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This document describes the strategy for the retstring of the L1b module of the L1PP. The godbis
be used as an informal working document, whereirtigementation analysis is detailed for further
discussion.

§ &! ((
Ref. Code Title Issue

AD.1 SO-SOW-CASA-PLM-0385 Level 1 Processor PrgtetyDevelopment Phase
3 and Support Activities. Statement of Work

AD.2 SO-RS-ESA-PLM-0003 SMOS System RequirementsubDent

AD.3 | SO-IS-DME-L1PP-0014 SMOS L1 Processor InputgduData Definition

AD.4 | SO-IS-DME-L1PP-0002 SMOS L1 Product Format&jpeation

AD.5 | SO-IS-DME-L1PP-0003 SMOS L1 Auxiliary Data Roat Specification

AD.6 SO-TN-UPC-PLM-01 IN-ORBIT CALIBRATION PLAN

AD.7 | SO-TN-UPC-PLM-0019 SMOS In Orbit CalibratiotaR Phase C-D

AD.8 ECSS-E-40B ECSS E-40 Software Engineering (&tieds

AD.9 | SO-DS-DME-L1PP-0011 SMOS L1 Algorithm TheoceliBaseline

AD.10 | SO-DS-DME-L1PP-0006 SMOS L1 System Concept

AD.11 | SO-DS-DME-L1PP-0012 SMOS L1 Processor Pra@trchitecture

AD.12 | SPS-TN-GMV-PL-0003 SMOS End-to-End PerformencSimulator,
(SEPS) Architectural and Detailed Design
Document

AD.13 | SO-TN-UPC-PLM-0010 Distributed Amplitude Cadation by the Twoq
Level Approach
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RD.1 SPA-CAS-20200-TNO-001 System Performance Mgl
RD.2 R. Butora, M. Martin-Neirg,”“Fringe-Washing Function Calibration ip
A.L. Rivada, Aperture Synthesis Microwave Radiometry”,
Radio Science Vol. 38 No. 2, p. 1032
RD.4 | SO-DS-DME-L1PP-0007 SMOS LO to L1a Detailedd@ssing Model
RD.5 SO-TN-DME-L1PP-0024 SMOS L1 Full Polarisatidata Processing
RD.6 SO-TS-HUT-NIR-0005 NIR Calibration and Chaeaigation Plan
RD.7 | SO-TN-YLIN-NIR-0006 SMOS Phase C/D NIR Subsyst NIR
Technical Description
RD.8 SO-TN-UPC-PLM-0020 Technical Note on the Qalilon by Moon
Pointing
RD.9 E. Anterrieu “A resolving matrix approach to synthetic 2004
aperture imaging radiometer”|IEEE Trans
Geosc. and Remote Sensing, Vol. 42, No.8,
“Stabilised Reconstruction algorithm
presentation] ESTEC
RD.10 | E. Anterrieu “Hexagonal xi-eta grid’, response email to 13th May
DME xi-eta grid question with attached 2005
matlab code
RD.11 | A. Camps et al “Impact and Compensation of Diffuse Sun 2005
Scattering in 2D Aperture  Synthesis
Radiometers Imagery1lGARSS
RD.12 | A. Camps et al “Sun Effects in 2-D Aperture SynthegsisJune 2004
Radiometry Imaging and their Cancellation”,
IEEE transactions on geoscience and remote
sensing Vol. 42, No. 6
RD.13 | A. Camps et al "The processing of hexagonally sampledJan. 1997
signals with standard rectangular techniques:
application to 2-D large aperture synthesis
interferometric radiometers” IEEE Trans
geosc. and remote sensing, Vol. 35, No.1,|pp.
183-190.
RD.14 | A. Camps “Application of Interferometric Radiometry fo November
Earth Observation; PhD Dissertation|, 1996
Universitat Politécnica de Catalunya
RD.15 | M. Goodberlet and J. Miller | “NPOESS-Sea Surface Salinity”, Final| December
Report, NOAA Contract #3AANE704017
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1997
RD.16 | SMOSP3-UPC-TN-0002 v 1|0'Sun Self-estimation Algorithn” May 2007
RD.17 | SMOSP3-UPC-TN-0002 v 1{0'Sun Self-estimation Algorithm: SimulatiorJuly 2007
Results”

& & +
The following is the technical proposal text takesm the DME document SMOSL1-DME-PRO-311
' mn

The L1b processing module has been heavily upgradex its initial design in Phase 2. The Flat
Target Transformation is an add-on module that lbanonly selected in opposition to Earth/Sky
Removal. The Foreign Sources removal code can lasoptimised with the respect to the current
implementation, although this has been postponedyntianes in favour of new functionalities and
stability of L1PP.

Recently a new approach has been proposed by ES#tetgrate FTT and Earth/Sky Removal in a
single unified method of pre-processing the imalgefore reconstruction with the J+ method. The
approach currently under study is summarised as:

FTT is applied first of all to Lla calibrated vigibes in order to produce differential
visibilities. The FTT scaling factor is composed by average or NIR H and V pol
measurements.

The FTT differential has to be corrected AFTER restouction, by adding back the non-
uniformity of the FTT scene, and the constant exfee T..=<Tg>) temperatures. This is
currently done at the end of L1b processing stithie Fourier domain.

Sun/Moon/SunGlint/Backlobe effects are removed fridme differential visibilities. These
effects will be removed permanently and nothind &l added back to the image;

Gibbs effects of type 1 are removed by subtractivegSky in the Unit Circle. The Sky to be
subtracted has to be modified as the L1PP is cilyramrking with differential visibilities, so
the temperature to remove ig#Tnir (Where T is the averaged NIR BT used in the FTT
scaling factor);

! Document available at the L1PP project webpate://www.smos.com.pt/project_results.html

2 “Proposal to EADS - CASA Espacio for the SMOS Lelérocessor Prototype Development Phase 4 anpgo®up
Activities (In response to SoW SO-SOW-CASA-PLM-1¥17ssue 1.0, of 20/12/07
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Gibbs effects of type 1 have to be corrected AFTEEONstruction, by adding back theg;, T
which was subtracted. This addition has to be peréa during L1c processing as a constant
offset, in the same way as it is done for the amtsEarth. The Sky is not added back, as the
purpose of the removal is to extend the FOM.Has to be added back only where there is a Sky
alias;

Gibbs effects of type 2 are removed by subtractimg constant BT magnitudes, one for land
and another one for sea. The BT magnitudes shalbbtined initially in the configuration file.
A land-sea mask will be used to divide the Eartthinithe unit circle into 128x128 points of
land and sea. These points will be multiplied by & matrix in order to compute the Gibbs#2
visibilities. These visibilities shall also be siduted from the FTT differential visibilities
available.

Gibbs effects of type 2 have to be corrected AFT&EdNstruction, by adding back the land/sea
BT that was subtracted. There are several appredoh¢his, and a baseline is not clear:

o DGG land/sea masked is used: this means that olsdign is needed during L1b
processing to transform the DGG into each snapkP@%128 unit circle. However, L1c
processing is clean as each point knows immediatkigh quantity (land or sea) has to
be added back;

o Common land/sea model is used (USGS, other): iokatipn is needed now in L1b and
L1c processing, but it should be simpler to dotes models already incorporate that
feature. Has the benefit that the same model id msklb and L1c;

During the course of this activity, a full re-desigf the L1b processing module will be made aroined
needs of the new integrated approach and takingradge of this fact to optimise the Foreign Sources
removal methods. A design document shall be writhed will be presented to ESA/CASA for
discussion before the implementation is started.

# ! "%

In this activity, the L1b processing module will besentially re-coded to conform to the new design.
Whenever possible, the old methods and functioealivill be retained for comparison and backward
compatibility needs. Also in the scope of thisdttiis the full validation of the method againket
results obtained in Phase 3.

& § & $ $% )

A study will be made on the relative performancengeof the new integrated approach for L1b
processing. Care will be taken to analyse separétiel removal of Gibbs effects of type 1 and type 2
and their influence on the Scene Dependent Bias.
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The image reconstruction is the most important parthe SMOS processor. It converts Calibrated
Visibilities into Brightness Temperature Fouriemgmonents (see Figure 1). These Fourier components
represent the reconstructed image in the Frequdamain, and can be used to obtain the Brightness
Temperature values anywhere in the spatial donTdiis. reconstruction step is not reversible, onee th
Brightness Temperatures Fourier components arellegdd, meaning that if the algorithms evolve in
some way, it shall be necessary to re-processlhalhta to obtain the new L1b data.

