAFs, thus hastening the release of
LBR off-line products to end users. Also the
SAR processor, the Station Control and
Monitoring System, and the Broadband Data
Dissemination Network (BDDN) have been
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upgraded to ERS-2 mission functional

requirements.

Except for Salmijaervi, which is operated by
ESOC and is fully dedicated to ERS
operations including telemetry, tracking and
control (TT&C) activities, all of the other
stations are multi-mission in nature. Under
contract to ESRIN, they perform the ERS-1
and ERS-2 payload data acquisition, pro-
cessing and dissemination, as well as hosting
the ESA equipment for the requisite data
exploitation. They also provide similar services
for other international Earth-observation satel-
lites, such as Landsat (USA), Spot (France),
JERS-1 (Japan), and Tiros (USA)

The division of tasks and responsibilities
between these stations takes into account the
constraints related to the high- and low-rate
payload data characteristics (Table 1). This
network ensures global LBR data acquisition
(mainly from the on-board recorder dumping)
on a daily basis. A station’s typical daily
activities can be summarised as follows:

— satellite tracking and scheduled data
acquisition

— recording of the data on high-density
magnetic tapes

— processing of the fast-delivery (FD)
products to be made available within three
hours of data sensing, to nationally
nominated centres

— processing of scheduled products for
distribution to users

— reporting on the activities to the EECF

— transmission to the Product Control Service
at ESRIN of relevant parameters and
products for routine sensor performance
monitoring.

The Processing and Archiving Facilities
(PAFs)

The PAFs will continue to be the core of the
product distribution system for ERS-2. Their
role can be summarised as:

— long-term ERS-1 and ERS-2 payload data
archiving and retrieval

— generation and distribution, on request, of
the off-line geophysical standard products
to users as instructed by the EECF via
product orders

— support to ESA for sensor data calibration,
data validation and long-term sensor
performance evaluation

Each PAF receives the relevant ERS-2 payload
telemetry data on a regular basis from the
ground stations and ensures the long-term
archiving, the routine production and the

distribution of the data. Their activities are
managed and monitored from ESRIN.

There are four PAFs, managed under contract
to ESA.

F-PAF in Brest, France

It is operated by IFREMER, the French
institute for research into the exploitation of the
sea, and its tasks are:

— archiving all the LBR data (Wave,
Scatterometer, Radar Altimeter and Wind)
acquired over oceans, and generating the
associated products

— backup archiving of the ATSR-1 and
ATSR-2 (Along-Track Scanning Radio-
meter) global data set, and generation and

The Gatineau Station, in
Canada

Table 1. Responsibilities of the ESA ground stations with respect to data

acquisition and processing

Ground station

Type of data for which responsible

Salmijaervi Global low-bit-rate (real-time and on-board tape-recorder
data dumping)
Regional SAR over Northern Europe and the North Pole
Fucino Regional SAR and LBR over the Mediterranean area,
North Africa and Central/Southern Europe
Maspalomas Global LBR
Regional SAR over Northwest Africa and the Eastern Atlantic
Tromso ATSR data real-time processing and operational backup for
Kiruna acquisitions
Gatineau Global LBR
Prince Albert Global LBR
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The UK PAF Computer
Room in Farnborough

distribution of ATSR Microwave Sounder
data

— storage of relevant ESA-provided campaign
data

The F-PAF has carried out a
modernisation of its facilities for

major
ERS-2

by re-hosting the Altimeter Ocean Product
processing chain and associated

(OPR)

Table 2. Status of national and foreign ground stations acquiring or
planned to acquire the ERS SAR data

Ground station Status

Tromso Norway Ready
Westfreugh UK Ready
Gatineau Canada Ready

Prince Albert Canada Ready
O'Higgins Antarctica, Germany Campaign only
Libreville Gabon, Germany Campaign only
Neustrelitz Germany 1995
Aussaguel France Campaign only
Cotopaxi Ecuador Ready
Hiderabad India Ready

Alice Springs Australia Ready

Hobart Australia Ready, only acquisitions
Hatoyama Japan Ready
Kumamoto Japan Ready

Syowa Antarctica, Japan Ready
Fairbanks USA Ready

Cuiaba Brazil Ready

Pretoria South Africa Ready

Taipeh Taiwan Ready

Pare Pare Indonesia Ready

Norman USA 1995

Beijing China Ready

Tel Aviv Israel Ready, no MOU
Riyadh Saudi Arabia Ready, no MOU
Nairobi Kenya, Teleos 1995, no MOU
Singapore Singapore 1995, no MOU
McMurdo Antarctica, USA Ready, no MOU
Bangkok Thailand Ready, no MOU
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management subsystem on a new hardware
configuration

UK-PAF in Farnborough, UK
It is operated by the National Remote Sensing
Centre (NRSC) and its tasks are:

— primary archiving of SAR and global ATSR
data and Altimeter data over ice and land

— secondary archiving of LBR data

— processing and distribution of SAR, ATSR
and Altimeter data over ice and land

The UK-PAF has also made a great effort to
update its facilities to accommodate ERS-2 by
adopting new configurations to increase the
throughput of their LBR chains and by
procuring new archiving and processing
chains for SAR data

D-PAF in Oberpfaffenhofen, Germany
It is operated by DLR, and its tasks are:

— archiving and processing of the SAR
data acquired at the O'Higgins Antarctica
station as well as of selected data sets
acquired at other ESA and foreign stations

— primary processing centre for SAR pre-
cision and geocoded images

— generation of high-level Altimeter products
and precision orbit calculations

— primary archiving and processing centre
for ERS-2 GOME products

— primary archiving and processing centre
for ERS-2 PRARE products.

In preparation for ERS-2, the D-PAF has
developed the chains for GOME and PRARE
products, procured new chains for the
generation of SAR products and modernised
its data management subsystem

I-PAF in Matera, Italy
It is operated by the Italian Space Agency and
is charged with:

— archiving, processing and distribution of
regional SAR data acquired by the Fucino
and Maspalomas stations

— archiving, processing and distribution of
LBR products covering the Mediterranean
area.

The |-PAF has upgraded its system for ERS-2
and is developing GOME-derived products.

The national and foreign stations

In addition to the ESA ground station network,
a number of national ground stations, i.e.
belonging to countries participating in the ERS
Programme, and foreign ground stations, i.e.
belonging to non-participating countries, have
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.
Tel Aviv

been set up around the world, or are planned,
in order to acquire ERS-1 and ERS-2 SAR
payload data.

The current situation is summarised in Table 2.
Most of the stations have been used for ERS-1
and will be used again for ERS-2 under
the terms and conditions of a standard
Memorandum of Understanding (MOU) with
ESA.

The ground stations receive, from the EECF in
Frascati, the input data needed to acquire,
process and distribute the SAR data and they
report back to the EECF on their station

activities and status. The stations generate
and distribute products developed nationally
to ESA principal investigators, pilot projects
and commercial users. In  particular,
low-resolution, near-real-time products are
distributed as a service from the Tromso and
Gatineau stations. Together with the ESA
stations, the stations listed in Table 2 will
provide the worldwide data coverage shown in
Figure 2. Agreements are in place with the
stations for the provision to ESA of copies of
some of the raw data acquired so that ESA
can, when required, serve its users directly.
ESA PAFs have in this way acquired and
archived valuable worldwide SAR data sets.

LBH RAW
DATA TAPES

OFF LINE PRODUCTS
FAST DELIVERY COMES
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IIISPALOHAS
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ps ooy w-ms |

o
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Figure 2. Total planned
coverage by the ERS
ground stations

Figure 3. The flow of global
low-rate data. For
fast-delivery products, the
ESA ground stations
acquire and process the
ERS data and send it to the
EECF. After conversion, the
data is then sent to the UK
or ltalian meteorological
office, which in turn
distributes it to met. offices
around the world. For
off-line products, the
ground stations send the
data on cassettes to the
PAFs for archiving and
generation of the off-line
products.
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Data flow and product generation

ERS-2 LBR and SAR products are distributed
to users either on a routine basis or upon
specific request. The full list of currently avail-
able products is shown in Table 3.

The flow of the ERS-2 LBR data is summarised
in Figure 3. The LBR data obtained from the

Wind Scatterometer, the Radar Altimeter, and
the Active Microwave Instrument (in Wave
mode) are processed immediately after
reception to so-called Fast Delivery level (UWI,
URA, UWA) at the ESA stations. They are then
collected at the ERS Central Facility and, after
being converted in an upgraded BUFR
formatter delivered by the UK Meteorological

Table 3. ERS-1 and ERS-2 products currently available

Data Type Code Production Facility
SAR

Annotated Raw Data SAR RAW D-PAF, UK-PAF, I-PAF
Fast-Delivery Image SAR.UI16 Fucino, Kiruna, ESRIN
Fast Delivery Copy SAR.FDC D-PAF (ERS-1 only)
Single-Look Complex SARSLC D-PAF, UK-PAF, |-PAF
Single-Look Complex Full Scene SARSLCF UK-PAF

Precision Image SAR PRI D-PAF, UK-PAF, I-PAF
Ellipsoid Geocoded Image SAR GEC D-PAF, I-PAF, UK-PAF
Terrain Geocoded Image SAR.GTC D-PAF, I-PAF

SAR Wave Mode

Fast Delivery Product SWM.UWA Gatineau, Maspalomas, Kiruna
Fast Delivery Copy SWM.FDC F-PAF

Wind Scatterometer

Fast Delivery Product WSC.UWI Gatineau, Maspalomas, Kiruna
Fast Delivery Copy WSC FDC F-PAF

Altimeter

Fast Delivery Product ALT URA Gatineau, Maspalomas, Kiruna
Fast Delivery Copy ALT FDC F-PAF

Ocean Product ALT OPRO02 F-PAF

Quick-Look Ocean Product ALT QLOPR D-PAF

Waveform Product ALT WAP UK-PAF

Sea Surface Height Model ALT SSH D-PAF

Oceanic Geoid ALT OGE D-PAF

Sea Surface Topography ALT.TOP D-PAF

Microwave Sounder

Water Vapour/Liquid Water content MWS VLC F-PAF

ATSR

Infrared Brightness Temperatures ATS.IBT UK-PAF

Sea Surface Temperatures ATS SST UK-PAF

Precision Sea Surface Temperatures ATS.PST UK .PAF

Orbit

Preliminary Orbit ORB.PRL D-PAF?

Precise Orbit ORB.PRC D-PAF’

ERS Gravity Mcdel ORB.EGM D-PAF

GOME (ERS-2 only)

3-Day engineering data LVL13 D-PAF

Total Ozone Content TCDO3 D-PAF

The |-PAF also generates special Wind and Altimeter products over the Mediterranean Sea

'aTC products need Digital Terrain Models (DTM) in input. The D- and I-PAF hold DTMs for limited areas

However D-PAF also accepts user-supplied DTMs

*The Preliminary and Precise Orbits of ERS-2 are derived from PRARE and Laser tracking data, while for

ERS-1, only the Laser Data are available
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Office, are injected into the Global 1,600,000

Telecommunication System (GTS)

of the World Meteorological 1,400,000

Organisation (WMO). They are 1,200,000

also disseminated to selected 1,000,000

faciliies and users (including the

PAFs, from which they can be 5001000,

obtained as off-line copies). Figure 600,000

4 shows the LBR fast-delivery 400,000

products distributed fjur|ng the 200,000

first four years of ERS-1's lifetime. 0

For the ATSR data, realtime 1991 1992 1993 1994
processing is performed at w1 90,356 293,241 367,139 377.832
Tromso (10 orbits per day) for the URA [ 163,808 259,974 314,058 300,306
generation of the Sea Surface uwa B 118,369 644.730 736.592 768.428
Temperature Measurement, and ToTAL [ 372,533 1,197,945 1,417,789 1,446,566
the data is sent thereafter to

ESRIN for conversion and distri-
bution to the meteorological offices, or for
temporary storage on-line for user access.

The LBR data sets (Radar Altimeter, ATSR and
GOME) copied on Exabyte cassettes at the
acquisition stations are sent to the PAFs for
archiving and for the off-line generation of
precision products. ATSR data are also sent to
instrument providers, Rutherford Appleton
Laboratory (UK) and Centre d'études des
Environements Terrestres et Planetaires (F), for
their internal investigations and support to
ESA production activities.

The flow of ERS-2 SAR data is summarised in
Figure 5. It is similar to the flow of ERS-1 SAR
data. The SAR data are received at the ESA

ground stations, processed to Fast-Delivery
level, and disseminated via the Broadband
Data Dissemination Network (BDDN, under
ESRIN control), which allows the transmission
of SAR Fast-Delivery images from Kiruna or
Fucino nominally within 24 h of data sensing
to nominated centres (one per country in
Europe), using a Eutelsat satellite link for
image transmission. The nominated centres
then distribute the data to the end users. The
raw data are sent to the PAFs for the off-line
generation of ESA standard products (Raw,
PRI, SLC, Geocoded).

Figure 6 shows the number of each ESA
product type delivered to the users by the ESA
processing facilities.

BDDN
SERVICE

Figure 4. Distribution of
ERS-1 low-bit-rate (LBR)
fast-delivery products over
ERS-1’s four years of
operation: UWI or Wind,
URA or Radar Altimeter,
and UWA or Wave user
products.

Figure 5. The flow of giobal
high-rate data. To allow the
data to reach the users
quickly, the SAR images
acquired at Kiruna and
Fucino are transmitted
directly to nominated
centres via a Eutelsat
satellite link. The centres
then distribute the data to
the users. In addition, the
ground stations send the
raw data to the PAFs for the
off-line generation of
standard products.
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Figure 6. Distribution of
Synthetic Aperture Radar
(SAR) products by type

Figure 7. ERS-1 User
Services. The various user
categories are at the top,
the ESRIN ERS Central
Facility (EECF) is in the
middle area, and the
external facilities are at the
bottom. The external
facilities are controlled and
operated via the
telecommunications
infrastructure.
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ERS User Services
The ERS User Services section provides
support to the ERS-1 and ERS-2 user
community through:

— User interface functions, performed via the
ERS Help Desk (for queries, documen-
tation, tools, CD-ROMs, etc.) and the ERS

Order Desk (for data requests from
principal investigators, pilot project leaders,
ground station operators, etc.). The

requests from commercial and research
users are dealt with by the Customer
Service section of ERSC, a consortium
formed by Eurimage, Radarsat Inter-
national and Spot Image.

— On-line services, like provision of up-to-date
information and data samples via Internet;
distribution of user tools, updated
instrument plans, data and images through
the on-line server; and on-line access to a
centralised catalogue with the ability to
order on-line the necessary products,

— Internal functions, including preparation of
user documentation, information, data,
tools and CD-ROMs; mission planning,
ground station scheduling, production
planning; centralised catalogue manage-
ment, data dissemination control (via
satellite or land links); telecommunication
network monitoring; and systems and
database management.

Figure 7 shows the ERS User Services
organisation.

Upgraded User Services applications

The applications were upgraded in 1994 to
support the parallel ERS-1 and ERS-2
missions. The software was revised thoroughly
in order to make it fully ‘multi-mission’ and to
improve performance and availability. The
changes made are:

— The Central User Service application was
re-hosted in a redundant configuration
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made up of faster Alpha machines, with
one separate machine dedicated to main-
tenance activities.

— The Interface Subset (which manages the
telecommunications) was split: user access
was separated from the operational traffic.
It was implemented with a multi-machine
approach, i.e. a copy of the software can
run on more than one machine to share the
traffic load, and was loaded into a powerful
cluster with a redundant configuration. A
separate machine was dedicated to main-
tenance activities.

— The Network Supervision Centre (which
monitors and controls  the BDDN)
was upgraded by improving automatic
mechanisms and the operator’s interface.

All upgrades entered into full operation well
before the ERS-2 launch. All the concerned
systems are now multi-mission systems and,

thanks to the hardware and software
enhancements, are able to cope with the
activities and locad caused by the

contemporaneous management of the two
satellites and of related ground segment
activities without an increase in personnel.

Handling of user requests

The user requirements, particularly for SAR,
are expressed as user requests, which define
the required product and medium types
together with the geographical area and
window of time of interest. Most of the LBR
products, on the other hand, are distributed
on an orbit basis in monthly or yearly sets of
data.

Figure 8 shows the processing flow for user
requests for SAR products. The requests may
involve data that has already been acquired
and archived; those requests are converted

Figure 8. The processing
flow for user requests for
SAR products

69



@ Dbulletin 83

Figure 9. A sample of the
new DESCW screen, with
the three main windows
active: the Full Map, which
shows the location of the
area being ‘zoomed’; the
zoom window, which shows
in greater detail the user’s
selected area and the
swaths of the selected
missions; and the Frame
List, which lists all selected
frames and related
parameters

File

R Mt Opit Feme Dae

130 Et 19250 gl
12 B
133 Ef
134 E1
135 B
138 El
137 El
138 El
13 £
140 €1
141 E
142 B
14 Et
144 El
145 15
148 L5
147 L5
148 L5
140 15
180 L5
181 L5
1492 L5
153 L5
154 L5
188 15
156 (5
151 L5
158 L5
150 15
1RO 1K

19860
19850
18850
19850
16850
1ee50
10850
19850
19830
19830
19830
19830
18850

2601
2619

ferec]
k23
23
x3
3
13
23
23
3
23
=23
23
23
181
191
18%
181
181
131
191
13
181
181
181
181
181
181
19
193

2665
2721
2745
<l
781
27
817

2653
2871
o3
o014
s
eeil}
17
0018
Lub]
aoe0
00z1

950501
850501

00z4
o5
0026
0027
Fia =g

8 E N SEIE

Track S nwne se sw Rec, Smatier|

P

PPPP>>PPPEPPRPEPP PP P T UV T DT O W T WD D

L O AN NOPRPOOODBROON®
HON NN a0 DOODO OO~
D—-N "+ 00DDODONO

into production orders for the PAFs, where
the required products are generated and
dispatched to the end user If the request
concerns data yet to be acquired, the relevant
acquisition is planned taking into account
possible conflicts, alternatives, or anticipated
needs and then confirmed in cooperation with
the Mission Management and Control Centre
(MMCC) at ESOC. Upon confirmation of data
reception from the relevant ground station, the
product order is placed and the products are
delivered to the end user either via the BDDN
(for fast-delivery products) or by the relevant
processing facility.

As part of the mission planning, performed at
ESRIN, the specific user requests are
integrated with a ‘baseline’ mission plan,
which covers the repeated coverage for
multi-temporal analysis. It permits also the
optimal use of satellite resources, by limiting
the number of SAR on/off switchings per orbit
and exploiting the SAR on average for 9 min
per orbit, with a maximum of 12 min per orbit.
All areas covered by ground stations have
already been acquired. The addition of new

View Define Search Window Help

stations now permits coverage of most of the
Earth’s land surface

The contemporaneous availability of ERS-1
and ERS-2 provides a unique opportunity
for ‘tandem’ operations. Planning SAR
acquisitions for the two satellites over the
same area, which the two satellites visit within
a short time interval, permits new applications
like interferometry.

Worldwide catalogue of data and products
The EECF also maintains a catalogue of the
SAR data acquired worldwide and of the
products archived at the PAFs. The catalogue
is updated regularly, whenever the new
acquisition reports are generated at the
acquisition stations and the data is entered in
the database. Users can query on-line the
SAR catalogue or the Global Activity Plan
(GAP), which contains up-to-date information
on the planned operations of the different
payload instruments,

Users can also browse through a simplified
version of the SAR catalogue on their PC using
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the ‘Display ERS-1 SAR Coverage’ (DESC)
software package. That tool supports the users
in defining their requirements for products and
services.

With the start of ERS-2 operations, DESC was
upgraded to DESCW, Display ERS Swath
Coverage for Windows (Fig. 9). It is a multi-
mission PC tool, covering at present the
ERS-1, ERS-2 and Landsat missions, and
running under MS-Windows. [t provides a
number of enhancements with respect to
DESC, such as graphic definition of an area,
search by such an area, additional mission
specific filters, and on-line help. Its catalogue/
inventory files are updated weekly and put at
the disposal of users on the ERS on-line
server. Copies of the tool were distributed after
the ERS-2 launch to a large number of users
and are available upon request from the ERS
Help Desk.

