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FOREWORD

In July 1991 the European Space Agency launched ERS-1, the largest and most
sophisticated free-flying satellite built so far in Europe and carrying a core set of active
microwave sensors, supported by additional complementary instruments:
e Active Microwave Instrument — capable of operating as a Synthetic Aperture
Radar (image or wave modes) or a Wind Scatterometer
e Radar Altimeter
e Along Track Scanning Radiometer — combining an infra-red radiometer and a
microwave sounder
» Precise Range and Range-rate Equipment
» Laser Retro-reflectors.

The ERS-1 Programme has been designed to serve a large variety of users with a
comprehensive range of products and services — in response to this, and other very
challenging mission objectives, the ERS-1 ground segmentis acombination of centralised
anddistributed facilities. The key components of the user interface and payload exploitation
are based at the ESA facility, ESRIN, in Italy, while the monitoring and control of the
satellite are the responsibility of the European Space Operations Centre (ESOC) in
Germany. Taking advantage of existing specialist centres, ESA Processing and Archiving
Facilities have been established in France, Germany, Italy and the UK, which will handle
the datareceived by ESA ground stations and a network of other receiving stations around
the world.

The prime uses of ERS-1 data are in the study of oceans, ice and meteorology and data
is being collected for the first time, on a routine basis, from the remote areas of the polar
regions and southern oceans. In addition the all-weather high resolution imaging
capability will collect valuable information on land areas and the coastal zones. ERS-1
is both an experimental and pre-operational system, since it will demonstrate the new
concepts and technologies of the space and ground segment. It will also illustrate some
operational requirements for the fast delivery of data products providing significant
contributions to meteorology, sea state forecasting and monitoring of sea ice distribution.

This ERS-1 System document provides information on the satellite, its instruments, the
ground facilities and services from a data user’s point of view. However, it does not cover
the technical details of the space segment, the data products, calibration and validation
activities or how the customer interfaces with user services. These topics are covered in
companion ESA publications:

» The Data Book of ERS-1
The Data Book of ERS-1 (ESA BR-75) contains scientific and technical details on
the spacecraft sub-systems, the instruments and calibration and validation
equipment and campaigns.

» ERS-1 Product Specification
ERS-1 Product Specification (ESA SP-1149) provides detailed specifications for
available ESA products, together with a brief introduction to the ERS-1 space and
ground segment and a summary of the characteristics of each instrument.

* ERS-1 User Handbook
The ERS-1 User Handbook (ESA SP-1148) provides information on ordering
products, the services available through the Central User Service and details on
accessing the ERS-1 catalogue, which notifies users of the availability of data
products and planned acquisitions.




Vi

The ERS-1 System document has a long history. The concept of a user document on the
ERS-1 satellite started in 1986 within the UK Earth Observation Data Centre programme
and culminated in the release of the ‘UK ERS-1 Reference Manual’ in January 1991. The
document was developed using the ESA technical documents and specifications and
passed through a number of technical reviews by team members of the UK EODC
programme. In late 1990, ESA approached the EODC to discuss the possibility of
updating the UK document for an international audience. The ERS-1 System is the result
of those discussions. Its format and scope is different to that of the UK document, in that
it is hoped its concise style more closely addresses the needs of data users, rather than the
programme scientists. In addition the document has been updated and harmonised, to
avoid repetition with other publications in ESA’s user documentation set for ERS-1, as
outlined above.

So many organisations and individuals have been involved in the generation of this
document; for example in the provision of information, illustrations and photographs and
the undertaking of reviews, that specific acknowledgements have not been possible. In
particular the following organisations are thanked: ESA-ESRIN; ESA-ESTEC; Defence
Research Agency; Rutherford Appleton Laboratory; Earth Observation Sciences and
Mullard Space Science Laboratory, University College London. In addition ESA gratefully
acknowledges the previous work undertaken within the UK space programme, as funded
by the British National Space Centre and the permission given by the Earth Observation
Data Centre to re-use material prepared for the ‘UK ERS-1 Reference Manual’.
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The following activities dominate this phase:
» Announcement of Opportunity experiments
* mapping projects
 agricultural projects
+ forest monitoring projects
» mapping of tropical forests every six months
« regular re-visits of test sites
+ other areas critical from an environmental viewpoint
+ maritime applications.

ERS-1 was operated in an experimental roll tilt mode within a window of ten days at the
beginning of this phase, in the period 4 to 13 April 1992,

1.6.5 Second ice phase
The second ice phase lasts from January to March 1994, with the same orbital characteristics
as the first ice phase.

1.6.6 Geodetic phase

With arepeat cycle of 176 days, the geodetic phase (April 1994 to the end of the mission)
enables the acquisition of a high density of altimeter measurements and thus the main
objective of the phase is to improve the determination of the geoid with the Radar
Altimeter. The other LBR instruments will operate nominally, while the SAR operations
will follow a profile similar to those of the multi-disciplinary phase.
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of six segments is planned (four on average) for each orbit (see Section 1.5)
* in wave and wind measurement interleaved mode the AMI can be operated

continuously

it is not possible to operate the SAR for imaging and the Wind Scatterometer

simultaneously.

The main technical characteristics of the AMI antennae are:

Frequency:
Bandwidth:
Peak power:
Polarisation:
Antennae size:

Incidence angle:
Transmit pulse width:

Quantisation:

Signal-to-noise contribution:

Uncompensated gain stability:

Compensated gain stability:
Calibration pulse delay:

5.3 GHz (C-band)

15.55+0.1 MHz

4.8 kW (at power amplifier out)

Linear Vertical

SAR-10mx I m

WNS - 2.5 m (mid) and 3.6 m (fore and aft)
SAR - 23° nominal (35° in roll-tilt mode)

WNS -18°-47° (mid) and 25°-59° (fore and aft)
37.12 £ 0.06 ps (SAR); 70 ps and 130 us (WNS)
SAR image mode - 5I, 5Q (OGRC); 61, 6Q (OBRC)
SAR wave mode — 41, 4Q (OGRC); 2I, 2Q (OBRC)
WNS —complex I/Q 8 bits each

308.3 dB Hz (SAR); 282 dB Hz (WNS)

4.6 dB (SAR); 4.1 dB and 4.8 dB (WNS)

1.84 dB (SAR); 0.3 dB and 0.48 dB (WNS)

45 ps (SAR); 135 us (WNS)

where two figures are given for WNS the first one refers to the mid antenna and the second to the fore and aft antennae.
OGRC = on-ground range compression; OBRC = on-board range compression.

