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Introduction

1 Introduction

The wind scatterometer uses three antennas (Fore, Mid and Aft beams) to measure the energy
backscattered by the ground in order to calculate the backscattering coefficients in three directions
(0%ore, 0°mia» 0°ar). One of the main applications is wind (speed and direction) retrieval over the ocean.

The ground processing operations are aimed at converting the raw measurements (samples of the
echoes) into calibrated sigma-nought measurements as a first step and into wind vectors (wind speed
is represented by the vector magnitude and the direction by it's orientation), this is achieved through
many processing operations, the main blocks are re-sampling, Doppler compensation, low pass
filtering, normalization and spatial filtering [AD 8],[AD 7] and [RD 13] This is carried out for the three
beams.

At the end of the process, a grid of points (nodes) on earth is obtained, the grid of nodes are
separated by 25 Km (nominal resolution) or 50 km (high resolution) in both directions (along-track and
across-track) and for every node the sigma-nought measurements are derived [AD 4].

Since wind speed/direction retrieval can only be performed over sea, a global land map is used as a
mask to identify the land nodes and sea nodes (see Section 6.3.2.6.1 Land-sea flag). A specific
algorithm is used to identify the ice nodes (see Section 6.3.2.6.2 Ice flag). Identification errors are
possible, particularly over mixed nodes (containing land and sea or ice and sea).

The conversion of the backscattering coefficients (sigma-nought) measurements to a wind vector is
based on a C-band theoretical model. The wind solutions closest to the measurements are pre-
selected. As the theoretical analysis shows that up to four solutions can exist, an ambiguity removal
algorithm is required to select the most appropriate solution.

1.1 Scope of the document

This document is the ASPS products handbook. The ASPS products (ASPS 1.0, ASPS 1.5, ASPS 2.0
and ASPS UWI) are generated by the scatterometer Advanced Processing System. The format of the
ASPS products will be presented through the document to provide information to provide insight in the
content of the products and the meaning and consequences of the different fields..

All the fields and flags of the products are described in detail; examples and numerical values are
provided for more clarity.
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Proceeedings of a Joint ESA-Eumetsat Workshop on Emerging Scatterometer Application —
From Research to Operation, pp. 241-260, ESTEC, (The Netherlands), Nov. 1998.

[RD 12] R. Crapolicchio and P. Lecompte, The ERS wind scatterometer mission: routine monitoring
activities and results, in Proceeedings of a Joint ESA-Eumetsat Workshop on Emerging
Scatterometer Application — From Research to Operation, pp. 285-298, ESTEC, (The
Netherlands), Nov. 1998.

[RD 13] X. Neyt, P. Pettiaux and M. Acheroy, Scatterometer Ground Processing review for gyro-less
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Regions 2002, volume 4880, Crete, Greece, September 2002.

[RD 14] P. Pettiaux, X. Neyt, and M. Acheroy, Validation of the ERS-2 Scatterometer Ground
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[RD 15] R. Crapolicchio, P. Lecomte, and X. Neyt. The advanced scatterometer processing system
for ERS data: Design, products and performances. In Proceedings of the Envisat
Symposium, Salzburg, Austria, September 2004.

[RD 16] R. Crapolicchio, P. Lecomte, The ERS wind product specification, Proceeding of Emerging
Scatterometer Application workshop, ESTEC, Noordwijk, The Netherlands, 5 — 7 October
1998, ESA-SP-424, pp 271 — 284.

[RD 17] X. Neyt, N. Manise, and M. Acheroy. Enhanced neural-network based sealice discrimination
using ERS scatterometer data. In Proceedings of SPIE Remote Sensing of the Ocean, Sea
Ice and Large Water Regions 2005, volume 5977, Brugge, Belgium, September 2005.

1.3 Abbreviations

AD Applicable Document

ADC Analogue Digital Converter

ADCU ADC Unit

AMI Advanced Microwave Instrument

ASCAT Advanced Scatterometer

ASPS Advanced Satterometer Processing System

BER Bit Error RateCMS Control and Monitor Subsystem

CoG Center of Gravity

DPMC Data Processing, Monitoring and Control Facility

DPS Data Path Switcher

DSR Data Set Record

EECF Earthnet ERS Central Facility
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ERS
ESA
ESRIN
EWIC
FDP
FMA
FS
HDDT
HR