Other services

The ERS on-line server, accessible via
Internet, Span or X.25, permits the down-
loading of the GAP, the weekly updates of the

DESC and DESCW catalogue files, the ERS-1
SAR Low Resolution Images generated daily
at Kiruna, and the Quick Look OPR products
generated daily by the German PAF.

Printed material to support user activities and
training, such as the ERS User Handbook, the
ERS System Description, the ERS Products
Specification document, and the CD Guide to
ERS-1, is also available (see the order form
where?? for the full list of documentation and
tools available).

A new service, based on GDS/WWW (see
‘ERS-2 Information Now Available on Internet’
in this issue), began operation last year. It has
improved over time and has been extensively
used during the launch and early com-
missioning of ERS-2: it permits Mosaic or
Netscape clients to access via Internet a set of
daily-updated information, data and sample
products. This includes information on ERS-2
deployment, initial operations and commis-
sioning activities, as well as first images and
results. This service also includes up-to-date
data and information related to ERS-1. ©

+ GOME is an optical spectrometer designed to meausure ozone concentration and gas traces (NO,NO2, B20, H20) present in the atmosphere, by the

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

Earth atmosphere

differential absorption techniques of the sun light and by the backscattering ultra-violet radiation.
» GOME measures width and amplitude of the spectral lines, variable as function of gas concentration.

+ GOME now s flying from April 21st, 1995 on board ERS-2, an Earth observation sateliite of ESA (European Space Agency).
+ GOME projects on the Earth surface a track ot 960 km. Satellite’s movement along its orbit determines a cover of the earth globe
(total between 86° N and 86° S) every three days.
* GOME has the dimensions of a suitcase: a volume of about 150 litres, a weight of 50 kg and an electrical power consumption of 45 Watts,

OFFICINE
GALILEO

& Finmoocamea Company

via Alban Einstein, 35 - 50013 Campi Bisenzio, Florence (ltaly) - Ph: +39.55.80501, Fax: +39.55.8950600

Officine Galileo works with FIAR (a Finmeccanica Company) in Space Equipment field: attitude orbital control and electric propulsion,
power generation, remote sensing, telecommunications, electro-optics and microwaves
s
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ERS-2 Information Now Available on

Internet

E. Onorato

Earth Remote Sensing Exploitation Division, Exploitation Department, ESRIN,

Frascati, ltaly

G. Triebnig & A. Rognes

Earth Observation Division, Projects and Engineering Department, ESRIN, Frascati,

Italy

P. Landart
SISMA Srl, Rome, Italy

Real-time provision of news and documentation relating to ERS-2 via
Internet — that is a new service that ESRIN, ESA’s centre in ltaly, is now
offering. The special ERS-2 service gives new momentum to the
utilisation of the World Wide Web and file-transfer utilities that have
been maintained by ESRIN for over a year now to provide attractive,
online information retrieval and publishing services to the
Earth-observation community around the world.

I ;} NCSA Mosaic: Document View 0
File  Options MNavigate Annotate Help |
I
Document Title: { ERS-2 MISSIDN DESCRIPTION
Document URL: lhttp:/{seru'ices;es.r'in-es,'irfers'l'ist.l'mn
i I
ERS-2 Mission Description l

—
o ERS-2 IN-ORBIT STATUS

s ERS-2 COMMISSIONING PHASE PROGRESS

= ERS-2 LEOP PHASE PROGRESS

o ERS-2 TAKES OVER WHERE ERS-1 LEFT OFF

o FACTS AND FIGURES ABOUT THE ERS SATELLITES
o ERS-2 TECHNICAL DATA

« JOINT OPERATION OF ERS-1 AND ERS-2

« HANDLING THE FLOW OF DATA

s ESA LAUNCHES BEST-EVER OZONE MONITOR

s Reference Documents !

:¢| Home| Reload| Open .| Save s | Clone| New Window| |
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ERS-2: a satellite’s online biography
Keeping the world informed about a satellite’'s
life from the time of its birth may seem like an
odd endeavour. As soon as people realise,
however, that the satellite ERS-2 can provide
unique and vital data in many areas like ocean
navigation, ice or crop monitoring, and oil or
gold exploration, interest grows: it becomes of
utmost importance to know whether the
satellite system is completely functional and
whether the mission is proceeding as planned.
That information is now offered on the Internet
as a ‘Special ERS-2 Service' and can be
accessed under the World Wide Web (Fig. 1)

The special ERS-2 service has allowed those
interested to first learn about many aspects of
the satellite and its launch, and then to keep
up-to-date as it progresses through its
commissioning phase. Even before the ERS-2
launch, the special ERS-2 service provided
online the full text and graphics of the most
recent publications, with special emphasis on
the commissioning phase and the tandem
operation of the satellite with ERS-1
Immediately after launch, news on the first
orbital manoeuvres was added. The very first
sensor switch-on reports, describing which
sets of sensors were already functioning, also
appeared online,

The instrument’s coverage of the Earth was
shown in graphical illustration as it occurred —
in the morning, only a thread ran over the map
of the Earth and by the evening, long strokes of

Figure 1. Example of topics relating to ERS-2
that are provided online, on Internet (under the
address ‘http://services.esrin.esa.it’)
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paint covered it. Day after day, as the number
of completed orbits grew, the map of the Earth
disappeared gradually behind lines indicating
the completed orbits. In addition, vital para-
meters for the calibration and validation of the
on-board instruments were registered and
published (Fig. 2); they remain searchable for
the duration of the satellite’s life.

After the first exciting months of ERS-2, all will
become ‘routine’, as it has for ERS-1. The
online service will allow people to stay current
on the satellite, the payload, the ground seg-
ment, the research and data applications, and
thus will be essential for those using ERS-2
data and ordering ERS-2 products (see boxes).

Many interested users to date
In parallel to the updating of
information, which takes place sometimes
several times a day, ESRIN has been
monitoring the usage of the new service, At
first, many people connected to glance at what
ERS-2 was, stopping at the high-level screens;
since then, they have started to open the more
detailed screens, with articles for instance on
the new ozone sensor, GOME. The rapid
provision of information online has also played
a promotional role for ERS-2: the first images
were readily available online to the press
around the world

the online

More surprising though is the interest in the
online service shown by the professionals
involved in ERS-2, be they the satellite builders,
the sensor builders or those responsible for the

T ) T NCSA Mosaic: Document View

File Options Navigate Annotate
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Figure 2. Example of an ERS-2 data display as shown online

on the Internet
® via World Wide Web (full range of services):

* Navigate to Document URL
‘http.//services.esrin.esa.it’

® via FTP (ERS Fite Server):

* Type ‘ftp services.esrin.esa.it
®* User name: 'anonymous’
® Password: your e-mail address

User support and help:

ERS Helpdesk
ESA/ESRIN

Via Galileo Galilei
[-00044 Frascati
Italy

Phone:(+39) 6 94180 600
Fax: (+39)6 94180 510
E-mail: helpdesk@ersus.esrinvas.esrin.esa.it

To access the special ERS-2 service

To order ERS-2 products

@ Consult the ‘Special ERS-2 Service' available on
Internet and described in this article, and make your
product choice

® Download the 'DESCW’ software to display the
product coverage and to find detailed order
parameters (The software available under
ftp://services.esrin.esa.it/pub/descw requires a PC
Windows environment.)

® Order the required products:
® Commercial users: The products are ordered via
the ERS Consortium (formed by Eurimage,
Radarsat International and Spot Image). Contact
the ERS Helpdesk for the nearest address.

® ESA Principal Investigators and Pilot Project
leaders:  Contact the ERS Helpdesk.

* A number of Low-Bit-Rate (LBR) products are also
directly available online
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Figure 3. ESA also hosts

information services for a

number of institutions
involved in Earth

observation. They can be
accessed directly from the
WWW under the addresses
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shown or via the GDS
Home Page.

instrument calibration. The Earth Observation
community and in particular scientists who
conceived the technology behind the sensors
have connected to the service from all over
the world. French, British, German and Dutch
research centres ranked first among the most
frequent users

Finally, ESA managers have proven to be the
greatest aficionados of the online service with
special ERS-2 news. They have found a tool
thatis at their fingertips and allows them to both
control the information released and show or
discuss the new satellite’s performance with
others around the world

Rationale behind the design of the new
service

An awareness tool, a communication tool and a
reference information base — those are the
functions that the new service is offering to the
user community.

Finding the right mix between technology, data
quality and timeliness, man-machine interface
and user friendliness has been necessary to
attract the user community's interest in the
service

Data quality has been secured through tight
coordination among the ESA scientists
themselves, wherever they are located, with the
ESA mission operators and with ESA
management. The information released has
been designed to satisfy both the specialist
and the layman

Great effort has also been expended to ensure
user friendliness. On one hand, the cosmetics
relative to screen layout and the use of images
have been given special care. On the other
hand, preceding the technology performance
and the aesthetical work, all the information to
be included — several hundreds of items —
has been given a solid architecture. Each data
object has been given its place, and each
future piece has already been assigned a
location within the huge information tree.

That hidden work has allowed for the creation
of an effective network of cross-references. Any
information can thus be reached via several
paths, all echoing each other without the user
feeling lost. The manager can go to the news,
the specialist can point to ‘his' sensor, the
teacher can go to ‘his’ volcano, the frequent
searcher can search by date: in the end, they
will all find the same piece of information, the
same picture or the same graphic.

Moreover, user reaction to the service will be
evaluated at regular intervals and adaptations
made accordingly. By carefully monitoring the
‘most successful’ online items, further possible
cross-references among the screens offered
can be made thus tightening the hypertext links
in a user-driven evolutionary process.

To complete the picture, official reference
documents have been placed online in
abstracted form or in full text. Those who want
to obtain a printed copy of one of the
documents can also order it from ESRIN
without bothering about downloading times.
Lastly, users can leave a message or call the
ERS Helpdesk for advice on how to take
advantage of all the service features (see the
earlier box for information on how to contact
the Helpdesk).

Evolving Internet services on Earth
observation from ESRIN

The special ERS-2 information is carried by
and fully integrated with a number of
information services that ESRIN introduced in
1994

Under the overall heading of ‘User Earth
Remote Sensing Services’, or ‘usERServices’
for short, ESRIN provides a number of
inter-linked multi-mission services to users.
Besides the special ERS-2 feature, current
headlines include:

— Hot News and Hot Line

— Remote Sensing Images

— Satellite Products and User Services

— Guide and Directory Service

5 Mm Directory Service
, ; esa.it
' -

Evropean Association of
Remote Sensing Laboratories
http://gds.aesrin.esa.it/ CEARSel_ ROOT

CE®S

?u!r‘_l:,y_(.

@ an Earth Observation
WW¥ormation System
//gds.esrin.esa.it/CCEOSinfo




ers-2 information now on internet

They are all targeted at satisfying different
needs for instantaneous online access to
information on the ESA remote-sensing
programmes and satellite missions.

The ESA Earth Observation ‘Guide and
Directory Service’ (GDS) represented the start
of ESRIN’s presence on Internet. For more
than a year now, it has been providing the
user community with Earth-observation back-
ground information (some 40 000 documents)
relevant to ESA missions (ERS and Meteosat)
and those missions whose data ESA acquires
and disseminates (see ESA Bulletin, No. 78,
May 1994).

The GDS carries the following information:

— Descriptions  of satellites, sensors and
ground facilities (for ESA and non-ESA
missions)

— Data application information, tutorials, and
scientific papers

— Dataset and data-product descriptions at
various levels of detail, and data user
manuals (for ESA and non-ESA data
directories)

— Pointers to internationally-shared informa-
tion sources on the WWW

— Inventory service log-in information and
user manuals.

Under the impetus of events within both ESA
and the user community, GDS has taken on
additional tasks but a number of information
items have also been transferred to specially
focused service headlines, an example being
‘Hot News and Hot Online’ which is now
provided separately.

GDS'’s ability to publish online, in a very short
time, has made it a forum for user groups with
special interests. Two institutions, CEOS (the
Committee on Earth Observation Satellites)
and EARSel (the European Association of
Remote Sensing Laboratories), maintain
information collections in GDS, and thus are
accessible either under their own addresses,

or from within the services offered by
ESRIN (Fig. 3)

Growth of user accesses

Since the first ESRIN Earth-
observation service was officially
opened to the World Wide Web in
May 1994, user interest has increased
rapidly, as the usage statistics in Figure 4
illustrate. At the time of the initial service
announcement, some 12 000 requests for
information were received per month,
whereas a vyear later, and with ESRIN
providing a richer set of services, the number
has grown to over 69 000, an increase by a
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factor of almost 6. Figure 4 also shows a
marked peak which corresponds to the
introduction of the ERS-2 service.

The geographic location of users is quite
diverse. As shown in Figure 5, Western
Europeans and North Americans are the
primary users of the services, but small
but consistent groups of users also exist
in Australia, Japan, Eastern Europe, and
Southeast Asia.

Outlook for the future

ESRIN's present information services, however,
are not expected to remain static. Since the
information base is growing and a presence on
the networks must reflect evolving user needs,
the evolution of the services and the creation of
optimised multi-mission information access
paths will remain an ongoing activity. The
immediate significant user response to the
introduction of new and efficient features
proves that ‘information highways’ like Internet
allow for instantaneous user community
response, in the Earth-observation domain as
well. e

Figure 4. Usage of ESA’s
online Earth-observation
services on World Wide
Web (accesses between
1 May 1994 and 31 May
1995)

Figure 5. User access by
region of the world
(between 1 May 1994 and
31 May 1994). The total
number of accesses was

338 799.
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The CSG 2000 Programme

— Modernising Europe’s Spaceport for the

Next Two Decades

J. de Dalmau
Directorate of Launchers, ESA, Paris

J. Determe

CSG 2000 Project Manager, CNES, Toulouse

G. Blondet-Gonte

Director of Operations, CNES/CSG, Kourou, French Guiana

Introduction

The French Government committed itself to
the construction of a launch base in its
overseas department of Guiana in 1964. The
land around the coastal town of Kourou was
assigned to CNES, which built the first
facilites. In 1966, the European Launcher
Development Organisation (ELDO), one of
ESA’'s forebears, decided to build its own
launch facilities at CSG (Centre Spatial
Guyanais). Following the 1973 decision to start
the Ariane launcher programme, ESA
committed itself to contribute substantially to
the investment and operating costs of what
was to become Europe’s ‘Spaceport’.

About 1300 permanent employees now work
at CSG, more than half of them locally
recruited, the other half being specialists
drawn from metropolitan France and other
ESA Member States.

* The production, assembly and
launch facllities for Ariane-5
were described in ESA Bulleting
Nos. 75and 79

There are two distinct sets of facilities at
CSG (Fig. 1), each falling within a specific
management framework: those dedicated to

Once ESA had decided in 1987 to develop Ariane-5, Europe’s new
generation of heavy-lift launcher, it became clear that the facilities at
the Guiana Space Centre had to be adapted to the new missions, in
addition to building a new launch complex*. The ‘CSG 2000
Programme’, funded jointly by ESA and CNES, was instituted in 1991
to enable Ariane-4 and Ariane-5 launches to be supported with
increased reliability and at reduced cost until at least 2015. It involves
a thorough modernisation of all major systems at the Spaceport. The
development efforts and equipment installation are being managed by
CNES and performed by contractors from the ESA Member States,
including local suppliers in French Guiana. The overall investment, in
excess of 130 million ECU, covers the period from 1991 to 1998, but
most of the new systems will be operational for the first Ariane-5
launch at the end of 1995.
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launcher production and launch and to
spacecraft preparation, and the general
spaceport and range facilities:

Facilities for launcher production and
launching and for spacecraft preparation
These have been built and are owned by ESA,
which entrusts their operation to external

~
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entities. About 400 people are employed in

this set of facilities, which include:

— Launch complexes, known as ELAs (the
French acronym for Ariane Launch
Complex), which include the facilities for
launcher integration and check-out, as well
as propellant filling and launch. ELA 2 is
currently operated by Arianespace for
Ariane-4 commercial launches. ELA 3 has
been built for Ariane-5 launches, and will
be handed over to Arianespace 10 begin
commercial launches in 1996, after the first
two qualification flights.

— The Payload Preparation Complex (EPCU)
for spacecraft processing, operated by
CNES on behalf of Arianespace.

— On-site propellant (solid and cryogenic)
production plants for Ariane-5. ESA
has entrusted these activities to Euro-
pean industry (Regulus, Europropulsion,
Aérospatiale & Air Liquide).

— A custom-built solid-booster test stand, for
on-site static firing tests of the Ariane-5
stages.

Range facilities

These support functions are mainly located at
the ‘Technical Centre’ and associated facilities
and tracking stations. An Agreement between

1A 3
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_METEOROLOGICAL STATION
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the French Government and ESA defines the
management rules applicable at CSG, as well
as the financing scheme for the investment
and operating costs. The ESA-financed part
represents two-thirds of the total annual
budget of about 110 milion ECU. The
remaining third is covered by CNES, which
also manages everyday activities at the Space-
port with the support of several industrial
contractors (a total of 900 employees).

The CSG 2000 Programme described here is
part of the Spaceport's annual investment
plan.

The CSG 2000 objectives and specifications
The CSG 2000 Programme, begun in 1991, is
designed to guarantee successful fulfilment of
the Spaceport’s main missions through 2015,
namely:

Protection of persons, property and the
environment

One of the Spaceport’'s main roles is to
perform the tasks involved in assuming

‘launching State’ liability, under the 1972 Con-
vention on International Liability for Damage
Caused by Space Objects. This includes the
persons,

protection  of facilities and the

MONTAGNE o
DES PERES »

Ariana Localization station (KRU 86)
Ariane and Satellite Telamtry Statlon
(KRU 100) '

%
e 3
N
. .

Figure 1. Layout of facilities
at the Guiana Space Centre,

Europe’s Spaceport
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Figure 2. Kourou’s
geographical situation
allows launches over a wide
azimuth range. A network
of down-range stations is
used to acquire
uninterrupted launcher
telemetry

PRINCE ' —

environment both during ground operations
(‘ground safety’y and during launches
(‘in-flight safety’)

High-quality launch-service support

This support includes:

— launcher tracking and reception of the
launcher’s telemetry for real-time and post-
flight analysis. using stations located in
French Guiana and elsewhere, depending
on each mission’s trajectory (Fig. 2)

— general operations scheduling and coor-
dination, both during launch campaigns
(roughly six weeks) and during countdown
operations (roughly 36 h)

— support to the activities carried out in the
ELA and EPCU complexes, including:
meteorology services; control of access
to restricted areas; road, air and sea
transport;  telecommunications, back-up
energy supply and air conditioning; photo
and video production and archiving; public
relations.
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The CSG 2000 Development Drivers

— To improve the performance of the existing systems and replace old
technologies by state-of-the-art ones with a guaranteed lifetime of about

20 years.

— To reduce operating costs through sound overall design and the use of
more advanced and automated technologies.

— To adapt the facilities to the needs of Ariane-5 in terms of launch rate,
higher mission reliability, new telemetry standards, and new trajectories
requiring new tracking stations

— To avoid interference with Ariane-4 launch operations running in parallel.

~ To meet pre-set

reliabilty,

availability, maintainability and safety

requirements. The probability of performing a launch within the pre-
scribed launch window is (and must continue to be) greater than 95%,

— To take into account the remoteness of French Guiana relative to the
industrial sites in Europe where systems have been developed, with
training of local employees in the operation of new equipment wherever

possible.
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Protecting persons, property and the
environment

Safety during ground operations

Before a new type of hazardous operation is
authorised, such as filing a new type of
spacecraft, launching into a new trajectory or
performing a static firing test, a detailed ‘safety
submission’ process is undertaken by the
CSG safety engineers

When potentially hazardous operations are to
be carried out, a strict set of constraints laid
down in legislation and in CSG’s Internal
Safety Rules have to complied with, ie
maximum number of operators on  site,

minimum safety distances for all other
personnel, verification procedures to be
followed before, during and after the

operation, etc.

Hazardous operations may be carried out at
different CSG sites at the same time, i.e. road
transport of propellant, spacecraft or launcher
filling, solid-propellant mixing and casting, or
booster assembly. Safety engineers are
posted at different sites to monitor such
operations and toc advise the site managers in
a decentralised scheme, but centralised safety
coordination is needed to ensure that
operations running in parallel are compatible,
and to coordinate actions in the event of an
accident.

