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Introduction

The ERS scatterometer is a radar working at 5.3 GHz
(C-Band) designed to measure the wind speed and direc-
tion. This instrument has three antennae looking 45º for-
ward, sideways and 45º backwards with respect to the
satellite’s flight direction.

The radar is sensitive to the sea surface roughness
which is directly related to the wind characteristics
(speed and direction) near to the surface. Measuring the
surface roughness, one can derive information on the
wind.

More recently it has been found that scatterometer
data are also very valuable for land, snow and ice appli-
cations. Parameters like surface moisture, sea ice con-
centrations, sea ice age and snow conditions could be
successfully retrieved using scatterometer data. Particu-
larly promising is the derivation of sea ice masks based
on the polarization ratios of the scatterometer data (for
NSCAT) and on the different backscatter level behaviour
at different incidence angles (for ERS scatterometer),
which compare well to similar products derived from
SSM/I data. Over land, studies are showing the useful-
ness of scatterometer data to determine the impact of a
lack of rain fall in sahelian areas an can help in having an
early drought warning in these regions.

The scope of this document is to describe in detail the
characteristics of the Scatterometer raw data when
received by the ground station and of the various algo-
rithms used during the generation of the sigma nought
and of the wind products.

The ERS Satellites

On 17 July 1991 the European Space Agency
launched ERS-1into a sun-synchronous, polar orbit at an
altitude of about 780 km and an inclination of 98.5˚, fol-
lowed by ERS-2 launched in April 1995.

ERS-1 is an Earth Observation satellite that observes
the ocean, the sea ice, the cryosphere and the land sur-
face. The satellite (Fig. 1) carries three active microwave
instruments: a synthetic aperture radar (SAR), a wind
scatterometer, and a radar altimeter (RA) and an infra-

red-visible Along Track Scanning Radiometer (ATSR
and a MicroWave Radiometer, mainly dedicated to th
retreival of atmospheric corrections for the RA. The R
and ATSR instruments collect data continuously whi
the Active Microwave Instrument (AMI) containing the
SAR and the wind scatterometer are configured in
alternating operation so that the SAR Wave Mode ru
jointly with the wind scatterometer while the SAR
Image Mode only runs with the scatterometer turned o
[1].

Both ERS-1 and ERS-2 satellites have a standard or
repeat cycle of 35 days. Two other repeat cycles of
days and 168 days have also been operated with ERS

The Active Microwave Instrument

AMI Main Characteristics
The AMI is a radar operating at 5.6 cm wavelength

a frequency of 5.3 GHz (C-Band). It has a set of four di
ferent antennae to illuminate the Earth’s surface and
receive backscattered energy. By on-board and o
ground sugnal processing, two-dimensional imagery
produced. In the picture elements the intensities rep
sent the normalised radar backscattering coefficients (σº)

Figure 1: The ERS-1 satellite
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and x and y coordinates correspond to the along-track
and cross-track position of the areas being observed. It is
identical on both ERS-1 and ERS-2 satellites.

Areas of interest for observation include the polar ice
caps, the ocean, coastal zones and the land areas. The
realisation of the mission objectives for the AMI, as
specified in geophysical terms, rely on the fact that the
radar backscattering is affected by surface roughness,
conductivity and dielectric properties of the area under
observation. Consequently, surface properties can be
derived from radar imagery. In the framework of the
ERS mission the surface wind sped, wind direction and
wave image spectra are routinely estimated from radar
data in near real-time. For other applications, the radar
imagery is the primary output product.

In addition to surface properties, isolaed point targets
(ships, icebergs, buildings, etc.) show up in the radar
imagery as bright sptosmas long as their radar cross sec-
tions are big enough. The controlling factor is the ratio
of the radar cross section of the point target to the prod-
uct of the normalised radar cross section (σº) of the sur-
rounding area and the radar resolution cell.

AMI Functional Description
To meet the geophysical mission objectives, the AMI

has to provide imagery with different characteristics to
match each application. it, therefore, has three modes of
operation, namely the Image Mode, the Wave Mode and
the Wind Mode.

For this, two separate radars are incorporated within
the AMI. A Synthetic Aperture Radar (SAR) provides
the Images and the Wave Modes of operation and a Scat-
terometer provides the Wind Mode operation. The oper-
ational requirements are such that each mode should
fuction independently. However, in addition, the Wind
and Wave Modes are capable of interleaved operation,
i.e. the so-called Wind/Wave Mode.

The AMI fuctional block diagram is shown in Fig. 2.

The Wind Mode
The measurement objective of this mode is the dete

mination of wind speed and direction over the ocean.
geophysical performance is specified in Table 3.

The principle underlying the operation of the scatte
ometer is the dependence of normalised radar cross s
tion on ocean roughness, which in turn is depende
upon the surface wind speed. In addition, the normalis
radar cross section is anisotropic with respect to t
angle between wind vector and incident radar beam.

The wind scatterometer is configured as a real ap
ture pulse radar providing three radar images of th
ocean surface with a spatial resolution of 50 km and
swath width of 500 km. The three images are acquir
by three different antennas: one, the mid-beam, looki
to the right side of the satellite, perpendicular to the ER
ground track, one looking forward at 45 degrees azimu
projection angle, with respect to the mid-beam, and o
looking backwards at 45 degrees azimuth projectio
angle with respect to the mid-beam, as depicted in t
scatterometer radar geometry in Fig. 1.

With the aid of these threeσº measurements of the
same area made from different measurement directio

Figure 2: Active Microwave Instrument Block Diagram
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Table 1: Scatterometer Geophysical Specifications

Swath width 500 km

Spatial resolution 50 km

Grid Spacing 25 km

Wind speed:

accuracy:

0.5 to 30 m/s

(s.d.) 2 m/s
(bias) 0.3 m/s

Wind direction

accuracy

0 to 360 º

(s.d.) 20 º
(bias) 0.8 º

Figure 3: The ERS satellite scatterometer geometry
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wind vectors (speed and direction) can be determined.
The conversion ofσº values into wind data is performed
for each node with the aid of mathematical model,
CMOD4 [2], which defines the relationship betweenσº,
wind speed and wind direction, incidence angle of the
scatterometer pulse and polarisation.

The scatterometer illuminates the sea surface sequen-
tially by RF pulses in different directions using the three
antennae. The nominal look angles of these antennae are
45º fore and aft and broadside with respect to the satel-
lite’s velocity vector. This model is based on the pre-
launch estimate of the radar backscattering behaviour,
which was determined during a multi-year programme
of experiments, using airborne radars, but ‘tuned’ in
orbit on the basis of dedicated geophysical validation
campaigns and data assimilation into numerical weather
prediction models.

Radar echo is provided continously over a 500 km
wide continuous swath along the satellite ground track
so wind speed and direction can be deduced at nodes
which have a 25 km separation along and across the sun-
satellite track within the swath.

Each node is centered within a resolution cell of 50 x
50 km2, which is determined in the range and direction
by appropriate range gating of the received echo signal
and in azimuth by the avreaging of correcponding range-
gated echo signals.