Kp
LBR
LR
LRDPF
MMCC
MPH
OBRC
OGRC
PCD
QC

RD
SAR
SARFDP
StDev
SV
SPH
UPG
UwiI
WSP
YSM
ZGM

Introduction

European Remote Sensing
European Space Agency

European Space Research Institute
Extracted Wind Calibration Data
Fast Delevery Processor

Fore — Mid — Aft

Frame Synchronizer

High Density Digital Tape

High Rate

Internal calibration

normalized standard deviation of 0
Low Bit Rate

Low Rate

Low Rate Data Processing Facility
Mission Management and Control Center
Main Product Header

On Board Range Compression

On Ground Range Compression
Product Confidence Data

Quality Control

Reference Document

Synthetic Aperture Radar

Synthetic Aperture Radar Fast Delivery Processor

Standard Deviation

State Vector

Specific Product Header

User Provided Grid

User Wind Data

Wind Scatterometer Processor
Yaw Steering Mode

Zero Gyro Mode

ESL

o0 (or sigma0) Sigma-nought (absolute normalized radar cross-section)
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2 Ground segment

2.1 Technical infrastructure

The ground segment consists of an ensemble of facilities for the acquisition, processing, distribution
and archiving of the satellite data and of the derived products.

A network of ground stations implemented around the world assures the ERS-2 telemetry once per
orbit. The ERS telemetry consists of two parts: High Rate data (105 Mbit/s) and Low Rate data
(1093.75 Kbit/s) [AD 2].

The main functions of the ground stations are: real time data acquisition, acquisition of the LBR data
from the on-board tape recorder and data processing and generation of fast delivery products.

The end user interface and the exploitation of the payload data has been implemented within the
ESRIN EECF (Earthnet ERS Central Facility) in Frascati, Italy, while the satellite planning and control
functions, including the control of the Kiruna station are the responsibility of the MMCC in Darmstad,
Germany. The processing parameters and commands will be processed by the Control and Monitor
Subsystem, CMS [AD 2].

In the old processing system, the products were generated by the SARFDP and LRDPF fast delivery
processors. The SARFDP produce AMI Image and AMI Wave products. The AMI Wind product is
produced by the LRDPF (Low Rate Data Processing Facility) [AD 2]. For compatibility, some fields
related to the old processors remain in the MPH, but they are obsolete for the products described in
this document (ASPS 1.0, ASPS 1.5, ASPS 2.0 and ASPS UWI) which are generated by the new
ASPS processing chain.

The low bit rate data from ERS-2 were transcribed from HDDT to Exabyte tapes directly at the
receiving station [AD 2]. In 2003 the on—board tape recorders failed and since then the LBR data are
acquired in real time when the satellite enters the visibility area of the available ground stations.
Possibly, the coverage of several ground stations overlap and in that case, the same data (at source-
packet level) is acquired by different ground stations. For source-packets acquired by several stations,
the source-packet with the highest quality is retained for further processing (merging operation). The
fields related to HDDT are obsolete for the ASPS products and are only kept for compatibility.
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2.2 Review of the processor

The ASPS processor is a chain of signal processing modules, the input of the chain is the echo signal
power and the output are sigma triplets for each node. The main modules are: ADC non linearity
correction, yaw estimation, amplitude correction, Doppler compensation, low pass filtering, envelope
detection, normalization/calibration and spatial averaging.

A quality control is performed at each stage of the processing chain. Depending on the result of this
control, different actions are performed and flags are set to indicate the QC result. The main quality
controls and the flags resulting from each QC are detailed further in this chapter.

N

i i Yaw angle Doppler Node
Merging Ingestion > / 9 pp . 1,
/ estimation compensation generation
L—» = Beam
= Land/sea,
= Ice/sea
=  Wind speed
=  Wind direction
— = Doppler compensation CoG
= Doppler compensation StDev
—— = Doppler frequency shift
= Yaw angle
— = |[nternal calibration
= Noise power
= Arcing
—— = Corruption detection
Figure 1:Simplified block diagram of the processor
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2.2.1  Corruption detection

Corruption of the source packets can be detected by CRC or by monitoring the value of slowly-varying
quantities (noise power, internal calibration level). Whenever this occurs, the corrupted values are
replaced by default values. However, corruption of the measured data cannot be detected as such and
if another quantity was detected as corrupted, the corresponding measured data and hence the sigma
nought should be interpreted with care, for more detailed information see [AD 7] chapter 13.

