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This document describes the System Concept desitprethe SMOS L1 Processor Prototype. It
contains detailed context diagrams of the overadic®ssor, and subsequent divisions into particular
items.

98 :

AOCS Attitude and Orientation Control System
API Application Program Interface

BFP Best Fit Plane

BT Brightness Temperature

FTT Flat Target Transformation

FWF Fringe Washing Function

HKTM Housekeeping Telemetry

[-HKTM Instrument Housekeeping Telemetry
IGRF International Geomagnetic Reference Field
IRI International Reference lonosphere
FOV Field of View

L1PP Level 1 Processor Prototype

NIR Noise Injection Radiometer

PLM Payload Module

PMS Power Measurement Signal

PVT Position, Velocity, Time vector

TEC Total Electron Content

uTC Universal Time

For the list of acronyms, please refer to the “Blioey of Acronyms and abbreviations” [RD.8].

& & '
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The following document describes the System Confeghe SMOS L1 Processor Prototype, detailing
the processing flows and the required modules.

This document is the first design level of the SMG¥el 1 Processor Prototype, and as such shall be
used, as shown in the figure below, to provide lihsis for the architecture document and Detailed

Processing Models.

4 N\

System Concept
— I _J
| | |

( )
[ DPM Lla } DPM L1b [ DPM Llc }
| |

[ XML API doc } [ Architecture } [TestTooIs Design}
| |

[ implementation }

The Processing Flow per instrument mode, has bemtuped using basically three types of diagrams:

Data Flow Diagrams which identify the different processing steps, wsll as the major
inputs/outputs for each processing step. Therettase different decomposition levels proposed,
each including more detail than the previous ortee Eriteria adopted for representing items has

been the following:

Processing functions: represented as blue cirflesy are SW items tasked with ingesting and
processing the input data into output data.

Auxiliary data: represented as green skewed bokbey are external data required by the
processing modules, meaning that this data is motyzced within the L1 Processor nor

produced by the PLM

L1 data: represented as yellow cylinders. Theydata received from the LO and transformed by
the processing modules into more refined levelklgfmeaning that they are produced within
the L1 or LO Processors

#1380 #44 97 1 3 $1# $8 1 184)3 1: 8 #: 4 0##
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Interfaces: represented as arrows between itensonre cases the main flow is identified by a
bolder arrow.
Sequence Diagramswhich indicate the sequence of the different $atk be performed for the
processing. A Sequence Diagram has been genemtéuefoverall processing, in order to indicate
the detailed sequence of processing and algorigx@asution within each processing step.
Context Diagramswhich indicate the location of the L1 Processahin the rest of the elements of
the DPGS.
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The context diagram for this first decompositiorpiesented in the following figure, representing th
main interfaces of the L1 Processor.

The purpose of the SMOS L1 Processor is to corthertMIRAS instrument outputs into Brightness
Temperature measurements, geolocating them andidprgvobservation angles and additional
parameters.

The inputs to the processor shall be the SMOS @& coming from the Front End Processor located at
the SMOS PDPC, as well as data from the AuxiliagteDServer from which the auxiliary data is
retrieved, such as calibration tables, TEC modelhe LO Processor shall be embedded into the L1,
tasked with splitting the FEP raw data and conatilng it into appropriate LO Products. L1A ancijlar
data needed for internal processing, like spacepasition and attitude, is obtained from the Le@el
Ancillary data (I-HKTM) and refined to ease accbssy. The outputs of the L1 Processor shall be th
intermediate and final products produced all altdmg processing steps, and shall be sent to both the
PDPC Archive for storage and to the L2 Processor.

By convention, ancillary data is produced on bdael satellite, and is formed by data not part ef th
scientific data. When the ancillary data is recéian the ground, and packaged with the Ground
Segment header (according to Earth Explorer File&b) it becomes Auxiliary Data.

PDPC
Front End Processor

Auxiliary Data Server

Fawe
Diata

Avuxiliary Data

SMOS Levell
Processor

Processing

Lo, L1a, L1k, L1coy PDPC Archive
Parameters

Lser

SMOS Level?
Processor

"#1'$ % &
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The data as it is generated by the Front-End Psoceshall be consolidated into blocks of SourceaDat
Packets aggregated by APID. This means that afyelata dump to the operational Ground Station,
there shall be one binary file per APID mode, comtg all the Source Packets of that APID type
downloaded in that pass. These Source Packets t#halfdered according to timestamp and Packet
Sequence Control counters.

These Source Packets shall include all the pagestsrated since the last pass, and all the otteeds
on-board but not downloaded in the previous pasessifg times of the packets shall depend on the
Downlink Scenario selected for operation.

It shall be the task of the LO Processor to codatdi this data on a half-orbit basis, and to pmwad

XML ASCII header to each resulting product, so thiaeast basic time (start and end of sequena) an
mode information can be extracted without the LacBssor need to decode the Source Packets inside
the file.

The data passed to the L1 Processor shall be t@eBeoducts, containing the data for each instrumen
mode and consolidated into an ascending or desugpdiss.

A processing strategy has been derived from thpsitirondition, such that the L1 Processor gives
precedence to the calibration measurements aneégses them first. This shall enable having all the
calibration coefficients in place for calibratifgetnominal measurements.

Q& % - #

The data flow diagram for this first decompositlewel is presented in Figure 3. MIRAS may operate i
two different modes: dual and full polarisation.doal polarisation mode, all receivers are sehto t
same polarisation (Horizontal or Vertical); in fpiblarisation mode, receivers are alternated betwee
and V polarisation according to a timeline scherascdbed in [AD.3]. No distinction is made at this
level between both instrument modes. The differenceheir processing approaches are located in the
ordering and consolidation of calibrated visibdgibefore reconstruction as detailed in [RD.12].

The main module for producing L1a products is theECorrection and Calibration module, where the
LO Science Data (CORR-TM) are calibrated and cdoececbefore they are sent to the Image
Reconstruction module. Calibration is based onfmefts built also from LO Science Data when the
instrument is operating in Calibration and Measwetmode as well as from Ground measurements.
These measured in-flight calibration coefficientsls be set in L1a auxiliary products to make them
more accessible to other modules, rather than siocek0 data every time some parameter is needed.
This module shall also be in charge of convertimg £O Ancillary data (I-HKTM) into a usable Lla
format after converting data to engineering units.

An additional module for correcting foreign sourdefiuence in the Brightness Temperature (BT)
retrieval is needed as well. Its purpose is to asehe visibilities resulting from the Sky, Sundan
Moon contribution when they enter the FOV througjases or reflected over the Earth’'s surface. This
module shall reconstruct in a rough approximatioe scene in order to compute a first estimate ef th
Sun truth(Sun Brightness Temperatuire}he direct and reflected Sun position. This medhall also

be used to remove contributions from antenna balkd, provided the full antenna patterns are
measured and an estimate of the BT scene behindindteument is computed. Flat Target

#1380 #44 97 1 3 $1# $8 1 184)3 1: 8 #: 4 0##
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Transformation shall also be performed in this medsubtracting from the calibrated visibilities
previously measured correlations from a deep skpec

The Image Reconstruction module presented heregmnaric one. It shall be basically in charge of
converting the calibrated visibilities of each sstagt (Lla) into Brightness Temperature Fourier
Components (L1b). A baseline for two independegbihms is available, both based on G Matrix
approaches. Details shall be given in a later dposition about the different approaches availabie,
data needed for each, and its advantages andtlonga

These reconstructed BT Frequency values shall bd lader by the Geolocation module, in order to
extract BT at Top of Atmosphere centred over antE&ixed Grid. This Geolocation module shall
perform the interpolation and apodisation in onggl@ step, using a Discrete Fourier Transform to
particularise the BT values over each pixel. Irs thiodule it shall be possible to activate the strip
adaptive processing, which circularises the foatpron the ground, at the cost of an increaseen th
number of operations to be performed (i.e. proogssme).