The CSG 2000 Ground Safety Coordination
(CSS) project includes the development and
installation of a control and command building
for the safety coordination team, and new
control rcoms for the fire brigade, This CSS
building, located at the Technical Centre, is
linked by voice, video and data lines to all sites
where hazardous operations are conducted,
as well as with the other Spaceport systems
The sophisticated tools available in the event a
mishap include a computer system capable
of simulating the evolution of a leakage
cloud under the prevailing conditions and
superimposing it on the site map.

The installation of CSS equipment and the first
tests were completed at the end of 1994, and
training in the operation of the new systems
has been in progress since early 1995,

In-flight safety

Before each mission, the Flight Safety Team
must approve the trajectory being proposed
by the launch operator. For this task, known as
‘safety submission’, powerful computing and
simulation tools are employed.

From lift-off onwards, the Flight Safety Team
needs real-time information on the launcher’s
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behaviour and flight path in order to evaluate
any potential danger to populated areas. The
launcher itself also needs protection from
spurious commands. A flight-termination
system is available to remotely command
destruction of the vehicle in flight The
launcher itself can also generate a termination
command if its on-board computer should
detect a structural failure or abnormal stage
separation (Fig. 3)

Real-time computer processing of tracking-
radar and telemetry data allows the Flight
Safety Officer to monitor a display of the
launcher’s predicted impact point in the event
of an abnormal interruption in propulsion. The
CSG 2000 development programme has
included new safety software that computes
the impact zone of the debris shower in the
event of an in-flight explosion, taking into
account the effects of winds and atmospheric
drag

New equipment with high reliability, redun-
dancy and built-in self-check devices was
installed for Ariane-4 launches in 1991; the
Ariane-5-specific equipment is being installed
and tested during the first half of 1995,

The measurement systems: tracking and
telemetry (Fig. 4)

Tracking the launcher

Until 1987, Ariane tracking relied exclusively
on ‘external’ sensors, i.e. tracking radars on
the ground, along the launcher’s trajectory
The only tracking information provided by the

Structural break or
abnormal separation

Abnormal trajectory

:

Flight Safety

evaluation

<

Is L/V hazardous
for the ground?

NO

YES

Automatic on-board
termination command

Flight Termination
telecommand

| f |

L/V destruction

launcher itself was an amplified signal sent
back to the ground radars by its on-board
radar transponders

As the on-board inertial guidance has proved

to have sufficient accuracy and reliability, this

‘internal’” tracking sensor has increasingly

been used for a number of functions:

— Position  plotting  (computed by two
computers and displayed in the Flight
Safety and Mission Control Rooms): it uses
information derived not only from the
radars but also from the vehicle's guidance
unit,

- Target designation of down-range telemetry
antennas: telemetry received at the Kourou
station is sent to the next station — Natal in

Digital
? ? LBiP DT DT R DESIGNATION|  Position-plottng
g o of targel - DT SystEm
STAR 45 STELLA 43 STELLA 43 STELLA 35 STELLA 43 Radar compoter
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Figure 3. Protection of
populated areas in the
event of abnormal launcher
performance requires a
complex but reliable
vehicle-destruct system

Figure 4. The Ariane-4
telemetry acquisition and
processing system for
eastward launches

DT = digital designation of
target

CVI = quick-look telemetry
display
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* With  payloads correctly
injected into orbit and upper
stage ‘passive’ with its fuel
tanks empty to avoid possible
explosion and generation of
unnecessary debris

Figure 5. Typical Ariane-4
eastward-mission profile
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3rd stage ignition TR

| 3

Fairing jettisoned’ | & T

1/2 separation i
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Brazil in the case of a GTO launch - so
that its antennas can be pointed to where
the launcher will most probably appear on
the horizon. This allows the theoretical
trajectory to be constantly updated in line
with the actual one

Flight Safety uses telemetry information as
a means of comparison with primary radar
information.

The CSG 2000 Tracking and Plotting upgrade
project (SLT), started in 1991, involves:
— upgrading the three

radars located in
French Guiana (‘Bretagne’ and ‘Adour’-
type radars) to ensure reliable operation
until the year 2015 These radars have
been operating very satisfactorily since the
early days of the Spaceport. With their
3 m-diameter antennas, they provide a
distance accuracy of 10 m and an angular
accuracy of 0.006°. Radar upgrading has
been completed, and computer data
processing will be completely modernised
by early 1996

development of the processing hardware
and software to meet the ‘impact zone’
specification set by Flight Safety will be
completed by mid-1995

improving the performance of the tele-
scope located on lle Royale (one of the
Salvation Islands lying 14 km offshore),
which will provide video and infrared infor-
mation on the launcher’s behaviour and
separations, day and night, regardless of
cloud cover.

The down-range telemetry stations

For both Ariane-4 and Ariane-5 launches, for
eastward (Geostationary Transfer Orbit) and
northward (Sun-Synchronous Orbit or Low
Earth Orbit) trajectories (Fig. 2), the full vehicle
trajectory until the end of its mission™ has to be
covered, seamlessly, by down-range stations
that receive, record and dispatch the telemetry
data to the processing centres. Telemetry
stations all along the trajectory’s footprint are
used for this purpose: in French Guiana, a
Cassegrain-type antenna is located on the
Montagne des Péres, a hill some 25 km
southeast of the launch pads (Fig. 1). A
nearby antenna belonging to the CNES
satellite control network is used as a back-up
on launch days

For eastward launches (Fig. 5), which are the
most common (more than 80% of all Ariane
launches are to GTO), the network is as
follows:

— Natal (Brazil)) an Agreement with
the Brazilian Government allows the use
of its faciliies within the perimeter of
the Launch Range at Natal, where

additional ESA equipment has been
installed (Fig. 6)
— Ascension Island (UK, South Atlantic):

an ESA station was built there in 1991,
as the NASA station providing sup-
port to Ariane was about to be closed

(Fig. 7)
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— Libreville (Gabon, west coast of Africa):
another ESA station was installed in 1987
(Fig. 8). In some cases, a further station
near Pretoria (South Africa) belonging to
the CNES satellite control network is also
used.

— Malindi (Kenya, East Africa): an additional
station, offering better visibility of the
Ariane-5 end-of-mission, is scheduled to be
installed in 1995 within the facilities
belonging to the University of Rome.

Northward launches from Kourou are far
less frequent, and agreements between ESA,
NASA and the Canadian Space Agency
are set up on a case-by-case basis for
using the US Bermuda station and the
Canadian Prince Albert station. A mobile
station will also be used in northern French
Guiana to overcome signal masking by
the plumes of Ariane-5's solid-rocket
boosters.

Figure 8. The Libreville station in Gabon, West Africa (photos courtesy of Concorde Europe Films)

Figure 6. The Natal station
in Brazil (photos courtesy of
Concorde Europe Films)
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Figure 9. Mockup of the

interior of the new Jupiter 2

building. From front to
back: the cabins for the
Press, the VIP Room

seating 250 and, behind the
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glass partition, the main
Mission Control Room
(CDC)

The CSG 2000 telemetry upgrade

This project (SYSTA) is gradually providing an
increase in the reliability of all down-range
stations. To avoid the cost of installing two
redundant antennas at each station, a
thorough upgrading of the mechanical and
electrical antenna drive systems is being
carried out.

The tracking performance of the telemetry
antennas is also being increased. The
launcher transmits its telemetry signals in two
circular-polarisation modes; until recently, only
one of these could be received at a time, with
the risk of receiving the weaker signal and
possibly losing the link. A new reception
system has been developed that automatically
chooses the polarisation providing the best
signal. Also, a ‘velocity memory’ feature has
been introduced, allowing continuation of
antenna movement (rather than an antenna
stop) in the event of signal loss.

For Ariane-5, a new telemetry standard
recommended by the International Con-
sultative Committee for Space Data Systems
(CCSDS), with a grid-structured signal and
a Reed-Salomon-type coding, is being
introduced. This new standard simplifies
signal processing on the ground and improves
the launcher-to-ground link quality (trans-
mission rate 1 Mbit/s).

The storage capacity at the stations is also
being enlarged and their telemetry
transmission rates are being increased. In
addition, remote monitoring tools are being
developed to improve the reliability of station
operation during countdown. The latter is the
only SYSTA subsystem not yet implemented,
but it will be operational in 1996

Operational coordination

With the crucial involvement of so many

scattered sites, CSG operations require careful

planning and coordination. The CNES/CSG

Operations Division includes a team of

Operations Directors (called DDOs, from the

French Directeurs d’'Opérations), each being

assigned one launch and one team of

assistants well in advance. The DDO’s
responsibility is twofold:

— Firstly, to plan carefully all interfaces and
ensure that all resources (personnel,
facilities, services to ELA and EPCU
activities) will be in place for a given
campaign

— Secondly, once the campaign starts with
the arrival in French Guiana of the
spacecraft, launcher elements and
integration and test teams, the DDO must
coordinate the daily activities to ensure that

the preset schedule and budgets are
adhered to, including the management of
countdown operations.

The CSG 2000 Programme has provided a
new computerised operations planning tool
(PLO) which uses a large database of
standard ‘operations sheets’ to simplify the
work of the operations and site managers, as
well as safety, quality and cost control. This
new tool was installed in 1994 and is being
validated during the first half of 1995,

The new multi-mission range Control Centre
(CDC, Fig. 9) is being built in the new Jupiter
2 building. Information from the specialised,
remotely located control rooms (launcher
control room, tracking and telemetry stations,
etc.) converges on the CDC, from which final
launch authorisation is given. The new CDC
has been designed to handle Ariane-4 as well
as Ariane-5 launches

The infrastructure that ‘makes it all work’
The telecommunication networks have been
completely upgraded with the installation of
an extensive fibre-optic network linking alt
CSG sites. The synchronisation system drives
equipment that requires precise and
synchronised timing, including launcher
checkout systems, tracking and telemetry
networks, flight safety systems, etc.

The supply and distribution of air conditioning
and back-up power is also being upgraded
with  more powerful and more reliable
equipment. Lightning protection for sensitive
areas is also being upgraded.
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CSG's  Weather Station provides a  Tully
fledged meteorology service (forecasling,
monitoring  and a statistical  archive) for
operations  purposes. The CSG 2000
Programme s providing slale-of-the-
art equipment for both local measure-
ments of temperature, electrical fields and
wind speed (including wind shear at altitude),
and larger-scale observalions with weather
radar, satellite imagery and meteorological
charts,

The public-relations facilities at CSG  are
also  being substantially upgraded in
time for the first Ariane-5 launch at the
end of the vyear They will inciude a new
Space Museum, with a full-scale mock-up
of Ariane-5, nexl o the Technical Centre,
and several observation sites close 10 the
launch pads (Figs. 9,10). There will also
be a new VIP room (seating 250),
and a new Press Centre in the Jupiter 2
building.

Figure 10. Construction
of the Space

Museum — Jupiter 2
complex under way in
October 1994. The launch
facilities, 14 km away, can
be seen at the top of the
picture
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Figure 11. The infrastructure of the Jupiter 2 building was completed early in 1995.
Installation of the exhibit material in the Space Museum is progressing

Conclusions

The CSG 2000 Programme, when completed,
will enable the Guiana Space Centre, Europe’s
Spaceport, to maintain its reputation as one of
the best launch bases in the world. The
regular upgrading of the equipment and
fraining of personnel will ensure optimum
performance for many years to come.
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Figure 12. The Guiana Space Centre, ready to serve
Ariane and its customers for the next twenty years
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Un tableau historique du programme
Ariane et des solutions juridiques

C. Baudin
Affaires juridiques, ESA, Paris

Le programme Ariane trouve son origine dans
la volonté politique des pays européens
d'accéder d'une fagon autonome a I'espace.
A cette motivation d’ordre politique s'ajoute
le fait que de nombreux pays européens
souhaitaient participer au développement
d'un marché européen de satellites, ce qui
présupposait que I'Europe dispose de ses
propres moyens de lancement. Laccés a
'espace était, jusque dans les années 1960,
principalement dominé par deux puissances,
les Etats-Unis et I'URSS. Certains Etats
européens avaient certes développé des
programmes nationaux de recherche spatiale
mais ils ne pouvaient prétendre concurrencer
de maniére isolée ces deux grandes
puissances. C'est ainsi qu’un certain nombre
de pays européens ont décidé d’unir, dans le
cadre d'un ensemble de décisions, leurs
efforts en matiére de recherche spatiale et ont
convenu, en 1973, de mettre en place un
programme de recherche et de
développement d'un lanceur européen qui
depuis lors a connu un grand succes: Ariane.

Le but du présent article est de retracer les principales étapes qui ont
conduit & la mise en place de ce programme exclusivement européen,
d’en décrire les principaux acteurs, puis d’expliquer quelles solutions
juridiques originales ont été élaborées afin de répondre aux besoins
particuliers de ce programme, notamment lors de son passage a la

phase de production.
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Depuis le début du programme en 1973 a nos
jours, un trés grand nombre de textes ont été
élaborés afin de couvrir les aspects juridiques
extrémement variés liés a I'exécution de ce
programme. Je me limiterai ici a la
présentation des principaux textes juridigues
relatifs au programme Ariane afin de faciliter la
comprehension d’un sujet qui, par nature,
comporte déja de multiples facettes. De plus,
ni les problémes de la responsabilité liés aux
activités de lancement ni ceux concernant la
competition internationale ne seront abordés
dans le cadre de cet article

La mise en place du programme Ariane
comme manifestation de la volonté
d’autonomie européenne en matiére
de lanceurs

Les prémices européens (de 'ELDO a I’ESA)

Les expériences britannique et frangaise

Les programmes britannique et francais en
matiere de développement de lanceurs ont
principalement été entrepris dans le cadre de
leurs activités militaires dans le milieu des
années 1950.

En effet le Royaume Uni avait dés 1954
commencé par développer, en coopération
avec les Etats-Unis, un missile dénommé 'Blue
Streak’ dont la base de lancement se trouvait
a Woomera en Australie. Lutilisation du ‘Blue
Streak’ par le Royaume-Uni en tant que
missile fut abandonnée en 1960 au profit de
son utilisation en tant que premier étage d’un
premier lanceur européen.

La France avait déja, au milieu des années
1950, développé et lancé a de nombreuses
reprises de la base de Hammaguir prés de
Colomb-Béchar dans le Sahara, de petites
fusées dénommeées ‘Véronique' et dont le role
fat  d'abord de transporter quelques
instruments de mesure hors de I'atmosphére.
Forte de cette expérience la France
développa alors au début des années 1960 le
programme d’un nouveau lanceur dénommé
‘Diamant’ qui servit de tremplin & I'industrie
spatiale nationale. Le 26 novembre 1965, la
premiére fusée Diamant plaga sur orbite un
satellite appelé Astérix et jusqu’en 1975, date
de I'abandon du programme, la fusée effectua
avec succes le lancement (avec seulement
deux échecs) de treize satellites scientifiques.

Les débuts de I'expérience européenne

Alors que ces succés nationaux dans le
domaine spatial démontrent qu’une certaine
structure industrielle émergeait en Europe, la
recherche européenne s’articulait depuis
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1962 autour de deux organisations:

— la premiere, le CECLES/ELDO (European
Launcher  Development  Organisation)
rassembilait six pays (Allemagne, Belgique,
France, ltalie, Pays-Bas, Royaume-Uni)
autour d'un premier projet de lanceur
européen Europa I, hérité des expériences
britannique et francaise visées plus haut, et
composé de trois étages développés
respectivement par I'Allemagne (plus I'ltalie
et les Pays-Bas pour le 3éme étage) la
France (2éme étage), et le Royaume-Uni
(1er étage). Ce dernier, tiré il est vrai & peu
d’exemplaires, ne réussit pas a mettre une
charge sur orbite. La deuxiéme version de
la fusée dénommée Europa Il qui visait
I'orbite géostationnaire, fut également un
échec. L'on songea alors en pleine crise a
développer une troisiéme version du
lanceur, Europa I, qui devait devenir un
lanceur bi-étage de la classe d'Atlas
Centaur américaine;

— la seconde, le CERS/ESRO (European
Space Research Organisation), réunissait
dix pays (Allemagne, Belgique, Danemark,
Espagne, France, ltalie,  Pays-Bas,
Royaume-Uni, Suéde, Suisse) autour d’un
programme de satellites scientifiques dont
sept furent mis en orbite par les Etats-Unis
entre 1968 et 1972. Il est important de
signaler ici un facteur crucial pour 'avenir
d’Ariane. En effet un projet de satellites
de télécommunication franco-allemand
dénommé ‘Symphonie’, devait a cette
époque étre lancé par Europa Il mais dut
finalement, en raison de I'échec de la fusée
européenne, étre lancés par les fusées
américaines Thor Delta. Cette reconversion
de ‘Symphonie’ au lanceur américain
s’accompagna de restrictions d'usage
tellement draconiennes édictées par la
NASA, afin de ne pas porter préjudice a
I'organisation Intelsat dans laquelle les
Etats-Unis détenait 25% des parts, que
ceci jouera un rble déterminant dans
Iattitude des Etats européens dans leur
choix de développement d'une fusee
européenne

Compte tenu de la crise régnant au sein de
'ELDO et pour faire face a un éventuel
abandon d’Europa lll, le Centre national
(francais) d'Etudes spatiales {(ou CNES créé
en 1961), constitua, en mars 1972, un groupe
de travail avec pour mission la constitution
d'un lanceur de substitution. Pour la France le
lanceur devait étre développé au niveau
européen pour deux raisons principales:
d’'une part les colts étaient trop élevés pour
étre supportés par la France seule, d'autre
part le marché des satellites d'applications en
Europe pour les années a venir serait assez

important pour justifier que I'Europe dispose
de ses propres moyens de lancement et
assure son autonomie spatiale.

Suite aux conclusions rendues par ce groupe
de travail en mai 1972 la construction d'un
lanceur a trois étages baptisé L3S (c.a.d
Lanceur de 3éme géneration de substitution),
fut proposée. Ce projet fut dévoilé en
novembre 1972 a la veille d’'une Conférence
spatiale européenne (CSE) réunissant les
ministres des nations membres de 'ESRO et
de 'ELDO. Lorsque la CSE se réunit le 20
décembre 1972, un ‘accord de principe’ fut
dégagé, aprés des négociations difficiles, sur
'abandon du programme Europa Il au profit
du futur L3S, le développement du ‘module
de sortie’ (futur Spacelab) et la fusion de
'ELDO et de 'ESRO en une agence unique
avant le 1er janvier 1974. |l fallut attendre le 31
juillet 1973 pour qu’a I'issue d’une réunion
historique de la CSE a Bruxelles, les décisions
prises en décembre 1972 soient enfin
entérinées: le lancement des programmes
Ariane et Spacelab par I'ESRO (ainsi que
Marots et OTS) et la création de I'ESA a partir
de 'ESRO et de 'ELDO.

Europa ll
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Le programme de développement du lanceur
Ariane (dans le cadre de 'ESRO puis de
I’ESA)

Le cadre juridique: ‘I'Arrangement Ariane du
21 septembre 1973’, un programme facultatif
selon I'Article VIIl de la Convention de I'ESRO
La révision de la Convention du CERS en
1971 avait ouvert la voie aux programmes
facultatifs. Jusque la, il fallait utiliser une
interprétation audacieuse de I'Article VIII. Suite
a la conférence de Bruxelles, le Conseil
adopta le 1er aoQt 1973 une Résolution dans
laquelle il était stipulé que le programme
Ariane serait entrepris en tant que programme
de 'ESRO dans l'attente de la création de
I’Agence spatiale européenne. Un Conseil de
programme intérimaire fut également mis en
place.

Le 21 septembre 1973, un arrangement fut
signé a I'occasion d’'une réunion du Conseil
de programme  intérimaire, par les
représentants des Etats membres de I'ESRO
souhaitant participer & ce programme Ariane.
Cet arrangement, qui décrivait deux phases,
celle de développement de la fusée, puis
ultérieurement selon des modalités a définir,
celle de sa production, prévoyait les
conditions de sa mise en oeuvre.

