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The purpose of this study is to detail the moseméchanges in the L1PP Reconstruction in Full-pol
mode and the present status of this reconstruotimte.

In the following sections three software problemsaintered in both the L1PP and in the SEPS-GS
and will be exposed, and the corrections appliezhich case will also be explained.

The three software problems encountered wereotlening:
1. Oscillations of Space Averaged Brightness Tempegatof Full-polscenes in Full-pol mode

(Figure 2);
2. Oscillations of Space Averaged Brightness Tempegatof Dual-pokcenes in Full-pol mode
(Figure 4);

3. Inverted bowl-shape of reconstructed Brightness pjexatures of SEPS-GS data (Figure 18): .
The first two issues will be addressed in Sectiowlille the last one will be in Section 3.

Since several updates and patches were appliedheor PP codeTable 1shows the three most
relevant L1PP code changes as far as Full-pol psing is concerned, with sub-version labels toeserv
as reference for the remainder of this document.

L1PP version Date Comment
1.3.5 19" July 2007 3.5 delivery code
135.a 24 September 2007 Patched<f= 300 K { is the antenna index) code
1.3.5.b 28 September 2007 PMS voltage usage in Full-pol correc'®

corrected T,

1.4 268" November 2007 Bugs in the conversion of Full-palilitated
Visibilities corrected.

Table 1: L1PP version notation for tracking of Fodil corrections.
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In Full-pol mode the data is acquired in the folilogvsequence of polarisations (for LICEFs in arms
ABC):

VHH HVV
HVH VVV VHV HHH
HHV VVH

1.2s 1.2s 1.2s 1.2s

For the scenes HHH or VVV the L1PP reconstructi®rsimilar to Dual-pol reconstruction. In this
document they will be callepgure-pol scenessince the Visibilities are retrieved from purély or V-
pol data, when all the LICEFs are in the same [saton.

From the sequences with arms in both polarisatiM$H+HVH+HHV or HVV+VHV+VVH) the
Calibrated Visibilities retrieved are:

1) HV-pol;

2) a single polarisation (e.g. H-pol from the sequewetH+HVH+HHV). These will be called
mixed-pol scenes

H mixed-pol H pure-pol

V pure-pol V mixed-pol
HV HV

1.2s 1.2s 1.2s 1.2s

For more details on Full-pol processing see “SMQS-Lll Polarisation Data Processing” (SO-TN-
DME-L1PP-0024).

This chapter focuses on two problems with LIPRenstruction in Full-pol mode, which were found
during the processing of IVT data:

1) the Average Space Brightness Temperatures of tte#lV/-pol scenes processed when in Full-
pol mode show periodic oscillations of period oRegqre 4);

2) the Average Space Brightness Temperatures of th@dl\scenes processed when in Full-pol
mode show periodic oscillations of period oR&(re 2).

Although at first sight these two problems seerhdwe a common origin, this was shown not to be the
case, since problem 1 has already been solvedm® VL.3.5.a (see Table 1, page 31) by correctiag th
usage of PMS voltages in Full-pol mode, and th&rat corrected the problem 2.
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The purpose of this section is to show that the prablems mentioned above are present also in
processing of SEPS-GS generated data, in addibiahd IVT data shown in Section 1.2. This has
shown that the problem is in the processing olLthieP, instead of the data itself.

The plots in this section correspond to the follagvi

# scenes  SEPS-GS Scenarig Comments
25 in H-pol 04 Reconstructed with L1PP v1.3Mthout Flat Target
25 in V-pol Transformatiomor Foreign Sources Corrections
25 in HV-pol

Figure 1 shows that the reconstruction of Full-pfM-pol data generated by SEPS-GS exhibits an
“inverted bowl shape” (see also section 3.1). Thisiore clearly visible in Figure 2, in the bottdwo
plots, which show strong oscillation of period ooflethe Space Averaged Brightness Temperatures
along scenes.

Neither Figure 1 nor Figure 2 are conclusive alibetprocessing of H- and V-pol in Full-pol mode
(problem 1), although in Figure 1 there is a cldiference between the two same-pol plots (e.g1107
and 10713 for H-pol). In Figure 2 it is also possito notice a slight oscillation in the Space Aagad
Temperatures, although it is much less pronounttaa in the IVT processing (Section 1.2).