The lonospheric Correction module shall computeTib®al Electron Content (TEC) and geomagnetic
angles for each snapshot, and pass it to the Gamacmodule. This last module shall compute the
Faraday rotation angle for each pixel, based osethalues plus the S/C to pixel angles.

In the following figure, the main flow of nominaleasurement L1 products has been highlighted in the
arrows going from one module to another.

#1380 #44 97 1 3 $1# $8 1 184)3 1: 8 #: 4 0##
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The above figure represents an overall versiorhefdifferent major processing steps, as well as the
main inputs, outputs and intermediate results ah esiep. Further explanations about this processing
flow are included in next section.

In the above diagram, inputs in yellow cylinderpresent the dynamic data generated by the L1
Processor as well as the LO Processor. Inputsdangskewed squares represent the static datarused i
the L1 Processing, available from manufacturer cgsirand on-ground measurements. Of this data,
there is only one that may be available dynamicallifich is the TEC measurements. This data is
available with a periodicity of 24h, although thesea TEC model built into the L1 Processor as a
fallback option.

The data representations shall be expanded inatinesponding chapters of section 4, to accounalfor
the required inputs.

*&&

According to the data flow definition previouslysteibed, a concept of the L1 processor is shown in
the following figure. In this figure, the main taskf the processor are represented, as well asaie
input and output data on each.

Input data is located in the green left columnpatidata is located in the pink right column, ahd t
processing steps are located in the middle coldrha.main information passed between steps has been
explicitly drawn as arrows between processes. Ktrha noted that some of the input data at lateide

is produced as output data in earlier procesdesHKTM L1a, or L1a Calibration data within the &rr
Correction Module.

#1380 #44 97 1 3 $1# $8 1 184)3 1: 8 #: 4 0##
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As a starting point in the development of the Lel/dProcessor Prototype, the entry point shall be LO
Products, already formatted and consolidated b9 &iocessor, such that the Level 1 Processor would
only need to use its outputs, namely LO Ancillagt®(I-HKTM) and LO Science Data (CORR-TM).
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The LO Processor that would be required for the inahrprocessing, shall only need to ingest the raw
data as produced by the Front End Processor, d¢dasolit on a half-orbit basis (ascending or
descending passes) and generate the correspon8i@g XML header for each LO product.

The LO data to be processed contains the Ancillarg Science Data Packets. The former contain
information on the Spacecraft and instrument, wihigelatter contains the raw correlations meashyed
the instrument. The APID within each packet shalicate the operation mode of the instrument.

L1la Processing

The first step of the L1 Processor shall be to eonall data coming from the spacecraft into
engineering units appropriate for following compiaas (e.g. pulse length of NIR transformed into
output power using manufacturer tables or graphs).

Calibration data shall be also produced; consistinghe correlators’ output when the instrument is
receiving uncorrelated or correlated noise, orNfie measurements when imaging an external target
(i.e. the Deep Sky).

Calibration measurements during noise injectiorl glmaduce correction factors (offsets and calilorat
parameters) to be used in the computation of thbrated visibilities. The raw instrument’s outgpat
measurement mode (dual polarisation or full poddios) shall be calibrated using those parametais a
the physical temperature of the systems involvettaeted from the I-HKTM. These calibrated
visibilities shall be calculated for each integoattime, time-tagged and time-ordered.

From the calibration measurements during Noisectiga, it shall be also possible to extract an
estimated value of the Fringe Washing Functiorhege different time delays, to be later used during
reconstruction.

External target observation shall produce new caiibn products. The purpose of this external
calibration is to calibrate the NIR that serve agference baseline for all other radiometers. iaste
target calibration may also be used to validateitisgument (antenna patterns), to measure the Flat
Target Response of the instrument, and to compute G-Matrix for some IR algorithms. NIR
calibration is simply performed by comparing theRNdutput of a known scene (deep sky) against the
expected output using the available characterisatidhe NIR (gain and offset) and the BT distribot

of the scene.

Ancillary data from the S/C and from the instrumshall be consolidated into separate HKTM Lla
auxiliary products that provide fast informationr feach snapshot or integration time. PMS
measurements shall be transformed from voltage unem&nts into antenna system temperatures that
are later used to de-normalise the calibrated iitg#is.

The two different measurement modes produce thee dgpe of data up to this level, but different
quantity. For the dual polarisation, correlationadamong all antennas (measuring first horizomal a
then vertical polarisation) are collected in aregration time of 1.2 seconds. For the full-polatiice
mode, four different sets of correlation data addlected in an integration time of 2.4 seconds
(alternating antenna measurements between horlzanth vertical polarisations). Thus, the type of
information that may be extracted from each of thewtfferent.

This correlation data, plus the Antenna System Teratpres and the NIR output (zero baseline) shall
form the output L1la measurement products, whichl sleaconsolidated on an orbit basis, containing
time-ordered calibrated visibilities vectors in@gsto-pole configuration.

#1380 #44 97 1 3 $1# $8 1 184)3 1: 8 #: 4 0##



deim s Bl — T

ENGENHARIA software

L1b Processing

Conversion from Lla calibrated visibilities to Buipess Temperatures Fourier components shall be
performed by the Image Reconstruction module.

The Image Reconstruction module shall compute th&t bpproximation to the System Response
Function and invert it for use with the L1a measueat products. Any external calibration or validati

of the System Response Model shall be communidatédis module, so that it is able to update the
modelling. This System Response Function, for exanghall be recomputed with any new calibration
of the Fringe Washing Function (FWF), as it formdreherent part of it.

The image reconstruction algorithm shall transfothe calibrated visibilities into Brightness
Temperature Fourier Components.

The output of this transformation shall be L1b protd that are consolidated in the same way as the
L1a, containing Brightness Temperature Fourier Camepts arranged in a time-ordered way according
to the integration time. This time ordering has¢ffect that a given pixel may be contained inetent
snapshots, depending on the incidence angle witbhwthe image was taken. The output to be passed to
the L1c shall be the Fourier components of thensiracted BT scene.

It shall also be needed to re-use a first estirohtee reconstructed scene as a starting poiredaae

Sun aliases effects (direct and reflected Sun)s Tinst estimate shall be computed in the Foreign
Sources correction module, which, based on an eddastrument System Response, shall compute the
contribution in terms of calibrated visibilitie® be subtracted from the nominal L1a. This modhkdls
also be able to correct the Corbella term from3lgstem equation and remove the Sky and constant
Earth temperature so that the Image Reconstrustitution is more accurate. In order to correctSan
aliases, it shall be needed to perform a first teobed reconstruction in order to obtain the Suuth”

as measured by the instrument.

L1c Processing

In the L1c product, the snapshot information predum L1b shall be geolocated and apodised over the
Earth and aggregated over Earth fixed pixels iwatls. It shall not be rotated based on the chamge o

polarisation reference and Faraday rotation arggethe values reported in L1lc for each pixel are

expressed at Top of Atmosphere. L1c processingigeswthe Brightness Temperatures in the direction

of the Earth fixed grids, along with their incidenangles.

For each pixel, the information of Brightness Terapares is retrieved along chosen polarisatiors (e.
TX and TY polarisation directions are parallel #@ @nd Ya directions on the Antenna Reference frame.

