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The purpose of this study is to detail the most recent changes in the L1PP Reconstruction in Full-pol 
mode and the present status of this reconstruction mode. 

In the following sections three software problems encountered in both the L1PP and in the SEPS-GS 
and will be exposed, and the corrections applied in each case will also be explained. 

 The three software problems encountered were the following: 

1. Oscillations of Space Averaged Brightness Temperatures of Full-pol scenes in Full-pol mode 
(Figure 2); 

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

3. Inverted bowl-shape of reconstructed Brightness Temperatures of SEPS-GS data (Figure 18): . 

The first two issues will be addressed in Section 2, while the last one will be in Section 3. 

Since several updates and patches were applied on the L1PP code, Table 1 shows the three most 
relevant L1PP code changes as far as Full-pol processing is concerned, with sub-version labels to serve 
as reference for the remainder of this document. 

 

L1PP version Date Comment 

1.3.5 19th July 2007 3.5 delivery code 

1.3.5.a 24th September 2007 Patched Tsys,j = 300 K (j is the antenna index) code 

1.3.5.b 26th September 2007 PMS voltage usage in Full-pol corrected ®  
corrected Tsys 

1.4 26th November 2007 Bugs in the conversion of Full-pol Calibrated 
Visibilities corrected. 

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

... 

VHH 

HVH 

HHV 

VVV 

HVV 

VHV 

VVH 

HHH ... 

... 1.2s 1.2s 1.2s 1.2s ... 

For the scenes HHH or VVV the L1PP reconstruction is similar to Dual-pol reconstruction. In this 
document they will be called pure-pol scenes, since the Visibilities are retrieved from purely H- or V-
pol data, when all the LICEFs are in the same polarisation. 

From the sequences with arms in both polarisations (VHH+HVH+HHV or HVV+VHV+VVH) the 
Calibrated Visibilities retrieved are: 

1) HV-pol; 

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

 

... 

H mixed-pol 

V pure-pol 

HV 

H pure-pol 

V mixed-pol 

HV 

... 

... 1.2s 1.2s 1.2s 1.2s ... 

For more details on Full-pol processing see “SMOS L1 Full Polarisation Data Processing” (SO-TN-
DME-L1PP-0024). 

 

This chapter focuses on two problems with L1PP's reconstruction in Full-pol mode, which were found 
during the processing of IVT data: 

1) the Average Space Brightness Temperatures of the H- and V-pol scenes processed when in Full-
pol mode show periodic oscillations of period one (Figure 4); 

2) the Average Space Brightness Temperatures of the HV-pol scenes processed when in Full-pol 
mode show periodic oscillations of period one (Figure 2). 

Although at first sight these two problems seem to have a common origin, this was shown not to be the 
case, since problem 1 has already been solved in L1PP v1.3.5.a (see Table 1, page 31) by correcting the 
usage of PMS voltages in Full-pol mode, and this has not corrected the problem 2. 
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The purpose of this section is to show that the two problems mentioned above are present also in 
processing of SEPS-GS generated data, in addition to the IVT data shown in Section 1.2. This has 
shown that the problem is in the processing of the L1PP, instead of the data itself. 

The plots in this section correspond to the following: 

 

# scenes SEPS-GS Scenario Comments 

25 in H-pol 

25 in V-pol 

25 in HV-pol 

04 Reconstructed with L1PP v1.3.5 without  Flat Target 
Transformation nor Foreign Sources Corrections 

 

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

Neither Figure 1 nor Figure 2 are conclusive about the processing of H- and V-pol in Full-pol mode 
(problem 1), although in Figure 1 there is a clear difference between the two same-pol plots (e.g. 10711 
and 10713 for H-pol). In Figure 2 it is also possible to notice a slight oscillation in the Space Averaged 
Temperatures, although it is much less pronounced than in the IVT processing (Section 1.2). 

 

H-pol (10711) V-pol (10712) 
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HV-pol, real (10712F) HV-pol, imag (10712F) 

  

H-pol (10713) V-pol (10714) 

  

HV-pol, real (10714F) HV-pol, imag (10714F) 

  

Figure 1: L1PP reconstructed Brightness Temperatures (in K) of six sequential SEPSG-GS simulated 
scenes (H, V, HV, H, V, HV) in Full-pol mode. 
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H-pol (25 scenes) V-pol (25 scenes) 

  

HV-pol, real (25 scenes) HV-pol, imag (25 scenes) 

  

Figure 2: Space Averaged Brightness Temperatures in the hexagon (blue) and AF-FOV (cyan) of 75 SEPS-GS 
simulated scenes in Full-pol, reconstructed with L1PP v1.3.5. 
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In this section the two oscillation problems are further illustrated and analysed. 