3.1 SAR image mode

In image mode the SAR provides high resolution two-dimensional images with a spatial
resolution of 26 m in range (across track) and between 6 m and 30 m in azimuth (along
track). Image data is acquired for a maximum duration of approximately 12 minutes per
orbit. As the data rate is too high for on-board storage it is only acquired within the

reception zone of a suitably equipped ground receiving station (see Section 7).

The main characteristics of the SAR in image mode are:

Spatial resolution:

Peak sidelobe ratio:
Spurious sidelobe ratio:
Integrated sidelobe ratio:
Ambiguity ratio:
Radiometric resolution:
Dynamic range:
Radiometric stability:

Cross polarisation (one way):

Maximum operation time:
Swath width:

Swath standoff:
Localisation accuracy:
Incidence angle

near swath:

mid swath:

far swath:
Incidence angle tolerance:

along track <30 m; across-track <26.3 m
along track 220 dB; across-track 218 dB
along track >25 dB; across-track >25 dB
>8 dB

along track >20 dB; across-track >31 dB
<2.5dBatc°=-18 dB

>21dB

<0.95 dB

215dB

10 minutes per orbit

102.5 km (telemetered)

80.4 km (full performance)

250 km to the right of the satellite track
along track <1 km; across-track <0.9 km

20.1°
23°
25.9°
<0.5°




























Radar Altimeter

4. RADAR ALTIMETER

The Radar Altimeter is a Ku-band (13.8 GHz) nadir-pointing active microwave sensor
designed to measure the time return echoes from ocean and ice surfaces. Functioning in
one of two operational modes (ocean or ice) the Radar Altimeter provides information on
significant wave height; surface wind speed; sea surface elevation, which relates to ocean
currents, the surface geoid and tides; and various parameters over sea ice and ice sheets.

The Radar Altimeter operates by timing the two-way delay for a short duration radio
frequency pulse, transmitted vertically downwards. The required level of accuracy in
range measurement (better than 10 cm) calls for a pulse compression (chirp) technique.
In ocean mode a chirped pulse of 20 us duration is generated with a bandwidth of
330 MHz. For tracking in ice mode an increased dynamic range is used, obtained by
reducing the chirp bandwidth by a factor of four to 82.5 MHz, though resulting in a coarser
resolution.

4.1 Measurement objectives
The Radar Altimeter for ERS-1 has been designed to meet very demanding constraints
and has the following major objectives:

» global measurements of the height of the ocean waves (as significant wave height
or SWH) — such measurements are extremely important to marine users and
scientists wishing to understand the ocean’s dynamic behaviour, plus the Radar
Altimeter will provide measurements to latitude 82° N/S, extending to regions
which previously had no regular observations, and includes the major wave-
generation regions in the southern oceans

* measurements of the satellite’s height above the local mean sea surface, with an
unprecedented precision (equivalent to 1 cm in 100 km) — the applications of this
remarkable dataset are numerous, for example the operational monitoring of the
boundaries of major ocean currents, which are likely to have significant economic
benefits

» global measurements of wind speed — these can be used to complement the AMI
wind field measurements and also combined with the Radar Altimeter measurements
of SWH to distinguish swell from wind-driven waves

» the ability to make measurements over ice with the long term monitoring of the
topography of the ice sheets providing a vital warning capability for any substantial
shift in the world’s climate.

4.2 Measurement principles

The key principle behind the altimeter is that the information required is in the shape and
timing of the returned radar pulse. Figure 4.1 shows a pulse being reflected from a flat
surface. As the pulse advances, the illuminated area grows rapidly from a point to a disk,
as does the returned power. Eventually, an annulus is formed and the geometry is such that
the annulus area remains constant as the diameter increases. The returned signal strength,
which depends on the reflecting area, grows rapidly until the annulus is formed, remains
constant until the growing annulus reaches the edge of the radar beam, where it starts to
diminish (see graph on Figure 4.1).

Irregularities on the surface, larger than the pulse width, cause the returned pulse to be
distorted and stretched. The effect of this is to impose an additional slope on the leading
edge of the returned signal strength curve (see Figure 4.2). This slope is related to the
ocean wave height and the mid-point of this leading edge slope is equivalent to the













Radar Altimeter

The Processor and Data Handling Sub-system (PDHSS) performs tracking and the
necessary processing of the radar echoes in order to maintain the echo within the radar
range-window.

In summary, the main instrument parameters and technical characteristics of the Radar
Altimeter are listed below:

Mass:

Antenna diameter:
DC power:

Data rate:

RF frequency:
Bandwidth:

Pulse repetition frequency:

RF transmit power:
Pulse length:

Altitude measurement:
Significant wave height:
Backscatter coefficient:
Echo waveform samples:
Beam width:

Foot print:

<96 kg

1.2m

<134.5W

< 15 kbit/s

13.8 GHz (Ku band)

ocean mode : 330 MHz

ice mode : 82.5 MHz

1020 Hz

50 W

20 ps chirp

10 cm (1o, SWH = 16 m)

0.5 m or 10% (16) whichever is smaller
0.7 dB (1o)

64 x 16 bits at 20 Hz

1.3°

16 km to 20 km (depending on sea state)



















Along Track Scanning Radiometer

The viewing geometries for the IRR and MWS are shownin Figures 5.2 and 5.3. The novel
feature of the IRR is the viewing of the same area through a near-vertical atmospheric path
and an inclined path of different length some way along the satellite track. Assuming the
atmosphere is horizontally stratified locally and stable during the two minutes it takes the
sub-satellite point to reach the along-track point, this technique permits the atmospheric
correction to be more accurately determined than by previous methods. Data from these
two swaths is combined to retrieve accurate and precise atmospheric corrections for the
radiometric measurements.

