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Document Change Record

Issue / Date DCN. No Changed Pages / Paragraphs
Revision
1 Draft E 31/8/99 Full doc. Addressed CGSRR RIDs.
1 Draft G 20/4/00 Full doc. Addressed CGS RIDs
> Draft A 30/6/00 Full doc. Addressed CGS RIDs
Full doc. Re-structuring of the document.
3 Draft A 15/11/00 Full doc. Update for First review cycle before CGS
14/05/01 PDR
40 31/05/01 Sec. 1.1. Addition to clarify the expected future

evolution of this document

Sec. 4.2. Added System Concept

Sec. 3, 4 and 7. Addition of a new type of instrument
measurement mode, after the results of the instrument
CDR: Gain Compression Monitoring (GCM).

As a consequence, addition of a function in the AQ
functional decomposition (B3). As a consequence,
addition of another internal file for accessing GCM
data and results from cal/val (7.4.8).

Sec. 4 and 5. Restructuring of the functional
decomposition of AO (sections 4 and 5), in order to
reflect more clearly the roles of routine and occasional
functionality. For that, the different data flows are
identified, clearly distinguishing between the
measurement and the external calibration data flow:
Occasional functionality de-scoped from A2 and A3,
into occasional functions in their own right B1 and B2.
The rest of the PGS has been made consistent with
the new sections 4 and 5.

Sec. 4, 5 and 7. General change in telemetry data
flow: it will go directly to Level 1A, and not to Level 0.
Sec. 4 and 5. Figures 2 and 3 from previous version
become 3 and 5. The actual figure 5 has been refined
as part of the restructuring of sections 4 and 5.

Sec. 1. Addition of RD9 and RD10

Sec. 3:

ALG.AO0.5: Addition of figure 2, in order to reflect, for
clarifying purposes, the distinction between routine
and occasional functionality. Addition of an
explanatory paragraph under the figure.

ALG.A0.8: Addition of Deblooming Kernels and GCM
related information to the list of items to make
accessible to the ASCAT cal/val facility.

ALG.A0.9: Addition of a new functionality: support of
GCM-related data handling.

Another bullet was added, making explicit the
functionality related to the generation of Normalisation
Factors and Deblooming Kernels. This is not an
addition in practice, since those were considered
within the general calibration functionality in the
previous version of the document.

ALG.A0.15: Clarified
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Issue /
Revision

Date

DCN. No

Changed Pages / Paragraphs

ALG.A0.18: added GCM instrument measurement
mode

ALG.A0.19: Clarified and added Secondary mode:
GCM

ALG.A0.25: Occasional functionality de-scoped from
A2 and A3, into occasional functions in their own right
B1 and B2.

Addition of B3 (GCM) functionality within the
occasional part.

ALG.A0.26: Updated to reflect change in ALG.A0.25
Sec. 4.1. Addition of Calibration and GCM-related
data as outputs from ASCAT PGF

Sec. 7:

Added general comment about internal product/files at
the beginning.

Level O: telemetry removed.

Level 0: Block 1l: Appended data list reduced.

Level 1A: Appended transponder data (in 7.2, Block II)
has been removed: as calibration data flow now
becomes different from the measurement data flow,
all transponder-related data are stored in the two
calibration internal files (to 7.4.1 and 7.4.2).

Deleted references to calibration data.

Level 1A: Commissioning / Operations phase flag
moved to Block I.

Level 1A: Appended quality flags and qualifiers
section re-written.

Level 1B: Structure reorganised, data content not
changed, except for the quality flags and qualifiers,
which have been re-written. This applies to all 50 km,
25 km and full-resolution products.

Internal products / files: Added comment on
accessibility (7.4) and static/dynamic character.
Internal products / files: 7.4.1: change of file name and
adding of transponder characterisation parameters
and corrected source packets and their r applied
reference functions.

Internal products / files: 7.4.2: change of file name.
Internal products / files: 7.4.3: contents re-written.
Internal products / files: Spatial Filtering internal file
and its contents added.

Internal products / files: File for Instrument settings
and parameters file(s) added. Contents TBD.

Internal products / files: Transponder characterisation
data file and contents added.

Internal products / files: GCM data product and
contents added.

Sec. 6:

Algorithm overview and philosophy added at the
beginning of section 6.

Equation numbers have changed through the whole
section. When an equation has been added or
changed, the number in this version of the document
will be given. When it has been deleted, the number in
the previous version of the document will be given
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Issue / Date DCN. No Changed Pages / Paragraphs
Revision
Added paragraph 6.2.9
Added equations: 7, 11, 12.
Added equation 14 (in 6.2.6)
Variables are expressed depending on discriminator
frequency sample (i) and not on discriminator
frequency value (f(i)).
Kp algorithm added (section 6.1.4)
Calibration frequency values added (eg. 10)
Section 6.2.2 added
Eq 54 from previous version deleted
Eq 56, 57, 58, 59 modified significantly
Eq 13 added
Eq 63, 64, 65, 67, 68, 69, 70, 73, 74, 75, 76, 77, 82,
83, 84, 85, and 86 changed.
Eq 114, 116, 122 changed
Eq 124, 125, 126, 127 from previous version deleted.
Eq 15 and 16 in 6.3.3 added
Eq. 145, 146 changed
6.0 08/02/02 gléI(I: d:(;c. One issue number skipped
EZ(/:Q\ESEE?:?) ALG.A0.6: Deleted
ALG.A0.30, 31, 32, 33, 34, 25: Added
ALG.A0.7, 11, 15, 16, 19, 22, 28: Clarified
Fig. 2 detailed
Sec. 4. Fig. 5 detailed
Sec. 7:
Fig. 6 added
Fig. 7 added
Fig. 8 added
Sec. 6. Eq. Numbers rearranged
Sec. 3, 4 and 5. Different data flows renamed for
consistency
Sec. 3, 4. Instrument Test mode added
Sec. 5. Function sequence simplified
Sec. 4. Definition of G/S Auxiliary data, Processing
Configuration Databases, Reporting,
Instrument/Processor status monitoring information
refined.
Sec. 4. Backlog processing and reprocessing defined.
Sec. 5. GCM function updated
Sec. 6. GCM algorithm updated
Sec. 6. Flag strategy added (sec. 6.1.5)
Sec. 7. Instrument and processing configuration
parameters added
Sec. 7. All product content files refined
Sec. 8. TBCs and TBDs section removed
Sec. 8. Algorithm variable/setting tables added
Full doc. All chapters of document have been updated
for the third evolution.
Full doc. Internal review comments implemented
6.1 28/02/02 Sec. 9. Acronyms section added
6.1 12/03/02 Sec. 6. Equation 6.2.10.-2 modified
6.1 12/03/02 | EPS System Full doc. Additional revision to remove the end of

dump degraded product generation concept (in
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Revision

Forum, issue particular, ALG.A0.15, 16, 22 and Chapter 7

1859 significantly modified)
Sec. 5. Function B3.2 refers now to algorithm in 6.2.7

6.2 18/04/02 gggﬂggs ) Sec. 6. Algorighm to calculate Forgir and Farritune
02 162 ' added (Equation 220 and .-11)
) Sec. 7.4.6. Xoreir and Xarrrupe added as processing
configuration parameters
Sec. 6.1.5.2 and 7.4.1. Fogrgir and Farrirupe removed
as calibration data flags
Sec. 6. Corrected indexes in Eq. 6.2.1.-4 and .-7
Sec. 6. Modification of pulse distortion model: Eq.
6.2.4.-13, 6.2.5.-13, 6.2.7.-10.
Sec. 7.4.5. Modification of pulse distortion model
instrument parameters
Sec. 7.4.1. Removal of explicit Fcomop as a bullet
Sec. 3.5.2. Header modified
6.3 06/06/02 gggﬂDEEFS{ Sec 5. B1.3.5: bullet numbering corrected
02.1'24 ' Overall doc. MetOp to METOP

Sec 5. C1: Corrected MCF meaning

Sec 5. A5.1: Last paragraph deleted

Sec 1.3. AD4 name and reference corrected

Sec 7.4.6. Name of parameter modified

Sec 7.4.6. Parameter added: 8 ook

Sec 8. Algorithm variable table 11 synchronised with
above

Sec 3. ALG.A0.22, last bullet clarified

Sec B2. Necessary modifications consistent with
previous change above

Sec 6.4.6. Added last paragraph to clarify building of
GAP estimates data set for AGPO

Sec 7.4.6. Necessary modifications consistent with
previous change above

Sec B2.1. Necessary modifications consistent with
previous change above

Sec 3. ALG.A0.19, Note added to clarify the triggering
of processing modes

Sec 6.2.10. Eq. 6.2.10.-2, Log_10 added

Sec 3. Qualification of ALG.A0.35 for the testing of the
node generation algorithm implementation

Sec 7.4.6. Added processing configuration parameter
consistent with ALG.A0.35 qualification

Sec 5. Clarification of the meaning of reporting and
monitoring in A5, A5.1 and A5.2

Sec 1.4. Reference Documents numbering reversed
to previous issue of document (4:0)

Sec 7.4.5. Added G4 Guard time at the end of
measurements timeline, for Measurement and
Calibration modes

Sec 6.2.1. Typo in equation 6.2.1.-2

Sec 6.2.1. Additional normalisation introduced in the
filter shape estimation: Eq. 6.2.1.-7 modified and Eq.
6.2.1.-11 and 6.2.1.-12 added

Sec 8. Variable table 5 updated accordingly

Sec 6.2. p°F, c“F , pMF |, ¢™F values removed from
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Issue /

Revision

Date
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Changed Pages / Paragraphs

Eq. 6.2.4.-11, 6.2.5.-11, 6.2.7.-8 , as they are
processing configuration parameters

Sec 7.1, 7.2, 7.3. Level 0, 1A, 1B product header
contents synchronised with GPFS generic LO and
MPH record formats. In particular, ‘absolute dump
number’ concept eliminated.

DATA TIMING ISSUES

Sec 6.1.1. and 6.3.3 modified to clarify echo and noise
measurements timing and echo localisation.. In
particular,

- SBT at Time Tag field used

- Equations introduced to calculate time offsets
Sec 7.4.5. Time offsets deleted as instrument
parameters,

Nominal Slant Range to mid swath for beam b added
(Smip-nowm) @s instrument parameter

Sec 8. Variable tables 1 and 10 updated accordingly
Sec 5. Functions A2.1 and A2.2.2 clarified and
updated accordingly

Sec 7. L1A, L1B data timing clarified, as well as
Internal files data timing

6.4

10/12/02

EUM.EPS.
SYS.DCR.
02.238

Sec 1.3, 1.4 and general:

RD9 becomes AD10, and specific references to AD10
added across the document

RD10 replaced by the latest relevant report from SEA
study and becomes AD11

Sec 6.2.6. Automatic search technique for AGPO
specified

Sec 6.2.10. GCM Exceptional Method simplified

Sec 7.4.8. GCM product contents simplified
consistently with above modification

Sec 7.4.2. AGPO product contents refined after
prototyping results in AD11

Sec 7.4.6. AGPO-related processing configuration
parameters refined after prototyping results in AD11
Sec 8 Table 10. Meaning and relationship between
Apr; and A clarified

6.4

16/12/02

EUM.EPS.
SYS.DCR.
02.245

Sec 6.2.4. Eq. 6.2.4.-34 Added for clarification
(consistent with CC test data delivery)

Sec 6.2.5. Eq. 6.2.4.-32 Added for clarification
(consistent with CC test data delivery)

Sec 7.4.5. Chirp parameters modified, made specific
for every single of the 6 antennae, and different for
Measurement and Calibration Modes

6.5

15/03/04

EUM.EPS.
SYS.DCR.
03.170

Sec 6.1.2. Eq. 6.1.2.-4 modified

Sec. 6.2.5. GAP algorithm:

- Eqg. 6.2.5.-3, 6.2.5.-10, 6.2.5.-20 modified

- typos in text corrected

Sec. 6.3.4.3. Section added - ground range algorithm
Sec. 6.1.4. Kp algorithm modified

Sec. 7.4.5. Pulse timing info for instrument calibration
mode modified and clarified

Sec. 6.3.4.2. Equation numbering corrected (editorial)
Sec. 6.1.5.4. Section added - Solar array interference
algorithm
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Sec 1.4. Added RD13 for information complementary
to new section 6.1.5.4 (Technical note on Solar Array
Interference)

Sec. 7.2.8. Last empty bullet deleted (editorial)

Sec. 6.2.4 and sec. 6.2.7. Typo correction in Eq.
6.2.4.-11 and 6.2.7.-8

Sec. 6.2.5. Eq. 6.2.5.-11: Shift of origin of window
function

6.6

11/04/05

EUM.EPS.
SYS.DCR.
05.197

Sec. 2.2. Carrier frequency corrected for typo

Sec. 6.2.6. Domain control function updated

Sec. 7.4.2. Parameters for domain control function
updated in ‘Antenna gain and orientation’ internal
product

Sec. 7.4.6. Parameters for domain control function
updated in ‘Processing parameters’ internal file

V7A

13/06/08

Import into Hummingbird. Body contents copied into
standard template. Editorial updates only:

- Signature table updated.

- References to sections, figures etc. automated.

- Headings in Section 5 converted to standard
numbering; previous numbers (Al, Al.1 etc.)
appended to heading titles.

- Several typos corrected.

v7B

29/08/14

OPS_ECPD_304

Changed document to current EUMETSAT technical
document template.

References to sections, figures etc. automated.
Lookup Tables for all Variables and Settings Tables at
the end of the document in Section 8.

Document parts transcribed from Framemaker format.

v7c

11/09/14

OPS_ECPD_304

Updated document signature table.

V7D

13/09/16

Created tables for ASCAT PGF Variables and
Settings Tables 1-23. Created links to all equations
used in the document from settings tables.
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1 INTRODUCTION

1.1 Purpose and Scope of the Specification

The purpose of this specification is to present requirements specific to the METOP ASCAT Product
Generation Function (PGF) that are not already covered in the Core Ground Segment Requirements
Document (CGSRD) and the other applicable documents. The ASCAT PGF leads to the generation of
ASCAT Level 0, 1A and 1B products. This specification encompasses not only the required algorithm
functions but also certain supporting functions pertaining to the ASCAT PGF.

The document covers the functions encompassed by the ASCAT PGF, the interrelations between
these functions and the relation to the other functions of the EPS Core Ground Segment (CGS).

This document is the third evolution of the PGS as planned in the EPS Programme Core Ground
Segment Statement of Work (EUM.EPS.GSE.SOW.99.0004) and identified as V2 therein.

As used in this document, both terms “routine” and “occasional” apply to inherent functionality of the
PGF.

1.2 Relation to EPS Core Ground Segment

The Product Generation Specification (PGS) documents address all the requirements pertaining to the
corresponding instrument PGF of the EPS Core Ground Segment. The PGF encompasses all the
functions (algorithms & scientific functions, supporting functions) required for the generation of the
products, including but not limited to the instrument-specific usage of the Product Generation
Environment (PGE) services. The ASCAT PGF is a constituent of CGS, and unless otherwise
specified, all the requirements of the CGSRD (AD 1) apply to this PGF.

1.3 Structure of the Document

The document starts with an overview of the processing to be performed and provides background on
the related scientific aspects. This is followed by the structured decomposition of the Product
Generation Function functions and by the requirements corresponding to these functions.

The document is organised in the following sections:

Section 1 of this document is this Introduction.

Section 2 Presents the overview of the instrument and the technical and scientific
background of the processing.

Section 3 Presents the high-level requirements.

Section 4 Details the system context of the ASCAT PGF, the operations concept, and the
logical model of the functionality decomposition
(Flow Diagrams).

Section 5 Contains the detailed requirements for the ASCAT PGF, following the structure
of the functionality decomposition presented in Section 4.

Section 6 Contains a detailed description of the algorithms.
Section 7 Presents the contents of the Level 0, 1A and 1B products and other internal data
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files.

1.4  Applicable Documents

Following documents are applicable to this ASCAT Product Generation Specification;

Document Name Reference
AD1 EPS Core Ground Segment Requirements Document EPS/GGS/REQ/95327
AD 2 EPS Generic Product Format Specification EPS/CGS/SPE/96167
AD 3 ASCAT Level 1 Product Format Specification EPS/MIS/SPE/97233
AD 4 ASCAT TM/TC Interface Control Document MO-IC-DOR-SC-0031
AD5 METOP Space to Ground Interface Specification MO-IF-MMT-SY-0001
AD 6 EPS Mission Conventions Document EPS/GGS/SPE/990002
AD 7 EPS Product Conventions Document EPS/SYS/TEN/990007
AD 8 ASCAT Measurement Data Interface Specification MO-TN-DOR-SC-0015
AD 9 METOP Satellite System Requirements MO-RS-ESA-SY-0023
AD 10 ASCAT DPU Requirements Specification MO-RS-DOR-SC-0006
AD 11  Final Report from ASCAT External Calibration Algorithm SEA-02-TR-3859

Study

1.5 Reference Documents

Not all the algorithms and procedures indicated in the reference documents will be part of the PGF.
The reference documents are provided for information only.

Document Name Reference

RD1 ASCAT GPP Level 1B Processor Algorithms MO-RS-DOR-SC-0027
RD 2 ASCAT GPP External Calibration Processor Algorithms MO-RS-DOR-SC-0028
RD 3 ASCAT GPP Point Target Simulator Algorithms MO-RS-DOR-SC-0029
RD 4 ASCAT GPP Normalisation Table Generator MO-RS-DOR-SC-0030
RD5 ASCAT Calibration and Characterisation Plan MO-PL-DOR-SC-0010
RD 6 ASCAT Instrument Technical Description MO-RP-DOR-SC-0001
RD 7 METOP-ASCAT GPP Interfaces MO-RS-DOR-SC-0026
RD 8 ASCAT GPP ICD MO-1C-DOR-SC-0029

RD 9 Transponder Separation Analysis MO-TN-ESA-SC-0319
RD 10  ASCAT On-Board Parameter Tables MO-LI-DOR-SC-0198

RD 11  Technical note on ASCAT Solar Array Interference MO-TN-DOR-SC-0111
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1.6 Requirements Hierarchy and Precedence

The requirements presented herein are organised according to the hierarchical functionality
decomposition. In case of conflict between higher level and lower level requirements, the higher level
ones shall take precedence.

Similarly, in case of conflict between these PGF requirements and those contained in CGSRD, the
latter shall take precedence.

Please note that Section 5 is, in effect, a list of requirements, regardless of the fact that they have not
been labelled as such. They shall be traced down as requirements by using the corresponding section
and subsection numbering (i.e., An.X.X.x or Bn.x.x.x).

1.7 Acronyms Used in this Document

Acronym Meaning
A/D Analogue-to-Digital
AD Applicable Document
ADC Analogue Digital Converter
AGPO Antenna Gain Pattern and Orientation
ANTLA ANTenna Left Aft
ANTLF ANTenna Left Fore
ANTLM ANTenna Left Mid
ANTRA ANTenna Right Aft
ANTRF ANTenna Right Fore
ANTRM ANTenna Right Mid
ASCAT Advanced SCATterometer
CAL/VAL Calibration/Validation
CDA Command and Data Acquisition
CDR Critical Design Review
CGS Core Ground Segment
CGSRD Core Ground Segment Requirements Document
CGSRR Core Ground Segment Requirements Review
CMSP Calibration Mode Source Packets
CvCbhU Coded Virtual Channel Data Unit
DC Direct Current
DF Data Flow
DK Deblooming Kernels
DPU Digital Processing Unit
DSP Digital Signal Processor
EPS EUMETSAT Polar System
FDF Flight Dynamics Function
FIR Finite Impulse Response
G/S Ground Segment
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Acronym Meaning
GAP Gain at Angular Positions
GCM Gain Compression Monitoring
GPP Ground Processing Prototype
HPA High Power Amplifier
ICD Interface Control Document
IERS International Earth Rotation System
IP Instrument Parameters
LNA Low Noise Amplifier
LUT Look-Up Table
M&C Monitoring and Control
MCF Mission Control Function
METOP METeorological OPerational Satellite
MMI Man-Machine Interface
N/A Not Applicable
OCM Orbit Control Mode
OFP Out of Plane
OPM Operational Mode
PCP Processing Configuration Parameters
PDR Preliminary Design Review
PG Power Gain
PGE Product Generation element
PLM PayLoad Module
PRI Pulse Repetition Interval
RC Redundancy Configuration
RD Reference Document
RF Radio Frequency
RFU Radio Frequency Unit
RID Review Item Discrepancy
SBT Satellite Binary Time
SFE Scatterometer Front End
SMMSP Special Measurement Mode Source Packets
SP Switch Path
SSPA Solid State Power Amplifier
™ TeleMetry
TMSP Test Mode Source Packets
TRF Terrestrial Reference Frame
TX Transmit
uTC Universal Time Clock
WGS84 World Geodetic System 84
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2 INSTRUMENT CONCEPT
2.1 Definitions

The basic definitions used in this document are specified in the EPS Mission Conventions Document
[AD 6], and the EPS Product Conventions Document [AD 7].

2.2 Instrument Description

The Advanced SCATterometer ASCAT is a real aperture, vertically polarised C-band radar with high
radiometric stability. The primary scientific objective of ASCAT is to measure near-surface ocean
winds. A detailed technical description of the instrument can be found in [RD 6].

221 Instrument design principle

ASCAT transmits long pulses with Linear Frequency Modulation (‘chirps") at a carrier frequency of
5.255 GHz. The received echoes are “dechirped” and Fourier-transformed on board, resulting in a
signal where the frequency components map to slant range. The on-board processing is basically a
power spectrum estimation, followed by a (spatial) low pass filtering, with the effect of substantially
reducing the data rate required to record the science data. The averaged raw echoes together with
averaged noise measurements are sent to the ground in source packets.

2.2.2 Measurement principle and geometry

The six antennas of the instrument sequentially illuminate the sea surface. The backscattered signal is
measured to determine the specific sea surface backscattering. From this the wind speed and direction
are determined by using a model that relates those quantities to normalised radar backscattering cross-
section (o).

To determine the wind direction, o measurements are required from at least three different directions.
This is achieved by collecting data from three different azimuth angles (45°, 90° and 135°) across
both of the 550 km wide swaths on either side of the nadir track as shown in Figure 1). The swaths
correspond to incidence angles ranging from approximately 25° to 53.4 ° for the mid beam and 33.7°
to 64.3° for the side beams).

ASCAT is designed to provide surface winds at a 50 km horizontal resolution over a 25 * 25 km grid
along and across both swaths. A high-resolution wind product is also generated at 25 km horizontal
resolution over a 12.5* 12.5 km grid. During the ground processing, the ASCAT source packets are
processed to obtain normalised backscatter measurements at those spatial resolutions, which result in
21 nodes per swath, for a total of 42, for the 50 km resolution winds, and 41 nodes per swath, for a
total of 82, for the 25 km resolution winds.
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Figure 1: ASCAT Swath Geometry
2.3 Reference Frames Definition and Use

The usage of reference frames must comply with the definitions expressed in [AD 6]. Additional
reference frames needed by the ASCAT PGF and their corresponding transformations are included in
Section 6.3.
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3 HIGH LEVEL REQUIREMENTS

The level of the requirements in this section corresponds to the Context Diagram shown in Figure 3
and to the A0 Decomposition in Figure 5. They apply to the entirety of the ASCAT PGF and derive
directly from the basic requirements on the mission that this PGF is supporting. As the PGF is the sum
of all components hardware, software and data, these requirements are fulfilled by the operation of the
entire processing chain.

The section is organised as follows:

e General ASCAT PGF functional requirements

Supported platforms, instruments and instrument modes

Supported modes of operation of the ASCAT PGF

Nominal product and performance requirements

Specific requirements on the processing chain

All requirements in the list of Applicable Documents in Section 1.4 of this document shall apply,
except for [AD 9], where only chapter 6 (corresponding to ASCAT) shall apply where stated below.
The reference documents provide further details in relation to implementation.

3.1 General ASCAT PGF functional requirements

3.1.1 Context

Number Configuration Item
ALG.A0.1 | The ASCAT PGF shall contain the processing chain for the ASCAT
instrument. The scope of the PGF is the context diagram in Section 4.1,

ALG.A0.2 The contents of the external data flows to/from the ASCAT PGF shall be as
described in Section 4.1.

ALG.A0.3 | Interfaces regulating the input data shall, where applicable, be as described
in [AD 4], [AD 5], and [AD 8].

ALG.A0.4 Requirements regulating the CGS input/output interface in [AD 1] apply,
including general PGE services.
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3.1.2 General functionality (A0)

This instrument-specific functionality is in addition to the generic functions identified in [AD 1].

ALG.A0.5

The nature of the ASCAT processing requires that some reference functions be re-generated and
updated during the instrument lifetime. The ASCAT PGF shall therefore have some routine
functionality (central processing chain) and some (in the sense described in section 4 of this
document) occasionally-executing functionality. Figure 2 illustrates the relationship between
routine and occasional functionality within the ASCAT PGF. It is purely a functional
decomposition and shall not prejudge the actual implementation.

*Rx correction i

*Noise Substraction, |
+P G cormrection !
N-Msp(E) i

N-MspSGsn |
[E+M) i
CsRiE)

:MJH:‘%%‘:;%?& ¥ i

| | | ] :

Occasional i

L SMsp functionality i
ASCAT CGS Processing / |

Off-line Monitoring and - ________ i
CAL/VAL activities

Figure 2: Routine and Occasional Functionality of the PGF N-Msp and S-Msp stand for Normal Measurement
Mode source packets and Special Measurement Mode source packets respectively. CSP( Calibration Mode
source packet)s. E and N refer to Echo and Noise respectively.

The dotted boxes generate routine ASCAT Level 1 products. The striped boxes consist of occasional
functionality and perform External In-flight Calibration and Gain Compression Monitoring (GCM).
GCM will explained in more detail in the following sections.
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The resulting reference functions generated from the calibration-related occasional functionality shall
be uploaded to the central processing chain after approval, following tests performed in a facility
external to the ASCAT PGF (ASCAT cal/val facility). The GCM monitors the HPA Gain
Compression at the HPA operating point.

The detailed description of both the routine and the occasional functionality is given later on in this
document, in Section 4, Section 5 and Section 6.

ALG.A0.31

The configuration of the ASCAT PGF at any given time shall always be determinable and
reproducible. Note: the configuration of the ASCAT PGF is determined by at least the labels and
contents of any configuration data sets: the names and contents of internal files.

ALG.A0.7

It shall be possible to update all look-up tables used by the routinely-executing part of the ASCAT
PGF originating either from the occasionally-executing (in the sense described in section 4 of this
document) part of the ASCAT PGF (default) or from an external source (the ASCAT CAL/VAL
facility).

ALG.A0.8

The occasionally-executing (as described in Section 4 of this document) part of the ASCAT PGF
shall allow but not be limited to transfer the following items to the ASCAT CAL/VAL and other
facilities:
e Calibration source packets and appropriate correction reference functions (Rx filter shape,
noise power and Power Gain (PG-product) and the required derived parameters, including:
» Antenna gain at angular position measurements;
» Antenna gain patterns and pointings/orientations;
> Power to oo normalisation tables;
» Deblooming Kernels.

o CGM source packets and the required derived parameters extracted from them.
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ALG.A0.9
The ASCAT PGF shall provide all the functionality required to support the following:
e Level 0 processing;
e Level 1A processing;
e Level 1B processing;
o Data formatting;
¢ On-line quality control, monitoring, reporting and informing of the processing status;
o All required calibration processing and calibration data handling;
e Generation of in-flight Normalisation Factors and Deblooming Kernels;
o All required GCM data handling;

o All required interface functions—including those using the generic PGE services and
the interface to the CAL/VAL facility;

o All required command and control functions;
o Storage of all required permanent and temporary internal data files.

ALG.A0.10

Each function of the ASCAT PGF shall monitor its performance and raise events of user-
configurable severity on the occurrence of:

e Any abnormal instrument or satellite behaviour being detected;
e Any occurrence and transition to/from a degraded mode of product generation;
e Any non-nominal operation of the function;

o Any occurrence likely to affect the product quality, based on the flags generated during the
processing.

3.1.3 Calibration functionality

ALG.A0.11

The ASCAT PGF shall be able to support periodic ASCAT external calibration campaigns,
including the automatic determination and the updating of the necessary reference functions.

3.14 Gain Compression Monitoring Functionality

ALG.A0.30

The ASCAT PGF shall support the processing of Gain Compression Monitoring data, as described
in Section 6.2.10.
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3.15 PGF operations

ALG.A0.12

The ASCAT PGF shall be as automatic and autonomous as possible and require the absolute
minimum operator intervention to achieve the functionality described.

ALG.A0.13

Where operator intervention is required, for example to update necessary reference functions in
connection with an ASCAT external calibration campaign, the enabling of the configuration
modification shall use an approval mechanism to prevent unauthorised modification.

3.1.6 Continuity of the processing

ALG.A0.14
The ASCAT PGF shall be able to process nominally and continuously across dump boundaries.

ALG.A0.15

The ASCAT PGF shall be a pipeline processor, driven by input data. For Level 0 to Level 1B
processing, it shall have a latency time, which is configurable, as specified in more detail in
Section 5 and Section 6. The oy processing functionality shall halt and wait until the correct data
are available at its input and then resume o, processing. If the o, processing stops and resets, the o,
processing shall resume as soon as the first good new measurement mode source packet arrives.

ALG.A0.16

For certain processing operations like Rx filter shape computation, smoothing power gain values
along track, smoothing raw o, values to obtain node oy triplets at 25 km and 50 km resolution and
deblooming data from both sides of a dump, boundary will be required. The ASCAT PGF shall
allow this wherever it is required by the algorithm.

ALG.A0.34

Level 1A and 1B full resolution products shall not be generated until enough data are available to
generate the first good filter shape.

ALG.A0.35

Level 1B product shall not be generated until enough data are available to generate the first good
filter shape and, from at least one beam, to completely fill the Hamming window used to generate
the first node that it is possible to create; oy node values shall be generated whenever the Hamming
window is completely filled.

For testing purposes, it shall be possible to generate the first line of nodes at a user configurable

time ATy after the time of the first source packet given to the processor, as defined in section
6-1'1 (TUTC—FIRST—IN—SP/E)-
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3.2 Supported platforms, instruments and instrument modes

3.2.1 Supported platforms/instruments

ALG.A0.17
The ASCAT PGF shall produce Level 0, 1A and 1B products in the context defined in Section 4.1,
for input data acquired by the following Instrument and Platform configurations:

o METOP-1/Instrument ASCAT

o METOP-2/Instrument ASCAT

o METOP-3/Instrument ASCAT

3.2.2 Supported instrument modes

ALG.A0.18

The ASCAT PGF shall support the following instrument modes:
e Measurement (normal source packets and special GCM source packets).
o Calibration

e Test Mode Data shall be recognised and archived by the Level 0 processing, but it is ignored
by Level 1A and 1B processing.

3.3 Supported modes of operation of the ASCAT PGF

ALG.A0.19
The ASCAT PGF shall be able to support the following modes:
o Off
e Processing Normal Measurement Mode Source Packets (NMMSP)
e Processing Calibration Mode Source Packets (CMSP)
e Processing Special Measurement Mode Source Packets (SMMSP) (for Gain Compression
Monitoring)
e Handling Test Mode Source Packets (TMSP)
e Processing NMMSP simultaneously with Antenna Gain Pattern and Orientation (AGPO)
Estimation
e Processing NMMSP simultaneously with Normalisation Table and Deblooming Kernel
(NT and DK) Generation
e AGPO Estimation
e NT and DK Generation
Note: It is envisaged that some modes will be triggered by the arrival of data and others by
commanding. The selection between ON and OFF is controlled by operator intervention (i.e.
commanded). The decision to run both AGPO and NT and DK is controlled by operator
intervention as is the data set / configuration to be used as input to the algorithms. However
NMMSP processing, CMSP processing, SMMSP processing, TMSP handling are data driven and
simply depend on the type of data arriving at the processor
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ALG.A0.32
It shall only be possible to change the instrument parameters between two instrument operations.

Note: The correct instrument parameters are indicated by the on-board software configuration, the
on-board parameter configuration and the instrument configuration given in each source packet.

ALG.A0.33

It shall only be possible to change the processing parameters and the transponder information
between different ASCAT PGF operations.

Note: A new instrument operation always results in the ASCAT PGF being restarted.

ALG.A0.20
The contractor shall indicate any ASCAT PGF required modes that have not been indicated above.

3.4 Nominal product and performance requirements

ALG.A0.21

In generating Level O, 1A and 1B data, and all other internal data, including that required for
calibration, for all nominal modes and states of the instrument, the ASCAT PGF design and its
implementation shall not degrade the data quality by introducing errors via processing operations
(word lengths, interpolations, numerical integrations, numerical differentiations, etc).

Note: This shall be taken to mean, inter alia, that the ASCAT PGF shall not degrade the data
delivered to it.

ALG.A0.22

The ASCAT PGF shall also be able to produce Level 0, 1A and 1B data in a degraded manner in at
least the following cases. In all these cases, the PGF shall generate and append to the product the
necessary flags unambiguously indicating the nature of the degradation.

¢ Non-nominal platform orientation;

¢ Non nominal orbit;

e Missing, invalid or corrupted data from one or more of the antennas.
e Start and End of instrument operation

e Start and Stop of data flow availability to PGF.

Note: This refers to the situation when the processing is started or stopped. It does not apply to the
gap between dump boundaries where the processing is simply paused until the next required data
item arrives.
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3.5 Specific requirements on the processing chain

351 A0 Functionality Decomposition
ALG.A0.23

The functionality of AQ shall be as indicated in section 4.5.

ALG.A0.24

The ASCAT PGF shall accept as primary input either the input indicated in Figure 3 (section 4) or
alternatively the Level 0 data product plus appropriate telemetry, in case of reprocessing.

ALG.A0.25

The functionality of A0 shall be decomposed into Al, A2, A3, A4, A5, B1, B2, B3 and
C1, as indicated in section 4.5.

352 Al A2 A3, A4, A5, Bl, B2 B3 and C1 Functional Detailed Specification

ALG.A0.26

The functionality of Al, A2, A3, A4, A5, B1, B2, B3 and C1 shall be as specified in the relevant
paragraphs in Section 5.

ALG.A0.27

The ASCAT PGF internal input/output data flows that are not specified in section 4.1 shall be as
specified in the relevant paragraphs in Section 5.

ALG.A0.28

The processing shall be as described in Section 5 and Section 6.
ALG.A0.29

Any product and internal file data content description contained in Section 7 shall be part of the
specification.
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4  SYSTEM AND OPERATIONS CONCEPT, PGF FUNCTIONALITY
DECOMPOSITION

4.1 System Context and Major Interfaces

The context diagram of the ASCAT PGF is presented below. This is purely a functionality
decomposition and shall not prejudge the actual implementation.

Lewl 0
dataflow

GIS Commands

|

Platform

Telemelry

GI5 auxiliary
data

Processing

7| EPS ASCAT Instrument
Processor

Config. Datab

P Level 0 Product

» Level 1a Product

P Lewd 1b Products

H

Genenc PGE Serwces

{transfer reporting/quality, calibration, Gain Compression Monitoring and other monitofing information
out of processing functionality to rest of Core Ground Segment.

Figure 3: ASCAT PGF Context Diagram

The external data flows are defined in the tables that follow:
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Inputs:

Level 0 dataflow

Platform Telemetry:

G/S Auxiliary data:

Processing
Configuration
Databases:

Outputs:

Level O Product:
Level 1A/1B Product:

Reporting and Quality
Control Information

Corresponds to the ASCAT Level 0 data flow received from the CGS (instrument source packets). The data origin can be
any of the supported satellites via the CDA or via the NOAA exchange link.