-
L1a Data
Products

Products

Auxiliary Data

Processing
Units

Liato L1b

HKTM L1a Data Processor

Auliary Data

H
M

Y

L1b Data
Products

xn + , n % % 1]

At this high level there is no change to the L1bgeissor wrt th®PM L1b v2.4

)& & " # (

The main functionality of the Lla to L1b Process®ro do reconstruction of the Lla Calibrated
Visibilities. The main module is therefore theage Reconstruction Modu{gncluding Foreign Sources
Correction and Error Mitigation), which transforntbe calibrated visibilities into Brightness
Temperature Fourier components. The output of tf@esformation are the L1b products that are
consolidated in the same way as the Lla, contaiirnghtness Temperature Fourier components
arranged in a time-ordered way according to thegiation time. This time ordering has the effeat tn
given pixel may be contained in different snapshdépending on the incidence angle with which the
image was taken. The output to be passed to the shhdl be the Fourier components of the
reconstructed BT scene.

In addition to the main Image Reconstruction Moduleo other accessory modules are also
implemented in the L1PP: ti@&/J -matrices Generator Moduland theFlat Target Generator Module
(see the DFD in Figure 2).
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The G and Imatrices Generator Module is responsible for thi@mgutation of the best approximation
to the System Response Function (G-matrix) anchvert it (in the Jmatrix) for use with the Lla
measurement products. Any external calibrationaidation of the System Response Model shall be
communicated to this module, so that it is ableupmlate the modelling. This System Response
Function, for example, shall be recomputed with aaw calibration of the Fringe Washing Function
(FWF), as it forms an inherent part of it

The Flat Target Generator Module is responsiblegimerating an Auxiliary Data File for use in the
Flat Target Transformation module. This data feyenerated from External Target data, and contains
information on a flat sky target, which is usedthg Image Reconstruction Module to reduce the grror
due to the Antenna Patterns (see Section 2.3.2.1).

The L1PP being a data driven Processor, the sateofi which module are invoked is determined by
the input data in the following way (this is alfostrated in Figure 2):

- If L1a Science Data is present, then it is proag&sethe Image Reconstruction Module;

- If External Target data is present instead, then Rlat Target Auxiliary Data File (ADF) is
generated and then the Image Reconstruction Maslallso invoked

- If new Fringe Washing Function data is presenty thew G and’Jmatrices are generated.

® The image processing of the External Target daséniilar to the processing of Science data, exibept a) Sun Glint
correction is not performed; b) L1c processinguisied off since there is no geolocation data; g) f8knoval depends
on a new flag specific to External Target procaggseeTable 4.
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Of the three modules above, only the Image Reaactstn Module suffered changes wrt the current
baseline, so only this module will be detailedhirstdocument. Detailed descriptions of the G ahd J
matrices Generator and Flat Target Generator Msdtde be found in thePM L1b v2.4

)8 &

The Image Reconstruction (IR) Module is responsitde loading the Lla data, performing the
appropriate transformations on the data in orderetoove unwanted sources of signal and to reduce
reconstruction errors, and finally for the recomstion of the data and product writing. These
processing steps of the IR Module are organizea @ght processing units (nine when in External
Target mode), of which two are major ones (semepahdent sub-modules) and six minor ones (see
Figure 3. For the whole L1b Processor there is an orcaestwhich deals with the computational
sequence, calling each unit according to the dragneFigure 3

The distinction between minor and major units ioftld, since the major units are where the
algorithms are much more complex, but also theyeresa distinct processing approach: the major
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units (Foreign Sources Computation and Error Mitayg are processed scene by scene in a loopédor th
total number of scenes, whereas the in the minits @il scenes are processed simultaneously. §his i
done to improve code optimisation, as detailedeatisn 3.

The minor_processing units should be included in the main L1b source filecsithey are not too
complex:

1+2) Data Loading and Preprocessing Unitsese processing units consist in the loadinghef
required data and conversion from the Aux and/oa Istructure to L1b format, including the
calculation of the land-sea pixels in theh(-grid and other preparatory tasks. These are simpl
tasks, although the conversion of the Calibratedibilities to L1b format has some increased
complexity in the full-pol case.

After these two units the processing goes intantlaén loop in the number of scenes, where mostef th
image correction computations are performed. Sihese are more complex task they will be detailed
separately.

The last four minor processing units are simultaisgoapplied to all scenes (and are therefore deitsi
and after the loop iRigure 3:

5) G-matrix Multiplication here the Loop Temperature Contrast Vectors (3ky pand, Sea and Sun
Glint) computed in the Foreign Sources Computadind Error Mitigation Modules (see below) are
multiplied by the G-matrix to determine the corm@sging Loop Transformed Visibilities. This is a
computationally heavy task since the complete Gimatone is quite large (see also Section 3)

6) Final Subtraction of Calculated Visibilitiethis is the simplest activity, which the subtractof the
output of the G-matrix Operations unit, the Loopadsformed Visibilities, from the Calibrated
Visibilities.

7) Image Reconstructiorthis is the main reconstruction unit, which consehe Calibrated Visibilities
into Brightness Temperatures’ Fourier Compone@gs;(u), by multiplying the Visibilities by the
J-matrix. If Ideal Reconstruction mode is selectédwever, the reconstruction is performed
through an FFT instead of theratrix multiplication.

8) Adding the Reference Temperature bamitding the Reference Temperatuligy, is only performed
in the L1b Module when processing External Targgadsince it is otherwise a task performed in
Llc (see Section 2.4). Since the L1c Module carm®executed with data acquired in External
Target mode, this task is instead performed irLti®Module;

9) Writing of L1b Products
As for themajor sub-processing units or sub-moduleghese are the following:

3) Foreign Sources Correction Modul¢his sub-module calculates and removes the uraglant
contributions from the Visibilities. It determinéise Sky, Direct Sun, Direct Moon, Sun Glint and
Backlobes contributions and removes them from thkb€ted Visibilities - this last contribution,
the Backlobes, are removed only for the zero basgINIRs). Although strictly part of the Error
Mitigation Modulé, a Sea Temperature and a “One Kelvin Land Temperatector” are also
calculated here (see sub-section 2.3.1 for detallegse are later on passed on to the Error

* The conceptual distinction between what shoulddiesidered as part of the Foreign Sources Remawafi the Error
Mitigation is, in broad terms, that the FS conttibos (Sun, Moon, etc.) are not added back, whetlgaguantities
calculated by Error Mitigation Module (Land, SeadalReference Temperature) are removed only to deerdze
reconstruction errors, and should be re-added datee.g. in the L1b to L1c processor.
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Mitigation Module for the estimation of the Landrtgerature. Finally, auxiliary data is also passed
on to the L1c processor, in particular the SunModn positions and magnitudes.

4) Error Mitigation Module this sub-module performs the correction of theb@a term for the
System Response Function by setting a global neferdemperature and also performs the
calculations needed for the Gibbs removal, namélthe Land and Sea temperature vectors. The
setting of a global Reference Temperature is doneemoving the contribution of a flat (i.e.
constant) scene at a given temperatilirg;, from the Calibrated Visibilities. This constamese
should be obtained from measured data in Exteraa)éf mode (the Flat Target Auxiliary Data
File), thus performing simultaneously the Flat Trglransformation. If the Flat Target
Transformation is not used, an artificial constsoene is used, where the visibilities are obtaimed
multiplying the G-matrix by a constant vector ofnfgeraturelre. For the calculation of the Land
and Sea temperatures required for the Gibbs remaially only the Land temperature is
estimated here, since the sea temperatures veati@termined in the Foreign Sources Module (see
Section 2.3.2 for details).

Notice that, like in the current baseline (in bEM L1b v2.4, the Visibilities passed on to the Ll1c
processor are in the Fourier space.

® A Reference TemperaturBse; is a temperature with respect to which all oteenperatures are given, i.eTi().
#1380 #44 97 1 3 $1# $81 184)3 1: 8 #: 4 0##
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A delicate point in the Image Reconstruction ishaf processing of the Visibilities correspondinghe
zero baselines, or NIR Temperatures. These aréa$iaselines, which are treated differently thiaa t
other baselines. The reasons for this distinctioa fwrst that NIR Temperatures are absolute
temperatures, given with respect to the absolute, e there is no Corbella term, whereas for ko
baselines the Corbella term is present. The sepeesbn is that some corrections (e.g. backlobes) ar
only performed for the NIRs. For this reason thecpssing of the NIR baselines is particularisedwel

in Figure 4 The processing segment shown is very much simglitince only the path corresponding
to the Calibrated Visibilities is shown, and othvariables are hidden, but should be obvious where i
fits in the global diagram d¥igure 3

% 0 ( % 1 " " 234 &

To allow for a direct comparison of the differendesprocessing, the Foreign Sources and Error
Mitigation Modules were expanded in the next diaggdor the NIR baselines, Figure 5, and for the
remaining baselines in Figure 6.

