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�� %%  ���� ##�� &&�� '' �� ##��&&�� ��

�� %%�� %%  �� �� �� �� �� 		 �� �� �� �� �� �� 

 �� �� �� �� ��

The purpose of this document is to report on the results of the planned tests for the Sensitivity Studies 
performed with v1.6.0 of the SMOS L1 Processor Prototype. This study deals mainly with on-ground 
measurements of the MIRAS instrument components’ and how errors in those measurements affect the 
Pixel Bias and the Scene Bias of the instrument. 

�� %%(( %%    �� �� �� �� �� �� 		 �� �� �� �� ��   �� �� �� �� �� �� �� 

 �� �� �� 		 ��

For the list of acronyms, please refer to the “Directory of Acronyms and abbreviations” [RD.1]. 

�� %%)) %%  �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

 		 ��

 

Ref. Code Title Issue 

RD.1 SO-LI-CASA-PLM-0094 Directory of Acronyms and abbreviations �

RD.2 SO-DS-DME-L1PP-0007 SMOS L1 Processor L0 to L1a Data Processing 
Model 

����

RD.3 SO-DS-DME-L1PP-0008 SMOS L1 Processor L1a to L1b Data Processing 
Model 

����

RD.4 SO-DS-DME-L1PP-0009 SMOS L1 Processor L1c Data Processing Model ����

RD.5 SO-TN-UPC-PLM-0007 Error budget map to SRD (PRS) ����

RD.6 SO-TN-UPC-PLM-0038 Error budget summary update ����

RD.7 SO-DS-DME-L1PP-0011 SMOS L1 Processor Algorithm Theoretical 
Baseline 

����

RD.8 INETI-SMOS/L1-1/2008-  TN Miras error propagation ��	�

RD.9  Adriano Camps, “Application of Interferomteric 
Radiometry to Earth Observation, Adriano” 


����

�
����
����������������������  
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 ##�� �� �� &&�� �� �� '' �� �� ��

The objective of this study is to analyze the impact produced by errors in the measurement of the on-
ground data on the performance of the instrument. These errors are the ones described in the Error 
Budget Document [RD.5] and the study will follow the series of steps presented below: 

 
�  Define three test scenarios (a flat scenario which allows to isolate each error, plus two representing 

the most frequent types of scenes observed by the instrument, mixed and sea-only) and generate the 
L0 data with SEPS-GS (Section 3) 

�  Define the observables: the Pixel Bias and Scene Bias (Section 4) 

�  Use L1PP to process the defined scenarios in standard mode (without errors), from L0 to L1c. This 
will generate the reference scenarios and the reference Pixel Bias and Scene Bias for each scenario 
type. 

�  Introduce each error from the Error Budget document in the correspondent variable and multiply its 
magnitude by a half, one and two times the tabled value. Run L1PP for each case, extracting the 
value of the Pixel Bias and Scene Bias. 

�  Use the behavior of the Scene and Pixel Bias in each case to characterize the impact of errors in 
each selected variable in the final L0 to L1c processing (Section 5). 

�  Report the conclusions from the set of scenarios used to study each of the errors introduced (Section 
6). 

(( %%�� %%  

 

 �� �� �� �� ** �� �� �� �� �� �� �� 		 �� 

 �� �� �� �� 

 �� �� �� ��

In the following sub-sections, the selected errors for this report, as well as the variables they are applied 
to, are displayed. A brief discussion on the method chosen to introduce errors is also included for each 
specific variable. 

(( %%(( %%  �� �� �� �� �� 		 �� �� �� 

 �� �� �� �� �� �� �� �� �� �� �� 

 �� �� 

 ++,, 

 ��

�� �� �� �� 

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

(( %%(( %%�� %%�� %%  �� �� �� 		 �� �� ���� --�� �� 

 �� �� �� �� �� �� �� �� �� �� �� 

 �� �� ��++�� �� ���� ��

NIR errors are introduced during calibration and in the visibilities simulation through the SEPS file 
NIR.sbs, which contains all the NIR parameters, including positioning and bias errors. This NIR file was 
up to date and the errors were kept, instead of the ones present in the Error Budget document. Only the 
NIR sensitivity values of the temperature coefficients had to be changed to the ones provided by CASA: 

 

NIR Vertical pol. Horizontal pol. 