Note: In case that the ASCAT PGF operates in reprocessing mode, the information is received via the CGS function
providing the reprocessing support. The data might also originate from one of the test tools if the ASCAT PGF is being
tested standalone.

Is similar to the Level 0 data except that it corresponds to the platform telemetry that is required in addition to the Level
0 data flow indicated above. These data typically contain various spacecraft/platform/instrument parameters required by
the ASCAT PGF. The source of these data is the satellite and administration packets.

Corresponds to all data that are required from the Ground Segment and that are not present in the Platform Telemetry or
the Level 0 data flow. These data include, but are not limited to, orbit data, attitude data, instrument parameters,
instrument characterisation data and all relevant ground transponder parameters.

They indicate to the ASCAT PGF the database version of the static parameters (i.e., user-configurable processing
parameters) that are to be used for the processing. They define, together with the version of the installed processing
software, the configuration of the processing that is used to derive the products.

It contains the information needed to feed the ASCAT PGF, except TM data. The Level 0 product is defined in the
EPS Generic Format Specification [AD 2] and the contents of these products are also specified in Section 7.

The Level 1A and 1B products are defined in the Level 1 Product Format Specification [AD 3] and the contents of
these products are also specified in Section 7.

Corresponds to the compiled reporting information produced by the ASCAT PGF (on the received data, on the
quality of the processing and on the performance of the mission) that are transferred to the reporting function of the

CGS.
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Monitoring Information:

Calibration information:

GCM information:

Controls:

G/S Commands

Mechanism:

Generic PGE Services

Note: the information includes also all quality information required by the offline Quality Control function of the
CGS. In addition, the information contains also all events and command acknowledgements raised by the ASCAT
PGF.

Contains all regular monitoring information on the Product Generation Function, providing the G/S maintenance
and control function with the information on the status of the instrument, data, processing functions, processing
platforms, links.

Contains calibration source packets and their associated correction reference functions (Rx filter shape, noise power
and PowerGain product); antenna gain at angular position measurements; antenna gain patterns and pointings;
power to ¢° normalisation tables, deblooming kernels.

Contains the Special Measurement Mode Source Packets, for GCM, together with extracted relevant parameters.

This data stream corresponds to the transfer of commands generated by the G/S and controlling the operation of the
ASCAT PGF. Note that these are only influencing the way the processing is done and are not related to any
instrument/platform commands.

The ASCAT PGF makes use of the generic PGE services for (amongst others) the communication, the reporting,
the monitoring, informing of the processing status, orbit and attitude as a function of time, etc.
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4.2 System concept

421 ASCAT PGF states

The following figure sets out the states of the ASCAT PGF and the situations and signals that lead to
transitions between those states.

when: [All data of current dump processed.]

START

ABORT

when: [All data for current dump processed.]

|

Emptying

Stopped

ABORT

Figure 4: ASCAT PGF State Transition Diagram

The ASCAT PGF supports the following PGF states:

Initial
The PGF does not process data. It accepts a START command. On receipt of the START
command it enters the Active state.

Active

The PGF processes data.

If the PGF completes the processing of data for an entire dump, it remains in the active state, and
processes the data for the next dump if appropriate.

Note: During backlog processing or reprocessing, it is foreseen that the PGF will eventually
process the last in the series of dumps that it is to process.

The PGF accepts STOP and ABORT commands. On receipt of the STOP command it enters the
Emptying state. On receipt of the ABORT command the current processing shall terminate with no
further delay and shall produce no further outputs apart from a user-configurable event notifying
the system that it is stopping, and the PGF then enters the Stopped state.
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Emptying

The PGF continues to process the data for the entire dump which it was processing when it
received the STOP command. If it had completed the processing of all data for an entire dump
when it received the STOP command, and had not begun processing the next dump, then it sends a
user-configurable event notifying the system that it is stopping to the system via the PGE interface
and enters the Stopped state.

It does not accept any data pertaining to the next dump. When it has processed all the data
pertaining to the current dump, it sends a user-configurable event notifying the system that it is
stopping to the system via the PGE interface and enters the Stopped state.

If it receives the ABORT command the current processing shall terminate with no further delay
and shall produce no outputs apart from signalling that it has aborted with an event of user
configurable severity.

Stopped

The PGF does not process data.
Once in the Stopped state, it only accepts a START command.

4.3 Product Generation Function Capability

The processing to Level 1A/1B is specified for 24 hours/day fully automated operation during the full
mission time of the EPS programme. The Table 1 presents the behaviour of the Product Generation
Function in some specific operational situations.

Operational Situation Handling / Behaviour of the algorithms Impact on Product
Nominal processing Fully nominal product generation Nominal quality products
Backlog processing Fully nominal product generation Nominal quality products
Reprocessing Fully nominal product generation, but based ~ Nominal quality products

on archived Level 0 product

“re-injected” via PGE services. Possibility of
modified algorithm version (for product
improvement) and/or processing parameters.

Table 1: Scenario table
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4.4 Product Generation Function and High Level Operations Concept: Supported
Modes of Operation

441 ASCAT Instrument Measurement Modes

The ASCAT instrument may operate in flight in one of three primary modes: MEASUREMENT,
CALIBRATION and TEST mode. Additionally, in measurement mode, the instrument occasionally
generates special source packets for GAIN COMPRESION MONITORING.

The instrument will normally operate in normal MEASUREMENT mode.

During the commissioning phase and, thereafter, approximately once a year for a 30 day-period, the
instrument will be operated in CALIBRATION mode only when it passes over the ground
transponders. Additionally, the instrument will be operated periodically (once per month) in
CALIBRATION mode for one ascending and one descending pass over the ground transponders.

In addition, the instrument Gain Compression needs to be monitored periodically. This is a special
variant of measurement mode, called GAIN COMPRESSION MONITORING (GCM), and monitors
the relationship between the transmitted power and the RFU drive level setting. These measurements
are not used to retrieve science data.

TEST Mode will only be used in flight if the instrument is malfunctioning.

4.4.2 Product Generation Function Operation Modes

The Product Generation Function supports all the modes of operations identified in the
CGSRD [AD 1].

The following sections describe NRT, Backlog, and Reprocessing.

4.42.1 Near-Real-Time Processing

When the instrument operates in MEASUREMENT mode generating NMMSP, the ASCAT PGF
shall automatically produce the standard instrument products: the Level 0 Product, the Level 1A
Product and the Level 1B Products.

When the instrument operates in MEASUREMENT mode generating SMMSP, the ASCAT PGF shall
generate Gain Compression Monitoring Internal Product.

When the instrument operates in CALIBRATION mode generating CMSP, the ground ASCAT PGF
shall generate calibration-related internal products, namely the ASCAT Gain at Angular Position
Internal Product.

When the instrument operates in TEST mode generating TMSP, the ASCAT PGF shall handle but not
process TEST Mode data (i.e., it will just be archived in the Level 0 product).

Independently of processing NMMSP, the ASCAT PGF shall be able to perform AGPO Estimation or
NT and DK Generation. The AGPO Estimation generates the ASCAT Antenna Gain Patterns and
Orientations Internal Product and the NT and DK Generation generates the Normalisation Tables and
Deblooming Kernels Internal Products.
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4.4.2.2 Backlog Processing
Backlog processing is processing of old data with nominal processing parameters.
During Backlog processing, the same ASCAT PGF modes will be allowed.

4.4.2.3 Reprocessing

Reprocessing is processing of old data with new processing parameters and/or algorithms.
Reprocessing might take place if algorithms are changed and/or modified in the future. In that case,
reprocessing will take as input the Level 0 product and other necessary relevant information coming
from the G/S auxiliary data, contemporary telemetry, instrument and processing configuration
parameters.

4.5 Overview of the processing chain

The processing chain can be decomposed into different functional levels. For the routine functionality,
Level O processing accepts and collates the input data, Level 1A processing generates all required
reference functions and appends localisation data, Level 1B processing generates full resolution and
smoothed o0 values and finally, all data products are formatted as specified in [AD 3]. For the
occasional functionality, the External Calibration processing chain estimates the in-flight antenna gain
patterns and pointings, as well as generating the necessary in-flight reference function data. The GCM
processing chain extracts relevant parameters necessary for monitoring the gain compression at the
HPA operating point. In addition, quality control, monitoring, reporting and informing of the
processing status will be performed.
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451 Level A0 Decomposition

The first level functionality decomposition of the product generation function is presented below. This
is purely a functionality decomposition and shall not prejudge the actual implementation. The colours
indicate the different input sources, as well as the main data flows. Green lines are the main

processing chain, dark brown lines for the external calibration data flow and ochre lines for the GCM.

Figure 5: ASCAT PGF Level AO Decomposition
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45.2 Level 0 Processing (A1)
Level O processing consists of accepting and collating all ASCAT PGF input data.
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453 Level 1A Processing (A2)

The objective of Level 1A processing is to calculate the basic reference functions needed in the
central chain processing (Level 1B processing). The following operations are carried out:

e Smoothing and interpolation of telemetry;
o Rx filter shape computation;

o Noise power computation;

e Power/internal gain product computation;
¢ Interpolation of Normalisation Table;

e Localisation;

e Flagging.

454 Level 1B Processing (A3)

Level 1B processing applies the reference functions calculated in Level 1A processing and then
produces the desired Level 1B products:

e On-board Rx filter shape correction;

¢ Noise subtraction;

e Power/internal gain product correction;

e Power to oy conversion;

¢ Deblooming subtraction (optional/ Default=OFF);
o Node position generation/data selection;

e Spatial averaging;

e Kp estimation;

e Flagging.
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455 In-flight External calibration, Generation of Normalisation factors and Deblooming
Kernels (B1, B2 and B3)

The In-flight External Calibration processing chain estimates the in-flight antenna gain patterns and
pointings, as well as generating the necessary in-flight reference function data. Over Calibration
source packets, the following functionality is achieved:

o RXx filter shape computation;

o Noise power computation;

e Power/internal gain product computation;
e Localisation.

e On-board Rx filter shape correction;

e Noise subtraction;

e Power/internal gain product correction;

e Calculation of antenna gain at angular positions and generation of relevant calibration internal
product;

e Estimation of in-flight antenna gain patterns and pointings and generation of relevant
calibration internal product data;

e Generation of in-flight Normalisation Factors and generation of relevant normalisation table
internal product data;

e Generations of in-flight Deblooming Kernels and generation of relevant deblooming internal
product data.

45.6 Gain Compression Monitoring (C1)

The GCM processing chain extracts relevant parameters necessary for monitoring the gain
compression at the HPA operating point. Over Measurement source packets of the special GCM type,
the following functionality is achieved:

e Extraction of transmitted power values
e Extraction of instrument RFU gain settings
e Generation of relevant GCM internal product

4.5.7 Data Formatting (A4)

The purpose of this function is to format all output data products in accordance with the Product
Generation Specifications [AD 3].

45.8 Quiality control, monitoring, reporting and informing of the processing status (A5)
The following supporting functions are included in the ASCAT PGF functionality.

e Reporting and informing of the processing status

e Usage of M and C services

e On-line quality control functions

e On-line MMI functionality
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5 PRODUCT GENERATION FUNCTION: DETAILED
DECOMPOSITION

5.1 Raw data assembly and pre-processing (Al)

Al assembles the instrument raw data and other auxiliary data that will constitute the contents of
Level 0 product. Additionally, it separates the input instrument source packets into the three different
data flows within the ASCAT PGF (Note that test mode data is not processed).

511 Inputs and Outputs

The input to, and configuration parameters for, the Al processing shall consist of the Level 0 data
flow, the ground segment Auxiliary Data and the Processing Configuration Databases.

Output from ALl processing shall be as follows:
o Level 0 Product contents (refer to Section 7.1), which shall be supplied to A4 processing (for
data formatting of Level O product).
e The following data flows:

» DF-1 or main processing chain input data flow, which shall be supplied to A2 and follow
the processing specified in A2, A3 and A4 to routinely generate Level 1A and 1B
products,

» DF-2 or external calibration chain data flow, which shall be supplied to B1 and follow
the processing specified in B1, B2 and B3 to occasionally process the data from an
external calibration campaign and generation of normalisation factors

» DF-3 or GCM chain data flow, which shall be supplied to C1 and follow the processing
specified in C1 to occasionally monitor the gain compression at the operating point of the
HPA.

5.1.2 Accept and Validate Level 0 and Auxiliary Data (Al.1)

5.1.2.1 Check Data Source (A1.1.1)

The origin of source packet data shall be checked (especially at dump boundaries) to ensure that it is
from the correct satellite (from the correct ASCAT instrument). Source Packets from different
ASCAT instruments shall be processed separately. The METOP satellite can be identified by the
parameters in the CVCDU transfer frame header.

5.1.2.2 Assemble and Supply Level 0 Product Contents (A1.1.2)
The following data shall be assembled as described in the definition of Level 0 Product Contents in
Section 7.1.

1. The orbit and attitude information applicable for the time interval corresponding to the data dump,
supplied to the ASCAT PGF by the Core Ground Segment (PGE Services), together with the
METOP satellite identification, the Acquisition Ground Station, the UTC time of the start of
downlinking and the dump number.

2. The instrument source packets.
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513 Raw data pre-processing (Al.2)

Three data flows shall be identified according to the Application Process ldentification field and
Parameter Configuration field in the source packet:

e DF-1: ASCAT Normal Measurement Source packets (excluding the Gain Compression
Monitoring special type) and the corresponding noise packets.

e DF-2: ASCAT Calibration Source packets, if there are any present within the input data, and
their corresponding noise packets.

e DF-3: ASCAT GCM Measurement Source Packets, if there are any present within the input
data, and their corresponding noise packets.

5.2 Main Processing Chain

The objective of the Main Processing Chain is to routinely generate Level 1A and Level 1B ASCAT
products.

The main input to the Main Processing Chain is DF-1: ASCAT Measurement Source packets —
excluding the Gain Compression Monitoring special type—and their corresponding noise packets.

521 Level 1A Processing (A2)

5.2.1.1 Inputs and Outputs

The input to the A2 processing shall consist of Level O data flow DF-1 (refer to section 7.1), satellite
telemetry, processing configuration parameters (for Level 1A processing), as well as G/S auxiliary
data.

Output from the A2 processing shall be as follows:

e Level 1A Product contents (refer to section 0), which shall be supplied to both the A3
processing (for Level 1B Processing) and to the A4 processing (for Data Formatting of Level
1A Product).

o Filter shape values on either side of an external calibration sequence. These filter shape values
shall be supplied to B1 to be used in the filter shape correction of external calibration echoes.

e Level 1A monitoring, reporting and processing status data (see section 7), which shall be
supplied to A5.

5.2.1.2 Source Packet UTC Time Generation (A2.1)

UTC Time Generation is performed using the following information: SBT at Time Tag (for real data),
on-board UTC at Time Tag (for test data), PRI Count at Time Tag and PRI Count. Note that for time
generation it is necessary to unwrap counter values, which wrap around.

5.2.1.3 Pre-processing of Echo & Noise Data (A2.2)

5.2.1.3.1 Check Source Packet Data and Generate Synthetic Source Packets if Required
(A2.2.1)

Source packets shall be checked, in order to ensure that there are no missing, corrupted, invalid or

duplicated source packets. In order to allow the ASCAT PGF to work continuously, missing,

corrupted and invalid source packets shall be replaced by synthetic source packets and flagged

accordingly, as indicated in the following paragraphs. Duplicated source packets shall be discarded.
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Missing and duplicated source packets are detected by examination of the following items within each
source packet to ensure that the sequence is as expected:

e the Source Sequence Count,

e the PRI Count,

e the Tag Field,

e the Application Process Identification and
e the Ground Processor Flags.

Corrupted source packets are detected by examination of the following items:
(1) the Packet Error Control Field of the source packet and

Invalid source packets are detected by inspecting the following items:
(1) Ground Processor Flags,
(2) the Out-Of-Range Count and

(3) any static or variable non-data field which does not contain permitted values.

For the case of the Out-Of-Range Count, if it exceeds a threshold value (Toorc) the echo or noise data
are deemed to be invalid due to A/D Converter Overflows.

Source Packets that are not found to be missing, corrupted or invalid, are deemed to be good source
packets.

Missing, Corrupted or Invalid source packets shall be replaced with synthetic source packets
generated by averaging the echo/noise lines of two good source packets of the same Application
Process Identification, 1 on either side of the missing, corrupted and/or invalid source packet or
packets.

Synthetic source packets shall be flagged according to Section 6.1.5.

5.2.1.3.2 Check, Smooth and Interpolate Telemetry to UTC time associated to Source Packets
& Append Resulting Data (A2.2.2)

It shall be checked if platform and instrument telemetry applicable to the UTC time T, associated to
the echo is available, and in that case the available telemetry shall be interpolated to that UTC time Tq
See relevant parameters needed in Block Il in Section 0.

The range of the available relevant telemetry parameters shall be checked with respect to a reference
range for each parameter and a Telemetry out-of-range flag per parameter shall be generated
accordingly.

A Telemetry missing or out of range flag shall be generated according to Section 6.1.5.

Note: The telemetry data are available within the Admin Packets (and Satellite Packets) provided in
the X-band downlink data stream [AD 4], [AD 5].

5.2.1.3.3 Separate Echo and Noise Source Packets (A2.2.3)

The echo and noise source packets shall be identified and separated. The noise source packets are
used to compute reference functions and reference parameter values needed for echo processing.

Page 38 of 186



@& EUMETSAT 7 LUMEPS SYS SPE 09000

ASCAT Level 1: Product Generation Specification

Those values are later appended to the echo source packets in Level 1A product. The noise packets
are not appended to the Level 1A product.

5.2.1.4 Noise Data Processing (A2.3)

The noise processing requires approximately five minutes worth of noise data on each side of the time
associated with reference function or parameter value. Therefore, noise processing for a particular
time needs to be completed before echo processing for that time is started.

5.2.1.4.1 Compute Rx Filter Shapes (A2.3.1)

The Rx filter shape computation shall be performed as described in Section 6.2.1.

The shape of the on-board radar receive chain spectral characteristic is estimated using the reception
windows of noise samples. Approximately 10 minutes of continuous data in time are required to
estimate each noise power spectrum.

5.2.1.4.2 Compute Noise Power Values (A2.3.2)

The noise power value associated with each echo shall be estimated for noise subtraction as described
in sections 6.1.1 and 6.2.2.

5.2.1.4.3 Discard Noise data and associated telemetry (A2.3.3)

The noise source packets shall now be discarded leaving:

(1) the Rx Filter shape estimation-related quality flags; generated according to Section 6.1.5,
(2) the Noise power estimation-related quality flags; generated according to Section 6.1.5)

5.2.1.5 Echo Data Processing (A2.4)

5.2.1.5.1 Generate the Power/Internal Gain Product (A2.4.1)

The Power/Internal Gain Product value for each echo source packet shall be generated as described in
section 0.

5.2.1.5.2 Interpolate Power to oo normalisation function and its roll, pitch and yaw derivatives
to the time of the echo source packet (A2.4.2)

The power to oo normalisation values and the roll/pitch/yaw derivatives to be applied to a given echo

shall be interpolated to the echo time using the values provided in the Normalisation Table Internal

Product.

5.2.1.5.3 Localisation of individual power echoes (A2.4.3)

The necessary geometry transformations to localise individual power echoes in the Terrestrial
Reference Frame shall be performed, according to the algorithms described in Section 6.3.1, Section
6.3.2 and Section 6.3.3. The individual power echoes, so far characterised by (discriminator
frequency/time) coordinates, shall be localised by (X,y,z) coordinates in the Terrestrial Reference
Frame and by latitude and longitude.
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5.2.1.5.4 Generate other necessary localisation information and geometry (A2.4.4)

Other necessary localisation information and geometry shall be generated according to algorithms
described in Sections 6.3.1, 6.3.2 and 6.3.3.

5.2.1.5.,5 Generate Quality Flags & Qualifiers (A2.4.5)

Quality Flags and qualifiers shall be generated according to Section 6.1.5.1.

5.2.1.6 Assemble Level 1A Product Contents (A2.5)

The output of A2 processing shall be assembled as described in the definition of Level 1A Product
contents, auxiliary data and Processing in Section 0.

5.2.1.7 Generate Monitoring and Reporting Information (A2.6)

Monitoring, reporting and processing status data, as detailed in Section 7 shall be generated.

5.2.2 Level 1B Processing (A3)

5.2.2.1 Inputs and Outputs

The input to the A3 processing shall consist of Level 1A Product contents (refer to Section 0),
processing configuration parameters (for Level 1B processing) and Ground Segment auxiliary data.
Output from the A3 processing shall be:

e Level 1B Product contents (refer to Section 7.3), which shall be supplied to A4 processing.

e Level 1B monitoring, reporting and processing status data (see Section 7), which shall be
supplied to Ab.

5.2.2.2Processing into normalised o0 (A3.1)

5.2.2.1.1 Apply Reference Functions to Source Packet Measurement Mode Echo Powers
(A3.1.1)

Reference functions shall be applied to Measurement echo powers as the next paragraphs indicate.
The resulting o, value shall be flagged according to Section 6.1.5.1.
5.2.2.1.1.1 Rx Filter Shape Correction (A3.1.1.1)

The Rx filter shape correction shall be applied to the source packet echo data in accordance with the
algorithm given in Section 6.1.1.

5.2.2.1.1.2 Noise Power Value Subtraction (A3.1.1.2)

The Noise Power Value shall be subtracted in accordance with the algorithm description given in
Section 6.1.1.

5.2.2.1.1.3 Power-Internal Gain Product Correction (A3.1.1.3)

The Power Internal Gain Product Correction shall be applied in accordance with the algorithm
description given in Section 6.1.1.

5.2.2.1.1.4 Power To o, Normalisation (A3.1.1.4)

The corrected measurement echo power values shall be converted to o, values in accordance with the
algorithm described in Section 6.1.2.

5.2.2.1.1.5 Perform Deblooming on Full Resolution o, (A3.1.1.5)

This is an optional functionality (the default is Off). If deblooming is selected, it shall be performed in
accordance with the algorithm described in Section 6.1.2.
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5.2.2.2 Full Resolution oy Product (A3.2)
5.2.2.2.1 Generate Land flags and Quality flags and qualifiers (A3.2.1)

Land/quality flags and qualifiers for the full resolution o, product, as specified in Section 7.3.3, shall
be generated.

The resolution of the land/sea mask used shall be better than the best resolution of the full resolution
data.

5.2.2.2.2 Assemble Full Resolution o, Data Product Contents (A3.2.2)

The Full Resolution oy Data Product contents shall be assembled as described in the definition of
Level 1B Product contents in Section 7.3.3.

5.2.2.2.3 Generate Monitoring and Reporting Information (A3.2.3)
Monitoring, reporting and processing status data (see Section 7) shall be generated.

5.2.2.3 Level 1B 50km Spatial Resolution Product (A3.3)

5.2.2.3.1 Generate o0 Triplets and Kp Estimates at 50km Spatial Resolution (A3.3.1)
5.2.2.3.1.1 Generate and land-flag Node Positions (A3.3.1.1)
Node positions for (the first or) the next line of 50 km resolution nodes shall be generated in

accordance with the algorithm specified in Section 6.3.4. Note that the full-resolution o, data need to
be buffered until the necessary data for spatial averaging are available for each antenna beam.

5.2.2.3.1.2 Transform Relevant Full Resolution o, Values To Node Frame (A3.3.1.2)
For each node in the line of nodes and for each antenna beam, the relevant full resolution o, data shall

be transformed to the 50 km node reference frame for that node, in accordance with the algorithms
specified in Section 6.3.2 and Section 6.1.2.

5.2.2.3.1.3 Perform Spatial Averaging for 50 km Spatial Resolution (A3.3.1.3)
For each node on the line of nodes and for each antenna beam, spatial averaging shall be performed

over full-resolution o, values, to generate the smoothed oy estimate at 50 km spatial resolution, in
accordance with the algorithm specified in Section 6.1.3.

The ensemble of the spatially averaged o, estimates from the three beams (Fore, Mid and Aft) is
called 50 km resolution oy triplet. Every Node of the spatial resolution product contains therefore up
to three averaged values of oy, one per beam. For a given node, and due to the geometry of the
measuring system (see Section 2) the oo values from the three different beams correspond to
measurements taken at different times. The fore beam measurements lead in time, followed by the
mid beam and later by the aft beam. The distance between the measurement time of the o, values
corresponding to different beams within a node depends on the node position within the swath,
ranging from approximately one minute in the near swath, to up to three minutes in the far swath.

5.2.2.3.1.4 Estimate Kp Value (A3.3.1.4)
For each node on the line of nodes and for each antenna beam, the Kp value (standard error) of the 50

km resolution smoothed o, estimate shall be computed in accordance with the algorithm specified in
Section 6.1.4.
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5.2.2.3.1.5 Generate Flags and qualifiers (A3.3.1.5)

For each node on the line of nodes and for each antenna beam, the flags and qualifiers of the 50 km
resolution smoothed o, product, as specified in Section 7.3.2, shall be generated, according to Section
6.1.5.1.

5.2.2.3.1.6 Generate Node Geometry (A3.3.1.6)

For each node on the line of nodes and for each antenna beam, the 50 km resolution node geometry
information indicated in Section 7.3.1 shall be generated.

5.2.2.3.2 Assemble o, Triplet Data Product Contents for 50 km Spatial Resolution (A3.3.2)

The 50 km Resolution oy Data Product contents shall be assembled as described in the definition of
Level 1B contents in Section 7.3.1.

5.2.2.3.3 Generate Monitoring and Reporting Information (A3.3.3)
Monitoring, reporting and processing status data shall be generated. Details are in Section 7.

5.2.2.4 Level 1B 25 km Spatial Resolution Product (A3.4)

5.2.2.4.1 Generate o, Triplets & Kp Estimates at 25 km Spatial Resolution (A3.4.1)
5.2.24.1.1 Generate and land-flag Node Positions (A3.4.1.1)
Node positions for (the first or) the next line of 25 km resolution nodes shall be generated in

accordance with the algorithm specified in Section 6.3.4. Note that the full resolution o, data needs to
be buffered until the necessary data for spatial averaging are available for each antenna beam.

5.2.24.1.2 Transform Relevant Full Resolution o, Values To Node Frame (A3.4.1.2)
For each node in the line of nodes and for each antenna beam, the relevant full resolution o, data shall

be transformed to the 25 km node reference frame for that node, in accordance with the algorithms
specified in Section 6.3.2 and Section 6.1.2.

5.2.2.4.1.3 Perform Spatial Averaging for 25 km Spatial Resolution (A3.4.1.3)
For each node on the line of nodes and for each antenna beam, spatial averaging shall be performed

over full-resolution o, values, to generate the smoothed o, estimate at 25 km spatial resolution, in
accordance with the algorithm specified in Section 6.1.3.

The ensemble of the spatially averaged o, estimates from the three beams (fore, mid and aft) is also
called 25 km resolution oy triplet.

Every Node of the spatial resolution product contains therefore up to three averaged values of o, one
per beam. For a given node, and due to the geometry of the measuring system (see Section 2) the oy
values from the three different beams correspond to measurements taken at different times. See
Section 2. The fore beam measurements lead in time, followed by the mid beam and later by the aft
beam. The distance between the measurement time of the o, values corresponding to different beams
within a node depends on the node position within the swath, ranging from approximately one minute
in the near swath, to up to three minutes in the far swath.

5.2.2.4.1.4 Estimate Kp Value (A3.4.1.4)
For each node on the line of nodes and for each antenna beam, the Kp value (standard error) of the

25 km resolution smoothed o, estimate shall be computed in accordance with the algorithm specified
in Section 6.1.4.
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5.2.2.4.15 Generate Flags and qualifiers (A3.4.1.5)

For each node on the line of nodes and for each antenna beam, the flags and qualifiers of the 25 km
resolution smoothed o, product, as specified in Section 7.3.2, shall be generated, according to
Section 6.1.5.

5.2.24.1.6 Generate Node Geometry (A3.4.1.6)

For each node on the line of nodes and for each antenna beam, the 25 km resolution node geometry
information indicated in Section 7.3.2 shall be generated.

5.2.2.4.2 Assemble oy Triplet Data Product Contents for 25 km Spatial Resolution (A3.4.2)
The 25 km Resolution o, Triplet Data Product contents shall be assembled as described in the
definition of Level 1B contents in Section 7.3.1.

5.2.2.43 Generate Monitoring and Reporting Information (A3.4.3)
Monitoring, reporting and processing status data shall be generated. See Section 7.

5.2.3 Data formatting (A4)

Level 0, 1A and 1B product contents supplied from Al, A2 and A3 processing respectively shall be
formatted in accordance with the specifications contained in [AD 2] and [AD 3].

524 Monitoring, reporting and informing of the processing status (A5)

Monitoring and Reporting Information supplied by Al, A2 and A3 shall be compiled/processed for
Quality control, monitoring, reporting and informing of the processing status. See Section 7.

It shall be possible to read, display and print all Monitoring and Reporting Information for a period of
at least two weeks after their generation.

Note: This may, for example, be implemented via the generation of a human-readable report, i.e., a
file of ASCII encoded data and figures.

Note: To keep the Monitoring and Reporting Information for at least two weeks from their generation
may involve exporting it to a facility external to the ASCAT PGF via, for example, the PGE services.

To display a value or set of values shall consist of showing on a monitor as the most recent of a time
series of the n previous values or sets of values, where the value of n is user selectable. Note: thus, the
display of a power gain product could result in a plot of the last n power gain product values, and the
display of the Rx filter shape could result in a sequence of n plots of the Rx filter shape.

5.2.4.1 Instrument/ Processing Status Monitoring (A5.1)

The ASCAT PGF shall report on all instrument/processing mode transitions, both to and from the
following modes, together with their times of occurrence at the processor and, where applicable, at the
instrument.

o Off
e Processing Normal Measurement Mode Source Packets (NMMSP)
e Processing Calibration Mode Source Packets (CMSP)

e Processing Special Measurement Mode Source Packets (SMMSP) (for Gain Compression
Monitoring)
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e Handling Test Mode Source Packets (TMSP)

e Processing NMMSP simultaneously with Antenna Gain Pattern and Orientation (AGPO)
Estimation

e Processing NMMSP simultaneously with Normalisation Table and Deblooming Kernel (NT
and DK) Generation

e AGPO Estimation
e NT and DK Generation

The ASCAT PGF shall also report on all changes of processing configuration, together with their
times of occurrence.

5.2.4.2 On-line Quality Control (A5.2)

While the PGF is processing NMMSP, the data items and time averaged data items given in Section
7.4.9 shall be reported and displayed at user selectable intervals, normally 6000 seconds. While the
PGF is processing NMMSP, user selectable flag transitions (of flags indicated in Section 7.4.9) shall
be reported and displayed, together with the time of occurrence of these transitions.

While the PGF is processing CMSP, the data items and time averaged data items given in Section
7.4.9 shall be reported and displayed, for each CMSP. While the PGF is processing CMSP, user
selectable flag transitions (of flags indicated in Section 7.4.9) shall be reported and displayed, together
with the time of occurrence of these transitions.

While the PGF is processing SMMSP for GCM, the UTC time of each SMMSP, the drive level and
the transmit power shall be reported and displayed. At the end of a sequence of SMMSP, the derived
GCM parameters shall be computed, reported and displayed. At the end of each sequence of SMMSP,
the ASCAT GCM information (see Section 7.4.8) shall be reported to the Measurement and
Calibration facility without delay.

It shall be possible to display and report on, at user selectable time intervals, any subset to up to 25
data items contained in products or time averages of these data items over user selectable intervals of
time. Note: this capability is envisaged for diagnostic purposes.

5.2.4.3 Usage of M&C services (A5.3)

It shall be allowed that the PGF make use of the generic M&C service of the PGE to receive
commands from the CGS, to transfer the processing status and monitoring information to the CGS
and to receive flight dynamics information and the land mask.

5.2.4.4 Online MMI functionality (A5.4)

The PGF shall also provide the following online MMI functionality: real-time quick look display
capability of data flow and parameter values, as well as online analysis display capability of all
received data, generated products, internal files, data sets and quality information. See also Section 7.
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5.3 External Calibration and NTG Processing Chain

The Calibration Processing Chain processes the transponder calibration data to determine the in-flight
antenna gain patterns and their boresight pointings and orientations. The estimated parameters are
then used to generate in-flight Power-to-g, normalisation functions and Deblooming Kernels, given
an orbit and a spacecraft attitude law.

Part of this functionality (B1) shall be performed every time a Calibration Source Packet arrives to the
PGF. Other parts (B2 and B3) shall be performed in response to a command to the PGF.

The main input to the Calibration Processing Chain is DF-2: ASCAT Calibration Source packets, if
there are any present within the input data, and their corresponding noise packets.

5.3.1 Estimation of antenna gain at different angular positions (B1)

The Calibration Source Packets are first subjected to a front-end correction that is very similar to the
one applied to Measurement Source packets. Therefore, several references to functions within A2 and
A3 will be made in the following sections. The main differences between the correction of
Measurement and Calibration source packets is in the estimation of the applicable reference functions.
Corrected Calibration Source Packets are then used to estimate the values of the antenna gain at
different angular positions in the antenna coordinates frame.

5.3.1.1 Inputs and Outputs

The input to the B1 processing shall consist of the DF-2 contents, satellite telemetry corresponding to
the product time, processing parameters (for Level 1A calibration data processing) and filter shape
values calculated using the Normal Measurement Mode noise packets on either side of the external
calibration sequence as calculated in A2. DR-2 contents are described in Section 7.1.

Output from the B1 processing shall be as follows:

e Calibration source packets, raw with corrections for variations of the Rx filter shape, noise
power and Power-Gain product and other parameters.

e Corresponding antenna gain values at angular positions, which shall be supplied to B2.

e Monitoring, reporting and processing status data (see Section 7) shall be generated, which shall
be supplied to A5.

The output from the B1 processing shall be written to an internal file (Calibration Data Internal
Product, see section 7.4.1 for contents), which shall be accessible from both the ASCAT PGF and a
facility external to the ASCAT PGF (ASCAT cal/val facility).

5.3.1.2 Source Packet UTC Time Generation (B1.1)
This function shall be performed as explained in Section 6.
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5.3.1.3 Pre-processing of Echo and Noise Data (B1.2)

5.3.1.3.1 Check Source Packet Data (B1.2.1)

Source packets shall be checked, in order to ensure that there are no missing, corrupted, invalid or
duplicated source packets.

Missing and duplicated source packets

Missing and duplicated source packets are detected by examination of the following
items within each source packet to ensure that the sequence is as expected:

the Source Sequence Count,

the PRI Count,

the Tag Field,

the Application Process Identification and

o b~ L Dp e

the Ground Processor Flags.

Corrupted source packets

Corrupted source packets are detected by examination of the following items:
1.the Packet Error Control Field of the source packet

Invalid source packets
Invalid source packets are detected by inspecting the following items:
1. Ground Processor Flags,
2. the Out-Of-Range Count and
3. any static or variable non-data field which does not contain permitted values.

For the case of the Out-Of-Range Count, if it exceeds a threshold value (Toorc) the echo or noise data
are deemed to be invalid due to A/D Converter Overflows.

Missing, Corrupted or Invalid measurement source packets shall be replaced with synthetic source
packets generated by filling the data fields of the source packet with zeros or a default value. They
shall be flagged according to Section 6.1.5.1.

5.3.1.3.2 Check, Smooth and Interpolate Telemetry to UTC time associated to Source
Packets and Append Resulting Data (B1.2.2)
This function shall be identical to A2.2.2.