The swaths are produced by a scanning mirror with an axis of rotation inclined 23.45°
from the vertical. Thus, the field of view by the instrument’s detectors via the scan mirror
isanearelliptical path on the Earth’s surface. However, not all of the scan is used to collect
measurement from the surface, since it is interrupted by calibration measurements.
Nominally both swaths are 500 km in width, while the two views are separated by
approximately 900 km in along-track distance. The pixels making up the nadir view are
1 kmx | km, while the forward view pixels are larger, due to the viewing perspective and
are about 1.5 km x 2 km. Each pixel contains measurements from three channels.

The footprints of the two MWS channels are not co-incident on the Earth’s surface, as one
channel views slightly forward of the nadir point and the other slightly behind, although
both are on the sub-satellite track. The footprints are 22.4 km x 17.6 km (forward view)
and 21.2 km x 21.2 km (rear view) with a separation of 60 km.

5.1 ATSR - Infra-red Radiometer

Although the IRR is simple in concept, it involves several technically advanced features.
On-board calibration, which must be achieved with great precision, is carried out by the
incorporation of two controlled reference targets (black bodies) into the instrument scan
pattern. The black bodies have been carefully designed for high emissivity, uniformity,
stability and precise monitoring. The other advanced technical feature is the use of anew
mechanical cooler mechanism which ensures that the detectors reach temperatures of as
low as 77 K, without the use of large and cumbersome passive radiators.

The IRR uses spectral channels which are very similar to those on recent NOAA
meteorological satellites, with many improvements in accuracy. As an imaging radiometer
its four channels are fully co-registered by a common fieldstop and sense at wavelengths
of 1.6,3.7,10.8 and 12 um, defined by beam splitters and multi-layer interference filters.
The instrument is housed in a carbon-fibre composite structure which ensures that the
optical alignment is maintained. A schematic view of the IRR is shown in Figure 5.4.

The main technical characteristics of the IRR are:

Objective: sea surface temperature, cloud observations, land and ice
surface emissivity

4 co-registered channels at 1.6, 3.7, 10.8 and 12 ym

(only 3 channels operational at the same time — 10.8, 12 and

either 1.6 or 3.7)

Spectral channels:

IFOV:
Swath width:
Scanning method:

Detector:
Cooler:
Radiometric precision:

Predicted SST accuracy:

Calibration:
Instrument housing:

1 km x 1 km (nadir), 1.5 km x 2 km (forward view)

500 km

mechanical — rotating plane mirror, providing two views
(nadir and 47° to nadir) about 900 km apart; and field of view
conically scanned

single element HgCdTe (10.8 and 12) and InSb (1.6 and 3.7)
Stirling cycle — ensures temperatures as low as 77 K

<0.1K

0.5 K over a 50 km x 50 km area with 80% cloud cover

two on-board black bodies referenced in the scan pattern
carbon fibre composite structure featuring an independent
optical bench ensuring optical alignment
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The antenna is an 60 cm Cassegrain offset parabolic reflector with the following
characteristics:

Pointing angle:

Measured gain:
3 dB aperture (along track/cross track):  1.52°/1.51° 1.61°/1.37°

3 dB footprint (along track/cross track): 21.2km/21.2km 22.4km/17.6km
20 dB aperture (max):
Main lobe efficiency:
First secondary lobe:

Channel:

23.8 GHz 36.5 GHz

o3 2,500
40.62 dB 42,0 dB

Reflector projected diameter:

Focal length:
Antenna:
Receiver:
Calibration:

4.2° 4.1°
0.91 0.91
-24 dB -35dB
0.60 m
0.35m

60 cm off-axis paraboloid Cassegrain

Dicke

ambient loads within the instrument, consisting of
a terminated waveguide and a set of skyhorns

The 7.5 cm skyhorn has the following characteristics:

Channel:

23.8 GHz 36.5 GHz

3 dB aperture:

20 dB aperture:
Measured gain:

C1sex15° 14.1°x 19°
50° 50 x 36°
21.2dB 20.9 dB




























Ground Segment Facilities

7. GROUND SEGMENT FACILITIES

The ERS-1 programme has been designed to serve a large variety of users with a
comprehensive range of products and services. In response to this, and other very
challenging mission objectives, the ERS-1 ground segment has been established using a
set of distributed facilities with central monitoring and control.

The ground segment consists of an ensemble of facilities responsible for the acquisition,
processing, distribution and archiving of the satellite data and of the derived products.
Several factors have influenced the design of the ERS-1 ground segment:

« the roles of the ESA establishments

+ the technical constraints of the satellite on data acquisition

« specific user requirements for fast delivery services

+ national expertise in particular scientific fields

+ the desire to provide a primary user gateway to the system

» the need for a high level of automation in routine operations.

The responsibilities of the ESA establishments have influenced, to some extent, the
distribution of the various tasks. The user interface and exploitation of the payload data
has been implemented within the Earthnet ERS-1 Central Facility (EECF) at ESRIN in
Frascati, Italy by the Earthnet Programme Office (EPO), while the satellite planning and
control functions, including the contro! of the Kiruna station are the responsibility of the
Mission Management and Control Centre (MMCC) at ESOC in Darmstadt, Germany.

The characteristics of the ERS-1 space segment in terms of its multi-sensor payload, orbit
configurations and power requirements have imposed the implementation of a network of
ground stations around the world to acquire the high bit rate SAR data (for which only
direct readout is possible). In addition facilities had to be provided to permit the down-
loading, once per orbit, of the on-board recorded low bit rate data.

Specific user requirements have called for the implementation of specific processing tools
and fast delivery services at the ground stations operated by or for ESA to allow user
centres to be furnished quickly with selected data products.

An important feature of the ground segment concept is that various user interfaces are
considered key components. In practice the Central User Service (CUS) of the EECF will
constitute the primary user gateway to the system.

Products will be disseminated either via fast delivery of selected products to nationally
nominated user centres for operational applications or by off-line delivery to individual
end users from the Processing and Archiving Facilities (PAFs).