In order to acheive the correct illumination of these
nodes by all thress beams and to minimise Doppler
shifts, the satellite is steered about its yaw axis such that
the effects of Earth rotation is counteracted.

In Wind Mode, the transmit pulse is produced at the
intemediate frequency by the platform generator. The IF
pulse is amplified and converted to an RF signal in the
up-converter unit and amplified by the High-Power
Amplifier. The transmit signal is routed to the correct
antenna by the circulator assembly, which in this mode is
under the control of the scatterometer electronic unit.

The received signal is down-converted, amplified and
routed to the scatterometer detector.

Vital to many applications of scatterometer data is
absolute calibration, defined as the process by which the
digital output of the instrument is converted into physi-
cal units of radar cross-section per unit area, sigma
nought, with known levels of accuracy and precision.
Therefore noise measurements and internal calibration
are regularly performed.

For the Mid Antenna, the return echo if filtered and
sampled in complex form (i.e. I and Q). Since the Dop-
pler variation is significant over the swath width (20 kHz
near swath to 140 kHz far swath fro the Side antennae), a
programmable Doppler compensation law is applied on
the receiver signal before filtering and complex sam-
pling.

The main engineering parameters of the AMI wind
scatterometer mode are given in Table 3.

Operational Constraints
The AMI image mode can be operated for up to 1

minutes per orbit. Each operation sequence must
longer than 1 minute and no more than 4 operatio
sequences are possible per orbit.

The AMI wind mode and wave mode can be operate
separately.

Simultaneous operation of wind and wave mode
provided in the interleaced wind/wave mode. All per
formances and programming capabilities provided f
the sequence is interrupted every 30 seconds for a du
tion of two FMA sequences to permit wave operation.

The only constraint on realising the maximum dura
tion of operation in wind, wave or interleaved modes
the on-board energy resource limitation.

Both wind and wave mode data are recorded o
board.

The Wind Scatterometer

Functional Blockdiagram
The AMI functional blockdiagram for wind mode is

shown in Fig. 4.

Transmitter
A detailed block diagram of the transmitter is show

in Fig. 5. The lower and the central parts are used f
Imaging and Wave modes whereas the upper and
central parts are used for Wind mode.

When operated in Wind mode, the Active Microwav
Instrument (AMI) uses the same Centre frequency (5
GHz) andthe same peak power (~ 5 kW) than in SAR
imaging mode, but the type of modulation is different.

The transmit signal is a pulsed RF carrier with con
stant frequency (Rectangular Pulses as shown on Fig
switched sequentially between the three scatterome
antennae (fore, mid and aft).

To take into account the different geometry for th
side antennae (fore and aft) and for the mid antenna

Table 2: AMI Wind mode Main Engineering Paramete

Frequency 5.3 GHz  52 kHz

Polarisation Linear Vertical

Swath 500 km

Peak Power (RF) 4.8 kW

Fore Mid Aft

Antenna aspect angle +45º  0.5º 0º  0.5º -45º  0.5º

Antenna length 3.6 m 2.5 m 3.6 m

Dynamic range 42 dB

Pulse length 130 s 70 s 130 s

No. of pulses per 50 km 256 256 256

Radiometric resolution (Kpe) 6 % 6 % 6 %

Detection Bandwidth 25 kHz 25 kHz 25 kHz

Sampling Scheme Complex I/Q 8 bits each

Return Echo window duration 3.93 ms 2.46 ms 3.93 ms
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shown on Fig. 1, the pulse length and pulse repetitio
frequency are the same for the side antennae but are
ferent for the mid antenna.

A rectangular pulse of 130 sfor the Side Antennae a
70 sfor the mid antenna is generated at an IF of 123
MHz. with a respective pulse repetition interval of 10.2

Figure 4: Scatterometer functional block diagram
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Figure 5: Transmitter blockdiagram
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ms and 8.7 ms. The upconverter shifts this signal in fr

quency up to 5300 MHz. The required high RF outpu

power is produced by the HPA (High Power Amplifier

which contains a TWT (travelling Wave Tube) as th

Figure 6: Example of scatterometer pulses as measu
on ground during instrument testing
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amplifying device. An automatic level control loop
within the upconverter maintains the TWTA input power
at a constant level adjusted to drive the TWTA just well
into saturation. The mean RF output power within pulse
measured at the HPA Waveguide flange is at least 65.5
dBm.

Scatterometer Antennae
The scatterometer antennae are planar waveguide

arrays connected to the transmitter and the receiver via
the circulator assembly (switch matrix). The measured
antennae boresight gains (for ERS-2) are 30.6 dB,
28.0 dB and 30.9 dB respectively for the Fore, Mid and
Aft antennae. The cross polarisation is more than 40 dB
below the maximum co-polarisation for each antenna.
The fore and aft antennae are identical in shape but have
a different pointing, respectively 45 º and 135 º with
respect to the flight direction.

Calibrator Sub-System
The calibrator is aimed at deriving highly stable,

delayed and amplitude scalled samples of the transmit-
ted pulses. The analysis of these calibration pulses at the
reciver output permits the monitoring of the product of
the transmitted power and the receiver gain, and to com-
pensate for it (see Fig. 7) [3].

Scatterometer Measurements

After reception of the return echoes, the signal is fil-
tered and a non-coherent detection is performed on-
board still in the form of I and Q components and for
each antennae separately. The doppler compensators
remove the frequency shift placed upon the receive sig-

nal due to the motion of the spacecraft and the bea
look direction (mainly for the fore and aft antennae). Th
I and Q components are converted into digital codes a
telemetred to ground via the IDHT (Instrument for Dat
Handling and Transmission) interface. Due to the high
dynamic range requirements in Wind mode the A/D co
verter has a finer resolution in Wind mode (8 bits) tha
in Imaging mode (only 5 bits). For radiometric stability
and accuracy purposes more gain drift calibration pul
and noise measurements are performed in Wind mo
than in the other modes.

Timelining
The three scatterometer antennae, fore (F), mid (M

and Aft (A), are operated in sequences of 32 Radio Fr
quency pulses each, starting with the fore antenna
shown in Fig. 1. The Pulse Repetition Interval (PR

being of 10.21 ms for the side antennae and of 8.7 ms
the mid antenna, the total length of a repeat cycle call
a FMA sequence is 940.84 ms as summarised in Table

Four FMA sequences last 3.763 seconds and cor
spond to 25 km along the sub-satellite track when th
satellite is at an altitude of 785 km and is continuous
repeated in the Wind with any gaps.

The fixed duration of this sequence means that it do
not always correspond exactly to 25 km along the su
satelite track as the satellite altitude varies over the to
ERS orbit from 769 km to 825 km, and with the altitude
the relative velocity of the spacecraft to the ground.