5.3.1.3.3 Separate Echo and Noise Source Packets (B1.2.3)

The echo and noise source packets shall be identified and separated. The noise source packets are
used to compute reference parameter values needed for echo processing. Those values are later
appended to the echo source packets in the Calibration Data Internal Product (see Section 7.4.1). The
noise source packets are not appended in that product.
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5.3.1.4 Noise Data Processing (B1.3)

5.3.1.4.1 Compute Rx Filter Shapes (B1.3.2)

The Rx filter shape computation shall be performed as described in Section 6.2.1 for calibration
source packets.

The shape of the on-board radar receive chain spectral characteristic is estimated using the reception
windows of noise samples. In order to obtain an Rx Filter Shape estimate to be used to correct the
calibration mode data, the last and first good Rx Filter Shape estimates from the measurement mode
operations, on either side of the calibration mode operation sequence, shall be averaged.

5.3.1.4.2 Compute Noise Power Values (B1.3.3)
The noise power value associated with each echo shall be estimated for noise subtraction as described
in Section 6.2.2 for calibration source packets.
5.3.1.4.3 Discard noise data and associated telemetry (B1.3.5)
The noise data can now be discarded from the noise source packets leaving only:
(1) the Rx Filter shape estimation related quality flags (generated according to Section 6.1.5.2),
(2) the Noise power estimation related quality flags (generated according to Section 6.1.5.2).

5.3.1.5 Echo Data Processing (B1.4)

5.3.1.5.1 Generate the Power/Internal Gain Product (B1.4.1)

The Power/Internal Gain Product value for each echo source packet shall be generated as described in
Section 0 for calibration source packets.

5.3.1.5.2 Localisation of individual power echoes (B1.4.2)

The necessary geometry transformations to localise individual power echoes in the Terrestrial
Reference Frame shall be generated, according to the algorithms described in Section 6.3.1,
Section 6.3.2 and Section 6.3.3. The individual power echoes, so far characterised by (discriminator
frequency/time) coordinates, shall be localised by (x,y,z) coordinates in the Terrestrial Reference
Frame and by latitude and longitude.

5.3.1.5.3 Generate other necessary localisation information and geometry (B1.4.3)
Other necessary localisation information and geometry shall be generated according to algorithms
described in Sections 6.3.1, 6.3.2 and 6.3.3.

5.3.1.5.4 Generate Quality Flags & Qualifiers (B1.4.4)
Quality Flags and qualifiers shall be generated according to Section 6.1.5.2.

5.3.1.6 Calibration source packets front-end correction (B1.5)
Reference functions shall be applied as the next paragraphs indicate to Calibration echo powers. The
resulting o, value shall be flagged according to Section 6.1.5.2.

5.3.1.6.1 Rx Filter Shape Correction (B1.5.1)

The Rx filter shape correction shall be applied to the source packet echo data in accordance with the
algorithm given in Section 6.1.1.
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5.3.1.6.2 Noise Power Value Subtraction (B1.5.2)

The Noise Power Value shall be subtracted in accordance with the algorithm description given in
Section 6.1.1.

5.3.1.6.3 Power-Internal Gain Product Correction (B1.5.3)

The Power Internal Gain Product Correction shall be applied in accordance with the algorithm
description given in Section 6.1.1.

5.3.1.7 Calculating Gain at angular positions values (B1.6)

For every transponder measurement, the gain at angular positions shall be calculated as described in
Section 6.2.5.

5.3.1.8 Assemble Calibration Data Internal product Contents (B1.7)

For every calibration source packet which arrives at the ASCAT PGF, the raw Calibration Source
Packet, the reference functions used to correct it and the derived gain at angular position
measurements shall be written to a file (ASCAT Gain at Angular Position Internal Product), which
shall be accessible from both the ASCAT PGF and a facility external to the ASCAT PGF, which is
the ASCAT calibration/validation facility). This information constitutes the output of B1 processing,
and shall be assembled as described in the definition of the ASCAT Gain at Angular Position Internal
Product contents in Section 7.

5.3.1.9 Generate Monitoring and Reporting Information (B1.8)
Monitoring, reporting and processing status data (see Section 7) shall be generated.

5.3.2 Antenna Gain Pattern and Orientation Estimation (B2)

The External calibration shall be an occasionally executing functionality, which shall be performed in
response to a command given to the PGF.

The External calibration consists on estimating the in-flight antenna gain patterns and three depointing
angles for each antenna.

5.3.2.1 Inputs and Outputs
The input to B2 processing shall be the Antenna Gain at Angular Position Internal Product.

Output from the B2 processing shall be:
¢ In-flight antenna gain patterns and three de-pointing angles.

¢ Monitoring, reporting and processing status data (see Section 7) shall be generated which shall
be supplied to A5.

The output from the B2 processing shall be written to an internal file (ASCAT Antenna Gain Patterns
and Orientations Internal Product, see Section 7 for contents), which shall be accessible from both the
ASCAT PGF and a facility external to the ASCAT PGF, the ASCAT calibration/validation facility).

5.3.2.2 Estimation of in-flight antenna gain patterns and de-pointing angles (B2.1)

This shall be done by processing a user selectable set of gain at angular position estimates, according
to the algorithms expressed in Section 6.2.6.
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A number of GAP estimates shall be selectable on the basis of time interval or time intervals, by
transponder number or numbers, by ascending or descending pass, by gain drop (with respect to the
expected peak gain of a given antenna) and / or by combinations of these. It shall also be possible to
manually edit all GAP estimates or selections of GAP estimates (made as described in the previous
sentence) to obtain a final set for use in the Antenna Gain Pattern and Orientation Determination
Algorithm.

The in-flight external calibration shall be carried out separately for these three passes:
e ascending passes
e descending passes
o all passes

5.3.2.3 Assemble Calibration Results product contents (B2.2)

The output of B2 processing shall be assembled as described in the definition of the ASCAT Antenna
Gain Patterns and Orientations Internal Product contents in Section 7.

5.3.2.4 Generate Monitoring and Reporting Information (B2.3)
Monitoring, reporting and processing status data shall be generated. See Section 7.

5.3.3 Generation of in-flight oo Normalisation Factors and Deblooming Kernels (B3)

The Generation of o, Normalisation Factors and Deblooming Kernels is an occasional functionality,
which shall be performed in response to a command given to the PGF.

5.3.3.1 Inputs and Outputs

The input to B3 processing shall be the ASCAT Antenna Gain Patterns and Orientations Internal
Product.

Output from B3 processing shall consist of the following:
e aset of Normalisation factors in a LUT (NT), with other information. See Section 7.

e aset of Deblooming Kernels in a LUT (DK), with other information See Section 7.

¢ Monitoring, reporting and processing status data shall be generated, which shall be supplied to
[A5]. See Section 7.

The output from B3 processing shall be written to internal files, which shall be accessible from both
the ASCAT PGF and a facility external to the ASCAT PGF. The contents of the files are as defined in
Section 7.4.3 and Section 7.4.4 respectively.

5.3.3.2 Generation of in-flight Normalisation Factors (B3.1)

An in-flight Normalisation factors Table (NT) shall be generated, according to the algorithm
expressed in Section 6.2.4.

5.3.3.3 Generation of in-flight Deblooming kernels (B3.2)

An in-flight Deblooming Kernels Table (DK) shall be generated, according to the algorithm expressed
in Section 6.2.7.

5.3.3.4 Generate Monitoring and Reporting Information (B3.3)

Monitoring, reporting and processing status data as described in Section 7 shall be generated.
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5.4 Gain Compression Monitoring processing chain

The objective of the Gain Compression Monitoring Processing Chain is to monitor the gain
compression at the operating point of the HPA.

5.5 Gain Compression Monitoring (C1)

This functionality shall be occasional and performed every time a sequence of Special Measurement
Mode Source Packet for Gain Compression Monitoring arrives to the ASCAT PGF, according to the
algorithm described in Section 6.2.10.

The sequences of special measurement mode source packets for gain compression monitoring, as well
as the resulting derived parameters and flags shall be immediately reported to the Mission Control
Function (MCF).

55.1 Inputs and Outputs

The input to the C1 processing shall be the DF-3 data flow: ASCAT Measurement Mode Source
Packet of the Gain Compression Monitoring special type, if there are any present within the input
data.

Output from the B3 processing shall consist of the following:
e extracted relevant parameters from the input source packets.
o flags derived by testing the values of these parameters

e Monitoring, reporting and processing status data as detailed in Section 7, which shall be
supplied to A5.

The results of GCM shall be reported to Monitoring and Calibration immediately.

The inputs and outputs from the C1 processing shall be jointly written to a file (Gain Compression
Monitoring Information Internal Product, see Section 7), which shall be accessible from both the
ASCAT PGF and a facility external to the ASCAT PGF (ASCAT cal/val facility).

55.2 Computation of the Average Effective Transmitted Power values (C1.1)

For every Drive Level Setting, an Average Effective Transmitted Power value shall be generated.

55.3 Computation of CGM parameters (C1.2)
For a nominal Gain Compression Monitoring Sequence, the values of Prest.com and Zeain compression
and the relevant flags (see Section 7) shall be computed.

For an exceptional Gain Compression Monitoring Sequence, the required parameters shall be
computed as described in Section 7.

554 Assembly of Gain Compression Monitoring data (C1.3)

Gain Compression Monitoring, reporting and processing status data shall be generated as described in
Section 7.
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6 ALGORITHMS FOR THE ASCAT PGF

The following is a description of the algorithms used in the ASCAT PGF. The algorithms are
organised in the following paragraphs as follows. First, the central processing chain algorithms (which
are used in Level 1B processing) are given together with algorithms for the correction of calibration
source packets. Level 1B processing consists basically of applying a set of reference functions to the
raw data, generating normalised backscatter oo values and smoothing them into the 25 km and 50 km
spatial resolution oy triplets. Second, the algorithms to be used for the determination of the above
mentioned reference functions are given. Some of these algorithms are used in the Level 1A
processing. Finally, a set of auxiliary algorithms related to the system geometry is described.

Nominally, the ASCAT generates only three classes of source packet in orbit: Normal Measurement
Mode source packets, Special Measurement Mode source packets (for GCM) and Calibration Mode
source packets.

The Normal Measurement Mode source packets are either echo source packets or noise source
packets. The Normal Measurement Mode echo source packets are processed to create the Level 1B oy
products using the central chain algorithms. The Normal Measurement Mode noise source packets are
used to generate reference functions required for processing the Normal Measurement Mode echo
source packets. Normally the ASCAT operates in Measurement Mode.

The Special Measurement Mode source packets are not used for generation of o, products but are
instead used for monitoring the gain compression at the operating point of the HPA. These source
packets are identified by inspection of the parameter configuration field of the source packet. They are
stored permanently in a file within the ASCAT PGF, which can be read by the cal/val facility as well
as the ASCAT PGF itself. It is expected that GCM is carried out once a month using a GCM sequence
lasting approximately five minutes.

The Calibration Mode source packets are not used for generation of oy products but are instead used
to determine the in-flight antenna gain patterns and their boresight pointings and orientations. The
Calibration Mode echo source packets are first subjected to corrections for receive chain spectral
transfer characteristic, noise removal and variations in transmitted power and receiver gain. Each
packet is then used to determine the antenna gain at one or more angular positions; this data is stored
permanently in a file within the ASCAT PGF (which can be read by the cal/val facility as well as the
ASCAT PGEF itself). A set of 24 %56 antenna gain at an angular position measurements for each
antenna is acquired during each external calibration campaign, which lasts approximately one month
and usually performed once per year. A further set of 24 *2 antenna gain at an angular position
measurements for each antenna is acquired approximately every month for monitoring purposes. A
user-selectable subset of the data stored within the file can be used to generate an antenna gain pattern
and boresight pointing estimate. The estimated antenna gain patterns and boresight pointing estimates
can be used to generate new power to oo normalisation functions given an orbit, instrument
parameters and a spacecraft attitude steering law.
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6.1 Central Chain Algorithms

6.1.1 Correction for Receive Chain Spectral Transfer Characteristic, Noise Subtraction and
Transmit Power / Internal Gain Product Correction

For further information, see also [RD 1]. The detected echo samples within each source packet are

corrected for, firstly, variation of the shape of the receiver filter characteristic, secondly, the relevant

noise power is subtracted and, thirdly, the resulting signal is corrected for transmitted power and

internal instrument gain variations. These corrections are defined by the following equation.

G, j,b) = Equation 1

1 E(i, j,b)
40,0, SP) [ gy (i, k(@) (i, b)

E(i, j, b) is the set of source packet echo samples associated with along track time Tg(j, b) for beam b.
The index i runs from 1 to Necpo and labels the source packet detected echo sample associated with
discriminator frequencies f(i). The index j starts at 1 and increases in steps of unity to Necno.packers; it
labels sequentially the echo source packets from a particular beam b associated with the along track
time Te (j, b). The index j associated with the first line of source packet echo from each beam when a
ground processing run is started is unity. The first line of echo will be the first line received after a
noise packet for each beam.

—c(b) n(kQ), b)}

Te(j, b) is given by the following equation for real measurement mode and calibration mode echo
data:

Te (. b) = Tyrc-rrsTn-see Equation 2

= UTC( TSBT—AT—'I‘I’ )

+N PRI APR| F|00r|: Unwrap(c PR'—?\(IJUNT )_ CPRI—AT_'rr :|
PRI

+APRI mOd[ (Unwrap(CPRl—COUNT )_CPRI—AT—TT ) ' N PRI ]

For test measurement mode, echo data UTC (Tsgr.at.rr ) iS replaced by Tyrcarrr in the above
equation.
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where:

Tutc-rrsT-IN-spe IS the UTC Time associated with the first PRI contribution to that
echo source packet.

Tsgrat-TT is the satellite binary time at Time Tag given in the source packet.
TurcatTr is the on-board UTC at Time Tag given in the source packet.
Ceri-count is the PRI count given in the source packet.

Neri is the number of beams firing in the beam cycle: six for Measurement

Mode and two for Calibration Mode.

Apry is the pulse repetition interval for a beam. This is calculated from the
instrument timeline parameters given in Section 7.4.

The index b labels the beams: it takes values from 1 to B = 6.

hex(i,k()) is the receive chain filter shape function associated with along-track time
Tn(k(j), b) ); it is not beam dependant.

n(k(j).b)) is the noise power applicable for beam b associated with along-track
Tn(k(), b).

Let the noise packets be labelled by the integer index k which runs from 1 to Nnoise-packeTs-

Twn(K(j), b) is given by the following equation for real measurement mode and calibration mode noise
data:

Ty (. b) = TurcrrsT-IN-sPN Equation 3

UTC( TSBT—AT—'I_I' )

+N PRI Apm Floor{ Unwrap(C PRFT\(IDUNT )_ CPleAT:rr }
PRI

+APRI mOd[ (Unwrap(CPRl—COUNT)_CPRI—AT—'I_I' )’ NPRI ]

For test measurement mode, echo data UTC ( Tsgrartr ) iS replaced by Tyrcar.rr in the above
equation. Where Tyrc.rirstan-sen 1S the UTC Time associated with the first PRI contribution to that
noise source packet. A noise packet index k(j) may be associated to an echo packet index j using the
following equation:
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1 Equation 4
2
k(j) = Floor T +1

N

where Ly is given by the following equation where Nnoise and Ngir will be chosen in such a fashion as
to make Ly an integer:

2N NOISE Equation 5
L, = —NosE

N FIR

Nnoise iS the number of windows of noise averaged on board along track from a given beam to create
a noise packet and Ngr is the length of the on board along track averaging finite impulse response
filter.

The samples in reception windows of echo and noise are subjected to different processing on board
the spacecraft. One range look is used for noise processing on board whereas several overlapping
range looks are used for echo processing on board. In addition, for certain echo range looks, only a
subset of the available discriminator signal frequency spectrum is used on board. Furthermore the
lines of radar echo are subjected to different along-track averaging with a different weighting function
than the lines of radar noise. For these reasons the functions c(b) and y(i,b) are required to make the
on-board noise processing equivalent to the on-board echo processing and to ensure that echo is
correctly normalised at all discriminator signal frequencies (which is not done during on-board
processing).

A(j,b,SP) is the power-gain product correction factor applicable for beam b associated with along-
track time Tg(j, b). The power-gain product correction removes any variations in the source packet
echo lines associated with variations in the transmitted RF power and internal instrument receiver
chain gain as a function of along-track time.

6.1.2 Power To o Conversion, Deblooming Subtraction and Coordinate Transformation
See a_lso [RD 1]. The power to oo normalisation is performed in accordance with the following
equation:

o (i, TE (j, b), b) Equation 6

_ S(, Te (4, b), b)

~ Q(f(i), Te (i, b), b, SP, Pour_acr (Te (s b)), Panracr (Te Gy b), b))

where this equation applies:
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Q(f(1), Tc (1, 0), b, SP, Poyract (Te (1, 0)), Payroact (Te (1, ). ) Equation 7
Q(f(1), Tc (4. 0), b, SP, Pxrvom (Te (b)), Panr.act (Te (1. 0), b))

+Sgou (f(1), Te (1, b), b, SP, Posr yom (Te (b)), Panract (Te (1, b), b))

Aage (Te (,b))

+ Spiren (F(1), Te (1, 0), 0, SP, Poar vom (Te (1, ), Panr.act (Te (1, ), b))

APpiren (T (b))

+Syaw (f(1), Te (. 0), b, SP, Psar_nom (Te (1 0)), Panr.acr (Te (1, ), b))

Ay vaw (Te (b))

The normalisation values above are determined by sampling the normalisation functions at the
required discriminator frequencies f(i) and at the required orbit position times Tg(j, b). The
normalisation functions are stored as look-up tables and interpolated to the required orbit time
positions. The normalisation look-up tables contain the following information:

Q(f(i), Ty, b, SP), Q(f(i), Tya, b, SP), ....., Q(f(i), Tya. b, SP) Equation 8
Srow ((1), To, b, SP), Sgoy ((1), Tyg, 0, SP), ..., Sgouy ((1), Tyg, b, SP)
Serren (f(1), To, 0, SP), Sppre (F(1), Ty, b, SP), ..., Spiren (F(1), Tye, b, SP)

Syaw (F(1), To, b, SP), Sy (F(1), Tip, b, SP), ...y Syaw (f(i), Tyo . b, SP)

The normalisation table for each antenna beam consists of 256 values at each orbit position
corresponding to a specific orbit time. The number of orbit times around the orbit is selectable. The
time sampling of the normalisation functions is, in general, non-linear in orbit time. Linear
interpolation is used between these samples to interpolate to each orbit time Tg(j,b) at which
normalisation functions are required. The look-up tables cover the entire orbit; T, is the ascending
node time and Tya ,Tne , Tne and Typ are the times of the last rows of normalisation function samples
before the next ascending node. Whatever strategy is used for the generation and utilisation of
normalisation values negligible numerical errors will be introduced by this strategy so that no
performance degradation occurs. The normalisation functions must be updated if any parameters or
functions on which they depend are changed.
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Deblooming subtraction can be selected optionally for data reprocessing. It is performed according to
the following equation where IT is the desired estimation region determined by the deblooming radius:

G(IJDEBLOOM (l, TE (j; b), b) — Equation 9

_[ IKDEBLOOM (Vo Tos v, T30, Pspur, Panr (0) 00 (1, T (, b), b) d v dT

ALL

j Koesoom (Vos Too Vi Ti0, Poar, Pagr (D)) dvdT

INSIDE TI1

.[ K oesroom (Vos Tor Vi T50, Poar s Panr (0)) o0 (i, Te (4, b), b) dvdT

OUTSIDE IT

I J. K oesroom (Vor Tos Vi T30, Psar s Payr (0)) dvdT

INSIDE TI1

where KpegLoom IS defined in section 6.2.7. The localisation algorithm allows coordinates in the
Terrestrial Reference Frame to be associated to the oo values in discriminator frequency / orbit time
space. This is essentially the full resolution o, product. To generate smoothed o, data at 25 km and
50 km spatial resolutions, the Terrestrial Reference Frame coordinates of the relevant full resolution
data are then transformed to the Node Reference Frame coordinates for a specific node N centred at
position Kt(N) in the Terrestrial Reference Frame. The two mentioned geolocation steps are applied
to the normalised oy as follows:

o, (1, Tc(, b),b) Equation 10
I

oo (X< (1, 1), y7 (i, 1), 2: (i, ), T (1, b), b)

0

O-O(XKT(N) (1,1, Y, m (1,1, ZKT(N)(i! 1), Te(, b),b)

If the actual satellite orbit or actual satellite attitude become too different from those used to generate
the Normalisation Tables and Deblooming Kernels the o, data are flagged and the Normalisation
Tables and Deblooming Kernels must be regenerated using accurate and up-to-date satellite orbit and
satellite attitude data.
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6.1.3 Spatial Averaging (See RD 1)

See [RD 1] for further specifications. A smoothed o, estimate at node N centred at position K+(N) in
the Terrestrial Reference Frame is generated in accordance with the following equation.

O onope (K1 (N), B, Togerr) = Equation 11

6 (X0 (1 s Yie, 0o (1) 2k, o (12 1), Te (1, D), D)

(Z Z WO(XKT(N)(i!j)7yKT(N)(i1j)1KT(N),b)J

Z Z WO(XKT(N)(i1j)’yKT(N)(i1j)1KT(N),b)

Where Toggit IS the orbit time associated with the centre of node N and W is the weighting function
used for the spatial averaging of the o, values. The weighting function is given by the following
equations:

W, (% Y.K 1 (N),b) = Fyy (x K1 (N),b)F,y (y,K+(N),b) Equation 12

Fox (% K+ (N),b) Equation 13

X
_ (QHX(KT(N),b)+(1-aHx(KT(N),b))cos[ L. (K, (N),b) ]]

H(L i (K7 (N),b)-[x] )

Fov (¥,K+(N),b) Equation 14

— - ﬂy
_(QHY(KT(N),b)Hl aHY(KT(N),b))cos( L, (K (N),b) D

H(LHY ( K (N),b) '|y| )
The Hamming parameters, apx and ayy, and the Hamming window dimensions Lyx and Lyy vary as a

function of both across-track position (node number) and beam number. H is Heaviside's step
function.
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6.1.4 Kp computation
The node Kp value is computed from the data using the following equation:

Equation 15
N var(c,ope ) d
Kp =

Go NoDE

where:

Equation 16

O NopE :%Z Z W, (0, J) o, (i, J)

where Woy(i,J) is the two-dimensional Hamming window function value applied to the o, value
labelled by (i,j) within the Hamming window and the normalisation factor is given by the following
equation:

N :ZZ WO (I, J) Equation 17
i

The variance is given by the following equation:

W, (i, j) W, (k. 1) Equation 18

var(c ,yope ) :ZZZZ N2

C(i,j;k,l;b)‘ 6, (1, J) -6 onooE H 6, (K, 1)-04nooe ‘

Where:

C(i,j;k,|;b)=p'NTRA(i,j;k,l;b)pF'R(i,j;k,l;b) Equation 19

Where the correlation functions are given by the following equations:
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w22 2 Equation 20

[ oran®ep[-2 mi A (i, jik,1;b)t]dt
pINTRA(i’j;k,I;b)_‘le

+2/2 ‘

J. ®gay () dt

-2/2

where:
wran(t) is the range look window function
z is the duration of the range look (equal to Tgy)

A¢(i,j; k1;b)  isabsolute value of the difference of discriminator frequencies
between sample (i,j) and sample (k,I) (in the two dimensional
Hamming window) for beam b.

+212 Equation 21

Opp (D 0pe t—2(1=A,(i,];k,1;b ) dt
pFIR(i’j; k.I'b ):fz/2+z(1—At(i,j;k,I;b)) —
_[ Opg (t) dt

-2/
where:
orr(t) is the FIR along-track weighting function
z is the FIR along-track weighting function duration

z (1- Ac(iyj; k15 b)) s the absolute value of the along-track time separation between
sample (i,j) and sample (k,1) in the two-dimensional Hamming
window for beam b.

Note: If z (1- A(i,j ; k,I ; b)) is greater than or equal to z, the correlation, pF'R(i,j ; k,1'; b), is zero.

6.1.5 Error Handling And Flagging Algorithms
The meaning of certain terms used in this section is as set out in Section 6.2.

6.1.5.1 Normal Measurement Mode Source Packets

If one or more echo source packets are missing, corrupted or invalid then the average of the first good
preceding E(i,Pe ,b) and first good following E(i,Fe ,b) echoes are used to replace the missing E(i,j,b)
values.
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E(i, Pz, b)+E(i, Fc, b) Equation 22

E(, j,b) = > ¥ missing j

If this is done, the corresponding corrected echo or echos S(i,j,b) will be labelled as synthetic echo by
setting the flags Fecho(i,j,b) and qualifiers Mecpo(i,j,b), Cecrol(i,j,b) and lecho(i,j,b) appropriately.
Thus each echo sample is classified with a flag Fecro and Qualifiers Mecho, Cecho and lecho. Fecho 1S
zero if the sample is not synthetic and unity if the sample is synthetic. Mgcro is unity if the sample is
synthetic due to missing data and zero otherwise. Cecpo is unity if the sample_is synthetic due to
corrupted data and zero otherwise. lgcho iS unity if the sample is synthetic due to invalid data and zero
otherwise.

If one or more echo source packets are Missing, Corrupted or Invalid such that one or more values of
the power gain product (before along track averaging), A" (j,b,SP) are not available then the average of
the first good preceding A (Ppe,b,SP) and first good following A (Fpg,b,SP) values are used to replace
the missing value or values.

A (Pog,b,SP) + A" (Fog , b, SP) Equation 23

A (j,b,SP) = 5 V¥ missing j

If the power gain product value A(j,b,SP) is computed using any synthetic power gain products before
along-track averaging then the Fpg(i,j,b) flags are set equal to unity (for all i). If the power gain
product value A(j,b,SP) is computed using more than a user selectable percentage, Tpg 0Of synthetic
power gain products before along-track averaging then the Vpg(i,j,b) flags are set equal to unity (for
all i). The flags Fexr.rc(i,j,0) will be set equal to unity (at the start and end of an ASCAT instrument
operation) where extrapolated pg-values have to be used. The corrected echo S(i,j,b) will be labelled
with the flags of power-gain product used to generate it, Vps(i,j,b), Fpc(i,j,b) and Fexrps(i,j,b).

If one or more noise source packets are Missing, Corrupted or Invalid then the average of the first
good preceding N(i,Py,b) and first good following N(i,Fy,b) noise source packets is used to replace
the N(i,k,b) values. Thus, the following applies:

- _ Equation 24

N(i, k, b) =

If this is done, the samples of noise N(i,k,b) will be labelled as synthetic noise by setting the flags
Frnoise(i,k,b) and qualifiers Myoise(i,k,b) Cnoise(i,k,b) and Inoise(i,k,0). Thus each noise sample is
classified with a flag Fnoise and qualifiers Myoise, Cnoise and Inoise. Fnoise 1S zero if the sample is not
synthetic and unity if the sample is synthetic. Myoise is unity if the sample is synthetic due to missing
data and zero otherwise. Cnoise IS unity if the sample is synthetic due to corrupted data and zero
otherwise. Inoise is unity if the sample is synthetic due to invalid data and zero otherwise.

If the corrected echo S(i,j,b) is computed using synthetic noise to perform the noise subtraction it will
be flagged by FNO|SE(i1j1b)1 MNO|SE(ilj1b)1 CNO|SE(ilj1b) and INO|SE(i1j1b) (lf n(k(J),b) was calculated from
synthetic noise).
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If the Rx path filter shape used to calculate S(i,j,b) is computed using any synthetic noise Fgter(i,j,b)
is set equal to unity. If the Rx path filter shape is computed using more than a user selectable
percentage, TrLter Of synthetic noise Vg 1er(i,j,b) is set equal to unity. If any of the telemetry data
associated with the noise packets used to compute a Rx path filter shape were missing or out of
EUMETSAT specified ranges then the flag Fre.riter(i,j,b), associated with that filter shape, is set
equal to 1. It is zero otherwise. The corrected echo S(i,j,b) will be labelled with the filter flags used to
generate it, VrLter(i,j,0), Frter(i,j,b) and Fre mirer(isj,b). Wherever two filters are averaged the flag
set with the highest degree of corruption will be taken for this labelling.

If the corrected echo S(i,j,b) is computed using an extrapolated Rx filter shape (at the beginning or
end of an ASCAT operation) then a flag Fexr.r(i,j,b) is set equal to unity. If the Rx filter shape used
is not extrapolated the flag is set to zero.

In addition to the flags mentioned above which characterise the generation of the corrected echo, the
following additional flags are also established for Level 1A data and for full resolution o, values, o(i,
Te(j,b), b):

I:ORBIT -0

If orbit within nominal range and 1 otherwise. Let R be the position vector of the
satellite at a particular position in the orbit corresponding to time T after the ascending
node and Rq be the position vector of the satellite at time T after the ascending node that
was used to generate the normalisation table. Then:

| Radial Component [R(T)—Rq(T) ]| < Xgpgr  FQuation25

the normalisation table is valid and the flag ForgT is set equal to zero. The threshold
XoraiT IS @ (User-configurable) processing parameter.

I:ATTITUDE -0

if attitude within nominal range and 1 otherwise. Let A be the satellite attitude vector at
time T after the ascending node and Ag is the satellite attitude vector at time T after the
ascending node that was used to generate the normalisation table. Then, if

A A, Equation 26
W XA‘I‘I’ITUDE
Q

the normalisation table is valid and the flag Farrirupe is set equal to zero. The threshold
Xatritupe IS a (user-configurable) processing parameter.

Fomeca(i.j,b) — 0

if normalisation function valid for echo line and 1 otherwise Note: the main purpose of
this flag is to check the instrument parameters.

FMAN(iljlb) - 1

from just before a spacecraft manoeuvre until the spacecraft has stabilised after the
manoeuvre and 0 otherwise.
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FDSL(ileb) -1
if the SVM or PLM depointing signal lines are high and 0 otherwise.

Fsia(i,j,b) -1

if the echo data is potentially corrupted by solar array reflections and 0 otherwise.

I:E—TEL—PRES(ian) -0
if telemetry data associated with the line of echo is present and 1 otherwise.

FE-TEL-'R(iijlb) - 0
if telemetry data associated with the line of echo is all in-range with respect to
EUMETSAT specified limits and 1 otherwise.

FLAND(i!j!b) -1
if echo sample position corresponds to Land and 0 otherwise.

I:DEBLOOM -1

if deblooming has been performed and O otherwise.

I:COM/OP -1

if Commissioning Phase data and O if Operational Phase data.

I:CAL - 0
if calibration is deemed to be good and 1 otherwise.

The corrected echo lines, S(i,Te(j,b), b) and the full resolution o, values (prior to smoothing),
oo(i, Te(j,b), b) are labelled by the following flags and qualifiers:

e Fecro(inj;b),

®  Mecho(i,j,b),
e Cecro(inj;b),
* lecro(in);h),

e Froise(i],b),
*  Myoise(i,),b),
e Cnoise(i,),b),

o Inoise(i);b),
° FPG(iajvb)a
L4 VPG(i’j!b)’

d FEXT-PG(i ,j ,b),
° FFILTER(i,j,b),
b VFILTER(ivjvb)v
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e Frecmter(i),b),
e Fexrru(ijb),

e Forair(i,j,b),

e Farmirupe(ij,b),

o FOMEGA(i,j,b),

b FMAN(i,j,b),
hd FDSL(iajvb)u
i FS/A(i ,j ,b),

e FereLpres(inj;b),
e Fererr(i)b),

e Frano(ij,b),

*  FoesLoom,

e F comor,

e FcaL.

The following derived flags are established via logical operations on the above flags according to the
following equations:

Fee = Fecrio - OR Fyoise - OR . Feer - OR Fog . OR Feyp g Equation 27
Vee = Fecrio - OR - Fyose - OR - Vpyirer - OR . Vg .OR . Fyp . EQuation 28

I:OA = I:ORBIT .OR. I:A'I'I'ITUDE .OR. I:OMEGA .OR. I:MAN .OR. I:DSL Equation 28

_ Equation 30
FTEL - FTEL-IR .OR. FTEL-PRES .OR. FTEL-FILTER .
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Let the smoothing of a flag F(i,j) by the two dimensional Hamming Window be defined by the
following equation:

Equation 31

1 C e

MF]=520 20 Wolh DFGLD
i

where the normalisation is given by the following:

N =ZZ Wo(i! i Equation 32
i

The following flag parameters are associated with each node o, value generated:

fr — equal to I'[ Fce ]

This parameter indicates if any synthetic data has been used or if the data comes from
the beginning or end of an ASCAT instrument operation where an extrapolated power-
gain value is used. A value of 0 indicates effectively that no synthetic data were used to
generate a oy node value.

fv — equal to I'[ Vce |

This parameter controls the quantity of synthetic data used or if the data comes from the
beginning or end of an ASCAT instrument operation where an extrapolated power-gain
value is used. A value of below approximately 0.05 indicates that the o, node value is
usable.

foa— equal to I'[ Foa ]

This parameter indicates if the satellite orbit and attitude allow valid data to be
generated. The data is only usable if this parameter is zero.

fsia —equal to I'[ Fgja |

This parameter indicates if the data maybe corrupted by solar array reflections. If the
value is zero the data is completely uncorrupted by solar array reflections.

freL — equal to T'[ Frg. ]

This parameter indicates if all telemetry is present and within certain limits. A zero value
indicates that all telemetry is present and within these limits. The data may be valid if
this parameter takes any value however a value of zero gives extra confidence that the
data is very good.

fexr-riL — equal to T'[ Fexrri ]

This parameter indicates if an extrapolated Rx filter shape has been used to correct the
data. The data may be valid if this parameter takes any value however a value of zero
gives extra confidence that the data is very good.
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fLanp — equal to I'[ Fianp ]

The parameter indicates the fraction of land contributing to a o, node value. Unity
indicates all land and zero indicates entirely ocean.

Fcomior —1

if Commissioning Phase data and O if Operational Phase data.

I:CAL =0

if calibration is deemed to be good and 1 otherwise.

FoesLoom — 1

if deblooming has been performed and 0 otherwise.

FKp_O

if fr is zero and 1 otherwise. Zero indicates the Kp estimate is good. Unity indicates the
Kp estimate is approximate or invalid.

The following general quality flag is also assigned to each o, node value: Fqua,. It can have the
following values:

GOOD

A oy node value is deemed to be gOOd if f|:, fOAu fSA, fTELa fEXT-FIL; FCOM/OP, Feal, FKp are
all zero.

USABLE

A o node value is deemed to be usable if fy is less than Tysaeie and foa , fsa, fcal are zero.

BAD

A o, node value is deemed to be bad if it is not good or usable.

6.1.5.2 Calibration Mode Source Packets

If a calibration echo source packet is Missing, it is replaced by a blank packet, with the correct
counter indices, filled with zeros, which is flagged as missing with a flag Mecho(j,b) set to unity. If a
packet is not missing this flag is set to zero. Missing calibration echo source packets are not used for
gain at angular position estimation but are stored together with the other calibration source packets.

If a calibration echo source packet is Corrupted or Invalid, then it is stored together with the other
calibration source packets but not used for gain at angular position estimation. It is labelled with the
qualifiers Cecro(j,b) and lecro(j,b). Cecro is unity if the packet is corrupted and zero otherwise. lecho
is unity if the packet is invalid and zero otherwise.

If one or more calibration echo source packets are Missing, Corrupted or Invalid such that one or
more values of the power gain product (before along track averaging), A"(j,b,SP) are not available then
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the average of the first good preceding A" (Pps,b,SP) and first good following A" (Fpe,b,SP) values are
used to replace the missing value or values.