2.2.1.1 Frame checksum

A frame Checksum flag is set when either bits 8-9 (Frame Synchronizer) of the MPH are equal to 1
and bits 10-11 (FS processor to I/F) of the MPH are greater than 0, in this case noise power and
calibration pulse are replaced with default values (see below) [AD 7] section 13.2.4.3

2.2.1.2 Corrupted noise power

An additional check of the noise power level is performed in the quality control applied to source
packets during the ingestion. Corrupted noise power is detected if the measured noise power is out of
a defined interval. In this case, the noise power is replaced by default values and the noise power flag
is set [AD 7] section 13.3.3.

Maximum Corrupted Noise Power Threshold =100 (Fore), 100 (Mid), 100 (Aft) [ADCU]

Noise Power Default = 1.0 (Fore), 0.0 (Mid), 1.0 (Aft) [ADCU]

2.2.1.3 Corrupted calibration pulses

Corrupted calibration pulse is assumed when the maximum of the calibration energy is above a
configured threshold. In this case, the calibration pulse energy is replaced by a linearly extrapolated
default value [AD 7] section 13.3.4.

Calibration Corrupted Threshold = 4000 (Fore), 3000 (Mid), 4000 (Aft) [ADCU]

2.2.2 Internal calibration

Internal calibration consists in injecting a fraction of the transmitted pulse directly into the receiver low
noise amplifier in order to correct the gain, to monitor instrument ageing and to detect anomalies.

The energies of the 4 calibration pulses corresponding to one measurement block are averaged
together. The resulting energy is monitored against a threshold and whenever this threshold is
exceeded, the internal calibration flag is set [AD 7] section 13.3.1.

2.2.2.1 Calibration subsystem failure

Failure of the calibration subsystem is detected when the echo signal power is larger than a
configurable threshold (thus actually assessing some power was transmitted by the instrument) and
the calibration pulse energy is smaller than a configurable threshold. In this case the calibration pulse
is replaced using a linearly extrapolated default value [AD 7] section 13.3.5.

Echo threshold = 5.0 (Fore), 5.0 (Mid), 5.0 (Aft) [ADCU]
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Calibration pulse threshold = 350 (Fore), 100 (Mid), 350 (Aft) [ADCU]Noise power

The signal power measured by the scatterometer is the echo signal power plus the receiver noise
power. To improve the instrument accuracy, the receiver noise is measured separately and then
subtracted from the sum of both.

The noise measurements are taken after each transmitted pulse except the 1%, 11" 21st and 31°
before the signal returns. During each sequence of 32 pulses, 28 noise signals are measured. The
corresponding in-phase and quadrate noise measurements intensities are averaged together on-board
and the corresponding averages are transmitted to the ground [AD 7][RD 11].

The noise power is compared to a predefined threshold and the noise power flag is set when it
exceeds this threshold.

2.2.3 Arcing

Arcing is an electrical anomaly affecting the transmitting tube. When this occurs, the power amplifier,
which is the last stage of the transmitting system, is switched off during 15 seconds, which leads to
missing transmit pulses. The averaged energy of four calibration pulses (1%, 11™, 21st and 31%) of
each measurement block (32 pulses) is used to detect missing transmit pulses due to arcing of the
power amplifier.

Arcing events are detected when the echo signal is lower than configured threshold and the calibration
energy is smaller than another threshold; in this case the arcing flag is set and the calibration pulses
are replaced using a linear extrapolation [AD 7] section 13.3.8.

2.2.4 Doppler compensation and Yaw angle estimation

2.2.4.1 Doppler frequency shift

Due to the relative motion between the satellite and the ground, the echo signal spectrum is shifted. In
order to have the spectrum fit in the on-board filter pass band on-board Doppler compensation is
required [AD 7].

If the Doppler frequency shift is out of a configured interval, the corresponding flags are set. In that
case, echo energy is lost due to on-board filtering and the sigma naught will be under-estimated.

2.2.4.2 Yaw angle estimation

The yaw angle is estimated from the raw data by measuring the residual Doppler frequency shift, the
yaw angle that caused the measured frequency shift is then taken as estimate for the spacecraft’'s yaw
angle [AD 7] chapter 9[RD 13].

If the estimated yaw angle is outside the configured intervals, the corresponding flag is set. In that
case, the on-ground Doppler compensation will possibly not be able to recover the whole signal, which
will cause an under-estimation of the sigma naught.

2.2.4.3 On-ground Doppler compensation
The efficiency of the on-ground residual Doppler compensation is checked by measuring the Center of
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gravity and the Standard deviation of the resulting spectrum. If their values are outside the defined
intervals, the Doppler compensation CoG and/or standard deviation flags are set. This means that the
on-ground Doppler compensation was not successful and that the sigma nought are possibly under-
estimated.