For the geolocation and apodisation part, a distinccan be made between “normal” processing and
“strip-adaptive” processing. The difference betwelem is that the “normal’ processing applies a
unique apodisation to the complete snapshot (chbased on the spatial resolution and radiometric
sensitivity needed for Land or Sea), while theifsadaptive” processing uses a different apodisatio
function for each Earth fixed pixel contained witldach snapshot. This last processing ensureththat
retrieved ground pixels are circular and unifornmsize throughout the FOV. The apodisation function
coefficients for the strip-adaptive processing@mputed based on the HKTM Lla and the Earth Fixed
grid auxiliary data.

Strip-adaptive apodisation shall be a selectabt@wopvithin this processing level. This proceduhals
be applied to the Fourier components of the BTrithistion, applying the particular apodisation wimdo
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over each pixel at the same time as the Discreteiérol ransform is performed. If no strip adaptise
selected, the DFT shall be performed anyway, bth widefault apodisation window.

The disadvantages of the strip adaptive processiaghat not all pixels in the alias-free FOV can b
circularised (approximately above 50° incidencedeartis is not possible any more), and the opamati
required to compute the apodisation coefficientadper-pixel” basis introduce a processing ovedhea
as compared to the nominal approach, where the saeficients are used for all pixels in a snapshot

During geolocation, for each integration time stepsthe following information of each pixel in tha
particular snapshot shall be produced:

Pixel centre coordinates in the Antenna Referemamg
Pixel centre coordinates in the Ground ReferenaenEr
Pixel spatial resolution and elongation

Pixel incidence and azimuth anglesall applicable reference frames (S/C frame pindl frame),
although the data annotated in the L1C productl bhahe angles from pixel to S/C in the pixel
local reference frame

The spatial resolution is only dependant on thedegadion applied, and may be computed beforehand in
the case of non strip-adaptive. As an added valuelt products, a figure of merit for the radioneetr
accuracy shall be provided, by defining for allgs<in a same snapshot the difference between the
mean BT of the scene and the mean physical temyperat all receivers (Corbella). This term is tmeo
that amplifies the errors present in the antenntepameasurements, so it could help to discrinsinat
valid scenes from “unsafe” ones for L2 users.

The radiometric accuracy for each pixel measurersieall also be computed here, as it is a functfon o
the pixel observation angles, among other parameter

For the computation of the rotation angles to Egolarisation frame, an lonospheric Contribution
Module shall compute, based on auxiliary data akdM Lla data, a TEC and geomagnetic vector
value for each snapshot and a reference frameawtangle per pixel.

No ionospheric correction shall be applied on Li@dpcts; instead, the Faraday rotation angle seall
computed for each pixel based on the TEC, geommgaagles and pixel observation angles. The
geometric rotation angle (due to change of refexdreame) shall also be computed here per pixel, but
not applied. Additionally, the TEC and geomagnatigles shall be reported per snapshot.

The last step in the processing is related to thaging of the elements making part of the L1b pisid

in a swath configuration instead of in a snapsluotfiguration. This swath configuration implies an
ordering based on ground coordinates, where eaehipirepresented only once inside the products, b
which may contain several Brightness Temperatutaegafor different incidence angles. Additional
information on the pixel (area, orientation...) stedflo be provided. It is, in fact, almost a re-oiratg of

the L1b product with specific apodisation applibdt not a straightforward approach, as the pixad si
for a “same” geographical location changes in gizeonsecutive snapshots, and this effect should be
taken into account when constructing the swath enddis last effect shall be disregarded if the
optional strip-adaptive module has been used.

Additional information like flagging a pixel as logiging to Land or Sea, or obtaining the pixel
elevation from a DEM could be done as an addedevadithe Earth Fixed grid in use, as the L1c shall
be referring to pixels using a unique identifier.
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The figure below illustrates the sequence diagramesponding to the first hierarchical decompositio

and according to the processing steps describeetiprevious chapter.

Auxiliary Data CellzEien FEREE Image lonospheric L1 Processor
LO Processor A and Error Sources q q Geolocation
Provider R X Reconstruction Correction output
Correction Correction
f Raw Correlators output
1 (CORR-TM LO Data)
i I-HKTM
i (-HKTM:LO Data)
: Lia HKTM
1 —(PMS voltages»
: Physical Temp)
! Calibration data
| —(PMS, NIR, F\WFe-
L1a Processing Visibility Offsets)
| . HW Conversion
i Tables
: Instrument
1 - Characterisation ~
' (ground calibration)
‘ —Antenna Patterns »
——L1a Data ( Science Calibrated Visibilities, Calibration Data, Calibrated FWF, Post-pracessed HKTM) —=
i _L1a Calbrated
Visibilities
L1a Calibrated FWF ———»
: Antenna Patterns
G Matrix
L1b Processing . HKTM J+ -
L1a .
Matrix
G Matrix >
G
Moon/Sun/Sky Visibilities
Brightness ———»
T at corrected
‘ emperatures for
3 Foreign Brightness Temperatures L1b
i —_——
1 Sources (snapshots Top of Atmospt
: L1b BT
i \apshots -
(TOA)
VTEC Maps
Geomagnetic >
Models TEC
Geomagneti
c
angles
HKTM
L1¢ Processing L1a
Earth Fixed
3 Grid -
! HKTM
L1a
i Apodisation Windows Model (optionally with Strip o
| Adaptive)
i L1c BT
Swaths ——
(TOA)
% D)
#1380 #44 97 1 3 $1# $81 184)3 1: 8 #: 4 0 ##




01 * %% /
* I< <
deim s s -

ENGENHARIA software

As indicated, the above diagram corresponds tditsiehierarchical decomposition of the processing
flow. Each major processing step identified in tentext diagrams further above is shown here,
indicating the order in which the steps should bdggmed. Following a systematic breakdown of the
processing steps, the full processing flow is otetdi

*0& 12 1 !

The above diagrams do not support some aspectanreléor the system concept, such as the system
level definition of HW and SW used for the LevePfocessor.

The diagram below illustrates the different softeviyers of the Level 1 Processor:

Level 1 Processor

Math Libraries (BLAS, FFTW...) Earth Explorer Mission Software CFI

Middleware (OpenMP)

Operating System

*$+ % e s, -

The Level 1 processor, composed by all the modsihesvn in Figure 4, is built on top of a set of
libraries. These are used for a multitude of puegpfrom Earth Explorer CFls — used to read antewri

mission files -, to mathematical libraries (e.g. A8, FFTW, etc) — used to support the complex
algorithms included in the L1 processor.

Then there is the need for middleware that supputtki-processing mechanisms. This is the case of
OpenMP, which allows the proper usage of multi-pssor machines.

Finally, the Operating System itself provides tbeecservices to all the above-mentioned progrards an
libraries.

In terms of hardware, the SMOS Level 1 Processall thke advantage of a distributed system, being

able to run on a single machine or distributed aveitiple machines, each possibly having multiple
CPUs.
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The distribution over multiple machines is achie\®dsplitting the Level 1 Processor into multiple
processes, each one being responsible for a dedisat of computations, or for a given set of data.

This is shown in the figure below, where the L1d@ssor is deployed over a 3-layer distributed syste

LO Data
Layer 1 : Calibration —)

Worker

@ Ethernet A
J

Layer 2 : Algorithm Workers ~  |=—=—|  -......
@ Ethernet a)
J

Layer 3 : lonoshperic
Worker

Storage Server
L1 Data

% . . $

The first layer contains the Error Correction Magwdnd it also works as a load balancer. After
calibrating the visibilities it scatters the infaation (calibrated visibilities) and sends it tofeient
machines on Layer 2.