Gain drift calibration pulse measurements or nois
measurements are taken after each transmit pulse be
the echo signal returns. During each beam sequence
32 pulses, 4 gain drift calibration pulses and 28 noi
signals are measured (see Fig. 1). In the calibration un
the gain drift calibration pulse is delayed by 135 srela

From HPA to Circulator assembly

45 s
135 s

Down Converter

Delay lines
Scatt. SAR

Adjustable attenuator

From Circulator assembly to receiver

Up Converter

Attenuator

Comparator

Attenuator

Amplifier

Detector

Figure 7: Basic elements of the AMI Calibration S/S

Table 3: Timelining Diagram for Wind mode

Fore Antenna 32 x 10.21 ms 326.72 ms

Switching 3.00 ms

Mid Antenna 32 x 8.70 ms 278.40 ms

Switching 3.00 ms

Aft Antenna 32 x 10.21 ms 326.72 ms

Switching 3.00 ms

Total of one FMA sequence 940.84 ms

Figure 8: Scatterometer Beam Switching sequence

Beam Switching (3 ms)Beam Switching (3 ms)

Each “block” contains 32 individual pulses

< FMA sequence >

F M A F M A F M A F
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tive to the transmit pulse in order to fall in the Calibra
tion window.

Table 4 summarise all the pulse and sampling chara
teristics.

Doppler Compensation

The radar echo from a target on the earth’s surfa
doesn’t always have the same frequency as the transm
ted signal because of doppler shifts, due to the relati
motion between the satellite and the target. This moti
depends on satellite velocity, antenna look angle a
earth rotation.

The range of the doppler shift is 50 - 150 kHz for th
side antennae and 0 - 10 kHz for the Mid antenna. B
yaw - steering the satellite, the doppler shifts in the mid
antenna are minimised but not entirely eliminated. It fo
lows from the above that continuous frequency tuning
the scatterometer receiver is required to keep the ec
signals within the 25 kHz on-board bandwidth.

Table 4: Pulse and sampling windows characteristics i
Wind mode

Parameter Fore and Aft beams Mid Beam

Pulse Shape Rectangular Rectangular

Pulse width 130  s 70  s

Pulse Repetition Interval 10.210 ms 8.700 ms

Sampling rate 30 kHz 30 kHz

Number of bits for I & Q 8 bits 8 bits

Number of
samples

Echo Signal 118 74

Cal. Pulse 30 30

Noise 32 32

Calibration Window start 100  s 100  s

Calibration Pulse Delay 135 s 135 s

Length of Cal. Window 1.000 ms 1.000 ms

Noise Window start 1.500 ms 1.500 ms

Length of Noise Window 1.030 ms 1.030 ms

Echo Window start 5.400 ms 5.200 ms

Length of Echo Window 3.910 ms 2.440 ms

Figure 9: Sequence of 3

1 2 3 4 0 11 12 13 2

..... .....

1 2

Echo 1 E

Transmit Pulses

Calibration Pulse Window
(Blocks 1, 11, 21 and 31)

System Noise M
(All blocks bu
-

The frequency deviation is not only function of the
echo time delay, but varies also over the orbit due to ge
metrical effects and earth rotation.

Nominally, every 15 s the on-board doppler correctio
is updated, but provision are made that no update tak
place during a 32 pulses sequence of a single beam.

The required tuning signal is synthesised on-board
the scatterometer electronic module, using a tim
dependent algorithm with coefficient provided to th
instrument by macrocommand.

The accuracy with which the received signals are act
ally centered within the receiver band depends on t
pointing errors, the receiver hardware errors, the comp
tational and curve-fitting errors (for the on-board com
pensation)+, as well as the uncertainties introduced
the geometry such as earth and orbit modelling.

These errors have an effect on instrument radiomet
stability. The on-board errors are partly compensated
the on-ground filter and fine tuning algorithms of th
Wind mode processor. The actual receiver tuning erro
are limited to a small fraction of the 25 kHz receive
bandwidth.

The blockdiagram of the scatterometer detector a
doppler compensator is shown in Fig. 10.

Receiver gain Setting
The receiver Gain is set differently for the Side an

the Mid antenna in order to take into account the diffe
ent bandwidth of the signal due to the geometry of th
system.

The nominal receiver gain, both for ERS-1 and ERS
is -111.7 dBW for the Side beams and -106.6 dBW fo
the Mid beam. Because of the reduce transmitted pow
required for ERS-2 the Receiver gain was respective
set to-112.6for the Side antennae and-107.91for the
Mid antenna.

Sampling
The echo, as well as the calibration pulses and t

noise, are sampled at 30 kHz. The Analogical to Digit
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converter is making instantaneous measurement of the
input signal. This sampling rate corresponds to roughly
5.2 km at 18º incidence angle (Mid beam, inside the
swath) and 13.3 km at 68º incidence angle (side anten-
nae, far swath).

Interface to the Instrument for Data Handling and
Transmission

All echo and calibration data are directly transferred
to the IDHT without any on-board processing, whereas
the noise data are pre-processed on-board by software.
In fact all noise samples are averaged over each 32 shot
sequence. This means that the 32 noise samples per sam-
pling window multiplied by the 28 noise sample win-
dows, which results in 896 noise samples are averaged
on-board. the averaging is made separately for the I and
the Q channel. the averaged noise data is then included
as a 16 bit word for I2 and for Q2 as part of the auxiliary
data stream.

The data are transferred to the IDHT in form of source
packets. Each source packet includes the data collected
during 32 shot beam sequence. The generation time for a
source packet is therefore 326.72 ms for the side anten-
nae and 278.40 ms for the mid antenna. The IDHT will
read out at a mean data rate of 1.09 Mbit/s one source
packet in a time not greater than 280 ms. The IDHT
stores and transmits the measurement data in the same
sequence in which it was sampled.

It is important to note that the Mid antenna source
packet differs from those of the Fore and Aft antennae
by the fact that less echo data are present (74 instead of
118). To obtain three source packets of the same size,
7860 bytes, dummy data are inserted at the end of the
Mid packet.

Source Packet Description
Each source packet is composed of three parts, the

mary and secondary headers and the measurement
field.

The primary header contains three fields:
• the Packet Identifier containing in particular th

antenna id and the operation mode (Wind, Wind
Wave or calibration mode).

• the Packet Sequence Control coded over two byt
This parameter is restarted after each switch-on
that mode and labels each individual FMA
sequence. Then after switch-on the Source pack
will be labelled 0, 0, 0, 1, 1, 1, 2, 2, 2, …etc…

• The source packet length fixed to 1EAD (HEX
which correspond to 7854 bytes (from 0 to 7853
and doesn’t include the 6 bytes of the primar
header.

The secondary header contains the time code given
the ICU (Instrument Control Unit) and the auxiliary
data.

The time data included in a source packet shall have
known relationship to the actual time at which the da
contained in that packet is sampled with an accuracy
1 s.The time data is sampled 10.210 ms (-1, + 250 s)
the side antennae and 8.700 ms (-1, + 250 s)for the M
antenna after the last RF transmit pulse leading ed
(Fig. 1).