Le partage des responsabilités entre le CNES
et 'ESRO (puis 'ESA)

En raison du r6le du CNES et de son expertise
dans le domaine spatial, les participants au
programme  décidérent de lui confier
directement la responsabilité de I'exécution de
cette phase de développement. Ceci fut
concrétisé formellement par un accord qui fut
signe entre 'ESRO et le CNES le 7 février
1974,

L'ESRO se voyait confier la responsabilité
du contrble de I'exécution de cette phase
de développement, chaque participant
contribuant financiérement & ce programme

Le CNES fut chargé d’attribuer aux industriels
de chaque Etat participant des contrats pour
la fabrication du lanceur, mettant en oeuvre
pour ce faire la régle du ‘juste retour’ en
vigueur dans les programmes européens, et
qui consiste a donner a chaque Etat
participant un montant de contrats industriels
proportionnel a sa participation dans le
programme concerné. Le choix du CNES
comme seul maitre d’oeuvre du programme
de développement de la fusée avait pour but
d'éviter les problémes de dispersion des
efforts industriels connus dans le passé et
devait également permettre de mettre en
place une structure industrielle cohérente.

Le CNES devait également déléguer a son
tour la maitrise d'oeuvre industrielle a une
société francaise (dénommée aujourd’hui
Aérospatiale). Cette derniere devait a son tour
travailler avec des contractants frangais et non
francais

En conclusion on peut dire que pendant la
phase de développement le CNES avait la
responsabilité  technique et financiére du
programme, et que I'ESRO, puis I'ESA,
exergait un contrdle sur les travaux du CNES
et de ses contractants d’une part, et sur
I'evolution financiére du programme d'autre
part. LESA avait en outre la responsabilité des
équipements utilisés pour le programme, la
détermination et I'appel des contributions des
Etats participants et de la conclusion des
accords internationaux nécessaires a la
realisation du projet. Un Conseil de direction
du programme fut mis en place au sein de
I'ESA et fut chargé de donner un avis sur les
rapports techniques soumis par le CNES,
les rapports financiers et I'exécution des
plannings.

Un autre aspect essentiel des activités de
lancement est sans aucun doute le site de
lancement, les ensembles de préparation des
charges utiles (EPCU) et les ensembles de
lancement, qui vont permettre I'assemblage et
le décollage de la fusée.

La base de lancement et les ensembles de
lancement Ariane

Le Centre Spatial Guyanais (CSG)

Le site de lancement qui fut choisi pour Ariane
est le Centre spatial guyanais, situé a Kourou,
dans le département francais de la Guyane.
Ce dernier fut sélectionné dés 1964 par le
CNES pour remplacer son ancienne base de
lancement d’'Hammaguir en Algérie. Le site
de Kourou beénéfice de conditions
géographiques exceptionnelles car il est
d'abord bien situé dans une région non
sismique et hors de portée des cyclones
tropicaux. Il offre également le double
avantage, en raison de la proximité de
I'équateur, de permettre aux lanceurs de
bénéficier pleinement de la rotation de la Terre
(460 m/s a cette latitude) et de leur éviter de
colteuses manoeuvres pour atteindre I'orbite
équatoriale indispensable a une mise a poste
géostationnaire.

De plus son dégagement vers 'Est et le Nord
autorise des tirs aussi bien vers les orbites
équatoriales que polaires ou héliosynchrones.
Opérationnel dés 1968 avec la premiére fusée
frangaise Véronique, le CSG a effectué des
opérations de lancement pour le compte du
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programme  francais Diamant et du
programme Europa, puis il fut mis en sommeil
avant son utilisation par I'’Agence a partir de
1976.

Les moyens du CSG constituent le soutien
technigue et logistique indispensable pour
la préparation et le lancement des fusées
Ariane. Le CSG comprend un centre
technique, des moyens de mesures (systeme
de localisation, systéme de télémesure), des
moyens de sauvegarde, des moyens de
coordination, des moyens logistiques et les
ensembles de lancement du CNES et de
'Agence c'est-a-dire I'ELA-1, PELA-2 et
'ELA-3 ainsi que les installations de
préparation des charges utiles et les stations
aval de contrble situées a Natal (Brésil),
Ascension  (Royaume-Uni), Akakro (Cote
d’lvoire) et Librevile (Gabon), également
proprieté de I'Agence. Pour l'installation de
ces stations aval dans les pays hdétes non
membres de I'Agence sus-mentionnés, cette
derniére a conclu des accords spécifiques. Le
CSG, aujourd’hui aussi dénommé ‘port spatial
de I'Europe’, couvre 96 000 ha sur plus de 30
km de bande cotiere et emploie 1100
personnes

A la suite des décisions prises a la CSE
en avril 1975, le Gouvernement francais
et I'Agence concluerent le 5 mai 1976 un
Accord relatif a [I'utilisation du CSG par
I'Agence. Le Gouvernement  frangais
garantissait a I’Agence le libre accés au
Centre et I'utilisation des installations, ainsi
que la priorité pour ses programmes et ceux
ses Etats membres, Le Gouvernement francgais
s'engageait également a continuer a couvrir
les frais opérationnels du CSG et leur mise a
hauteur et de les maintenir compatibles avec
les programmes de I'Agence. En échange
I’Agence s'engageait a contribuer aux frais du
CSG dans les limites d’un certain plafond. Cet
Accord, qui couvrait la période 1975 a 1980,
fut reconduit par un Protocole signé le 6
février 1981, dans lequel un prix plafond
annuel fut fixé auquel la France participerait a
1/3 et 'Agence a 2/3. En cas de dépassement
de ce plafond, la France s’engageait a couvrir
les dépenses supplémentaires

Le dernier Accord entre le Gouvernement
francais et 'ESA a été signé le 29 novembre
1993 et couvre une période allant du fer
janvier 1993 au 31 décembre 2000. Dans ce
nouvel Accord les modalités de financement
du CSG ont quelque peu changé puisque
’Agence doit maintenant payer un prix
forfaitaire. De plus le montant du financement
par I'Agence pour les prestations et services
rendus par le CNES au CSG est déterminé

Ariane-1

par périodes quinquennales glissant tous les
trois ans. Il est forfaitaire durant les trois
premieres années et provisoire pour les deux
derniéres  années, Ces Accords furent
complétés par des Protocoles d’accord
(maintenant un contrat) conclus entre le CNES
et I'Agence dans lesquels les droits et
obligations respectifs dans I'enceinte du CSG
furent définies,

Les Etats qui ont, comme il est précisé plus
loin, participé a la Déclaration relative a la
phase de production du lanceur Ariane du 14
janvier 1980, renouvelée le 4 mai 1990, se
sont engagés, en leur nom propre, a
contribuer au financement du CSG ‘en
fonction de modalités a définir ultérieurement’
et ont pris note du fait qu'un Accord
spécifigue entre les FEtats membres et
I’Agence serait conclu.

Finalement [I'’Agence, sous réserve de
'approbation du Gouvernement frangais, a
autorisé la société Arianespace a exercer,
dans la mesure nécessaire a la production et
au lancement des lanceurs Ariane, les droits
d’acces et d'utilisation accordés & I'Agence
par le Gouvernement frangais dans les
Accords relatifs au CSG précités. En
contrepartie Arianespace paye des
redevances a I'Agence qui sont ensuite
déduites du prix de sa contribution au
financement du CSG.
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Les ensembles de lancement Ariane (ELA)
Ces derniers sont la propriété de I'Agence et
comprennent 'ELA-1, 'ELA-2 et 'ELA-3 ainsi
que des ensembles associés. Ils sont situes a
intérieur du péerimetre du CSG. L'Agence a
repris la base de lancement utilisée par
PELDO puis par I'ESRO et I'a adaptée aux
besoins du programme Ariane. Un Accord
relatif a I'ensemble de lancement de I'Agence
et a ses installations associées fut conclu le 5
mai 1976 a cet effet. Cet Accord, d’une durée
indéterminée, définit la base de lancement,
garantit le libre accés de I'Agence et autorise
également I'Agence a construire les
installations nécessaires a ses activités sur le
terrain - mis a4 sa disposition par le
Gouvernement francais. Sur la base de cet
Accord, un contrat annuel entre I'’Agence et le
CNES est conclu pour I'exploitation de ces
installations.

Conformément aux dispositions de Ia
Déclaration sur la production de 1980
renouvelée en 1990, 'Agence a mis ses biens
a la disposition d’Arianespace aux fins de
lancements  Ariane en concluant avec
Arianespace un avenant a la Convention entre
I’Agence et Arianespace (visée ci-dessous),
En contrepartie, Arianespace a parfois
participé au financement d’'une partie de ces
installations mais elle finance surtout les frais
d’entretien, d’'opération et de mise a hauteur
de ces installations en conformité avec les
dispositions inscrites dans la Convention
conclue entre I'Agence et Arianespace.

La phase de production du programme
Ariane et la décision de privatisation des
activités de lancement

Premiére phase - La production comme
activité opérationnelle prévue par I’Article V.2
de la Convention de I'’Agence (subsistance
d’un lien ombilical)

LArrangement Ariane prévoyait qu'un nouvel
Accord devait étre conclu pour organiser
la phase de production. Larticle 5 de
Arrangement prévoyait que la répartition des
tAches au cours de la phase de production
devrait étre, dans la mesure du possible,
conforme a la répartition des taches de la
phase de développement et respecter en
particulier la regle du juste retour.

Or il était important de se mettre d’accord
le plus vite possible sur la production du
lanceur. En effet, la durée moyenne de
construction d'un lanceur étant d’environ trois
a quatre ans, 'ESA et le CNES tenaient a ce
gu'Ariane soit présente sur le marché dés la
fin de la phase de développement et ils
souhaitaient également que le lanceur soit
qualifié suffisamment & temps pour pouvoir se
positionner sur le marché des lanceurs dans
les années 1980

Aprés un long débat portant sur un meilleur
cadre juridique et sur le rble de I'ESA, le
Conseil de 'ESA adopta le 26 avril 1978 une
Résolution sur la fourniture de lanceurs Ariane
et de services de lancement. Cette résolution
prévoyait une période de transition entre la
phase de développement et la phase de
production, dans [lattente d'un Accord
organisant cette derniére. C’est ainsi que fut
créée, sous le couvert de I'article V.2 (activité
opérationnelle) une phase de promotion de
six lanceurs qui devaient placer sur orbite des
satellites de 'ESA et d’Intelsat

La phase de promotion fonctionna selon les
mémes principes que la phase de
développement.  Aucune  structure  de
commercialisation n’était indispensable
puisque chaque lanceur s'était vu assigner
d’avance les satellites a lancer. En ce qui
concerne la structure de I'ESA, la phase de
promotion n'était pas considérée comme
un programme facultatif mais comme un
ensemble d’activités opérationnelles,
s’exercant au beénéfice et a la charge
financiére des Etats participants (Article V.2.c.
de la Convention de I'ESA: ‘Dans le domaine
des applications spatiales, 'Agence peut,le
cas  échéant, assurer des  activités
opérationnelles & des conditions qui sont
définies par le Consell a la majorité des Etats
membres. A ce titre, 'Agence:... ¢. exécute
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toute activité demandée par les utilisateurs et
approuvée par le Conseil. Les colts de ces
activites opérationnelles sont supportés par
les utilisateurs intéressés.). I fallut trois ans a
I’Agence pour conclure I'’Accord sur la vente
de ces six lanceurs opérationnels.

Deuxiéme phase - Une structure a
I’extérieur de I’Agence: Arianespace

Pourquoi une société privée?

Pour certains Etats, il existait une inadaptation

de I'’Agence a une mission promotionnelle. Les

principales raisons avancées étaient les
suivantes:

— les mécanismes de fonctionnement de
'Agence étaient incompatibles avec une
prise de décision rapide nécessaire sur ce
marché nouveau ou la concurrence est
séveére;

— I'Agence était financée par des fonds
publics et en raison de ce caractére public
'’Agence ne pouvait courir de risques
commerciaux, notamment celui de
fabriquer des lanceurs sans étre assurée
de les vendre. De plus ceci écartait la
possibilité de réunir des capitaux d’origine
diverse, notamment des capitaux privés

Il fut finalement décidé de recourir a une
société privée de droit national francais
(société anonyme) soumise au droit frangais,
Arianespace, pour assurer la production et la
commercialisation du lanceur Ariane mais
avec certaines limites.

La création de la société Arianespace
(a) La Déclaration et la Convention

C’est le CNES qui prépara le projet de la
nouvelle societé et en juin 1979, au salon
du Bourget, les industriels européens
s’engagérent aux cbté du CNES a verser 95%
du capital social prévu par la société. Ce
financement fut confirmé par un Protocole
d’accord industriel signé par le CNES a 34%
et par 34 firmes industrielles. Le reste du
capital fut souscrit par plusieurs banques des
pays europeéens.

Du cété politique, la France présenta le
14 janvier 1980 auprés des Gouvernements
européens, le texte d’'une ‘Déclaration relative
ala phase de production des lanceurs Ariane’.
Ce document était une proposition d'accord
politique. 1l prévoyait de confier la production
du lanceur Ariane a ‘une structure industrielle
... pour satisfaire I'ensemble des besoins du
marché mondial en matiére de lancements’
et énoncait les principales modalités
d'organisation et de fonctionnement de la
future société.

En réalité cette Déclaration représentait
‘'arrangement sur la phase de production’
prévu par l'Arrangement de 1973 et ne
pouvait donc lui étre totalement dissociée. Les
Etats européens disposaient d’'un délai de
trois mois pour donner leur accord a ce projet
A la suite de la manifestation de cet accord
ces Etats devenaient des ‘Etats participants’.
Cette proposition dés lors qu’elle recevait
I'accord d'autres Etats constituerait un Accord
international  autonome,  extérieur  aux
instances et aux procédures de I’Agence.

La Déclaration fut présentée lors d’une
réunion a I'’Agence début février 1980 et fut &
l’origine souscrite par huit Etats (Allemagne,
Belgique, Danemark, Espagne, France, ltalig,
Royaume-Uni et Suéde). Elle entra en vigueur
avec effet rétroactif le 14 avril 1980 (puis elle
fut renouvelée le 4 octobre 1990 jusqu'a
I'année 2000). Le Conseil de I'Agence de son
cOté adopta le 24 janvier 1980 une résolution
approuvant le principe des mesures
nécessaires pour le transfert a Arianespace de
la responsabilité d'Ariane et acceptant que
'’Agence exécute la mission que lui confie la
Déclaration. Dans cette résolution le Conseil
de [I'’Agence avait également autorisé Ie
Directeur général de I'Agence a entrer en
négociations avec Arianespace dés sa
création pour conclure une Convention
réglant les relations entre I'Agence et la
société. Cette derniere fut signée le 15 mai
1981 puis reconduite le 21 mai 1992 avec une
durée équivalente a celle de la Déclaration

La Déclaration contient la décision de confier
la phase de production du lanceur Ariane
a Arianespace ainsi que les droits et
obligations de la société. Cependant ce
document ne créée pas lui-méme la société.
Ceci fut accompli par une procédure
d’immatriculation en France le 26 mars
1980. Arianespace fut donc constituée
conformément a la loi frangaise et devint la
premiére société privée de transport spatial
dans le monde.

Arianespace est une société anonyme dont le
capital s’éléve a 270 millions de francs. Son
siége social est situé a Evry en France et les
installations de tir qu’elle utilise sont situées au
CSG a Kourou. Arianespace a créé une filiale
a Washington et un bureau a Tokyo. Elle
employait en 1993, 293 personnes.

Les activites d'Arianespace peuvent se
resumer de la fagon suivante:

— commercialisation des activités de
lancement;
— responsabilités de contractant principal
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pour la production et le financement des
véhicules opérationnels Ariane;

— opérations de lancement du Centre
spatial guyanais.

(b) Les engagements des participants

L'engagement des participants fut d'abord de
confier la phase de production du lanceur
Ariane a la société Arianespace mais avec
deux réserves: dune part, ces activités
doivent étre conduites a des fins pacifiques;
d'autre part, I'Agence et les participants
disposent d'une priorité par rapport aux
clients tiers en ce qui concerne les services et
créneaux de lancement.

Le second engagement des participants
concerne ['utilisation d’Ariane: les participants
s'efforcent aussi bien au niveau de I'Agence
qu'au niveau national et international
d'accorder la préférence a [lutilisation du
lanceur Ariane (cf: article VIILL1 de la
Convention de I'Agence).

Le troisieme engagement des participants vise
la politique des prix que les participants
souhaitent voir appliguer aux ventes de
lancement de la série de production: les
lancements pour le compte de I'Agence et des
Participants sont effectués a un prix déterminé
alors que les lancements pour les tiers
peuvent étre vendus par Arianespace a un
prix librement négocié. Cette pratique fut
abandonnée par la suite.

Le quatrieme engagement porte sur les ventes
a un pays non membre ou un client ne
relevant pas d’'un Etat membre de I'ESA. Ces
ventes ne doivent pas étre en contradiction
avec les engagements  internationaux
souscrits par 'Agence et les Etats Participants.

Une procédure fut instituée pour permettre a
un Comité des participants ou Comité de
contrble des ventes d'étre informé des projets
de ventes de lancement effectués par
Arianespace. Le Comité est composé de
représentants de chaque Gouvernement
participant. LESA doit réguliérement étre
tenue au courant par Arianespace de ses
projets de ventes. Le Directeur géneral de
’Agence en informe ensuite le Comité.

Si un projet est considéré par un ou plusieurs
Etats comme contraire aux principes du droit
spatial, e Comité peut étre convoqué sur
demande d'un tiers de ses membres pour
interdire ce lancement. La  décision
d’interdiction du lancement est prise a la
majorité des deux tiers de ses membres
représentant au moins 15% des contributions.
La décision d'interdiction est exécutoire pour
Arianespace et le Gouvernement francais.

Les participants mettent également a la
disposition d'Arianespace les matériels et les
installations, y compris les ‘ELA’, créés au titre
de la phase de développement du
programme (ainsi que les droits de propriété
intellectuelle découlant du programme de
développement), nécessaires a la phase de
production.

Les participants conviennent de participer au
financement du CSG selon des modalités a
définir ultérieurement.

Finalement les participants déclarent se
concerter si une crise financiére ou technigue
met en cause l'avenir d’Arianespace ou celui
de la production Ariane.

(c) Le rble de ’ESA

L'ESA n'est pas actionnaire de la société mais
a néanmoins conclu avec Arianespace une
Convention qui lui permet d’exercer un certain
contrdle sur les activités de la société et méme
de participer au processus de prise de
décision au sein de |'entreprise. Ce contrble
est particulierement important pour trois
raisons: I'’Agence a formellement déclare
accepter trois Conventions internationales
(Accord sur le sauvetage, Convention sur la
responsabilité et sur I'immatriculation); elle est
liée par l'article 6 du Traité sur I'Espace et
finalement elle doit poursuivre ses activités
dans un but exclusivement pacifique
conformément a ce qui stipulé dans I'Article |l
de la Convention de 'ESA.

Le contrble de I'Agence sur les décisions
est principalement assuré par son rdle
de censeur permanent au  Consell
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d’administration d’Arianespace. Cette fonction
lui permet de participer aux réunions du
Conseil d’administration et des assemblées
générales des actionnaires avec une Vvoix
consultative et de recevoir les documents
remis aux administrateurs et aux actionnaires.
Ce droit de regard est issu du rdle qu’'a joué
I'ESA dans la phase de développement et de
promotion. De plus les améliorations
apportées au lanceur Ariane continuent a
relever de la compétence de I'’Agence.

Finalement la Déclaration confie au Conseil
directeur du programme Ariane, qui les a
acceptées, notamment les missions suivantes:

— étre tenu informé des  activités
d'Arianespace par la Direction générale de
'ESA et recevoir un rapport annuel du
Président d’Arianespace;

— approuver les barémes de prix applicables
aux lancements. Dans ces deux cas, les
recommandations seront prises a la
majorité simple des votants, en observant
que seuls les Participants a la Declaration
auront le droit de vote au sein de Conseil.