H-pol (10711) V-pol (10712)

I 293
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scenes (H, V, HV, H, V, HV) in Full-pol mode.

Figure 1. L1PP reconstructed Brightness Temperatures (iof K)x sequential SEPSG-GS simulated
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Figure 2: Space Averaged Brightness Temperatures in thagoex(blue) and AF-FOV (cyan) of 75 SEPS-(
simulated scenes in Full-pol, reconstructed witPPv1.3.5.
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In this section the two oscillation problems ardHar illustrated and analysed.

The plots in this section correspond to the follogvi

# scenes IVT test Comments

Reconstruction with L1PP v1.3.5 (uncorrected) and

H-pol: 344 Polcheck at 0°, Probe O
without Flat Target Transformation

V-pol: 343 14" May 2007

HV-pol: 262
Xband file: 2007-05-14T11-50-29 PFM_IVT_[1].XBAND

From the the reconstruction of IVT data below carsben very clearly that there is an inconsistamcy
the single-pol data obtained in Full-pol mode. Ngm&om Figure 3 it is clear that the problem of
oscillations in single-pol when in Full-pol modeean the mixed-pol baselines, since the Brightness
Temperature values of the pure scene are consigentre plot) with the ones obtained in dual-pol
mode (left plot), whereas the mixed-pol scene {riglot) shows an overall decrease in Brightness

Temperature values of about 25%.

H-pol dual (11564370 ) H-pol pure (11564566 ) H-pol mixed (11564566 )

xxxxx

Figure 3: Reconstructed Brightness Temperatures (in Khiefet IVT scenes in H-pol processed with L1P
v1.3.5 (uncorrected). The one on the left is takbite in Dual-pol mode, while the other two are sewtial
scenes taken in Full-pol mode. The central sceagisre-pol scene and the one on the right is adnpol
scene. Notice that the pure-pol scene has a sitaitgperature range to the Dual-pol scene, whilertixed-pol
scene seems to be scaled to about 75% of the o8eesalso Figure 4.

3 $1# $81 184)3 1: 8 #: 4 0 ##

#1380 #44 97 1



deim s BN ST T

ENGENHARIA/ software

From the plots of the Space Average each swensusscene number in Figure 4, it can be further
confirmed that in Full-pol mode (last 260 scend®re is difference in scale between alternating
reconstructed images, weather in single-pol (esfigcti-pol) or Full-pol modes.
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Figure 4: Space Averaged Temperatures of all scenes imecitcat 0°, Probe 0. Processed with L1PP v1.3.5. In
the single-pol (H- and V-pol, top plots) there awe steps which correspond to Dual-pol mode (watiut
scene 90) and which show no oscillations, andeh&ining scenes, which show the oscillation, af@ual-pol
mode. Although in the V-pol plot the oscillation® aery small, zooming in shows that they are @t faesent
when in Full-pol mode.
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From the comparisons of Figure 5 there is a ndbleedifference already at the level of Calibrated
Visibilities between the mixed-pol data and botle thure-pol and Dual-pol data. This strongly
suggested that the problem was before the Recatistiumodule in the L1PP.

abs( Pure_H_ssec0_00200 ) - DUAL

20 40 60
abs( vis_Pure_H_ssec0_00200) - PURE

Figure 5: Absolute value (left) and arguments (right) c# Wisibilities (in K) of three IVT scenes in H-pa:
scene in Dual-pol mode (top) and two sequentiatiesén Full-pol mode, one pure-pol (centre) androned
pol (bottom). Processed with L1PP v1.3.5 (uncoeg)ct
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The source of the oscillations was further isoldbdydcomparing the System Temperatures between
mixed- and pure-pol scenes (Figure 6), since thesea strong difference between both in either M or

polarisation.
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Figure 6: System Temperatures of four IVT scendauifrpol mode, processed with L1PP v1.3.5 (unauied).
The two top figures show comparisons between mmd-mixed-pol scenes in H-pol (left) and V-pol ity
The same data is plotted in the remaining foursplotit organised in matrix form ag; M Teysi Teysi
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In order to find the role of the having incorregts&m Temperatures in the mixed-pol scenes, these
were hardcoded in the L1PP at 300K (version 1.B.25@d a new reconstruction of the same IVT data

was performed.