Layer 2 has several machines, each one contaihegntage Reconstruction Module. The number of
machines depends on the chosen algorithm, as sing®D.9].

Layer 3 is the responsible for gathering the datalypced by Layer 2, after which the lonospheric and
the Geolocation Module process the information.

! Processing the same set of data over multiple imashwas considered previously, through the usMe$sage
Passing Interfaces (MPI). However, as describg®D5], the performance gains were not satisfagtsoythis option
is not taken into account anymore.
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Note that even in case of a distributed L1 proagssdas to be considered the case where it is not
possible to process all the data in the availabie.tin this case, multiple L1 processors will lseded,
each one being responsible for processing diffeseanes/orbits. This is to say that a second lefvel
distribution is introduced, where multiple L1 pragsers will run simultaneously on multiple machines,
without being aware of each other.

In any case, each machine may have more than legsoc To take advantage of the additional

processing capability, the L1 processor shall mage of middleware (e.g. OpenMP), which allows

distributing each process’ load into the availaptecessing units. The actual performance gains can
only be calculated at development, but some inidicatfor the image-processing module can already be
found in [RD.5].
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In the next part, a brief description of each pssgay level is provided, grouping them into modules
and sub-processes within the complete L1 proces#mgnput and output data are briefly outlined as
well.

For each module, it shall be clearly defined thennfanctionality and interfaces with the remaining
elements of the processor. This shall allow haarigghly modular architecture, allowing the insamti
of new CFI or algorithms very easily. In this wahanging the image processing algorithm, or updatin
the Earth Explorer CFI software shall not implyeaengineering of the Level 1 processor (e.g. cotaple
recompilation, interface re-definition),.but it shall be rather restricted to the dedidanodules. Any
module shall be plugged into the backbone of thePr@cessor without affecting the rest of the
modules.

&& " 4 !

The Error Correction module processes all the L8veata coming from the LO Processor. LO Science
data (CORR-TM) comprises the raw correlations diata DICOS. LO Ancillary data (I-HKTM) shall
provide the status of the spacecraft (state veatar attitude), the status of the MIRAS instrument
health, plus voltage measurements from the PMS MRl system, thermistors output and other
additional data. LO data is contained within dedakets, each integration time providing one Angylla
Data Packet (I-HKTM) and 24 Science Data Packetddal-pol operation.

All the I-HKTM data shall be converted into appriape units by means of manufacturer tables and
diagrams, or known formulae, and it shall be storéd an appropriate L1a product for easy reference
in later modules, and to avoid extracting the diaan LO packets every time it is needed. This poedu

as output what has been called the HKTM L1la daf@ &ad Instrument).

The Science Data Packets (CORR-TM) produced whmleany of the calibration modes shall be
processed by a dedicated subpart of the modulewdihproduce the calibration parameters and offset
required to calibrate the nominal observation mesments. As part of this processing, it shall ddeo
needed to use the I-HKTM data produced while irbecaion mode, which should already have been
converted to HKTM L1la data. This calibration sulogess shall generate specialised L1a data required
for the calibration of raw correlations. It shalk@ be possible to generate as part of the proaess
calibrated estimation of the FWF that is only usethe L1b module.

This process for generating the calibration coefits requires Auxiliary Data Files (ADF), compngi
S-parameters in all reference planes, ohmic effeyie characterisation of the PMS detectors and
antenna phases at reference planes. Further infiorman these ADF shall be provided in the ADF
format definition.

NIR Calibration, or processing of Science Data B&kvhile in external target observation (Sky or
Moon) shall be carried out as both nominal procegswith the objective of passing the calibrated
visibilities to the IR algorithm and extract thecoastructed image of the external target, and as a
particular processing to compare the theoreticgpoase of the NIR to the measured one. This last
process shall force the calibration of the NIR nidHdat is used in this module and, although itlesac

that it should be part of the L1 processing, itmiilge performed at a calibration facility extert@the
Error Calibration Module and passed as Auxiliaryda
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The following image shows the data flows in thisdule for processing of calibration data:

Observation Raw

(IF-HKTM Data) Raw Correlations Correlations Correlations

(CORR-TM Data) (CORR-TM Data) {(CORR-TM Data)
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Error Correction &
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(external cal)

Error
correction
module
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L1a Calibration Data
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HKTM L1a Data Function

Estimation

Calibration Data

PMS coefficients,
FWF at origin)

/I & - & "0 & % 1

Science Data Packets generated while in nominalenfddal or full polarisation) shall be calibrated
with the previously created calibration L1a produ@nd be consolidated in time ordered scenes. The
contents shall be an array of ordered Calibratesibilities per each scene. The information on which
baseline (u, v pair) corresponds to each visibgitall be defined within the product format. Aduolital
information on correlator failures, antenna failsteall be contained within the HKTM Lla product
referencing the scene or integration time whehajipened.

As is shown in the following figure, the data fldar Measurement mode data processing is based on
data previously created with calibration data akd@’ M L1a.
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This processing module shall contain specialisdg#trsadules that shall be described in the Detailed
Processing Model. They include the Auto-calibrafoacess, and also the Redundant Space Calibration
processing. Further decomposition of these sub-ieedand their functionalities is described in the
Detailed Processing Model and Architecture Desigeudhents [AD.9] and [AD.10].

Q& " !

The next diagram contains the most important plath® processor, which is the image reconstruction
algorithm. This step is not reversible, once thggldness Temperatures are calculated, meanindfthat
the algorithms evolve in some way, it shall be ssaey to re-process the Lla data to obtain the new
L1b data.

This processing step (L1a to L1b) has been sephnatte two different modules. The first module $hal
attempt a correction of the influence of externalirses into the reconstruction process, while the
second module is the reconstruction process itself.

As part of the L1a processing, an initial Foreignues Correction module shall be needed, based on
the UPC algorithm approach of subtracting the Sk a constant Earth Brightness Temperature that
was implemented in SEPS, but consisting of calmgathe visibilities contribution that are generhte
by the presence of the Sun, Moon or strong Skycesum the FOV. These visibilities, if properly
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calculated and subtracted from the calibrated wis@s, would eliminate the strong sources thgbegqr
in the FOV and produce better results with the lenBgconstruction algorithms.

For the Sun removal, a two-step approach is reduimeeding as well an initial reconstruction of the
uncorrected calibrated visibilities to obtain thenSruth as measured by MIRAS. The Sun truth dfell
obtained at the nominal and reflected Sun direst{&nown through S/C position and attitude).

The direct Sun contribution may be computed imntetliaonce the Sun temperature is measured in this
approach. For the reflected Sun contribution, #llshe necessary not only to determine the Sun
temperature at the reflection point, but also tmpote an estimated area of the reflection surfabs.
area shall be estimated using several default gsogi parameters apart from the self-estimated Sun
BT. The effect of the Sun BT is dominant in the mitidg of the reflected source, and using averaged
values for the other variables does not introdetevant errors. These averaged values are Seac8urfa
Salinity=35psu, Sea Surface Temperature=15°C, \8pekd=5m/s, Wind Direction=0° (North). This is
particularly important on sea reflections, and $@ase impact as well on land. This method has ajread
been implemented by UPC in SEPS v4, and is cuyr@ctiepted as the baseline for removing reflected
sources.

This module shall also remove a constant Earth drackd temperature (improves reconstruction
efficiency and enables reconstruction over an elddralias free FOV) and the Corbella term from the
visibilities system equation based on the physealperature of the LICEF receivers.

In the latest baseline, this last step is constleguivalent to the Flat Target Transformation (FTT
This process will take advantage of the so-calledb€lla equation and, using previously measured
correlations from a deep sky observation, subttiaetmeasured term corresponding to the physical
temperature of the LICEF receivers.