(d) Engagements a prendre par Arianespace

En contrepartie des avantages regus,
Arianespace est tenue a certaines obligations
vis-a-vis de I'’Agence et des Etats participants.
Elles sont les suivantes:

— l'obligation  d'utilisation  pacifique de
I'espace;

— l'assurance d'un juste retour aux Etats
participants lorsqu'elle conclut des contrats
industriels pour la fabrication des lanceurs;

— elle doit toujours dans ses relations avec les
tiers indiquer son identité européenne
(charte Ariane);

— elle doit assurer la priorité aux Etats
participants et a I’Agence en ce qui
concerne les lancements, ce qui constitue
I'obligation la plus importante pour
Arianespace. A cet effet, Arianespace a
I'obligation d'insérer dans les contrats de
vente de lancement conclus avec les tiers
une clause qui souligne le priorité dont
bénéficient I'Agence et les Participants;

— finalement Arianespace assure la charge
technique et financiére de I'entretien des
biens mis a sa disposition par I'Agence et
les Etats participants; elle apporte
également les modifications nécessaires
apreés concertation avec les propriétaires
ou a défaut d'accord avec ceux-Ci, en
garantissant leur remise en état initial au
moment de leur restitution.

Conclusion
La fusée Ariane s’est, au fil des années, taillee
une part de plus en plus importante du

marché international des services de
lancement. L'une des idées clé qui avait
présidé a la définition d’Ariane en 1973 au
sein de I'ESA était que ce lanceur ne devait en
aucun cas constituer une  impasse
technologique et donc étre susceptible
d'évolutions ultérieures; c’est l'idee du ‘fil
d'Ariane’. C'est ainsi que depuis cette epoque
Ariane a constamment évolué et a donné
naissance a une famille de lanceurs allant
d'Ariane-1  a  Ariane-5, toujours  plus
performants. La fusée Ariane-5 dont le
programme de développement fut lancé en
1987 par les ministres européens a La Haye et
dont le premier lancement de qualification est
prévu a la fin de 1995, devrait a terme
engendrer une nouvelle famille de lanceurs.

Ce développement du lanceur Ariane sur le
plan technique s’est trouvé accompagné par
une myriade de textes juridiques qui sont
venus remédier au cas par cas aux nouveaux
défis posés par le lanceur. Ces textes illustrent
parfaitement la maturation lente et progressive
de I'Europe dans le domaine spatial et
reflétent le consensus politique atteint dans ce
secteur. Larticle VIII de la Convention de
’Agence portant sur les lanceurs et autres
systemes de transport spatiaux met
notamment I'accent sur I'approche
développée par I'Europe en matiére de
lanceurs. En effet, 'Agence s’y engage en
définissant ses missions, a accorder la
préférence a ['utilisation “... des lanceurs ou
autres systémes de transport spatiaux
développés, soit dans le cadre de ses
programmes, soit par un Etat membre, soit
avec une contribution substantielle de
’Agence ...

Cependant le succés d'Ariane reste fragile et
I'Europe doit rester vigilante. L'Europe doit
maintenant faire face a une double difficulté:
elle doit non seulement surmonter ses propres
contradictions et veiller au maintien de sa
cohésion interne mais elle doit également
faire face a une concurrence internationale
accrue. En effet, outre la concurrence
américaine, de nouveaux concurrents sont
apparus sur le marché des lanceurs comme la
Chine, la Russie et bientdt le Japon. Ces
derniers n'ont pas tous la méme conception
de I’économie de marché, peuvent mettre en
oeuvre des lanceurs d’une grande fiabilité et
procéder a des tirs frequents. LEurope devra
par conséquent trouver de nouvelles solutions
pour consolider le succés de son lanceur et
conserver une place prédominante sur le
marcheé international.
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La campagne d’essais ‘Battleship’
Ariane-5 comme si vous y étiez!

P. Sartini

Direction des Lanceurs, ESA, Kourou, Guyane francgaise

J.-C. Derbes
Antenne SEP, Kourou, Guyane frangaise

La campagne était prévue, avec onze
chronologies dont huit mises a feu, de mars a
juillet 1994. Elle s’est déroulée de septembre
1994 a janvier 1995 avec onze chronologies,
cing mises a feu et tous les objectifs principaux
prévus ont été atteints. On peut dire qu’elle
a été un succés important, révélant la
compétence et le professionnalisme des
équipes de Kourou et la maturité des systemes
et équipements fournis par I'industrie
européenne.

La campagne d’essais appelée ‘Battleship’ (BS) a constitué un
tournant décisif dans le programme de développement du lanceur
Ariane-5 de I’ESA. Une série de ‘tirs statiques’ sur une version spéciale
de I’étage principal cryotechnique (EPC) — décrite ci-aprés — a permis
une premiére validation des matériels et des procédures coté ‘bord’ et
c6té ‘sol’, qui ont été mis en oeuvre ensemble pour la premiére fois sur
la Base de Lancement de Kourou. Cette campagne d’essais était
précédée d’une longue période de mise au point des systémes de
I’ELA-3 (Ensemble de Lancement N°3, congu pour Ariane-5): fluides,
circuits électriques, instrumentation et contréle.

94

Tous les intervenants ont démontré une grande
rapidité et beaucoup de souplesse pour
s'adapter aux situations nouvelles, et souvent
leur entente et leur pragmatisme ont été
deécisifs pour le succes final. Voila pourquoi
les validations des systemes ELA-3 et la
campagne BS se sont réalisées dans les
intervalles de temps souhaités en respectant
les contenus techniques prévus.

Le réle des deux principaux industriels
concernés: SEP et Aérospatiale
L'Aérospatiale en sa qualité d’étagiste a mis a
la disposition de la campagne BS I'étage lourd
(d’ou son nom de ‘Battleship’) permettant de
tester le systéme propulsif complet ainsi que
les servitudes associées.

La SEP est responsable de la fonction
propulsive et, en sa qualité de maitre d'oeuvre
de la campagne BS, a assuré la répartition et la
coordination des objectifs d'essais

Avec cette campagne, le développement du
moteur Vulcain a été complété par des mises a
feu en conditions réelles intégrant tous les
systémes bouclés sur la base de Kourou d'ou
Ariane-5 sera lancée, avec les mémes
équipements Etage et Sol utilisés pour le tir.

Pour les essais de mise au point (M) de I'étage
EPC, consécutifs a la campagne BS, la
responsabilité de maltrise d’oeuvre reste a la
SEP, avant de passer a I'Aérospatiale pour la
campagne de qualification (Q).

Les essais/validations préalables a la
campagne

Le CNES a organisé, autour de son équipe
d'essais/validations, une structure intégrée
d’industriels responsables de la maintenance
et de I'exploitation des moyens ‘sol’ Ariane-5
de Kourou. Les sociétés francaises déja
présentes en Guyane se sont associées a des
co-contractants et sous-traitants allemands,
belges, espagnols, italiens, qui avaient
participé aux fournitures et montages de
I'ELA-3.

Cette structure intégrée CNES/industriels a été
la protagoniste des six mois difficiles des essais
‘sol’ effectués avant le début de la campagne
BS.

Lobjectif était de démontrer I'aptitude des
moyens de I'ELA-3 a assurer toutes les
fonctions nécessaires ala mise en oeuvre de
I'étage EPC avant lancement:

— les essais de recette industrielle (phase 1)
apres livraison de chaque ouvrage et
systeme;

— les essais intégrés des  systémes
sol raccordés au Contréle-commande
opérationnel (CCQO), en plusieurs phases
successives (phase 2 a phase 5) dans la
configuration banc d’essai BS.

Dans la semaine du 22 au 27 ao(t 1994 ont eu
lieu deux chronologies (simulant un tir) trés
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bien réussies, permettant le début des

opérations de campagne.

De la genése de BS (1986) a sa réalisation
En avril 1986, la proposition du programme
comprenait une campagne d'essais sur
réservoir de banc, dits essais ‘Battleship’ (BS)
Pour optimiser les objectifs de la campagne et
pour ne pas construire un nouveau banc
d'essai, il a été décidé de réaliser BS sur ELA-3
avec une version réduite ‘lourde’ de I'étage. La
société Aérospatiale, responsable de I'EPC, a
été chargée d’en réaliser aussi la version BS.

Les capacites des réservoirs d’oxygéne liquide
(LOX) et d’hydrogéne liquide (LH,) dans la
version BS et EPC sont:

BS EPC
LOX 74m 120 m
LH, 190 m° 390 m’

Le poids a vide de BS est de 120 t, il a un
diamétre de 5,70 m et une hauteur de 28 m.
L'EPC a un poids a vide de 12 t seulement, son
diameétre est de 5,40 m et sa hauteur de
30,70 m.

La contenance des réservairs BS est nettement
inférieure a celle des réservoirs EPC et permet
des essais de 280 s environ, contre les 600 s
de fonctionnement pour un vol. Les réservoirs
LOX et LH, de BS n'ont pas de fond commun,
comme I'EPC, et leur épaisseur est telle que
des pressions trois fois supérieures a celles de
vol sont admissibles.

Cette version lourde permet de garantir la
seécurité dans toutes les situations de test,
en restant, du point de vue fonctionnel,
rigoureusement représentative du vrai EPC. La
mise au point des procédures de mise en
oeuvre et I'étude des cas de panne peuvent
étre effectuées en toute sécurité.

La campagne BS: des objectifs ambitieux
Du fait que la campagne BS était la premiére
rencontre de deux systémes trés complexes
('étage en version lourde et les installations sol
d'ELA-3), les objectifs étaient trés nombreux et
ambitieux. La maitrise d'oeuvre SEP a donc
établi un plan d'essais regroupant tous les
objectifs ‘sol’ et ‘bord’ qui étaient au nombre
de 270:

— 49% portant sur la mise en oeuvre et la
preparation de I'étage;

— 27% portant sur la phase propulsée (e tir a
feu);

— 24% portant sur les installations sol de
'ELA-3.

Deux ans auparavant ces nombreux objectifs
avaient été répartis sur une douzaine d’essais
avec un souci de progressivite dans
'approche des risques ou la complexité
de mise en oeuvre. Compte tenu des
contraintes planning, une étude d’optimisation
a permis de conserver les ambitions du
plan d'essais en reduisant le nombre de
chronologies nécessaires pour les atteindre.
L'échelonnement, conduisant vers des
situations complexes ou dégradées, a été
diminué.

Au bilan technique, seuls sept essais étaient
retenus. Ils permettaient de réaliser une grande
partie des objectifs initiaux, en s'affranchissant
de certains cas de pannes peu probables ou
facilement modélisables grace aux autres
essais realises.

Figure 1. Intégration du
moteur Vulcain avec |'étage
‘Battleship’ dans le
batiment d’Intégration du
lanceur (BIL)

(Photo Bernard Paris)
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Figure 2. EPC version BS
sur la table de lancement a
I’ELA-3 (vue conceptuelle)
. Réservoir LOX
. Crosse LOX
. Réservoir LH,

. Bati-moteur
. Moteur Vulcain
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Cette nouvelle répartition des objectifs d’essais
imposait un ‘sans-faute’. Elle réclamait une
étude approfondie de chague essai. Le
premier allumage de la chambre de
combustion du moteur Vulcain devait intervenir
dés le lendemain de la premiére chronologie
deroulée.

La mise en oeuvre de I’EPC: une série de
contraintes difficile a maitriser

Les contraintes principales a la mise en oeuvre
de I'EPC résident dans la longueur de la
ligne d'alimentation cété LOX et sa forme
particuliére qui comporte une crosse a la sortie
du réservoir. Les entrées thermiques dans la
ligne (haute d’environ 20 m) peuvent entrainer
dans un délai plus ou moins long:

— soitun phénoméne de geyser (petites bulles
de gaz qui se forment en pied de ligne,
conduisant parfois a un véritable
bouillonnement au niveau de la crosse
LOX);

— soit un désamorcgage par réchauffage de
I'ergol pieége dans le coude qui forme ainsi
une poche gazeuse.

Dans les deux cas, le risque associé est un
réamorcage brutal de la crosse suivi d’'un
phénoméne appelé ‘coup de marteau liquide’,
créé par larrivée rapide de liquide
recomprimant le gaz. Suivant la hauteur de ce
coup de marteau, la conséquence peut étre la
rupture de la ligne, I'épandage de I'ergol LOX
contenu dans le réservoir sur l'ensemble
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de lancement et un incendie difficilement

maitrisable

Une autre particularité de I'EPC réside dans le
fond commun qui sépare les réservoirs LOX et
LH,. Cette séparation reclame un respect
scrupuleux des sollicitations (pressions de part
et d'autre) qu'il est capable de subir, et
imposent une mise en oeuvre couplée des
ergols LOX et LH, dans les deux “bidons’. Pour
la sécurité des opérations, un automate
spécifique et indépendant du processus
fonctionnel permet en toutes circonstances de
garantir les regles de sécurité imposées pour
Ariane-5

La campagne BS s’est affranchie de ce dernier
probléme en utilisant deux structures lourdes
et indépendantes pour les réservoirs LOX et
LHZ, mais les contraintes de la version vol ont
été conservées pour tester, avec le plus de
représentativité  possible, I'ensemble des
procédures manuelles ou automatiques de
mise en oeuvre du réservoir de I'EPC.

Le mariage du sol et du bord: un
consentement mutuel

Les contraintes ‘bord’ liées a la ligne LOX ont
considérablement complique le processus
‘sol” et un refroidisseur d’oxygene liquide a été
mis en place afin d'éviter de charger dans
cette ligne un ergol ‘chaud’ susceptible de
passer rapidement en phase gazeuse.

Pour compléter cette mise en oeuvre nominale,
des dispositifs de sécurité spécifiques ont été
créés et la séquence synchronisée adaptéee
pour empécher tout échauffement dans le
systéme d’alimentation.

La mise en oeuvre du lanceur avant décollage
est susceptible de ramener de I'hélium dans la
crosse LOX. Ce gaz piége, s'il ne risque pas
d’aggraver un eventuel effet geyser, est tout
aussi pénalisant en ce qui concerne les risques
lies au désamorcage. Bien qu'identifié au
début de la campagne BS, ce risque ne
pouvait étre appréhendé, ni maitrisé, sans
une préparation réelle sur un processus
entierement  représentatif des  systémes
électriques, logiciels et fluides.

En tir a feu: tests de nouveaux concepts et
recherche de marges de performances

Pour la phase propulsée c’est 'ordinateur de
bord qui, grdce a un algorithme sophistiqué,
régule les pressions dans les réservoirs. Ce
type d’adaptation d'un niveau de pression
constant dans chacun des réservoirs grace a
un algorithme informatique constitue une
premiere sur le programme Ariane. En effet,
sur Ariane-4, des systemes mécaniques a

base de détendeurs assurent les régulations
dans les réservoirs. Le nouveau principe est

pbasé sur une intelligence informatique
commandant un systéme discret (une
glectrovanne  de  régulation et  deux
redondances pour chaque  réservoir,

fonctionnant en tout ou rien). Ce systéme devait
étre testé dans les cas les plus difficiles de
pannes ou daccumulation de dysfonc-
tionnements pour valider un des choix
fondamentaux du concept d'Ariane-5 qui se
veut simple et fiable.

C'était l'un des objectifs majeurs de la
campagne BS réputée tolérante aux écarts de
concept et de mise au point, grace a la
structure lourde des ses réservoirs.

Un autre objectif important restait a atteindre;
I'aspect ‘sécurisant’ de I'étage a permis de
I'envisager avec plus de sérénité. Cet objectit
visait a augmenter la performance de I'EPC en
minimisant la quantité d'ergols non utilisée
dans le réservoir en fin de vol, Il fallait donc
vidanger au maximum le réservoir d'oxygéne
et la ligne d'alimentation moteur ala fin du tir a
feu, sans entrainer de dégradations.

Figure 3. L'étage BS en
zone de lancement
(Photo Bernard Paris)
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Figue 4. Premier tir a feu de
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la campagne (essais BS
2.2) le 17 novembre 1994
(Photo Bernard Paris)

Premiers essais BS: des débuts laborieux
La campagne BS a débuté le 2 septembre
1994, avec le déroulement du bilan technigue.

Une fois résolu certains problémes liés aux
mesures, la premiere chronologie BS1.1 a été
déroulée le 23 septembre. Si aucune difficulté
particuliere en préparation du bord en
chronologie n'a été mise en évidence, les
nombreuses pannes du systéme informatique
sol (CCO) ont conduit a une journée
‘marathon” qui a consommé beaucoup

d’ergols. Dés ce premier essai, le maillon faible

du planning pour le reste de la campagne était
deécouvert : la disponibilité du LOX et du LH».
Au cours de ce premier essai sept séquences
synchronisées ont été engagées, jusqu’a
HO-3'16" pour la plus longue, a cause
de déclenchements répétés de contrbles
ou surveillances dans les séguences
automatiques.

Sur BS1.2, réalisé quatre jours aprés, I'objectif
principal était I'allumage de la chambre de
combustion, avec basculement de gérance du
CCO vers I'OBC (ordinateur de bord) et
inversement.  Seules  deux  séquences
synchronisées ont pu étre engagées, la
derniére nous conduisanta HO — 159"

Fin octobre: premiéres ‘lueurs’ d’espoir
Au cours du nouvel essai (BS2.1) le
18 octobre, quatre séquences synchronisées
étaient engageées, jusqu’a HO—1'51"" pour la
plus longue. Larrét était causé pour la
premiere fois par la défaillance d'un matériel
bord. Il s’agissait de la vanne d’alimentation
hydrogéne (VAH), qui isole le réservoir du
moteur sur 'EPC, et qui refusait de s’ouvrir.

Il a tout de méme été decidé de faire une
reprise de cet essai (BS2.1R) pour atteindre
le HO, sans intervention mécanique, en
simulant simplement I'ouverture
de la VAH. Le 27 octobre, aprés
quatre tentatives infructueuses, la
gérance OBC etait atteinte, et pour
la premiére fois la chronologie
a été arrétée en temps positif:
3,5 secondes apres le HO, soit
a linstant théorique d’allumage
chambre.

Bilan des premiéres difficultés
A ce stade on s’est rendu compte
qgue la mise en oeuvre de la ligne
LOX, si elle présentait les dif-
ficultés recensées en début de
campagne, était bien maitrisée
par les opérationnels, avec le
concours des autorites  de
conception bord.

Par contre un des phénomenes
que I'on craignait est apparu et
s'est avéré plus compligué a
résoudre qu'il n'y paraissait au
début. Les differentes mises en
configuration d'arrét (MCA) de la
séquence synchronisée intro-
duisaient des bulles hélium dans la
crosse LOX. La maitrise de ce
phénomeéne a occupé une grande
partie des exploitations systéma-
tiques aprés essal, et a réclamée la
constitution en campagne d’'un
plan d’essais particufier destiné a analyser et
résoudre le probleme. Il faudra attendre la
derniére phase de la campagne pour trouver
des solutions aux générations de bulles
hélium

17 novembre 1994: premier tir a feu long
réussi

Aprés de nombreux problemes lies au CCO,
il n'a suffi que de deux séquences
synchronisées le jeudi 17 novembre (essais
BS2.2) pour que le moteur Vulcain s’allume
vers 19h20 et illumine la forét guyanaise
pendant 281 secondes de bonheur, en parfait
accord avec les prévisions de fonctionnement
editées de longue date.
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Crédibilité du planning BS confirmée
Il a fallu dérouler trois chronologies (trés
rapprochées, il est vrai) pour réaliser I'objectif
de tir & feu long de I'essai 3.

Une premiére tentative (BS3) le mardi
6 décembre a connu de nombreux déboires
lies a la mauvaise circulation des informations
entre le sol et le bord.

le jeudi 8 décembre, pour BS3R, la
chronologie s'est déroulée parfaitement, et le
HO a été atteint & Ia troisieme tentative; mais
une partie des mesures équipant le spécimen
est devenue invalide a cause d’un probleme
sol et les surveillances sécurité utilisant ces
mesures ont arréte le tir dés le régime établi du
moteur atteint.

Une nouvelle chronologie ne pouvait pas étre
engagee avant le 20 décembre 1994. |i fallait
dérouler les opérations standard de remise en
configuration de I'EPC pour un tir a feu, et par
ailleurs attendre la production des ergols
nécessaires a la chronologie.

Cing jours avant Noél, les équipes de Kourou
offraient au programme Ariane-5 I'essai BS3.2
qui redonnait de la crédibilité au planning de la
campagne BS.

Tournant important pour le programme
Ariane-5

La période entre Noél et le 1er janvier 1995 a
été mise & profit pour valider des programmes
automatiques de remplissage/vidange ou
assainissement des réservoirs.