As can be seen in Figure 7 by comparing the mi@d-gconstructed Temperatures (right plot) with
both the mixed-pol (centre) and dual-pol image#)(leorrecting the System Temperatures brings the
Temperature scales very close to each other.

H-pol dual (11564370 H-pol pure (11564566 ) H-puxed (11564566 )

Figure 7: Reconstructed Temperatures using L1P®54, with hardcodedsk = 300K (compare with Figure
3).

However, as Figure 8 shows, and was mentioned defartificially) fixing the System Temperatures
does not fix the oscillations in the Space Averagedperatures in Full-pol, although it does fix the

ones in Dual-pol.
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Figure 8: Space Averaged Brightness TemperatureseBsed with L1PP v1.3.5.a(T= 300K).
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Figure 9: Absolute value (left) and arguments @igt the Visibilities (in K) of three IVT scenes H-pol: a
scene in Dual-pol mode (top) and two sequentiatiesén Full-pol mode, one pure-pol (centre) androned
pol (bottom). Processed with L1PP v1.3.5.a, witkt&y Temperatures forced to 300K (compare withrieig.
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From the analysis above, and following the disamsduring ESA and CASA’s collocation at Deimos
in Lisbon on the week of the %o the 28 of October of 2007, it was noticed the 0.4s swirel that

the instrument is in a determined polarisationestatg. HVV) when in Full-pol mode, are not long
enough for the PMS Voltages to stabilise, and theteéBn Temperatures calculated from these PMS
Voltages are therefore incorrect. The decisionriakad implemented in L1PP v1.3.5.b was therefore to
use as the PMS Voltages for a mixed-pol scenernvqus value obtained in the same polarisation but
in Dual-pol. For example, in the following sequence

#1380 #44 97 1 3 $1# $81 184)3 1: 8 #: 4 0 ##
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VHH HVV
HHH HVH VVV VHV
HHV VVH
1.2s 1.2s 1.2s 1.2s

the PMS Voltages for the first scene in Dual-pabél-are used for the mixed-pol scene extracted from
the second VHH+HVH+HHV sequence, and similarly #adues for the third scene in Dual-pol V-pol
are used also for the mixed-pol scene extracted thee fourth HVV+VHV+VVH sequence. The results
of the reprocessing of the IVT data with the L1RA3\5.b inFigure 10show that this does eliminate the
oscillations in single-pol Space Average Tempeestualthough not the oscillations in full-pol. From
the results of the previous Section 2.4, whereSygtem Temperatures were forced to a constant,value
this was to be expected.
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Figure 10: Space Averaged Temperatures processiked ¥#P v1.3.5.b (with corrected PMS Voltages ukag
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The correction applied in v1.3.5.b is qualitativegnfirmed also on the level of Calibrated Visiips from
Figure 11, where it is clear that the Visibilities comin@in a mixed-pol scene now match both the ones coming
from a Dual-pol scene and the ones coming fromra-paol scene.

Figure 11 Absolute value (left) and arguments (right) o Wisibilities (in K) of three IVT scenes in H-pa:
scene in Dual-pol mode (top) and two sequentiaiesén Full-pol mode, one pure-pol (centre) androned
pol (bottom). Processed with L1PP v1.3.5.b, withrected System Temperatures (compare with Figunenbre
no correction was applied, and also with Figure 9).

In order to find the origin of the oscillations Full-pol, the following two figures show the Caldted
Visibilities sent as input to the L1b processingdule in the L1PP, both in HVV+VHV+VVH (Figure
12) and in HVV+HVH+HHV mode (Figure 13). Each sétCGalibrated Visibilities is sent to the L1b
module as three 72x72 matrices. The polarisatioreawfh entry in these matrices depends on the
polarisation of the two arms it refers to, i.e. thev and columns in the matrices. In the figure®we

the colour scales are chosen to show the detaitheofFull-pol Calibrated Visibilities. The entries

#1380 #44 97 1 3 $1# $81 184)3 1: 8 #: 4 0 ##
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corresponding to single-pol values show up eitlesaturated values (red) or as very small values
(blue) in these plots.

Figure 12 Absolute value (top) and arguments (bottom) df paol Calibrated Visibilities for the three
subintervals (left to right) of the (HVV+VHV+VVH)exjuence of polarisations for arms ABC. IVT data
processed with L1PP v1.3.5.b (with corrected PMi&ages' usage).
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Figure 13 Absolute value (top) and arguments (bottom) df paol Calibrated Visibilities for the three
subintervals (left to right) of the (VHH+HVH+HHV)eguence of polarisations for arms ABC. IVT data
processed with L1PP v1.3.5.b (with corrected PMi&ages' usage).