The plots in this section correspond to the following: 

 

# scenes IVT test Comments 

H-pol: 344 

V-pol: 343 

HV-pol: 262 

Polcheck at 0º, Probe O 

14th May 2007 

Reconstruction with L1PP v1.3.5 (uncorrected) and 
without Flat Target Transformation 

Xband file: 2007-05-14T11-50-29_PFM_IVT_[1].XBAND 

 

From the the reconstruction of IVT data below can be seen very clearly that there is an inconsistency in 
the single-pol data obtained in Full-pol mode. Namely, from Figure 3 it is clear that the problem of 
oscillations in single-pol when in Full-pol mode are in the mixed-pol baselines, since the Brightness 
Temperature values of the pure scene are consistent (centre plot) with the ones obtained in dual-pol 
mode (left plot), whereas the mixed-pol scene (right plot) shows an overall decrease in Brightness 
Temperature values of about 25%. 

 

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

   

Figure 3: Reconstructed Brightness Temperatures (in K) of three IVT scenes in H-pol processed with L1PP 
v1.3.5 (uncorrected). The one on the left is taken while in Dual-pol mode, while the other two are sequential 
scenes taken in Full-pol mode. The central scene is a pure-pol scene and the one on the right is a mixed-pol 

scene. Notice that the pure-pol scene has a similar temperature range to the Dual-pol scene, while the mixed-pol 
scene seems to be scaled to about 75% of the others. See also Figure 4. 
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From the plots of the Space Average each scene versus scene number in Figure 4, it can be further 
confirmed that in Full-pol mode (last 260 scenes) there is difference in scale between alternating 
reconstructed images, weather in single-pol (especially H-pol) or Full-pol modes. 

 

H-pol V-pol 

  

HV-pol real HV-pol imag 

  

Figure 4: Space Averaged Temperatures of all scenes in Polcheck at 0º, Probe 0. Processed with L1PP v1.3.5. In 
the single-pol (H- and V-pol, top plots) there are two steps which correspond to Dual-pol mode (until about 

scene 90) and which show no oscillations, and the remaining scenes, which show the oscillation, are in Dual-pol 
mode. Although in the V-pol plot the oscillations are very small, zooming in shows that they are in fact present 

when in Full-pol mode. 
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From the comparisons of Figure 5 there is a noticeable difference already at the level of Calibrated 
Visibilities between the mixed-pol data and both the pure-pol and Dual-pol data. This strongly 
suggested that the problem was before the Reconstruction module in the L1PP. 

 

 

Figure 5: Absolute value (left) and arguments (right) of the Visibilities (in K) of three IVT scenes in H-pol: a 
scene in Dual-pol mode (top) and two sequential scenes in Full-pol mode, one pure-pol (centre) and one mixed 

pol (bottom). Processed with L1PP v1.3.5 (uncorrected). 
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The source of the oscillations was further isolated by comparing the System Temperatures between 
mixed- and pure-pol scenes (Figure 6), since there was a strong difference between both in either H or V 
polarisation. 

 

H-pol pure (black) and V-pol mixed (red) V-pol pure (black) and H-pol mixed (red) 
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Figure 6: System Temperatures of four IVT scenes in Full-pol mode, processed with L1PP v1.3.5 (uncorrected). 
The two top figures show comparisons between pure- and mixed-pol scenes in H-pol (left) and V-pol (right). 

The same data is plotted in the remaining four plots, but organised in matrix form as Mij = Tsys,i Tsys,i 
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In order to find the role of the having incorrect System Temperatures in the mixed-pol scenes, these 
were hardcoded in the L1PP at 300K (version 1.3.5.a), and a new reconstruction of the same IVT data 
was performed. 

As can be seen in Figure 7 by comparing the mixed-pol reconstructed Temperatures (right plot) with 
both the mixed-pol (centre) and dual-pol images (left), correcting the System Temperatures brings the 
Temperature scales very close to each other.  

 

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

   

Figure 7: Reconstructed Temperatures using L1PP v1.3.5.a, with hardcoded Tsys = 300K (compare with Figure 
3). 