AB 0.043 K/C 0.040 K/C 
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BC 0.086 K/C 0.066 K/C 

CA 0.007 K/C 0.007 K/C 

�
������!�"#���������$��%�$
������� 
�� �����&��"#� ����������

 

In Table 3 a summary of the NIR errors is presented: 

 

Error introduced Variable affected Error Range 

NIR sensitivity 

Antenna Temperatures 

0.086 (max) 

NIR Bias error 0.31 

NIR Gain error 1.0045 (max) 

�
������!�"#�������������
�%�

(( %%(( %%�� %%(( %%  �� �� �� �� �� �� �� �� �� �� �� �� �� �� .. �� 		 �� �� �� �� �� ��   �� �� �� �� 

 �� �� �� �� �� �� �� �� �� 		 ��

These amplitude errors are related to the uncertainty in the terms of the two-level amplitude calibration 
equations. In this sub-chapter, their introduction in SEPS-GS simulation will be described: 

 
�  Amplitude calibration residual error  – It is a systematic error applied in the visibilities simulation 

to correct the successive errors introduced during the calibration acquisitions. It’s introduced using a 
random Gaussian distribution (centered in zero and with standard deviation corresponding to the 
tabulated error). 

�  NDN Sij relative amplitude – This error represents the module of the S-Parameters measured 
relatively to the NIR path. It was erased from SEPS-GS simulation, because it will be introduced 
through the L1PP side. 

�  PMS uncertainty and linearity errors – There are three errors concerning the Power Measurement 
System (PMS). The first one is related to the finite integration time, the second comes from the low 
frequency PMS random gain fluctuation and the third one is the linearity error, which is a systematic 
error that introduces a bias in the results. They were grouped in a SEPS error variable named incrVn, 
introduced in the visibilities simulation and which is defined as an array of random values, with a 
Gaussian distribution, centered in zero and with the standard deviation defined as the square root of 
the sum of the square of the three errors. 

�  Error in the relative noise injected by CAS – This error represents the gain and bias of the NIRs 
and is introduced during calibration. 

�  Error due to mismatch at CAS-antenna reference planes – It’s an error introduced in the 
visibilities simulation and applied to the same variable as the “Amplitude calibration residual error”. 
The error magnitude was corrected to the one in the Error Budget table and a Gaussian random 
distribution is used, also centered in zero and with standard deviation corresponding to the error 
value. 
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Error introduced Variable affected Predicted Error Range (3ssss)  

Amplitude calibration 
residual error Calibrated visibilities 0.3% 

NDN Sij relative 
amplitude S parameters 0 

PMS uncertainty and 
linearity errors PMS output 0.8% 

Error in the relative noise 
injected by CAS 

Antenna Temperatures 
(calibration) 

1.0035 (max) 

0.35 K 

Mismatch at CAS-
antenna reference planes Calibrated visibilities 3.6% 

�
������!�����$���
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 �� �� �� (( �� �� �� �� �� ��
The phase errors introduced in SEPS-GS are listed below: 

 
�  In-phase residual error – It’s an error due to the AM/PM (amplitude / phase) conversion and it 

comes from the error in the magnitudes used to solve for the phase calibration coefficients. This 
error is added to the complex correlated visibilities, according to the Error Budget document. 

�  NDN Sij relative phase uncertainty – This error is related to the phase differences between the 
measured S-Parameters and the NIRs path and is introduced during calibration. It was erased from 
SEPS-GS simulation, because it will be introduced through the L1PP side. 

�  Residual quadrature error – It’s an error after self-calibration and it’s updated in the complex 
calibrated visibilities simulation, according to the Error Budget. 

�  Phase error due to mismatch at CAS-antenna reference planes – This error is measured at 
reference planes CIP, VIP and HIP. It’s introduced in the visibilities simulation according to the 
Error Budget document. 