The auxiliary data supply the additional information
needed for the interpretation and the processing of t
measurement data. In particular the following informa
tion is included:

• Scatterometer time from the ascending node (t
resolution is 1/256 = 3.90625 s). Reset to zero
each ascending node.

• Scatterometer Calculation time used for the on
board doppler compensation. Updated every 15 s.

• The orbit period used to reset the scatterometer a
the scatterometer calculation times.

• All the instrument setting (gains, modes Attenua
tions, doppler coefficients).

• The noise measurements for I2 and Q2 coded over
16 bits.

Figure 10: Scatterometer Detector / Doppler

Power Splitter

90º

Doppler
Compensator

Q

I

Low Pass Filter
(Doppler Filter)

To A/D Converter

30

.....
31 32 1

Beam Switching

.....

Time update
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8.70 ms ( M )

Figure 11: Sampling of the time code
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The measurements data simply all the I and Q samp
coded over 1 byte for the following measurements:

• 1st Calibration Pulse
• 1st to 10th Echoes
• 2nd Calibration Pulse
• 11th to 20th Echoes
• 3rd Calibration Pulse
• 21st to 30th Echoes
• 4th Calibration Pulse
• 31st to 32nd Echoes
Which corresponds to 7792 bytes for the Fore and A

antennae and 4976 bytes for the Mid antenna.
2816 bytes of dummy data are added to the M

antenna source packet in order to have a total of 7796
the measurement data field.

Scatterometer Data Characteristics

It is interesting to have a description of the three maj
parameters included in the source packets, namely
noise measurement, the calibration pulse and of cou
the echoes. These measurements are given in ADC u
which correspond to one step of the Analog to Digita
Converter.

The noise measurements
Each source packet contains one average of the I2 and

Q2 noises estimated from the 32 x 28 = 896 I and
noise samples retrieved during one measurement blo
Typically this value is 1 ADC step for the Fore and Af
antennae and 0 for the Mid Antenna as it is shown o
Fig. 1. The averaged values since ERS-2 scatterome
started operation are stable as summarised in Table 5

The instrument noise is so low that it never exceed o
quantisation step for the side antennae and is always
to 0 for the Mid beam. This fact is confirmed on Fig. 1
which shows the evolution of the noise levels during th
overall ERS-2 scatterometer operation (23 Novemb
1995 - 17 August 1998).

Table 5: ERS-2 Scatterometer I and Q noise value

Fore Antenna Mid Antenna Aft Antenna

I Q I Q I Q

0.97403 0.88831 0.00000 0.00000 0.92508 0.81170
Figure 13: ERS-2 scatterometer noise level evolution sin . 1998)
s

.

r

t

When this level of noise is compared to the level o
the echoes (Fig. 14 and Fig. 14), the reason why no ne
ative values of theσº are never extracted from the
ground processor, especially after the spatial filterin
(see the related paragraph hereafter), becomes very c

An other discussion on the overall system noise can
found annexed to this report(not yet included).

The calibration pulses
The calibration pulse is an image of pulse sent towa

the ground. It is an important element of the data for tw
reasons. First, it used to normalise the returned echo
order to correct for any short term or long term evolutio
of the High Power Amplifier. Second, it is permanentl
and very closely monitored in order to anticipate instru
ment ageing and to detect anomalies.

Table 4 gives the main characteristics of the calibr
tion pulse (130 sand 70 srespectively for the Side a
Mid antennae, delayed by 135 s)and of the Calibratio
window (it starts 100 safter the pulse and it is sampled
30 kHz). A schematic of the pulses (Side and Mid ante
nae) at the output of the HPA, of the calibration pulse
delayed in the calibration sub-system and low pass fi
tered and of what would be the sampling of this late
pulses is given in Fig. 14 and Fig. 14. The compariso
with typical pulses actually measured are shown on F
14.

If the sampling of the calibration pulses doesn’t allow
for a detailed analysis of the pulse shape or of the lo

Figure 12: Typical Fore and Mid noise measurements f
a complete orbit every FMA sequence (every 904.8 m

Fore Beam Q noise level
Mid Beam Q noise level

ADC steps

ce the beginning of the mission (23 Nov. 1995 - 17 Aug
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pass filter, it certainly allows to monitor the HPA powe
and the instrument timing.

It is important to remember that, due to the reductio
of power required to operate the ERS-2 AMI, the TWTA

Figure 14: Fore Calibration Pulse Timing and samplin

Figure 15: Mid Calibration Pulse Timing and sampling
Figure 17: ERS-2 scatterometer calibration puls
is not working in saturation. Therefore, any variation o
the pulse’s power (due to pulse generator for examp
will be seen in the transmitted pulse and in the echo.

In this context it becomes very important to monito
very closely the ERS-2 Calibration pulse power in orde
to assess evolution of the transmission part of the inst
ment. The same monitoring for ERS-1 never showed a
evolution of this part of the instrument.

Fig. 17 shows the evolution of the Calibration Puls
power evolution since the beginning of the ERS-2 AM
mission (23 November 1995 - 17 August 1998). It i
clear that the power is decreasing by roughly 0.14 dB p
cycle since the Calibration Sub-System B is operation
used (August 1996). It seems that the slope was sligh
smaller when the sub-system A was in used. This pow
decrease is automatically corrected for during the o
ground processing.

The echoes
The returned echoes are sampled at a rate of 30 k

which correspond to roughly 10 km on ground (see Sam
pling), after the doppler compensation and the low pa
filter.

Figure 16: Typical Fore and Mid Beam Calibration Puls

Fore Beam Cal. Pulse
Mid Beam Cal. Pulse

ADC steps

e power evolution since the beginning of the mission
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Fig. 14 and Fig. 14 are respectively showing Fore and
Mid antenna echoes over ocean (East Tropical Pacific)
before any processing on ground and for comparison,
Fig. 14 and Fig. 14 are showing a Fore and mid antenna
echo over ice (North of Alaska during the winter 97-98).

Because of the different gains used for the Side and
Mid antennae, the power level of the Mid beam is half
than of the Side beams.

Scatterometer Processing toσº

Performances
The performance of the scatterometer is defined

terms of:
• swath coverage
• localisation
• σº measurement range and stability
• output signal response to a fictive point target (bo

in time and frequency domain)
In order to achieve the required overall performance

the measurement data delivered by the instrument ha
to be processed on-ground using externally supplied d
(orbit and attitude information) and the characteristics
the instrument (instrument characterisation data).

Input Data
The input to the processing are of three major type

The instrument delivered data (target data, noise, int
nal calibration and time information), data delivered b
the orbit propagator and the external data containing t
relevant information on the instrument characteristic
the system geometry and the ground processing.

The instrument data have been described in the pre
ous chapter. The orbit propagator is included in the pro
essor and is used to relate acquisition times and satel
and targets localisation around the earth using the Go
dard Earth Model (GEM6) for earth surface modelling.