 

However, as Figure 8 shows, and was mentioned before, (artificially) fixing the System Temperatures 
does not fix the oscillations in the Space Averaged Temperatures in Full-pol, although it does fix the 
ones in Dual-pol. 
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H-pol V-pol 

  

HV-pol real HV-pol real 

  

Figure 8: Space Averaged Brightness Temperatures. Processed with L1PP v1.3.5.a (Tsys = 300K). 
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Figure 9: Absolute value (left) and arguments (right) of the Visibilities (in K) of three IVT scenes in H-pol: a 
scene in Dual-pol mode (top) and two sequential scenes in Full-pol mode, one pure-pol (centre) and one mixed 

pol (bottom). Processed with L1PP v1.3.5.a, with System Temperatures forced to 300K (compare with Figure 5). 
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From the analysis above, and following the discussions during ESA and CASA’s collocation at Deimos 
in Lisbon on the week of the 22nd to the 26th of October of 2007, it was noticed the 0.4s subinterval that 
the instrument is in a determined polarisation state (e.g. HVV) when in Full-pol mode, are not long 
enough for the PMS Voltages to stabilise, and the System Temperatures calculated from these PMS 
Voltages are therefore incorrect. The decision taken and implemented in L1PP v1.3.5.b was therefore to 
use as the PMS Voltages for a mixed-pol scene the previous value obtained in the same polarisation but 
in Dual-pol. For example, in the following sequence 



�

�� �� �� �� �� �� �� �� 		 		 �� �� ��
�� �� �� 

 �� 

 �� �� �� �� 

 �� �� �� �� �� �� �� �� �� ��

�� 

 �� �� �� �

;�1
� � *� �� �6 ��� ��%% ��,� �
���
� * � !/<� � <�� �
�##8
� *� ��� �
%�	
� * � ����7�!� �

 

�

���#�1�380
����#�4
�4

�9��7����������	
���
�����1� 3������$
�1�#�
�$8�
1��
�184)�3��
1�:����8����#�:
� ��
��4

0�##�����

�

�

 

... HHH 

VHH 

HVH 

HHV 

VVV 

HVV 

VHV 

VVH 

... 

... 1.2s 1.2s 1.2s 1.2s ... 

the PMS Voltages for the first scene in Dual-pol H-pol are used for the mixed-pol scene extracted from 
the second VHH+HVH+HHV sequence, and similarly the values for the third scene in Dual-pol V-pol 
are used also for the mixed-pol scene extracted from the fourth HVV+VHV+VVH sequence. The results 
of the reprocessing of the IVT data with the L1PP v1.3.5.b in Figure 10 show that this does eliminate the 
oscillations in single-pol Space Average Temperatures, although not the oscillations in full-pol. From 
the results of the previous Section 2.4, where the System Temperatures were forced to a constant value, 
this was to be expected.
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H-pol V-pol 

  

HV-pol real HV-pol imag 

  

Figure 10: Space Averaged Temperatures processed with L1PP v1.3.5.b (with corrected PMS Voltages usage). 
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The correction applied in v1.3.5.b is qualitatively confirmed also on the level of Calibrated Visibilities from 
Figure 11, where it is clear that the Visibilities coming from a mixed-pol scene now match both the ones coming 
from a Dual-pol scene and the ones coming from a pure-pol scene. 

 

 

Figure 11: Absolute value (left) and arguments (right) of the Visibilities (in K) of three IVT scenes in H-pol: a 
scene in Dual-pol mode (top) and two sequential scenes in Full-pol mode, one pure-pol (centre) and one mixed 

pol (bottom). Processed with L1PP v1.3.5.b, with corrected System Temperatures (compare with Figure 5, where 
no correction was applied, and also with Figure 9). 
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In order to find the origin of the oscillations in Full-pol, the following two figures show the Calibrated 
Visibilities sent as input to the L1b processing module in the L1PP, both in HVV+VHV+VVH (Figure 
12) and in HVV+HVH+HHV mode (Figure 13). Each set of Calibrated Visibilities is sent to the L1b 
module as three 72x72 matrices. The polarisation of each entry in these matrices depends on the 
polarisation of the two arms it refers to, i.e. the row and columns in the matrices. In the figures below, 
the colour scales are chosen to show the details of the Full-pol Calibrated Visibilities. The entries 
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corresponding to single-pol values show up either as saturated values (red) or as very small values 
(blue) in these plots. 