Here it is shown explicitly the transformationstttiee Calibrated Visibilities go through, namely:
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. The Calibrated Visibilities coming from the Prepessof are fed into the Foreign Sources (FS)

module;

- In the FS Module the relevant contributions arewalted and removedlotice that the backlobes
Visibilities are only corrected for the NIRBhe Visibilities are then passed on to the Error
Mitigation (EM) Module;

- In the EM Module the Reference Temperature isestiter through the Flat Target
Transformation (FTT) or the 1K Visibilitie®lotice that the scaling factors for the NIRs is
different than for the remaining baselingis is because the NIR Temperatures are given wrt
the absolute zero in Temperatures, OK, whereasladr baselines are given wrt the Receivers
Temperature]reg

- In the EM Module the Delta Temperatures needethi®iGibbs removal are also calculated, and
sent to the G-matrix Multiplication processing unitbe converted into Visibilities;

- Finally, the Gibbs correction is applied in the 8abtion of Visibilities processing unit, by
removing the Delta Visibilities from the Calibrat¥sibilities, and the output is then sent to the

Reconstruction processing unit.

L A L A . S
" 0 " 1 10 2
/ /

® These are basically the output of the L1a Modedeept form format changes. In fact the only défere is that the
NIR components in the wrong polarisation are rerdow® the Visibilities now fill a vector of size 28 instead of

2556.
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To keep thd=igure 3from getting too convoluted, the main Loop in thenber of scenes was shown as
a black box. Its global behaviour is now explair{ede Figure 7), and it's constituent modules are
further detailed in Sections 2.3.1 and 2.3.2.

The main objective of the Main Loop is to computgelta” visibilities from the measured Lla
Calibrated visibilities.

Vi (u) = V4 (u)-D VP (u) 3

The Delta Visibilities themselves can be summaresébllows:
DVF (u) = DVf® (u) +Dyy\° (u) +DBY* (u) 3

where:
DeV (u) =V&,, (u) are the Delta Visibilites removed in the Foreign

Sources Module, consisting of the Direct Sun an@ih@nd the Backlobésontributions;

(u) +V5

Moonp,

(U) +VpBacklobjas
Dey VP (u)=V2,, (u) are the Delta Visibilities removed in the Error Métion Module, which is

simply the removal of the Visibilities corresponglito constant scene at a reference temperatyye,
and includes the Flat Target Transformation;

DA/P (u) =V, (U)+ Vi (U) +VE,6iny (u) are the Delta Visibilities which are calculatedidesthe
main loop as Temperaturesy;* (x) The Temperatures themselves are given by theilbotibns of a
modelled Sky and Eafttand the estimated Sun Glint:

D1 (X) = Taiyx (X)"' Tk (X)"' Tsunciintk (X)' 0, Trerli 3
The Delta Visibilities, D#/” (u), are obtained from these temperatures througtSytstem Response

Function, or G-matrix (see below). Notice thar* (x) Is a Temperature Contrast, since it is given with
respect to a Reference Temperature.

Notation:
In the formulae above and throughout this docuntetnotation is the following:

u is a shorthand notation for(a,v)-baselines pair;
X is a shorthand notation for(a, /#7) pair;

j is the(u,v)baselines index, also used indiscriminately asvéetor index,j ° (jl,jz), for a pair of
antennae;

" The Backlobes are corrected only for the NIRsdbaselines.

8 The Earth Temperature being understood as the lradtistimated Temperature on the Sea and the Lahith
should be responsible for the correction of thebGibffect near the Earth/Sky border and, in Gib&geL2 mode, for
the (yet experimental) removal of this effect im ttand/Sea border. See Section 2.3.2 for morelsletai
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k is the index for théx, /7)-grid, and can also be taken as a vector irdexk,, k, );

p° (p, p,) is a polarisation vector mode for the pair of an&ej © (j,, j,) for which the visibilities
have been measured,;
q° (Ch-CIz) is the polarisation vector mode of a TemperatueseDT (x);

a,° a, , is the Kronecker delta, which is one in dual-paide, i.e. ifq° (H,H) or g° (V,v), and
zero otherwise;

1, is a vector of ones.

In order to compute the contribution of the differsources, the system response function should be
considered:

VP (u)= Fas ()F2 @ (28 pg D) 1% 54

X+ £1 9 ( )
With

z(x)° y/1- X* - A theObliquity Factorand

Dt ©° et vh+ WZ(X)/ is theDelay Time
0

This may be redefined in the discrete form as:

j njy,k T onjz k
k g

VP = F P (’aFPz NP Tqu P{Qe-mpfomj'kds( 3
k

Where u® u;, x® x,, dxd/h® dS _ represents the area of ea@h,h) “pixel” of the integration
domain, and the meaning of all other quantitiesikhbe obvious.

Finally using matrix notation, the following equatiis obtained:

V. = Gj’ka 3

J

It must be stressed out that the G-Matrix requireBquation 6 must be computed over the complete
unit circle, unlike the one used in the Image Rstwction process, which is only computed in the
hexagonal domain (fundamental period).

The grid used in Equation 6 to compute the Brighth Temperature vector distributioh, is a

N” Nsquare grid, defined in th@(,h) domain [- 1 1] { 1,]]. In this grid, all the pixels have the
same area and the pixels outside the Unit Cirédesanply not considered. However, due to the faat t
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Eq.5 presents a singularity in the unit circlg, € 0), the implementation of the squa(ﬁf,h) -grid
must “avoid” the unit circle pixels. In order to do, the(X,/?) domain should be restricted to the grid
pixels that verify the following condition” +4*£0.98 (instead of considering the domain

X2 +h? £1).

2
In the case of this grid, th@(,h) “pixel” area in Eq. 5 is computed adS = dS° (;/N) , Where

N” N is the dimension of the grid and N is typicallyg12

In order to apply the foreign sources correctiggoathm, the Brightness Temperatures of each of the
sources identified in Eq.3 shall be determined #mel corresponding visibilities computed. The
following paragraphs describe the approach follova@ddetermining the Brightness Temperatures of
each of the sources.

The Galaxy Map used as baseline contains measuterfeerHV polarisation, and these shall be used
when correcting full pol visibilities. However, tfgeare no sources for Sun or Moon temperatures/in H

pol, so they shall be assumed to be zero. New rrdton in this regard may come during

commissioning, and never before that.
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The Foreign Sources Correction Sub-module is nesoledmove the influence of external sources in
the reconstruction process. This module calculle¥/isibilities contributions that are generategdtite
presence of Sun, Moon or strong Sky. These Visigsli if properly calculated and subtracted from th
calibrated visibilities, should eliminate the stgaumwanted sources that appear in the FOV.

For theSun removal a two-step approach is required, needing as avelhitial reconstruction of the
uncorrected calibrated visibilities to obtain thenSruth as measured by MIRAS. The Sun truth is
obtained at the nominal and reflected Sun direst{&nown through S/C position and attitude).
Thedirect Suncontribution may be computed immediately onceSha temperature is measured in this
approach.
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For theSun Glintcontribution, Sun reflection over the Oceans iglelled through several auxiliary
parameters, namely the Sun BT, wind speed andtidine@and Sea Surface Salinity and Sea Surface
Temperature. This is particularly important on s&kections, and has some impact as well on lahé. T
surface roughness produces a scattering of thectefl image, lowering the BT at the centre, but
affecting a wider area. The current removal styategnsists on the identification of the affected
elliptical area, where the Sun energy is distridufehe BT magnitude of the Sun can be obtained from
the scene itself.

In any way, any particular correction of each dffiscselectable within the module, being possible t
activate any, or all of them, if the processinguiesg it. Information on which correction has been
performed shall be part of the L1b product format.

The Foreign Sources Module has the following inputs
HKTM Lla Data
Sky Brightness Temperatures Map
Default Sun/Moon Brightness Temperatures Maps
Antenna Patterns (including backlobes)
System Response Function (G Matrix) previously coieg

The effectiveness of these corrections shall béiegrduring the testing and operations of the L1
Processor prototype. The information on the coimacapplied and its validity shall be made ava#abl
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 ctimet¢hey deem required.

The detailed DFD for the Foreign Sources ComputaBob-module is shown figure 8 It consists of
five units:

1) Sky Temperatures Calculatiothis unit calculates a Sky Temperature Map usireginformation
from the Galaxy L-band ADF and from the PVT andtquaion.

2) Sun and Moon Calculation and Remov@klculates the Sun and Moon Visibilities and rges
them from the Calibrated Visibilities, for whichg@res selected G-matrix columns. The Sun
magnitude is estimated here and, together wittStie position, this information is shared with the
next two units.

3) Sun Glint Calculationfrom the Sun position and magnitude and the dtiesscattering coefficients
this unit determines the Sun Glint Temperatures.

4) Backlobes Removalusing the average Backlobes’ Antenna Patternis, dinit estimates the
contribution to the NIR Temperatures, which is do¢he backlobes pattern of the antennae. The
contribution is removed ONLY for the NIR elemente.(zero baseline) and it is performed for both
nominal and external target data.

5) Earth Calculationthis is a helper unit to the Error Mitigation Mdd, which uses the Land-sea grid
information. It has two possible behaviours, defrndn the Gibbs correction level applied:

a) For Gibbs 1 correction (removal of constant, eated Earth) the Sea Temperatures are not
removed, and the only action taken is to set the Kelvin Land Temperatures Vector to one in
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the Earth (i.e. Land and Sea). This is passed oth@oError Mitigation Module for the
estimation of the Earth constant Temperature;

b) For Gibbs 2 correction (removal of (constant oit)niixed Sea, and estimated Land), it
determines the constant Sea Temperatures Vectashwabe added to the previous Temperature
corrections above, and a constant One Kelvin Lamahgeratures Vector, to be provided to the
Error Mitigation Module for Temperature estimatiofithe Land to be removed.