The process consist simply of measuring the FTTliank correlations while in deep sky observation,
subtracting them at the beginning of the Foreigmr&es correction, and adding them after image
reconstruction to the Brightness Temperature Fogoemponents.

In any way, any particular correction of each dffdwall be considered as selectable within the heodu
being possible to activate any, or all of themthé& processing requires it. Information on which
correction has been performed shall be part ot ftkeproduct format.
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The effectiveness of this correction shall be vwedifduring the testing and operations of the L1
Processor prototype. The information on the coiwacapplied and its validity shall be made avagabl
to the L2 users within the L1 format. It shall alse possible to generate the L1c data without any

correction, such that the L2 users apply any ctimethey deem required.

The second module (Image Reconstruction moduldépimes the image reconstruction process on the
calibrated visibilities, producing snapshots Brigigs Temperature Fourier components. This frequency
spectrum is composed by the basic hexagonal pefidkde instrumenti.e. star domain frequencies)

and not only of the spectrum of the alias-free FOV.
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The information passed to the L1c shall consishefFourier components of the reconstructed scene.

Detailed information into the possible Image Retamsion techniques shall be analysed in the
Processing Modules Description chapter. Mainly esgorithm model is related to computing the best
approximation to the real System Response functorthey shall need the ground measured antenna
patterns and the calibrated coefficients of the F@ther parameters influencing the System Response
may include estimations of the antenna positioesiéions from nominal baselines).

The current adopted algorithm baseline consistsmmnalgorithms based on G Matrix approaches, so
the purpose of this module shall not only to retwas the calibrated visibilities, but also to coumg
and calibrate such G Matrix.

Generally, the outcome of the Image Reconstructmdule shall be the Brightness Temperatures
Fourier Component distribution. An auxiliary prodwhall be used to generate and represent all the
coefficients used for the SR function (also knownGmatrix), which may be calibrated externally by
other methods and updated to this module.

As mentioned before, the current baseline for Ldtpot is a list of BT Fourier Component snapshots.
These Fourier Components have obviously no apadisapplied, so they shall be the input required
for the L1c processing.

. & & 1" 1]

The last step of the processing chain shall perfarrcombination of the Brightness Temperature
snapshot values retrieved previously into swatmédr Instead of being ordered by integration time a
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containing the info for each pixel on the FOV, ttgall be ordered by pixels identified in a Fixeatth
Grid, each of them containing the Brightness Temjpee values related to different incidence angles
and different integration times. This step shabgberform the required apodisation of the BT v&lue

The Geolocation module shall compute the BT vahres their incidence angles in the direction of the
required Earth fixed points, while at the same tooenputing the characteristics of the footprineéar
and orientation). This is achieved without erroysapplying a Discrete Fourier Transform on the L1b
BT frequency components and particularising ovex Eixed Earth grid points. Using “normal”
processing, the pixel size for a same geograplocation changes in size in consecutive snapshsts,
the apodisation applied in the DFT is the samerdigss of the point position. This effect shall matk
necessary to provide footprint information to ti2users so that it can be taken into account.

Input data for the Level 2 processing shall alwags geo-sorted L1c product.

If the optional strip-adaptive module is used, phesl size remains uniform all along its pass tiotige
FOV, as the apodisation coefficients applied witthie DFT change with the point position within the
FOV. The DFT allows the apodisation and interpolatio the Earth Fixed grid in the same processing
step. Further discussion on the strip adaptive @npa the whole model presented above, not only the
L1c, shall be presented in chapter 6.

This module shall compute sets of temperature galdeand V for dual-pol operation (real valued)d an

H \% and HV for full- poI operatlon (HV 5 complexalued) IFhe—BII'—vamesﬂareﬁFedHeed—meenseeutlve

The footprint info shall be attached to each BTuealalong with the incidence angle and speciakflag
These flags shall report the position of the pwéhin the FOV (infout of alias-free FOV, in/out of
extended alias-free FOV and close to the diagammahvell as represent any external source that may
affect the pixel, like a direct Sun alias, reflect®un alias, RFI sources, etc. Further informaban
these flags may be found in the L1 product forneatenent [RD.10].
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The lonospheric Correction module shall computeinfusa model or Aux files) the TEC and
geomagnetic angles applicable to each snapshot,pasdg them to the Geolocation module. The
computation of the Faraday rotation angle is shtéagward, once all the input required (TEC,
geomagnetic vector and pixel incidence angle) H@e@n computed by this module based on HKTM
Lla data. Both Faraday rotation and the rotatiam tdugeometrical projection of the polarisationues
from Instrument reference frame to Ground referdrame shall be reported in the L1c per pixel and
measurement.

VTEC Maps
Geomagnetic Model

| lohospheric Correction |
; Module :

lonosphere
Effects

correction

module

3 . & "

This module shall compute one TEC value and onenggaetic vector value per each snapshot, so that
the Faraday correction for each footprint inside ba computed using these values and the incidence
angle of each value within the footprint. It is satered that TEC and geomagnetic variations are
sufficiently small within the scene FOV such thaeomean value of each can be considered as the
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baseline. The rotation angle due to the changeefeirence from instrument to ground shall also be
computed here on a per-pixel basis.

The information required for the rotation anglesnpaitation shall be extracted from specific auxyliar
data combined with HKTM L1la data. It shall be dtieat internally to the L1c data, in the initial time
ordered list of snapshots parameters, so that €&usay re-compute this rotation, if they so desire

As mentioned before, some directions in the snap&#5° in the antenna frame) cannot be properly
corrected for rotation in L2 in dual polarisatiorode, as the rotation matrix is singular and caroeot
inverted. Pixels affected by this singularity, wihidoes not affect full polarisation products, shl
identified within the L1c products and flagged.

L& & 1 -

As a particular annex to this Processing LevelscBgson, it must be mentioned the different
approaches to retrieve the apodisation functioruesl and where to apply them in the Image
Reconstruction algorithm.

For the normal approach, a series of known apadisdtinctions have been already studied, having
been the Blackman one selected as optimum in tedmsade-off between spatial resolution and
radiometric sensitivity. This function is applied a symmetrical function in all the FOV, and used t

retrieve all the pixels in one step.

For the strip-adaptive approach, there shall b@rasymmetrical apodisation function that has to be
applied to every pixel in the Antenna Referencart@aso that a circular footprint is obtained aftex
transformation to the Ground Reference Frame. Tumstion shall be a 2D function; whose values
depend on thex(h) values, meaning that a different function woutdapplied to every different pixel.

The selected apodisation function shall be appbetthe reconstructed L1b BT frequency components,
within the Geolocation module, right after the IrmaBeconstruction process. However, within the
Image Reconstruction module, a default apodisasiball be applied to the presented BT values,
although these BT values shall not be used in the domputation. Only the BT frequency domain
values are used in the L1c computation.

Strip-adaptive processing, if selected, shall modlife apodisation function to be applied before the
Llc. It shall be remarked that for interpolatioarfr L1b grid to L1c grid, if the former is Antenn&xé&d

and the latter is Earth Fixed, the same approacbmputing the Equivalent Array Factor may be taken
with the exception that in the nominal processing &podisation function remains always the same,
while in the strip-adaptive processing, it shall texessary to alter its parameters according to the
footprint being interpolated.
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A more detailed description of the processing stepbe performed in each module is shown in the
following chapters.