 

 

Figure 12: Absolute value (top) and arguments (bottom) of Full pol Calibrated Visibilities for the three 
subintervals (left to right) of the (HVV+VHV+VVH) sequence of polarisations for arms ABC. IVT data 

processed with L1PP v1.3.5.b (with corrected PMS voltages' usage). 
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Figure 13: Absolute value (top) and arguments (bottom) of Full pol Calibrated Visibilities for the three 
subintervals (left to right) of the (VHH+HVH+HHV) sequence of polarisations for arms ABC. IVT data 

processed with L1PP v1.3.5.b (with corrected PMS voltages' usage). 

In the L1b processing module of the L1PP the Visibilities in Full-pol mode are extracted from the 72x72 
matrices shown above and organised as a 3303 vector (see “SMOS L1 Full Polarisation Data 
Processing” (SO-TN-DME-L1PP-0024) for details). The reorganized Visibilities extracted from the two 
figures above are shown in Figure 14. Since both sets of Visibilities correspond to similar observed 
scenes (Figure 12 and Figure 13 correspond to sequential Full-pol scenes, separated by 2.4 seconds), the 
differences in Visibilities should be small. This is true for the majority of values in Figure 14 (points in 
red), but it is visible that the reordering of some values was not being correctly applied. 
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Figure 14: Comparison between Full-pol 3303 HV Calibrated Visibilities obtained in HVV+VHV+VVH mode 
(cyan) and in VHH+HVH+VHH mode (cyan), and difference between both (red), processed with L1PP v1.3.5.b. 

Real (left) and imaginary parts (right). 
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After correcting the reordering of Visibilities in the L1PP (v1.3.5.c) the IVT data was reprocessed. The 
Figure 15 now shows that the Full-pol Visibilities coming from either HVV+VHV+VVH or 
VHH+HVH+HHV modes are in fact similar, and their difference is small. 

 

 
Figure 15: Comparison between Full-pol 3303 HV Calibrated Visibilities obtained in HVV+VHV+VVH mode 
(cyan) and in VHH+HVH+VHH mode (cyan), and difference between both (red), processed with L1PP v1.3.5.c, 

with corrected reordering of Visibilities. Real (left) and imaginary parts (right). Compare with Figure 14. 

As shown in Figure 16, the incorrect reordering of the Visibilities in the L1b was the cause of the 
oscillations in the Full-pol Space Averaged Temperatures, since by using the correct reordering of 
Visibilities in L1PP v1.3.5.c the oscillations vanish also in the Full-pol Reconstructed Temperatures. 
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Figure 16: Space Averaged Temperatures processed with L1PP v1.3.5.c. Only real (left) and imaginary (right) 

parts of HV-pol values are shown, Compare with Figure 10. 
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In this chapter the inconsistency between L1PP’s reconstruction and SEPS-GS’ simulation is analysed. 

 

Figure 17 is a plot of the Brightness Temperatures used as input to SEPS-GS in Full-pol mode. From 
this Temperature map a set of Level 0 counts is generated by SEPS-GS which is then used as input to 
the L1PP.     

 

 

Figure 17: Input Brightness Temperatures for SEPS-GS in Full-pol, real part. Imaginary part is zero.  

 

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

After analysis of the simulation algorithm in SEPS-GS during the collocation period between DEIMOS 
and ESA, it was noticed that the NIR-NIR correlations were not being simulated properly by SEPS-GS, 
in particular, the FWF at the origin for those specific baselines was being set to wrong values, as the 
correlations in noise injection were set to zero by default. After the appropriate correction was applied 
to SEPS-GS the following reconstruction was obtained (Figure 19): 

 

HV-pol, real part HV-pol, imag part 
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Figure 19: Reconstruction by L1PP of SEPS-GS generated data after correction in SEPS-GS.   

Although it is obvious that further analysis should be performed1, in particular in order to 
understand why there is non-zero imaginary part2, this last figure shows that the major problems in 
the Full-pol reconstruction of SEPS-GS generated data are now corrected.   

                                                   
1 For a more detailed and quantitative comparative analysis see “SMOS L1 Prototype 1.4.0 System Validation Report”, 
version 1.0 (SO-TR-DME-L1PP-0139).  
2 This may be due to leakage from the single-pol components, since the tests here were performed without cross-polar 
components in L1PP, whereas SEPS-GS does use these terms in the simulation.  