 

 

Error introduced Variable affected Predicted Error Range (3ssss)  

In phase residual error Correlated visibilities 0.6° 

Residual quadrature error Correlated visibilities 0.075% 

Mismatch at CAS-
antenna reference planes Calibrated visibilities 0.39% 

�
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These errors are introduced in the receivers and were updated according to the Error Budget tables: 

 

Error introduced Variable affected Error 

Sampling jitter error 

Receivers 

0.03 ns 

Residual error after 1-0 
and U-noise injection 

correction 
0.05 mV 

�
������!�*�&���+����������(���������
�%�

�� �� �� �� �� ��   (( �� �� �� �� �� ,, �� �� �� �� 

 �� �� �� �� �� �� �� �� &&��   �� ��
Excluding the NIR errors, as well as the errors defined through the scenarios, all the others are 
introduced using a Gaussian distribution of random numbers centered in zero and with maximum 
deviation (3s), where sigma is the error to be introduced according to the Error Budget tables. This 
method will be the best suited to reproduce SEPS-GS errors. 
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 �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�� �� �� �� 

 ��   �� �� �� �� �� �� 

 �� (( �� �� �� �� �� ��
Most of the antenna errors are included in the antenna pattern measurements, provided by CASA. Some 
of them are introduced through L1PP, and are listed below. 

 
�  Antenna voltage pattern phase ripple – It’s a phase error applied to the antenna patterns, which 

are measured on-ground via TRFOP ports. It illustrates how accurate a measurement has to be so 
that a certain radiometric accuracy is achieved.  

�  Antenna voltage pattern amplitude ripple – It’s the amplitude error correspondent to the item 
described above. 

�  Geometric position uncertainty (x-y) – It’s an error applied to the antenna geometrical and 
mechanical positions in the x and y directions. Those antenna positions are also measured on ground 
and included in the reconstruction algorithm. 

�  Geometric position uncertainty (z) – It’s the same error as the previous one, but applied in z 
direction. 

 

 

Error Introduced Variable Affected Error Range 

Antenna voltage pattern 
phase ripple Antenna Patterns 0.99 deg 
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Antenna voltage pattern 
amplitude ripple 

2.31 % 

Geometric position 
uncertainty (x-y) 

Antenna Positions 

0.66 mm 

Geometric position 
uncertainty (z) 

1.92 mm 

�
������!�������
������������
�%�

�� �� �� �� �� ��   �� �� �� �� �� �� ��   �� �� (( �� �� �� �� �� ��

(( %%)) %%(( %%�� %%  �� �� �� �� �� �� �� �� �� �� �� �� �� .. �� 		 �� �� �� �� �� ��   �� �� �� �� 

 �� �� �� �� �� �� �� �� �� 		 ��

These amplitude errors are related to the uncertainty in the terms of the two-level amplitude calibration 
equations. In this sub-chapter, their introduction in SEPS-GS simulation will be described. 

 
�  NDN Sij relative amplitude – This error represents the module of the Sij parameters, measured 

relatively to the NIR path. It was erased from SEPS-GS simulation, because it is now introduced 
through the L1PP side. 

�  Antenna losses relative amplitude – It’s an error introduced in the antenna patterns which 
represents the antenna losses in terms of efficiency, contributors and circuitry. 

 

Error introduced Variable affected Predicted Error Range (3ssss)  

NDN Sij relative 
amplitude S parameters 0.132 dB 

Antenna losses relative 
amplitude 

Antenna Patterns 0.02 dB 
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 �� �� �� (( �� �� �� �� �� �� ��
The phase error introduced in L1PP is presented below: 

 
�  NDN Sij relative phase uncertainty – This error is related to the phase differences between the 

measured S-Parameters and the NIRs path and is introduced during calibration.  

�  Path antenna plane to antenna geometric centre – It’s an error which represents the error in the 
estimation of the relative phase and it is introduced in the antenna patterns. 

 

Error introduced Variable affected Predicted Error Range (3ssss)  

Path antenna plane to 
antenna geometric centre Antenna patterns 0.5 deg 



�

��� %
�3
##�
�
%
����94
�
�
�#������9� ��819�
&
4�
�  

 

Code  : �� ��% ��� ��%% ��!/ �

Date : 16/02/09�

Issue : 2.1�

Page : !"��7����� �

 

���#�1�380
����#�4
�4

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

0�##�����

�

NDN Sij relative phase 
uncertainty S parameters 4.23° 

�
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A flat scene scenario configuration was created to reproduce the conditions specified on the Error 
Budget document. For a more realistic perception on the impact of the errors, a sea-only scenario and a 
mixed scenario were used, once they represent the most typical configuration that the instrument will 
measure. All the scenarios are run in dual polarization mode. 

)) %%�� %%  $$�� �� 

 �� 		 �� �� �� �� ��

A reference flat scene is created for the error computation, as it was done by UPC when analyzing the 
SMOS radiometric performance for the Error Budget document. The brightness temperatures are 
constant at 150K over the Earth surface and 0K over the sky. Each simulation consists of 100 snapshots 
to improve the statistical analysis of the results and the scene image is the same in all the snapshots.  