Generally, other external data not computed with th
orbit propagator are provided as Look-Up-Tables a
either a scalar or an array and can be updated, if the n
arise, in particular when new calibration coefficien
antennae pattern or orbit characteristics. These tab
may depend on the beam activated and may be inde
by the orbit time and the pulse time.

All these tables are provided by using the Scatterom
ter Simulator System (SSS). An important part of th
scatterometer data processing is done before hand in
SSS and is passed to the real-time processor via th
Look-Up-Tables. This includes mainly the Doppler com
pensation phases, the normalisation factors used to c
vert the powers intoσº (both for the echo and for the
noise) which are computed using the antenna patter
the incidence and look angles.

Figure 18: Typical Fore Beam echo over ocean

ADC steps

Figure 19: Typical Mid Beam echo over ocean

ADC steps

Figure 20: Typical Fore Beam echo over ice

ADC steps

Figure 21: Typical Mid Beam echo over ice

ADC steps
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Output Data
The output data includes:
• the node characterisation data
• theσº values
• the kp values (standard deviation of eachσº esti-

mate)
• the product confidence data (monitoring parameters

and processing flags)
The node characterisation data comprises the node

position in latitude and longitude which is directly com-
puted using the orbit propagator and the node incidence
and look angles which are derived from the Look-Up-
Tables.

The σº are the primary output from the scatterometer
ground processing. They are the main input to theσº to
wind conversion, but are also used to directly for land
and ice applications.

The standard deviation kp of eachσº estimate compu-
tation is based on the following two assumptions. This
parameter is dominated by the instrument noise and not
by the speckle, an approximation to within 20% is ade-
quate.

The product confidence data are used to monitor the
system behaviour (power spectrum monitoring, I/Q
imbalance monitoring, internal calibration level monitor-
ing) as well as processing flags (valid/invalid, arcing,
…etc…).

Main processing steps
A functional block diagram of the scatterometer

Ground Processing is shown on Fig. 1.
The main processing steps to be performed are listed

in sequence below:
• Resampling and filtering of the measurement data

delivered by the instrument to avoid aliasing during
later processing steps and to compensate for the on-
board filtering,

• Doppler compensation to shift the spectrum of the
received signal into the low pass filter passband,

• Low pass filtering to improve the signal to noise
ratio,

• Envelope detection to get a measure for the signal
power,

• Block averaging to reduce both the data throughput
for the following steps and the variance of the signal
power samples,

• ADC-non linearity correction
• Noise correction to increase the measurement accu-

racy,
• Internal calibration correction to compensate for the

transmitter and the receiver fluctuations,
• Power toσº (radar Backscattering coefficients per

unit area) conversion to relate the measured signal
power to the wanted qualityσº,

• Spatial integration both to increase the measurement
accuracy (radiometric resolution) and to give the
desired point target response,

• Output signal characterisation (including the estim
tion of the kp) to allow the determination of wind
characteristics from the ground processing outp
data,

• Product confidence check to monitor the accuracy
the on-board and the on-ground doppler compens
tion process, the I/Q channels imbalance and t
internal calibration time delay.

Description of the main processing steps

Resampling and Refiltering
The target data entering the ground processing in fo

of I and Q components, are sample values of a contin
ous time function. In order to avoid aliasing (Nyquist'
criterion), the sampling frequency is chosen higher th
twice the highest component contained in the spectru
of the input function.

The next step in the processing is the doppler compe
sation which consists in a multiplication in the time
domain. Depending on the Doppler compensator fr
quency, this multiplication can cause a slight frequen
spread. In order to avoid aliasing in case the sampli
frequency is just adequate for sampling the input fun
tion, the signal should be resampled at an increased r
before the doppler compensation function is called.

It was chosen to perform the resampling in the fre
quency domain with the help of two Fourier transform
The correction for the on-board filter ripples, the resam
pling step is combined with a refiltering, which is per
formed by multiplying the signal spectrum with the
appropriate filter transfer function.

The spectral shift which could occur during the exten
sion of the complex spectrum and the refiltering
avoided by using two real-to-complex and real-to-com
plex FFT’s instead of single complex-to-complex FFT’s

Doppler Compensation
The Doppler compensation aims at compensate for t

Doppler shift introduced on the received signal due
the motion of the spacecraft and to the earth rotatio
Most of the original doppler shift of the echo signal i
compensated on-board, in a dedicated mixer stage wit
the instrument, by the application of a suitable tim
dependant local oscillator signal. The Doppler compe
sation itself is simply a multiplication in the time
domain. The difficulty associated with Doppler compen
sation is the complicated law governing the Doppler fre
quency versus echo time behaviour and its change o
the orbit due to:

• non-circular orbit,
• rotating oblate earth,
• spacecraft attitude steering,
• on-board compensation Doppler law.
The Doppler compensation information is containe

in an externally supplied 2-dimensional Look-Up-Table
In order to reduce the computational load on the grou
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Figure 22: ERS-2 scatterometer Gr

R
es

am
pl

in
g

an
d

F
ilt

er
in

g
D

op
pl

er
C

om
pe

ns
at

io
n

Lo
w

 P
as

s
F

ilt
er

E
nv

el
op

e
D

et
ec

tio
n

B
lo

ck
A

ve
ra

gi
ng

N
oi

se
S

ub
tr

ac
tio

n
In

te
rn

al
C

al
ib

ra
tio

n
C

or
re

ct
io

n

A
D

C
no

n-
lin

ea
rit

y
C

or
re

ct
io

n

S
pa

tia
l

F
ilt

er
in

g
N

or
m

al
is

at
io

n
R

e 
in

de
x

M
ea

su
re

m
en

t
B

lo
ck

s

N
oi

se
C

or
re

ct
io

n

In
te

rn
al

C
al

ib
ra

tio
n

N
oi

se
C

or
re

ct
io

n

C
al

cu
la

te
sc

al
e

F
ac

to
r 

I

In
te

rn
al

K
p

E
st

im
at

io
n

P
ro

ce
ss

 n
oi

se
an

d
ca

lc
ul

at
e

S
ca

le
 fa

ct
or

 2

P
ow

er
S

pe
ct

ru
m

M
on

ito
rin

g

E
ch

o
QI

N
oi

se
Q

2I2

Va
lid

 B
lo

ck
 In

di
ca

to
r

S
pe

ct
ru

m
 C

O
G

 &
 S

td
. d

ev
.

I/Q
 C

ha
nn

el
 Im

ba
la

nc
e

kp

U
n-

no
rm

al
is

ed
 N

S
R

S
ig

m
a 

no
ug

ht
F

la
gs

 (
ar

ci
ng

, c
or

ru
pt

ed
)



ris-

er-

nd

in

r-
i-
ic
ge
t 8

s
ve

is

or
is
o

se
om
b-
e

le
or-
ng
re
h
ng
in.

c-

-
nt,

e
o
s-
al
nt

er
he
processing, this Look-Up-Table contains the phase rota-
tion to be applied to the signal samples rather than the
residual Doppler frequency shifts.