The ERS-1 ground segment (see Figure 7.1) has been implemented as a distributed set of
specialised facilities with centralised key functions for monitoring and control. The
various elements of the ground segment are described in the remainder of this section,
while their functions of relevance to users are covered in Chapter 8.

7.1 Earthnet ERS-1 Central Facility

Within the ESA Directorate for the Observation of the Earth and its Environment, the
Earthnet Programme Office at the European Space Research Institute (ESRIN) in
Frascati, Italy (Figure 7.2) has been entrusted with developing the facility, which will
concentrate the services for the user community. Known as the Earthnet ERS-1 Central
Facility (EECF) it provides the external users’ gateway to the ERS-1 system (Figure 7.3)
and one of its main tasks is to aid the exploitation of the ERS payload data.






















ERS-1 System

62

7.5 Data dissemination facilities

ERS data will be disseminated via various facilities at transmission and reception sites
within the ground segment using satellite and telecommunication links. The Low Bit Rate
Fast Delivery Products (LBRFDP) generated by the ESA ground stations will be
centralised at the EECF (on the ISS) and re-distributed to nationally nominated user
centres via standard land lines. An alternative of using a satellite link at low rate, e.g. 64
kbits/s, for quick dissemination, at least in Europe, is also being considered. One of the
ERS-1 mission objectives is to provide to the user community FD products within three
hours from instrument observation. The nominal solution for the distribution of FD
products is to use public network land lines. However, for the distribution of SAR
products the capacity of the land lines is insufficient and satellite links are deemed
necessary.

The Broad-band Data Dissemination Network (BDDN) system is designed to transmit
high rate FD products from the Fucino and Kiruna ground stations (and possibly
Maspalomas in the near future) to nominated receiving stations by means of a satellite
telecommunication channel (see Figure 7.1). The EECF is connected with these ESA
ground stations and appropriate user centres via low speed land lines or equipment
connections. Both Kiruna and Fucino ground stations are equipped with a SAR FD
processor and with monitoring and control sub-systems for FD products distribution. In
addition, the transmit stations will be connected through standard low speed lines with the
EECEF for schedule and control purposes. The BDDN Network Supervision Centre has
been established at ESRIN and ensures scheduling and monitoring of SAR FDP
transmission based on CUS inputs upon user requests.















Data Services

Users will primarily interact with the CUS through on-line terminals, but a ‘Help and
Order Desk’ is available to process other forms of communication, which, if necessary,
will also help users to clarify their requirements or propose alternative solutions.

8.1.2 The Interface Sub-set

The ISS is the technical interface between the EECF and any external entity, handling all
EECF interfaces and the telecommunication links within the ground segment and with
users. The ISS is therefore the physical gateway to the ERS system for users and is
logically divided into two sub-systems, one providing external telecommunications and
the other a set of interface functions. The telecommunications sub-system acts as a core
node of the ground segment telecommunications systems, providing the functions to link
internal and remote users or computers and the control system and network elements. The
ISS provides various support functions, such as generation of reports, translation and
validation of user requests, accessing the global products catalogue and browsing of the
high rate distribution plan.

Via connections with the other operational facilities, the ISS receives activity reports from
the ground stations and PAFs and dispatches product orders. The low bitrate fast delivery
products generated at the ground stations are collected by the ISS for routing to the
nominated user centres. Also, in the context of data dissemination, the ISS handles the re-
formatting of the LBR FD products into the World Meteorological Organisation (WMO)
code for delivery into the international meteorological telecommunication system.

8.1.3 Product Control Service
The PCS carries out tasks associated with the monitoring and control of the quality of ERS
data products. In undertaking this role it co-ordinates the following activities:

+ standardisation, development and maintenance of algorithms

» product quality assessment and control

 calibration and validation activities

+ assessment of long-term sensor performance

» end-to-end system performance control.

The quality assessment and control of ERS data products is of prime importance from the
users’ point of view and for many applications it is critical. It is also fundamental for ESA
to assess instrument behaviour and the performance of the satellite againstits specifications
providing vital feedback for future programmes.

The production of high quality, calibrated and validated products is of paramount
importance to the success of the ERS-1 mission. Calibration and validation activities are,
therefore, designed to ensure customer confidence in products, in terms of precision,
accuracy, reliability and repeatability. To calibrate the instruments ESA established a
number of campaigns in Europe and around the world through Principal Investigators —
the results of these studies will be reported in scientific journals and special ESA
publications.

Calibration is the activity of deriving correction factors to be used in ground processing
in order to compensate for biases in the measurement data. There are three main types of
activity:
» internal — monitoring of functions and parameters within the instrument
» external—comparison againstnatural or man-made targets with known parameters
» geophysical —use of data to tune models which derive geophysical parameters, e.g.
wind speed/direction, wave height/length, etc., with the averaging of detected
deviations over many events.

Validation is the evaluation of the accuracy and validity of product parameters by
comparison with independent measures. Long loop performance assessment (LLPA)
involves monitoring the performance of the end-to-end system through time. It summarises
the outputs of the other calibration and validation activities as functions of time using
statistical techniques and provides trends of significant parameter behaviour, reporting
any significant changes to the users/scientists communities.
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In addition, the following elements are functionally part of the PCS:
¢ the Frascati station which has high and low rate fast delivery processing chains, as
installed at the ESA ground stations
* the Scatterometer Simulator System (SSS) to produce look-up tables for the Wind
Scatterometer
+ the Scatterometer Calibration Processor (SCP) used for external calibration of the
Wind Scatterometer
» the PCS Kernel composed of three units:
— the DataManagement and Monitoring Sub-system (DMS) for data management
and system configuration and operations control
— the Verification Mode Processor to produce and analyse SAR precision
products
— the ArMor validation system, which ingests relevant geophysical data and
meteorological parameters to permit comparisons with ERS-1 data.