The reconstructed image of a flat scene scenario is not flat as the reference image, and to analyze the 
impact of the errors, the reconstructed image of the error free simulation is used as the reference image, 
as well as its pixel and scene bias as reference parameters. 
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This scenario, at coordinates 45º N 223º W, is composed of an image of the Brightness Temperature of 
the Central Pacific Ocean.  It is characterized for high sea surface temperatures (because it’s near the 
Equator) and a low salinity due to the abundant equatorial precipitation throughout the year. It should be 
a homogeneous image of a sea scene.  

The sea Brightness Temperature is strongly polarized as can be seen from the temperature gradients in 
Horizontal and Vertical polarization snapshots. The resulting mean temperature is higher for Vertical 
polarization data. 
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The scenario chosen, at coordinates 38º N 9ºO, is composed of the north and centre of the Iberian 
Peninsula’s coast   and bordering it, the Atlantic Ocean. 

With an average altitude quite high (764 m), the scene presents a predominance of plateau surrounded 
by mountain ranges, which are crossed by major rivers. The west side of the Iberian Peninsula has a 
densely populated coastline although regions in the interior are sparsely inhabited. 

Another important characteristic of the mixed scene used for this study is the irregularity of the 
Portuguese coastline contours.  

It is recommended to use this image for testing the algorithms implementation, as it contains an image 
with lots of variations allowing testing of the system limitations.  
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For the set of tests presented in the following sections, a measure of Radiometric Accuracy has to be 
established. From [RD.5], a measure of the pixel differences between two reconstructed scenes is 
defined as Pixel Bias: 

 

DTaccuracy =
TB

Reconstructed(z,h) - TB
Reconstructed( )- TB

Reference(z,h) - TB
Reference( )( )2

AF- FOV
�

M AF- FOV

 
(3��
�

 

This quantity will reflect the differences in the structure of the scenes, by evaluating the temperature 
deviations pixel per pixel and removing the contribution of the total scene temperature bias. 

A measure of the total difference in temperature between two reconstructed scenes is defined in [RD.8] 
as Scene Bias: 

 

  ��
� Tbias �

TB
Reconstructed(� ,� ) � TB

Reference(� ,� )� �
AF� FOV
	

M AF� FOV

 (3����

Another studied parameter is the radiometric sensitivity, which is the standard deviation of T̂B(z,h;t1)  
as described by Eq. 3: 

 

DTsens »
T̂B(z,h;t1) - T̂B(z,h)( )2

AF- FOV
�

M AF- FOV

 
(3����

�

The L1 Processor Prototype, when processing a known 100 flat scene scenario, will produce the 
breakpoints which will be used as input to the data analysis scripts. 

The script computes the average of all snapshots and set it as the Reference Image1. The tests will then 
consist on introducing errors in the processing of the quantity that is being tested and then process the 
same known scene with the L1PP. The average image is again recomputed, set as the Reconstructed 

                                                   
1 Each pixel of the average image is, therefore, the time average of each pixel along the 100 snapshots 



�

��� %
�3
##�
�
%
����94
�
�
�#������9� ��819�
&
4�
�  

 

Code  : �� ��% ��� ��%% ��!/ �

Date : 16/02/09�

Issue : 2.1�

Page : !���7����� �

 

���#�1�380
����#�4
�4

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

0�##�����

�

Image, and compared to the Reference Image using the two Eqs. above to compute Pixel and Scene 
Bias. 

The results are then plotted against the introduced error magnitude, in order to access the impact that 
specific errors have in both structure and total temperature bias of the reconstructed scenes. 

�

�
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For the Sea-only and mixed scenarios study, the processed scenarios have only two scenes because the 
objective is to directly compare the differences between the error/no-error scenarios. The Reference 
Images are then the ones processed in standard mode (without errors) and are directly plotted by another 
script, without pixel averaging. The Reconstructed Images are defined as the result of the processing of 
the same scenario with the error added. 

This second script takes two sets of breakpoints as input (of Reference Images and of the Reconstructed 
Images) and computes the Pixel Bias and Scene Bias by directly comparing each snapshot and not their 
average. 

These results are also plotted against the error magnitude to estimate the impact of each error in the Sea-
only and Mixed scenes. 