2 (Pog b, SP) + 1" (Fog , b, SP) Equation 33

A (j,b,SP) = 5 vV missing j

If the power gain product value A(j,b,SP) is computed using any synthetic power gain products before
along-track averaging then the Fpg(j,b) flag is set equal to unity. If the power gain product value
A(j,b,SP) is computed using more than a selectable percentage, Trg.car Of synthetic power gain
products before along-track averaging then the Vp(j,b) flag is set equal to unity. The flags Fexr.pe-
caL(i,b) will be set equal to unity (at the start and end of an ASCAT instrument beam calibration
operation) where extrapolated pg-values have to be used. The corrected echo S(i,j,b) will be labelled
with the flags of power-gain product used to generate it, Vps(j,b), Fec(j,b) and Fexrrc.cac(j,b).

If one or more calibration noise source packets is Missing, Corrupted or Invalid then the average of
the first good preceding N(i,Pn,b) and first good following N(i,Fy,b) noise source packets is used to
replace the N(i,k,b) values. Thus, the following:

N(i, Py, b)+ N(i, Fy, b) Equation 34

N(i, k,b) = 5 Vv missing k

If this is done the samples of noise N(i,k,b) will be labelled as synthetic noise by setting the flags
Frnoise(k,b) and qualifiers Myoise(k,b), Cnoise(k,b) and Inoise(k,b). Thus each noise line is classified
with a flag Fnoise and qualifiers Myoise, Cnoise and Inoise. Froise iS zero if the line is not synthetic and
unity if the line is synthetic. Myoise is unity if the line is synthetic due to missing data and zero
otherwise. Cnoise is unity if the line is synthetic due to corrupted data and zero otherwise. Iyoise iS
unity if the line is synthetic due to invalid data and zero otherwise.

If the corrected echo S(i,j,b) is computed using synthetic noise to perform the noise subtraction it will
be flagged by Fnoise(j;b), Mnoise(j,b), Cnoise(j,b) and Inoise(j,b) (i.e. if n(k(j),b) was calculated from
synthetic noise).

The Rx path filter shape used to calculate S(i,j,b) is computed using the average of the last filter shape
from the measurement mode operation immediately preceding the calibration sequence and the first
filter shape from the measurement mode operation immediately following the calibration sequence.
The resulting filter shape will be labelled with the flag set Fr i 1er(j,0), VriLTer(),0) Frec-riLer(,b) with
the highest degree of corruption, together with a flag Frime(j,b), which is set equal to unity if the two
filter shapes averaged are separated in time by an interval larger than Tr;ye and set to zero otherwise.

In addition to the flags mentioned above which characterise the generation of the corrected calibration
echo, the following additional flags are also established for each calibration echo line, S(i, Tg(j,b), b):

Page 66 of 186



@& EUMETSAT 7 LUMEPS SYS SPE 09000

ASCAT Level 1: Product Generation Specification

Fvan(ij,b) -1
from just before a spacecraft manoeuvre until the spacecraft has stabilised after the
manoeuvre and 0 otherwise.

Fosc(i,j,b) —1
if the SVM or PLM depointing signal lines are high and 0 otherwise.

Fsa(ijb) -1
if the echo data is potentially corrupted by solar array reflections and 0 otherwise.

I:E—TEL—PRES(ian) -0
if telemetry data associated with the line of echo is present and 1 otherwise.

FE-TEL-'R(iijlb) _O
if telemetry data associated with the line of echo is all in-range with respect to
EUMETSAT specified limits and 1 otherwise.

FLAND(iljlb) - 1
if echo sample position corresponds to Land and O otherwise.

Fcomior - 1

if echo sample position corresponds to Land and 0 otherwise.

The calibration echo lines (prior to gain at angular position estimation), S(i, Te(j,b), b) are labelled by
the following flags and qualifiers:

i Mecro(],b),
b CECHO(jvb)a
b IECHO(j ) b),

i Frnoise(),b),
b MNOISE(j ) b),
b CNOlSE(j,b),
i Inoise(],b),
b FPG(jab)a

e Vps(j,b),

i Fext-re-caL(;b),
hd FFlLTER(j,b),
b VFILTER(j ,b),

b FTEL—FILTER(j’b):

i Frime(,b),
e Fuan(.b),
i FosL(,b),
i Fsia(i,b),

b FE—TEL—PRES(j ,b),
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hd FE-TEL-lR(j,b).
hd FLAND(i,j,b),
e F comop.

The following derived flags are established via logical operations on the above flag according to the
following equations:

Veeea = Megio -OR.Cryo - OR . leyo -OR . Vi . EaUtion 35
OR . V5 . OR . Fexr pgcar - OR - Frype

Foascar = Fuan - OR . Fog, .OR.Fy,  Equation 36

If VcecaL and Foas.cal are both zero the corrected calibration echo line is used for gain at angular
position estimation.

6.1.5.3 Special Measurement Mode Source Packets

If a special echo source packet is Missing it is replaced by a blank packet, with the correct counter
indices, filled with zeros which is flagged as missing with a flag Mecro(j,b) set to unity. If a packet is
not missing this flag is set to zero. Missing special echo source packets are not used for gain
compression monitoring but are stored together with the other special measurement mode source
packets. Duplicated special echo source packets are discarded.

If a special echo source packet is corrupted or invalid then it is stored together with the other special
source packets but not used for gain compression monitoring. It is labelled with the qualifiers
Cecho(j,b) and lecho(j,b). Cecro is unity if the packet is corrupted and zero otherwise. lecho is unity if
the packet is invalid and zero otherwise.

The occurrence and number of missing, duplicated, corrupted or invalid source packets in a Gain
Compression Monitoring Sequence has to be reported together with the estimated Gain Compression
at the HPA operating point.

6.1.5.4 Solar Array Flag Algorithm

The following source packet echo samples from the ASCAT ANTLF are to be flagged
(Fsa( i, j, b) = 1 for b = 1) to indicate they are potentially corrupted due to RF solar array reflections:
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Solar Array Angle Band
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+19°
+20°
+21°
+ 22°

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

+02°
+03°
+04°
+05°
+06°
+07°
+08°
+09°
+10°
+11°
+12°
+13°
+14°
+15°
+16°
+17°
+18°
+19°
+20°
+21°
+22°
+23°

Sample Index i of First
Sample to be Flagged
242

227
211
197
183
170
156
143
130
117
104
92
79
69
58
49
39
28

[ERN
(o]

N T Tl e e T el e T e R S e S S e S S S 3

Sample Index i of Last Sample
to be Flagged
256

256
256
256
256
256
256
256
256
256
256
256
254
236
223
209
197
185
173
161
150
138
128
118
108
98
89
79
69
58
50
41
33
24
15
6

Table 2: Source packet echo samples from the ASCAT ANTLF to be flagged.
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Sample 1 is the sample closest to the source packet header and sample 256 is the sample furthest from
the source packet header. The solar array angle, Osa, is given by the following function:

eSA(tASC,d)=90+@A(d)—360

n Torair

(tasc Mod Torgr ) SNETD S

Where tasc is the time since the last ascending node crossing, TorsiT is the period of the orbit and A(d)
is given by:

[ _ 1 Equation 38
Sin (aMAX Sin (21: (d-d, )JJ Sin (i )

dYEAR

+COS(5MAX Sin [27[ (d-d, )HCOS(i,NC )Sin (x(d ))

A(d)=ArcTan

-COS[SMAXSin (27: (d—d, )HcOs(x(d))

dYEAR

Where duax is the maximum solar inclination, d is the day of year, d, is the reference value of the day
of year, dyear is the number of days in a year, inc is the orbit inclination, ArcTan[x,y] is the
arctangent of y/x taking into account which quadrant the point (x, y) is in and A(d) is given by:

_ Equation 39
K(d)=n+2nw quation
24
Where h (d) is given by:
2nd

YEAR

—o.oszscos( 4nd j—0.15658in( 4nd j

h(d)=h,e+ 0.0072003(

Equation 40
j— 0.1229Sin [ 2nd ]

YEAR

YEAR YEAR
—0.0012C05[ bnd J—0.00418in( bnd j
YEAR YEAR

Where hasc is the hour at the ascending node crossing.
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tasc IS obtained from the Metop CFI Software in the PGE services (using "UTC Of Next Ascending
Node", "Nodal Period" and the t, time of the source packet). d is obtained from the t, time of the
source packet. d is such that it takes values between 0 and dyeag. d is initialised such that d = d, at the
first vernal equinox after the launch of the given Metop Satellite.

do is set to 81.25 days corresponding to the vernal equinox. dwax iS set to 23.5 degrees. hasc is
obtained from the Metop CFI Software in the PGE services (using "Mean Local Solar Time Of
Ascending Node™). ijnc is obtained from the Metop CFI Software in the PGE services (using
"Inclination Of Orbit"). Torgr is obtained from the Metop CFI Software in the PGE services (using
"Nodal Period").

The nominal values of these parameters for the Metop Orbit are the following:

hase = 21.5 hours Equation 41
Suax = 235x(m/180) radians

d, = 8125 days

ine = 987022 x(m/180) radians

Torer = 29X24x60x60/412 seconds

dYEAR = 365.242198781 dayS

6.2 Reference Function Algorithms

6.2.1 Rx Filter Shape Computation

This function is detailed in [RD 1]. Let N(i, k, b) be the set of source packet noise samples from beam
b associated with along-track time Ty(k, b). The index k starts at 1 and increases in steps of unity; it
labels the along track time associated with the noise source packets from a particular beam b. The
index k associated with the first line of source packet noise from each beam is unity.

The corresponding noise samples from the same beam, at the same discriminator frequency, from
consecutive sets of Msgg noise source packets are averaged without weighting, to form a noise
segment q(i, m, b). The noise segments are labelled by the index m, which starts at unity and increases
in steps of unity to NsegtotaL. The noise segments are constructed such that they do not overlap. The
noise segments are constructed according to the following equation:

n=Mggg Equation 42

qi,m,b) = D N(i,n+(m-1)Mgg,b)

The noise power in each noise segment at the calibration frequency, q(f(cal),k,b) is next determined
by linear interpolation between the two noise segment samples closest to the calibration frequency.
q(f(icalp),k,b) is the noise power sample at frequency f(icalp) above the calibration frequency and
g(f(icalm),k,b) is the noise power sample at frequency f(icalm) below the calibration frequency. The
calibration frequency is f(cal).
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(f_(cal) - f(ic_:alm)) q(icalp, k. b) Equation 43
(f(icalp) — f(icalm))

q(f(cal), k,b) =

(f_(icalp) — f_(cal)) g(icalm, k., b)
(f(icalp) — f(icalm))

Note: The user-configurable values of f(cal), f(icalp), f(icalm), icalp, icalm which are expected to be
used in the above equation are the following:

f(cal) = 103052Hz Equation 44
f(icalp) = 103125Hz

f(icalm) = 102319.3359Hz

icalp = 129

icalm = 128

The noise segment power is first normalised to unity at the calibration frequency. The noise segments
for the different beams are then averaged. Finally the resulting samples, at the same discriminator
frequency, from Mgock NOise segments centred on each noise segment are subjected to weighted
averaging to provide a smoothed estimate of the filter shape at the position / along-time corresponding
to index m.

h*(i,m) =

1 n=Mg ock i b=B q(i1 m4+n - (MBLOCK _'_1)/2’ b) Equation 45
B = q(f(cal), m +n - (Mg ek +1)/2,b)

BLOCK n=1

Where Mg ock is required to be an odd integer greater than or equal to one and the index m is required
to take values in the range defined by the following equation.

M +1 M -1 Equation 46
—E—= < m < Nses_toraL _M
2 2
For m < Mgiock +1 Equation 47
2 )
. . M 1
h*(i, m) = h* (i, —BLOZCK i)
M -1
For m> NSEG—TOTAL - (LZCK),
Meiock —1)

h*(i: m) = h*(i’ NSEG—TOTAL -

> )
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The final filter shape is obtained by limited averaging of h*(i, m) over local discriminator signal
frequencies, thus the final Rx Filter Shape estimates are given by the following equations where
an-pL(N) is @ weighting function:

' i Equation 48
he (i, M) = . h'gx (i, M)
rx (f(cal), m)
where
_ 1 n=Np.eiL o Equation 49
h'ex (I, M) = N Za’h—FIL (Mh*(i+n—(N,g_ +1)/2,m)
Zah—FIL (n "
n=1
and
h'zx (f(cal), m) = Equation 50

(f(cal) - f(icalm)) . (icalp, m) + (f(icalp) - f(cal))
(f(icalp) - f(icalm)) ~ ** ’ (f(icalp) - f(icalm))

h'zy (icalm, m)

Where N q is required to be an odd integer greater than or equal to one and the index i is required to
take values in the range defined by the following equation.

Np_gy +1 : (N, 1) Equation 51
——— < 1 £ N _XTh-FiL 7/
2 ECHO 2
Equation 52
FOI’i<Nh;L+1, hRX(i’ m):th(w1m) q
. N -1 . N -1
For|>NECHO_(L2L)’ hax (i, m)thX(NECHO_(LZL)am)

An alternative approach to filter shape finalisation which will be implemented as a selectable option is
the following. First remove the DC spike in h*(i, m). Then continue the filter shape via reflection in
the y-axis. Then transform to the frequency domain (via 512 point FFT). Then remove the samples 1
to X and 512 - X to 512 corresponding to the highest frequencies: where X is selectable but
nominally 50. Then transform back to the time domain and select the positive x-axis portion as the
proto filter shape. The final filter shape, hrx(i, m) is obtained by normalising the proto filter shape to
have the same power at the calibration frequency as h*(i, m).
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The following equation allows values of index k to be associated to each value of index m
and thus allows Rx filter shapes to be associated to noise packets.

" 1 Equation 53

m(k) = Floor 2 |41

SEG

th(i,k) = th(i’m(k))

For clarification, it should be noted that the algorithm is a trade-off between two conflicting desires.
Firstly, the desire to use long noise segments in order to average as much as possible before
normalising at the calibration frequency so as to reduce statistical noise. Secondly, the desire to use
short segments to avoid the temporal position of the filter shape estimate becoming biased to earlier or
later times because, for example, the filter shape changes along-track and/or the measured noise
power either decreases or increases in some manner over the estimation interval (because the noise
power really changes or because the Rx chain gain changes). The final limited averaging over local
discriminator frequencies is necessary to reduce the statistical noise to the required level.

The first good Rx Filter Shape estimate shall be used for processing the data close to the start of an
instrument operation (where no good local Rx Filter Shape estimate exists) and the data shall be
flagged accordingly. The last good Rx Filter Shape estimate shall be used for processing the data
close to the end of an instrument operation (where no good local Rx Filter Shape estimate exists) and
the data shall be flagged accordingly.

For calibration mode operation sequences, the last and first good Rx Filter Shape estimates from the
measurement mode operations on either side of the calibration mode operation sequence shall be
averaged to obtain an Rx Filter Shape estimate to be used to correct the calibration mode data.

6.2.2 Noise Power Computation

See complete specification in [RD 1]. The lines of source packet noise are first subjected to filter
shape correction and then samples from a selected range of discriminator signal frequencies are
averaged without weighting.

] . <[ N(i k. b) Equation 54
n(k,b) = (E-S+1) .Zs:{ hex (1, k)}

For calibration mode operation sequences, the noise estimates from the calibration mode data shall be
used to remove the noise power from the calibration mode data.
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6.2.3 Power Gain Product Computation

See complete specifications in [RD 1]. The internal calibration approach may be summarised briefly
in the following manner.

During RF pulse transmission, the transmitted power is measured on the way to the antenna by a
diode detector connected to the Tx path calibration coupler. The detected signal is sampled by an
ADC and the output from that ADC is time-averaged within the DSP. The resulting detector power
measurement is called the “transmitted power, PT”. Also during RF pulse transmission, the power
reflected back from the antenna is measured by another diode detector connected to the Rx path
calibration coupler. The detected signal is sampled by an ADC and the output from that ADC is time-
averaged within the DSP. The resulting power measurement is called the “reflected power, PR”. The
ratio of the transmitted power to a reference value (of this quantity) effectively monitors the SSPA
power and the measurements of transmitted power and reflected power together allow the power lost
due to mismatch at the antenna port to be determined thereby allowing the actual power transmitted
from the antenna to be monitored.

During the calibration interval associated with each RF pulse transmission cycle (for each beam), a
calibration sine wave signal from the RFU is injected into the Rx chain from the Tx path calibration
coupler (with the switch matrix directly coupling the Tx and Rx chains). At the same time, the power
of this injected signal is measured by the diode detector associated with the Tx path calibration
coupler; this power is called the “injected power, PT”. The injected signal is processed in the normal
(one look) way by the receive chain but without spectral deramping (i.e. the down converter mixer
reference signal is a single frequency sine wave). The peak of the detected signal output from the
receiver after processing the calibration signal is called the “calibration power, PCAL”. The ratio
formed by dividing the calibration power by the injected power monitors the entire Rx chain gain
(including the LNA and other front-end equipment). Furthermore the radar adjusts the injected signal
in such a way as to attempt to keep the injected power equal to the transmitted power so that the Tx
chain diode detector experiences the same power levels during both measurements; this serves to
eliminate any effects associated with diode detector non-linearity.

The power gain product applicable for the source packet echo line associated with time Tg(j, b) is
given by the following equation:

| k=g (No +1) Equation 55
A3, b, 8P)=—— > A"(j+k-———=,b,SP)
PG k=1

Where Npg must be an odd integer greater than or equal to unity and index j must lie in the range
defined by the following:

(Npg +1) N ~(Npg-1) Equation 56
2 - - ECHO-PACKETS 2
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Equation 57
For J < M ,
2
2G.b,5P) = Nee 1) opy
(NPG _1)

For J> Necuo packers —

)

2

. (Npg —1)
k(],b, SP) =M NECHO—PACKETS "

,b, SP)

The power-gain product before along-track averaging, A*, is given by the following equation:

[ Pea 1+ 7-1,1,b) ] Equation 58
P,(J+¢-1,i,b)
(=2 i=4
X*G’b’SP)ZCCA—L(b) -Pr(j+/£-1,i,b)
8 /=1 i=1l
T(j+/-1,i,b,SP)
Where:
i 2 Equation 59
F(i,i,b,SP):[l_ PR(J,I,b)_' J
Loc(b, SP) P;(j,i,b)
or =1 (user selectable)

The six constants Cca (b) are determined at locking when the internal calibration reference values are
set. These factors are chosen such that A is unity for all beams at locking. Locking will be performed
at the beginning of the Commissioning Phase The loss factors LCC(b, SP) are the path losses between
the Tx and Rx calibration couplers via antenna port b; the loss factors LCC(b, SP) are less than unity
(and greater than zero) and are dependent on the switch path (SP) taken to and from the antenna port
(either the nominal or the long "emergency" path). The values of the actual transmitted power, the
actual reflected power and the actual injected power have to be determined via a look-up table from,
respectively, the measured transmitted power, the measured reflected power and the measured
injected power and relevant front-end equipment temperatures taking into account the redundancy
configuration, RC. The index j labels the source packet and the index i labels the powers within it.

P;(i,i,b) = Fr | Py oy ivi, b, RC) , Ogee, (1,1, b, RC) , RC | Equation 60
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P,(j,i,b) = F,| P, (i,i,b, RC) ; 0, (j,i,b,RC) ,RC | Equation 61

Pr (5,1, b) = F| Pe i (v, b, RC) ; 0gres (i, b, RC) ,RC | Equation 62

The temperatures Osre4 and Osres are the temperatures of the calibration coupler associated with the Tx
path and the calibration coupler associated with the Rx path respectively (These are measured by
thermistors in the SFE.) The calibration power is determined from the real and imaginary parts of the
three calibration pulse complex samples (taken about the expected peak position corresponding to the
actual calibration frequency after on-board calibration processing) which are provided in every source
packet for the calibration cycles associated with the first four of the eight radar echo lines averaged to
construct the source packet echo line. The calibration power is determined from the three complex
samples (six real numbers) according to the following equation:

Pea 0,1, 0) = X(X-Da + (X+1)(X-1)b+ (X +1)Xc Equation 63
Where:

a—c¢ Equation 64

X = 9=
2(a+b+c)

a = +[(Re{ACAL1(j1i’ b)}H? + (IM{Aca. (.1, D)})? yZ Equation 65
b= —[ (Re{A .G 1, D) +(Im{A, , (,i,b)})? ] Equation 66

¢ = +| Re{fAca s Gl )H? + (IM{A 5 G i D)} |2 Equation 67

For calibration mode operation sequences, the power gain product estimates from the calibration
mode shall be used to perform the power gain product correction on the calibration mode data For
calibration mode, the power-gain product before along-track averaging, A*, is given by the following
equation:

B Pea (i,2,b) Equation 68
P,(.2,b)

1"(,b,SP) = Ceu (b) | - Pr(j,2,b)

.I'(J,2,b,SP)

The other equations are the same as those for measurement mode source packets.
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6.2.4 Power to o, Normalisation Function

Complete specifications are in [RD 4]. The power to o, normalisation function is given by the
following equation:

Q(vy, Ty, b, SP, Poar_act (To), Panr-act (T, b)) SR 62
= Q4. To, b, SP, Psarnom (To) Panroact (To: D))

+Sgoe (Vo1 Tos B, SP, Poarnom (To)s Panact (To, D)) Acgoy, (To)

+Sprren (Vo1 To, B, SP, Poar_nom (To) Panr-act (To s D)) ABerren (To)

+Syaw (Vor Tos B, P, Poarnom (To)s Pant-act (To 2 0)) Ay yaw (To)

Where

SROLL (VO ! TO ! b’ SP’ PSAT-NOM (TO)’ PANT-ACT (TO ! b)) Equation 70

dQ(v,, Ty, b, SP, Pgar (To), Panr.act (To: b))
dago

PSAT (To) = PSAT—NOM (To)

SF’ITCH (VO ! To ) ba SP, PSAT-NOM (TO ), PANT—ACT (TO , b)) Equation 71

dQ(vy, Ty, 0, SP, Poar (To), Panroact (To, D))
dBerrc

PSAT (To) = PSAT—NOM (To)

SYAW (VO ! TO ’ b’ SP’ PSAT—NOM (TO )' I:’ANT—ACT (TO ! b)) Equation 12

dQ(v,, Ty, 0, SP, Pt (T5), Panroact (To: D))
A7y aw

PSAT (To) = PSAT—NOM (To)

The derivatives of the normalisation function with respect to the roll, pitch and yaw angles are
computed via numerical methods. The nominal attitude of the spacecraft is specified by Psat-nom(TO0);
this is the attitude which the spacecraft is programmed to maintain and the attitude used to generate
the Normalisation Table. The actual attitude of the spacecraft is specified by Psar.act(TO0); it deviates
from the desired pointing predominately because of small bias and quasi-static errors. If these errors
can be adequately modelled by a spacecraft attitude distortion model specifying the depointing angles
as a function of orbit time, Aa(T0O), AB(TO) and Ay(TO) then the errors introduced in this manner can
be corrected. Note that suitable depointing models for METOP employ a superposition of harmonic
functions with different amplitudes and with periods equal to the orbital period and fractions thereof.

The nominal pointing of the electrical boresight of antenna beam b is specified by Pant-nom(To,b); this
is the theoretical pointing (or on-ground characterised pointing) relative to the reference frame fixed
to the satellite. The actual in-flight pointing of the electrical boresight of antenna beam b is specified
by Pant-act(To,b); it deviates from the nominal pointing predominately because of bias and very slow
quasistatic errors (fixed mechanical bias, for example, due to de-weighting, and quasistatic
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mechanical bias due to, for example, ageing of thermal surfaces). The actual antenna gain pattern and
the actual electrical boresight pointing is established in flight for each beam via transponder
calibration. Note that the actual antenna gain patterns and actual electrical boresight pointings may
only be established after a complete sequence of transponder measurements; however this is expected
to be satisfactory as it is believed that they will retain the same values for relatively long periods of
time.

The normalisation function is a function of both discriminator frequency (v0) and orbit time (T,), for
each antenna beam b and for satellite pointing, described by Psar and for antenna beam electrical
boresight pointing, described by Pant(b). Both of these pointings are functions of time; however; the
dependence is assumed and suppressed below to simplify the notation. For the computation of the
normalisation function the same implementation of the on-board processing algorithm will be used on
ground as that used on board; refer to [AD 10]. The normalisation function is given by the following
equation:

Q(v,, Ty, b, SP, Psr, Panr (0)) Equation 73
k=1 j=4

= > ok DQWy, T(K i), b, SP, Pear, Payr (b))
k=0 j=1

Where g is the eight-point finite impulse response filter function employed on board for along-track
echo averaging (the azimuth look weighting) and where T(k,j) is given by:

Tk j) =Ty +A(Jk +(4-j)(k—1)-1/2) Equation 74

Where A is the (measurement mode) pulse repetition interval for beam b and Q is given by:

Qo T(K, 1), 0,SP, Pspr, Payr (0)) Equation 75
m=M(b)
> (v, M, 0)I(v,, T(K, ), M, b, SP, Peyr, Py (0))
— m=1
N m=M()

> p(vy.m. b)

Where p is the range look summation weighting used for the summation of the M range looks in the
on-board processing. The function takes the value unity or zero in each range look depending on the
value of the discriminator signal frequency. J is given by the following expression:

J(VO ' T(k’ J)’ m1 b’ SP, PSAT’ PANT (b)) Equation 76
= [ £ T D) M, b, SP, Posr P (01 % y) | iy

The squared modulus of function, f is the expected power contribution of an elemental area at (x,y) on
the surface of the Earth to the power observed in the m™ range look at discriminator signal frequency

vo When the orbit time position of the satellite is T(k,j). J is the sum of all such contributions from the
surface of the Earth and is thus the total power expected in the m™ range look at discriminator signal
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frequency vy when the orbit time position of the satellite is T(k,j). The function f is given by the
following equation:

f (VO ! T(k’ J)’ m, ba SP1 PSAT’ PANT (b), X y) Equation 77

= Iw(t,m, b)sox (t, T(K, j), b, SP, Pear, Panr (0); X, Y)EXP (-27 v, t) dt

The function o(t,m,b) is the look extraction function for the m™ range look which is given by the
following expression:

o(t,m,b) = Equation 78
{ O)M—E( [t - TDR + TDRW/2 - (m _l)(l_ G)TRL _TRL/Z] ’ b’ TRL) }

H[t_TDR + Tprw/2 — (M _1)(1_0_)TRL]
- H[t_TDR + Torw/2 - Tg — (M _1)(1_0-)TRL]

The window function wy.g iS given by:

Oy (% 0, T ) =¥ 5 (b) Equation 79

vV X s.t. 0<Abs(X) < pMF(0) T, /2

Oy (X0, Te ) =

T, (1-p" (b))
VX st pMED) To /2 < Abs(X) < Ty /2

CMZE (b)[ 1+ cos( 27 (Abs(x) —p" = (b) T, /2) ] :I

where:
Tor is the centre time of the spectral deramping window for beam b
Torw is the deramping window duration for beam b
Tre is the range look duration for beam b
c is the fractional overlap between adjacent range looks for beam b

sDR-RX s the spectrally de-ramped baseband receive signal from the distributed
target scattering element located at position (x, y) on the surface of the
Earth.

Note: The dependence on b is not shown explicitly in Equation 79 to simplify the notation.

To determine the form of sDR-RX, it is now necessary to consider the pulse transmitted from the
radar, its backscattering by the distributed target scattering element and its subsequent reception by
the radar. Note that any dependence on redundancy configuration is suppressed since such effects are
removed by the power gain product correction and therefore do not have to be considered in the
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context of the power to oo normalisation function. The power-gain product correction compensates for
any variation in the monitored portions of the transmit and receive paths including switches between
redundant equipment in the monitored path. Any residual bias errors or drifts are removed by external
calibration and are assumed to be changes in the antenna gain, whether or not they actually are so.

The pure baseband transmit signal is given by the following equation:

Equation 80

S (p) =2 (p){H[mTTXT(b)}—H[p—TTXT(b)ﬂexp(zmb)pZ)

Where arx(p) is the amplitude function of the pure baseband transmit pulse, Ttx(b) is duration of the
transmit pulse for beam b, a(b) is such that 2a(b) is the linear frequency modulation rate for beam b
which may be positive or negative. The amplitude function, arx(p) is described by a third order
polynomial:

A (P)=Apo + Apg P+ A, p® + A, p° Equation 81

The baseband transmit signal, after corruption by the transmit chain spectral transfer characteristic, is
given by:

+o0 Equation 82
s5°(@) = [hr (@ p)si (p)dp

Where hty is the time domain transmit path filter function. The RF transmit signal is given by:

CBB

s () = S=3(q)exp (+ 27if o q)  Eauation &3

Where fyc is the up conversion frequency, which is also the radar carrier frequency. The RF receive
signal is given by:

Sax (0, T(K, ), b, SP, Psar, Panr (0);% YY) Equation 84

= K(T(k.]). b, SP, Poar 1 Pant (b); y)s'?)': @- Tror @: Tk, ). xy))

The function K determines the amplitude of the signal from the distributed target scattering element
(and here, also, all constant transmit path and receive path amplitude changing effects) and Trpr is the
radar delay time function. Both functions are discussed explicitly below. The baseband receive signal
is given by:

Spe (0, T(K, j), b, SP, Poar, Panr (0): X YY) Equation 85
=SE% (A, T(K, ), b, SP, P, Pager (B): X, y)Xp(— 27if 5 )

Where fpc is the down conversion frequency. The baseband receive signal, after corruption by the
receive chain spectral transfer characteristic, is given by:
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SSEB(t, T(K, j), b, SP, Paar, Pany (0); %, ) Equation 86
- jh rx (E= Q)Sgi (@, T(k, J), b, SP, Pgar, Payr (0); %, y)dq

Where hgy is the time domain receive path filter function. The spectrally-deramped baseband receive
signal is given by:

Sax (L T(K, 1), 0, SP, Pear, Payr (B); X y) Equation 87

= SE)B(B('[,T(k, 1),b,SP, Psar: Pant (b); %, Y)EDR (t;b)

Where the spectral deramping function is given by the following expression:

Eor (tib) = {H[t —Tor (b)) + TDRTW(b)j _ H(t T, (b)- -I-D%(b)ﬂ Equation 88

exp (— 2mia(b)(t - Tog (0))°)

The impact on power of receive path filter shape has already been compensated for in the front end
algorithms, thus assuming no phase distortion, the time domain receive path filter function may be
taken to be a Dirac delta function. The transmit chain filter shape function is assumed to be unity, thus
the time domain transmit path filter function may be taken to be a Dirac delta function. Thus the
transmit and receive path filter shape functions are as follows:

th (t) = 8DlRAc (t) Equation 89

g () = 8 pirac (1) Equation 90
The amplitude function K is given by the following equation with o, function set equal to unity:

K(T(k’J)a b, SP, PSAT ) PANT (b), X, y) Equation 91

— X Prx_p9rx
(47)° L1y (b, SP) Loy (b, SP)

\/ G®act (% Y3 T(K. ), b, Pour, Panr (B)) o (%, ¥)
SO6YST(K ) @0 (+ 20 sy (% Y)Dany (% y)sec(i(x y;T(k, 1))
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where:
A is the radar carrier wavelength.
Prx-p is the nominal peak RF power at the SSPA output (any amplitude

characteristic is accounted for by arx(p) which is less than or equal to unity
for all values of p), grx is the nominal setting of the receive chain gain.

Ltx(b,SP) s the transmit path losses for beam b, which are functions of switch path and
must be changed if the switch path is changed.

Lrx(b,SP) s the receive path losses for beam b, which are functions of switch path and
must be changed if the switch path is changed.

G is the antenna one-way power gain at (x,y) at time T(K,j).
S is the slant range to (x,y) from the radar at time T(k}j).
latm is the nominal dry air atmospheric loss (which may be varied as a function of

latitude and longitude).

hatm is the height of the atmosphere (which may be varied as a function of latitude
and longitude).

i is the incidence angle at (x,y) at time T(k,j)

Note: If the switch path is changed, then Lyx(b,SP) and Lrx(b,SP) must be changed to allow use of the
antenna pattern currently in the normalisation table generator. (Preferable this should be implemented
in a way which avoids the need to re-evaluate all of the integrals.) Doing this should maintain an
approximate instrument calibration however the flag Fca. should be set to 1. If the switch path is
changed a new in-flight calibration campaign must be performed as soon as possible. When the new
normalisation table resulting from this has been loaded the flag Fca. may be reset to 0.

The function Trpr(q) is the radar-delay-time function which is given by the following expression
—assuming all higher order terms can be neglected: powers of time and radar-target accelerations):

25(%, Y) N 2v. (x y)q  Equation 92
c C

TRDT (q) = ARADAR +

Where Arapar is the delay within the radar, s(x,y) is the slant range from the radar to the distributed
target scattering element located at position (x,y) on the surface of the Earth and vr(X,y) is the relative
speed between the radar and the distributed target scattering element; the relative speed is negative
when the radar is closing in on the target.

Note: For the case of no Tx and Rx filter effects, the exponential term (multiplying the Heaviside
step functions) in the equation for the spectrally de-ramped baseband received signal is given by this:

2 ( (fue -Toc ) t-Fue Taprlt]+ o (t—Toor[t])? -a (t—Tyog)? ) Equation 93

Thus the exponential term (multiplying the Heaviside step functions and the range look extraction
function) in the integral for f is given by:
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2mi ( (fuc -Toc - vo ) t-Tue Trprltl+a (t— TRDT[t])2 -a(t— TDR)2 ) Equation 94

Substituting the expression for the radar delay time function and expanding in power of t results in the
following expression:

_ 25 2g Equation 95
27“[ (?+ARADAR ) ( a(?+ARADAR) . fch_aTéR j

4as
(fuc —Toc ) +20(Tor — Agapar) — T_ Vo

. 2s
+2mi —
T _ 2VR (1_ ZaTTX ( c +ARADAR)

;\‘UC fUC TTX

+27‘ti[— 2 (20T ) Vg (1_V_Rj) t2

uc fUC TTX C

When the integral is performed and the resulting function is subjected to squared modulus detection
the peak will occur, for a given slant range, where the following condition is satisfied:

4os Equation 96
(fuc -Toc ) +20(Tpr —Agppar) ———

25
B 2v,, (1_ 20T, (?—'_ARADAR)

-v, = 0
}\’UC fUC TTX

In Equation 96, the first and second terms are constant frequency offset terms, the third term is the
slant range dependent term, the fourth term is the Doppler frequency dependent term and the fifth
term is the discriminator signal frequency at which the peak of the response from a given slant range
occurs. The part of the fourth term in brackets is to a very good approximation equal to unity, thus the
above equation may be rewritten as follows:

4a(b)s 2v Equation 97
fOFFSET(b) - T - —= —Vy = 0
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Where forrser(b) is the beam-dependent offset frequency which is given by the following equation:

forrser (0) = =T 00 + 2 (Fep_start (0) —Tor_starr (D)) Equation 98
+20(b) (Tor triceer (0) —Araoar)

Where fi o4 is the LO4 mixer frequency equal to 900000 Hz, fcy.start is the chirp start frequency, for-
starT IS the spectral deramping start frequency and Tprtriceer IS the spectral deramping window
trigger time (i.e. the time interval between the leading edge of the transmitted pulse and the start of
the deramping window). The chirp start frequency and the spectral deramping frequency are given, in
terms of the parameter table code words, by the following equations:

1 Equation 99
fen start (D) = > (79200000/262144) (ch_start_freg[tx, b])

1 Equation 100
for_start (D) = > (79200000/262144) (ch_start_freq[rx, b])

For this measurement mode:

TDR-TRIGGER (b) =TTX (b)+ gl Equation 101

The relationship between sample index, i and discriminator signal frequency vy is given by
the following equation where vapc iS the discriminator signal sampling frequency and Nggr is
the number of samples in the range look Fast Fourier Transformation.

v, = 8f (i—l) Equation 102

Sf — —_—

N eer

When the integral for f is evaluated and the squared modulus is taken, the terms which are not
functions of pulse time t will drop out and those terms that are functions of higher time terms () will
cause defocusing effects. For a rectangular pulse in the absence of transmit and receive path filter
functions, the range look extraction weighting function and the Heaviside step function products may
be subjected to decomposition and the integral may then be evaluated analytically.)