Low Pass Filtering
The aim of the low pass filter after the Doppler com-

pensation, is to match the overall system bandwidth of
the received signal in order to optimise the signal to
noise ratio. The signal bandwidth is changing with the
time along the echo (see Sampling above) and the posi-
tion along the orbit, but the effect is relatively small and
therefore the filter function is defined time-independent.
The filter function is defined in the frequency domain
and here to the most effective way is to perform the low
pass filtering is by using FFT’s and multiplication in the
frequency domain. During this operation, it was taken
care of avoiding any aliasing in the time domain due to
insufficient sampling in the frequency domain and to the
extension of the signal in time caused by the low pass fil-
tering.

Envelope detection
Up to the output of the low pass filter, the signal is

represented as I and Q (in phase and in quadrature) sig-
nals. The instantaneous power is calculated by summing
the square of each I and Q samples.

Block Averaging
The duration of a measurement block is roughly

300 ms (see Table 3), and the corresponding distance
measured on the sub-satellite track is roughly 2 km. This
distance is small compared to the diameter of the spatial
integration area (in the order of 100 km) and therefore
corresponding target samples (those with identical echo
time) can be averaged over the 32 echoes before further
processing in order to reduce the data throughput.

The time instant appointed to the block signal is the
average of the time instants for the 1st and the 32nd
pulses of the block which is averaged. It has to be noted
that these times are not directly provided in the raw data,
but are derived by using the information illustrated on
Fig. 1.

ADC Non-linearity Correction
In theory, the signal power (both echo and noise) at

the ADC can be such that a significant proportion of
samples exceeds the ADC maximum level, or is below
the least significant bit level, a significant sampling error
occurs. This is not reduced by sample averaging and
there is a resultant power transfer non linearity. These
value of non linearity are comparable with the required
radiometric stability, so will have to be corrected for dur-
ing the ground processing. Since this is a statistical cor-
rection to the power, it should be applied after the power
detection and the block summation.

In practice, the echo is fairly low in the ADC (less
than 40 ADC steps) and the noise is always 0 or 1 ADC

step (see Chapter on Scatterometer Data Characte
tics).

This ADC non-linearity correction is performed for
both the block averaged target echo and the noise av
ages.

The Analogical to Digital Converter non-linearity is
characterised on-ground and provided to the grou
processing via a Look-Up-Table, which for a given ADC
output power gives a correction factor to be applied
order to retrieve the expected input power.

For ideal correction, the output power used to dete
mined this correction factor should be obtained immed
ately after the ADC. In order to reduce the stochast
variance of individual power samples a running avera
over the corresponding echo power samples of the las
measurement blocks of the same beam is performed.

A more precise value of the correction factor i
derived by linear interpolation between two successi
readings of the LUT.

The correction factor for the noise power correction
based on the actual averaged noise power only.

Noise correction and subtraction
The target signal is masked by the receiver noise,

more precisely, the signal power which is measured
the signal power plus the receiver noise power. T
improve the instrument accuracy, the receiver noi
power is measured separately and then subtracted fr
the sum of both. The processing required for noise su
traction is partly performed on-board (see The nois
processing above). The I and Q channel averages (I2 and
Q2 averages) are added on-ground to derive a sing
noise power estimate. This noise sample is used to c
rect each individual target sample of the correspondi
measurement block by simple subtraction. Just befo
the subtraction, the noise is multiply by a constant whic
takes into account the different ways of noise processi
in the target measurement chain and the noise cha
This constant depends on

• the receiver pre-doppler compensation transfer fun
tion,

• the frequency offset applied by the on-board Dop
pler compensation for the noise alone measureme

• the on-board low pass filter,
• the on-ground detection filter.
This constant is supplied externally.

Internal Calibration Correction and HPA monitoring
During internal calibration, a small fraction of the

transmit signal is directly routed into the receiver low
noise amplifier via a calibrator. The main function of th
calibrator when the AMI is in scatterometer mode is t
delay the transmit signal a little bit more than the tran
mit pulse length to allow sampling of the delayed sign
at the output of the receiver. During each measureme
block, four calibration measurements take place aft
transmit pulses 1, 11, 21 and 31. Within the receiver, t
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samples taken during the calibration window are handled
in the same way as the target samples. They are trans-
ferred to the ground as I and Q components. After proper
processing on-ground, they are used to correct for gain
variations and to monitor power level variations of the
instrument.

No on-ground Doppler compensation and no low pas
filtering is required for the internal calibration signal.
After forming the envelope squared of the signal
(I2 + Q2), gain information is extracted. In order to
reduce quantisation noise, the result is low pass filtered
by an exponential filter.

As the envelope squared of the signal is rather sensi-
tive to deviations of the characteristics of the I and Q
channels from the ideal case, a possibility to correct the
calibration signal samples for these I/Q imperfections,
based on an externally provided characterisation, is fore-
seen.

The gain correction information is derived as a multi-
plicative correction factor which is applied to the noise
corrected signal samples. This factor is the ratio of the
actual low pass filtered internal calibration signal energy
and a reference energy valid for that system configura-
tion which was used to derive the normalisation factors.

Noise correction is not required for the calibration sig-
nal due to the high signal to noise ratio.

The averaged energy of the four calibration pulses of
each measurement block is used to detect missing trans-
mit pulses due to the arcing of the High Power Amplifier
(HPA). If HPA arcing occurs the HPA is switched down
and automatically restarted after a few seconds, unless
the number of arcing exceeds a certain threshold, which
leads to an error condition of the AMI. During HPA
switch down, no transmit pulses and hence no internal
calibration pulses are generated and therefore only noise
is recorded during the internal calibration and echo sam-
pling windows. Theσº derived from these echo samples
are invalid and have to be flagged accordingly. As the
noise energy is much below the internal calibration pulse
energy, HPA switch down can be detected by comparing
the averaged energy of the samples of the calibration
pulses of a measurement block with a threshold value
and raising a flag for those measurement blocks, for
which the averaged energy is below the threshold. These
flags are used during the spatial filtering to determine the
nodes affected.

Power toσº Conversion - Normalisation
The target signal at the output of the envelope detec-

tion is proportional to the instantaneous power. The
quantity to be measured is the backscattering coefficient
σº. In order to perform the desired spatial integration of
the σº values around the node, the measured power
needs to be converted intoσº.

The normalisation factor is defined as the instantane-
ous power at the input of the normalisation block for a
uniform reference backscatter coefficient equal to 1 on

the earth surface everywhere in the swath. Due to t
changing geometry with the time of the echo (bea
range) and along the orbit, this normalisation factor for
given antenna, is a function of both variables.

Initially, provision was made to correct for the varia
tion of the scatterometer antennae temperature arou
the orbit, which would have cause a mechanical disto
tion of the antenna and a modification of the antenna p
tern. Practically this capability was never used and
unique set of normalisation factors were used (for
given orbit characteristic and antenna pattern).

The ERS scatterometer system is far from being sim
ple from the point of the view of the geometry as well a
from the point of view of the instrument.