The next figures display the 0.3 radius circle snapshot of the Sea-only and Mixed reference images: 
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The NIR sensitivity is used in NIR-A mode to compute the observed brightness temperatures and also in 
NIR-R mode, to compute the CAS noise temperature, according to the following Eq.: 

 

  

T
A,v
' = A

A,v
+ DA

A,v( )hv
+ B

A,v
+ DB

A,v( )
T

A,h
' = A

A,h
+ DA

A,h( )hh
+ B

A,h
+ DB

A,h( )
 (3����

SEPS-GS, when simulating a default error scenario (with all the errors included) applies the error in the 
bias sensitivity term (highlighted in red), through a random gaussian distribution. However, for this 
study, the error was applied as a constant offset, in order to be able to average its influence over several 
scenes.  

Its values are read from the nir.sbs file and each pair of NIRs has a different sensitivity error applied. 
Also, the error values from the NIR-R and NIR-A modes are different. The factors A and B are the gain 
and bias factors and �  is the pulse length. 

This error should only have impact in the radiometric sensitivity. 

�� �� 

 �� 

 ��   .. �� 

 �� �� �� �� �� �� 

 �� �� �� ��
In the following figures, the behavior of the Radiometric Sensitivity and Scene Bias in presence of 
different errors introduced in the Antenna Temperatures is shown, as well as the image snapshots and 
the error histograms: 
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In horizontal polarization, the impact of the error in the radiometric sensitivity is growing with the error 
introduced and it has almost a linear behavior. However, in vertical polarization, the impact of this error 
is considerably smaller and the radiometric sensitivity diminishes when increasing the error.  

In both polarizations, the experimental curve presents much lower radiometric sensitivity than the 
theoretical value presented in the error budget tables. The experimental slope is according to the 
theoretical estimations. However, in vertical polarization the slope is negative, which must be 
investigated in future tests.  

 
.�,����-���#��
�������&��"#���������$��%����������� &����������
��

 

Regarding the error budget tables, this error should have no impact in the scene bias. However, the 
experimental results show it has a linear and increasing impact on the scene bias. 
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The maximum error is 3.42% of the mean scene temperature in horizontal polarization and 3.57% in 
vertical polarization.  
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The histogram confirms the results already presented, with higher temperature deviations in vertical 
than in horizontal polarization. 

 

�� �� 

 �� �� ��   ++�� 

 �� �� �� ��%%��$$�� ��55 ��22��   �� �� �� �� �� 
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In the following plots, both Pixel Bias and Scene Bias caused by three different errors in the antenna 
temperatures are shown, as well as the image snapshots and the error histograms: 
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In both scenarios and polarizations, the value of the pixel bias increases when increasing the introduced 
error. The correspondent curve is linear (except for the mixed scene in vertical polarization) and its 
extension matches the origin of the graph. 
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As for the flat scenario, in the sea and mixed scenes, the introduction of this error shouldn’t cause any 
considerable influence in the scene bias. Once again, the response of the scene bias to increasing errors 
is linear and its extension (when the error comes close to zero) passes through the graph’s origin. 
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The maximum error is 0.10% of the mean scene temperature in horizontal polarization and 0.11% in 
vertical polarization. 
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The maximum error is 0.06% of the mean scene temperature in horizontal polarization and 0.08% in 
vertical polarization. 
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The histograms confirm the low influence of this error in the radiometric sensitivity. 
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SEPS-GS, when simulating a default error scenario (with all the errors included) applies the error in the 
NIR bias term (highlighted in red), through a random gaussian distribution. However, for this study, the 
error was applied as a constant offset, in order to be able to average its influence over several scenes. 

This error is read from the NIR-A.sbs file and its value is the same for all the NIR pairs and also in both 
polarizations. 
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All the terms in the previous Eq. were already described in the NIR sensitivity error study. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different bias 
errors introduced in the NIR and applied to the antenna temperatures is shown, as well as the image 
snapshots and the error histograms: 

 

 

 
.�,����
��!�#��
�������&��"#����
������������&����� �����
��

 