For testing the normalisation table generator it shall be possible to load an analytic function antenna
gain pattern with a specific selectable antenna depointing / orientation.

6.2.5 Determination of Antenna Gain at an Angular Position from a Transponder
Measurement

The purpose of calibration is to establish the absolute in-flight antenna one-way power gain pattern
and its electrical boresight pointing and orientation. The absolute in-flight one-way power gain pattern
is needed for accurate power to o, conversion and the in-flight actual antenna electrical boresight
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pointing and orientation is needed for localisation. The in-flight antenna one-way power gain patterns
and their electrical boresight pointings and orientations are established by many transponder
measurements.

The actual one-way antenna power gain pattern in the Actual Antenna Coordinate System for beam b

is the same as the actual one-way antenna power gain pattern in the Nominal Antenna Coordinate
System, thus:

G act(Oapy Pap)s B Psars Pant-act (b)) Equation 103
= G ACT (eN(b) ) ¢N(b) b, PSAT ) PANT-NOM (b))

= Gact(Onp)r Pnys Py Psar)

On the last line in Equation 103, the nominal antenna pointing is suppressed since it is fixed for all
time relative to the satellite pointing. Consideration is now given to the determination of the actual
antenna one-way power gain pattern at the specific position where a transponder is located.

G act (0 pp) (TRANS), § oy (TRANS); B, Poars Payract (D)) Equation 104

= G(XTRANS’ yTRANS ; T(OIZ)’ b’ I:)SAT’ I:)ANT (b))

The satellite position is determined by the time T(0,2) and the actual antenna electrical boresight
pointing and orientation are determined by Psat and Pant(b) and the transponder position is (Xtrans,
VTRANS: ZTRANS)- The one-way power gain antenna pattern at a transponder is determined by the
following equation where Strans is the actual echo from the real transponder or transponders.

G(X1rans: Y1ranss 1(0,2),0, Pgpr, Payr (D)) = Equation 105
Vrrans (N)+81rans/2
Op_Rer Strans (Vor Tor By SPy Psars Panr (D)5 Xrans s Yrrans ) Vo
vrans (N)—O1rans/2
Grer

GP—TRANS (n) N REF (VTRANS ! TO ! b' SP ; XTRANS ’ yTRANS)

The echo Strans May contain zero, one, two or three peaks (of different and variable strengths)
associated with transponder echoes. These peaks are first identified, if above a selectable threshold, by
searching the echo to identify them and their positions. These peaks occur at frequencies vrrans(n) at
To. The integrals over Strans are performed over an interval centred on each peak. The appropriate
transponder cross-section, otrans(n), and the corresponding transponder number, n, are determined
from the position of the transponder which is determined by the location of a given peak. The
transponder calibration factor function Nger is given by the following equation with Grer and oprer
both set equal to unity. This function can be determined numerically (or analytically if the amplitude
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of the transmitted pulse may be assumed to be constant: arx(p) = 1). The function must be
re-calculated if any of the parameters on which it depends are changed.

; = E ion1
N aer (Virans Tor 0y SP; Xqranst Yrans) = quation 106

2 2
A"Pry_pOrx Crer Op.rer J

((4”)3 LTX (b’ SP)L RX (b’ SP)S(X TRANS? yTRANS ; T(O’Z))4

exp(_

26 ATM (X TRANS ! yTRANS )h ATM (X TRANS ! yTRANS ) J
COS(I(X TRANS! yTRANS ; T(O’Z)))

ViransTOTRANS/2

Qrer (Vo) Tos b Xgans s Yrrans) d Vo

ViraNs—OTRANS/2

In Equation 106, where:

A
PTX-P

Orx

Lrx(b,SP)

Lrx(b,SP)

G

S

IATM

hATM

is the radar carrier wavelength.

is the nominal peak RF power at the SSPA output —any amplitude
characteristic is accounted for by arx(p) which is less than or equal to
unity for all values of p.

is the nominal setting of the receive chain gain.

is the transmit path loss for beam b which are functions of the switch paths
used and must be changed if the switch path is changed.

is the receive path loss for beam b which are functions of the switch paths
used and must be changed if the switch path is changed.

is the antenna one-way power gain at (x,y) at time T(K,j).
is the slant range to (X,y) from the radar at time T(k,j).

is the nominal dry air atmospheric loss, which may be varied as a function
of latitude and longitude.

is the height of the atmosphere, which may be varied as a function of
latitude and longitude.

is the incidence angle at (x,y) at time T(k,j).

For the computation of the transponder calibration factor function Nger the same implementation of
the on-board processing algorithm will be used on ground as that used on board; refer to [AD 10].

In instrument calibration mode (where on-board along-track averaging is prevented) the return from a
transponder at position (Xtrans, YTrans, Ztrans) IS given by the following expression in the echo
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reception window of the pulse repetition interval following that associated with the pulse
transmission.

Qe Vo, Ty, By Xrans s Y1rans) = Equation 107
g CAL (O’Z)Q REF (VO ! T(O,Z), b’ XTRANS ! yTRANS)

Where gcaL is the eight-point finite impulse response filter function employed on board for
along-track echo averaging in calibration mode which is set to (0, 1, 0, 0, 0, 0, 0, 0) so that gca.(0,2)
is unity and all other elements are zero and where T(0,2) is given by:

T(0,2)=T, —5A, 12 Equation 108

Where Aca is the (calibration mode) pulse repetition interval and Q is given by:

Qrer Vo, T(0,2), b; X rrans Yrrans) Equation 109
m=M(b)

ZP(VO ,M, b ger (Vo, T(0,2), M, by X g ans s Yrrans)

m=1

m=M(b)

Zp(vo’m1 b)

Where p is the range look summation weighting used for the summation of the M range looks in the
on-board processing and J is given by the following expression:

Jrer (Vo T(0,2),m, b; X 1pans » Yrans) Equation 110
2
- ‘ fREF(VO’T(O’Z)’m’ b;XTRANS’yTRANS) ‘

The squared modulus of function, frer is the expected power contribution from the transponder at
(XTrans,YTRANs) ONn the surface of the Earth to the power observed in the m® range look at
discriminator signal frequency v, when the orbit time position of the satellite is T(k,j). The function
frer IS given by the following equation:

frer (v, T(0,2),m, b; X, y) Equation 111

= j @(t,m, b)s2R o (t,T(0,2); % y)exp(-27i v, t)dt

The function w(t,m,b) is the look extraction function for the m™ range look which is given by the
following expression:
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o(t,m,b) = Equation 112
{ (DC—E( [t - TDR-CAL + TDRW-CAL/2 - (m _1)(1_ O-)TRL _TRL/Z] J b' TRL) }
|: H[t - TDR—CAL + TDRW—CAL/2 - (m _1)(1_ O')TRL] }
- H[t — TorcaL + TDRW—CAL/2 -TaL — (m-1)(1- O-)TRL]

The window function wcg is given by:

CC—E (b) (_1)p°'E(b)/2 (X+TRL /2)pC‘E(b)/2 (X_TRL /2)pC‘E(b)/2 Equation 113
(T /2P

Where Tpg is the centre time of the spectral deramping window for beam b, Tpgrw is the deramping
window duration for beam b, Tg_ is the range look duration for beam b, o is the fractional overlap
between adjacent range looks for beam b. (The dependence on b is not shown explicitly in Equation
113 to simplify the notation.)

Oce(Xb, T )=

And sDR-RX is the spectrally-deramped baseband receive signal from the transponder located at
position (Xtrans,;YTrans) ON the surface of the Earth. In order to determine the form of sDR-RX it is
now necessary to consider the pulse transmitted from the radar, its backscattering by the transponder
and its subsequent reception by the radar.

The pure baseband transmit signal is given by the following:

Equation 114
52200 =200 H p+ |t o T oo riap)

Where arx(p) is the amplitude function of the pure baseband transmit pulse, T+X(b) is duration of the
transmit pulse for beam b, a(b) is such that 2a(b) is the linear frequency modulation rate for beam b
which may be positive or negative. The amplitude function, arx(p) is described by a third order
polynomial:

A (P) = Apg + A P+ Apyy P2 + Apy p°  Eauation 115

The baseband transmit signal, after corruption by the transmit chain spectral transfer characteristic, is
given by this:

+o0 Equation 116
s5°(@) = [ho (@ —p)si (p)dp

Where hry is the time domain transmit path filter function. The RF transmit signal is given by:

CcBB

S (@) = s (@)exp (+ 27f oq)  EHANE
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Where fyc is up conversion frequency which is also the radar carrier frequency. The RF receive signal
is given by the following:

Rx ree (@, T(0,2);xY) Equation 118
B STX (A= Tror-ca (@:T(0,2), %, y))

The function Trpr.cav is the radar delay time function. The baseband receive signal is given by:

Spnrer (0, T(0,2);% Y) Equation 119
= Sh.rer (0, T(0,2); %, y)exp(— 27if ,.q)

Where fpc is the down-conversion frequency. The baseband receive signal, after corruption by the
receive chain spectral transfer characteristic, is given by:

E)B(BREF (t T(O 2) X, y) Equation 120

J N (1= )85 e (4, T(0,2);, y)dg

Where hry is the time domain receive path filter function. The spectrally-deramped baseband receive
signal is given by:

Srxrer (1 T(0,2);%,Y) Equation 121
= Spyrer (L T(0,2)1% Y)Eog.car (E5D)

Where the calibration spectral deramping function is given by the following expression:
EprcaL (t;D) Equation 122
T b T b
= H(t —Torca (0) + %AL()J - H(t ~Torca (D) — MH

2
exp (— 27ia(b)(t - Top.cac (0))?)

Since the transponder returns have been subjected to the front end corrections the spectral transfer
characteristic of the Rx chain has been removed. The spectral transfer characteristic of the Tx chain is
assumed to be unity. Thus,

oy (1) =8 prac(t) S

And,

h RX ()= 6D|RAC () Equation 124
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The function Trpr.caL(q) is the radar delay time function which is given by the following expression
(assuming that all higher order terms can be neglected—powers of time and radar-target
accelerations):

2s(x,y) 2vh(x,y)q  Equation125
Trorcar (@) = Arapar +Atrans + c +—=

c

Where Arapar iS the delay within the radar, Arrans iS the delay within the transponder, s(x,y) is the
slant range from the radar to the transponder located at position (Xtrans,YTrans) ON the surface of the
Earth and vgr(X,y) is the relative speed between the radar and the transponder; the relative speed is
negative when the radar is closing in on the target.

Note: For the case of no Tx and Rx filter effects, the exponential term (multiplying the Heaviside step
functions) in the equation for the spectrally-deramped baseband received signal is given by:

2 ( (fuc - ch )t- fuc TRDT—CAL[t] +a(t- TRDT—CAL[t])Z -a(t- TDR—CAL)2 ) St 1248

Thus the exponential term (multiplying the Heaviside step functions and the range look extraction
function) in the integral for frer is given by:

2mi ( (fuc - ch Vo )t- fuc TRDT—CAL[t] +a(t- TRDT—CAL[t])Z - (t— TDR—CAL)2 ) Equationi127

Substituting the expression for the radar delay time function and expanding in power of t results in the
following expression:

25 2 Equation 128
( ? +Agaoar T Atrans) ( a( ?JFARADAR +Agans) - fucj
2mi
_a‘TSR—CAL
4as
(fuc _ch )+ Za(TDR-CAL - ARADAR - ATRANS) - T_ Vo
. 2s
+2ml ~ 2VR (1_ ZaTTX (?+ARADAR + ATRANs) t
Kuc ( fuc TTX

+2ni(— 2 (20T) Vg (l_V_R)j t2
A fue T c
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When the integral is performed and the resulting function is subjected to squared modulus detection
the peak will occur where the following condition is satisfied:

A0S Equation 129
(fuc - ch ) + 20“(TDR-CAL - ARADAR - ATRANs) -

2s
2VR ( 2aTTX (?_'_ARADAR + ATRANS)
7LUC fUC TTX

-v, = 0

In Equation 129, the first and second terms are constant frequency offset terms, the third term is
dependent on the slant range to the transponder, the fourth term is dependent on the Doppler
frequency from the transponder and the fifth term is the discriminator signal frequency at which the
peak of the response from the transponder occurs. The part of the fourth term in brackets is to a very
good approximation equal to unity, thus the above equation may be rewritten as follows:

4o(b)s 2vg Equation 130
- -v, =0
c Auc

fOFFSI:_l'—CAL (b) -

Where forrser.cac(b) is the beam -dependent calibration offset frequency which is given by the
following equation:

forrser-cal (0) = —F Lo +2(f o _start (0) —Tor_start (0)) Equation 131

+ 2 (l(b) (TDR -TRIGGER -CAL (b) —A RADAR ATRANS )

Note: In Calibration Mode the transponder echo is received in the pulse repetition interval
immediately following the pulse repetition window associated with the transmitted pulse.

Where fio4 is the LO4 mixer frequency equal to 900000 Hz, fch.start IS the chirp start frequency,
for-start IS the spectral deramping start frequency and Tpr-triceer-caL 1S the calibration spectral
deramping window trigger time (i.e. the time interval between the leading edge of the transmitted
pulse and the start of the calibration deramping window). The chirp start frequency and the spectral
deramping frequency are given, in terms of the parameter table code words, by the following
equations:

1 Equation 132
fenstart (D) = > (79200000/262144) (ch_start_freq[tx, b])

1 Equation 133
for_srart (D) = E(79200000/262144) (ch_start_freq[rx, b])

For Calibration Mode:

Tor-TRIGGER-CAL (b) =Apg + Ty (b. DIS)+gl(b, D|S) Equation 134
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Note: In Calibration Mode, the transponder echo is received in the pulse repetition interval
immediately following the pulse repetition window associated with the transmitted pulse.

Note: When the integral for frer is evaluated and the squared modulus is taken the terms which are
not functions of pulse time t will drop out and those terms that are functions of higher time terms
(t-squared etc.) will cause defocusing effects. For a rectangular pulse in the absence of transmit and
receive path filter functions, the range look extraction weighting function and the Heaviside step
function products may be subjected to decomposition and the integral may then be evaluated
analytically.

The Gain at Angular Position estimation algorithm essentially processes all corrected calibration echo
source packets to build a file of antenna gain at angular position estimates. The processing of each
corrected calibration echo source packet contributes between three and zero new measurements to this
file. The gain at an angular position estimates are stored with the calibration echo used to generate
them together with other data including time, transponder number, ascending/descending pass
indicator, flags, etc.

6.2.6 Determination of Antenna Gain Pattern and Orientation from a Set of Antenna Gain
at Angular Position Measurements

The in-flight antenna one way power gain pattern and its electrical boresight pointing and orientation
are determined by performing a least squares fit to a set of transponder measurements. A more explicit
description of this algorithm is given in [AD 11]. The actual antenna one-way power gain pattern is
given by the following equation where Dgsr is the estimated antenna one-way power gain pattern
distortion function and Ggsr is the theoretical (or on-ground characterised) antenna gain pattern.

GACT (eA(b) ) ¢A(b); b, Psar Pant-act (b)) Equation 135
= GACT (eA(b) ) ¢A(b); b, PSAT (T), PANT-ACT (b, T))
= GACT (eN(b)’(I)N(b); b, PSAT (M)

= DEST(GN(b)’d)N(b); b,{C.n (0, T} Ay (0,T), AGg e (b, T), Ay, (b, T))
Gesr (eN(b)iq)N(b);b! AWsew (0, T), A e (0,T), Appy (B, T), Poar (T))

Gesr is the theoretical or on-ground characterised antenna pattern pointed and orientated in
the actual in-flight pointing and orientation, thus:

Gesr (eN(b) ' q)N(b); b, AWsew (0, T), Al (B, T), A@py (B, T), Poar (T)) Equation 136

= G EST (eA(b) ' ¢A(b); b, PSAT (T))

The estimated distortion function is given by the following two dimensional polynomial function:
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Desr (eN(b) ) (I)N(b) 0 {C (0. T HAYgew (0, T), A0 (0, T),Ap,,, (b, T)) Equation 137
= (1+cp(bT)) +

Foomain (eN(b) ' (I)N(b) 0 {C, (0, T HAYgew (0,T), A0 (0, T),Appy, (b, T))

3 S Con0,T)(€05(dr0))SINO 1 5))) SIN(D o) )SINO 5 5)))"
- Coo (va)

The domain function is given by the following equation:

I:DOMAIN (e N ¢N ! A\VSKEW ! AeELE ! A(I)AZI ) Equation 138

{H[lOIoglo( GEST(OA’q’A))]j-TH,GH} +

MaX[GEST (OA7¢A

GEST(GA’(I)A)

10 log ( J—T
2l 1+sinl B MaX[GEST(eA!(I)A )] o 1

THIGH - TLOW 2

| H {10 log,, ( _ aS[EéTEE f?ef ,j(l))A ; } _ TLOW}
_H {10 log, ( v aS[ECSBTEETegequ))A 1 j T }

[H[aA(eA’d)A )+BA(6A'¢A )Tan(AA)_aAL] j
_H[aA(eA7¢A )+BA(9A’¢A )Tan(AA)_aAH]

N (1,2)[1+Sin[n((aA(eA,¢A )+Ba(0,. 04 )Tan(AA)—aALLJ_l,ZJ]J

}

QaL —0OarL

( H[U'A(GA’(I)A )+BA(6A’¢A )Tan(AA)_aALL] ]
. _H[aA(eA7¢A )+BA(9A’¢A )Tan(AA)_U’AL]

N (1,2)(1+Sin[n((aA(eA,¢A )+Ba(04, 04 )TaN(A0) =0 pa j_mm

Oan = Capn

[H[aA(eA,¢A)+BA(eA,¢A )Tan (A, )= 0] j}
. _H[aA(eA’q)A )"'BA(eAv(I)A )Tan(AA)_aAHH]
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Where the thresholds Tyign and T ow are chosen to select a suitable portion of the main lobe of the
antenna gain pattern and the parameters Oa.., OaL, Oan, Oann and An are chosen for each beam to
select the swath. H is the Heaviside step function (H[x] =0 for all x <0, H[x] =1/2 for x=0 and
H[x] =1 for all x>0). The angles a and (3 are related to the angles 6 and ® by the following
equations for an orthogonal left-handed Cartesian coordinate system (X, v, z):

Tan( o ): X/ z Equation 139
Tan(p)=y/z

Tan(0 )= x*+y® /z
Tan( ¢ )=y/x

In Equation 139, 6, and ¢4 are given by:

eA(b) = eA(b)(eN(b) , (I)N(b)’ b, A Vskew (b, T), AGg ¢ (b, T)’A¢AZI (b, T)) Equation 140

Dap) = Pap) (Ong) s Ongys Py AWsiew (0, T), A Gk e (D, T),Apay (b, T))
sin(ON(b) ) COS(¢N(b) ) Equation 141
Xnwy =| SIN(Oypy ) SIN(dyy )
coS( Oy )

A

_ TG Equation 142
XA(b) - [TA(b)—> N() ] X N(b)

. Equation 143
Sm(eA(b) )COS((I)A(b) ) a

)A(A(b) = Sin( 6A(b) )Sin( ¢A(b) )
cos( 0 ,p))

The polynomial coefficients, c,m(b,T) and the depointing angles, Ayskew(b,T), Ab6ge(b,T) and
Adazi(b,T) are estimated by solving the simultaneous equations resulting from minimisation of the
objective function.

Equation 144

0P os;

=0Vc,,
ocC

nm
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apOBJ 0 Equation 145
OAY siew
apOBJ 0 Equation 146
OAO ¢
apOBJ _ Equation 147
OAQ 57,

The objective function, pog; is given by the following equation:

Pog; = Equation 148

TRANS(T)

G act(Onp) (TRANS(T)), Oy oy (RANS(T)); b, Poar)

Der (eN(b) (TRANS(T))’d)N(b) (rans(T));
b,{C.n(0. T} AWew (0, T),AGg (b, T),Ap,, (b, T))

Gesr (0 N(b) (rans(T)), ¢N(b) (rans(T));
b, AW gew (0, T), AB e (b, T), Ay, (b, T), Psar)

where

Deir (eN(b) Oy b,{Cn(0: T} AW (0, T), A e (b, T),Ap,, (b, T)) Equation 149

1+ 3% (05 0))SINO5))) 51N (D 0))SINO@ 5 )"

It shall be possible to detect and discard spurious transponder data which do not satisfy the threshold
condition—after the polynomial coefficients and the depointing angles have been determined:

2 Equation 150
‘GACT (TRANS(T)) - DEST G EST ‘ =< 7] THRESHOLD

By using transponder data spanning different periods of time in the objective function the in-flight
antenna one-way power gain pattern and its boresight pointing and orientation may be established and
monitored. These quantities are established and monitored using transponder data from a single
calibration campaign (lasting perhaps for approximately 30 days) over which the parameters for each
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antenna beam Cnm and , Ayskew, ABe e and Adaz are assumed to constants. If the gain pattern and its
boresight pointing and orientation are found to be stable over longer periods of time transponder data
from several consecutive calibration campaigns may be combined to give refined estimates of the
polynomial coefficients and the depointing angles. It is envisaged to have one transponder calibration
campaign per year to monitor the in-flight antenna patterns and their electrical boresight pointings and
orientations.

The search technique (simulated annealing) given in [AD 11] shall be implemented in order to find the
global minimum and thus render the algorithm fully automatic.

The set of Gain at Angular Position Estimates to be used as input to the Antenna Gain Pattern and
Orientation Determination Algorithm may be selected by time interval or time intervals, by
transponder number or numbers, by ascending or descending pass, by gain drop (with respect to the
expected peak gain of a given antenna) and / or by combinations of these. It shall also be possible to
manually edit all GAP estimates or selections of GAP estimates (made as described in the previous
sentence) to obtain a final set for use in the Antenna Gain Pattern and Orientation Determination
Algorithm. The set of GAP estimates from which selections can be made comprises all GAP estimates
available at the time that the selection.

6.2.7 Inverse Impulse Response Function / Deblooming Kernels

The deblooming kernels are given by the following equation:

Koesioom (Vor Tos Vs T, 0, Psars Pant (D)) Equation 151

Are (v, Too Vi T,0, P o7, Pair (0))
Avre (Vo Tos Vo, Tos B, Ps gy Panr (D))

For the computation of the deblooming kernels the same implementation of the on-board processing
algorithm will be used on ground as that used on board; refer to [AD 10]. The deblooming kernels
must be re-calculated if any of the parameters or functions on which they depend are changed.

The inverse impulse response function in discriminator signal frequency/orbit time space is given by
the following equation:

Are (Vo: Tos v, T, 0, Posr, Pagr (D)) S Ao
k=1 j=4
= Zz 9K, NQure (o, T(K, 1), v, T, b, Psar, Panr (D))
k=0 j=1
Where g is the eight-point finite impulse response filter function employed on board for along-track
echo averaging the azimuth look weighting) and where T(k,j) is given by:

Tk, j) =T, +A(jk + (4—j)(k-1)—1/2) Equation 153
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Where A is the (measurement mode) pulse repetition interval for beam b and Q is given by:

Qure Vo, T(K J) v, T,0, Pspr, Panr (D)) Equation 154
m=M()

Z PV, M, b) ee (vo, T(K, ), v, T,m, b, Poar, Payr (D))

m=1

m=M(b)

Zp(‘/o ,m, b)

Where p is the range-look summation weighting used for the summation of the M range looks in the
on-board processing and J is given by the following expression:

Jime Voo T, 1), v, T,m, b, Papr, Panr (0)) Equation 155
| fure (Vo, T(K, 1), M, B, Poar, Par (0);X(v, T),y (v, T)) |2

The squared modulus of function, f,rr is the expected power contribution of an elemental area at (x,y)
on the surface of the Earth to the power observed in the m" range look at discriminator signal
frequency v, when the orbit time position of the satellite is T(k,j). The function f,re is given by the
following equation:

flIRF (VO’T(k’ J)l m! bl PSAT’ PANT (b), X(V,T), y(V,T)) Equation 156

= Ta)(t,m, b)sox (t, T(K, j), 0, Psaq, Panr (0); X(v, T), y (v, T))
_wexp (-2m v, t)dt

The function o(t,m,b) is the look extraction function for the m™ range look which is given by the
following expression:

w(t,m,b) = Equation 157
{ OJM—E( [t - TDR + TDRW/2 - (m _1)(1_ G)TRL _TRL/Z] J b1 TRL) }

H[t_TDR + Torw/2 _(m_l)(l_G)TRL]
_H[t_TDR + Torw/2 - Try _(m_l)(l_G)TRL]
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The window function wwm.g IS given by:

®ye (X0, To ) =c"F(b) Equation 158

vV x st 0<Abs(X) <p"E(b) T, /2

0L 0BT )= _2 (b){ L COS( 21 (Abs(X) - p" & (b) T, /2) J }

To (1-p" (b))
Vo ox st pMF(0) Ty /2 < Abs(X) < Tg /2

Where:
Tor is the centre time of the spectral deramping window for beam b
Torw is the deramping window duration for beam b
Tre is the range look duration for beam b
o is the fractional overlap between adjacent range looks for beam b

sDR-RX  RXis the spectrally de-ramped baseband receive signal from the
distributed target scattering element located at position (X, y) on the
surface of the Earth.

Note: To simplify the notation, the dependence on b is not shown explicitly in the equation above.

To determine the form of sprryx it iS NOw necessary to consider the pulse transmitted from the radar,
its backscattering by the distributed target scattering element and its subsequent reception by the
radar.

The pure baseband transmit signal is given by the following:

Equation 159

S (0)=an, (p){H[pJTXT(b’}—H{p—TTXT(b’ﬂexp(zzzia(b)pZ)

Where ax(p) is the amplitude function of the pure baseband transmit pulse, Trx(b) is duration of the
transmit pulse for beam b, a(b) is such that 2a(b) is the linear frequency modulation rate for beam b
which may be positive or negative. The amplitude function, arx(p) is described by a third order
polynomial:

A (P)=Are + Ay P+ A, P’ + A P° Equation 160

The baseband transmit signal, after corruption by the transmit chain spectral transfer characteristic, is
given by the following:
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+00 Equation 161
s (@) = [ o (- p)s (p)dp

Where hry is the time domain transmit path filter function. The RF transmit signal is given by:

CBB

s7F () = sSSBB(q)exp (+ 27if oq)  Eauation 162

Where fyc is the up-conversion frequency—which is also the radar carrier frequency. The RF receive
signal is given by:

S (A, T(K,J), b, Poar, Panr (0) % y) Equation 163

= K(T(k,j), b, PSAT’ PANT(b); X Y)S%': (q - TRDT(q;T(k’ J)’ X y))

The function K determines the amplitude of the signal from the distributed target scattering element
(and here, also, all constant transmit-path and receive-path amplitude changing effects) and Trpt IS
the radar delay time function. Both functions are discussed explicitly below. The baseband receive
signal is given by:

SES (A, T(K, J), b, Paar, Panr (0); X Y) Equation 164
- SE)F( (@, T(K, 1), b, Psar, Payr (0);%, Y)EXp(— Zﬂichq)

Where foc is the down-conversion frequency. The baseband receive signal, after corruption by the
receive chain spectral transfer characteristic, is given by this:

ST (K 1, b. Posr P (0. Y) e

= [Daxt—)sE (A, T(KJ), b, Posr, Payr (0); X, y)dg

Where hry is the time domain receive path filter function. The spectrally de-ramped baseband receive
signal is given by:

Sgi (t, T(K,J), b, Psprs Pant (0)i X YY) Equation 166
= SE)B(B(I;T(k, j), b, PSAT’ PANT (b)’ X’ y)EDR (t’b)

Where the spectral deramping function is given by the following expression:

EDR(t;b):{H(t—TDR(b)+TDRTW(b)j—H(t—TDR(b)— .

exp (= 2mia(b)(t - Tog (0))°)

Torw (b) H Equation 167
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For the computation of the inverse impulse response functions and deblooming kernels, the
instrument spectral transfer characteristics must be included:

+o0 Equation 168
N (©) = [Hoy (Rexp(+ 2rift if

and

+o0 _ Equation 169
hex (t) = J Hex (Fexp ("' 27”fthf

Hrx is assumed to be unity and Hgyx is estimated using an average Rx filter shape together with the
assumption that the Rx chain does not distort the echo phase.

The amplitude function K is given by the following equation with o, function set equal to unity:

K(T (K, J), b, Psar, Panr (B); X Y) Equation 170
— \/ ﬂ“z PTX—Pg RX
(472’-)3 I—TX (b’ SI:’NOMINAL )LRX (b1 SI:)NOMINAL )
\/ G et (% y;T(k,j),b, Psars Pant (b))o'o xy)
(¢ YT (K, ) * 00 (+ 20 (6 YNy (% Y)sec(i(x y:T (K, j))))
x=x(v,T)
y=y(v,T)
Where:
by is the radar carrier wavelength
Prxp is the nominal peak RF power at the SSPA output—any amplitude characteristic is
accounted for by arx(p) which is less than or equal to unity for all values of p.
Orx is the nominal setting of the receive chain gain
Lrx(b) is the nominal transmit path losses for beam b
Lrx(b) is the nominal receive path losses for beam b
G is the antenna one-way power gain at (x,y) at time T(k,j)
S is the slant range to (x,y) from the radar at time T(k,j)
JYY is the nominal dry air atmospheric loss—may vary as a function of latitude and
longitude
hatm is the height of the atmosphere —may vary as a function of latitude and longitude

i is the incidence angle at (x,y) at time T(k,j)
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The function Trpr(q) is the radar delay time function which is given by the following expression
(assuming that all higher order terms can be neglected: powers of time and radar-target accelerations):

25(x,y) N 2v.(x,y)q  Equation171
c

TRDT (q) = ARADAR +

Where Arapar IS the delay within the radar, s(x,y) is the slant range from the radar to the distributed
target scattering element located at position (x,y) on the surface of the Earth and vgr(X,y) is the relative
speed between the radar and the distributed target scattering element; the relative speed is negative
when the radar is closing in on the target.

For testing the "Inverse Impulse Response Function / Deblooming Kernels" module it shall be
possible to load an analytic function antenna gain pattern with a specific selectable antenna
depointing / orientation.

6.2.8 Tx Filter Shape Computation

Presently, the Tx path spectral transfer characteristic is assumed to be unity. Later a standard analytic
filter function may be used whose parameters are estimated off-line in the cal/val facility using
ASCAT transmit pulses captured by the transponders.

6.2.9 Noise / Echo Processing Equivalence Function and Echo Normalisation Function

The function c(b) used to make the noise processing equivalent to the echo processing for
Measurement Mode (assuming that the eight point FIR azimuth summation and the noise azimuth
summation have been properly normalised) is given by the following:

2 Equation 172
UwM_E (t,m, b)dt‘

HwM_N(t,b)dtr form=1

CM(b) =

The function c(b) used to make the noise processing equivalent to the echo processing for Calibration
Mode (assuming that the eight point FIR azimuth summation and the noise azimuth summation have
been properly normalised) is given by the following:

2 Equation 173
|[ocetm,b)dt| a

H@C_N(t,b)dtr form=1

Ce (b) =

For the computation of the above functions the same implementation of the on-board processing
algorithm will be used on ground as that used on board. Presently, in the on-board processing, om.e iS
equal to oy and mc.n but oc.g is different.

The echo normalisation function is obtained by summing the range look summation weightings used
for each of the looks; it is thus given by the following:
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m=M(b) Equation 174

x(i, b) = Z_p( v(i),m,b)

6.2.10 Gain Compression Monitoring

If a Special Measurement Mode Source Packet for Gain Compression Monitoring arrives at the
ASCAT PGF, its RFU Drive Level Setting, D and its Effective Transmitted Power, crx(j,b) are
determined. These parameters together with the Special Measurement Mode Source Packet from
which they were obtained are stored in a file. The RFU Drive Level Setting is known from the
Parameter Configuration Field of the Source Packet. The Effective Transmitted Power is computed
using the following equation:

- ) 1 i PCAL(j’i’b) N Equation 175
CTX(J’b)_ZiZ_;‘{ (Wj PT(J!"b):|

where the powers Pt , P, and Pca, are the same as those used in the power-gain product algorithm.
This computation of the Effective Transmitted Power can be justified by noting the following. Firstly,
the symmetrical use of the same drive level setting twice at different times, in the gain compression
estimation sequence, effectively removes any linear thermally induced receiver chain gain variation
over the estimation time. Secondly, the nominal gain compression estimation sequence is executed in
a relatively short time interval (circa 250 seconds).

After the gain compression estimation sequence has ended, the Average Effective Transmitted Power,
C is computed for each drive level setting used in the sequence. The approximately first 10 seconds of
data at each drive level is excluded from the average in order to avoid using of data where the RFU
tracking loop has not yet stabilised. Thus C is computed using the following equation:

i=Jeno b=B Equation 176

2. 2 Cu(isb)

B(‘] END J BEGIN +1) i=deecin b=1

C= L0g10|:

Thus after each Gain Compression Monitoring Measurement Sequence, a set of RFU Drive Level
Settings D, and the corresponding Average Effective Transmitted Power Measurements, C, are
available for the N Drive Level Settings in the Gain Compression Monitoring Measurement
Sequence:

{(C,.D,);n=1..,N} Equation177

The nominal Gain Compression Monitoring Sequence is carried out once per month using a sequence
of nine drive level settings: Dnom, Dcacss Deaicry Dearcs, Dnoms Dearcs, Deaicrs Deaics, Dnom. The
following two parameters are computed for each gain compression monitoring sequence:

(C4+C6+C2+C3) (C3+C7)} Equation 178
4 2

PTEST—GCM = Abs{ -

Page 103 of 186



@& EUMETSAT 7 LUMEPS SYS SPE 09000

ASCAT Level 1: Product Generation Specification

1 Dy —D Equation 179
Z G AIN COMPRESSION = E ( C,+C;-C,-Cq ) ((D NOM — DC2’08 ))
C4/C6 c2/Cc8

+ ((:2 +CB) __((:1 +C5 +CQ) +'ZSGC:(E%ﬁ)
2 3

The tests on these parameters are then performed and the following flags are generated:

FTEST—GCM =0 if PTEST—GCM < TTEST—GCM & 1 otherwise Seien LEY
FGCM-HIGH =1 if ZGAIN COMPRESSION ~ TGCM-HIGH & 0 otherwise
FGCM—LOW =1 if ZGAIN COMPRESSION < TGCM-LOW & 0 otherwise

The two derived parameters, the three flags, the set of RFU drive level settings and associated
Average Effective Transmitted Power Measurements and the UTC time of the first special
measurement mode source packet of the sequence are reported Mission Control / Operations and
written to a file. Immediate action and further investigations are required if any one of these tests fails
(i.e. if any of these three flags are non-zero).

As an exceptional, if a non-nominal Gain Compression Monitoring Sequence is run, the set of RFU
drive level settings and associated Average Effective Transmitted Power Measurements and the UTC
time of the first special measurement mode source packet of the sequence are reported Mission
Control / Operations and written to a file.