Notice that the units 1, 3 and 5 above are caledlats Temperature Vectors, and must still be
multiplied by the G-matrix in order to be transfadhinto Visibilities (see Figure 3). The unit 2
corrections (Sun and Moon) are immediately caledlan Visibilities and the correction is immedigtel
applied, and the unit 4 corrections (backlobes)aaig applied to the zero baselines (NIRs) andrso a
also applied here.

Contrary to what happens for the Error MitigatiabSnodule, whose contributions are to be re-added
back in the Llc processor, the contributions caled here are later removed (still in the L1b
processor) and are not re-added back. The onlypéroes the Sea Temperatures in Gibbs 2 correction
level, since this must be added back at a latgesta

% 5 % 6 &

)&&&&  ( ! (

This function is needed to discriminate the NxNt wicle used within Foreign Sources and sepatate i
into Sky and Earth, as well as Land and Sea.

#1380 #44 97 1 3 $1# $81 184)3 1: 8 #: 4 0##



Code : SO-TN-DME-L1PP-0169

% 3H#H# P .
873 Date : 25/07/08
Issue 1.3
Page 24 of 51

First it is mandatory to initialise the EE-CFI elents used in geolocation, using the same method
described in DPM L1c. The functioqp_target_altitudérom the EE-CFI shall be used to determine the
Earth-Sky contour. The contour is computed ovenguéar directions then fitted through an ellipsd an

interpolated to th€x,/) grid being used.

The pixels inside the contour are considered Eaittile the remaining ones are considered Sky. As we
are using an NxN square grid, the pixels outsigelthit Circle are ignored.
It should be highlighted that when computing theatoar of the earth, part of th@Y,h) pixels

corresponding to the contour can actually be onbthek of the instrument. For instance, the figure
below presents the contour for a tilt angle of 60°:

% 7 " " 8 8 %

What is shown in the previous figure is that pduthe earth contour ellipse that appears projeictede
unit circle belongs to the back of the instrumesgigfnent of the ellipse between “tangent point I an
“tangent point 2", with negative elevation). Thenef, for the ellipse pixels that have negative &tiew,
the contour will appear on the back. That meaas th the previous figure, we will have the folliogy
pixels corresponding to the Earth on the front amdhe back:

1. Pixels with Earth on the front: grey area + intenbthe ellipse;
2. Pixels with Earth on the back: grey area.

This function shall be used to compute which adahe front and back unit circle belong to Sky or
Earth, thus separating the NxN grid into two exclepixel lists.

For those pixels within the Earth area of the aiitle, a further decomposition is possible by gdime
LandSea Mask ADF (AUX_LSMASK). This decompositios performed by transforming each

(X,h)direction into lat-lon coordinates and using theselt ISEA grid point to retrieve the Landsea
mask value.

) &&Q& , 9 " $ (

For computing the Sky contribution to the Visibd#, the Brightness Temperatures of the pixels
corresponding to the Sky need to be computed.

Using the list of pixels corresponding to the Sthe right ascension and declination of each ofsthe
pixel is computed. Since the Galaxy Map ADF corgaine temperatures for Right Ascension and
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Declination coordinates expressed in B1950 Referdframe, two transformations are needed before

retrieving the galaxy temperatures:
transformation can be seen as follows:

Antenna Frame J2000

B1950. Pseudocode for this
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Compute BF_to_J2000 rotation matrix (identical proc

For each of the pixels in the sky_xi_eta_list

End

Compute BF_vector as [sqrt(1-xi*xi-eta*eta), eta, X
J2000_vector = BF_vector * BF_to_J2000 matrix
dec=asin(J2000_vector[2]);ra=atan2(J2000_vector[1],

Apply Kraus ’'63 equations to correct ra_J2000 and d
precesion and nutation changes from J2000 origin to

m_2000 = 3.07420

n_2000_time = 1.33589

n_2000_arc = 20.0383

m_now = 3.07420 + 0.0000186*time
n_now_time = 1.33589 - 0.0000057* time
n_now_arc = 20.0383 - 0.000085* time

[*correct ra and dec for precesion effects from cur
J2000 */

ra_change 2000 = (m_2000 + n_2000_time*sin(ra)*tan(
dec_change 2000 = (n_2000_arc*cos(ra))*time

ra_change now = (m_now + n_now_time*sin(ra + ra_cha
tan(dec + dec_change_2000/1296000*2*PI))*time

dec_change_now = (n_now_arc*cos(ra + ra_change_2000
ra_2000 = (ra + 0.5*(ra_change_2000 + ra_change_now

dec_2000 = (dec + 0.5*(dec_change_2000 + dec_change

Convert(Right Ascension, Declination) in J2000 to (
in B1950

R[0] = cos(ra_2000)*cos(dec_2000)
R[1] = sin(ra_2000)*cos(dec_2000)
R[2] = sin(dec_2000)

AO][0] = 0.9999256791774783; A[0][1] = 0.011181511
0.0048590037714450
A[1][0] =-0.0111815116768724; A[1][l]] = 0.999937484
0.0000271704492210
A[2][0]  =-0.0048590038154553;  A[2][1]  =-0.000027162
0.9999881946023742

ra_1950 = atan2((A*R)[1], (A*R)[0])
dec_1950 = asin((A*R)[2])

Get Galaxy Temperatures From ADF using (Right Ascen

edure as L1c DPM section 5.2.4)

J2000_vector[0]);

ec_J2000 values due to
snapshot time

rent time to galaxy map epoch

dec))*time

nge_2000/86636.5554*2*PI)*

/86636.5554*2*P1))*time
)/86636.5554*2*P)
__Now)/1296000*2*P1)

Right Ascension, Declination)

6959975; A[0][2] =
5751042; A[l][2] =
5775175,  A[2[2] =

sion, Declination) in B1950
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Finally, using Right Ascension and Declination, tBeghtness Temperatures of those pixels are
determined with the help of the L-Band Galaxy MapFAwhich contains the maps of the galactic
emission at 1420 MHZM_xxxx_AUX_GLXY__<ID>).

The resulting Temperatures, obtained directly fitie L-Band Galaxy Map ADF, which contains the
maps of the galactic emission at 1420 MK (xxxx_AUX_GLXY__<ID>), are expressed as Stokes
Parameters, and they need to be converted to heghtemperatures.

If the polarisation axes of the Galaxy Map and MI®AS instrument were aligned, the conversion
would be the following one:

| +Q
T =
"2
-Q
T =—= 35
Vo2
Q U.
T, =—+—I
HV 2 2

As the polarisation frame of the Galaxy Map and piotarisation frame of the instrument are not
aligned, a further rotation is needed before compguthe Brightness Temperatures in the MIRAS
polarisation frame. At the time of closing this dotent, this rotation angle is TBD.

) && && "9 " $ (

The new Gibbs removal method is based on the #ifgorused prior to this baseline. Its purpose is to
remove spatial gradients from the image before ngtoction and to add them back in Brightness
Temperatures instead of Frequencies to avoid conédion from the Gibbs ripples.

There shall be two methods for doing this. Thet finse will remove only the Earth-Sky gradient, by
computing a constant Earth value for all pixelsthe unit circle that correspond to the Earth. The
second method will go further and remove also thed-Sea contour by using a constant Sea or a Sea
model for Sea pixels and estimate a constant Landand pixels.

In the end, the visibilities are computed, as foe bther sources, taking into account the system
response function:

V& (uv) = G(u ux,h) T (e ) 3

The equation used to estimate the constant Eartband Brightness Temperature is given by the
following expression, as described in [RD.11], sticét the mean brightness temperature value of the
scene to be imaged is zero:

Pq _ pq
TA VSky# Sea Sun Moen Sunghint Bacp’o)

Vizna (0.0)

P —
TLand -

Where V2, = G(u, vx,h) T2, «(x.,/) are the visibilities that would be measured coersig) the

Earth or Land areas in the unit circle as a unifeoarce with BT=1Kelvin and the teri®™ is the
antenna temperature at a given polarisation, wiidchhorizontal and vertical polarisation can be
computed from the instrument output (NIR) and farss-polarisation contribution it is computed from
the self-correlations between LICEF_NIR in H angdfts.
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As can be immediately observed, the only differeincthe two methods lies in which area of the unit
circle is going to be used for the constant BrigsmTemperature estimation. For the first methwoel, t
whole Earth is considered to be estimate and ndB&gatness Temperature will be computed. For the
second method, only the Land part will be usedhe &stimation, assuming that the Brightness
Temperature distribution of the Sea part is corisiaknown through the model.