These normalisation factors are supplied externally
Look-Up-Tables indexed by the orbit time and the ech
time. The values not contained in the LUT’s are calcu
lated by bi-linear interpolation.

Spatial Filtering
The spatial filtering process consists of two differen

steps:
• Calculation of the node positions on the earth’s su

face in an adequate coordinate system,
• weighted integration of samples belonging to a

area around these nodes (integration area).
The weighting function used and the size of the inte

gration area are mainly determined by the scatterome
system requirements in terms of the instrument respon
to a point target on ground, specified both in the tim
domain (impulse response) and in the frequency doma
(modulation transfer function). The integration proces
acts like a two-dimensional filter, hence the name “Sp
tial Filtering”.

The calculation of the node position is based on th
Mid antenna measurement blocks.

The position of the central node of the swath (nod
10) is at the intersection of the Mid antenna line of sigh
with the earth (defined by GEM6) (see Fig. 23). Th
other nodes are localised along the intersection of t
plane defined by the centre of the earth, the satellite a
the Mid antennae line of sight every 25 km in both direc
tions. A total of 19 nodes are localised like that for
given Mid antenna measurement block. This is repeat
every four measurement blocks (equivalent to four FM
sequences), which corresponds to 3,763.36 ms
roughly 25 km on ground. It has to be noted that becau
of the oblateness of the earth, these successive line
nodes are not exactly parallel.

The results of this process is shown on Fig. 24. Sam
ples taken by the three antennae within a certain ar
around each node are averaged. The averaging proc
gives a high weight to the samples near the node an
low weight to those far from the node (weighted avera
ing). The contributions of the pulses from this area a
weighted by a Hamming function which takes the fo
lowing form:
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eq: 1

where,

eq: 2

The main concept of the spatial filtering are shown on
Fig. 24.

By using trigonometric relations it can be shown that
this equation is a cosine squared function which sits on a
pedestal above the zero level. In general the Hamming
window is designed to have a Fourier transform with low
sidelobes. The value ofα (which can vary between 0 and
1) used in the scatterometer weighting function is set to
0.54. This value produces the optimum level of sidelobe

suppression, such that the highest sidelobe is -43
below the peak value.

The Hamming function used in the spatial averagin
process will dominate the form of the scatteromet
impulse response function. The special properties of th
function are important when considering whether th
scatterometer data can be regarded as being adequa
or inadequately sampled.

The size of the Hamming function is 84.5 km by 84.
km across and along track respectively for the Sid
antennae, and 86.0 km by 86.0 km for the Mid antenn

This part of the processing impact a lot the characte
istics of theσº and in particular the resolution.

Kp Calculation

In order to allow an optimised wind field extraction
algorithm, eachσº value has to be characterised by th
accuracy to which it has been measured. taking in
account speckle and receiver noise contributions on
and assuming that the noise subtraction process gi
only a negligible contribution (noise signal integratio
time is comparable with the target signal integratio
time, which is true for ERS), the standard deviation K
of theσº can be written as:

eq: 3

where M is the number of independentσº measure-
ments andσºnoise is the σº equivalent of the receiver
noise power. As the Kp value is only used as a weightin
factor during further processing, a limited accuracy
acceptable for M andσºnoise.

During this step of the processing M and the nois
normalisation factor are extracted from Look-Up-Table

Figure 23: Definition of the node localisation
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Figure 24: Node localisation
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Figure 25: Weighted integration and Hamming functio

Sub-satellite track

Weighting function

Some Fore Beam
node

area of integration
around the node

Block signals

Kp
1

M
--------- 1

σ°noise

σ°
-----------------+ 

 =



on
nd
an
a-

re

e
e-
r

e

Monitoring Parameters
The last steps of the processing consists of the compu-

tation of the Power Spectrum characteristics (Centre of
Gravity and Standard Deviation), I and Q channels
imbalance factors and the Internal Calibration Level.
These parameters are provided in the Source Packet
Headers for monitoring purpose.

Wind / Wave mode

The algorithms described in the previous paragraphs
were proposed between 1985 and 1986, a long time
before the actual launch of ERS-1 on July 21, 1991. In
parallel to the progress in the design of this processor,
the Scatterometer Simulator System was developed. In
the context of this note, the main task of the SSS is the
generation of the Look-Up-Tables.

At that time the nominal mode for the scatterometer
operations was the Wind mode. An experimental mode
called the Wind/Wave mode was proposed, but not sup-
posed to be scheduled nominally.

The Wind/Wave mode consists of interrupting the
Scatterometer measurements every 200 or 300 km for a
time period corresponding to 2 FMA sequences
(1 881.68 ms) in order to acquire a small SAR imagette.

Practically ERS-1 was operated in Wind mode only
three days during the commissioning phase, and ERS-2
is operated in Wind mode over land only to allow ATSR
High Rate data on-board recording (because of the SAR
imagettes, the Wind/Wave mode has a relatively high
data rate which doesn’t allow the ATSR HR operation at
the same time). All data over the ocean (excepted the
three days in 1991) were acquired with ~2 s interruption
every 200 km for Sar imagettes acquisition.

Basically in Wind/Wave mode, two source packets are
permanently missing in the Side antennae spatial filter,
and are missing half of the time for the Mid Antenna
(see Fig. 26 and Fig. 27).

The impact on theσº is due to a combination of the
size of the Hamming function used for the Spatial Filter-
ing which is a bit less than 100 km (see Spatial Filtering)
and of the fact that theσº is not uniform across the aver-
aging area due to the evolution of the incidence angle
(theσº decreases when the incidence angle increases) as
illustrated on Fig. 28.

If the geophysical phenomena to measured is uniform,
the impact on the Midσº is negligible as, the same

number of samples are missing inside the integrati
area at low and at high incidence angle. For the fore a
Aft beams the samples are in general not missing in
uniform manner across the node. Fig. 26 shows a situ
tion where highσº (low incidence angle) samples are
missing, therefore the averagedσº will be slightly lower
than what it should have been if all samples whe
present.

A study was carried out to estimate the impact on th
σº [6]. In case there is no marked strcture inside the int
gration area (well marked meteorological front fo
example), the error on the Side antennaeσº is lower than

Figure 28:σº evolution across the swath
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around the node
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Figure 26: Fore missing Source Packets in Wind/Wav
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Figure 27: Mid missing Source Packets in Wind/Wave
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4% of the nominalσº value. For the Mid antenna this
error is less than 0.1% as expected.

As the normalisation factor are computed in the SSS
before hand without knowing the position of the missing
source packets, it is impossible to correct this anomaly
without modifying completly the actual Ground Process-
ing chains.

σº to wind processing

This part of the processing chain is the result of vari-
ous studies carried out by scientific groups in France,
United Kingdom and Germany. There are three elements
to clearly distinguish. Two are algorithms called Wind
Retrieval and Ambiguity Removal and the third element
is the model used to relate theσº and the wind as meas-
ured at 10 m altitude. The model used today in the ESA
Ground Segment for Real-Time data processing is called
CMOD-4 [2]. Very often the quality of the algorithms is
confused with the quality of the model when these ele-
ments are linked to two different aspects, software engi-
neering on one side, physics of the interaction of the
microwave with the sea surface on the other side.