La pression ne s'est pas relachée puisgu’un
essai etait prévu dés le 11 janvier La
chronologie et le tir a feu de BS4 se sont
déroulés normalement le jour prévu

Cet essai réussi a constitué un véritable
tournant dans la campagne. |l montrait
gu'aprés une dure période de déverminage,
les équipes ainsi que les moyens sol et bord
etaient capables de tenir des objectifs
ambitieux, tant en terme d’opérations qu’en
terme de planning. Il donnait ainsi de la
credibilité non seulement a la campagne BS,
mais a tout le programme Ariane-5 qui pouvait
envisager le respect des plannings affichés
pour le lancement inaugural 501 avec
beaucoup plus de serénité.

Derniers essais de
sans-faute

A ce stade d’avancement il restait environ 20%
des objectifs a réaliser mais un seul tir a feu
était vraiment nécessaire. |l fallait terminer
avant la fin janvier pour ne pas perturber le

la campagne: un

planning Ariane-5 et maintenir les objectifs du
début de campagne.

Le dernier essai tres chargé en objectifs ne
pouvait étre réalisé en une seule journée, Le
pari était donc pris de dérouler deux

chronologies successives en quatre jours, ce
qui fut fait avec une totale réussite

Au cours de ces quatre jours un nombre
important d’objectifs a été atteint:

— la derniere MCA de Ia
synchronisée a été mise au point;

— la procédure d’évacuation de
piégeé a été qualifiee;

— la tolérance de la séquence synchronisée a
un cas de panne dimensionnant a été
démontrée;

— l'adaptation des régulations réservoirs a
des cas de pannes particuliers et
difficilement modeélisables a été parfaite;

— la recherche de performance maxi du
lanceur par vidange de sa ligne
d'alimentation LOX en fin de tir a été
réalisée;

— les programmes de remplissage/vidange
des réservoirs se sont  déroulés
correctement.

sequence

I'hélium

La campagne BS: un bilan final largement
positif

En cing mois, le CNES et les industriels
présents a Kourou ont débroussaillé toutes les
difficultés de la mise en oeuvre de ce systeme
complexe gu’est'EPC. Ils ont mis au point une
sequence synchronisée capable de tirer 501 a
I'heure voulue. lls ont réalisé une dizaine de fois
déja la majeure partie du plan d’opérations
standard de 501. Une grande partie des
systémes testés ont montré un fonctionnement

-m WA

Figure 5. La Salle de

Contréle du CDL3 (Centre
de lancement ELA-3) est le
cerveau des opérations des
campagnes d’essais et de

la campagne de tir
Ariane-5.
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Figure 6. Dernier tir
statique de la campagne BS
en Zéne de lancement
Ariane-5

(Photo ESA/CNES)
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satisfaisant: le moteur Vulcain, les différents
systémes de pressurisation, la baie et le
systéme d’activation, le programme de vol et
les algorithmes qui le composent.

Bien entendu, de nombreux problémes ont
aussi éte rencontrés, comme toujours dans des
programmes aussi complexes: le CCO n’a pas
eté facile a maitriser et les difficultés liées a la
mise en oeuvre de la crosse se sont avérées
compliquées.

Pour la phase propulsée, la pressurisation,
quoique parfaitement tolérante aux cas de
pannes, ne s’est pas montrée facile a mettre au
point et le systéme de commande nécessite
des améliorations.

Le bilan définitif de la campagne BS a été sans
doute largement positif, & la fois pour le résultat
technique, pour le planning Ariane-5, et pour le
moral des équipes a Kourou. A la maniére de
Mac Arthur qui affirmait, pendant la guerre de
Corée, que rien ne pouvait remplacer une
victoire sur le terrain, nous pouvons dire que
rien ne peut remplacer le succés technigue
des essais sur le lieu de lancement. Nous
avions besaoin de ce succés, parce qu’apres la
campagne BS toute la séquence des essais
jusqu’a la campagne du premier tir Ariane 501
est devenue plus crédible. La derniére phase
de développement verra encore des difficultés,
mais la démonstration de la fiabilité des
équipements et de la maitrise des hommes a
été faite avec la campagne ‘Battleship’.

L'élément humain a été le plus important parce
qu’un ensemble de systémes complexes est
devenu gouvernable assez rapidement grace
aux efforts communs accomplis en Europe et
en Guyane. Tout le monde a accepté une
maniére de travailler uniforme et rigoureuse, en
communiquant les uns avec les autres et en
faisant preuve d’un esprit de solidarité, oriente
sur la réussite de la campagne.

A Kourou, en quelques mois est née une
véritable équipe, qui maftrise la conduite des
opérations de ces systemes complexes, et qui
le fait, pour ainsi dire, en toute transparence,
dans une Salle de Contréle entourée de
grandes baies vitrées,

Pour ce grand projet de nouveau lanceur
européen qu’est Ariane-5, la capacité de
montrer ‘en public’ les activités de Kourou,
sans crainte, et au contraire avec fierté et
conviction, est un élément trés important.

L'agence spatiale européenne qui est le maitre
d’ouvrage d’Ariane-5 peut démontrer ici de
la maniére la plus claire le résultat de
ses deécisions, la cohérence de la gestion
de ses programmes et la correspondance
des réalisations aux obijectifs globaux de
développement dont elle a été chargée. e
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Programmes under Development and Operations
Programmes en cours de réalisation et d’exploitation
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Soho

The mechanical environment tests were
successfully concluded in April at
Intespace in Toulouse (F). The usual
post-test activities (alignment check,
functional check) were complemented by
a gyro health check, which showed these
critical components to be in good
condition, and by a ‘match-mate’ check on
the interfaces with the particular launch
adapter that will be used by Martin-
Lockeed to install Soho on the Atlas launch
vehicle.

Radiated and conducted EMC tests
followed in May, with excellent results,
particularly from the complete flight
payload. With the spacecraft back in the
clean room at Matra Marconi Space (F),
the UVCS experiment was removed
and returned to NASA for the agreed
extensive end-to-end testing in
June/July

A thirteen-day Ground Segment
Compatibility Test followed in the first half
of June between the Experiment
Operations Facility at NASA/Goddard
Space Flight Center (GSFC) and the
spacecraftin Toulouse. During this
exercise, most flight procedures were
tested by the NASA Flight Operations
Team, and the Experimenter teams also
commanded their instruments from their
work stations in the Experiment Operations
Facility.

In the meantime, the transponder-anomaly
investigation was concluded successfully
with the re-integration and testing of the
first of the two transponders in mid-June;
the other one will follow shortly.

The cause of the failure in reaction wheel
no. 3 was also identified and this unit will
be re-integrated, after refurbishment, in
early July,

MMS-F delivered the Flight Acceptance
Review (FAR) data package in mid-

May and the FAR Review Board met on
15 June at ESTEC. Several urgent
corrective actions were agreed upon and
are in progress, with particular emphasis
on the thermal flight predictions.

Experiments

The UVCS test and refurbishment activities
are reported by NASA to be proceeding
according to plan. The LASCO team has
identified the source of the problem in its
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electronics box and is modifying some
flight hardware and software components
off-line, while the unititself is undergoing
pre-shipment system functional testing in
Europe. The CELIAS team has
encountered several new problems with its
units. CTOF has been modified, while
MTOF, STOF and the Data Processing
Units on the spacecraft have been
replaced with updated versions. One of
the SWAN sensors, which had exhibited a
functional anomaly before vibration
testing, has been modified and was
re-installed on the spacecraft in mid-June
The EIT team is in the process of
upgrading its front filter, which is
expected to have to operate in orbit at
higher temperatures than originally
foreseen.

At the beginning of May, a second
simulation test was conducted
successfully at GSFC to verify the
interfaces between the Experiment
Operations Facility and the rest of the
ground segment, as well as scientific
planning procedures.

Cluster

All four flight spacecraft have successfully
completed the environmental and full
acceptance test programme and are in the
process of being packed for air shipment
to Kourou in two consignments, one week
apart, in late August. This shipment date is
compatible with the latest quoted Ariane
V501 launch date of 17 January 1996,
declared by ESA/CNES following the
recent successful main-engine tests.

The Flight Acceptance Review (FAR) for
the spacecraft and associated support
equipment was conducted at the
beginning of June. Six points were noted
by the Board for further action, and
currently just one area remains open. This
concerns newly-announced high shock
load inputs to the interface plane of both

Two of the four Cluster spacecraft during
testing at IABG (D)
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the upper and lower composites during
launch, each composite being two stacked
Cluster spacecraft on an adaptor. These
loads are generated at fairing and at
first-stage separation, and their impact on
the Cluster spacecraftis under urgent
investigation.

The ground segment continues on
schedule, with the first system-level
end-to-end tests with all four spacecraft
having already been successfully
completed. A final end-to-end test is
planned during the launch campaign in
Kourou. The Mission Flight-Readiness
Review is planned for the end of
September.

Following launch, an intense three-month
period of spacecraft performance-
evaluation, payload-commissioning, and
in-flight-calibration activities is planned
before the start of the nominal scientific
mission. The post-launch activities will

be controlled from the European

Space Operations Centre (ESOC) in
Darmstadt (D)

ISO

Very good progress continues to be made
on all elements of the Infrared Space
Observatory project. The star trackers,
fitted with new and improved image
sensors, were installed on the satellite and
the final satellite system tests were then
satisfactorily completed. The Satellite
Acceptance Review was successfully
completed in May, with only a few minor
issues remaining to be closed out

The satellite and all associated hardware
were shipped to the Ariane launch site in
Kourou in mid-June. The launch campaign
is now proceeding at full speed, with the
final full Integrated System Test to be
completed by end-July.

Very good progress has also been made
with the ground segment. The full-scale
satellite/ground-segment validation and
operations test was completed in May
without significant problems. Compatibility
tests with the second ground station,
Goldstone in California, indicated some
interface problems which are currently
being resolved. Simulations of the launch-
and early-orbit phase (first 4 days of
operations after launch) have been
successfully completed. The next phase of
simulations, those of the science

operations, will be conducted in July. The
Ground Segment Readiness Review
should be concluded in early July.

During recent discussions with
Arianespace, it was agreed that ISO will be
launched on flight V80, currently planned
for 28 October 1995.

Integral

In March, the ESA Council approved the
Draft Arrangement between the Agency
and RKA concerning the provision of a
Proton launcher in return for scientific
observation time on Integral. The
approval process on the Russian side is
now in progress and a team has been
formed to interface with ESTEC on
launcher issues.

Two major milestones were achievedin
May. First, ESA’s Industrial Policy
Committee (IPC) approved the Phase-B
proposal submitted by Alenia Spazio (1),
thereby allowing spacecraft definition
activities to commence. Secondly, the
payload selection process was concluded,
with the Agency’s Science Programme
Committee (SPC) approving the following
complement of instruments:

— the Spectrometer (SPI)

— the Imager (IMAGER)

— the Joint European X-Ray Monitor
(JEM-X)

— the Optical Monitoring Camera (OMC)

as well as the Integral Science Data Centre
(ISDC).

Definition activities by Alenia and the
instrument teams are now progressing in
consultation with the ESTEC Project Team,
with the objective of reaching a
consolidated requirements baseline for the
System Requirements Review, planned for
this October.

Rosetta

The mission-definition phase is proceeding
with support from the two industrial teams.
Both teams have concentrated on the
system-level design and are now
converging to a similar Orbiter spacecraft
configuration. This work will be presented
to European Industry at a workshop to be
heldin late 1995 at ESTEC (NL).

The Announcement of Opportunity (AO)
for the Orbiter payload was issued in early
March, with a response date of 1 August.
Allindications are that the payload will be
well-supported.

In the same time frame, the AGs for the
payloads of the two proposed Surface
Science Packages (SSP) were issued by
the respective agencies responsible for
the landers. Proposals have been received
by both groups and are currently being
evaluated. During September, the
scientific aspects of the proposed payload
for the Orbiter and those for the SSPs will
be harmonised by a multi-agency scientific
committee.

Thereafter, proposals for the Orbiter
payload will follow the normal ESA
selection procedure, and the two SSP
groups will submit their final proposals for
the landers to ESA. Final Orbiter payload
selection is scheduled to take place at the
February 1996 meeting of ESA’s Science
Programme Committee.

The planned schedule for the industrial
phase foresees the release of the Invitation
to Tender (ITT) in June 1996, followed by a
Phase-B (design phase) startin June
1997. Phase-C/D (main development
phase) is then expected to last three and a
half years, leading to spacecraft delivery in
mid-2002. The Rosetta launch is
scheduled for January 2003.

As a part of the international collaboration
on the mission, general agreements have
been reached with NASA covering
services to be provided in return for major
participation in one of the SSPs and the
inclusion of NASA investigators in the
Orbiter payload

Ground-based observations of Comet
Wirtanen are planned for the coming year.
The software for the analysis and
interpretation of these observations is
currently under development.

EOPP

Future programmes

Following acceptance of the general
principle of a future Earth Observation
Programme consisting of Earth Watch and
Earth Explorer missions, efforts are now
underway to identify and agree on the
selection procedures to be employed in
choosing the Earth Explorer missions. The
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establishment of such a procedure,
ensuring the widest possible scientific
consultation, is a prerequisite for initiation
of Phase-A system studies for the first
mission.

A proposal for a further extension of the
EOPP, from 1996 to 2001, has been
submitted to Delegations.

Campaigns

With the completion of the EMAC 1995
measurement flights, the data-acquisition
phase of the last campaign in the current
EOPP period will be completed. Efforts are
now directed towards data analysis and
the preparation of plans for the next
five-year period.

ERS

After its resumption in February, the ERS-2
launch campaign was completed without
problem. Following a flawless countdown,
Ariane-4 flight V72 lifted off precisely at the
beginning of the launch window, at

01.44 UT on 21 April 1995. All flight
parameters were completely nominal and
the satellite orbit achieved was nearly
perfect.

The satellite switch-on procedures were
then carried out and all systems and
instruments except one were verified to be
in excellent condition. The exception was
the Active Microwave Instrument, where
the anomalous activation of a protection
device has made it necessary to run the
Image and Wave modes with a reduced
transmitter power setting, and did not
allow entry into the Wind mode. As this
protection circuit can be disabled, and
because all parameters that can be
measured appear nominal, a return to full
AM I operation is anticipated, However, a
very thorough investigation is being
carried out, including an extensive ground
test campaign, to ensure that this step can
be taken without risk

In the meantime, the Image and Wave
products from the ERS-2 AMI are of high
quality and are being used to support the
currenttandem operations with ERS-1.
The Wind mission is being carried by
ERS-1 inthe interim.

The performances of all the other

instruments on ERS-2, which are now well
into their in-orbit commissioning, are
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up to expectations. The new Global

Ozone Monitoring Experiment (GOME) is
working well and producing Earth-shine
spectra that exceed the performance
requirements. The Precise Range and
Range Rate Experiment (PRARE) has
already produced sub-decimetre
accuracies, and should achieve
centimetre accuracies by the end of the
commissioning phase. The Along-Track
Scanning Radiometer is functioning well,
and especially as far as the performance of
the new visible channels is concerned. The
Radar Altimeter is producing results very
close to those of its sister instrument on
ERS-1.

Metop

Following the recommendations of the
Eumetsat Council Task Force at its
February meeting in Venice, the payload
complement for Metop-1 has been
confirmed. Subsequently, a three-month
bridging phase, prior to full Phase-B
release, started in April 1995, with Matra
Marconi Space France (MMS-F) as Prime
Contractor, and MMS-UK, DASA and
Alenia as Co-Contractors. During this
bridging phase, a number of fundamental
design issues are being studied (e.g.
overall configuration, structural-materials

choice, system resources, command and
control concept).

Adoption of a Resolution by the Eumetsat
Councilin June 1995 endorsing the
Venice Task Force findings means that the
full Phase-B will start in July 1995,

In respect of the implementation
programme for Metop-1 (Phase-C/Dj), a
series of Potential Participants Meetings
have been held, with progress being made
towards establishing the legal documents
necessary for programme approval.

Meteosat

Day-to-day operations are being carried
out using Meteosat-5, with Meteosat-4 in
stand-by. The latter is now low on fuel and
will be de-orbited later this year.
Meteosat-3 has continued its support to
NOAA from an orbital position at 70°W.

After along stand-by period, Meteosat-6
was recently operated again to assess the

A multitemporal image of Amsterdam and the
northwestern Netherlands, obtained by
combining ERS-1 and ERS-2 data.
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influence of contamination stemming from
water vapour trapped inside the
radiometer’s thermal insulation. The effect
turned out to be negligible. The test was
performed as part of the investigation to
understand a small intermittent anomaly in
the infrared imaging chain. Corrective
software has been developed and
installed at ESOC and overall system
performance is presently under
assessment.

All subsystems for the Meteosat Transition
Programme (MTP) spacecraft, being built
by ESA for Eumetsat, have been delivered
to the Prime Contractor, Aérospatiale, with
the exception of the radiometer which was
damaged due to an anomaly in a vibration
facility during acceptance testing. The
impact of this is under investigation, but
launch is expected to be delayed until
mid-1997.

Meteosat Second
Generation (MSG)

The Meteosat Phase-B programme was
concluded with a final successful review in
May. At the same time, the industrial
Phase-C/D proposal has been evaluated
and a Contract Proposal has been
submitted to ESA’s Industrial Policy
Committee for consideration at its June
1995 session.

Negotiations with Eumetsat regarding its
procurement of two further spacecraft
models, MSG-2 and MSG-3, are
continuing.

Envisat-1/
Polar Platform

Polar Platform

Final negotiations with the Prime
Contractor (MMS-B) are progressing and
are expected to be finalised soon. The
contractis due to be signed on 17 July. All
other contracts with subcontractors have
already been negotiated.

Good progress is continuing with the
Service Module. A number of Critical
Design Reviews (CDRs) have been
completed or are in progress for the new
equipment and that which is modified from
Spot-4. The only remaining difficulties
concern the schedule and final design of
the Dual Mode Transponder.

For the Payload Equipment Bay (PEB), the
testing programme for engineering-model
units has continued and some equipment
CDRs have already been completed.
Preparations for PEB integration at Dornier
(D) are gaining momentum, with
engineering-model equipment deliveries
foreseen in the near future.

Envisat-1 payload

Subcontract negotiations are progressing
well within the Envisat Consortium. The
firstinstrument-level contract has been
successfully concluded with Alenia Spazio
(1) for the Radar Altimeter (RA-2).

Negotiations regarding the mission Prime,
GOMOQOS and MIPAS instrument
contractors are expected to be finalised
shortly.

The predicted overall payload mass has
become an area of concern asitis
approaching the limit of the Polar
Platform’s load-carrying capability in terms
of the Ariane-5 environment, Vigorous
actions have been initiated to reduce
overall payload mass and characterise the
Platform’s structural limits.

Ground segment

The Payload Data Segment (PDS)
consolidation-phase final data packages
were successfully delivered by the two
responsible Consortia in mid-February.

The development-phase Invitation to
Tender (ITT) was released on 28 February,
following Procurement Proposal approval

The MSG spacecraft

N

by ESA's Industrial Policy Committee (IPC)
and special approval by the Earth
Observation Programme Board of the
German ‘in-kind’ development.

The industrial offers were delivered by
31 May 1995 and the Contract Proposal
will be submitted to the September 1995
IPC. The PDS development effort is
expected to commence at the end of
September/early October 1995.

Manned Space
Programme

Europe’s Contribution to International
Space Station Alpha

To respond to a request from NASA to
definitively confirm by March the elements
that would make up the European
contribution to the International Space
Station, a debate was held in the Agency's
Council atits March session. The ESA
proposal requested authorisation for the
development of the Columbus Orbital
Facility (COF) and the Automated Transfer
Vehicle (ATV), and also included the
Utilisation Preparation activities. This
debate did not, however, achieve the
necessary consensus among the
participating Member States, and so a
plan of action was drawn up to address the
outstanding issues, with the objective of
reaching agreementin the summer, thus
allowing for a decision, as originally
foreseen, at the Ministerial Council
planned for October 1995,

Activities have proceeded on several
fronts, To tackle the shortfallin
contributions to the development
programme, intensive negotiations have
continued with industry to identify
additional savings, particularly in the
critical period between 1996 and 2000.