)&&&& 9 " $ ¢

The Brightness Temperatures over Sea are compateddng to:

q
T =|1-G,(SST, SS SS§0.2 = — \
.(9)=(1-G.( 9)) S50

T,(g)=(1-G,(SST SS%)) SSM.2 1+%)
Where:

SST - is the Sea Surface Temperature, assumedlte’Ge

SSS - is the Sea Surface Salinity, assumed to i35

WS —is the Wind Speed, assumed to be 4m/s;

g —is the elevation angle from pixel to S/C

The Fresnel reflections coefficients model thatleesn used is the Klein&Swift '77 for sea water.

)&&&& ;

This algorithm will both compute and correct théeef of the Sun/Moon point sources in the Lla
Calibrated Visibilities.

First of all, the Sun/Moon positions in the antefmame need to be computed using the Earth Explorer
CFl libraries klI_sunandxl_moor) and the instrument attitude. Since both Sun andriMare seen from

MIRAS as point sources, their contribution will lreited to a single pixel in théx,h) domair.

After determining the body(X,h) position in the antenna frame, the Sun/Moon Brighs

Temperatures is computed. One of the three follgwapproaches can be used for determining the
Sun/Moon Temperatures:

1. Estimate from the L1A visibilities (only applicabie the Suin

2. Read from an Auxiliary Data File if measurements awailable $M_xxxx_AUX_SUNT__<ID> /
SM_xxxx_AUX_MOONT_<ID¥;

3. Use default values - 110.000K for the SUN H and &mperature; 250K for the Moon H and V
Temperatures. For HV polarisation the default valokthe temperatures are currently set to 0, and
will only be updated if a suitable default valuddand during the commissioning phase.

° Since the sun and moon are seen as point souhgesprresponding visibilities will be computed ngsithe exact
(X,/?) positions of the bodies instead of using the pfned (X,/?) square/polar grids (described in sectitmor!
Reference source not found.which may introduce important approximation esron the positions of the sources.
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Once the Brightness Temperatures of the Sun/Moer@nputed, the corresponding visibilities may be
obtained from the following equation [RD.12, Eqoatil7]:

pq — TP \/Pd
VSun/ Moon dir(u’ V) - TSuh Moan dir* \ Sun Mopn d( U \) 3

where:
T moon air - 1S the Sun/Moon temperature (estimated frombilies, read from an ADF or using
default values);

V& oo dir(u, V) - corresponds to the visibility samples (withouits) that would be measured by
the instrument corresponding to unitary point sesriocated at the positions of the direct sun/moon.

The following paragraphs explain how to computetétens T, voon ar ANV woon air(Us V).

& (" / !Tsmdir

The estimation of the Sun/Moon brightness tempegatdrom the visibilities may be performed
following the approach described in [RD.12], i.é.we consider negligible fringe-washing effects,

I =1, and similar antenna patterns, il (xk)= F, (xk), Eq.5 reduces to something similar to a

Discrete Fourier Transforth:

VO = 2Ty (Xk)' Tred, g2/ gs

o i (Xk) Z(Xk) 3

0 v =DFT (T8 (x,))

where

To (X )- T
Fn(xk)z B( k) Reca;a dS< 3
k z(x,)

is a modified Brightness Temperature used in thepdation, F, (xk) corresponds to the average of

2
the 72 existing antenna patterns measurementsigng ‘/édé corresponds to the pixel area in the

(u,v) domain (as described in [RD.13]).

Tl\sl)od (xk )0

The terms‘lésﬂ‘ﬂ] 4 can then be estimated from the visibilities asdbsed in [RD.16, Equations 1 to 4]:

9 Eq.12 is not the exact definition of a DFT but lcobe re-defined as such by using a mathematicaipukation of
the exponential term (see for instance Eq. 23 &f.JR] showing a similar Inverse DFT case).
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Tr0 = Traw _F'l(qu(u,v)- VRE%(”‘)) 3 4
Sun dir — 3 pq - “1{v7 pq
TSUH dir F (VSun dir ( u, V))

Where:

V™ (u,Vv) - corresponds to the calibrated L1a visibilities;

T2 -is a “raw” brightness temperature image;

Raw
'ITS’;?] 4 - IS the instrument’s response for a 1 K amplitpdent-source computed in the direction of
the pixel corresponding to the Sun direction;

V2 (u, v) - Receivers visibilities, as describedd®M L1b v2.4 Section 3.3.1.5.

Rec

V% voon ai(Us V) - corresponds to the visibility samples (withouits) that would be measured by
the instrument corresponding to unitary point sesiocated at the positions of the direct sun;

Although not documented in [RD.16], UPC proposeddditional improvement on the sun estimation
algorithm, which allowed obtaining the results gr@ed in [RD.17]. This modification consists on the
usage of some knowledge of the scene brightnegsetature for improving the estimation in Eq. 14, by
modifying its numerator:

T pq — TRTW ()(Sun’/7 Su; -T ps(zzene Averag& F ' (V > (U, V) - VRF;?:( u \b)- Egne Average 3

Sun dir = R —
TS?J?), dir ()(Sun/7 Su) F ' (VSZ%, dir(u7 V))
Where T&L . averng 1S COMputed as the average of the raw imagdg!, - in the vicinity of the Sun

position (XSun,hSu,). After several simulations, UPC concluded thatlikst results are obtained when

T is computed as the average oveflé' 1]] pixels square, centred at the Sun position -

Scene Averag
(XSun’ h Sur) '

According to [RD.16], although it has to be confathfrom radio-astronomical measurements, one can
assume that for cross polarisatidd;, , = 0.

Implementation details:
The Inverse Fourier Transforms presented in aréem@nted using standard rectangular FFT libraries.
However, as explained previously, the FFT routicasnot be applied directly to the hexagonal
visibilities samples.

In order to apply rectangular FFTs, the visibifitieed to be re-arranged in[Bl~ N] rectangula

matrix. This visibilities re-arrangement processtailed below, is also described in [AD.12], seuti
6.35:

1. first we compute the rectanguIEaIN' N] sampling grid as explained in Eq. 4 of DEM L1b v2.4
document and Eqgs. 22a of [RD.13]:

= =

(0]
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(s Vrr) = Sk +206) 20 whereke kT [N 1)

2. then, for each visibility sampl&/(u,v), we will check which is the positiorfk,, k,)on the
sampling grid that verifies the condition:

‘(UFFT(kl'kZ) \4:FT K, i& \)‘<_

3. Finally, we add to the(kl,kz) position of a[N N] Visibilities matrix (initially padded wit
zeros), the visibility sampleé (u, v) divided by the(u, V) pair redundancy:

V(uy
FFT(kl kZ) FFT(K l&) (u' V)

where N (u, v) is the total number of visibility samples corresgimg to the frequenc(/u, V) .

-

After the application of the previous steps folareanging the visibilities, the FFT routines canuised,
It should be highlighted that th@(x,h) matrixes obtained as output of the FFT will betesgdr

according to the (X /15r) orid defined by Eq. 4 of theDPM Llb v2.4

FFT 1

1

(XFFT ’hFFT ) =

1
o gkt 2%)

It should be highlighted that the algorithm desedilin this section for the Sun BT estimation frdra t
visibilities, although could theoretically be agaliboth to the Sun and to the Moon, only perforraf w
for the Sun estimation. The conclusions reachedJBL (and implemented in SEPS) are that the

technique does not work directly for the Moon, doi¢he fact thaT,\f(?on dir << Tsrf,?] qir and TMc?on dir
is of the order of magnitude JE‘;?th, being the moon confused with the Earth backgrodinerefore
the estimate of the moon brightness temperatwsetit a fixed value of 250 K.

Finally it should be remarked that the Sun brightneemperatures estimation is only performed when
the Sun appears in the front of the instrument. Wiheppears on the back, due to the fact that the
backlobe antenna patterns are 30dB lower thandhesight, the effect of the Sun perturbation wél b

very low, which means that the corresponding bnghs temperatures can not be estimated accurately.