One could propose to use different C-Band models for
different type of applications.

It is not the intention to discuss in this document the
respective merit of the various existing models; therefore
only the algorithms will be presented.

The Wind Retrieval - Principles
This step of the processing is easier to understand

when it is represented in theσº measurement space,
defined by theσºfore, σºaft andσºmid. In this space the C-
Band model looks like a double cone as shown on Fig.
29 in an artistic representation and on Fig. 30 as a cut by
a plane defined byσºfore+σºaft equal a constant value [7].

This part of the processing consists in finding th
minima in theσº space, of the distance between theσº
triplet measured and this cone.

Historically two definitions of the distance where
used.

The first one correspond to the maximum likelyhoo
distance which assumes that each measurement ha
gaussian noise of standard deviation kp (see paragr
on kp calculation):

eq: 4

The second one is simply the Euclidian distance:

eq: 5

In these equationsi is the antenna, is the measure
σº triplet andσ is the theoreticalσº triplet defined by the
C-Band model. The later can be parametrised with t
Wind speedv and Wind directionϕ for a given look
angleψ and the incidence angleθ, these two last varia-
bles depending of the antenna.

eq: 6

The model can be internally represented as a Loo
Up-Table or an analytical formula. Both representation
have been implemented but only the Look-Up-Table w
used operationaly because of the throughput operatio
requirement.

Figure 30: Representation of CMOD 4 (in blue) with
ERS-1 and ERS-2 data (respect. in red and in green).

Figure 29: Artistic representation of the C-Band mode
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The first implementation was based on equation 4, and
was giving up to six minima for eachσº triplet. It was
latter shown that, because of the non-linearity of the
model, the componant of the noise parallel and perpen-
dicular to the model were not gaussian, and that there
was no real justification for using a maximum likelyhood
distance.

A new implementation of the wind retreival algorithm
was made based on equation 5. Typically this method
returns up to four solutions (see Fig. 31).

The Wind Retrieval - Algorithm Description
The Wind retrieval algorithm is made of four steps:
• Calculation of a realistic Wind Speed as a starting

point for the minimisation process.
• Minimisation with a variable wind speed and a fixed

wind direction using a Newton-Raphson technique.
This minimisation is performed every 10º in wind
direction with 0.5 m/s precision if the Look-Up-
Table is used and 5º and 0.1 m/s precision if the ana-
lytical form of the model is used. 36 (or 72) triplets
of speed, direction and distance are calculated. It is
important to note that the wind speed retreived are
varying with the wind direction.

• Retrieval of the up to six minima (only four are actu-
ally retreived since the Euclidian Distance method
was implemented)

• Ranking of the minima from the smallest distance to
the largest (Rank 1 to 6).

When the C-Band model is modified, the convergence
of the Newton-Raphson minimisation has to be checked.
A tradeoff has to be found between the operational
requirements (throughput, memory and processing
power available) and the size of the Look-Up-Table.
When this algorithm was installed for ERS-1, the best
trade-off was 10º and 0.5 m/s resolution, these specifica-
tions were never changed even if the hardware was

upgraded twice (once just before ERS-1 launch and
second time just before ERS-2 launch).

The output of this part of the processing are the up
four solutions (wind speed and direction) and the di
tance from the solution to the cone.

The Ambiguity Removal
The ambiguity removal consists in choosing the righ

solution within the up to four computed by the Wind
retreival.

The capacity of choosing the right solution in a
autonomous way (i.e. without any external support fro
analysis or forecasts) depends directly on the relati
distance between the two sheets of the cone and
measurement noise. In another words, if the noi
doesn’t “move” the measurement point from the con
further than half the distance between the two sheets,
rank one solution is most of the time the correct one.

This is not the case. If fact Fig. 30 indicates that th
noise and the distance between the two sheets are of
same order of magnitude. The quality of the C-Ban
model is also very important. Errors in the mode
description will lead directly to errors in the distance
and eventually to the wrong solution.

Pratically the algorithm implemented uses two meth
ods, an autonomous one which works only in certai
conditions (high uniform winds with a direction which
corresponds to an area of the cone where the two she
are well separated) and a second method which uses
support of forecasts produced by ECMWF.

Due to operational reasons (generation and transm
sion time), the forecasts used are 18, 24, 30 and 36 ho
forecasts valid for ambiguity removal for a period of 6
hours from -3 to +3 hours around the nominal time. Th
will be improve soon, as ECMWF produces these for
cast twice a day (and not only once as before). Starti
in October 1998 only 18 and 24 hours forecasts are us
twice a day.

In both cases the algorithm uses a statistical approa
Based on the first two solution for each node (rank
and 2) two coherent wind fields are constructed, whe
each node in one of the field is 180º appart of the sam
node in the other field (“opposite” wind fields). By
counting the number of rank 1 solution in each fiel
(autonomous method) or by computing an averag
directional distance between each field and the meteo
logical forecast (meteorological method), the best field
chosen.

In order to optimise the use of the hardware capac
and to avoid to propagate ambiguity removal errors,
has been decided to work on continuous segment of
swath up to 3000 km (6 products) long.

New ambiguity removcal methods using in particula
2 dimensional variational techniques are being studi
and made available. The possibility of implementin
such a technique is being investigated.

1

2

3

4

Figure 31: Illustration of an example of wind solutions
retrieval (A and B have respectively 4 and 2 solutions)
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The Ambiguity Removal - Algorithm Description
Five main steps are presents in both methods.
• Select six consecutive products
• Define continuous zones within the selected 6 prod-

ucts (these zones are interrupted by land, no wind
area)

• Using rank 1 and rank 2 solutions build two “oppo-
site” wind fields for each of the zones. The algo-
rithm in place works by continuity, choosing the
solution which has a direction close to the previous
two nodes.

• Select by using the autonomous and/or the meteoro-
logical method the “best” wind field.

• Introduce rank 3 and 4 solution by cheking if they
make the retreive wind field smoother.

Conclusion
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Documentation

This paper was written using intensively internal doc-
umentation released by industry during the ERS Active
Microwave Instrument development on one side and
during the various studies in preparation for the ground
processing and for its development on the other side.
This documentation cannot be made available to external
users.

[I-1] ERS-2 Satellite to ground Segment Interface
Specification - ER-IS-ESA-GS-0002 - Issue 1.1,
02.12.1993

[I-2] Kiruna Station Requirements Specification - ER-
RS-DSF-GS-0002

[I-3] ERS-2 AMI Flight model Characterisation Data -
ER-TN-ESA-GS-0447 - Issue 1.0, 17.03.1995

[I-4] Wind Scatterometer Ground Processing Require-
ments up toσº - ER-RP-DSF-SY-0006 - Issue 4,
18.12.1987, hand write updated June 1990.
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