In parallel, a dialogue with Delegations
continued at a high political level to
respond to concerns expressed by
Member States, and to try to increase their
contributions to match the foreseen
expenditure.

Another area addressed was the
European commitment to the exploitation
phase of the Space Station. Discussions
were held with NASA to define a ceiling for
expenditure required for the common
exploitation costs, and a working group of
Member-State Delegations was set up to
consider how the exploitation costs should
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be funded. Both activities will be
concluded during the summer.

Columbus Orbital Facility (COF)

The partial unblocking of the 1995 budget
associated with the updated Columbus
Declaration, provided contractual cover
for the continuation of work in industry.

The actions undertaken with industry, to
investigate areas in the COF Phase-C/D
industrial commitment where further cost
reductions and payment ajustments could
be made, resutted in a potential reduction
over the period 1996 — 2000 of the order of
85 MAU, but with a slightincrease in the
total cost.

The industrial offer for the full Phase-C/D
development programme was submitted
by industry in mid-March, and its
evaluation was completed during April.
Industry was briefed on shortcomings
identified in the proposal, and an action
plan for the removal of unacceptable
contractual and technical conditions, and
re-submission of the proposal, was
agreed.

Early Delivery Items

In order to maintain ongoing industrial
activities essential to meet the very
demanding DMS-R development
schedule, the Agency authorised
continuation of selected work packages
relating to the preparation and conduct of
the Preliminary Design Review (PDR)
scheduled for May/June

Final approval by the participants in step 1
ofthe ECLS Programme was not
achieved, putting into question the
feasibility of completing the industrial work
within the very tight schedule constraints
imposed by the Italian Mini Pressurised
Logistics Module programme, to meet
their delivery dates to NASA.

Pending the above approval, ESA
continued to work together with the ltalian
Space Agency (ASI) to finalise the text of
the ESA/ASI Agreement relating to this
development and the provision by ASI of
an MPLM structure for the COF
‘design-to-cost’ baseline. In addition, the
technical requirements for the MPLM
ECLS development were finalised and
approved by ESA and ASI.

The first deliveries of the Columbus

Mission Database (MDB) software being
developed for the COF, and also to be
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provided as an early-delivery item to
NASA for use in the US segment, have
been completed. Installation and testing of
this software in the Mission Build Facility at
Houston was completed successfully.

Discussions are still in progress with NASA
regarding wider use of the MDB software
in the US segment (e.g. SSCC, POIC),
together with other software tools being
developed for the Columbus Programme
in the context of the Ground Software
Reference Facility.

European Robotic Arm (ERA)

In order to achieve acceptance by the
Agency of the Part 2 industrial offer, an
intensive dialogue was undertaken with
industry to identify technical,
programmatic and contractual aspects to
be corrected prior to the updating and
re-submission of their industrial offer.

Based on the results of this dialogue, and
parallel negotiations with the Russian
Space Agency and Russian industry
aimed at relaxing the technical
requirements relating to mass and standby
power, the Agency released an updated
Part 2 Request for Quotation to industry in
early April. An updated offer was received
atthe end of April and was evaluated
during May.

Atmospheric Reentry Demonstrator
(ARD)

The preliminary mission analysis of the
Ariane-5 second flight (AR502) confirmed
the adequacy of the mechanical design of
the Atmospheric Re-entry Demonstrator
(ARD) and the evolution of the trajectory,
which will result in a splash-down near
Christmas Island.

Progress in industry was satisfactory, with
the delivery of the cone and heat-shield
structure for thermal-protection
integration

The design and justification of the
thermal-protection samples for the ARD
have been analysed and qualification tests
are planned for June/July.

Automated Transfer Vehicle (ATV)

The programme for ATV Rendezvous
Pre-development and Verification (ARP)
progressed with completion of the System
Requirements Review for the ARP Kernel.
Definition of the two ESA ARP flight
demonstrations with NASA is progressing
and a contract with Russia/RSC-Energia to

prepare an additional flight demonstration
using Russian spacecraft (Progress/Mir) is
being formulated.

As forthe ATV itself, Phase-B activities
have progressed in line with the planned
schedule, including the definition of the
performance of the Ariane-5/ATV
composite and interfaces.

Atrilateral agreement is being negotiated
between ESA, NASA and RSA with the
objective of including the Aiane-5/ATV in
the nominal ISSA steady-state operations
scenario to perform the refuelling and
reboost function, together with the Russian
Progress vehicles, at regular time
intervals.

A review of other possible areas of
cooperation between ESA and NASA on
the one hand, and between ESA and RSA
on the other, is in progress

Crew Rescue Vehicle/Crew
Transportation Vehicle (CRV/CTV)
The first part of the Phase-A study has
been completed by two industrial teams
working in parallel.

Substantial progress was achieved in the
consolidation of the system and
subsystem architectures of both vehicles:
the CRV launched by the Shuttle and the
CTV derived from the CRV, launched on
Ariane-5.

The development plan and the cost
estimates have been refined. They are in
line with the information given in the draft
proposal of December 1994 submitted to
Delegations.

Following the issue of Revision 2 of the
programme proposal, in which the
CRV/CTV was no longer a part, the
contacts with NASA on CRV matters were
puton hold.

International Co-operation

Negotiations with the other international
partners to update the Intergovernmental
Agreement (IGA) are continuing, with the
goal of finalising it before the Ministerial
Council in October. Substantial progress
has been achieved, and the discussions
are now focusing on a range of substantive
and formal issues, with the European
requests being dealt with in the group of
amendments aimed at reflecting the
integrated approach for Space Station
co-operation.
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Of particular importance for Europe is the
introduction of the ‘not to exceed’ figure
for Space Station common operations
costs. The principle has been accepted by
NASA, and work is now underway to
introduce appropriate text into the IGA to
reflect this concept.

The negotiations to update the bi-lateral
Memorandum of Understanding (MOU)
between ESA and NASA are proceeding
in parallel. The updated MOU should
reflect the revised scenario for the
European contribution to the International
Space Station, and in particular the role of
Ariane-5 and the ATV to offset operations
costs. The outcome of the negotiations
between NASA and the Russian Space
Agency will also be taken into account.

Euromir-95

Following the successful completion of
acceptance activities in Moscow, the
experiment hardware was delivered to the
launch site in Baikonur for integration. A
total of 24 experiments will be flown,
covering physiological and materials-
science studies, as well as some radiation-
measurement experiments. ESA astronaut
Thomas Reiter was chosen for this three-
month mission, which will be the longest
ever undertaken by an ESA astronaut.

Le Bourget

During the bi-annual aerospace event at
Le Bourget, a Manned Spaceflight Day
was arranged to present to an invited
audience, including the press, the mission
and status of the International Space
Station, the European contribution, and
the associated astronaut activities.

Microgravity

Microgravity Facilities for Columbus
(MFC) .
A proposal for microgravity multi-user
facilities on the International Space Station,
known as the ‘MFC Programme’, has
continued to be elaborated in close
cooperation with all interested parties. A
two-day workshop was held for
Member-State Delegations at ESTEC to
acquaint them with the detailed technical
performances of the facilities.

The MFC Programme should be finalised
for approval at the Ministerial Council in
October as part of the overall European
contribution to the Space Station.

EMIR-2

A proposal for continuation of the ongoing
European Microgravity Research
Programme (EMIR-2) has been further
refined, taking into account the comments
of Member-State Delegations. The
workshop at ESTEC, mentioned above,
also covered the major facilities of this
microgravity research programme.

Foton-10

After the successful flight of the ESA
Biobox on the Russian Foton 10
recoverable-capsule flight, the Foton
returnedto Earth on March 3. During the
capsule recovery in poor weather
conditions, the capsule was dropped by
the recovery helicopter and was severely
damaged, as was the ESA Biobox. This
incident represented a serious loss of
science, but negotiations to refly the ESA
experiments are underway.

Missions to Mir

Preparation of the Biorack facility to fly
seven ESA and three NASA experiments
on a Shuttle mission to Mirin March 1996
have continued.

Shuttle-borne Missions

Negotiations with NASA have progressed
in several areas. It has been agreed to fly
the Advanced Protein Crystallisation
Facility and the ESA Glovebox on the
USML-2 mission in September 1995, and
further plans include the flight of five ESA
payloads on the LMS Spacelab mission in
June 1995.

Symposia

The Ninth European Symposium on
gravity-dependent phenomena in physical
sciences took place in the first week of May
in Berlin, with some 300 participants
attending, from all continents.

Sounding Rockets

Two parabolic-flight campaigns were
carried out with a Caravelle in March and
April. On 2 May, a Mini-Texus sounding
rocket was launched carrying an
experiment module for combustion
investigations. This was the first time that
such a combustion experiment had been
flown on a sounding rocket

Ariane-5

M1/H155 firing and timetable for the 501
and 502 flights
The first hot firing of the Ariane-5 cryogenic

stage took place at 21:56 h (European
time) on 16 June. All of the objectives that
had been set were achieved during the
test, which lasted 590 s (compared with
a nominal in-flight stage operating time

of 570 s). Initial analysis shows that

the Vulcain engine (responsibility of

SEP) and the cryogenic stage
(responsibility of Aérospatiale) performed
satisfactorily.

This successful test has allowed

6 November 1995 to be set for the start of
the launch campaign for the first Ariane-5
qualification flight (flight 501). Combined
launcher/satellite operations would then
start on 3 January 1996, with a view to a
launch on 17 January.

The target date for the second launch
(flight 502) is 29 May 1996.

Ground facilities

The Operational Control and Command
system (CCQO) was accepted in Kourou at
the end of June. This major computer
system was developed in Europe and
installed and validated on Ariane Launch
Complex number 3 (ELA-3). The CCO is
part of the Ariane-5 launcher check-out
facilities. During the launch campaign,
including the countdown to the final
synchronised sequence, it monitors the
ground and onboard interface systems
(fluid and electrical functional checkouts,
propellant loading, pressurising and return
to safe configuration in the case of an
aborted launch).

Ariane-5 complementary programmes
Following the approval of the ‘Ariane-5
Evolution’ preparatory programme, work
started on a more powerful version

of the launcher. The objectiveis to

raise the launcher’s capacity from

5900 kg to 7400 kg for a dual launch

into geostationary transfer orbit (GTO). @
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ESA at the Paris Air Show

ESA was once again present in June at the Le Bourget Air Show, the largest air show in
the world, held near Paris every two years. The ESA pavilion was designed to increase the
public’s awareness of Europe’s achievements in space

In addition to interactive computer demonstrations and a hologram-based film, the
exhibition featured a large replica of an ‘anechoic chamber’ in which satellites are tested;
full-scale mock ups of ESA satellites; and a demonstration of a virtual-reality system used

to command a lunar rover.

In Brief

Jacques Chirac, President of the French Republic, was - . 0 4 : & \ \‘"-
welcomed by J.-M. Luton, ESA’s Director General Ly ¥ - |h

A full-scale mockup of
Ariane-5 outside the ESA
pavilion

The ESA pavilion, with a
full-scale mockup of ERS-2
overhead and ISO in the
background
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N. Lammert (right), Germany’s Secretary of
State, Ministry of Economic Affairs, toured
the ESA stand

The press was invited to daily breakfast
briefings, with one of ESA’s current or
future programmes being the focus each

16 virtuelle Children got a close-up view of the Moon and learned how

stance ei Réali
rovers are used to explore the surface

oloration @ dis

S AmERATIONS
TELE ©C i e ENCE

on and Virtual Reality

The virtual-reality system used to control
the rover European, American and Russian astronauts meet the press
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The Ariane 1's propulsion bay being moved into the Noordwijk
Space Expo while the building was still under construction

Queen Beatrix of The Netherlands and her son, Prince Johan

Friso, officially opened the centre in 1990

Happy Birthday,
Noordwijk Space Expo!

On 29 June, Noordwijk Space Expo (NSE)
— the largest space exhibition in Europe —
celebrated its fifth anniversary. The NSE is
located in Noordwijk, The Netherlands,
beside the ESA establishment, ESTEC

The centre started as an initiative by a
number of local space enthusiasts, with the
support of ESTEC, the local, regional and
national authorities, and many sponsors
from the aerospace industry. In just a few
years it has developed into a highly
successful attraction. Serving also as the
official ESTEC Visitors Centre, Noordwijk

110
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Space Expo promotes the European
space endeavour to an ever-increasing
number of visitors. The 400 000th visitor
will pass through the doors this summer!
The visitors range from space-interested
professionals attending conferences or
video transmissions of a launch, to
students and the general public, including
vacationers from all over Europe, exploring
Europe’s achievements in space or
participating in special programmes.

Noordwijk Space Expo is therefore playing
a multi-faceted role as an educational
centre communicating both an
understanding and an appreciation of the
history, many outstanding achievements

A “classroom in space” — ESA astronaut
Wubbo Ockels teaches school children
about weightlessness while another ESA
astronaut, Ulf Merbold, who was in orbit
aboard Euromir 94 and was connected to
the class via a live video transmission,
demonstrated how astronauts actually live
in weighlessness



in brief

and ambitious future plans for Europe's
cooperative endeavours inspace, toa
broad cross-section of visitors

Current plans for the centre’s further
development include the introduction of a
novel ‘Remote-Sensing Classroom’ where
secondary students will receive an
introduction to Earth observation, an area
that will be incorporated into the
curriculum of European schools in the
upcoming years

L.
o

el

L T e

The non-profit-making Noordwijk Space
Expo Foundation is responsible for the
day-to-day operation of the centre.

One of the exhibition areas

ESA astronaut Wubbo Ockels tries out the Multi-Axis Simulator that
astronauts used to use to train for the lack of orientation that occurs
during flight

BBC presenter Patrick Moore interviews
ESA scientist Mike Perryman, with a mode!
of the Hipparcos spacecraft in the back-
ground
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ESA and China to
Increase Cooperation

Following a meeting held in Paris on

30 June, the China National Space
Administration (CNSA) and ESA have
agreed to continue, and deepen, their
current cooperation, allowing both parties
to benefit from the other’s progress in
space fields

The areas of greatest interest are quality
assurance and standardisation, and
exploration and utilisation of data from ESA
satellites. ESA already has an agreement
with the Chinese Academy of Science for
the direct reception, archiving, processing
and distribution of ERS-1 SAR data, as well
as an agreement with China’s Centre for
Space Science and Applied Research
(CSSARY) allowing the CSSAR to receive
and use science data gathered by ESA’s
Cluster satellite for research purposes

This is not a formal agreement. Any
concrete cooperation agreements will

have to be submitted to ESA Member
States for approval. Both parties, however,
have agreed to first exchange teams of
experts in the areas of greatest interest,
and then identify and establish concrete
collaborative projects. [ &

Director General of ESA, J.-M. Luton (left), and the Administrator of the China National
Space Administration, Liu Jiyuan, agree to increase cooperation

ISU Inaugurates Master
of Space Studies
Programme

This September, the International Space
University (ISU) will launch its Master of
Space Studies (MSS) programme. The
one-year programme (from September to
August) will provide students with a broad
knowledge of space-related activities and
a more thorough knowledge in one area
Itis aimed at both recent graduates who
already have a good education in one
space-related field, and experienced
professionals who wish to strengthen their
management and technical skills

The programme will stress the interactions
between space disciplines, international
cooperation, and multicultural approaches
in space activities. Participants will develop
leadership skills and other essential
qualities required to propose, decide,
manage, implement and exploit space

12

programmes within an international and
multicultural context. They will also
become part of an active, worldwide
network of space professionals.

An integral part of the programme will be a
design project, which will be undertaken in
teams, to teach the students to work
together in a multidisciplinary and
international setting to solve complex
problems. Participants must also
undertake an individual research project
which may involve practical work at one of
ISU's 23 affiliated organisations around the
world

The courses will be held at ISU’s
permanent campus in Strasbourg, France
The teaching staff will consist of full-time
faculty members and visiting lecturers from
affiliate campuses, industry, research
institutions and space agencies. The
academic level of the MSS will be that of
the French DEA or DESS, which is
approximately equivalent to the first year of

a PhD programme in North American and
Japanese universities.

ISU's well-known, annual summer
sessions will continue. They were started
as a prototype for the Master’s programme
and are currently in their eighth year.

For more information, contact:

International Space University
Parc d'Innovation

Boulevard Gonthier d’Andernach
67400 llkirch

France

Tel: (33) 88.65.54 .46
Fax: (33) 88.65.54 47
e-mail: admission@isu isunetedu @
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NORTH POLAR PASS
JUNE - OCTOBER 1995

(SECOND NORTH POLAR PASS
SEPTEMBER - DECEMBER 2001)

" JUPITER (ORBIT)

EARTH
(ORBIT)

su

SOUTH POLAR PASS
JUNE - NOVEMBER 1994

(SECOND SOUTH POLAR PASS

START OF
SECOND SOLAR ORBIT
OCTOBER 1995

SEPTEMBER 2000 - JANUARY 2001)

Ulysses Makes Second
Polar Pass

ESA’s Ulysses spacecraft, the first probe
ever to fly over the poles of the Sun,
climbed to its maximum latitude of 80.2°
north of the Sun’s equator on 31 July. In
doing so, it passed another milestone on
its historic mission to survey the Sun’s
environment from a unique vantage point
in space

Launched afmost five years ago, in
October 1990, the spacecraft was
designed to study the heliosphere, the
region of space dominated by the solar
wind, at all latitudes above and below the
Sun’s eguatorial plane. Those high
latitudes had never been explored before,

This second polar pass, cver the north
pole, will provide scientists with an
opportunity to compare conditions in the
north with those encountered in the south
during Ulysses’ first polar pass, over the
south pole last September. Initial results
have already confirmed some of the earlier
findings. As had been expected, once the
spacecraft moved away from the equatorial
region, heading north, it became
permanently immersed in fast solar wind
from the northern polar cap. Another
feature of the southern polar region, the
uniform radial magnetic field (with no
evidence of a ‘magnetic pole’), has also
peen found in the north.

Ulysses is now gradually descending in
latitude. On 29 September, it will complete
the northern polar pass and start its
journey back out to the orbit of Jupiter, a
distance of about 800 million kilometres. It
should reach its aphelion (furthest point
from the Sun) in April 1998. The spacecraft
will then cross the south polar regions
again in 2000 and the north pole in 2001,

LG

APHELION
| APRIL 1998

100 DAYS

The Ulysses orbit, showing the
spacecraft’s position on 31 July 1995
(80.2° north of the Sun s equator)

EuroMir 95 Launch
Nears

EuroMir 95, ESA’s second mission to the
Russian space station Mir, is now expected
to be launched in the first week of
September.

ESA astronaut Thomas Reiter is currently
preparing for the more than four months
that he will spendin orbit. He will become
the non-Russian astronaut to have spent
the longest time in space, and the first ESA
astronaut to ‘spacewalk’

Anunmanned Progress cargo craft
delivered about 350 kg of the required
equipment to Mirin July. More equipment
and samples will be sent aboard another
Progress craft later in the fall ¢

ESA astronauts Thomas Reiter (left) and
Christer Fuglesang (right) training with the
Russian EVA suit



@ bulletin 83

Publications

The documents listed here have been
issued since the last publications
announcementin the ESA Bulletin.
Requests for copies should be made in
accordance with the Table and Order
Form at the back of this issue.
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ESA Special Publications

Proceedings of the Fourth European Space

Power Conference

Vol. 1: Power Systems & Power Electronics

Vol. 2: Photovoltaic Generators & Energy
Storage
4 — 8 September 1995, Poitiers, France
(Ed. T.-D. Guyenne)
ESA SP-369 // 140 DFL for two volumes

Proceedings of the Cluster Workshops:
Data Analysis Tools, and Physical
Measurements and Mission-Oriented
Theory

28 — 30 September 1994, Braunschweig,
Germany, and 16 — 17 November 1994,
Toulouse, France

(Ed. C. Mattok)

ESA SP-371// 80 DFL

Proceedings of the European Workshop on
Approaches in Communicating Space
Applications to Society

14 —15 May 1995, ESTEC, Noordwijk,

The Netherlands

(Eds. T.-D. Guyenne & B. Battrick)

ESA SP-384// 35 DFL

Report on the Activities of the Space
Science Department, Mid-1892-1994
(Ed. W.R. Burke)

ESASP-1179// 70 DFL

Horizon 2000 Plus — European Space
Science in the 21st Century

(Ed. B. Battrick)

ESA SP-1180// 50 DFL

Report on the Earth Observation User
Consultation Meeting

25— 27 October 1994, ESTEC, Noordwijk,
The Netherlands

(Ed. T.-D. Guyenne)

ESA SP-1186// 50 DFL

esa sP-1Te

Cesa_,___...._...