The curve representing the scene bias as a function of the introduced error is perfectly linear and the 
theoretical scene bias, presented in the error budget document (red point) is very close to the 
experimental data. The experimental sensitivity also matches the theoretical predictions for both 
polarizations. 
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The NIR bias error should have no impact on the pixel bias but, apparently, this parameter’s value 
decreases linearly when increasing the applied error. This might be due to NIR cross-channel 
contamination during the Image Reconstruction process. The G-Matrix uses values from both NIR 
channels. If a signal exists in the NIR V channel, while reconstructing a horizontal polarization scene, 
pixel errors will be introduced. 
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The maximum error is 3.41% of the mean scene temperature in horizontal polarization and 3.58% in 
vertical polarization.  
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The histogram shows that in horizontal polarization, the temperatures are in general higher than in 
vertical polarization, fact that also can be observed in Figure 19, by looking at the pixel temperatures. 
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This error seems to have almost the same impact in both sea and mixed scenarios, since the two curves 
are almost overlapped. This equal behavior of the Scene Bias in horizontal and vertical polarizations 
confirms that there is a constant error per pixel. The response of the scene bias is linear and its extension 
passes at the graph’s origin, as expected. 
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Similarly to the flat scenario and for the same reasons, the NIR bias error has a linear growing impact in 
the pixel bias and the curve extension passes through the origin of the graph. 
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The maximum error found in the pixel temperatures is 0.50% of the mean scene temperature in 
horizontal polarization and 0.45% in vertical polarization. 
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The maximum error found in the pixel temperatures is 0.35% of the mean scene temperature in 
horizontal polarization and 0.34% in vertical polarization. 
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The error histograms show a positive scene bias, which is the same for both polarizations and also for 
both scenarios. 

22%%)) %%  �� ���� �� �� ,, �� �� �� �� �� �� �� �� �� �� ��

SEPS-GS, when simulating a default error scenario (with all the errors included) applies the error in the 
NIR gain term (highlighted in red), through a random gaussian distribution. However, for this study, the 
error was applied as a constant offset, in order to be able to average its influence over several scenes. 

This error is read from the NIR-A.sbs file and its value is different for each NIR pair and also different 
in both polarizations. 
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All the terms in the previous Eq. were already described in Section 5.1. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different gain 
errors introduced in the NIR parameters and applied to the antenna temperatures is shown, as well as the 
image snapshots and the error histograms: 
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This error is also applied to the antenna temperatures and its impact in the scene bias is the same order 
of the NIR bias error. The negative scene bias increases linearly with increasing gain errors introduced. 

In this case, the experimental curve also presents values approaching the error budget table predictions. 
The sensitivity to this error is high, as well as the theoretical estimations. 
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The NIR gain error should have no impact on the pixel bias but, apparently, this parameter’s value 
increases linearly when increasing the applied error. This also might be due to NIR cross-channel 
contamination during the Image Reconstruction process. The G-Matrix uses values from both NIR 
channels. If a signal exists in the NIR V channel, while reconstructing a horizontal polarization scene, 
pixel errors will be introduced. 

 



�

��� %
�3
##�
�
%
����94
�
�
�#������9� ��819�
&
4�
�  

 

Code  : �� ��% ��� ��%% ��!/ �

Date : 16/02/09�

Issue : 2.1�

Page : <"��7����� �

 

���#�1�380
����#�4
�4

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

0�##�����

�

 
.�,���������+�
��&�������&������������/���0���
��
�  �1�����
�����
��0
������

 

The maximum error is 3.42% of the mean scene temperature in horizontal polarization and 3.50% in 
vertical polarization.  
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The histogram shows that in horizontal polarization, the temperatures are in general higher than in 
vertical polarization, fact that also can be observed in Figure 29, by looking at the pixel temperatures. 
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This error seems to have a similar impact in both sea and mixed scenarios, since the two curves have the 
same behavior. The response of the scene bias is linear and the bigger the error introduced, the more 
negative the scene bias is. When the error decreases the scene bias gets closer to zero, as expected. 
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Concerning the pixel bias, the response to the error introduced is linear and increases with increasing 
errors. Although the errors are higher in the sea scene scenario than in the mixed scene scenario, this 
difference diminish and converges to zero when the error diminishes.  
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The maximum error found in the pixel temperatures is 1.20% of the mean scene temperature in 
horizontal polarization and 0.84% in vertical polarization. 
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The maximum error found in the pixel temperatures is 0.67% of the mean scene temperature in 
horizontal polarization and 0.46% in vertical polarization. 
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Figure 35 clearly shows a negative bias in both polarizations and also bigger errors in horizontal than in 
vertical polarization.  
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The histograms for the mixed scene scenario present also a negative scene bias and higher errors in 
horizontal polarizations.  
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SEPS-GS simulates this error as a random gaussian distribution with 
  
s = Error1( )2

+ Error2( )2
 with 

errors 1 and 2 being the two amplitude errors applied to all the kj calibrated visibilities. 

