























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 Aerospace

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 modeﬁ'l'ng
« 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 08-0 » Fax {49} 0711617
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AALCATEL ESPACIO: Quality in Time.

. Alcatel Espacio designs and manufactures (TTC_ transponders, Filters, Diplexers,

equipment and satellite subsystems including: Multiplexers, etc.) _
- On-board Digital Eguipment (Processors, Data The organization of Alcatel Espacio is focused
Handling, Antenna Pointing Mechanisn, etc). to meet. the requiremenfs of the customer,
-On-board Radiofrequency Equipment guaranteeing in any case, Quality in Time.
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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 = a__; §Im.|AqNu.!-

the Earth a lot more clearly. 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.

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.
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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
z! 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.

LICIS - FCB

i

ESPACE & DEFENSE




ERS-2:

put it together
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Fokker Space & Systems B.V.
P.O. Box 32070

2303 DB Leiden

The Netherlands
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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




a continuation of the ers-1 success

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. (-]
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ACTIVE MICROWAVE INSTRUMENT(AMI)

ICROWAVE SOUNDER (MS)

ALONG-TRACK SCANNING
RADIOMETER (ATSR)

GLOBAL OZONE MONITORING
LASER RETRO-REFLECTOR ) EXPERIMENT (GOME)

(LRR)\ AN \

=

PRECISE RANGE AND RANG
RATE EXPERIMENT (PRARE)

INSTRUMENT DATA HANDLING AND
TRANSMISSION (IDHT)

SOLAR ARRAY

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)

AN WIND SCATTEROMETER  _ |
ANTENNA (FGRNARD BEAM)
STOWED FOR LAUNCH

ERS-2 PAYLOAD

PAYLOAD
ELECTRONICS
| MODULE

W Pem)

SOLAR GENERATOR
STOWED FOR LAUNCH

PAYLOAD PLATFORM
e INTERFACE PLANE

PROPULSION
MODULE

PLATFORM

SERVICE
MODULE

—1 - 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

WIND-SCATTEROMETER
FORE. MID, AFT
ANTENNA

SAR ANTENNA

ANTENNA SUPPORT
STRUCTURE

RADAR ALTIMETER (RA)

ANTENNA

AMI HPA PANEL + ZS

RA PANEL + YS

CROSS PANEL WITH
TAPE RECORDERS
AND PAYLOAD PDU

PLATFORM CENTRAL
CYLINDER INCLUDING
FOUR HYDRAZINE TANKS

LOWER EQUIPMENT PLATFORM

WITH TORQUE WHEELS, OBC AND

PLATFORM CONTROLLER

SOLAR ARRAY DEPLOYED AND
STABILISED BY PANTOGRAPH

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 m base 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
ANTENNA MOUNTING PANEL

MICROWAVE

SOUNDER
ALONG-TRACK SCANNING
RADIOMETER (ASTR)

% GOME

AMi RF PANEL — YS

IDHT PANEL — ZS

LASER RETRO-REFLECTOR
(LAR)

AOCS SENSOR PANEL

X-BAND ANTENNA

PLATFORM/PAYLOAD
INTERFACE FRAME
WITH THRUSTER PLATES

UPPER EQUIPMENT
PLATFORM WITH GYRO
UNIT; AOCS SENSOR- AND
PROPULSION ELECTRONICS

PLATFORM — Z PANEL
WITH PRARE

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.




spacecraft and payload

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




spacecraft and payload

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
STRUT
ASSEMBLY

ren

IIF FRAME £

TOP PANEL
ALONG-TRACK
SCANNING
= RADIOMETER
\ - —r) =) BASE PLATE
SIDE PANEL \
&
_tlr]l ? 4
:_-.—---‘_——-—-—7:__ — "”_-,;i-!';

SENSOR PLATE

The thermal-control system Figure 5. The payload

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
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Figure 6. The ERS-2
payload being placed in the
Large Space Simulator for
environmental testing. The
Antenna Support Structure
(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



























































































































































































































































































