ESA Brochures

Wie Man Mit Der ESA Ins Geschéaft Kommt
(Ed. B. Kaldeich)
ESA BR-68// 50 DFL

European Centre for Space Law (ECSL)
Biennial Report 1993 — 1994

(Ed. T.-D. Guyenne)

ESA BR-104 // No charge

Best of T.E.S.T (Transferable European
Space Technologies) (in English and French)
(Ed. T.-D. Guyenne)

ESA BR-111// No charge

Beyond This World
N. Calder (Ed. B. Battrick)
ESABR-112//35 DFL

esa sP-1180

HORIZON

plus
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ESA Procedures, Standards and
Specifications

Structural Materials Handbook

Vol. 1: Polymer Composites

Vol. 2: New Advanced Materials
ESTEC Structures and Mechanisms Division
ESA PSS-03-203 Vol and 11 // 100 DFL per
volume

Adhesive Bonding Handbook for Advanced
Structural Materials

ESTEC Structures and Mechanisms Division
ESA PSS-03-210 Issue 2 // 80 DFL

Aide Memoire on Structural Materials and
Space Engineering

ESTEC Structures and Mechanisms Division
ESA PSS-03-212// 80 DFL

-

Beyond
this world

- EEl = =

esa

Water Quality Standards in Manned Space
Vehicles

ESTEC Thermal Control and Life Support
Division

ESA PSS-03-402 // 50 DFL

ESA Newsletters

Earth Observation Quarterly, No. 48
(English)

(Ed. T.-D. Guyenne)

No charge

Preparing for the Future, Vol. 5 No. 2
(on ESA’s technology R&D)

(Ed. M. Perry)

No charge

— == s

BEST OF

Other ESA Publications

Annual Report/Rapport Annuel 1994
(Eds. B. Battrick & T.-D. Guyenne)
No charge

Cesa,, ., @sa 5P-1186

REPORT ON

THE EARTH OBSERVATION
USER CONSULTATION
MEETING
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SPACEFLIGHT DATA RECORDER

Product Spotlight

Model: FDR-8500C
Capacity: 5 Gigabytes (uncompressed)
10 Gigabytes (2:1 compression)
250 Gigabytes (50:1 compression)
Date Rate: 10 Mbit/s per channel (burst)
4 to 12 Mbit/s total (sustained)
Weight: 16 Ibs (7.3 kg)
Power: 18 Watts @ 28VDC
Size: 11.8"x 9" x 6"
{300mm x 229mm x 152mm)}
Interface: RS-422

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

Capacity

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

Mechanical

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

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

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

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

Electrical

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

Interface

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

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

AMPTEK, INC. 6 DE ANGELO DRIVE, BEDFORD, MA 01730 U.S.A. TEL 617/275-2242 FAX 617/275-3470
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ELECTRONIC ASSEMB A 4117111, (¢

At the ESA Authorised training centre HIGHBURY COLLEGE, [l .[- 2= 11 PR 4

In accordance with the requirements of the ESA Specification,
PSS-01-748, the following ESA certified courses are available:

EO1 Hand soldering to PSS-01-708
EO2 Inspection to PSS-01-708
EO3 Assembly of RF cables to PSS-01-718
EO4 Repair of PCB assemblies to PSS-01-728
EO5 Surface mount assembly to PSS-01-738

EO6 Crimping and Wire wrapping to  P$$-01-726
and PSS-01-730

Re-certification courses are provided for all the
above subjects.

For further details of dates for courses, on-site
arrangements and other services please contact the
centre secretary:

ZILLAH GREEN

Highbury College

The Technology Centre

Portsmouth, Hampshire, PO6 2SA, England

Telephone: 44 (0) 705 283279 ,
Fax: 44 (0) 705 381513 ;gp%gace agency

agence spatiale européenne
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of the European”Space Agency

Deutsches Museum
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Further information can be obtained from: Dr. W. Rathjen, Deutsches Museum, Munich
Tel.: (089) 2179327 — Fax.. (089) 2179324
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Cmnﬁeld

College of Aeronautics UNIVERSITY

3rd International Conference

DYNAMICS AND CONTROL OF STRUCTURES IN SPACE

27-31 May 1996
at the Royal Air Force Club, Piccadilly, London

Professor C.L. Kirk, Cranfield University, UK (Conference Chairman)
Professor D.J. Inman, Virginia Polytechnic Institute and State University, USA (Co-Chairman)

The organising committee invites papers in the following areas:

D Space robotics D Orbital dynamics and space navigation
D Smart of adaptive structures D Thermally induced dynamics

D Large scale structures e D Attitude dynamics

D Solar energy concentrators s D Active and passive vibration control

D Cable, rod and membrane structures D Orbital rendezvous, docking and impact
D Deployment dynamics and construction D Experimental methods

D Microvibration and micropointing D Robust control

D Multibody systems P Thermally induced dynamics

Abstracts not exceeding 300 words should be submitted before 15 September 1995.

Further details can be obtained from: Professor C.L. Kirk, College of Aeronautics, Cranfield University,
Cranfield, Bedford MK43 0AL, UK. Fax: +44 (0) 1234 751550. Tel: +44 (0) 1234 750111, ext. 5176.

Second Announcement of ESA/CNES Workshop
APPLICATIONS OF PYROTECHNICS IN SPACECRAFT
ESTEC, Noordwijk, The Netherlands
21 - 22 September 1995

Experience and knowledge are the keys to reliable and safe pyrotechnics in spacecraft. To improve information flow in
this critical technology, the second user-oriented Workshop on Applications of Pyrotechnics in Spacecraft is planned for
September this year. Following specialist presentations, time will be available for questions and discussion to explore the
topics more fully. Opportunities for further discussion will be provided by several coffee and lunch breaks. Topics raised
during informal exchanges will be welcomed for inclusion in the group discussions. The tentative programme is shown
below, but the plan is flexible to allow improvements and additions.

Thursday 21 September 1995, 08.30-17.00

e Market Survey and Application Capabilities e Valves and Cutters: Simulation and Test in Developments e Structural
and Sealing Aspects e Fasteners for Cutting

Friday 22 September 1995, 09.00 - 16.45

e Thermal Response Test ® Release Nuts: Simulation and Test in Developments e Shock e Aims, R&D e Product
Assurance and Standards

No fees are payable for this ESA/CNES Workshop. For registration and accommodation details please contact:

ESTEC Conference Bureau
P.O. Box 299

2200 AG Noordwijk (Ml
The Netherlands lm“ ||”Hmn|
il

Tel: -31-(0)71-655005

Fax: -31-(0)71-655658
email: confburo@vmprofs.estec.esa.nl < | I%
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Writtem by Nigel Caldss

esa

Beyond
this world
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Beyond This World

Scientific Missions of the
European Space Agency

Written by Nigel Calder

‘Beyond the blue sky created by the Earth’s air, the
Universe appears as a black void dotted with
planets, stars and galaxies. This is the realm of
the space scientists.’

This book, written by the well-known British science writer,
Nigel Calder, provides a comprehensive and easy-to-read
account of ESA's Space Science programme and gives a
foretaste of its plans for the 21st century.

The vigour and variety of the research make impressive
reading. For each of the 12 projects, Beyond This World
describes the mission, stressing the scientific and human

reasons that sustain the immense effort that is involved in space-science research. The descriptions are also
accompanied by some technical details, in illustrations and tables.

Most of the book deals with ESA's current science programme, Horizon 2000, The four major ‘Cornerstone’ missions,
namely the Soho and Cluster, XMM, Rosetta and First spacecraft, as well as the various medium-sized missions, are
explained. The spacecraft targeted on the Earth’s environs, the Sun and other destinations in the solar system, are first
addressed, followed by the telescopes deployed in Earth orbit for astronomical purposes. In each case, an overview
puts these European missions into an international and historical perspective.

Beyond This World then looks ahead to the second decade of the next century. The three major missions of ESA’'s
‘roli-forward’” Horizon 2000 Plus programme, which spans the period 2006 — 16, are revealed. A venture to explore the
enigmatic planet Mercury, the application of interferometry to achieve an unprecedented sharpness of vision in
astronomy, a mission to detect gravitational waves — these are the choices for major projects that ESA has made,

balancing the need for long-term planning and the unpredictability of research.

Available from:

ESA Publications Division
ESTEC

Postbus 299

2200 AG Noordwijk

The Netherlands

Fax: (31) 71.565.5433
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(or the equivalent in another currency,
in cash or by cheque made payable to
‘ESA Publications Division’)

Price:

=1l =110 E S EEim
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ERS Documentation and Software Available

SAR
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ER-MA-EEU-GU-2301
ER-IS-EPO-GS-0506
ER-IS-EPO-GS-0506. 1
ER-IS-EPO-GS-0506.2
ER-IS-EPO-GS-0506.3
ER-IS-EPO-GS-0506.4
ER-IS-EPO-GS-0506.5
ER-IS-EPO-GS-0506.6
ERS-D-1F-22000
ER-TN-ESA-GS-0207
ES-TN-DPE-OM-GS01

ES-TN-DPE-OM-GS02

Low Bit Rate
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ER-IS-EPO-GS-0502
ER-IS-EPO-GS-0503
ER-IS-EPO-GS-0503.1
ER-IS-EPO-GS-0503.2
ER-IS-EPO-GS-0503.4

ER/ALT/OPR/IN/JB/C04
C1-EX-MUT-A21-01-CN
DEX/E/92-10-002
ER-IS-EPO-GS-0504.2
ER-IS-EPO-GS-0504.7
ER-TN-ESA-JP-0016
ER-TN-ESA-GP-1120
ER-IS-EPO-GS-0505.2
DEX/E/93-01-002
ER-IS-DLR-GO-0004
ER-AD-DLR-GO-0016

DESC User Guide

ERS-1 SAR Products Computer Compatible Tape Format Specifications
Annex A: ERS-1 SAR.RAW Product CCT Format Specifications

Annex B: ERS-1 SAR.FDC Product CCT Format Specifications

Annex C: ERS-1 SAR.SLC Product CCT Format Specifications

Annex D: ERS-1 SAR.PRI Product CCT Format Specifications

Annex E: ERS-1 SAR.GEC Product CCT Format Specifications

Annex F: ERS-1 SAR.GTC Product CCT Format Specifications

Interface Specification for the Ingestion of User Supplied Information for GTC03/GTC04
ERS-1 SAR Low Resolution Product Specification

An Assessment of ERS SAR Low Resolution Imagery *

ERS-1 SAR Calibration Constants Updated Table *

ERS-1 SAR Calibration Strategy

Derivation of Backscattering Coefficient in ERS-1.SAR.PRI Products
ERS-1 SAR Radiometric Calibration/ERS-1 SAR Products Validation *
ERS-1 Interferometric Baseline Algorithm Verification *

CEQOS Annotations Structure for ESA ERS-1 SAR Products

ERS-1 D-PAF Global Products Manual

ERS-1 LBR Products CCT Format Specifications

ERS-1 ALT Products CCT Format Specifications

Annex A: ERS-1 ALT.RAW Products CCT Format Specifications

Annex B: ERS-1 ALT.FOC Products CCT Format Specifications

Annex D: ERS-1 ALT.OPR Products CCT Format Specifications

A First Evaluation of ERS-1 ALT.Ocean Products

Information Concerning the Second Release of ERS-1 ALT. OPR0O2 Products
Information Concerning the Fourth Release of ERS-1 ALT.OPR02 Products
Altimeter Products User Manual

RA Unavailability Periods Since Launch

ERS-1 WSC.FDC Product CCT Format Specifications

ERS-1 WSC.DWP Product CCT Format Specifications

CMOD3 Model Description

CMOD4 Modet Description

ERS-1 SWM.FDC Product CCT Format Specifications

ATSR Unavailability Periods Since Launch

Interface Specification Document of the Gome Data Processor

Product Specification Document of the Gome Data Processor

Available via Internet
hitp://services.esrin.esa.it
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ERS Documentation and Software Available

(continued)
Software Packages
OO o Ll DESCW Software Version 1.23 (2 x Diskette) *
(R AN, e Display ERS-1 SAR Coverage (DESC) Software (1.5) Diskette *
L e CEQOS Reader Software Program for Low Bit Rate Production — Unix (Diskette)
() CEOS Reader Software Program for SAR Products — Unix (Diskette)
O S fotk e CEOS Reader Software Program for SAR Products — Unix (Exabyte)

CD-ROMs and Documents on Diskette

................ The ERS-1 SAR Reference Coverage CD-ROM *

The CD Guide to ERS-1

AVHRR CD-Browser lonia *

SAR Interferometry Orbit Listing * (specify dates of interest when ordering)

UUoo0o

*

Available via Internet
http://services.esrin.esa.it
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For User Support and any further information, please contact:

ERS Help Desk

For special DESCW support: Tel.: (+ 39) 6 94 180 300

For all other matters including the online service: Tel.: (+39) 6 94 180 600
Fax: (+39) 694 180 510

Internet: helpdesk@ersus.esrinvas.esrin.esa. it

Mail address:

ERS User Services

ESRIN — European Space Agency

Via G. Galilei — 00044 Frascati (Rome) — Italy




Publications Available from ESA Publications Division

Scope/Contents Availability

Source

Publication Number of
issues per year
Periodicals
ESA Bulletin 4
Earth Observation Quarterly 4
ECSL News 4
Reaching for the Skies 4
Microgravity News 3
Preparing for the Future 4
Monographs Code
Conference Proceedings (SP-xxx)
Special Publications (SP-xxxx)
Brochures (BR-xxx}
Scientific & Technical Reports (STR-xxx)
Scientfic & Technical Memoranda {STM-xxx)

Procedures, Standards & Specifications (PSS-xxx)

ESA's primary magazine

Remote-sensing newspaper

Newspaper of the European Centre for
Space Law (under the auspices of ESA)

ESA’s Space Transportation Systems news
Microgravity Programme newspaper

Technology Programme newspaper i

Free of charge

ESA Publications Division, c/o ESTEC,
2200 AG Noordwijk, The Netherlands

Volumes on specific Conference Papers Prices below

Detailed monographs on .
post-graduate level subjects

Concise summaries on
on specific subjects

Graduate level — reflecting ESA’s
position on a given subject

Graduate level — latest but not finalised
thinking on a given subject

Definitive requirements in support of

ESA Publications Division, c/o ESTEC,
2200 AG Noordwijk, The Netherlands

contracts
Training Manuals (TM-xxx) Series for education of users or potential

users of ESA programmes, services or

facilities
Public-relations material General literature, posters ESA Public Relations Service

photographs, films, etc 8-10 rue Mario-Nikis

75738 Paris 15, France

Charges for printed documents
Number of pages in document: 1—50 51—100 101—200 201—400 401—600
Price (Dutch Guilders) 35 50 70 80 100

Note

1 On all European orders over Dfl. 110 — discount of 10%
2 On all orders from outside Europe over Dfl. 110 — no extra charge for airmail
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Order Form for ESA Publications

IMPORTANT

1. Orders must be accompanied by a Cheque or International Banker’s Draft, in Dutch Guilders,
made payable to 'ESA Publications Division’. No publications will be sent before receipt of
payment.

2. Within Europe mailing is free-of-charge. Outside Europe airmail is free-of-charge for orders over
Dfl. 110; smaller orders are sent sea mail.

RETURN TO: FINANCE DIVISION (EFA/P)
ESTEC, POSTBUS 299
2200 AG NOORDWIJK
THE NETHERLANDS

No. of ESA . Price per Total
: Title
copies | reference copy, Dfl. DAl.
Total:

Discount for orders over Dfl. 110: 10% of total: .. ... ...

Total amount enclosed: Dfl. . ... .. ..

MAILING ADDRESS (Print carefully)

FUNCHON . .
Organisation ... ... ...
Mailing Address .. ... ... ...

Date ... ... .. ... Signature ....... ...

METHOD OF PAYMENT (Please tick box)
1 Cheque

. enclosed, made payable to ESA Publications Division’.
[ International Banker’s Draft pay




ADVERTISE YOUR SPACE-RELATED
PRODUCTS/SERVICES IN

esa o ern

Mechanical requirements — Copy dates

Printing material

Usable material:

Copy date:
(in Noordwijk)

Type area:

Screen:
Page size:

Bleed amount

1 positive offset film (right reading, emulsion
side down).

Negative, artwork ready for reproduction

All production charges are invoiced separately
Ready for printing: 30 days before publication
Any difficulty in observing these deadlines after
reservation should be notified immediately

fax (31) (0)1719-85433

tel. (31) (0)1719-83794

1/1 page

1/2 page horizontal
1/4 page vertical
1/4 page horizontal

185/265 mm high
185/131 mm high
91/131 mm high
185/ 65 mm high

60/cm — 150/inch
297mm x 210mm

3mm

Issue dates

ESA Bulletin: February, May, August and November
Rates in Dutch Guilders

1x 4 x 8 x
1/1 page B/W 2.000.— 1.600.— 1.200.—
1/2 page B/W 1.200.— 1.000 — 800 —
1/4 page B/W 800 — 700 — 600.—

Extra charge for 4 colour processing: 1.500.— Dutch Guilders.
Loose inserts (by application only) 1/A4, Dfl. 3.000.— plus
Dfl. 129.— per thousand bookbinder’s handling charge

Advertising Management

Brigitte Kaldeich
ESA Publications Division

ESTEC, Keplerlaan 1

2200 AG Noordwijk, The Netherlands
Tel. (31) (0) 71 5653794

Fax (31) (0) 71 5655433

Circulation

Albania
Algeria
Andorra .
Argentina
Australia
Austria
Bahrain
Bangladesh
Barbados
Belgium
Belize
Benin
Bhutan
Bolivia
Bosnia and
Herzegovina
Botswana
Brazil
Bulgaria
Burkina Faso
(Upper Volta)
Burma
Burundi
Cameroon
Canada
Chile
China
Colombia

Commonwealth of
Independent States

Congo

Costa Rica
Croatia

Cuba

Cyprus

Czech Republic
Denmark

Dominican Republic

Dubai
Ecuador
Egypt

El Salvador
Estonia
Ethiopia
Faroe Islands
Fiji

Finland
France
French Guiana
Gabon
Gambia
Germany
Ghana
Gibraltar
Greece
Guatemala

Honduras
Hong Kong
Hungary
Iceland

India
Indonesia
Iran

Iraq

Ireland
Israel

ltaly

Ivory Coast
Jamaica
Japan
Jordan
Kenya

Korea
Kuwait
Latvia
Lebanon
Liechtenstein
Libya
Lithuania
Luxembourg
Macedonia
Madagascar
Mali

Malta
Mauritania
Mauritius
Mexico
Meonaco
Mongolia
Montenegro
Morocco
Mozambique
Nepal
Netherlands

Netherlands Antilles

New Caledonia
New Zealand
Nicaragua
Niger

Nigeria
Norway

North Cyprus
Pakistan

Papua New Guinea

Peru
Philippines
Poland
Portugal
Puerto Rico
Qatar
Romania
Rwanda

Sao Tome

& Principe
Saudi Arabia
Senegal
Serbia
Singapore
Slovakia
Slovenia
South Africa
Spain
Sri Lanka
Sudan
Surinam
Swaziland
Sweden
Switzerland
Syria
Tahiti
Taiwan
Tanzania
Thailand
Togo
Trinidad

and Tobago
Tunisia
Turkey
Uganda
UAE
United Kingdom
Uruguay
USA
Venezuela
Vietnam
Yemen
Zaire
Zambia
Zimbabwe




Member States
Austria

Belgium
Denmark
Finland

France
Germany

Ireland

|taly

Netherlands
Norway

Spain

Sweden
Switzerland
United Kingdom

Etats membres
Allemagne
Autriche
Belgique
Danemark
Espagne
Finlande
France
Irlande

Italie
Norvége
Pays-Bas
Royaume-Lini
Suede
Suisse
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