However, for this study, the error was applied as a constant offset with the tabulated value, in order to 
be able to average its influence over several scenes. 

The calibrated visibilities are used to compute the complex correlations through the following Eq.. As it 
is an amplitude error, it’s only applied to the absolute value of the visibilities. 
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where ,
k jsys sysT T  are the system temperatures and � �, 0ii qi

kjr�  is the fringe washing function at the origin for 

the corresponding pair of filters indicated by the sub and the superscripts. The calibrated visibilities are 
highlighted in red. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the calibrated visibilities is shown, as well as the image snapshots and the error 
histograms: 
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This amplitude error increases the pixel bias, as expected. The fact that the response is not linear may be 
explained with the small magnitude of the introduced error. Note that calculation collateral effects can 
superpose the effective error, causing and decrement (H pol.) or increment (V pol.) in the pixel bias. 

Also, the theoretical value of this error’s impact is above the experimental results, as well as the 
experimental sensitivity obtained through a linear fit to the experimental data. This can be explained by 
the “upper limit” estimations done when studying the theoretical impact of the errors for the error 
budget document. 
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This visibility’s error should have no impact on the scene bias but, apparently, this parameter’s value 
increases almost linearly when increasing the applied error.  
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The maximum error is 3.41% of the mean scene temperature in horizontal polarization and 3.59% in 
vertical polarization.  
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The impact of this amplitude error is clearly higher in the mixed scene, where the scene temperatures 
are in average higher. Although the curves are not perfectly linear, their slope is positive and almost 
linear. 
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The behavior of the scene bias according to the different errors applied doesn’t seem to have a specific 
pattern in vertical polarization. It’s negligible due to the small magnitude of the experimental values. 
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The maximum error found in the pixel temperatures is 0.16% of the mean scene temperature in 
horizontal polarization and 0.21% in vertical polarization. 
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The maximum error found in the pixel temperatures is 0.26% of the mean scene temperature in 
horizontal polarization and 0.27% in vertical polarization. 
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Regarding the above histograms, it’s clear that the errors in vertical polarization are a little higher that in 
horizontal polarization. 
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The histograms in Figure 45 show that in horizontal polarization there are more positive errors than in 
vertical polarization, fact that also can be seen in Figure 46. 
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The introduction of this error is made through the L1PP. The S-parameters amplitude error affects 
Fringe Washing Function values at the origin and shape, the System Temperatures, the PMS calibration, 
the NIR calibration, etc.  

The errors are introduced directly to the values read from the ADF, using a Gaussian distribution. Since 
each S-Parameter path is always computed with 4 individual components’ parameters (power divider, 
cable elements (two) and noise source), it is sufficient to introduce the error in the last cable for each 
path, effectively simulating a different deviation for each. Furthermore, since the error tabulated in the 

EB document [RD.5] is a relative amplitude error, it should be divided by  2  before being applied. 

The switches errors are simulated as the paths, each switch S-Parameter having a different error value, 
coming from a Gaussian distribution. 

As an example, for the Fringe Washing Function at the origin, the error in the S-parameters is 
introduced in: 

 

  

gkj
C (t ) =

Mkj
C2(t ) v2k - voffk( )v2 j - voffj( )- M kj

C1(t ) v1k - voffk( )v1 j - voffj( )
v2k - v1k( ) v2 j - v1 j( )

S
k0

S
j 0

Sk0Sj 0
*

 (3��-�

 

where the S-parameters are highlighted in red. 
  
M

kj
C2  are the quadrature corrected correlations, measured 

with HOT noise temperature and 
  
M

kj
C1  is measured with WARM noise temperature. Also, 1kv  and 

2kv are the WARM measurements of the PMS’s output and 1 jv  and 2 jv are the same the PMS HOT 