2.2.5 Node dependent flags

2.2.5.1 Beam flag

This flag indicates the validity of the measurements performed by the three antennas Fore/Mid/Aft.
The measurements are valid if the flag is not set. The flag is set if the sigma naught is lower than zero
or if the number of samples is smaller than a threshold (minimum number of source packets needed
per node, per beam), in this case the sigma and Kp are assigned default (sentinel) values.

2.2.5.2 Land/sea

A node is assigned land status according to the percentage of land-samples within the surrounding
area contributing to the considered node. A node is flagged “land”, hence the flag is set, if more than
15% of the samples that contribute to it are over land. In this case no wind extraction is attempted for
the given node. The ENVISAT map is used as land mask [AD 9], page36, 37.

2.2.5.3 Icelsea

The method used for discrimination between sea-ice and open water is described in details in [RD 17].
In this case no wind extraction is attempted for the considered node. Ambiguities are possible when
discriminating between ice and sea due to the presence of mixed nodes (where both sea and ice is
present). The determination algorithm only uses the current measurements and does not exploit
temporal coherence of the ice field [RD 17].

2.2.5.4 Wind speed-direction-distance

The wind retrieval algorithm generates up to four solutions (wind speed and direction) for each node.
To each of these solutions the distance between the o° triplets measurements and the solution
computed using an analytical model is attached. The solutions are ranked by increasing Euclidean
distance. The Rank 1 solution has the smallest distance. The ambiguity removal algorithm re-sorts the
first two solutions in order to increase the spatial homogeneity of the wind field.

The value of wind speed resulting from the process described above is compared to a predefined
threshold, if it exceeds this threshold the high wind flag is set and if it is under the threshold, the low
wind flag is set.

The wind speed/direction bias is the difference between the wind vector obtained from the
scatterometer measurements (the one selected by the ambiguity removal algorithm) and the
meteorological wind used as background in the ambiguity removal. If this bias exceeds configured
thresholds the wind speed/direction bias flags are set.

2.3 Output products
The ASPS processor generates 3 types of products: ASPS 1.5, ASPS 2.0 and ASPS UWI. Moreover
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experimental products can be generated, namely ASPS 1.0, ASPS UPG and ASPS ASCAT.

All the ASPS products have the same structure: a Main Product Header (MPH), followed by a Specific
Product Header (SPH) and several Data Set Records (DSR). The MPH is the same for all products,
SPH and DSR format is product-dependent.

As a general rule, acquisition and downlink information is stored in the MPH, quality control and
processing information covering the entire product is given in the SPH, and information related to the
quality of individual nodes or node rows is stored in the DSR.

In ASPS 1.5 products, a DSR contains information from one FMA sequence, i.e., one DSR every
second, and one product covers one orbit between ascending node crossings. The total number of
DSR, for a full orbit is about 6000. ASPS 1.0 products have a similar structure.

In ASPS 2.0 products, a DSR contains one row of 19 (nominal resolution) or 41 (high resolution)
nodes, one DSR (row) every 4 seconds, and one product covers one orbit between ascending node
crossings. The total number of DSR for a full orbit is about 1500.

In ASPS-UWI products, a DSR contains one square of 19 nodes x 19 nodes (361 nodes), one product
covers one area of about 500x500 km?, and one full orbit corresponds to about 85 products.

ASPS UPG products, contain the same information as ASPS 2.0, but the geographical positions of the
nodes are arbitrary (user-provided).

ASCAT products are generated from ASCAT level 0, level 1A or level 1B full resolution data. The
output format can be either ASCAT level 1B or ASPS2.0, taking into account the two swaths (left and
right).

Further technical details on the scatterometer processing chain are given in [AD 7]. The products
format are described in more details in [AD1].
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3 Main Product Header

The Main Product Header (MPH) description applies to the ASPS1.5, ASPS 2.0 and UWI products.

3.1 Product size

The size of the MPH is 176 bytes, The MPH contains information about the SPH and DSR size, the
field 8 contains the size of the SPH in Bytes which is 100 bytes (ASPS 1.5), the field 9 contains the
number of product data set records and the field 10 contains the size of each product data set record
in bytes.

3.2 Product generation

A product can be generated by several processors (subsystems). The products described in this
document are generated by the ASPS processor. The 11™ field indicates the subsystem that
generated the product, and the 16" field indicates the processor software version used to generate the
product.