8.2 Data acquisition and fast delivery product processing

ERS-1’s orbit and the need for direct read-out of the SAR telemetry have necessitated a
global network of ground stations, either within the ESA network or made available by
national (ESA member) or foreign (non ESA members) entities. The ESA network, which
has been established to ensure the acquisition of global LBR data and regional SAR data
over Europe, consists of:

. Kiruna (Sweden)

. Fucino (Italy)

. Maspalomas (Canary Islands, Spain)
. Gatineau (Canada)

. Prince Albert (Canada).

The primary functions of the ESA ground stations are:

* real-time data acquisition — when the satellite is visible from a ground station — the
SAR data is transmitted at a rate of 105 Mbit/s on a carrier at 8140 MHz and the
LBR data at a rate of 1093 kbit/s (after spectrum spreading) on a carrier at
8040 MHz

* acquisition of LBR data from the on-board tape recorder — the data is played back
at a rate of 15 Mbit/s and transmitted to the ground at 8040 MHz

+ data processing and generation of fast delivery products — a number of standard
products within three hours of satellite acquisition for distribution to primary user
centres.

It should be noted that LBR data cannot be recorded on-board while previously recorded
data is being replayed. The LBR data is, therefore, directly transferred during these
periods. The instrument data is sent to the PAFs for archiving and off-line product
generation —the SAR data and FD products directly, the LBR data via Fucino, where they
are transcribed onto optical disks.

8.3 Processing and archiving
As described in Chapter 7 there are four PAFs:

+ D-PAF Oberpfaffenhofen, Germany
» F-PAF Brest, France
+ I-PAF Matera, Italy

» UK-PAF Farnborough, UK.

The functions of the PAFs have been harmonised by ESA and each has an agreed area of
responsibility for archiving and product generation. They will be responsible for:
» long-term archiving and retrieval of ERS-1 raw data, auxiliary information and
relevant surface data
* generation and distribution of off-line geophysical and precision products
*  supporting long-term sensor performance assessment, calibration and geophysical
validation, demonstration campaigns and pilot projects
* interfacing with the EECF for update of the catalogue and supporting user services.
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A/D
ADE
ADP
AGC
AMI
AOCS
ASI
ASS
ATSR

BDDN

CFRP
CRPE
CSIRO
CTB
CuUS

DC

DDN
DGFI

DIF

DLR

DMS
DMS/ARC
D-PAF
DRA

EECF
EPC
EPO
ERS-1
ESA
ESAR
ESOC
ESRIN
ESTEC

FD
FDP
™M
F-PAF
FPA
FPM

GEOS
GST
GTS

HF
HgCdTe
HPA

Analogue/Digital

Atelier Donnees Entree Sous-systeme (F-PAF)
Altimeter Data Processing System (D-PAF)
Automatic Gain Control

Active Microwave Instrument

Attitude and Orbit Control Sub-system
Agenzia Spaziale Italiana

Antenna Support Structure

Along Track Scanning Radiometer

Broad-band Data Dissemination Network

Carbon Fibre Reinforced Plastic

Centre de Recherche en Physique de I’Environnement
Commonwealth Scientific and Industrial Research Organisation
Control and Telemetry Bus

Central User Service

Direct Current

Data Dissemination Network

Deutsches Geoditisches Forschungsinstitut

Diffusion Sous-systeme (F-PAF)

Deutsche Forschungsanstalt fiir Luft- und Raumfahrt

Data Management and Monitoring Sub-system (EECF)

Data Management System / Archives (D-PAF)

German PAF (see DLR)

Defence Research Agency (formerly Royal Aerospace Establishment)

Earthnet ERS-1 Central Facility
Electronic Power Conditioner
Earthnet Programme Office
European Remote Sensing Satellite-1
European Space Agency

ERS-1 SAR Facility (I-PAF)
European Space Operations Centre
European Space Research Institute
ESA Technical Establishment

Fast Delivery

Fast Delivery Product
Frequency Modulated
French PAF (see IFREMER)
Focal Plane Assembly

Fine Pointing Mode

Geocoding System (D-PAF)
Ground Station
Global Telecommunication System

High Frequency
Mercury Cadmium Telluride
High Power Amplifier
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ICU

IDHT

IF

IFOV
IFREMER
InSb
I-PAF
IRR

ISS

LBR
LBRFDP
LEOP
LLPA
LO
LRDDF
LRDPF
LRDTF
LRR

MLBR
MMCC
MOU
MSAR
MWS

NES
NOAA

OBC

OBDH
OBRC
OGRC

PAF
PCS
PDHSS
PDU
PEM
PRN
PRARE
PRF
PSK
PSPDN

Q

RA
RAE
RDPF
RF
RTM

SAR
SARFDP
SAW
SCp
SDPF
SLR

In-phase

Instrument Control Unit

Instrumentation Data Handling and Transmission
Intermediate Frequency

Instantaneous Field of View

Institut Francais de Recherche pour I’Exploitation de la Mer
Indium Antimonide

Italian PAF (see ASI)

Infra-red Radiometer

Interface Sub-system

Low Bit Rate

LBR Fast Delivery Processor

Launch and Early Orbit Phase

Long Loop Performance Assessment
Local Oscillator

Low Rate Data Dissemination Facility
Low Rate Data Processing Facility
Low Rate Data Transcription Facility
Laser Retro-reflectors

Mediterranean LBR Processing Facility (I-PAF)
Mission Management and Control Centre
Memorandum of Understanding

Multi-sensor SAR Processor (D-PAF)
Microwave Sounder

National and Foreign Stations
National Oceanographic and Atmospheric Administration

On-Board Computer

On-Board Data Handling
On-Board Range Compression
On-Ground Range Compression

Processing and Archiving Facility
Product Control Services

Processor and Data Handling Sub-system
Power Distribution Unit

Payload Electronics Module

Pseudo Random Noise

Precise Range and Range-rate Equipment
Pulse Repetition Frequency

Phase Shift Keying

Packet Switched Public Data Network

Quadrature

Radar Altimeter

Royal Aerospace Establishment

RAT (Radar Altimeter) Data Processing Facility (D-PAF)
Radio Frequency

Roll Tilt Mode

Synthetic Aperture Radar

SAR Fast Delivery Processor

Surface Acoustic Wave

Scatterometer Calibration Processor
SAR Data Processing Facility (D-PAF)
Satellite Laser Ranging