+ & 67 8 $ " 9 !
VS?J?V Moon dir

The termVey voon g (U V) from Eq.11 can be computed using the System respiomction. i.e.:
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Frt (x)F2® (x) 1

pg-Dt)e 127 dxdlf
W, 200 €U 3

\7$an/Moon,dirj (U) =
X+h?£1 9
However, as described in [RD.16], a singularityljpeon arises when one tries to compWtg (u, v)

when the Sun position is close to the unite cir¢he +/4* =1), that is, when the Sun is 90° away from
the boresight direction. If the Sun is considerea @oint source, this problem is overcome by cimgng
the coordinate system from tli#,/7) director cosines to the spherical one:

X =sing cos
: : 35
h=sing sinf
Eq. 16 will then become:
2pp . . .
N 1 Taadd F)FRG £ YFA £ )1, - ulzslnqcosf+v12f5|q sif +w,, cbs
0 3

sundir 7
VW 00

expe j %(Ulz sing cog+ v,, sip sint w,, Q}Dé ging d

where, for a point source Sun, we have:

T, W,
TB,Sun(Q’ f) = Mrb] (q - q Suny (f_ f Sur) 3

singy,,

According to [RD.16], when trying to account foetBun’s finite beamwidttthe integration of Eq. 18
becomes more difficult and an additional coordinaa@sformation is needed. Accounting as well for
the Cross-polar Antenna Patterns, the visibilisesesponding to the Sufvg, ) can be expressed as

follows:
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o 1 (R( F§<2+ Q( QZ)TBSun(Xh) i U12X+V12/7+W12\[1-X2- h? e—ijqu+vl—ﬁ+wlz\l1x2- hz)dth:
NI INW e LA f
sin cos., +V,,Si if ¢+ w, cas
- \\;\\é{unvy TB,Sun(qSunfSu)[R ,xFé,g"' CXCJ 'iz _ u12 qSun Sun 12 frq Sur$ Sun Sun 3
N 0
eXp(— J 20(U12 SirqSun Cogsm-'- V12 Sm Sun SmSur;'- W dbss)n
W, 1
b e Bl VW,
y _ 1 (R.R ..+ GG ) TosumlX /7) UpX V1 W 1o X2 e-izp(-uxwlwwlzdl x hz)dxdh _
Sun dir
" \/W W eiee \/1 X h? fo
—_— V%un u Slnq un Coj LII'I+V Slm Llrslrf Llﬂ+W CCS un
_\/W—VyTB,Sun(QSunfSU)[R ,yﬁ,g+ C&C,}J riZ - S S = fo S S S 3
expe | 20(U12 Sings,, CO¥g,,+ Vi, S g, SNg .+ Wy, ObSS)n
1+ J% E 2(“12+ V12)WSun
and
w _ 1 (C,.R.* R1GC) To sl /7) U XV +Wa/1- X2~ h? e»ij(ulzx+vlzv+wlle 5 hz)dxdh _
Sun dir — 2 -
" \/W W e \/1 X h? fo
_ un ; U, Sing,,, oS, + Vi, SiNg ¢, Siff ¢+ W, COS o,
_V\é—TB,Sun(qSunfSu)[C ,yR ,g+ R,yc,d b - 2 S S - f suPlll = 2 3
W w 0

exp(— J ZU(Ulz SimSun

W, 1 p
1+ jdz. = .
15 Sl v

co%g,,+ Vy, Sip g, Sing,+ W,

Sun Sun

Vi) W

Sun

where

dos ),

- RonandCy, are respectively the co- and cross-polar anteattanps at p-polarization corresponding

to the nth antenna;

- W, is the sun solid angle which &, =P bszun =£4(0.586)2;
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sin
co5;,,, 0.y and the baselines, defined
sing,,, 0 cogyg, 0 0 1z

cosqs,, O - sig,,  co$ 0 x

g
-y = 0 1 0 . -SirT,
.

Sun Sun

Sun

(X, y, 2) coordinate syster{U,,, Vi, W,) =(%,- X, V5 ¥, 2 3// become:

U, = CO0Gy, CogSuH12 + Cap Sun sfn sz~ Gin sWiz

Vip = -SlnfSunu12+C0$ suvi2 3

W, =SiNgs,, OS¢ Uy, + SIg o, SN (i, + COS Wi,

in

Implementation details: As described in Section 3.1 of tB&M L1b v2.4 the selection of a particu
(x-h indexes) in the G-Matrix system response functiorresponds to selecting a particular coll

of the matrix. However, from an implementation poof view, the termvsﬂf,, Moon dir c@nnot b
computed from the System response function dueetdailowing factors:
1. the G-Matrix function is computed for a fixedr,/7) grid while the Sun/Moon appear at pre

(Xs/m:/15 ) Positions that need to be used with accuracy (gpproximation errors need to
avoided for these point sources);
2

2. The “pixel area” used in the G-Matrix computationdxd/ = - is different from th

2
N
Sun/Moon point sources area,

3. The Obliquity Factor, which caused the singuladtgse to the unit circle, disappears from
Equations 32 to 34 of tHePM L1b v2.4due to the usage of a different coordinate system.

On the other hand, computing “manually” equatio@st® 34 of theDPM L1b v2.4 implies, from an

implementation/architecture point of view, loaditige 72 antenna patterns Auxiliary Files and
Fringe Washing Function product before computirtg\@fﬂ,, e ey LEMTL,

Therefore, in order to minimise the impact on thehaecture as well as the computational overh
the approach proposed for computik?gﬂ?v Moon dir IS based on the usage of the G-Matrix (whig

already loaded when processing the Foreign SouCaesection) and applying different correct
factors.

Recalling the System Response Function, definedqusly we have:
1 F(XmMF, x/1)~ ux+vi+wOF

o ww f,

G(U,V;X,h): e—j2p(ux+vh+wOF) de?

By particularising the X -7 indexes) for the points in the G-Matrix spatiadgeloser to the Sun/Moon

ar
umn

D

cise
be

(1)

the

the

ead,
his
on

=

positions -(XS, Maiar 1 m grid) - we get the G-Matrix columns corresponding respely to the co-polg
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and cross-polar contributions to the visibilitie§ @ point source located a(th,Mg,id,hs,Mgrid):

Gr(U, Vixg grid’hs M grid) and G, (U, i xg, grid'hS/ M grid) .

If we consider that the fringe washing function @he antenna patterns do not present high varstion
we may assume that:

Fe X maiar s maid F ;s mgiol s Mgric)'t e maiat V1 5 wgidt WOF M grid

\/WkVY ’ fo
)Fk(XS/M’hS’ M)Fj(Xs M1h$N)"‘ ) UXs, v +V/75,M+WOF5M
W, Wy ’ g

Where (g, /¢ ) and (XS,Mgrid,hs, Mgrid) correspond respectively to the exact Sun/Moontioosi
and to the spatial sample on the G-Matrix grid etds the real Sun/Moon position.

Rewriting Equations 32 and 33 of tB¥M L1b v2.4 taking into account the previous considerations,

we have:
ViL [Rp,lF{),z"' Cp,1Cp,2] [ UioXs /v +V12hS/M i le\ll' XZSI M /725/ M
Sun dir \/V\{ W 12 fo
- 1 2p\UpXs ) vt Vil sy wit Wiz B X M m . W 1 ,0 " " _
e ( )-V\énw- 1+ Jf 'E'_z(ulz"' V12) WS/M -

= (GR(U’ v’)(S/ M grid'/7 S M grid) + GC (U, V;XS/ M grid’hSl M grid)) . I:OF' Fexp . Fpixelarea

Where F,., F,, and F ... are the correction factors applied to the G-Mainxorder to obtain
\/ Pd .
VSun/ Moon dir
For :\/1- X:/Mgnd' /72 wee " factor for correcting the division by the OFtfoemed in the G-Matrix
computation;
e— jZP(U12XS/M+ Vidis it WinE X5 %y M)
F

) - factor used for correcting the Sun/Moon position

exp ; 2 2
e' IZP(U12XS/ M gridt V1d7s/ m gridt WazyE XS/ gii /1S M grid

error introduced by the exponential term in the @tfix, when approaching the Sun/Moon position

using the grid;
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W 14 %22 B () () ) W

pixelarea — 2 2

F - factor for correcting the pixel area

introduced in the G-Matrix and for adding the afaetor corresponding to the new coordinate system
and to the fact that the Sun/Moon are seen ag fitisks.

Following this approach, one can compute N_ﬁf', Moon dir SIMply using the G-Matrix and a priori
knowledge of the Sun/Moon position.

) & & && - 9 " $ (
For the Sun glint, Sun reflection over Oceans shalinodelled through several auxiliary parameters,

namely the Sun BT, the incidence and scatterecearafl each pixel with respect to the sun and some

pre-computed scattering coefficients.

The Sun Glint Effect removal is based on an alparitproposed by N. Reul from IFREMER.
According to this algorithm (see Annex of tB&®M L1b v2.4, the solar energy scattered by a given

surface impinging the antenna at the posit(m,]h) in the director cosine frame is represented by the
radiometric temperature:

1 " bsun/z 3 4
H - 0 0
TBSU”Q"”t(X’ h)_ 4p cosg . S HH (ns’ ni )+ S HV (ns' ni ) TSun (n| ’t)dVV|

1 2p bs% 3
\ — 0 0
TBSU”g"m(X’ h)_ 4pcosqg - Sw (ns’ n )+ SuH (‘]s’ nl) TSun (n| ,t)dVVl

Where:

S, SouS oS vy — are the bistatic scattering coefficients ofska surface for HH, VV, HV and
VH polarisations respectively;

n =n(q,f) — is the direction (incidence and azimuth angtésjun radiations at the earth surface
position (/) corresponding to the MIRAS coordinates /1) at time t;

n,=n,g9. ) — is the direction (incidence and azimuth angtéshe scattered Sun glint signals;
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g —is the scattering elevation angje

ban/, 0.020% — is the angular radius of the Sun as viewed fifterEarth;
TSun(ni, t) — is the brightness temperature of the Sun atdz4iG the directionn and time t.