3.2.1  Product Identifier (field 1)

(For ESA internal operational only): set of characters and integers which form a unique identifier.

3.2.2  Product Type (field 2)
(See [AD 1] Appendix A, table B)

UWI is type 8, ASPS 1.5 is type 41 and ASPS 2.0 is type 42. ASPS 1.0 type is not defined.

3.2.3  Spacecraft
The Spacecratft field (field 3) indicates the satellite type, 1 for ERS-1 and 2 for ERS-2.

3.3 Time and clocking

UTCT (field 4): represents the UTC time of sub-satellite point at beginning of product or the time of the
first line of nodes. It has the following format in ASCII: dd-MMM-yyyy hh:mm:ss.ttt (for example: 30-
JAN-1987 14:30:27.123).

UTCG (field 7): represents the UTC time at which the MPH was generated.

REFT (field 13): represents the reference time. Time relation used to convert from satellite time to
UTC, used together with the next two fields.

CLOCK (field 14): Reference binary time of the satellite clock

ASCN (field 19): UTC time of ascending node state vector
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34 Station ID

ID of the station where the data was processed

1. Kiruna station (KS)

2. Fucino station (FS)

3. Gatineau station (GS)

4. Maspalomas station (MS)

5. EECEF station (ES)

6. Prince Abert station (PS)

7. West Freugh (WF)

8. Hobart (HL)

35 Product Confidence Data

All ASPS products contain information on the quality of the content. This information is contained in
the Product Confidence Data (PCD) field of each product's Main Product Header (MPH), 16 bits
provide a summary of checks performed before product dissemination. For the ASPS 1.0, ASPS 1.5
and 2.0, an other PCD field is present in the SPH.

3.5.1 PCD Summary flag (bit 1)

Qualifies the success of product generation, the flag is set to 0 when the product is correctly
generated and set to 1 when at least one of the remaining 15 bits of the PCD in the MPH is set.

3.5.2 Downlink performance and X-Band acquisition chain (bit 4-5)

The scatterometer performs the backscatter related measurements at a frequency of 5.3Ghz (C-band)
but it performs the telemetry operations using S-band and/or X-band links depending on the ground
station capabilities.

During the acquisition, the following PCD is collected:
e Bit error rate (BER) estimate
e Downlink channel signal strength
e | and Q bit synch lock status
e Demodulator lock status

The DPMC collects the PCD and checks it against configured limits and passes the result as a PCD
flags. The flag is set to O if the performance is better than minimum threshold, set to 1 if the
performance is equal to or worse than threshold and set to 2 if the performance is unknown [AD 2].
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3.5.3 Performance and status of processing chain (bit 7-8-9-10-11)

During product generation the following equipments are monitored:
e HDDTs (High Density Digital Tapes)
e FS (Frame Synchronizer)
e Frame Synchronizer to product processor interfaces
e SARFDP and LRDPF processor status

e HDDT Summary (bit-7)

The HDDTs are monitored by the DPMC/CMS, which collects status information generated by the tape
search units (TSUs). The DPMC/CMS also collects “synch lock” status via the tape search unit every
2.5 seconds, checks the parameters against predefined limits, and passes the resulting flag to the
processor. The flag is set to O if the performance is better than supplied minimum threshold, set to 1 if
the performance is equal to or worse than threshold and set to 2 if the performance is unknown [AD 2].

As mentioned above, the fields related to SARFDP, LRDPF, and HDDT are obsolete for the ASPS
products.

3.5.3.1 Frame Synchronizer (bit 8-9)

The ground telemetry system require a Frame synchronizer to isolate the first synchronization word
(synchronization pattern). During the replay of the tapes, the frame synchronizer monitors the BER
and the lock status of the down-linked data. The DPMC/CMS samples the frame synchronizer status
every 2.5 second, checks the parameters against predefined limits and passes the resulting flag on to
the processor. The flag is set to 0 if the performance is better than supplied minimum threshold, set to
1 if the performance is equal to or worse than threshold and set to 2 if the performance is unknown.

3.5.3.2 FSto processor I/F LRDPF and SARFDP (bit 10-11)

The frame synchronizer to processor interfaces are monitored in the SARFDP and the LRDPF. The
processors check the parity bit in the incoming data from the frame synchronizer. The flag is set if at
least one parity error is detected.