In the L1b processing module of the L1PP the Vigies in Full-pol mode are extracted from the 72x7
matrices shown above and organised as a 3303 véster “SMOS L1 Full Polarisation Data
Processing” (SO-TN-DME-L1PP-0024) for details). Therganized Visibilities extracted from the two
figures above are shown frigure 14 Since both sets of Visibilities correspond to iamobserved
scenes (Figure 12 and Figure 13 correspond to s&gLEull-pol scenes, separated by 2.4 seconks), t
differences in Visibilities should be small. Thestrue for the majority of values Figure 14(points in
red), but it is visible that the reordering of somadues was not being correctly applied.
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Figure 14: Comparison between Full-pol 3303 HV Calibratedibilities obtained in HVV+VHV+VVH mode
(cyan) and in VHH+HVH+VHH mode (cyan), and diffecenbetween both (red), processed with L1PP v1.3
Real (left) and imaginary parts (right).

5.b
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After correcting the reordering of Visibilities the L1PP (v1.3.5.c) the IVT data was reprocessbd.

Figure 15 now shows that the Full-pol Visibilities comingoim either HVV+VHV+VVH or
VHH+HVH+HHYV modes are in fact similar, and theiffdrence is small.

T

Figure 15 Comparison between Full-pol 3303 HV Calibratedibilities obtained in HVV+VHV+VVH mode
(cyan) and in VHH+HVH+VHH mode (cyan), and diffecenbetween both (red), processed with L1PP v1,3.
with corrected reordering of Visibilities. Realfffeand imaginary parts (right). Compare with Figu4.

b.C

As shown inFigure 16 the incorrect reordering of the Visibilities ihet L1b was the cause of the
oscillations in the Full-pol Space Averaged Tempess, since by using the correct reordering of
Visibilities in L1PP v1.3.5.c the oscillations vahialso in the Full-pol Reconstructed Temperatures.
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Figure 16. Space Averaged Temperatures processed with LIE5w. Only real (left) and imaginary (right)
parts of HV-pol values are shown, Compare with FédLO0.
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In this chapter the inconsistency between L1PRenstruction and SEPS-GS’ simulation is analysed.

Figure 17 is a plot of the Brightness Temperatussd as input to SEPS-GS in Full-pol mode. From
this Temperature map a set of Level O counts iggaed by SEPS-GS which is then used as input to

the L1PP.

Figure 17: Input Brightness Temperatures for SEPS-GS inpalll real part. Imaginary part is zero.

Figure 18 shows the reconstruction by L1PP v1.BSEPS-GS generated data, at the time of the L1PP
3.5 delivery. There was an obvious inconsistencyween the SEPS-GS simulation and the
reconstruction by L1PP, since there is a very puoced “inverted bowl shape”, and a very different
temperature scale and range between Figure 17igateFA.8.
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Figure 18 Real (left) and imaginary (right) parts of reconsted HV-pol Brightness Temperatures.
Reconstruction by L1PP v1.3.5 of SEPS-GS simuldédd.

After analysis of the simulation algorithm in SEBS-during the collocation period between DEIMOS
and ESA, it was noticed that the NIR-NIR correlaiavere not being simulated properly by SEPS-GS,
in particular, the FWF at the origin for those spedaselines was being set to wrong values, as th
correlations in noise injection were set to zeradbjault. After the appropriate correction was aupl

to SEPS-GS the following reconstruction was obthifiégure 19):
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Figure 19: Reconstruction by L1PP of SEPS-GS géeé@ata after correction in SEPS-GS.

Although it is obvious that further analysis shoulé performel in particular in order to
understand why there is non-zero imaginary?péts last figure shows that the major problems in
the Full-pol reconstruction of SEPS-GS generatéd dee now corrected.

! For a more detailed and quantitative comparathaysis see “SMOS L1 Prototype 1.4.0 System ValitaReport”,
version 1.0 (SO-TR-DME-L1PP-0139).

2 This may be due to leakage from the single-polmmments, since the tests here were performed wittross-polar
components in L1PP, whereas SEPS-GS does usetéhnesein the simulation.
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