Equations 24 and 25 can be further simplifieccbgsidering that within the solid angle subtendgd b
the Sun as seen from any of the observed terrestnigets, the local Sun direction is almost

constant:
T 0w,
TBpsqunglmt( /7 t) 4p CO<q gp @s’ rli )+ S 2q @s’ rli ) 3

whereW, . (steradian) is the solid angle intercepting the &siseen from the earth:

sun

W, =2p 1- cosb/ @8.2" 10 §r ] 3 5

In order to determine the bistatic scattering doefts the following sea surface parameters at the
targetT = (/) ,t) need to be known:

The sea surface salinity (SSS);
The sea surface temperature (SST);

The 10 meter height wind speed and direc@d)lra,j u).

As demonstrated in [RD.11], the effect of the Stni8dominant in the modelling of the Sun glintdan
using averaged values for the other variables doetroduce relevant errors. These averaged salue

are SSS = 35 [psu], SST = 15 [°AY,, :10[mls], /. = TBD. Usage of this model is considered as
the baseline for computing the Reflected Sun coution to be subtracted to the visibilities.

Previous studies show that due to the small seitgitof the computed Sun glint temperature
TP (X,h,t) to the variations of SSS, SST and wind speed arettobn, one can assume the

Bsunglint

following globally averaged mean values: SSS =@#], SST = 15 [°C]U,, :10[m/S], /.=TBD.

The approach proposed by N. Reul is to determirebibtatic scattering coefficients from Look-Up-
Tables (LUT) based on the following parameters:

Sun incidence angle ¢ [deqg];

! Since the incidence and scattering elevation anglay be different (depending on the pixe)),is computed as the

9+9

average between incident and scattered agfe:
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Relative azimuth angle between Sun and MIRAS olagienv angle -, - £, [deqg];
MIRAS observation incidence anglegs [deg];
The 10 meter height wind speed and direc@d)lra,j u).

The LUT currently being used contains informatieycforU,, =7[m/ 5.

This algorithm receives as input the Sun BrightnBssiperature computed in Section 2.3.1.1 and
the pixels corresponding to the Earth and deterspifeg the (X,/?) pixels corresponding to the

ocean the following parameters:

Sun (to pixel) incidence direction(g,f,);

Pixel to MIRAS observation angles(g.,7.);

These parameters, computed using EE CFl Pointimgrif allow to compute the three parameters
needed for retrieving the scattering coefficiers: f, - 7, g.. These three parameters are used to

interpolate the LUT and obtain the scattering dodiits for each of the pixels.

Finally applying Eq. 26T " (X,h) is computed for eac(v(,h) corresponding to the ocean and

" Bsunglint
passed to the Sun Glint BT vector. T(»eh) positions of the vector that do not corresponth&o
ocean are set to zero.

) & & &89 | ;

The Brightness Temperature distribution enteringugh the backlobes has an effect that is highly
dependent on the level of the backlobes radiatattems (which are very low). As it has been shown
during the IVT campaigns that the level of thesekbzbes pattern is very close to the noise levéh wi
which they were measured, the measurements thesssalg not very reliable.

It is then assumed that the Backlobe correctiofopmed in L1b will only be a first order correction
over the NIR baselines.

In order to compute the Backlobes visibilities anxiary Data File, which represents the average of
the 72 antennas patterns for the backlobes shalkéd. As we only compute the NIR baselines, there

are no fringe-washing effectsgq((i,j K )= 1) and the backlobes visibilities can be computedguan
equation similar to Eq.12:
2 TBpaqck(Xi,jfhi,j)

das. 3
OF(x /)

VBpa[j:k (0’ O) = ‘EBack (Xi, i ,/7”. )‘
!

Where:
TB‘;?:k (X’h) = TSpuqm Moon dir(X [ M/7 5 I\)+ T psq&( S?Q ;q-/'- T pan(%g E!l?h E)rth 3

represents the addition of the different sourcasadppear on the back of the instrument.
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In order to compute Eq. 29, the pixels correspamdinthe Earth and Sky in the back of the instrumen
are determined. For these pixelg,, and T2, are set to default values: 2.7K and 290K respelyfit

The term T}, voon o 1S ONly used if the Sun/Moon appear on the badkefinstrument (otherwise it is
set to zero). However, as described in Sectiorl2.3he Sun/Moon brightness temperatures are not
estimated when the Sun/Moon appear on the backrefidie, for the pixels corresponding to the
Sun/Moon, TS 4. shall be set to the latest estimation of the Swaivtemperatures. If no

estimation was performed previously, default valassl from Auxiliary Data Files shall be used.

7 " & ! $

In Figure 10 the DFD for the detailed Error Mitiget sub-module is shown. It consists of two smaller
independent units:

1) Removal of Flat Target Visibilitieshere the Flat Target Visibilities/sy;(u), (obtained by the
instrument while in External Target Mode) are lahdeom the FTT ADF and subtracted from
incoming Calibrated Visibilities\('j(u) = V;j(u) - Vsiy;(u)). The Flat Target Scaling FactsFactor,
is also calculated and passed on to the L1c.

2) Gibbs Calculationthis unit is responsible for estimating the LaremperatureT, ang, COrresponding
to the list of pixels that belong to the Earth @nld area in the unit circle (depending on the Gibbs
level applied). The output is then a Temperaturest®, T angtTsea With valuesT ng for the pixels
that fall on land ands.,0n the sea pixels. This unit was absent in thePLYP.5 and previous
versions The estimated Land Temperatufeang IS also passed on to the L1c processor such that
the constant land can be re-added there. Noti¢edbiatrary to what happens in the Flat Target unit
above, the Land and Sea contribution is not remdread the Calibrated Visibilities at this point,
but only at a later stage (sEmjure 3.

12 Taking into account the fact that the backlobestriloution is very small, it was preferred to ussfaiilt values for
the Earth and Sky contribution instead of computing exact Sky BT for each pixel. This allows havim better
algorithm performance without penalising in a siigaint way the precision of the Backlobes BT conagion.
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The first step in the Error Mitigation module is st a global Reference Temperature for the
Visibilities. This is especially important sinceethNIR (zero) baselines are given as absolute
temperatures, i.e. with respect to the absolute, zert all other baselines are given with respeché
receivers temperaturég.. The general form of this correction term is

DVEqM,(nir) (O) = CquRerlﬁL,(nir) (O), for the NIR
DV (U) = d, (Taer - Treo)Vsk ; (u), for the all other baselines

If no Flat Target is used, the L1PP determineslié/isibilities by multiplying a 1K vector by the-G
matrix, however, the default algorithm is to pemfiosimultaneously a Flat Target Transformation to
reduce the errors in the antenna patterns. Incése the term that sets the Reference Temperature t

Tret IS:
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DVEqM,(nir) (O) = % Tzf V,:qTT’(mr) (O), for the NIR
T, fT 3
— ef ~ ec .
DVa,, (u)=4, ﬁvgm (u), for the all other baselines

where:
Verr; (u) is the measurement of a set of FTT calibratednitses, obtained while the instrument is
pointing to the deep sky;
Tro iS the Reference Temperattite

Trec 1S the average of the physical temperature ofgbeivers for the scene being observed,;

T4 is the Brightness Temperature of the zone beingemed during the acquisition of
Ve (Ui T - Tgo);

T4.. Is the average of the physical temperature of rbeeivers during the acquisition of
Vi, (T - Tgo):

The equation above is valid for all baselines ekdepthe NIR units, which are not affected by the
Corbella term. For these NIR units, a similar s@aliactor shall be applied, but without using the,

or T, values.

It shall be remarked that this correction has tffece of changing the offset of the Brightness

Temperature scene that shall be reconstructet,}o This means, that a correction to the final BT

Fourier components is required, by simply adding #veraged term to the L1b output. As opposed to
the previous implementation of the FTT, no furtherrections are required to the Brightness
Temperature output (e.g. no adding back of FTT @KIK visibilities).

It is important to highlight that the physical teengtures of the receivers are not applicable to HV
polarisation, so the corresponding correction teraero in full polarisation mode, for all basebne

) H& (

In Figure 11 the DFD for the restructured L1c, intthg the changes induced by the L1b restructuring,
is shown. The fact that in the L1PP v1.6 the Gibtisection is now applied, for Gibbs level 2, irth
Land and Sea separately, implies that it has teeksmdded back in L1c using the same LandSea mask,
so that the borderlines coincide in the two stepsi¢val and re-addition).

'3 The choice of the Reference Temperature usedei 1P is configurable by a “Reference Temperalag. The
allowed possibilities are 0, for zero Kelvify, = 0; 1, for the average of the NIR temperatures inhepal,

Vir + Vy
Toe = 0, <V,\ﬂR> ; 2, for the average of the NIR Temperatures ith patiarisationsT . = < NIR N'R> 5 - The
default is the last option, the average in bottapsations.
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The main algorithm design decision to be takenaativer to optimise the new L1b algorithms for speed
and flexibility or for a more universal platformpport. In practice, the choice is between loadarge
amounts of data (G- and-thatrices) in the initial processing sub-unitstef . 1b Module or to load the
matrices in blocks in order not to exceed the adl system memory.