3.5.4 Checksum Analysis on Low Rate Frames (bit 12-13)

The LR transfer frame checksums are analyzed by the Frame synchronizer. The LRDPF takes action
by replacing the noise and calibration pulse data with defaults, and by flagging the event in the MPH.
A count of checksum errors is maintained and a flag in the MPH set if the ratio of erroneous frames to
total frames exceeds a threshold.

3.5.5 Quality of down-linked formats and source packets (bit 14-15)

The performance of instrument formats and source packets is monitored by the SARFDPs and the
LRDPF through analysis of the data from the frame synchronizer. If a source packet (LR) or format
(HR) cannot be reassembled, that is, it is too short or too long, all data are totally disregarded. In
addition, a flag is set accordingly in the MPH and in the PCD of the cell.
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The threshold is defined in a configuration file (table), the version number of this table is indicated by
the field 17 of the MPH.

3.5.6  Quality of auxiliary data (bit 16)

In addition to the measurement and calibration, data information termed “auxiliary data” is provided to
the ground. The auxiliary data shall contain all AMI related information necessary for interpretation and
processing of the measurement data including calibration data that was measured on-board but are
not part of the main measurement of the instrument; external calibration files from sources other than
the satellite; processor configuration files; and any other files needed by instrument processor.

Aucxiliary data in the header of the down-linked source packets are checked by the processors against
predefined limits. If a processor is unable to extract all the auxiliary data needed for the product
generation, a flag is set accordingly in the MPH.

3.6 Range compression (bit 1-2)
This flag is used for SAR products only.

3.7 State vector (fields 19-25)

A state vector (SV) is a set of data describing exactly where the satellite is located in space and how it
is moving, from the SV the object’s current and future position can be determined. The SV contains 7
elements, 3 position coordinates (m), 3 velocity components (m/s), and the time at which these values
were valid. The reference system is North (latitude), East (longitude) and altitude as showed in the
following figure (the figure is not a representation of an ERS orbit).

Morth

Pole ZD

Orhit
Plane
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X Equinox

Figure 2: State vector
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4 ASPS Level 1.0 Product

4.1 Introduction

This product aims at providing the sigma naught values at the raw spatial resolution of the instrument,
i.e., without spatial averaging nor resampling.

The format of this product is very similar to the ASPS Level 1.5 product, they share the same SPH and
a major part of DSR. The main difference (advantage) is that ASPS Levell.0 contains the sigma
measurement block and the geometry parameters (latitude, longitude, incidence angle, elevation
angle and look angle) related to each source packet.

4.2 Specific Product Header
Is the same as the ASPS Level 1.5 product (See section 5.2)

4.3 Data Set Record

The same format as the ASPS Level 1.5 product with the following additional fields. These fields
provide the concerned value (sigma, latitude, ...) for each measurement sample of the current data
block.

4.3.1 Sigmap (fields 30,31,32)

The fields 30, 31 and 32 of the DSR contain three sigma-nought per pulse arrays corresponding
respectively to the Fore, Mid and Aft beams. These sigma-nought are calibrated and averaged over
the 32 pulses transmitted by the instrument. However, no spatial averaging is performed as this is
precisely the main aim of this product.

4.3.2 Latitudes (fields 33,34,35)
See section 6.3.2.1.1

The fields 33, 34 and 35 of the DSR contain respectively three Latitude arrays corresponding
respectively to the samples of the Fore, Mid and Aft beams.

4.3.3 Longitudes (fields 36,37,38)
See section 6.3.2.1.1

The fields 36, 37 and 38 of the DSR contain respectively three Longitude arrays corresponding
respectively to the samples of the Fore, Mid and Aft beams.

4.3.4 Incidence angles (fields 39,40,41)
See section 6.3.2.2.2
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The fields 39, 40 and 41 of the DSR contain respectively three incidence angle arrays corresponding
respectively to the samples of the Fore, Mid and Aft beams.

4.3.5 Elevation angles (fields 42,43,44)
The antenna elevation angle with respect to the nadir.

The fields 42, 43 and 44 of the DSR contain respectively three elevation angle arrays corresponding
respectively to the samples of the Fore, Mid and Aft beams.

4.3.6 Look angles (fields 45,46,47)
See section 6.3.2.2.3

The fields 45, 46 and 47 of the DSR contain respectively three look angle arrays corresponding
respectively to the samples of the Fore, Mid and Aft beams.

This field is only computed when sigma is not equal to 0, when it's not the case it takes the default
value -999.99.

4.3.7 Kp (fields 48,49,50)
See section 6.3.2.2.4

The fields 48, 49 and 50 of the DSR contain respectively three Kp arrays corresponding respectively