For the case of both a Nominal Gain Compression Monitoring Sequence and an Exceptional Gain
Compression Monitoring Sequence, the relevant processing/file construction is triggered by the
ending of the sequence / the arrival of new normal measurement mode source packets.

6.3 Algorithms Related to Geometry

6.3.1 System Geometry and Reference Frames

See [RD 1] for detailed specifications. The system geometry is dependent on the Earth model (shape
and rotation), the METOP satellite orbit, the METOP satellite attitude and the pointing of the ASCAT
antenna beams. The frames of reference used are described below. Their equivalence with the
definitions in [AD 6] is also indicated.

The Earth model of the World Geodetic System 84 will be used; in this model the shape of the surface
of the Earth is specified as an ellipsoid. The position St, the velocity V and acceleration At of the
satellite are given in the Terrestrial Reference Frame by an orbit propagator as a function of orbit time
(UTC). The orbit propagator also provides the sub-satellite (nadir) position Gt and the nadir ground
track velocity Ut as a function of orbit time (UTC). The outwards normal at the sub-satellite (nadir)
position is N+; it is given by the following equation:
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ZT(GT )2T Equation 181
(-

2 2 Z%’(GT)
\/ x2(Gy)+ yT(GT)+(1_fE)4

The orbit propagator also allows the actual satellite orbit to be compared to the satellite orbit used to
generate the Power to oo Normalisation Tables and the Deblooming Kernels.

The attitude software provides the actual satellite attitude and the nominal satellite attitude as a
function of orbit time (UTC). The actual satellite attitude is the best available knowledge of satellite
attitude at a given time encompassing the satellite attitude steering law and the satellite attitude
distortion model (when established). The nominal satellite attitude is the satellite attitude given by the
nominal satellite attitude steering law and is the attitude used to generate the Power to oo
Normalisation Table and the Deblooming Kernels.

The Terrestrial Reference Frame (T)

This reference frame is a generic one, identical to the IERS Terrestrial Reference Frame
in [AD 6].

The origin is the centre of the Earth. The zg-axis coincides with the conventional Earth
rotation axis pointing North. The Xg-axis is perpendicular to the zg-axis and passes
through the conventional Greenwich meridian. The yg-axis completes the right-handed
coordinate frame. The location of an object near the Earth’s surface may be specified in
terms of east longitude, geodetic latitude and geodetic height.

The Satellite Position Related Coordinate System (P)
This reference frame is used in the ASCAT PGF.

The origin is the centre of the Earth. The Xg-Ys plane lies in the momentary orbit plane
with the xg-axis passing through the satellite centre of gravity. The yg-axis is chosen
such that the satellite velocity has a positive component in the yg-direction. The zg-axis
completes the right-handed coordinate frame.

The Orbital Reference Frame (L)

This reference frame is a generic one, identical to the Local Relative Yaw Steering
Frame in [AD 6].

The origin is the satellite centre of gravity. The z, axis is parallel to the outward local
normal at the satellite nadir position. The y, axis points in the direction of the velocity of
the sub-satellite point relative to the surface of the Earth, given by the Earth model. The
XL axis completes the right-hand coordinate frame.
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The Spacecraft Reference Frame (S).

This reference frame is a generic one, identical to the Satellite Reference Frame in
[AD 6]

The origin is the satellite centre of gravity. The Xs axis is parallel to the outward normal
(from the satellite) at the adaptor separation plane. The zs axis is parallel to the outward
normal (from the satellite) of the payload bay walls above which the stowed solar array
is held fixed. The ys axis completes the right-hand coordinate frame. If the spacecraft
pointing law was perfectly obeyed in flight then the zs axis would be parallel to and in
the same sense as that of the z, axis, the ys axis would be parallel to and in the opposite
sense to the y,_ axis and the xs axis would be parallel to and in the opposite sense to the
XL axis.

The Nominal Antenna Coordinate Systems (N(b))

This reference frame is used in the ASCAT PGF.

The origin is the satellite centre of gravity. The zy axis is parallel to the outward normal
of the radiating face of antenna b. The xy axis is parallel to the short sides of antenna b
and points roughly towards the Earth. The yy axis is parallel to the long sides of antenna
b and completes the right- handed coordinate system. The Nominal Antenna Coordinate
System is defined in relation to the nominal mechanical boresight pointing and
orientation.

The Actual Antenna Coordinate Systems (A(b))

This reference frame is used in the ASCAT PGF.

The origin is the satellite centre of gravity. The orientation is defined, with reference to
the N(b) coordinate system, by three consecutive rotations through three Euler angles.
First, a right-handed rotation through the skew depointing angle about the +Z N(b) axis.
Second, a right-handed rotation through the elevation depointing angle about the
resulting +Y axis. Finally, a right-handed rotation through the azimuth depointing angle
about the resulting +X axis. The Actual Antenna Coordinate System is defined in
relation to the actual electrical boresight pointing and orientation.

The Node Reference Frame for Node K(N) (K(N))

This reference frame is used in the ASCAT PGF.

The origin is the position of node N on the surface of the Earth, specified by the vector
Kt(N). See also Section 6.3.4. The zx axis is parallel to the outwards local normal from
the surface of the Earth at the position of the node. The Xk axis is perpendicular to the
ground track velocity vector and points from near swath to far swath. The yx axis
completes a right-hand coordinate system.
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6.3.2 Transformation Between Reference Frames

See [RD 1] for complete specifications. The following transformation laws are required to transform
guantities between the various reference frames.

The transformations between the Terrestrial Reference Frame and the Satellite Position Related
Coordinate System are defined by the following equations, where St and Vr are respectively, the
satellite position vector and the satellite velocity vector in the Terrestrial Reference Frame.

Xy = [TP—>T]XP Equation 182

Xp = [TP—>T]T Xt

[TP->T] = [3-1/| a, |’a2/| a, |’a3/| as |]

a, =97
a, =(S; AV, )AS;
a; =S; AV;

The transformations between the Satellite Position Related Coordinate System and the Orbital
Reference Frame are defined by the following equations, where Up is the ground track velocity at the
sub-satellite position in the Satellite Position Related Coordinate System and Np is the outward
normal unit vector at the sub-satellite position in the Satellite Position Related Coordinate System.

Xp =[T__p1X +S; Equation 183
Xy = [TL—>P]T (XP _Sp)

[To..]1=[a/|a,].a,/|a,|.a;/|a;|]

a, =U, AN,
a,=U,
a; =N,

The transformations between the Orbital Reference Frame and the Spacecraft Reference Frame are

defined by the following equations, where AoroLL, ABpitcr @and Ayyaw are, respectively, the roll, pitch
and yaw angles of the spacecraft at the relevant along-track time in the orbit.
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X = [TS—>L]XS Equation 184

Xg = [-I-5—>|_]T XL
[TS—>L] = AROLL (AaROLL)APITCH (AﬁPITCH )AYAW (AVYAW)B

+00S(Ago,) 0 +sin(Aagg,) ]
Ao (Aage ) = 0 +1 0
—-sin(Adgy,) 0 + cos(AaROLL)_

+1 0 0

Aviren (ABprren) =] 0 +C0S(ABpircyy) = SIN(ABpiren)
0 +8in(ABprcy)  +COS(ABprrc) |

+C0S(A7yaw)  —SIN(Ayyay) O
Avaw(Aryaw) =] +SiN(Ayyay)  +C0S(Ayyaw) O

0 0 +1
-1 0 O
B={0 -1 0
0 0 +1

The transformations between the Spacecraft Reference Frame and the Nominal Antenna Coordinate
System, for beam b, are defined by the following equations, where 0y is 33.5 degrees and Oga is 43
degrees. The following conversion is employed:

e b=1isANTRF
e b=2is ANTRM
e Db=3isANTRA
e Db=4is ANTLF

e b=5iSANTLM
e b=6is ANTLA.

Note: If the on-ground characterised antenna pointings and orientations are known these shall be used
instead of the theoretically-desired baseline values given below.
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XS = [TN(b)—>S]XN(b) Equatlon 185

T
Xnpy = [TN(b)—>S] Xs

[TN(l)—>S] =a,(nd)a, (7 +6;,)B
[TN(Z)—>S] =ay(r+6,)B
[Tye)-sl=2a,(7A4)a, (r +6;,,) B
[TN(4)—>S] =a,(7d4)ay (7 — )
[TN(S)—>S] =ay (7 -0,)

[TN(G)—>S] =a,(m4)ay (7 —O)

+cos(w) O  +sin(y)
a, ()= 0 +1 0

—sin(w) 0 +cos(y)

+cos(w) -sin(w) O
a,(y)=| +sin(y) +cos(y) O

0 0 +1
-1 0 0
B=|0 -1 0
0 0 +1

The transformations between the Nominal Antenna Coordinate Systems and the Actual Antenna
Coordinate Systems are defined by the following equations, where the following is true:

o Ayskew(b) is the skew depointing angle for beam b,
o ABg e(b) is the the elevation depointing angle for beam b,
o Adaz(b) is the the azimuth depointing angle for beam b

These angles are determined in flight via transponder calibration.
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Xnp) = [TA(b)7>N(b)]XA(b) Equation 186

;
Xap) = [Tap)y-snm] Xnw)

[TA(b)—> N(b)] = Askew (A¥Wsiew () Agie (AOg ¢ (0))Apz (A@az (D))

+1 0 0
A, (0)=| 0 +cos(o) -sin(o)
0 +sin(o) +cos(o)

+cos(o) 0 +sin(o)
Agc (o) = 0 +1 0
—sin(c) 0 +cos(o)

+cos(o) -sin(e) O
Agew (@) =] +sin(c) +cos(o) O
0 0 +1

The transformations between the Terrestrial Reference Frame and the Node Reference Frame for
Node N are defined by the following equations, where K(N) is the node position of node N and
M+(N) is the outward local normal at the node position of node N.

X7 = [Tyt WXk + K1 (N) Equation 187

Xy = [TK(N)—>T]T (XT -K; (N))
[TK(N)—>T] = [a1/| a'l |’a2/| a2 |,a3/| a3 |]

a, = ISWATH(b)(UT /\MT(N))
a, = ISWATH(b)(MT(N)/\ (UT A MT(N)))
a; =M;(N)
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Where:
X1 (K7 (N)&; + Yo (Ky (N)Y; + ZT(KT(N)z)ZT SalLeiern HE
M (N) = (1-fe)
\/ XT(KT(N))+ yT(KT(N))+ at)

lswar (D) =1-2 H[b_3'5]

6.3.3 Localisation and Datation Times

See [RD 1] for the complete specification. Localisation is performed in the following manner. The
solution range v.s. discriminator signal frequency equation must lie on the surface of the Earth model
ellipsoid and it must also lie in the centre plane of the actual antenna gain pattern for a given beam b.
Let the point (vo,To,b) in discriminator signal frequency (vo) and orbit time (T,) space for beam b
correspond to the point (x+(b),yT,(b),zr(b)) on the surface of the ellipsoid in the Terrestrial Reference
Frame, described by the vector Pr(b) and let the satellite position and satellite velocity in the
terrestrial Reference Frame be described, respectively, by the following vectors S(T,) and
V+(To).The range v.s. discriminator signal frequency equation may be rewritten in the form:

- Equation 189
QWEAm—4“®”P”? Sr(To) | quation
2V (T,)+(Pr(0)-S+(T,) )

7LUC|PT(b)_ST(To)|

The vector Pr(b) — St(To) is the slant range vector from the satellite to the target position in the
Terrestrial Reference Frame. The condition that the point lies on the surface of the ellipsoid is
expressed by the following equation:

v, =0

Zi (b) 220 Equation 190
2 E T
(1_fE )

The condition that the point lies in the centre plane of the actual antenna gain pattern is expressed by
the following equations:

X2 (b) +y2 (b) +

n; (b, Ty)«( Py (b)-S;(T,) )=0 Equation 191

Ny (b, To) = [TA(b)—>T (To )] yA(b)

The above three non-linear simultaneous equations may be solved numerically by an iterative
technique. An estimated solution, to start the iterative technique, can be obtained by various methods.

The orbit time T, to be used in the above equations for normal measurement mode echo data is given
by the following equation:
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To = Turcrrsm-see FANpr =1)/2+8cro veas (b) Equation 192

Where Turc-rirsT-in-spie 1S the UTC time associated with the first PRI contribution to that echo source
packet and where dgcho-meas IS given by:

OecHo-mens (b) =0o + Tix (b)/2 + Smip-Nowm (b)/C for real data Equation 193
8 ccromeas (D)= 0 for testdata

where go is the guard time preceding transmission, Ttx(b) is the transmitted pulse duration and
smip-nom(b) is the nominal slant range to mid swath for a specific beam.

The orbit time T, to be used in the above equations for calibration mode echo data is given by the
following equation:

To = Turc_rrst-in-spie T Oecro-caL (b’ TRANS) Equation 194

The offset decro-caL has to be estimated individually for each transponder peak present in a calibration
source packet from the position of the peak and the ASCAT calibration timeline parameters for the
calibration antenna and the disposal antenna. It is effectively given by:

8ECHO—CAL (b7 TRANS) = gO + TTX (b’ CAL)/2 + STRANS (b)/C + ATRANS/2 Equation 195
for real data

where:

Jo is the guard time preceding transmission.
Trx(b,CAL) is the transmitted pulse duration from the calibration antenna.

Strans(b) is the slant range to the transponder under consideration which is
estimated from discriminator signal frequency where the transponder
peak occurs.

AtraNS is the internal delay of the transponder under consideration.

For measurement mode noise source packets the localisation times are given by the following
equation:

TO = TUTC—FIRST—IN—SP/N +A (N NOISE _1)/2 + 6NOISE—MEAS (b) Equation L

Where TyrcrirsT-in-sen 1S the UTC time associated with the first PRI contribution to that noise source
packet and SNOISE-MEAS is given by
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Snoise_neas (0) = 9o + Ty (0) + 91 + Torw (D) Equation 197
+0, + Toauw +9s(b)+ Tyoe /2 for real data

8 norse_meas (D) =0 for testdata

where:
do is the guard time preceding transmission.
Trx(b) is the transmitted pulse duration.
01 is the guard time between pulse transmission and echo reception /

deramping window.

Torw(b)  is the duration of the echo reception / deramping window.

g2 is the guard time between the echo reception / deramping window and the
calibration window.

Teaw is the calibration window.

03(b) is the guard time between the calibration window and the noise window.

Tnoise is the duration of the noise window.

For calibration mode noise source packets the localisation times are given by the following equation:

TO = TUTC—FIRST—IN—SP/N + A PRI (N NOISE — 1)/2 + 6 NOISE-CAL (b) Equation 198

Where TyrcrirsT-in-sen 1S the UTC time associated with the first PRI contribution to that noise source
packet and 8NOISE—CAL is given by

Tox (b, CAL) + Ty (b, DIS) . g,(b,CAL)+g,(b,DIS)  Equation 199

SNOISE—CAL (b) =0, *

2 2
+ Torw (b,CAL) 2+ Torw (b, DIS) 40, + Ty
N gs(b’CAL); g,(b.DIS) + Tyoee/2  for real data

S nose_ca (D)=0 for testdata

Where:

Jo is the guard time preceding transmission.
T1x(b,CAL) is the transmitted pulse duration for the calibration antenna.
T1x(b,DIS) is the transmitted pulse duration for the disposal antenna.

0:(b,CAL) is the guard time between pulse transmission and echo reception / deramping
window for the calibration antenna.

0:(b,DIS) is the guard time between pulse transmission and echo reception / deramping
window for the disposal antenna.
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Torw(b,CAL) is the duration of the echo reception / deramping window for the calibration
antenna.

Torw(b,DIS) s the duration of the echo reception / deramping window for the disposal

antenna.

g2 is the guard time between the echo reception / deramping window and the
calibration window

Tealw is the calibration window.

0s(b,CAL) is the guard time between the calibration window and the noise window for

the calibration antenna.

03(b,DIS) is the guard time between the calibration window and the noise window for
the disposal antenna.

Tnoise is the duration of the noise window.

6.3.4 Node Positions and Geometrical Parameters
See complete specifications in [RD 1].

6.3.4.1 Node Positions

A row of nodes is generated on either side of the satellite ground track at a distance D a.ong, Mmeasured
along-track on the satellite ground track arc, from the previous rows of nodes. Thus rows of nodes are
generated at orbit times T; given by the following equation:

D ALone Equation 200

T )

The first rows of nodes, on either side of the satellite ground track, are generated at orbit time T,. The
position of the mid-swath nodes, located on either side of the satellite nadir track, is given by the
following equations where for all relevant input parameters their values at time T; are used:

R, (mid) =S; + A4 Q; Equation 201
Qr = lswam (b)( Ur AN; )Sin(QLOOK) — N, cos(0 o)  EQuation 202

lswar(b) =1 - 2H[b-3.5]

Since Rr(mid) must lie on the surface of the Earth, its coordinates must satisfy the equation of the
ellipsoid thus it is established that:

_B-.B2_4AC Equation 203

2A

A =
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A X Q) +Y' Q)  Z(Q,)  Fauation204
- 2 2
aE bE

Equation 205
B 2( X(S)XQqr) +YE.)yQy) |, 2(5)2Qy) } q

cE b

c_ XZ(ST) + yZ(ST) . ZZ(ST) 1 Equation 206
a b

The positions of the nodes are given by the following equation where the node index n runs from —Ny
to +Ny and the parameter Iswatn indicates the swath. The nodes lie in a plane whose intersection with
the Earth model ellipsoid defines an ellipse, centred at C+, with semi-major and semi-minor axes of
length age and bge respectively. The unit vectors of the semi-major and semi-minor axes in a
right-hand coordinate system are a't and b" respectively

KT (n, ISWATH) =dg é-r COS(é/(n)) + bEE BT sin(é’(n)) + CT Equation 207
d,(n) Equation 208
c=75+ > 2 = 2 2
\/aEE sin” () + bz cos”(f)
: id) - h id) — Equation 209
5 = arctang] r(Re(id) ~Cr) By (Ry(mid) ~Cr)
bEE aEE
arctan2(x, y) = arcsin( X/W) for y>0 Equation 210

= wsign( x//x* + y* ) —arcsin( x//x* + y* ) otherwise

i=Ny Equation 211
dN(n’ b) == ISWATH (b) Z DACROSS for n<0
i=Ny+n+l
=0 for n=0
i=Ny+n
=+ ISWATH(b) Z D across for n>0
i=Ny+1

Where Dacross IS the across-track node separation. The parameters determining the ellipse are given
by the following equations:
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U..G aZ x(U;) Equation 212
E T T E | bz 2U.)

yU;) Equation 213
A 1
oo 2 2 -X(Uy)

XU +Y2(U;) .
1 x(U;)z(U;) Equation 214

b y(UT)Z(UT)

LU U O ey us)

Equation 215
~-B,—/B2-4AC,
Age = oA
1
A X @EDHYE) | 2@
1= 2 2
ag bE
B, =0
C _ XZ(CT)+y2(CT) + ZZ(CT) _1
1= 2 2
ag bE
|_Bz_m Equation 216
bEE :‘ A
2
2 A 2 (A 2 (A
A, <X G0+ ) | 2*6))
a'E bE
B,=0
2 2 2
c, =Xy (Cr) , 2 éczzT)_l
aE E
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6.3.4.2 Node Incidence and Azimuth Angles

The incidence angle at a point on the Earth's surface is defined as the angle between the vector from
the point to the satellite and the unit vector along the outwards normal at the point. Let Kt be the
position vector of a node on the Earth's surface and let Mt be the unit vector along the outwards
normal at the node, then the incidence angle at the node is given by:

Equation 217
(ST — KT ) M T

Se K|

I = arccos

The azimuth angle is defined as the angle between the North pointing unit vector tangential to the
local meridian and the projection of the vector from the point to the satellite on to the local tangent
plane, measured clockwise. The azimuth angle is given by:

J K(N) V|2(N) Equation 218
: i t
Pramury = AICCOS| —2C = | Sign [Z(J K(N) ’\VK(N))]
‘ K(N) ‘
Where:
Equation 219
X( VK(N)) q
t
VK(N) = y(\/K(N))

0

VK(N) = (TK(N)—>T)71 (ST - KT (N))

And:
J oy = (TK(N)—>T)71 J; Equation 220
—SiNG 57 COS Y, oy
J; =| =sinf 5 SinY oy
COSO, At
Where:
Equation 221
: K. (N))/(1-f.)
O 5r = arcsin 2(Kr (N) /(- 1e)

VXE (K () +y2 (K (N) +2 (K (N)/ (- F,. )
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Equation 222
X(K+(N))

9 o = arccos
IR (K (N)+y2 (K (N))

sign(y(K;(N)))

The adaptation of this algorithm for the case of individual o, values is straightforward. Ky is replaced
by Pr, the position vector of an individual o, value on the Earth's surface and M+ is understood to be
the outwards normal unit vector at Pt

6.3.4.3 Ground Range

Ground range should be computed in the following way, using a spherical Earth approximation. If G
is the sub-satellite (nadir) position as defined in Section 6.3.1 and x is an arbitrary point on the surface
of the Earth then the ground range, ry is given by the following:

r, = | GT | b Equation 223

X.G;

where cos (¢)= X[[Gy]
.

For data from a given beam b, x = P¢(b) and for data from a given node, x = K¢(N).
See Section 6.3.3 and Section 6.3.4.1.
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7 CONTENTS OF THE PRODUCT GENERATION FUNCTION
PRODUCTS

In the following section, a description of the data contents of the EUMETSAT Core Ground Segment
ASCAT Products is given. The list of data and the organisation of the files is given purely for
description and is not the existing product format. The product format is specified in [AD 2] and
[AD 3]. Internal data sets reflect the configuration and the state of the ASCAT PGF and must be
accessible from outside the ASCAT PGF.

Dynamic data sets are created by the ASCAT PGF as it is running and static information is loaded
and/or generated in response to a command by the user. Static information may be loaded to change
the configuration only when the ASCAT PGF is not running; however, it may be created while the
ASCAT PGF is running.

The orbit is specified in the product headers and internal data sets in the following way. The state
vectors (position and velocity) at the ascending node prior to the dump are given together with the
ascending node time, T,. This information is provided together with the time interval for which the
information is applicable. This information is provided for all time intervals covering the dump, thus
covering Ty to Ty. Thus the following information is provided:

(Ro,Vo,To; T1->T>)
(Ro,Vo,To; T2->Ts)

(Ro,Vo,To; Tna->Tn)

The satellite attitude is specified in the product headers and internal data sets in the following way.
The satellite attitude law is specified together with the time interval for which the information is
applicable. This information is provided for all time intervals covering the dump, thus covering T; to
Tn. Thus the following information is provided:

( LAW, ; T, -> Tz)

( LAW, ; T, -> T3)

(LAWN1; Ty ->Tw)
The LAW; can take the following values (with the ASCAT operating): OPM, OCM, FCM and "OFP"
(out of plane). The satellite attitude law is normally OPM (yaw steering with local normal pointing) in

which case the nominal attitude is determined simply by functions of (T-T, ) where Ty is the time of
the ascending node prior to the dump. In OCM the roll, pitch and yaw angles are all zero. In FCM the
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roll, pitch and yaw angles are determined by another law. And in "OFP" the attitude is so different
from OPM that any data will in any case be invalid.

Orbit and attitude for the current satellite and time period are always required for processing whether
this processing is NRT, backlog or reprocessing. Note: The orbit and attitude data is probably not
needed for NRT processing in the CGS because this information is always available within the CGS
as a function of time from the Flight Dynamics function. This information however may be needed for
CGS reprocessing and will almost certainly be needed if the data is reprocessed at another facility.

The instrument operation is specified in the product headers and internal files in the following way.
The instrument parameters are specified together with the time interval for which the information is
applicable. This information is provided for all time intervals covering the dump, thus covering T, to
Tn. Thus the following information is provided:

(|P0;T1->T2)

(|P1;T2->T3)

(IPNa; Thnr > Tw)

The set of instrument parameters IP; fully describe the -ith instrument operation present in the dump.
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7.1 ASCAT Level 0 Product
Block |
e The METOP Satellite (1 or 2 or 3) - from CVCDU Transfer Frame Header
e Acquisition Ground Station
e UTC T, time of first echo line of dump
e UTC T, time of last echo line of dump
e Orbit Start Number and Orbit End Number of the dump
Block 11

For every source packet in that dump:

ASCAT Source Packet

e Packet Primary Header:

»  Version Number

Type

Secondary Header Flag
Application Process Identification
Segmentation Flags

(Source Sequence Count)

» Packet Length

YV VV VYV

e Secondary Header (which is a 64 bit time stamp equal to UTC at Time Tag)
e SBT at Time Tag

e PRI Count at Time Tag

e Tag Field / Ground Processor Flags

e PRI Count

e On-board Software Configuration

e On-board Parameter Configuration

e Spare - Could be manufacturer's serial number

Instrument Configuration

e SFE Temperatures 1-6

e Antenna Temperatures 1-12
e Receiver Gain

¢ Out-of-Range Count

Integrated Transmitted Powers 1-4

o Integrated Reflected Powers 1-4
o Integrated Calibration Powers 1-4
e Calibration Powers 1-4

e 256 words of application data

e Packet Error Control Field
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Header for dump N

All S.P. from dump N

Figure 6: ASCAT Level 0 Product Contents Structure

7.2 ASCAT Level 1A Product

As explained in sections 5 and 6, the generation of the Rx filter shape for a given time requires use of
past and future noise packets. Thus at the end of a given dump there are approximately 5 minutes of
echo measurements, for which only a degraded Rx filter shape estimate is available, due to the fact
that the necessary noise packets from next dump are not yet available.

The PGF pauses at the end of a dump, until the data from the next dump is available. When the next
dump is available, those last minutes of data from the previous dump are processed with the correct
Rx filter shape, which is now available. Consequently, those last few minutes of data from the
previous dump, processed at nominal quality, are included at the beginning of the present dump.

See Figure 7.

To summarise, the first echo included in a given product corresponds to the first echo that could not
be processed nominally in the previous dump due to the non availability of the correct Rx filter shape.
Header information is provided in the product for the present (main) dump, as well as for the data
present from the previous one.
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hrx nominal
quality
-+

hrx nominal quality

A
\

Dump Dump

number - -—» number
N-1 N

F ext-FiL FexT-FIL
=0 =0

Figure 7: ASCAT Level 1A Product Contents Structure illustrating the situation at the end of a dump during
which the radar operated continuously

Block |
e UTC T, time of first line of echo from Dump N-1
e UTC T, time of last line of echo from Dump N-1
e UTC T, time of first line of echo from Dump N
e UTC T, time of last line of echo from Dump N

The following Block | / Header information is provided for both the present dump and the data from
the previous dump which is included in this product:

e The METOP Satellite (1, 2 or 3)

o A set of N Satellite Position Vectors, Satellite Velocity Vectors, Ascending node UTC times
and their applicable UTC time intervals for propagating the orbit over the time interval
corresponding to the data dump

o A set of N Satellite Attitude Laws and their applicable UTC time intervals for propagating the
attitude over the time interval corresponding to the data dump

o Parameters of Applicable Attitude Distortion for the data dump (if available and applicable)
e Acquisition Ground Station
e Orbit Start Number and Orbit End Number of the dump

o Instrument Parameters for each Level 1A product resulting from an instrument operation in the
dump, labelled by the applicable UTC time interval
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e Processing Parameters for each Level 1A product resulting from an instrument operation in the
dump, labelled by the applicable UTC time interval

o Transponder Parameters (as given in the Transponder Information Internal File)

Block 11
For every Measurement echo source packet in the main dump and those from the previous dump:
ASCAT Measurement Mode Echo Source Packet
e Packet Primary Header:
Version Number
Type
Secondary Header Flag
Application Process Identification
Segmentation Flags
Source Sequence Count
Packet Length
e Secondary Header (which is a 64 bit time stamp equal to UTC at Time Tag)
e SBT at Time Tag
e PRI Count at Time Tag
e Tag Field / Ground Processor Flags
e PRI Count
e On-board Software Configuration

YV V V V VY

e On-board Parameter Configuration

e Spare - Could be manufacturer's serial number
¢ Instrument Configuration

e SFE Temperatures 1-6

e Antenna Temperatures 1-12

¢ Receiver Gain

e Out-of-Range Count

o Integrated Transmitted Powers 1-4

e Integrated Reflected Powers 1-4

¢ Integrated Calibration Powers 1-4

e Calibration Powers 1-4

e 256 words of application measurement mode echo data
e Packet Error Control Field

General Appended Data
e Orbit Number
e UTC Time associated to Source Packet (Tg)
e Ascending / Descending Pass Indicator
e Right/Left swath indicator
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Appended Reference Values and Functions

Noise power value
Rx Filter shape function (256 values)
Power-Gain Product value

Power to oo Normalisation Function and its Roll, Pitch and Yaw Derivatives for Nominal
Satellite Pointing (256 * 4 values)

Name of File containing applicable set of Deblooming Kernel Functions

The latitude and longitude of each echo power sample in the echo source packet
(256 * 2 values)

The UTC time associated to the echo data (T, the localisation time)
The ground range of each echo power sample (256 values)

The incidence angle and azimuth angle of each echo power sample in the echo source packet
(256 * 2 values)

Discriminator frequency and sample index (256 * 2 values)
Coordinates in the Terrestrial Reference Frame (X,y,z) (256 * 3 values)

Appended Quality Flags and Qualifiers

Flag Fecro
Flag Mecro
Flag Cecho
Flag lecro
Flag Froise
Flag Mnoise
Flag Cnoise
Flag Inoise
Flag Fpg

Flag Vec

Flag Fext-pc
Flag FriLter
Flag VriLTer
Flag Fexrr
Flag FreL-riLter
Flag Foreit
Flag Fatritupe

Flag Fomeca

Flag FMAN
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Appended Interpolated Telemetry Data

Flag Fps.

Flags Fg/a (256 values)
Flag Fe-teL-pres

Flag Fe-teL-r

Flags FLanp (256 values)
Flag Fce

Flag Vce

Flag Foa

Flag Fre.

The following parameters interpolated to the UTC time T, associated to the echo source packet:

Equipment Power Bus Voltages:

DPU_A_Volt (Word 15)
DPU_B_Volt (Word 23)
RFU_A_Volt (Word 16)
RFU_B_Volt (Word 24)
SFE_A_Volt (Word 17)
SFE_B_Volt (Word 25)
HPA_A_Volt (Word 18)
HPA_B_Volt (Word 26)

Equipment Power Bus Powers:

DPU_A_Pow (Word 19)
DPU_B_Pow (Word 27)
RFU_A_ Pow (Word 20)
RFU_B_ Pow (Word 28)
SFE_A_ Pow (Word 21)
SFE_B_Pow (Word 29)
HPA_A_ Pow (Word 22)
HPA_B_ Pow (Word 30)
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Equipment Reference Voltages:

Offset_AD (Word 46)
Gain_AD (Word 47)
Fwd/Cal_ADC_VR1 (Word 48)
Fwd/Cal_ADC_VR2 (Word 49)
Refl_ADC_VR1 (Word 50)
Refl ADC_VR2 (Word 51)
Main_ADC_VR1 (Word 52)
Main_ADC_VR2 (Word 53)

Unit / Equipment Temperatures:

tSSPA1_A (Word 123)
tSSPA2_A (Word 124)
tEPC_A (Word 125)
tRFU_A (Word 126)
tDPU_A (Word 127)
tSSPA1_B (Word 128)
tSSPA2_B (Word 129)
tEPC_B (Word 130)
tRFU_B (Word 131)
tDPU_B (Word 132)
tPDU (Word 121)
tICU (Word 122)
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7.3 ASCAT Level 1B Products

The full-resolution Level 1B product has an equivalent structure to the Level 1A product, as it is
shown in the top panel of Figure 8.

The data in Level 1B averaged product, both at 25 km and 50 km resolution, is given by line of nodes,
and then by node. The time associated with a line of nodes is the orbit time, which is approximately
the same as the time of illumination of the mid-beam. Each node contains data associated with up to
three averaged normalised backscatter values collocated at the node position, corresponding to data
taken at the different orbit times when each of the three beams illuminated the given node.

For this reason and due to the beam geometry, oo for nodes near the dump boundary are computed
with data sensed on both sides of the dump boundary.

The time difference between the illumination from the fore/aft beams and the mid beam for a node in
the far swath is plus/minus three minutes approximately.

As in the case of the previous products, the intention is to provide the user with the necessary
complete product at nominal quality for further wind processing. Consequently, processing of dump N
starts effectively with the processing of data from dump N-1.

A mid-beam time unambiguously labels a node line. Each node line can be labelled by the UTC orbit
time, which corresponds approximately to the time of the mid beam. Each node contains a triplet of
Op.