The approach followed in the current L1PP impleragon, v1.5, was to lower the memory
requirements of the machine by loading, wheneveesgary, the biggest amounts of data (i.e. the G-
matrix) in blocks. However, this involves a moreneoluted design and is therefore less flexible and
more prone to software problems and mistakes. Aisce the cross-pol terms of the dual parts df bot
the G and 3Imatrices will be discarded, the memory requiremdat the Image Reconstruction have
decreased: in Full-pol, for example, to load a cletepG-matrix "only” ~4.4GiB* are needed, instead
of the ~8GiB needed until now. Finally, since tldedl Reconstruction mode will still be available in
the new L1b, even in Full-pol, it will be possilite process any kind of data in most machines, as th
memory requirements of the Ideal Reconstructionerex@ much lower.

Due to the above, in the new L1b design the appr@mto use the smallest data structures necessary
and to load all data at the start of the processmuglule and to keep the processing routines as
straightforward and flexible as possible.

In the case of Dual-pol, for example, two matriodds of 4695128 are loaded, one for H-pol and
another for V-pol, which amounts to a total of -@iR (seeTable 3. Adding to this the size of H-matrix
(two blocks of 27914695) and the size of two Calibrated Visibilitiesctors (24695) for each

polarisation (2) and for each scene in a produc25§00) and a Temperatures vector also for each

polarisation for each scen2500 2 2791 gives a total of ~2.3GibB of memory needed (sabld 3).

For Full-pol the memory requirements rise to ~7BGio the L1PP should run comfortably still on an
8GiB dedicated machine.

G-matrix double 2 X 4695 x 1282 x 8B 1.15GiB + 6606 x 4 x 1282 x 8B
1.15GiB 4.37GiB
J+-matrix double 2 X 2791 x 4695 x 8B 200MiB + 5582 x 15996 x 8B
200MiB 881MiB
Visibilities for a half-orbit (2x) | double 2 x 2500 x 2 x 4695 x 8B 2 x 2500 x 15996 x 8B
358MiB 610MiB
Temperatures for a half-orbit | double 2500 x 2 x 1282 x 8B 2500 x 4 x 1282 x 8B
625MiB 1.22GiB
TOTAL: ~2.3GiB ~7.0GiB
$ * ( " &

" The binary storage units prefixes used here arecordmg to the IEC standard (see
http://en.wikipedia.org/wiki/Binary prefix#IEC_stdard_prefixes).
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In the L1PP, the optional behaviour is selectedu@h processing flags. In the Table 4 below the L1b
processing flags and their function are summarfsedoth Nominal (Science) and External Target
processing. The entries limwld mean that the flag is new, and was not presethieii. 1PP before v1.6:

sun_direct bool Applies direct Sun removal
moon_direct bool Applies direct Moon removal
earth_background float Temperature used for Earth removal in the backgtoun
sky background float Temperature for Sky removal in the background

(was galactic_background

sun_glint bool | Applies Sun Glint correctior (no effect)

(was sun_reflected)

backlobes bool Applies backlobes NIR contributions removal
flat_target_transformation bool Applies Flat Target Transformation
Reference Temperature int | 0. Reference Temperature set to OK
Level 1. Reference Temperature set to average of NIR Teryera
for each polarization (a different reference terapges
for each polarization)
2. Reference Temperature set to the average of the NIR
Temperatures in both polarizations (same reference
temperature for both polarizations)
use ftt reference temp | bool Sets Reference Temperature i (instead of 0)
sky_direct bool Applies Sky removal (no effect)

(was galaxy direct)
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sky direct_external

bool

(no effect) Applies Sky removal

gibbs_level®

int

0. Gibbs removal not performed.

1. Removal of constangstimated Earth (Land and Sea)
Temperature;

2. Removal ofmodelled (Fresnel), fixed Sedemperature
andconstant estimated LandTemperature;

3. Removal ofconstant, fixed Seal emperature and consta
estimated Land Temperaturenot implemented);

4. Removal of constant Sky Temperaturegasured Land

and SeaTemperaturedijture implementation).

5 Add this info to the products.

0 &
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Table 5 shows, in the third column, the breakpoames implemented in the Image Reconstruction
Module of the new L1b (in LLPP v1.6). Where apgiea the corresponding breakpoint names in the

old L1PP version (prior to v1.6) are also showradiets. The first column indicates the locatiothia
L1PP implementation where the breakpoint is talsae (the diagram dfigure 3, and the common
prefix in the breakpoints filenames.

L1a Calibrated Visibilities

visibs_< > < >txt

(was 11b_calibvis_Dual_<>_< >+< >.txt)

2556 x 2 float

[real imag ]

Baseline Weights

weights_< >.txt

4695 x 1 float

16384 x 14 float
[k1 k2 xi eta

#1380 #44 97 1

< patt99.txt () im(P)

= o Average Backlobes Antenna . re(=’) im

< = .

S 3 Patterns (was I1b_ap_amplitude_99.txt o) im(E)

'5 EI and I1b_ap_phase_99.txt) .~

= re(X™) im(F")

pd

- 3 re(X") im(x")]

v <=

< 2*16384 x 2 float
[ NIR-AB ]

G-matrix NIR rows gMatrixNIR.txt [NIR-BC]
[NIR-CA]
(alternate columns
for H and V)
Visibiities for a constant 1€ visibs1K_< >.txt 4695 x 1 float

x . .

O Xi, Eta in the Hexagon ) 16384 x 2 float

L xiEta_hexagon.txt _

u = (Dual & Full) [xi eta]

(@] o

o 2

x < i isati 1396 x 3

T = (u,v}baselln(?s dand Hpeeizziion baselines_apodisationWindow.txt )

r o Window [ uv apodWin ]

o -

2 - visibs_ftt.txt

< Flat Target Product Visibilities . 4695 x 2

(was I1b_FttVisibsRead.txt)
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temp_ftt.txt
Flat Target Product Temperaturg ( T Read.x) 1x1
was |1b_FttTempsRead.tx
L1b Calibrated Visibilities visibs_< > < >ixt 4695 x 1
) _ o ) o 16384 x 2
Xi, Eta in the Unit Circle xiEta_unitCircle.txt [xi ]
xi eta
‘t_au 5
5' Erigidlolies Enhees backlobes_tempsSpace_< > < >ixt 16384 x 1
al Temperatures
@)
2 B .
& _ Sky Brightness Temperatures i sky_tempsSpace_< S @ S0 16384 x 1
E): v the Hexagon - - -
|
3 2
7 1K Land Brightness
(ZD Temperatures in the Hexago land1K_tempsSpace_< > < >ixt 16384 x 1
o
8 Sea Brigh T [
ea Brightness Temperatures i
c the Hexagon sea_tempsSpace_< > < >.ixt 16384 x 1
o
n un . L .
T = Calibrated Visibilities with Sun,
2 = Moon and NIR backlobes visibs_< > < >.txt 4695 x 1
< = removed
°
s S Delta Temperatures tempsSpace_< > < >ixt 16384 x 1
w o
g =
< <
= Delta Visibilities visibs_< > < >ixt 4695 x 1
% = | Temperatures in Frequency spa tempsFregs_< > < >.fxt 2791 x 1
o
% § (Dual & Full) (was I11b_temp__ < > < >.txt)
o I
g = Temperatures in (xi,eta)-space
- = tempsSpacelft_< > < >.fxt
L = (IFT of tempsFreqs) ) 16384 x 1
3 (was I11b_ift__ < > < >ixt)
(Dual & Full)

% In the L1PP v1.6, for the Foreign Sources breakpoof the < > ‘land1K_tempsSpace’, ‘sea_tempsSpace’ and
‘sunGlint_temp’, the Dual-pol breakpoint name cepending to mixed scenes are given the > superscript ‘F’,

instead of the correct one, ‘H or 'V, and the Fpbl scenes are Ilabelled
I1b fs < > full < > F.txtinstead of I1b fs < > < > F.txt (the SPR 399 was raised with
this issue).
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From the Progress Meeting #1 (L1LPP Phase 4):
- MMN suggests using the following condition to prodiexternal target measurements:
o Only produce flat target data when the sun on Huk lbloesn’t fall on the sky alias

o No correction for the Sun in the back should beedom the generation of the flat target
products
0 This should impact only the planning, i.e., it ssamed that the External Target data
received by L1PP already respects the constraietgioned
- Conclusion of the discussion:
o How do we produce flat target? Pure FT or applyagections? Conclusion: don’t apply

corrections but make sure that a flat scene is (@& RMS) and only correct NIRs
backlobes; Product will contain more informatioarimecessary (which is not used).

- MMN mentions that the description of the FTT in M L1b should be detailed. In particular,
the removal of the physical temperature duringiii@ generation should be explicitly described.
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