Abbreviations and Acronyms

SPOT
SSS
SST
SWH

TGP
TT&C
TTC
TOS
TWT

UK-PAF

WMO
WNS

YSM

Satellite Probatoire d’Observation de la Terre
Scatterometer Simulator System

Sea Surface Temperature

Significant Wave Height

Traitement et Gestion des Produits Sous-systéme (F-PAF)
Telemetry, Tracking and Command

Telemetry, Telecommand and Control

Tracking Data and Orbit Processing System (D-PAF)
Travelling Wave Tube

United Kingdom PAF (see DRA)

World Meteorological Organisation
Wind Scatterometer

Yaw Steering Mode
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GLOSSARY

Active Microwave Instrument (AMI)

Consists of two separate radars, operating at a frequency of 5.3 GHz (C-band), with three
modes of operation — a Synthetic Aperture Radar (SAR) for image and wave mode and
a three antennae Wind Scatterometer.

Along Track Scanning Radiometer (ATSR)

Consists of two passive instruments — a four-channel (1.6, 3.7, 10.8 and 12 pm) Infra-red
Radiometer (IRR) for measuring sea surface and cloud top temperatures and a two-
channel (23.8 and 36.5 GHz) Microwave Sounder to provide total water vapour content
information.

Ancillary Data
Data other than instrument data needed for the processing and correct interpretation of the
instrument’s science data (e.g. spacecraft orbit/attitude, instrument pointing information).

Archive
A facility providing long storage and preservation of data sets and associated documentation.

Archived Data

Data received from the ERS-1 satellite and any other data types necessary for later data
processing or investigation. Data is copied to archive media, maintained and stored in a
library.

Auxiliary Data
Data other than ancillary data and instruments data needed for processing the science data
produced by the instrument (e.g. instrument calibration data coefficients).

Catalogue

An ordered collection of concise describers and pointers, permitting the easy location of
relevant item(s): in the ERS-1 case the catalogue permits the identification of data
products complying with specific requirements, such as geographical area and time
coverage, quality etc..

Central User Service (CUS)
Part of the Earthnet ERS-1 Central Facility dedicated to the planning and supervision of
all data acquisitions, product generation and dissemination activities.

Commissioning Phase
The initial months after launch for satellite and payload verification and instrument
calibration.

Data Centre

An institutionally supported facility providing convenient access to and distribution of
data sets (including supporting information and expertise) for a wide community of users.
It has a long term charter (not tied to the lifetime of a specific project).

Data Product

1) A homogeneous set of information resulting from raw data processing: it includes
annotated, transcribed or decommutated raw data. 2) General term to indicate raw data,
validation data, auxiliary data, fast delivery, regenerated, or precision products. 3) A
uniformly processed and formatted data set, portion of a data set, or transformed
representation of data (e.g. plot, photograph); may be produced by, or for, a project or by
a data centre.

79



ERS-1 System

Dissemination
Transmission of data from one facility to another or to many other facilities.

Dissemination Schedule
A projected plan which designates at a fixed time in the future the transmission of data
from one facility to other facilities.

Earthnet ERS-1 Central Facility (EECF)

Located at ESRIN in Frascati, Italy and carries out all user interface functions, including
cataloguing handling of user requests, payload operation planning, scheduling of data
processing and dissemination, quality control of data products and system performance
monitoring.

ERS-1 Product Catalogue

A database containing information identifying all the raw data collected and archived, and
all the products produced and archived for ERS-1 during the satellite operational lifetime
and follow-on. Specific information stored will include the type of data, geographic
coverage, time acquired, and reference to product source.

ESA ERS-1 Team
All the ESA management, scientific and support staff involved in various aspects of the
ERS-1 mission.

Facility

A collection of hardware, software, personnel, and infrastructures (centralised or
| decentralised) with an identified functionality necessary for the support of the ERS-1 mission.
Geophysical Product Validation

Verification that ERS-1 geophysical products are consistent with best available independent
geophysical measurements.

Housekeeping Data
Engineering data used exclusively for managing the operation, health and safety of a
spacecraft, platform, instrument or equivalent.

Instrument
A hardware integrated collection of one or more sensors and associated hardware/
software controls contributing data to an investigation.

Instrument Data ,
Data produced and transmitted by the science and engineering sensors of an instrument.

Instrument Engineering Data
Data produced by an instrument’s engineering sensor(s) (e.g. instrument temperature).

Instrument Science Data
Data produced by an instrument’s science sensor(s).

Laser Retro-reflectors (LRR)

Passive optical instrument operating in the infra-red to permit ranging of the satellite by
the use of laser ranging stations. Used for the calibration of Radar Altimeter altitude
measurements and the improvement of the satellite orbit determination.

Look-up Table
Tables of data containing reference and calibration parameters for fast delivery processing.

Mission Plans

A series of plans containing details on instrument operations, acquisition and processing
schedules of various levels of detail and the principals, rules and guidelines related to the
ERS-1 satellite operation.
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Mission Plan Segments

Specific time periods within an orbit which identify the operational mode of the ERS-1
payload. They are generated from the user requests received by the Central User Service
at the Earthnet ERS-1 Central Facility, the national requirements, responses to the
Announcement of Opportunity studies, calibration and validation campaigns, and ESA
requirements.

Mission Management and Control Centre (MMCC)

Located at the European Space Operations Centre in Darmstadt, Germany, the MMCC
carries out all satellite operations control and functional management, including overall
satellite and payload operational scheduling.

Near-Real Time Data
Data from the source that are transmitted with propagation delays and minimal delays due
to buffering.

Nominated Centres

Scientific institutions and/or engineering establishments receiving ERS-1 data and
nominated at national level to provide coordination between the ESA/ERS-1 programme
and end users for specific data requirements or to play a significant role in the ERS-1
research related activities.

Playback Data

Data that are stored on a spacecraft, platform, or other carrier that are transmitted at a later
time. The data may be transmitted in chronological or reverse time order and may have
delays due to processing.