Concerning the header information, it is provided in the product for the present (main) dump, as well
as for the data present from the previous one, in both the full-resolution and the averaged Level 1B
products.
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Figure 8: ASCAT Level 1B full-resolution product (a) and Level 1B averaged product (b) contents structure
illustrating the situation at the end of a dump during which the radar operated continuously

nominal quality and complete nodes
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7.3.1 Level 1B- 50 km Spatial Resolution

Block |
e Mid-Beam UTC T, orbit time of first line of nodes from Dump N-1
e Mid-Beam UTC T, orbit time of last line of nodes from Dump N-1
e Mid-Beam UTC T, orbit time of first line of nodes from Dump N
e Mid-Beam UTC T, orbit time of last line of nodes from Dump N

The following Block | / Header information is provided for both the present dump and the data from
the previous dump which is included in this product:

e The METOP Satellite (1, 2 or 3)
e Orbit Start Number and Orbit End Number of the dump
e Main Acquisition Ground Station

¢ Instrument Parameters for each Level 1B product resulting from an instrument operation in the
dump, labelled by the applicable UTC time interval

e Processing Parameters for each Level 1B product resulting from an instrument operation in the
dump, labelled by the applicable UTC time interval

e Transponder Parameters (as given in the Transponder Information Internal File)

Block 11

For every row of 42 50 km resolution nodes:
e UTC orbit time of line of Nodes (broadside to mid)
e Azimuth angle bearing of Nadir Track Velocity.
For every 50 km resolution node:
e Swath indicator (right or left)
e Node Number
e Latitude
¢ longitude
¢ height of atmosphere used
e loss per unit length of atmosphere used
For each node o, value:
e o Vvalue (Fore)
¢ Incidence Angle (Fore)
e Azimuth Angle (Fore)
e Kp (Fore)
o fr(Fore)
o fy(Fore)
o foa (Fore)
o fga (Fore)
o freL (Fore)

o fexrr (Fore)
° fLAND (Fore)
o Fg, (Fore)
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e o Value Classification = Good, Usable or Bad (Fore)
e op Vvalue (Mid)

e Incidence Angle (Mid)

e Azimuth Angle (Mid)

e Kp (Mid)

o fr(Mid)

o fy,(Mid)

e foa (Mid)

o fga (Mid)

o frg. (Mid)

o fexrr (Mid)

o fLanp (Mid)

o Fyp (Mid)

e oy Value Classification = Good, Usable or Bad (Mid)
e op value (Aft)

¢ Incidence Angle (Aft)

e Azimuth Angle (Aft)

e Kp (Aft)

o fr(AfD)

o fy(Aft)

o foa (Aft)

o fga (Aft)

o freL (AfD)

o fexrr (Aft)

o fLanp (Aft)

o Fgp (Aft)

e oy Value Classification = Good, Usable or Bad (Aft)
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7.3.2 Level 1B- 25 km Spatial Resolution

Block |
e Mid-Beam UTC T, orbit time of first line of nodes from Dump N-1
e Mid-Beam UTC T, orbit time of last line of nodes from Dump N-1
e Mid-Beam UTC T, orbit time of first line of nodes from Dump N
e Mid-Beam UTC T, orbit time of last line of nodes from Dump N

The following Block | / Header information is provided for both the present dump and the data from
the previous dump which is included in this product:

e The METOP Satellite (1, 2 or 3)
e Orbit Start Number and Orbit End Number of the dump
e Main Acquisition Ground Station

¢ Instrument Parameters for each Level 1B product resulting from an instrument operation in the
dump, labelled by the applicable UTC time interval

e Processing Parameters for each Level 1B product resulting from an instrument operation in the
dump, labelled by the applicable UTC time interval

e Transponder Parameters (as given in the Transponder Information Internal File)

Block 11

For every raw of 82 25 km resolution nodes:
e UTC orbit time of line of Nodes (broadside to mid)
e Azimuth angle bearing of Nadir Track Velocity

For every 25 km resolution node:
e Swath indicator (right or left)
e Node Number
e Latitude
e Longitude
¢ height of atmosphere used
e |oss per unit length of atmosphere used

For each node o value:
e o Vvalue (Fore)
e Incidence Angle (Fore)
e Azimuth Angle (Fore)
o Kp (Fore)
o fr(Fore)
o fy(Fore)
o foa (Fore)
o fya (Fore)
o frg (Fore)
o fexrr (Fore)
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o f anp (Fore)

e Fp (Fore)

e oy Value Classification = Good, Usable or Bad (Fore)
e oy value (Mid)

¢ Incidence Angle (Mid)

e Azimuth Angle (Mid)

e Kp (Mid)

o fr(Mid)

e fy,(Mid)

e foa (Mid)

o fsa (Mid)

o frg. (Mid)

o fexrr (Mid)

o fianp (Mid)

o Fyp (Mid)

e oy Value Classification = Good, Usable or Bad (Mid)
e G value (Aft)

o Incidence Angle (Aft)

e Azimuth Angle (Aft)

e Kp (Aft)

o fr(AfM)

o fy(Aft)

o foa (Aft)

o fya (Aft)

o fre (AfM)

o fexrrL (Aft)

o fLanp (Aft)

o Fgp (Aft)

e oy Value Classification = Good, Usable or Bad (Aft)
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7.3.3 Level 1B- Full Resolution

Block I
e UTC T, time of first line of echo from Dump N-1
e UTC T, time of last line of echo from Dump N-1
e UTC T, time of first line of echo from Dump N
e UTC T, time of last line of echo from Dump N

The following Block 1 / Header information is provided for both the present dump and the data from
the previous dump which is included in this product:

e The METOP Satellite (1, 2 or 3)
e Orbit Start Number and Orbit End Number of the dump
e Acquisition Ground Station

e Instrument Parameters for each Level 1B full resolution product resulting from an instrument
operation in the dump, labelled by the applicable UTC time interval

e Processing Parameters for each Level 1B full resolution product resulting from an instrument
operation in the dump, labelled by the applicable UTC time interval

e Transponder Parameters (as given in the Transponder Information Internal File)

Block 11
e UTC time of line of full resolution o, samples (T, time / localisation time)

e Beam Number

e Azimuth angle bearing of Nadir Track Velocity

e Orbit Number

e Ascending / Descending Pass Indicator
256 Values of the following parameters:

e full resolution oy value

e incidence angle

e azimuth angle

o latitude

¢ longitude

o land flags Fianp

e Solar array reflection Flags Fs/a

¢ height of atmosphere used

¢ loss per unit length of atmosphere used
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Appended Quality Flags and Qualifiers

Flag Fecro
Flag Mecro
Flag Cecro
Flag lecho
Flag Fnoise
Flag Mnoise
Flag Cnoise
Flag Inoise
Flag Fpc

Flag Vec

Flag Fext-rc
Flag FriLter
Flag VEiLer
Flag Fext-rL
Flag FreLriLTer
Flag Forair
Flag Farrituoe
Flag Fomeca
Flag Fuan
Flag Fps.
Flag Feterpres
Flag Fe-reLr
Flag Fce

Flag Vce

Flag Foa

Flag Frev
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7.4 Internal Files and Products

The contents listed in the following files are a minimum list of information required by the ASCAT
PGF as it is specified in this document. Other information may be required in these files due to
implementation reasons, thus the following list does not restrict the final contents of the files.

Some of these data sets shall have a fixed size, and any generation of the information content will
create a new version of the file (denoted by 'static’). Other files shall be updated every time additional
data arrives to the PGF, and this additional data shall be appended, its size therefore gradually
increasing (denoted by 'dynamic’).

74.1 ASCAT GAIN AT ANGULAR POSITION Internal Product (dynamic)
For all calibration echo source packets acquired over the mission lifetime:

Block 1
e METOP Satellite (1, 2 or 3)
e Antenna Beam Number b
e Nominal Satellite Attitude
e Actual Satellite Attitude
e Acquisition Ground Station
e Orbit Number
e UTC Time associated to Calibration Source Packet (Turc-rirsT-IN-SP/E)
e Ascending / Descending Pass Indicator Flag

¢ Satellite Position Vector, Satellite Velocity Vector, Ascending node UTC time for propagating
the orbit at the time of calibration source packet acquisition

o Satellite Attitude Law at the time of calibration source packet acquisition

o Parameters of Applicable Attitude Distortion for the data dump (if available and applicable)
o Instrument Parameters at the time of calibration source packet acquisition

e Processing Parameters at the time of calibration source packet acquisition

e Flag Vcecal

e Flag Foas-ca.
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From Transponder 1:
e One-Way Power Gain, G
e Angular Position, ( 0, ¢) in Nominal Antenna Coordinate N(b)

Transponder position actual in terrestrial reference frame

Transponder position estimated in terrestrial reference frame

Transponder internal delay

Transponder backscattering cross-section

Transponder 1 Nominal Operation Flag
o Data Presence Flag = Present / Absent
From Transponder 2:
e One-Way Power Gain, G
e Angular Position, ( 0, ¢) in Nominal Antenna Coordinate N(b)

Transponder position actual in terrestrial reference frame

Transponder position estimated in terrestrial reference frame

Transponder internal delay

Transponder backscattering cross-section

Transponder 2 Nominal Operation Flag
e Data Presence Flag = Present / Absent
From Transponder 3:
e One-Way Power Gain, G
e Angular Position, ( 0, ¢) in Nominal Antenna Coordinate N(b)

Transponder position actual in terrestrial reference frame

Transponder position estimated in terrestrial reference frame

Transponder internal delay

Transponder backscattering cross-section

Transponder 3 Nominal Operation Flag

Data Presence Flag = Present / Absent
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Block 11
For every Calibration echo source packet:

ASCAT Calibration Mode Echo Source Packet

o Packet Primary Header:

Version Number

Type

Secondary Header Flag
Application Process Identification
Segmentation Flags

Source Sequence Count

Packet Length

YV V V V VY

e Secondary Header (which is a 64-bit time stamp equal to UTC at Time Tag)

e SBT at Time Tag

e PRI Count at Time Tag

e Tag Field / Ground Processor Flags
e PRI Count

e On-board Software Configuration

e On-board Parameter Configuration

e Spare - Could be manufacturer's serial number

¢ Instrument Configuration

e SFE Temperatures 1-6

e Antenna Temperatures 1-12

¢ Receiver Gain

e Out-of-Range Count

e Integrated Transmitted Powers 1-4
e Integrated Reflected Powers 1-4

¢ Integrated Calibration Powers 1-4
e Calibration Powers 1-4

e 256 words of calibration mode echo data
e Packet Error Control Field
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Appended Reference Values and Functions

Noise power value
Rx Filter shape function
Power-Gain Product value

Appended Quality Flags and Qualifiers

Flag MECHO
Flag Cecro
Flag lecro

Flag Fnoise
Flag Myoise

Flag Cnoise
Flag Inoise
Flag Fpg

Flag Vee

Flag Fext-pc-caL
Flag FriLter
Flag VeiLter
Flag FrecriTer
Flag Frime
Flag Fuan

Flag Fps.

Flag Fs/a

Flag Fe.teL-pres
Flag Fe.teL-ir
Flags Fiano(n)
Flag Vcecac
Flag Foas-caL
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Appended Interpolated Telemetry Data

The following parameters interpolated to the Tyrc.rirst-in-spe time of the calibration echo source
packet together with their quality flags:

Equipment Power Bus Voltages:
e DPU_A Volt (Word 15)
e DPU_B_Volt (Word 23)
e RFU_A Volt (Word 16)
e RFU_B Volt (Word 24)
e SFE_A_Volt (Word 17)
e SFE_B_Volt (Word 25)
e HPA_A_ Volt (Word 18)
e HPA_B_Volt (Word 26)

Equipment Power Bus Powers:
e DPU_A Pow (Word 19)
e DPU B _Pow (Word 27)
e RFU_A_Pow (Word 20)
e RFU_B_Pow (Word 28)
e SFE_A_Pow (Word 21)
e SFE B_Pow (Word 29)
e HPA_A_ Pow (Word 22)
e HPA B_Pow (Word 30)

Equipment Reference Voltages:
o Offset_ AD (Word 46)
e Gain_AD (Word 47)
e Fwd/Cal_ADC_VR1 (Word 48)
e Fwd/Cal_ADC_VR2 (Word 49)
e Refl ADC_VR1 (Word 50)
e Refl ADC_VR2 (Word 51)
e Main_ADC_VR1 (Word 52)
e Main_ADC_VR2 (Word 53)
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Unit / Equipment Temperatures:
e tSSPA1_A (Word 123)
e tSSPA2_A (Word 124)
e tEPC_A (Word 125)

e tRFU_A (Word 126)
e tDPU_A (Word 127)
e tSSPA1_B (Word 128)
e tSSPA2 B (Word 129)
e tEPC_B (Word 130)

e tRFU_B (Word 131)
e tDPU_B (Word 132)
e tPDU (Word 121)

e tICU (Word 122)

7.42  ASCAT ANTENNA GAIN PATTERNS AND ORIENTATIONS
Internal Product (static)

For each of the six ASCAT antennas:
Identification
o Satellite Identification
e Antenna Beam Number b
¢ Reference Number of Estimated Gain Pattern and Orientation
e Creation Date & Time of this File
Data Input Selection
e UTC Time Intervals used { (t1, t2), (t3, t4), ..., (tn-1, tn) }
e Passes used identifier: Ascending Only, Descending Only or Both
e Set of Transponders Used (1, 2, 3, 1&2, 2&3, 1&3, 1&2&3)
¢ Antenna Gain Range below Peak Gain to be used in this AGPO estimation run
o Flag set to 1 if GAPE data was edited out of the above selection / Flag set to 0 otherwise

e All Measurements (G, 0, ¢) used labelled by UTC time, transponder number & A/D pass
indicator
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Estimated Parameters
e Estimated Set of Coefficients cnn
e Estimated Set of Depointing Angles: Skew, Elevation & Azimuth
¢ Final value of Energy Measure at end of iterative procedure

o The Energy Measures at the end of each simulated annealing cycle labelled by the
following:
(i) cycle temperature,
(ii) cycle number index at that temperature and
(iii) step number in parameter refinement schedule (typically 10 * 20 * 7 values)

Control Parameters
e Degree of Polynomial in n (elevation) (fixed at 18)
o Degree of Polynomial in m (azimuth) (fixed at 10)
o Parameter Refinement Schedule as defined on Page 42 in [AD11] (7 cycles)
e Maximum Number of Steps in each Levenberg-Marquart Iteration
e Lamda Parameter Initial VValue in Levenberg-Marquart Iteration (fixed at 0.001)
e Lamda Parameter Reduction Factor in Levenberg-Marquart Iteration (fixed at 0.25)
e Lamda Parameter Increment Factor in Levenberg-Marquart Iteration (fixed at 5.0)
e Flag indicating Combined Algorithm (F=1) or only Levenberg-Marquart Algorithm (F=0)

e Flag indicating Linear (F=0) or Exponential (F=1) Temperature Reduction in Simulated
Annealing

e Number of Calibration Cycles for initialising Simulated Annealing

e Number of Temperatures to be used in Simulated Annealing

e Number of Cycles at each Temperature in Simulated Annealing

o Scale Factor for Thermal Fluctuations in Simulated Annealing

e Probability of Accepting Energy Increase in Simulated Annealing
Nominal Antenna Gain Pattern Parameters

o Parameters of the Nominal Theoretical Antenna Gain Patterns used for Antenna Beam Number
b as defined in Section 8.3
Auxiliary Parameters Required for Use of AGPO Data (which may require off-line refinement) for
each beam, b:

*  Thicn(b)
e Tiow(b)
L4 OLALL(b)
e oa(b)

e aan(b)

*  aann(b)
o An(b)

Auxiliary Characterisation Parameters
e Average UTC Time of Estimation
e Standard Deviation of Times of Estimation
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7.4.3

Actual Antenna Electrical Boresight Pointing relative to Psar
Nominal Antenna Electrical Boresight Pointing relative to Psat
Threshold Setting for Transponder Measurement Rejection
Number of Transponder Measurements Rejected

List of Rejected Transponder Measurements

ASCAT NORMALISATION TABLE Internal Product (static)

There shall be one NT LUT per antenna (6 files in total). The contents of each of them are the
following:

Block |

Satellite Identification

Antenna Beam Number b

Reference Number of this Normalisation Table

Creation Date & Time of this Normalisation Table File

Reference Number of Estimated Gain Pattern and Orientation File used and creation date / time
Instrument Parameters used

Processing Parameters used

Position Vector, Velocity Vector and Ascending Node UTC time

Attitude Law as a function of UTC time from Ascending Node Time

Valid Deviation from Nominal Orbit Permitted

Valid Deviation from Nominal Attitude Permitted

Number of lines of Nominal Normalisation Factors in Normalisation LUT

Number of lines of Roll Derivative of Normalisation Factors in Normalisation LUT
Number of lines of Pitch Derivative of Normalisation Factors in Normalisation LUT
Number of lines of Yaw Derivative of Normalisation Factors in Normalisation LUT

Block 11

Nominal Normalisation Factors: 256 values for each orbit time together with orbit time T.
Sensitivity to roll mispointing: 256 values for each orbit time together with orbit time T.

Sensitivity to pitch mispointing: 256 values for each orbit time together with orbit time T.
Sensitivity to yaw mispointing: 256 values for each orbit time together with orbit time T.
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7.4.4 ASCAT DEBLOOMING KERNELS Internal Product (static)
Block |

o Satellite Identification

e Antenna Beam Number b

o Reference Number of this Deblooming Kernels Table

e Creation Date & Time of this Deblooming Kernels File

e Instrument Parameters used

e Processing Parameters used

e Position Vector, Velocity Vector and Ascending Node UTC time

e Attitude Law as a function of UTC time from Ascending Node Time

¢ Instrument Configuration

¢ Valid Deviation from Nominal Orbit Permitted

¢ Valid Deviation from Nominal Attitude Permitted

Block 11
For all times around the orbit:

256 functions Kpegoom(fo, T, To, T; b) for beam b from orbit time T; to Ti.q

745  ASCAT INSTRUMENT PARAMETERS Internal File(s) (static)
For Measurement Mode

Chirp Rate / Fore-Right

Chirp Rate / Mid-Right

Chirp Rate / Aft-Right

Chirp Rate / Fore-Left

Chirp Rate / Mid-Left

Chirp Rate / Aft-Left

Chirp start frequency words:
ch_start_freq[tx, fore-Right]

ch_start_freq[tx, mid-Right]
ch_start_freg[tx, aft-Right]
ch_start_freq[tx, fore-Left]
ch_start_freq[tx, mid-Left]
ch_start_freq[tx, aft-Left]
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De-ramp start frequency words:
ch_start_freq[rx, fore-Right]

ch_start_freq[rx, mid-Right]
ch_start_freq[rx, aft-Right]
ch_start_freq[rx, fore-Left]
ch_start_freq[rx, mid-Left]
ch_start_freq[rx, aft-Left]

For Calibration Mode
Chirp Rate / Fore-Right
Chirp Rate / Mid-Right
Chirp Rate / Aft-Right
Chirp Rate / Fore-Left
Chirp Rate / Mid-Left
Chirp Rate / Aft-Left

Chirp start frequency words:
ch_start_freq[tx, fore-Right]

ch_start_freq[tx, mid-Right]
ch_start_freq[tx, aft-Right]
ch_start_freq[tx, fore-Left]
ch_start_freq[tx, mid-Left]
ch_start_freq[tx, aft-Left]

De-ramp start frequency words:
ch_start_freq[rx, fore-Right]
ch_start_freq[rx, mid-Right]
ch_start_freq[rx, aft-Right]
ch_start_freq[rx, fore-Left]
ch_start_freq[rx, mid-Left]
ch_start_freq[rx, aft-Left]

Pulse amplitude distortion parameters - Arxo(b), Arxi(D), Arxa(b), Arxa(b)
Number of noise windows averaged on board - Nnoise

Number of echo windows averaged on board - Ngr

Overlap of echo window averaged on board - fixed at 50%

FIR Filter Coefficients - B(i), g(k, j)
Number of Range Looks for beam b - M(b)
Range Look Summation Weights for beam b - a,(i), p(v, m, b)
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FIR Filter Function - ogr(t)
FIR Filter Function Duration - zgr
FIR Look Fractional Overlaps - Xgr(j,m)

Range Look Duration - Try, Zran
Range Look Fractional Overlaps - x(n,s)
ADC frequency sampling discriminator signal - vapc

Highest signal frequency effectively present in the discriminator signal - vy
Number of samples in the range look Fast Fourier Transform - Nger

Calibration frequency - f(cal)

Frequency of the sample above the calibration frequency - f(icalp)
Frequency of the sample below the calibration frequency - f(icalm)
Sample index corresponding to f(icalp) - icalp

Sample index corresponding to f(icalm) - icalm

Coupler to coupler loss for each beam and switch path - Lcc (b, SP)

Instrument characterisation functions - Fr [ Ptm, Osres, RC]
Instrument characterisation functions - F; [ Pyu, Osres, RC]
Instrument characterisation functions - Fg [ Pru, Osres, RC]

Transmit path losses - Ltx (b, SP)
Receive path losses - Lrx (b, SP)
Radar internal delay - Arapar
LO4 mixer frequency - f | o4

Gain Compression offset for each scatterometer - Agc(Sat)
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For Measurement Mode Operation Only:
Guard Time GO / Mid
Transmit Pulse Duration / Mid
Guard Time G1/ Mid
Echo Reception Window Duration / Mid
Guard Time G2/ Mid
Calibration Window / Mid
Guard Time G3/ Mid
Noise Window / Mid
Guard Time G4 / Mid
Guard Time GO/ Side
Transmit Pulse Duration / Side
Guard Time G1/ Side
Echo Reception Window Duration / Side
Guard Time G2/ Side
Calibration Window / Side
Guard Time G3/ Side
Noise Window / Side
Guard Time G4 / Side
Nominal Slant Range to mid swath for beam b — Sy;p-nom(b)
Range Look Window Parameters - cy.e (b)
Range Look Window Parameters - py.g (b)
For Calibration Mode Operations Only:
Guard Time GO / Mid - Cal
Transmit Pulse Duration / Mid -Cal
Guard Time G1/ Mid - Cal
Echo Reception Window Duration / Mid - Cal
Guard Time G2 / Mid - Cal
Calibration Window / Mid - Cal
Guard Time G3/ Mid - Cal
Noise Window / Mid - Cal
Guard Time G4 / Mid - Cal
Guard Time GO / Opposite Side / Side Beam - Disposal
Transmit Pulse Duration / Opposite Side / Side Beam - Disposal
Guard Time G1/ Opposite Side / Side Beam - Disposal

Echo Reception Window Duration / Opposite Side / Side Beam - Disposal
Guard Time G2 / Opposite Side / Side Beam - Disposal

Calibration Window / Opposite Side / Side Beam - Disposal

Guard Time G3 / Opposite Side / Side Beam - Disposal
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Noise Window / Opposite Side / Side Beam - Disposal

Guard Time G4 / Opposite Side / Side Beam - Disposal

Guard Time GO / Same Side / Other Side Beam - Disposal
Transmit Pulse Duration / Same Side / Other Side Beam - Disposal
Guard Time G1/ Same Side / Other Side Beam - Disposal
Echo Reception Window Duration / Same Side / Other Side Beam - Disposal
Guard Time G2 / Same Side / Other Side Beam - Disposal
Calibration Window / Same Side / Other Side Beam - Disposal
Guard Time G3 / Same Side / Other Side Beam - Disposal
Noise Window / Same Side / Other Side Beam - Disposal
Guard Time G4 / Same Side / Other Side Beam - Disposal
Guard Time GO/ Side - Cal

Transmit Pulse Duration / Side - Cal

Guard Time G1/ Side - Cal

Echo Reception Window Duration / Side - Cal

Guard Time G2 / Side - Cal

Calibration Window / Side - Cal

Guard Time G3/ Side - Cal

Noise Window / Side - Cal

Guard Time G4 / Side - Cal

The Range Look Window Parameters - cc.g (b)

The Range Look Window Parameters - pc.e (b)
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7.4.6 ASCAT PGF PROCESSING PARAMETERS Internal File(s) (static)

Radar carrier frequency - fy.

Nominal radar RF transmit power in-pulse - Prx.p

Nominal receive chain gain setting - grx

Nominal atmospheric loss per unit length as a function of position on the surface of the Earth - larm
Nominal height of the atmosphere as a function of position on the surface of the Earth - hatm
Threshold for Out-of-Range count.- Toorc

Number of noise source packets in a noise segment - Mggg

Number of noise segments in a noise block - Mg ock

Number of samples in the filter which smoothes noise over frequencies - Np.g.
Coefficients of the filter which smoothes noise over frequencies - o n.r (D)
Start sample number for noise power estimation - S

End sample number for noise power estimation - E

Number of power gain values in the along-track average - Npg

Normalisation factors (set at the start of commissioning) - Ccar (b)

Power gain estimation I" switch - on / off

Rx filter shape method estimation switch

Rx filter shape estimation parameter X

Flag Parameter Tpg

Flag Parameter Tpg.caL

Flag Parameter TeLter

Flag Parameter Trme

EUMETSAT set telemetry parameter ranges (upper and lower limits)
Flag Parameter Fcomop
Flag Parameter Fca.
Flag Parameter FpesLoom
For each node number, n and beam number, b for *25 km processing™:
Hamming Parameter Along Track (n, b)
Window Length Along Track (n, b)
Hamming Parameter Across Track (n, b)
Window Length Across Track (n, b)

Along track node spacing for 25 km processing” - DaLone
Across track node spacing for 25 km processing” - Dacross
For each node number, n and beam number, b for "50 km processing™:
Hamming Parameter Along Track (n, b)
Window Length Along Track (n, b)
Hamming Parameter Across Track (n, b)
Window Length Across Track (n, b)
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Along track node spacing for "50 km processing" - DaLone
Across track node spacing for "50 km processing" - Dacross

Look angle defining position of node number 0 (mid swath): 6 ook

Time delay after the first source packet time (Tyrc.arstinspe) given to the processor, in order to
generate the first node of nodes - ATy (only for testing purposes)

Antenna gain range below peak gain to be used when building GAP estimates data set
Integration range about the peak of transponder echoes - dtrans

Control Parameters for AGPO

Degree of Polynomial in n (elevation) (fixed at 18)

Degree of Polynomial in m (azimuth) (fixed at 10)

Parameter Refinement Schedule as defined in page 42 in [AD 1] (7 cycles).

Maximum Number of Steps in each Levenberg-Marquart Iteration

Lamda Parameter Initial Value in Levenberg-Marquart Iteration (fixed at 0.001)

Lamda Parameter Reduction Factor in Levenberg-Marquart Iteration (fixed at 0.25)

Lamda Parameter Increment Factor in Levenberg-Marquart Iteration (fixed at 5.0)

Flag indicating Combined Algorithm (F = 1) or only Levenberg-Marquart Algorithm (F=0)

Flag indicating Linear (F=0) or Exponential (F=1) Temperature Reduction in Simulated
Annealing

Number of Calibration Cycles for initialising Simulated Annealing
Number of Temperatures to be used in Simulated Annealing
Number of Cycles at each Temperature in Simulated Annealing
Scale Factor for Thermal Fluctuations in Simulated Annealing
Probability of Accepting Energy Increase in Simulated Annealing
Value of Energy Measure set as Stopping Criterion
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Nominal Antenna Gain Pattern Parameters for AGPO

e Parameters of the Nominal Theoretical Antenna Gain Pattern used for the Mid Beams as
defined in [AD 11] in Annex B

e Parameters of the Nominal Theoretical Antenna Gain Patterns used for Side Beams as defined
in [AD 11] in Annex B

Auxiliary Characterisation Parameters for AGPO
e Threshold Setting for Transponder Measurement Rejection - NrHresHoLD

For each of the six ASCAT antennas:

Data Input Selection for AGPO
e UTC Time Intervals used { (t1, t2), (t3, t4), ..., (tn-1,tn) }
o Passes used identifier: Ascending Only, Descending Only or Both
e Set of Transponders Used (1, 2, 3, 1&2, 2&3, 1&3, 1&2&3)
e Antenna Gain Range below Peak Gain to be used in this AGPO estimation run
e Flagsetto 1 if GAPE data is to be edited out of the above selection / Flag set to O otherwise

Auxiliary Parameters Required for Use of AGPO Data (which may require off-line refinement) for
each beam, b:
e Thicn(b)
i TLow(b)
b aALL(b)
b (IAL(b)
o aan(b)
e aann(b)
o An(b)
Domain radius of the deblooming kernels (determining PI)
Parameters of the transmit path spectral transfer characteristic (initial taken to be absent)
Start source packet for GCM averaging - Jgecin
End source packet for GCM averaging - Jenp
Test threshold for normal GCM - Trest.cem
Overdrive threshold for normal GCM - Tgem-tich
Lower threshold for normal GCM - Tgem-Low
Minimum drive level for exceptional GCM - Dy
Minimum drive level for exceptional GCM - Dyax
Threshold for USABLE o, flag - TusasLe
Threshold for departure of orbit from the one used to generate the Normalisation Table - Xorgit
Threshold for departure of attitude from the one used to generate the Normalisation Table -Xarritupe
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7.4.7 ASCAT TRANSPONDER INFORMATION Internal File (static)
For transponder 1:
e Transponder 1 Position in Terrestrial Frame Reference coordinates (Xt , yr, Z1)
e Transponder 1 Radar Backscattering Cross Section
e Transponder 1 Internal Delay
e Transponder 1 Nominal Operation Flag
For transponder 2:
e Transponder 2 Position in Terrestrial Frame Reference coordinates (X, Yt , Z1)
e Transponder 2 Radar Backscattering Cross Section
e Transponder 2 Internal Delay
e Transponder 2 Nominal Operation Flag
For transponder 3:
e Transponder 3 Position in Terrestrial Frame Reference coordinates (X, Yt , Z1)
e Transponder 3 Radar Backscattering Cross Section
e Transponder 3 Internal Delay
e Transponder 3 Nominal Operation Flag

7.4.8 ASCAT GAIN COMPRESSION MONITORING INFORMATION
Internal Product (dynamic)

For each sequence of special source packets for gain compression monitoring the following
information is provided:

e UTC time of first source packet in the sequence, Turc.irsT-IN-SP/E
e Normal / Exceptional Sequence Flag
o The set of Drive Level / Transmit Power Pairs in the sequence
e The source packets in the sequence
For a Nominal Sequence only:
®  ZGAIN COMPRESSION
® Presteem
® Fresteem
e FecmHigH

e Foem-Low
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7.4.9

ASCAT MONITORING, REPORTING AND PROCESSING STATUS Internal

Product (dynamic)

For NMMSP:
For each beam:

¢ Rx Filter Shape (plot)
¢ Rx gain setting (value)

Sums of the following flags over the previous 1000 seconds (values)

Raw echo line E(i), for beam b, rolling average over 100 seconds (plot)

power gain product, for beam b, rolling average over 100 seconds (value)

noise power, for beam b, rolling average over 100 seconds (value)

Out of Range Count, for beam b, rolling average over 100 seconds (value)

Flag Fecro
Flag Mecro
Flag Cecro
Flag lecro
Flag Fnoise
Flag Mnoise
Flag Cnoise
Flag Inoise
Flag Fec
Flag Vpe
Flag FeiLter
Flag VeiLter

Flag Frec-riLter

Flag Forair

Flag Farrituoe

Flag Fomeca
Flag FMAN

Flag FDSL
Flag FS/A

Flag Fe-teL-pres

Flag Ferel-ir
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Values of the following telemetry parameters

DPU_A_Volt
DPU_B_Volt
RFU_A Volt
RFU_B_Volt
SFE_A_Volt
SFE_B_Volt
HPA_A_Volt
HPA_B_Volt
DPU_A_Pow
DPU_B_Pow
RFU_A_Pow
RFU_B_ Pow
SFE_A_Pow
SFE_B_ Pow
HPA_A_ Pow
HPA B Pow
Offset AD
Gain_AD
Fwd/Cal_ADC_VR1
Fwd/Cal_ADC_VR2
Refl_ ADC_VR1
Refl ADC_VR2
Main_ADC_VR1
Main_ADC_VR2
tSSPAL1_A
tSSPA2_A
tEPC_A

tRFU_A
tDPU_A
tSSPA1_B
tSSPA2_B
tEPC_B

tRFU_B
tDPU_B

tPDU

tICU

tSFE1

tSFE2
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e (SFE3
o (SFE4
e {SFE5
o {(SFE6
e tANtl
o tANt2
e tANt3
e tANt4
e tANtS
o tANt6
e tANt7
e tANt8
e tANt9
e tANt10
e tANtll
e tANtl2
For CMSP:

e Beam number (value)
e UTC time associated with calibration source packet, Tyrc.rst-insee (Value)
e Ascending/descending pass indicator flag (value)
e Out of range count (value)
e noise power value (value)
e Rx Filter Shape function (plot)
e power gain product value (value)
e Raw echo line E(i) (plot)
The following flags (value)
e Flag Mecro
e Flag Cecro
e Flag lecro
o Flag Froise
e Flag Myoise
e Flag Coise
o Flag Inoise
e Flag Fpg
e Flag Vpg
e Flag FexrpecaL
o Flag Friter
e Flag VriLter
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Flag FrecriTer
Flag Frime
Flag Forair
Flag Farrituoe
Flag Fuan

Flag Fps.

Flag Fs/a

Flag Fe.teLpres
Flag Fe-reLr
Flag Vce-cac
Flag Foas-caL

Values of the following telemetry parameters

DPU_A_Volt
DPU_B_Volt
RFU_A Volt
RFU_B_Volt
SFE_A_Volt
SFE_B_Volt
HPA_A_Volt
HPA_B_Volt
DPU_A_Pow
DPU_B_Pow
RFU_A_ Pow
RFU_B_ Pow
SFE_A_ Pow
SFE_B_ Pow
HPA _A_Pow
HPA_B_ Pow
Offset_ AD
Gain_AD
Fwd/Cal_ADC_VR1
Fwd/Cal_ADC_VR2
Refl ADC_VR1
Refl ADC_VR2
Main_ADC_VR1
Main_ADC_VR2
tSSPA1_A
tSSPA2_A
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o {(EPC_A
o tRFU_A
o (DPU A
e (SSPAl1 B
o {SSPA2 B
o tEPC B
e tRFU_B
e t(DPU B
e t(PDU

o tICU

o {SFE1

e {SFE2

e {SFE3

o {(SFE4

e (SFE5

e {SFE6

o tANtl

o tANt2

e tANt3

o tANt4

o tANt5S

o tANt6

e tANt7

e tANt8

e tANt9

e tANt10

e tANtll

o tANtl2
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8 ASCAT PGF ALGORITHM VARIABLE TABLES

In this section, variable/settings tables are given as a key to clarify the symbols used in the equations
in Section 6.