0& &

The method used to calibrate the visibilities isatded in [AD.6] and [AD.9], but mainly it is badén
producing a set of calibration parameters and tff$s®ased on the instrument’s output while the
instrument is receiving correlated and uncorrelatede. This output, needs to be combined with the
PMS output of all receivers and the physical terapge at each integration time, in order to de-
normalise the calibrated visibilities. The calilwat parameters and offsets produced during noise
injection are stored and used in between calilbmatio

In normal measurement mode, the instrument’s outNliR measured temperatures and receivers
measured physical temperature is combined witheteesputed calibration parameters and offsets, in
order to produce the calibrated visibilities theg eonsidered the measurement L1a output.

As part of this calibration mode, the fringe wasghfanction term that shall be used later in thegea
reconstruction process shall be also computed.afitenna phase patterns and the ohmic efficiency of
the receivers as well as the S-parameters of theeNdistribution Network and receiver's switches
must be measured with the biggest accuracy posslriee they are crucial input for the calibration
procedures. These last measurements must be magewrd before the instrument is flying, and shall
include a characterisation against temperaturésdid be used in flight combined with the theronist
readings in the I-HKTM.

The calibration procedure will rely on two temperas of noise injection for amplitude and phase
calibration of the hub receivers. The procedureaisily extrapolated for use in the arms calibratiith
distributed noise injection. The NIR calibrationperformed while imaging external targets, being th
deep sky the baseline external scene for this proee External targets may also be used for
computation of the Flat Target Response functiow, #® calibrate the G-Matrix using known scenes
(i.e. Earth-Sky border).

The calibration timeline will consist of short arldng calibration periods. The correlated and
uncorrelated noise injection for antenna calibratall be performed several times per orbit, while
noise injection for FWF estimation will be perforchéess frequently (TBD). Every two weeks, the
instrument will enter the NIR calibration mode. IFoitbits in calibration mode are also planned on a
monthly basis. In addition, interpolation and/otragolation of Lla auxiliary calibration parameters
might be needed to correctly apply them to datahegad in between calibration periods.
Interpolation/extrapolation shall be based on ptalsitemperatures at the time of applying the
coefficients, against the ones measured togeth#r thie calibration coefficients. The calibration
timeline is still undefined, but the system shadl dble to handle continuous calibration operatiass,
during commissioning, the instrument may be opératealibration for extended periods of time.

The error correction module will have a data dribehaviour. Instead of relying on a fixed timelirte,
will retrieve from the Level O data format the mshent mode and route the data to the appropridite s
modules.
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This preliminary correction of the visibilities issed so far by the UPC implementation provided in
SEPSv3, as can be seen in [AD.2]. This methoded usthe simulator to correct reflected and “ditec
(through aliases) contributions from the Sun, Maod Sky background.

A description of its basic functionality may be mxted from the description in [RD.11].

The direct and reflected position of the Sun andoMare located in the antenna frame and their
coordinates computed. The visibilities that would measured by a 1K source located at those
coordinates (OK elsewhere) is computed, using &t bstimations of the antenna patterns and fringe
washing function. These visibilities are then cate@ back into brightness temperatures by meaas of
IFFT, which give a rough estimation of the briglgséemperature of the Sun or Moon in the direction
of the same coordinates computed previously.

For this purpose, the Sun and Moon positions inatienna frame shall be computed using the Earth
Explorer CFI processing of the HKTM Lla data. Tlaene antenna parameters that are calibrated for
the Image reconstruction process shall be usedtbesienulate the system response and generate a set
of visibilities that can be subtracted from thegoral set of calibrated visibilities before passthgm to

the Image Reconstruction module.

The reflected Sun shall be accounted as well in way, by computing the Sun reflected Brightness
Temperature, and using default geophysical paraméte model the reflection. MIRAS shall be
measuring its own Sun truth in the direct and otélé directions at all times.

This module shall also be in charge of performithgh& processing related to the Flat Target Respon
Upon reception of External Target observation winleleep sky pointing, this module shall generate
the FTT auxiliary correlations to be used latethe processing. The FTT auxiliary correlations are
obtained by performing an average of the correfatifor each pair of receivers during deep sky
observation (6 minutes).

In nominal processing, these FTT auxiliary corielad shall be subtracted from the measured
correlations before Image Reconstruction, includingcaling factor that accounts for the physical
temperature difference between the time at whiehHRT auxiliary data was measured and the time of
nominal measurements. After Image Reconstructiomjes FTT auxiliary correlations (containing the
visibilities expected from a uniform scene and lué Sky observed during deep sky) shall be added
again to the Brightness Temperature Fourier compsnéaking into account that the addition must be
performed now over the baselines, so averagingbeilheeded for those correlations covering the same
baseline.

0&& # '

In the following points, several approaches fomgsin the Image Reconstruction Module are shown
and described, specifying their needed input arputwata.

The two main approaches to retrieving the BT distion from the visibilities are Iterative approash
and Matrix Calibration approaches. A third methaas been studied as well, the Beam Forming
algorithm, which has been extracted from a techsigsed in processing of Synthetic Aperture Radar
and sonar images.
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The selected baseline consists on two G Matrix dadgorithms: UPC G Matrix and Stabilised G
Matrix. They shall be described first, and the othpproaches shall be described afterwards. The G
Matrix approach was first proposed by D. Le Vine Ruff et al, and the two selected baselines simply
propose alternate modelling for its computation.

Although only two algorithms from the first chaptesve been selected as the processing baseline, the
rest of algorithms are also described to keep toadee study performed.

! &

UPC G matrix, Stabilised G Matrix and DLR Point mialgorithms are considered under this chapter.
These methods are based on retrieving the SystgmldsResponse matrix, which converts Brightness
Temperatures into visibilities. Once the System ute@ Response matrix is known over a regular
antenna grid, it is inverted and multiplied by theasured visibilities to retrieve the BT of eachre

on this regular antenna grid.

DLR Point Source depends on measuring well knowmrcgs on each point of the Antenna Frame
where the Brightness Temperatures are to be eattaict order to retrieve the System Response dm eac
of these points. These well known sources may béhtomoment the Sun or the Moon, the Galaxy or
the Earth-Sky horizon, positioned throughout theolMhFOV. Using the known sources and the
instrument output, it shall be possible to recrélagematrix transforming one into the other.

Stabilised G Matrix approach relies on obtainingwal the System Response matrix by means of
calibration and measurement of known scenes. T ithata in this case are parametric models of the
different constituents of the G Matrix (antennatgats, receiver filters and antenna positions),ctwhi
are calibrated using known scenes.

UPC G matrix computes the System RespdBsmatrix based on the on-ground measured antenna
patterns and the Fringe Washing Function (knowmialty and calibrated later on). The system
represented by the G matrix does not use in tree eéamodel, but already defined L1 and auxiliary
products.
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These algorithms may be divided into a Matrix gat@r module, which is tasked with computing the
results of the calibration process and “invertitigé matrix, and a Reconstruction module, which uses
the matrix to compute the BT from the visibilities.

This matrix shall be stored in the file system a@utdessed by the Reconstruction module, as well as
stored in memory and its particular elements aetkas needed. It is proposed to create the mairix a
an additional product, either Lla or AUX, as itagpected to change according to independent
calibrations performed. This matrix shall be recaiep frequently, depending on the calibration
schema and the thermal variations experiencedéintrument.

This matrix inversion is the same regardless ofdallgerithm used to construct it. It is transfornfest

into the Fourier domain, multiplied by its complegnjugate, inverted, and multiplied again by the
complex conjugate. Instead of extracting the Bngls Temperatures, when this resulting matrix is
multiplied by the visibilities, it retrieves FourieDomain values of the would-be Brightness
Temperatures. These Fourier values may be easilected into spatial domain BT values by means of
an inverse FFT.