Precise Range and Range-rate Equipment (PRARE)
A highly accurate microwave ranging system used for orbit determination at decimetre
levels of accuracy and for geodetic applications.

Product

Final result from the application of data processing algorithms by computer to the raw data
acquired by the satellite. The user can select from a range of products. The product media
consists of hard copy (e.g. photographic), telecommunication links and various forms of
computer compatible media (e.g. CCT).

Product Control Service (PCS)
Part of the EECF, which carries out tasks associated with the monitoring and control of
ERS data products.

Radar Altimeter (RA)

A Ku-band (13.8 GHz) nadir-pointing active microwave sensor designed to measure the
time return echoes from ocean and ice surfaces providing information on significant wave
height, surface wind speed, sea surface elevation and various parameters over sea ice and
ice sheets.

Raw Data

1) Instrument data or housekeeping data in the same format as transmitted from the
spacecraft or collected on a storage medium on the carrier (e.g. tape recorder, optical
disk). 2) The datareceived from the satellite prior to the application of any on-ground data
processing algorithms. The raw data media will be as for products, i.e. hard copy and
various forms of computer-compatible media.

Real Time Data
Data from the source that are transmitted with only propagation delays.

Roll Tilt Mode (RTM)
Rotation of ERS-1 satellite by 9.5° allows operation of AMI SAR imaging mode at 35°
incidence angle.
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Active Microwave Instrument 4, 16,
18, 23-29. See also SAR image
mode; SAR wave mode; Wind
Scatterometer

hardware 23
operation, capabilities 23-24
operation, modes 23
roll tilt  7,10,19,23
wind/wave 23
technical characteristics 24

Agenzia Spaziale Italiana  60. See also
I-PAF

Algorithms

development and maintenance 67

Along Track Scanning Radiometer 5,
7, 16, 41-46
Infra-red Radiometer 43-45
atmospheric corrections 43

black bodies 43
consortium 41

field of view 43
fore-optics 45

mirrors 44

on-board calibration 43
43,44
Stirling cycle cooler 43

spectral channels

technical characteristics 43
viewing geometry 42,43
Microwave Sounder 45-46
antenna 45
Dicke mode 45
field of view 43
internal calibration 45
responsibility 41
skyhorn 45,46
technical characteristics 46
viewing geometry 42,43

Announcement of Opportunity
experiments 10

5,41,49. See also Along

Track Scanning Radiometer; Precise

Range and Range-rate Equipment

instruments

Antenna Support Structure 17

Applications
atmospheric
water vapour 5,41
clouds
cover 5,43
temperature, top 5,41
coastal processes 7, 8
geodetic 33,51
ice 3,4,7,8,9,33,43

seaice 3,26.33
land 3,7,8,9,23,43
meteorology 3
ocean

circulation 3

currents 26,33

sea levels 3

sea state 3

slicks 26

tides 33

waves 26

waves, direction/length 4,26
4,33,34
waves, internal 26

waves, height

pollution monitoring 9
sea surface

elevation 3.4,33
temperature  3,.5,41,43
shipping 3
snow 9
wind 26, 34
direction 4,28

speed 4,28,33

Attitude and orbital control sub-
system 16, 18

Automatic gain control loop 26

B

Broad-band Data Dissemination
Network 57, 62

C

Calibration and validation 9, 67
Cassegrain antenna 46

57, 58, 66—67
Centralised flight software 18

Central User Service

Centre de Recherche en Physique de
I’Environnement 41

Chirped pulse 25
Circulator assembly 26, 29
Commissioning phase 9

Commonwealth Scientific and Industrial
Research Organisation 41

D
D-PAF 57, 60, 68, 69

altimeter data processing system 57
data management system / archives 57
geocoding system 57

multi-sensor SAR processor 57

Index

PRARE system 57

radar altimeter data processing
facility 57

SAR data processing facility 57

tracking data and orbit processing
facility 57

Data acquisition 6, 68
on-board tape recorder 68
rates 68

Data archiving 68
Data communications

S-band 18, 51
X-band 18,50, 51

Data dissemination 6, 62, 67
broad band data dissemination 57
data dissemination network 57
fast delivery products 6, 62
global transmission network 57
packet-switched public data network 57

Data Dissemination Network 57

Data Management and Monitoring Sub-
system 68

Data services 65-69
data acquisition 65
data archiving 65
data distribution 65
data processing 65

Defence Research Agency 60. See
also UK-PAF

Deutsche Forschungsanstalt fiir Luft-
und Raumfahrt 51, 60. See also
D-PAF

Deutsches Geoditisches
Forschungsinstitut 49

E

Earthnet ERS-1 Central Facility 6, 55—
58, 57, 62, 65, 66—68

acquisition schedule 58

catalogue 58, 66, 67, 68
data dissemination 62
link to MMCC 61

low rate data dissemination facility 57
services
central user service 57,58, 66—67
interface sub-set 57,58, 62, 66, 67
product control service 57,58, 66,
67-68

Electronic power conditioner 36
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ESA establishments

ESA Research Institute (ESRIN)
65
Earthnet Programme Office 55, 59
EECF. See Earthnet ERS-1 Central
Facility

European Space Operations Centre
(ESOC) 55,61

responsibilities 55

55, 58,

F
F-PAF 57,60, 68, 69

atelier donnees entree suos-systeme 57

diffusion suos-systeme 57

traitement et gestion des produits suos-
systeme 57

First ice phase 9

Frascati ground station 59, 68
26, 36
Front end electronics 36

Fucino ground station 6, 59, 62, 65, 68,
69

Fine pointing mode 19

Frequency generator

G

Gatineau ground station 6, 59, 62, 65,
68

Geodetic phase 10
German Antarctic Research Station 69

German Processing and Archiving
Facility. See D-PAF

Global Transmission Network 57

Ground segment
data services 65-69
design 3,4, 55
55-62
overview 6
PRARE 50

Ground stations
Antarctica 59
ESA network 6, 68

Frascati 59, 68

Fucino 6,59, 62,65, 68,69

Gatineau 6,59, 62,65, 68

Kiruna 6,18,59,61,62,65,68

Maspalomas 6, 59, 65, 68

Prince Albert 6,59, 65, 68
national and foreign 6, 57, 58, 59
reception areas 59

facilities

58-59, 65, 68

Gyroscopes 19

H

High-power amplifier 26, 29, 36
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I