The following abbreviations are used in this section:

Abbreviation Means
sp source packet
FDF Flight Dynamics Function, accessed via the PGE services
PCP Processing Configuration Parameter, given in the ASCAT PGF Processing
Parameters Internal File
IP Instrument Parameter, given in the ASCAT Instrument Parameters Internal File

The following constants and their values apply to all relevant algorithms in Section 6:

Item Value
Speed of light 2.99792458 * 10% m/s
Earth Equatorial Radius 6.378137 *10° m

Earth oblateness coefficient

f, =3.35281093 x 10°®

The following tables are included in this section:

Name Content Section
ASCAT PGF Variable Table 1 Correction for Receive Chain Spectral Transfer Section 6.1.1
Characteristic, Noise Subtraction and Transmit
Power / Internal Gain Product Correction
ASCAT PGF Variable Table 2 Power To o Conversion, Deblooming Section 6.1.2
Subtraction and Coordinate Transformation
ASCAT PGF Variable Table 3 Spatial Averaging Section 6.1.3
ASCAT PGF Variable Table 4 Kp Computation Section 6.1.4
ASCAT PGF Variable Table 5 Rx Filter Shape Computation Section 6.2.1
ASCAT PGF Variable Table 6 Noise Power Computation Section 6.2.2
ASCAT PGF Variable Table 7 Power Gain Product Computation Section 6.2.3
ASCAT PGF Variable Table 8 System Geometry and Reference Frames Section 6.3.1
ASCAT PGF Variable Table 9 Transformations between Reference Frames Section 6.3.2
ASCAT PGF Variable Table 10  Localisation and Datation Times Section 6.3.3
ASCAT PGF Variable Table 11 Node Positions Section 6.3.4.1
ASCAT PGF Variable Table 12 Node Incidence and Azimuth angles Section 6.3.4.2
ASCAT PGF Variable Table 13  Noise/Echo Processing Equivalence Functionand  Section 6.2.9

Echo Normalisation Function
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8.1 ASCAT PGF Variables and Settings Table 1: Correction for Receive Chain Spectral Transfer Characteristic, Noise
Subtraction and Transmit Power / Internal Gain Product Correction

Variables
Name

i

]

b

f(i)

k()
S(i,j,b)
E(i,j,b)
A(j,b,SP)
hrx(i,k())
c(i,b)

x(1,b)
n(k@).b)
TE(j ,b)

Tn(k,b)

Tspr-at-1T

TUTC-FIRST-IN-SP/E

Range

11 NECHO

1, NecHo-packeTs
1B

11 NNOISE—PACKETS

Description

Discriminator frequency sample index (along
beam)

Packet index (along track)

Beam number

Discriminator frequency

Noise packet index

Corrected echo source packet sample
Raw echo source packet sample
Power gain product correction factor
Receiver filter shape

Correction factor to account for different on-board
processing weighting functions for the echo and
noise looks

Normalisation function for range look summation
Noise power value

Along track time associated to an echo source
packet for a given beam

Along track time associated to an noise source
packet for a given beam

SBT Time at the time tag given in the source packet

UTC Time Tag time of the first PRI contribution to
a given echo source packet
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Notes

Source
count

count

sp

Equation 102
Equation 4
Equation 1
sp

Equation 55
Equation 49

Equation 172
Equation 173

Equation 174
Equation 54
Equation 2

Equation 3

sp
Equation 2
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Variables
Name

TUTC-FIRST-IN-SP/N

CPRI—COUNT

Crri-aT-TT

Ln

Settings
Name
B

NECHO

NECHO—PACKETS(b)

N NOISE-PACKETS(b)

NNOISE

NFir

Range

Description

Notes

UTC Time Tag time of the first PRI contribution to

a given noise source packet
PRI count given in the source packet

PRI count at the time tag given in the source packet

Factor related to on-board noise and echo along

track averaging

Description
Number of beams
Number of samples in the discriminator frequency range

Maximum number of echo samples received from a particular beam
during an ASCAT measurement mode sequence

Maximum number of noise samples received from a particular beam
during an ASCAT measurement mode sequence

Number of beams firing in a beam cycle

pulse repetition interval for a beam

number of windows of noise averaged on-board along track from a
given beam

length of the on-board along track averaging finite impulse response
filter
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Value/Source
6

256

implementation
implementation

Meas. Mode: 6
Cal. Mode: 2

Source
Equation 3

sp

sp
Equation 5

Notes

independent counts for each beam

independent counts for each beam
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8.2 ASCAT PGF Variables and Settings Table 2: Power To ¢® Conversion, Deblooming Subtraction and Coordinate
Transformation

Variables
Name Range Description Notes Source
i 1, Necho discriminator frequency sample count
index (along beam)
j 1, NecHo-PACKETS packet index (along track) count
b 1,B beam number sp
f(i) discriminator frequency Equation 102
S(i,j,b) corrected echo source packet Equation 1
sample
Te(j,b) along track time associated to an Equation 2
echo source packet for a given
beam
N —Nn ., + Ny node index count
ooi, Te, b) Normalised radar cross-section Equation 6
value from a given beam,
associated to a given
discriminator frequency and for a
given time
oo FPOM (i Te,b) Normalised radar cross-section Equation 9
value corrected for deblooming,
from a given beam, associated to
a given discriminator frequency
and for a given time
co(XT, Y, Z1, D) Normalised radar cross-section Full-resolution o, value  Equation 10

value from a given beam,
corresponding to a point on the
Earth in Terrestrial Reference
Frame coordinates
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Variables
Name Range

So(X kTNy Y KT(N) Z KT(N)s D)

Q (f, TE; b; I:)SAT-ACTy IDANT-ACT)

Q (fs TE, bs I:)SAT-NOM, I:)ANT-ACT)

PANT-ACT(TEy b)

Psat-nom(TE)

IDSAT-ACT(T E)

AotroLL

ABpitcH
Ayyaw

SROLL(fs TE: b, I:,SAT-NOMy I:,ANT-ACT)

Description Notes

Normalised radar cross-section
value from a given beam,
corresponding to a point on the
Node Reference Frame
coordinates

Normalisation factor a given
beam, associated with a given
discriminator frequency and for a
given time, for the actual s/c
attitude and actual antenna
pointing

Normalisation factor for a given
beam, associated with a given
discriminator frequency and for a
given time, for a nominal s/c
pointing and actual antenna
pointing

Actual pointing of the electrical
boresight of an antenna beam

Nominal s/c attitude (local
nominal pointing + yaw steering
attitude law)

Actual s/c attitude: Nominal
attitude + attitude distortion law

roll angle attitude distortion
pitch angle attitude distortion
yaw angle attitude distortion

Derivative of the normalisation
function with respect to the roll
angle
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Source
Equation 10

Equation 8

Equation 73

Equation 144 to
Equation 148

FDF

FDF

FDF
FDF
FDF
Equation 70
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Variables
Name

SPITCH(.l:a TEa b, I:)SAT-NOMy I:)ANT-ACT)

SYAW(fv TE! b, PSAT-NOM! I:)ANT-ACT)

(X7, y7, z1)(i,))

(X kreny Y kT(nys Z kren) (1))

KDEBLOOM (fl TE! by PSAT! PANT)
K+(N)

Range

Description

Derivative of the normalisation
function with respect to the pitch
angle

Derivative of the normalisation
function with respect to the yaw
angle

Terrestrial Reference Frame
coordinates of a normalised radar
cross-section value

Node Reference Frame
coordinates of a normalised radar
cross-section value

Deblooming Kernels

Position of a node N in the
Terrestrial Reference Frame
coordinates
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Notes

Source
Equation 71

Equation 72

Equation 189
Equation 190

Equation 187
Equation 207

Equation 151
Equation 207
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Settings
Name

B
N

NECHO

NECHO—PACKETS(b)

SP

PANT—ACT(TE: b)

Q(f, Te, b, Psar-nom: Pant-act)

SROLL(fu TEa b: PSAT—NOMa PANT-ACT)
SPlTCH(fv TEv b: PSAT—NOM: PANT—ACT)

SYAW(f, TE! bv |DSAT-NOM! IDANT-ACT)

KDEBLOOM (f1 TE! b: PSAT1 I:’ANT)

Description
Number of beams
Number of nodes per swath

Number of samples in the discriminator frequency range

Maximum number of echo samples received from a
particular beam during an ASCAT measurement mode
sequence

Switch path taken to and from the antenna port

Actual pointing of the electrical boresight of an antenna
beam

Normalisation factor for a given beam, associated with a
given discriminator frequency and for a given time, for a
nominal s/c pointing and actual antenna pointing

Derivative of the normalisation function with respect to
the roll angle

Derivative of the normalisation function with respect to
the pitch angle

Derivative of the normalisation function with respect to
the yaw angle

Deblooming Kernels
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Value/Source
6

-10 to 10
or
-20to 20

256

implementation

PCP

Notes

independent counts for each
beam

Two possible values,
corresponding to the long and
short paths respectively

Before the in-flight external
calibration, use theoretical
values
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8.3 ASCAT PGF Variables and Settings Table 3: Spatial Averaging

Variables
Name

TE(jvb)

N

S0 (X kTN Y KT(N) Z KT(N))

O0 NODE (KT(N)’buTORBIT)

(X7, YT, Z7)
(XKT(N), YKT(N)s ZKT(N))

K+(N)

TORBIT

Range

1, Necho

1, NecHo-packeTs
1B

—Nn, + Ny

Description

discriminator frequency sample index (along
beam)

packet index (along track)
beam number

along track time associated to an echo source
packet for a given beam

node index

Normalised radar cross-section value from a
given beam, corresponding to a point on the Earth
in Terrestrial Reference Frame coordinates

Spatial-average value of the normalised radar
cross-section for a given beam, at node N and for
the corresponding node N orbit time

Terrestrial Reference Frame coordinates of a
normalised radar cross-section value

Node Reference Frame coordinates of a
normalised radar cross-section value

Position of a node N in the Terrestrial Reference
Frame coordinates

orbit time associated with the centre of node N

Page 165 of 186

Notes

It can be at both 50 km
or 25 km resolution,
depending on the
spatial averaging
domain.

Source
count
count
sp
Equation 2
count
Equation 10
Equation 11

Equation 189
Equation 190

Equation 187
Equation 207

Equation 207

Equation 200



@& EUMETSAT

EUM.EPS.SYS.SPE.990009

v7D e-signed, 13 September 2016

ASCAT Level 1: Product Generation Specification

Variables
Name Range Description

Wo (Xkrny, Yy, Kr(N), b) 2-dimensional Hamming window: weighting
function used for the spatial averaging of the
normalised radar cross-sections

Fox (Xkrnv, K7(N),b) Component of the weighting function used for the
spatial averaging of the normalised radar cross-
sections. in the x axis of the Node Reference
Frame

Fov (Ykrn, K7(N),b) Component of the weighting function used for the
spatial averaging of the normalised radar cross-
sections. in the y axis of the Node Reference
Frame

Settings

Name Description Value/Source
B Number of beams 6
Ny Number of nodes per swath —-10to 10
or
-201t0 20
Necho Number of samples in the 256

discriminator frequency range

Maximum number of echo samples
received from a particular beam
during an ASCAT measurement
mode sequence

Necho-packers(D) implementation
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Notes

It can be both at 50 km
or at 25 km resolution,
depending on the
spatial averaging
domain.

It can be both at 50 km
or at 25 km resolution,
depending on the
spatial averaging
domain.

It can be both at 50 km
or at 25 km resolution,
depending on the
spatial averaging
domain.

Notes

independent counts for each beam

Source

Equation 12
Equation 187

Equation 13
Equation 187

Equation 14
Equation 187
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Settings
anx(Kt(N),b), Hamming parameters PCP LUT, Could vary as a function of across-track node position and beam
any(Kr(N),b) number.

Two different sets of values for 25 km and 50 km resolution.
Lux(K1(N),b), Hamming window dimensions PCP LUT, Vary as a function of across-track node position and beam number.
Liy(K+(N),b) Two different sets of values for 25 km and 50 km resolution.

Page 167 of 186



@& EUMETSAT

EUM.EPS.SYS.SPE.990009
v7D e-signed, 13 September 2016

ASCAT Level 1: Product Generation Specification

8.4 ASCAT PGF Variables and Settings Table 4: Kp Computation

Variables

Name Range

i 1, Necro

] 1, NecHo-packeTs
b 1,B
N

Go(i, J)

G0 NODE

TORBIT

Wo (i, )

var (oo nopE)

EFFECTIVE

PFIR
PINTER

PFIR

EFFECTIVE

PINTER

PINTRA

Description

Discriminator frequency sample index (along
beam)

Packet index (along track)
Beam number
Normalisation of the Hamming Window

Normalised radar cross-section value from a given
beam, corresponding to a point on the Earth in
Terrestrial Reference Frame coordinates

Spatial-average value of the normalised radar cross-
section for a given beam at node NODE

Orbit time associated with the centre of node

Two-dimensional Hamming window: weighting
function used for the spatial averaging of the
normalised radar cross-sections

Variance of the o, value from a given beam at node
NODE

Effective correlation due to on-board FIR filtering
Effective inter-look correlation

Correlation due to FIR filtering

Correlation between looks

Correlation within a look
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Notes

This is the full-resolution
oy value.

It can be both at 50 km or
at 25 km resolution,
depending on the spatial
averaging domain.

It can be both at 50 km or
at 25 km resolution,
depending on the spatial
averaging domain.

Source
count

count

sp

Equation 17
Equation 6

Equation 11
Equation 16

Equation 201

Equation 12
Equation 183

Equation 18

Equation 19
Equation 19
Equation 20
Equation 21
Equation 21
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As

Settings
Name
B

NECHO

NECHO—PACKETS(b)

B

Qn

OFIR
WRAN
x(1,m)
z
VADC

VHIGHEST

Oversampling factor

Description
Number of beams

Number of samples in the discriminator
frequency range

Maximum number of echo samples received
from a particular beam during an ASCAT
measurement mode sequence

On-board along track FIR coefficients

On-board range look summation weighting
coefficients

FIR weighting function

Range look weighting function
Fraction overlap of looks j and m
Look duration

ADC frequency sampling discriminator signal

highest frequency discriminator signal

Value/Source
6

256

implementation
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Equation 150

Notes

independent counts for each beam
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Variables
Name

b
k()
m(k)
f(i)
N(ik,b)
Tn(k,b)

q(i,m,b)
q(f(cal),m,b)
h*(i,m)

h’(i,m)

hex (1,m(k()))

Range

1, Necro

1,B

1|NNOISE—PACKETS

1, Nsgg-toraL

8.5 ASCAT PGF Variables and Settings Table 5: Rx Filter Shape Computation

Description Notes

discriminator frequency sample index
(along beam)

beam number

noise packet count

noise segment count
discriminator frequency

raw noise source packet sample

along track time associated to an noise
source packet for a given beam

noise power in a noise segment

noise power in a noise segment, at the
calibration frequency

estimated receiver filter shape prior to
averaging (smoothing) discriminator
frequencies

estimated receiver filter shape prior to
normalising at calibration frequency

final estimated receiver filter shape
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Source
count

Sp

Equation 4
Equation 53
Equation 102
sp

Equation 3

Equation 42
Equation 43

Equation 45
Equation 46
Equation 47

Equation 49
Equation 51
Equation 52

Equation 48
Equation 49
Equation 50
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Settings
Name
B

NECHO

NNOISE—PACKETS(b)

NSEG—TOTAL(b)
MSEG

f(cal)
f(icalp)

f(icalm)

icalp
icalm

MBLOCK
Nh—FIL

Olh-FIL

Description
Number of beams

Number of samples in the discriminator frequency
range

Maximum number of noise samples received from a
particular beam during an ASCAT measurement
mode sequence

Number of noise segments obtained by averaging
blocks of Msgg noise samples

Number of noise samples averaged to obtain a noise
segment

Calibration frequency

frequency sample above the calibration frequency
f(cal)

frequency sample below the calibration frequency
f(cal)

frequency sample index that gives us f(icalp)
frequency sample index that gives us f(icalm)

number of normalised noise segment power values
averaged along track

Number of samples in the filter that smoothes noise
over frequencies

Coefficients of the filter that smoothes noise over
frequencies

Value/Source
6
256

implementation

implementation
PCP

IP/103052 Hz
IP/103125 Hz

1P/102319.3359 Hz

IP/129
IP/128
PCP

PCP

PCP

Page 171 of 186

Notes

independent counts for each beam

independent counts for each beam

Starting values, might change in the future as a IP
Starting values, might change in the future as a IP

Starting values, might change in the future as a IP

Starting values, might change in the future
Starting values, might change in the future as a IP
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8.6 ASCAT PGF Variables and Settings Table 6: Noise Power Computation

Variables

Name Range Description Notes Source

i 1, Necho discriminator frequency sample index count

(along beam)

i 1, NecHo-packeTs  packet index (along track) count

b 1,B beam number sp

k(j) 1,Nnoisepackers  Noise packet index Equation 4

N(i,k,b) raw noise source packet sample sp

hrx(1,K) receiver filter shape Equation 49
Equation 51
Equation 52

n(k,b) noise power value Equation 54

Settings

Name Description Value/Source Notes
B Number of beams 6
NEcho Number of samples in the discriminator 256
frequency range
Necho-packeTs(b) Maximum number of echo samples implementation independent counts for each beam

received from a particular beam during an
ASCAT measurement mode sequence

Nnoisepackers(b)  Maximum number of noise samples implementation independent counts for each beam
received from a particular beam during an
ASCAT measurement mode sequence

S, E Start and End indexes for along-track PCP
averaging of corrected noise samples
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8.7 ASCAT PGF Variables and Settings Table 7: Power Gain Product Computation

Variables
Name

j
b
A*(j,b)

Mi.b)

I'(i.j.b)
P+(j,i,b,RC)
Pr(j,i,b,RC)
P:(j,i,b,RC)
Prm(j,i,b,RC)
Prm(j,i,b,RC)
Pim(j,i,b,RC)
Osrea(j,i,0,RC)

Osres(j,1,b,RC)

PcaL(j,i,b,RC)
X (a,b,c)
a (AcaL)

Range

1, Necho

1, NecHo-pAckETS
1,B

Description Notes

discriminator frequency sample index (along
beam)

packet index (along track)
beam number

estimated power gain product correction
factor before along track averaging

final estimated power gain product
correction factor

Losses term

Actual Transmitted Power
Actual Reflected Power
Actual Injected Power
Measured Transmitted Power
Measured Reflected Power
Measured Injected Power

Temperature of the calibration coupler
associated with the Tx path

Temperature of the calibration coupler
associated with the Rx path

Actual Calibration Power
calibration power function

calibration power function
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Source
count

count

sp

Equation 59 or
Equation 68

Equation 55
Equation 56
Equation 57

Equation 60
Equation 61
Equation 62
Equation 63
sp
sp
sp
sp

sp

Equation 64
Equation 65
Equation 66
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Variables
Name Range Description Notes Source
b (AcaL2) calibration power function Equation 67
C(AcaLs) calibration power function Equation 67
AcaL1 calibration pulse complex sample sp
AcaL2 calibration pulse complex sample sp
AcaLs calibration pulse complex sample sp
RC SFE diode redundancy configuration Four possible values: A/A, A/B, sp
B/A, B/B
Settings
Name Description Value/Source Notes
B Number of beams 6
Necho Number of samples in the discriminator frequency 256
range
NecHo-packets(h)  Maximum number of echo samples received from a implementation independent counts for each beam
particular beam during an ASCAT measurement
mode sequence
Npc number of A* values averaged along track in orderto  PCP
obtained a smooth A value
SP Switch Path taken to and from the antenna port IP
Cear(b,RC) internal calibration constants PCP Determined in-flight
Lcc(b,SP) path losses between the Tx and Rx calibration IP Determined from characterisation data value
couplers via a antenna port b between 0 and 1
Fr Transmitted Power LUT IP LUT
Fr Reflected Power LUT IP LUT
F, Injected Power LUT IP LUT
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8.8 ASCAT PGF Variables and Settings Table 8: System Geometry and Reference Frames

Variables
Name Range Description

b 1,B beam number
N —Nn, + Ny node index
Xt = (X1,¥Y1,27) Terrestrial Reference Frame (TRF)
Xp = (Xp,Yp:Zp) Satellite Position Related Coordinate System
XL = (XL,YL,2ZL) Orbital Reference Frame
Xs = (Xs,Ys,Zs) Spacecraft Reference Frame
XNeb) = (XN()sYNB), ZN(b)) Nominal Antenna Coordinate System for beam b
Xab) = (Xa@)YA®)ZA®)) Actual Antenna Coordinate System for beam b
Xy = (Xeovy YNy ZK(N)) Node Reference Frame for node N
St Satellite Position in the TRF
V+ Satellite Velocity in the TRF
At Satellite Acceleration in the TRF
Gt Satellite Nadir Position in the TRF
Us Satellite Nadir Ground Track Velocity in the TRF
Nt Outwards Normal at the Satellite Nadir Position in the TRF
Settings

Name Description Value/Source
B Number of beams 6
Ny Number of nodes per swath —10to 10 or —20 to 20
fe Earth oblateness coefficient constant
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Notes Source
sp

count
definition
definition
definition
definition
definition
definition
definition
FDF

FDF

FDF

FDF

FDF

Equation 181

Notes

WGS84 Earth ellipsoid model
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8.9 ASCAT PGF Variables and Settings Table 9: Transformations between Reference Frames

Variables
Name Range Description Notes Source

b 1,B beam number sp

N —Nn, + Ny node index count

Xt = (X1,¥Y1,27) Terrestrial Reference Frame definition

Xp = (Xp,Yp:Zp) Satellite Position Related Coordinate System definition

XL = (XL YLZL) Orbital Reference Frame definition

Xs = (Xs,Ys,Zs) Spacecraft Reference Frame definition

Xne) = (XNe) YN(b) ZNE)) Nominal Antenna Coordinate System for beam b definition

Xab) = (Xa@)YA®)ZA®)) Actual Antenna Coordinate System for beam b definition

Xy = (Xeovy YKy ZK(N)) Node Reference Frame for node N definition

St Satellite Position in the Terrestrial Reference Frame FDF

V+ Satellite Velocity in the Terrestrial Reference Frame FDF

At Satellite Acceleration in the Terrestrial Reference Frame FDF

Gt Satellite Nadir Position in the Terrestrial Reference Frame FDF

U+ Satellite Nadir Ground Track Velocity in the Terrestrial FDF
Reference Frame

N+t Outwards Normal at the Satellite Nadir Position in the Equation 181
Terrestrial Reference Frame

K+(N) Node Position in the Terrestrial Reference Frame Equation 207

[TP>T] y [TP>T] T

Uep

Transformation matrixes between Satellite Position Related
Coordinate System and the Terrestrial Reference Frame

Satellite Nadir Ground Track Velocity in the Satellite
Position Related Coordinate System
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Equation 182
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Variables
Name

Np

[TL>P]! [TL>P]T

Range

Outwards Normal at the Satellite Nadir Position in the

Description

Satellite Position Related Coordinate System
Transformation matrixes between the Orbital

Reference Frame and the Satellite Position Related

Coordinate System

Notes

Source
Equation 182

Equation 183

AdroLL roll angle attitude distortion Varies along the orbit FDF
ABpitch pitch angle attitude distortion Varies along the orbit FDF
Ayyaw yaw angle attitude distortion Varies along the orbit FDF

[Tl [Tsor]”

[Tnwpsl [Taeps]”

Transformation matrixes between the Spacecraft

Reference Frame and the Orbital Reference Frame

Transformation matrixes between the Nominal
Antenna Coordinate System and the Spacecraft
Reference Frame, for beam b

Equation 184

Equation 185

Ayskew(b) Skew depointing angle for beam b During the in-flight Equation 144
external calibration, they Equation 145
are estimated with the help ~ Equation 146
of transponders (6.2.6) Egﬂ:::gz 13;
ABg_e(b) Elevation pointing angle for beam b During the in-flight Equation 144
external calibration, they Equation 145
are estimated with the help ~ Equation 146
of transponders (6.2.6) Egﬂi:gg ii;
Adazi(b) Azimuth pointing angle for beam b During the in-flight Equation 144
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external calibration, they
are estimated with the help
of transponders (6.2.6)

Equation 145
Equation 146
Equation 147
Equation 148
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Variables
Name Range Description Notes Source
[TapeNw)], [TA(b)>N(b)]T Transformation matrixes between the Actual Antenna Equation 186
Coordinate System and the Nominal Antenna Coordinate
System, for beam b
IswaTn(b) Switch to indicate right or left swath, depending on beam Equation 188
number
M+(N) Outward Local Normal at a node position in the Terrestrial Equation 188
Reference Frame
[TeysT], [TK(,\D>T]T Transformation matrixes between the Node Reference Equation 187
Frame and the Terrestrial Reference Frame
Settings
Name Description Value/Source Notes
B Number of beams 6
Ny Number of nodes per swath —10t0 10 or —20to 20
Om Mid antenna pointing IP/33|5 Starting values, might change in the future as a IP
Or/a For and aft antenna pointings IP/43 |0 Starting values, might change in the future as a IP
Ayskew(b) Skew depointing angle for beam b, PCP for initial processing Before the in-flight external calibration, these values
characterised on-ground have to be given as characterised on ground
AOg e(b) Elevation pointing angle for beam b,
characterised on-ground
Adazi(b) Azimuth pointing angle for beam b,
characterised on-ground
fe Earth oblateness coefficient 1/298.2572 WGS84 Earth ellipsoid model
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8.10 ASCAT PGF Variables and Settings Table 10: Localisation and Datation Times

Variables

Name Range Description Notes Source
b 1,B beam number sp
Vo discriminator frequency Equation 102
To orbit time associated with a given Equation 192

Pr = (x7(b).yr(b),zr(b))

St
\%;

nT(b!TO)

[TA(b)>T]

TUTC-FIRST-IN-SP/E

TUTC-FIRST-IN-SP/N

measurement or calibration power
sample

position of a measurement or
calibration power sample on the
surface of the Earth ellipsoid in
Terrestrial Reference Frame
coordinates

Satellite Position in the Terrestrial
Reference Frame

Satellite Velocity in the Terrestrial
Reference Frame

Unit normal vector pointing in the
direction of the ya, axis in Terrestrial
Reference Frame for beam b at a given
orbit time

Transformation matrix from the Actual
Antenna Coordinate System to the
Terrestrial Reference Frame

UTC Time Tag time of the first PRI
contribution to a given echo source
packet
UTC Time Tag time of the first PRI
contribution to a given noise source
packet
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Calculated from ya,), by using the
transformations in Section 6.3.2

missing algorithm
(but it can be figured out from the
other [T]'s)

Equation 196
Equation 198

Equation 189
Equation 190
Equation 191

FDF
FDF

Section 6.3.2

Section 6.3.2

Equation 2

Equation 3
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Variables
Name

fOFFSET(b)
8ECHO-MEAS
8ECHO-CAL
8NOISE-MEAS
6NOISE—CAL

STRANS

Settings
Name
B

Nnoise
ag

fe

ATRANS
NFIR

Range Description
Frequency offsets for beam b

Slant range to the transponder under
consideration

Description
Number of beams

Maximum number of windows of noise averaged on-board along track
from a given beam

Earth Equatorial radius
Earth oblateness coefficient
Chirp rate for beam b

RF carrier frequency

Speed of light
Radar carried wavelength
Integration range about the peak of transponder echoes

Length of the on-board along track averaging finite impulse response
filter
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Notes

Value/Source
6

PCP/40
constant
constant
PCP

5.255 10° Hz

constant
f.e/cC
PCP
PCP/8

Source

Equation 193
Equation 195
Equation 196
Equation 199
Equation 202

Notes

On-board parameter setting

WGS84 Earth ellipsoid
model

WGS84 Earth ellipsoid
model

Instrument engineering
parameter

Instrument engineering
parameter

constant

On-board parameter setting
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Settings
Name

SMID-NOM
Apgi

gOy gll gza g31

TNOISE: TCALW: TTX! TDRW

Yaw)

Description
Nominal Slant Range to mid-swath

Pulse Repetition interval for any given beam

Note: A equals pulse repetition interval for a specific beam,
A= 6 Apg,

Unit normal vector pointing in the direction of the yap, axis in
Actual Antenna Coordinate System for beam b

Page 181 of 186

Value/Source Notes

IP

IP

IP

(0,1,0) Section 6.3.2, geometric
definition
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8.11 ASCAT PGF Variables and Settings Table 9: Node Positions

Variables
Name

U+(Ty)

St =(X(S1), y(Sv), 2(S1) )

Rt (MID)

Qr (Iswatn) =(X(Qr), ¥(Qr), 2(Qr) )

ISWATH(b)

At

K+(n, Iswath)

Range
1,B
—Nn, + Ny

Description
beam number

node index

orbit time associated with a line of nodes

Sub-satellite Nadir Ground Track Velocity
in the Terrestrial Reference Frame,
associated to an orbit time

Satellite Position in the Terrestrial Reference
Frame

Position on the Earth Ellipsoid of the mid
swath, in the Terrestrial Reference Frame

Rough slant range vector from the satellite to
the mid swath position on the Earth
ellipsoid, in the Terrestrial Reference Frame

Switch to indicate right or left swath,
depending on beam number

Free parameter to refine the first rough
estimation of the slant range assuming an
elliptical curve from the nadir point to the
mid-swath position.

Node Position in the Terrestrial Reference
Frame
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Notes

It can be both at 50 km
or at 25 km resolution

Equivalent to Toggt in
6.1.3and 6.1.4

rough: Calculated as first
approximation assuming
triangular geometry
between the satellite
position, nadir point and
mid- swath point.

Source
sp
count

FDF

FDF
Equation 201

Equation 202

Equation 202

Equation 203
Equation 204
Equation 205
Equation 206

Equation 207
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Variables
Name Range Description Notes Source
Gy Satellite Nadir Position in Terrestrial FDF
Reference Frame
Ut = (x(U7), y(Uq), z(U1)) Satellite Nadir Ground Track Velocity in the FDF
Terrestrial Reference Frame
Cr=(X(Cy), y(Cq), 2(Cy)) Centre of ellipse that intersects between the Equation 212
Earth ellipsoid in the plane that contains the
satellite and the row of nodes
a't= (x(a), y(ar), z(a7)) Unit vector of the semi-major axis of ellipse Equation 213
that intersects the Earth ellipsoid in the plane
that contains the satellite and the row of
nodes
b= (x(by), y(bT), z(bT) ) Unit vector of the semi -minor axis of ellipse Equation 214
that intersects the Earth ellipsoid in the plane
that contains the satellite and the row of
nodes
aee Semi-major axis of ellipse that intersects the Equation 215
Earth ellipsoid in the plane that contains the
satellite and the row of nodes
bee Semi-minor axis of ellipse that intersects the Equation 216
Earth ellipsoid in the plane that contains the
satellite and the row of nodes
¢ Variable to resolve the ellipse geometry Equation 208
B Variable to resolve the ellipse geometry Equation 209
Equation 210
d(n) Across-track distance of node n from mid Equation 211

swath position
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Settings
Name

B
N

DALONG
DACROSS

0 LOOK
To

ae
be
fe

Description
Number of beams

Number of nodes per swath

Along track node spacing
Across track node spacing

Look angle defining position of
node number 0 (mid -swath)

Orbit time associated with the first
line of nodes

Earth Equatorial radius
Geocentric Pole distance
Earth oblateness coefficient

Value/Source
6

-10to0 10
or
—2010 20

25 km or 50 km (PCP)
25 km or 50 km (PCP)
PCP

implementation

constant
bE = aE(l'fE)

constant
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Notes

Refer to RD1 for node generation geometry description

WGS84 Earth ellipsoid model
WGS84 Earth ellipsoid model
WGS84 Earth ellipsoid model
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8.12 ASCAT PGF Variables and Settings Table 12: Node Incidence and Azimuth Angles

Variables
Name Range

i
St = (X(S1), Y(S7), z(S7) )
Pr = (Xr.yr.27)

M~

(I)AZIMUTH
N
VK(N)t

TkmysT

eLON

0 LAT

Description
Incidence angle
Satellite Position in the Terrestrial Reference Frame

Position of the target (o or node) on the surface of the Earth
ellipsoid, in Terrestrial Reference Frame coordinates

Unit vector along the outwards normal to the surface of the Earth
ellipsoid, at the position of the target (g or node), in Terrestrial
Reference Frame coordinates

Azimuth angle

Transformation matrix between the Node Reference Frame and
the Terrestrial Reference Frame

Longitude of the position on the target

Latitude of the position on the target

Page 185 of 186

Notes

Source
Equation 217
FDF

Equation 189
Equation 190
Equation 191

Equation 201
Equation 203
Equation 202
Equation 187

Equation 205
Equation 204
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8.13 ASCAT PGF Variables and Settings Table 13: Noise/Echo Processing Equivalence Function and Echo Normalisation

Function

Variables
Name Range Description Source
i 1, Necho Discriminator frequency sample index (along beam) count
b 1,B beam number sp
m 1, M(b) Range look count count
cwm (i,b) Correction factor to account for different on-board Equation 172
processing of the echo and noise looks, for instrument
measurement mode
ce (i,b) Correction factor to account for different on-board Equation 172
processing of the echo and noise looks, for instrument
calibration mode
om.e (t, m, b) Echo look weighting for measurement mode Equation 79
omn (t, b) Noise look weighting for measurement mode Equation 79
oce(t, m, b) Echo look weighting for calibration mode Equation 82
oc (L, b) Noise look weighting for calibration mode
x(i,b) Normalisation function for range look summation Equation 174
v (i) Discriminator frequency Equation 102
Settings
Name Description Value/Source Notes
B Number of beams 6
NecHo Number of samples the discriminator frequency range 256
p (vo,m) Look summation weights PCP
M(b) Number of range looks per beam b PCP

Page 186 of 186



	INTRODUCTION
	INSTRUMENT CONCEPT
	Instrument Description
	Instrument design principle
	Measurement principle and geometry 

	HIGH LEVEL REQUIREMENTS
	General ASCAT PGF functional requirements
	General functionality (A0) 
	PGF operations
	Continuity of the processing
	Supported platforms/instruments
	Supported instrument modes
	Supported modes of operation of the ASCAT PGF
	Nominal product and performance requirements
	Specific requirements on the processing chain
	A0 Functionality Decomposition
	A1, A2, A3, A4, A5, B1, B2 B3 and C1 Functional Detailed Specification


	SYSTEM AND OPERATIONS CONCEPT, PGF FUNCTIONALITY DECOMPOSITION 
	System Context and Major Interfaces 
	Inputs
	Outputs
	Controls
	Mechanism

	System concept 
	ASCAT PGF states 
	Product Generation Function Capability 
	Product Generation Function and High Level Operations Concept: Supported Modes of Operation
	ASCAT Instrument Measurement Modes
	Product Generation Function Operation Modes
	Overview of the processing chain
	Level A0 Decomposition
	Level 0 Processing (A1) 
	Level 1A Processing (A2)
	Level 1B Processing (A3) 
	In-flight External calibration, Generation of Normalisation factors and Deblooming Kernels (B1, B2 and B3) 
	Gain Compression Monitoring (C1) 
	Data Formatting (A4) 
	Quality control, monitoring, reporting and informing of the processing status (A5) 




	PRODUCT GENERATION FUNCTION: DETAILED DECOMPOSITION 
	Raw data assembly and pre-processing (A1)
	Inputs and Outputs 
	Accept and Validate Level 0 and Auxiliary Data (A1.1)
	Raw data pre-processing (A1.2)
	Main Processing Chain
	Level 1A Processing (A2)

	External Calibration and NTG Processing Chain
	Estimation of antenna gain at different angular positions (B1)

	Gain Compression Monitoring processing chain 
	Gain Compression Monitoring (C1) 
	Inputs and Outputs 
	Computation of the Average Effective Transmitted Power values (C1.1)
	Computation of CGM parameters (C1.2) 


	ALGORITHMS FOR THE ASCAT PGF
	Central Chain Algorithms
	Correction for Receive Chain Spectral Transfer Characteristic, Noise Subtraction and Transmit Power / Internal Gain Product Correction
	Power To s0 Conversion, Deblooming Subtraction and Coordinate Transformation 
	Spatial Averaging (See RD 1)
	Kp computation
	Error Handling And Flagging Algorithms 

	Reference Function Algorithms
	Rx Filter Shape Computation
	Noise Power Computation 
	Power Gain Product Computation  
	Power to s0 Normalisation Function 
	Determination of Antenna Gain at an Angular Position from a Transponder Measurement 
	Determination of Antenna Gain Pattern and Orientation from a Set of Antenna Gain at Angular Position Measurements 
	Inverse Impulse Response Function / Deblooming Kernels 
	Tx Filter Shape Computation
	Noise / Echo Processing Equivalence Function and Echo Normalisation Function
	Gain Compression Monitoring

	Algorithms Related to Geometry 
	System Geometry and Reference Frames 
	Transformation Between Reference Frames
	Localisation and Datation Times  
	Node Positions and Geometrical Parameters 


	CONTENTS OF THE PRODUCT GENERATION FUNCTION PRODUCTS 
	ASCAT Level 0 Product 
	ASCAT Level 1A Product 
	ASCAT Level 1B Products 
	Level 1B- 50 km Spatial Resolution
	Level 1B- 25 km Spatial Resolution 
	Level 1B- Full Resolution 

	Internal Files and Products
	ASCAT GAIN AT ANGULAR POSITION Internal Product (dynamic)
	ASCAT ANTENNA GAIN PATTERNS AND ORIENTATIONS  Internal Product (static) 
	ASCAT NORMALISATION TABLE Internal Product (static) 
	ASCAT DEBLOOMING KERNELS Internal Product (static) 
	ASCAT INSTRUMENT PARAMETERS Internal File(s) (static) 
	ASCAT PGF PROCESSING PARAMETERS Internal File(s) (static) 
	ASCAT TRANSPONDER INFORMATION Internal File (static) 
	ASCAT MONITORING, REPORTING AND PROCESSING STATUS Internal Product (dynamic) 


	ASCAT PGF ALGORITHM VARIABLE TABLES
	ASCAT PGF Variables and Settings Table 1: Correction for Receive Chain Spectral Transfer Characteristic, Noise Subtraction and Transmit Power / Internal Gain Product Correction
	ASCAT PGF Variables and Settings Table 2: Power To s0 Conversion, Deblooming Subtraction and Coordinate Transformation
	ASCAT PGF Variables and Settings Table 3: Spatial Averaging
	ASCAT PGF Variables and Settings Table 4: Kp Computation
	ASCAT PGF Variables and Settings Table 5: Rx Filter Shape Computation
	ASCAT PGF Variables and Settings Table 6: Noise Power Computation
	ASCAT PGF Variables and Settings Table 7: Power Gain Product Computation
	ASCAT PGF Variables and Settings Table 8: System Geometry and Reference Frames
	ASCAT PGF Variables and Settings Table 9: Transformations between Reference Frames 
	ASCAT PGF Variables and Settings Table 10: Localisation and Datation Times
	ASCAT PGF Variables and Settings Table 9: Node Positions  
	ASCAT PGF Variables and Settings Table 12: Node Incidence and Azimuth Angles 
	ASCAT PGF Variables and Settings Table 13: Noise/Echo Processing Equivalence Function and Echo Normalisation  Function