These algorithms are based on heavy matrix caloaoland inversion, but just once every calibration.
For each scene, only a matrix multiplication anchetbmes FFT shall be performed, so the modelling
for these contributions shall be made using speaifathematical libraries (GSL, BLAS, LAPACK...)
and FFTW available open source libraries.

3 +

UPC Extended-CLEAN and DLR Corrective algorithmseerwithin this description, as they retrieve
the Brightness Temperature values through severations.

Specific input data must be provided to this typalgorithms, in order to define a starting poiat f
convergence (loop gain factor). An initial imagectmpare the iterations has also to be productttrei
as an ideal transformation of the visibilities like the case of UPC, or through the re-use of a
previously obtained image like in the case of DLR.

Extended-CLEAN also removes the Sky and Earth dmrttons from the visibilities before performing
the Inverse Fourier Transform, so that the FOWkiemded and convergence is improved. This removal
shall be incorporated into the Foreign Sourcesé&ation Module described in chapter 5.2.

DLR Corrective algorithm computes the visibilitieack from the Brightness Temperature distribution,
and uses them to correct the original visibilities.

Both methods iterate until the difference betwden BT resulting from one iteration and the previous
one decrease below a given threshold. This thrdsh@omputed specifically for each scene.
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These algorithms are based on heavy repetitionvarse Fourier Transforms for each scene, andeso th
modelling for these contributions shall be madeg$iFTW available open source libraries.

5

This method is based on obtaining the system tarfsinction of the radiometer, using the most
accurate values of antenna patterns, fringe wastenm and antenna physical temperatures, but
particularised over the reconstruction grid poimistead of over a regular grid. This system transfe
function is later used to compute the inversionrixabased on a space variant pulse compressien. fil

It is necessary to compute the System Responséifatevery &,h) pair of values, and apply it to the
whole set of visibilities values. This method relien a heavy assumption that the square matxi&
mostly diagonal, and the system solution may beaqmated by a set of independent point sources.
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This algorithm main characteristic is then to cotepas many inversion matrices as pixels in the anag
and multiply them to the visibilities. Its applidhty remains still to be decided by ESA

0& & !

This module shall simply compute the ionospheri@apeeters required to compute the Faraday rotation
angle for each pixel

It shall compute the TEC and geomagnetic vectaneskorresponding to a certain snapshot from the
auxiliary data, and store them as internal inforamteasing the later computation of rotation foefs
of the same snapshot.

As a preliminary approach, a simple function basedhe HKTM Lla data (UTC time, position and
attitude) shall be able to extract the TEC and gepmatic angle from the variety of auxiliary filesda
models available. Computation of Faraday rotatiballsbe simply applied later in the Geolocation
module by combining the H and V BT measurements fconsecutive snapshots and their observation
angles together with the TEC and geomagnetic asgglesponding to those snapshots.

The rotation due to the change of polarisationrezfee frame (instrument to ground) shall be also
performed here, and applied to all products. Toiation is only dependant on the instrument attifud
so it can be easily computed from the L1a HKTM data

2 Beam Forming has been tested as part of a Ph@&N\1for reconstructing images over a regular grid similar way
to UPC G matrix method. Several differences werenébin the solution comparison, the principal osean
amplification factor of 1.5 in every scene, themwtare differences in the BT distribution rangiram +30K to —20K
after this factor has been corrected.
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The initial part of the Llc product subset shalfim® the snapshots contained within and their
characteristics, among them these ionospheric salmethis way, any L2 user may re-compute the
Faraday rotation angle if he chooses to.

080&3

This module shall only need the output of the ImRgeonstruction module and it will geolocate and
apodise all data by means of a DFT, and groupratlyrts into a single swath product. It shall in¥ok
the Faraday correction module based on data fraomsemutive snapshots, and it shall also apply the
previously mentioned strip-adaptive processingliigis been selected.

The module shall know what is the desired outpiat groduct, containing the Fixed Earth grid to whic
the BT values shall be interpolated. Previous tding the values from the current snapshot it is
processing, it shall perform the interpolation t& values to match the desired grid. Interpolation
technique shall be based on an Discrete Fouriensfoam, either using a set of 2D apodisation
windows that allow for the strip adaptive procegsmn a default apodisation for Land or Sea purposes

These 2D apodisation windows in which it is badeallde obtained at later stages of the current L1P
prototype design.

#6

This component performs all the computations orelpirformation, being a component within the
Geolocation Module.

This module shall compute the footprint size angkrgation corresponding to the projection and
apodisation of the BT snapshot over each FixedhEgnitd points. For this purpose, it shall need the
spacecraft’s position and attitude data at the tifthe snapshot, and the apodisation window thall s
be used to taper the visibilities samples. Eitherdttitude data provided by PROTEUS in the HKTM
L1la data, or more refined data like restituted datl be required. Further flagging due to thegaat
position within the FOV shall also be computed ggims data.
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For this approach, the latitude and longitude coateés of every Fixed Earth grid point must be
converted into thex(h) coordinates in the Antenna Frame through thisutegdvhich uses the HKTM
L1la data to compute them. It shall be possibleotopute within the same module the incidence angle
present at each ground pixel. The best estimatth@fBest Fit Plane based on antenna position
coordinates shall be used for all purposes of gation. The Antenna Frame coordinates shall be late
used as input to the DFT process for obtainingBitightness Temperature at Top of Atmosphere.

All the functions accessing data from the HKTM Ldata shall use EE CFI software provided by ESA,
as a common point for calculation of orbital antt@de data.

This sub-module shall also need a Land/Sea Masktdil distinguish between land, sea and mixed
pixels.

! + 0 1

The strip-adaptive processing shall be a selectgitien within the Geolocation module. This selecti
shall allow this module to perform the interpolatiof each scene from the Fixed Antenna grid to the
Earth Fixed grid, while at the same time circulagsand regularising the footprint spatial resanti

The advantage of this processing is that the iegulEarth pixels shall be coincident with everyeath
snapshot pixels, and the contribution on eachamhtkhall be uniform. The same Earth Fixed Grichas i
the nominal processing shall be used, in ordeotopute thex,h) values of the Antenna frame where
the BT needs to be extracted.

The process requires a previous modelling of tluelisation coefficients for each grid point depegdin
on its position within the FOV. Once the positienkinown, the apodisation coefficients are retrieved
and passed to the Geolocation module for use iDtberete Fourier Transform.

The disadvantages of this method are that noxalpin the alias-free FOV can be circularisechait
incurring in heavy losses of efficiency (above B@ldence angle approx.), which reduces the amount
of information that can be obtained from one snapsAdditionally, the retrieval of the apodisation
coefficients needs to be performed for each piXeleach snapshot, as opposed to the nominal
processing, where the same coefficients are appdiedl pixels in one snapshot. This computation of
the strip-adaptive apodisation coefficients introelia processing overhead that is not negligible.
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As part of the processing strategy it is not yeaclif the final results of Brightness Temperatigiesl

be meaningful, unless a strip adaptive approacisesl during the whole processing. This is due ¢o th
fact that the same pixel has to be observed unifiereht incidence angles with no variation in its
constituents.

Using normal processing, a regular fixed grid om &dimtenna is used for image reconstruction, aed lat
it is projected into the corresponding Earth greékulting in non equi-spaced, non-equi-sized faotpr

Strip adaptive aims to retrieve the Earth grid foimits such that they are equi-spaced and equiksize
providing as well the same beam efficiency in &lhem. This can be achieved by two approathes

In this chapter, these approaches shall be descalmmg with the changes that shall be appliedh¢o t
System Concept derived previously to accommodagenthSome mention has been already made
before, but it will be included into much more detimpact on the System Concept is restrictedlgole
to the strip-adaptive module.