I-PAF 57, 60, 68, 69
ERS-1 SAR facility 57
Mediterranean low bit rate processing
facility 57
IF radar 26, 29
Infra-red Radiometer. See Along Track
Scanning Radiometer

Institut Francais de Recherche pour
I’Exploitation  60. See also F-PAF

Instrument control units 18

Instrument data handling and
transmission 17, 18, 19

Interface Sub-set 57, 58, 62, 66, 67

K

Kayser-Threde GmbH 49

Kiruna ground station 6, 18, 59, 61, 62,

65, 68

L

Laser Retro-reflectors 5, 16, 51
technical characteristics 51

Launch and early orbit phase 8

Long loop performance assessment 67,
68

Low Rate Data Processing Facility 57

Low Rate Data Transcription
Facility 57
Low-noise amplifier 26

M

Maspalomas ground station 6, 59, 65,
68

Microwave Sounder. See Along Track
Scanning Radiometer: Microwave
Sounder

Mission

capabilities 7
objectives 3, 13
8-10, 19
commissioning 9
geodetic 10

ice, first 9

ice, second 10
multi-disciplinary 9
orbit acquisition 8

planning 61

SAR 7

status

phases

experimental 3
operational 3

pre-operational 3,7

Mission Management and Control
Centre 6, 18, 57,59, 61
link to EECF 61

Mullard Space Science Laboratory 41
Multi-disciplinary phase 9

N

NOAA meteorological satellites 43

0

On-board data handling bus 18
On-board tape recorder 68
Orbit
attitude 19, 20
characteristics

control 4
determination S1

18-20

generation of predicted 61
Orbit acquisition phase 8
Oxford University 41

P

Packet-Switched Public Data
Network 57

Payload 4-5
module 17
monitoring and control 6, 61
operation
capabilities 19
modes 7
plans 6

operations plans 66

Payload Electronics Module 17, 18, 51

PCS Kernel 68
Pilot projects 9
Polar regions 3

Precise orbit determination
instrumentation 49-51. See also
Laser Retro-reflectors; Precise
Range and Range-rate Equipment

Precise Range and Range-rate
Equipment 5, 16, 49-51
development team 49
ground segment 50
command station 51
primary stations 50
secondary stations 50
measurement principle 49
satellite package 50
technical characteristics 49

Prince Albert ground station 6, 59, 65,
68
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Principal Investigators 67

Processing and Archiving Facilities 6,

60, 65, 68

facilities
D-PAF 57,60, 68, 69
F-PAF 57,60, 68, 69
I-PAF 57,60, 68, 69
UK-PAF 57,60, 68, 69

functions 68

management 60

Processor and data handling sub-

system 37
Product Control Service 57, 58, 66,
67-68

PCS kernel 68

ArMor validation system 68

data management and monitoring sub-

system 68

verification mode processor 68
scatterometer calibration processor 68
scatterometer simulator system 68

Products
fast delivery 3, 6, 62, 67, 68
off-line 68, 69

Q

Quality assessment
products 67

R

RA tracker 18

Radar Altimeter 4,7, 16, 18, 33-37,

49, 51

functional description 36-37
antenna 17,36
electronic power conditioner 36
frequency generator 36
front end electronics 36
high power amplifier 36
processor and data handling sub-
system 37
travelling wave tube 36

measurement
objectives 33
principles  33-36

operation

modes 33

modes, ice  35-36
modes, ocean 34-35
principles

full-deramp 34

pulse shape 34
spectrum analysis 34
technical characteristics 37

Reaction wheels 19
Roll tilt mode 7, 10, 20, 23

Rutherford Appleton Laboratory 41

S

Salmijaervi. See Kiruna

SAR Fast Delivery Processing
Facility 57

SAR FD processor 62

SAR image mode 19, 24-26

geometry 26

measurement principle 25-26
amplifier, high power 26
amplifier, low noise 26
automatic gain control 26
chirped pulse 25
circulator assembly 26
frequency generator 26
IF radar 26

SAR processor 25,26
surface acoustic wave device 25
transmitter 25
up-converter 25
waveguide 26

range compression

on-hoard 26

on-ground 26

technical characteristics 24

SAR processor 25, 26

SAR wave mode 7, 26-28
geometry 27
measurement principle 26
range compression

on-board 27
on-ground 27
technical characteristics 27

Satellite  13-20

availability 7

concept 4

data handling 18

launch 3,5

monitoring and control 4, 6, 61

operation 18
attitude and orbital control 18
centralised flight software 18
instrument control units 18
on-board computer 18
on-board data handling 18

platform 16-17
payload 16. See also Payload
propulsion module 16
service module 16
solar array 16

system software 61

Scatterometer Calibration Processor
Scatterometer electronics 29

Scatterometer Simulator System 68

Seasat 3

Second ice phase 10

Solar array 16

Southern oceans 3

Space Shuttle 3

SPOT programme 4, 16
Sun-acquisition sensors 19
Surface acoustic wave device 25

Synthetic Aperture Radar 16, 23. See
also SAR image mode; SAR wave
mode

antenna 17, 24, 25, 26

System performance monitoring 6

T

Tape recorders 17
Telecommunications 4, 18

Telemetry, telecommand and
control 18

Thrusters 19
Travelling wave tube 36

U

UK Meteorological Office 41
UK-PAF 57, 60, 68, 69
University of Stuttgart

Institut fiir Navigation 49
User centres 6

user services 6, 65, 68. See also
Central User Service

Vv

Verification Mode Processor 68

Al

Waveguide 26

Wind Scatterometer 7, 16, 23, 28-29
geometry 28
measurement principle 28-29
circulator assembly 29
high power amplifier 29
IF radar 29
Scatterometer electronics 29
sequence 29
transmitter/converter 29
technical characteristics 28

World Meteorological Organisation 67

Y

Yaw steering mode 18, 19



