Both approaches require a non-regular grid on titerma frame, such that when it is projected back
onto the ground, it results into a regular gridhaétqui-spaced footprints. So, the starting poirthes
need to have a defined Earth fixed grid commonlltpraducts that shall be the baseline for the f®in
in which the Brightness Temperature values shallréeieved. This Earth fixed grid shall be
transformed into the appropriate antenna gridatithe of each snapshot (based on HKTM Lla data).

DFT Approach

This approach is based on using a Discrete Foliremsform on the Brightness Temperature solution
expressed in the frequency domain. This must basthe final grid is non-regular, and FFT canreot b
used anymore.

This DFT interpolation to the Earth Fixed grid anthined with a space variant 2D apodisation fumctio
that has to be applied to the BT Fourier Componéuisg this DFT. This 2D apodisation ensures that
the resulting footprints are also equi-sized, dmartconstituents do not change from one snapshot t
another.

The only module affected by this approach is th@-stdaptive module. During the Geolocation,

interpolation to the Ground is performed by meaha @FT, so the objective now is to provide the

appropriate apodisation coefficients such thatsthepe of the instrument beam over each point sesult
in a circular footprint when projected on the grdun

The module must start, as it has been mentioneatdyefvith an Earth fixed grid and the HKTM Lla
data, in order to compute the appropriate antendgogsition (&,h) values).

It shall be necessary to provide as L1b the vatdérightness Temperatures in the frequency domain,
and a modelling of the apodisation coefficientsataon with the antenna grid position.

% Both of them were investigated during the CCNdiaihg the main pre-development study on Phase 1
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Interpolation Approach

The interpolation shall be performed by means 2Danterpolation filter that shall be derived frdhre

2D apodisation function. The objective is that tigio the application of this filter, the fraction of
constituents inside each footprint in consecutiv@pshots will remain the same. The resulting
footprints shall be equi-sized as well.

It is equivalent to the previous method, except tha interpolation is always performed in the gpat
domain, so the method is applied over the recotistduBrightness Temperatures in a fixed Antenna
grid.

The apodisation coefficients and the antenna gokdinates of each Earth grid point are used for
computing the Equivalent Array Factor, similar tav@ight mask that is placed over the BT distributio

to perform a discrete integral (sum of all the edemby element multiplication). This operation
retrieves a BT value for the corresponding Eartte&ipoint and must be repeated as many times as
needed.

As it has been mentioned before, strip adaptiveshase disadvantages as well, namely the fact titat n
all pixels in the alias-free FOV can be circulagisgithout incurring in heavy losses of efficiency
(above 50° incidence angle approx.), and also lsectne retrieval of the apodisation coefficientedse

to be performed for each pixel of each snapshavpassed to the nominal processing, where the same
coefficients are applied to all pixels in one sregqsThis computation of the strip-adaptive apoiisa
coefficients introduces a processing overheadishant negligible.

#1380 #44 97 1 3 $1# $8 1 184)3 1: 8 #: 4 0##



##8 * !
% * 7>

6& ($ ($ ' ( $%' $

The format specification of the SMOS LO, Lla, LlbdalLlc shall be in accordance to the Earth
Explorer standards defined in [RD3]. Further infatran on the product format contents may be found
in [RD.10].

Each product shall contain a Header and a DatakBlwhich may be contained in the same physical
file, or in two separated physical files: a Heal#e and a Data Block File.

The Header shall be divided in two parts:
A Fixed Header (FH) with identical structure to aMOS files

A Variable Header (VH) that allows defining andusturing different information for each file
type. In the specific case of the products we @&awcdbing, the Variable Header shall contain the
Main Product Header and the Specific Product Hegtezach type of product.

The Data Block shall contain one or more Data Sedsh of them containing a list of Data Records,
preferably with identical structure. The most deisie structure is a Data Block containing a siri2gé¢a
Set with a list of identical Data Records. If thisproach is not possible, the Data Block may cardai
list of different Data Sets with different Data Reds, but inside each Data Set, the Data Recoalddh
be identical. Data Sets with variable Data Recstdscture shall also be acceptable.

The Main Product Header shall be identical to &GS product files, while the Specific Product
Header shall contain the definition of the contenftthe Data Block for each product type, i.e. nemb
and name of Data Sets, etc.

The Data Block structure in this specific case rbayalready defined in a brief description for each
product type:

Level O

It shall be formed by a unique Data Set contairangt of Data Records. Each of this Data Records
shall be formed by a complete set of Annotatedrimsént Source Packets generated in an integration
time period (snapshot). Source Packets may be @liay type or science type. For each snapshot or
integration time in dual-pol mode, there shall e @ncillary packet and 24 science packets. Their
format and contents is contained in [RD.7].

Level 1a

For measurement products, it shall be formed byigue Data Set containing a list of Data Records.
Each of this Data Records shall be formed by agafwectors containing the calibrated visibilitetsa
given polarisation (72x71/2 values) and the integnatime.

In case the operation mode is dual-polarisatioeyrethshall be one vector per Data Record and
integration time, containing the calibrated vistk on the selected polarisation (i.e. H andIN)case
the operation mode is the full-polarimetric modeerg alternate integration time there shall be éhre
vectors, containing the calibrated visibilities idgr the three time sub-intervals where one antesna
operating in one polarisation and the other twtheopposite polarisation.

There shall be also additional L1a products comgithe calibration parameters and offsets computed
after Correlated and Uncorrelated Noise Injectioeasurements. These products shall be used for
calculation of the measurement Lla products basethe LO raw correlation. Additionally, one Lla
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product containing calibrated terms of the Fringast\ing function may be created if the 3 time delaye
measurements are produced in LO.

A product transforming all the needed HKTM datanird.0 to a more usable format shall also be
created here. This HKTM L1a product shall be usedughout the L1 Processor for spacecraft position
and attitude determination among other things.

Level 1b

It shall be formed by a unique Data Set contair@rigt of Data Records. These Data Records shall be
formed by a group of vectors containing the Brigisth Temperatures Fourier Components for different
polarisation (e.g. H and V) and the integrationetinThese Fourier Components contain the full
information on the Brightness Temperature spectofiraach scene, while at the same time being the
minimum representation.

Each vector represents a scene, so apart froormtégration time, there shall be a list of paranseter
inherent to that scene as the UTC time, PVT and 8@&lues.

In case the measurement has been in full-polarienatode not only T and T, spectrum shall be
available, but also the spectrum for the third nuoith Stokes parameters U and V.

Level 1c

It shall be formed by several Data Sets containitigt of Data Records. The first Data Set shatitam
the list of scenes and their parameters (UTC tiieC value and geomagnetic vector value among
others).

The second Data Set shall contain a list of gropnel coordinates and a vector of Brightness
Temperatures at a given polarisation together \lhihir incidence and azimuth angles and scene
reference id. In case the measurement has beeti-pofarimetric mode not onlyTand T, shall be set

for each incidence angle, but also the third andtfoStokes parameters U and V. These records shall
be of variable size, as the number of measured &lieg depends on the position of the grid point
within the swath.

The values per pixel shall also include the radimimeaccuracy, Faraday rotation angle, geometrical
rotation angle, and footprint resolution (axeslbptcal footprint).

A unique numbering shall identify each pixel, whishall refer it to the Fixed Earth Grid used as
auxiliary data. As part of a separate ESA contdaatling with the Fixed Grid, some strategy is being
taken in the identification of pixels, such thag timique identifier is also useful for a fast iniegxof
the data.
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