measurements. Finally, 
 
v

offk
 and  

 
v

offj
 are the PMS offset voltages. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the S-parameters is shown, as well as the image snapshots and the error histograms: 
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This error has a linear impact in the Pixel Bias, although lower than the estimated impact, as can be seen 
comparing both experimental and theoretical sensitivities. As expected, when increasing the magnitude 
of the introduced error, it increases also the Pixel Bias of the image. It can be seen that the sensitivity to 
this error is higher in horizontal polarization. 
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Concerning the Scene Bias, this error produces a linear impact in both polarizations, although it 
shouldn’t have any effect in this quantity, according to the Error Budget documentation. 
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The maximum error is 3.65% of the mean scene temperature in horizontal polarization and 3.45% in 
vertical polarization.  
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The temperature deviations are mostly positive in horizontal polarization, and centered in zero in 
vertical polarization.  
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the S-parameters is shown, as well as the image snapshots and the error histograms: 
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The impact of this amplitude error is higher in the mixed scene, where the scene temperatures are in 
average higher. The curves slope is constant and the extension of all the four curves passes through the 
origin, as expected. 
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Figure 52 shows an almost linear relation between the Scene Bias and the error introduced, contrarily to 
the theoretical estimations, which do not predict an influence of this error in the Scene Bias. 
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The maximum error is 0.44% of the mean scene temperature in horizontal polarization and 0.56% in 
vertical polarization.  
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The maximum error is 0.52% of the mean scene temperature in horizontal polarization and 0.60% in 
vertical polarization.  
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Both histograms show a little negative bias. Also, the error values are more disperse in vertical 
polarization. 
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The errors are considerably higher in the mixed scenario, due to the higher temperature of the scenes, in 
average. Again, there is negative bias in horizontal polarization and almost no scene bias in vertical 
polarization. 
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This error is computed from MIRAS output in SEPS-GS, while in correlated noise injection mode. 
SEPS-GS simulates this error as a random Gaussian distribution with 

  
s = Error1( )2

+ Error2( )2
+ Error3( )2

 with errors 1, 2 and 3 being the three errors applied to the 

PMS. 

However, for the sensitivity studies, it’s introduced as an offset with the tabled magnitude, in order to be 
able to average its influence over several scenes. To introduce the PMS errors the following expression 
is used: 

 

  
v

k
= v

offk
+ G

k
T

sysk
+ a

k
T

sysk
2  (3����

 

where  
 
v

offk
 is the PMS offset, kG is the PMS gain, syskT �is the system temperature and ka  is the PMS 

2nd order linearity correction term. The error is applied as a percentage to the highlighted part of the 
equation. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the Power Measurement System is shown, as well as the image snapshots and the error 
histograms: 
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From Figure 57, the linear impact of this error in the Pixel Bias is clear. However, the theoretical 
estimations are considerably higher than the experimental curves and sensitivity. 
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Once again, a linear relation between the Scene Bias and the introduced error is found contradicting the 
theoretical expectations.  
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The maximum error is 3.39% of the mean scene temperature in horizontal polarization and 3.54% in 
vertical polarization.  
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Land and sea scenarios from this PMS error match the tendencies already presented. Higher Pixel Bias 
for the land scenarios, and a linear relation between the Pixel Bias and the error introduced. Also, the 
extension of the experimental line seems to pass through the graphic’s origin.   
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Figure 62 shows an almost linear relation between the Scene Bias and the error introduced, contrarily to 
the theoretical estimations, which don’t predict any effect in the Scene Bias. 
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The maximum error is 0.19% of the mean scene temperature in horizontal polarization and 0.18% in 
vertical polarization.  
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The maximum error is 0.33% of the mean scene temperature in horizontal polarization and 0.25% in 
vertical polarization.  
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Histograms show that errors are higher in land scenarios, due to the average higher temperatures. Also, 
in the sea scenario, errors are higher in vertical polarization, while in the mixed scenario the opposite 
happens.  
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This error is computed from MIRAS output in SEPS-GS, while in correlated noise injection mode. 
SEPS-GS simulates this error as a random Gaussian distribution with 

  
s = Error1( )2

+ Error2( )2
+ Error3( )2

 with errors 1, 2 and 3 being the three errors applied to the 

PMS. 

However, for the sensitivity studies, it’s introduced as an offset with the tabled magnitude, in order to be 
able to average its influence over several scenes. This PMS error is introduced in the same Eq. as the 
previous one. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the Power Measurement System is shown, as well as the image snapshots and the error 
histograms: 
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The Pixel Bias has a linear behavior, increasing for higher errors. The theoretical value for the Pixel 
Bias due to the tabled error is again considerably above the experimental values  and sensitivity in both 
polarizations. 
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A linear response is also found for the Scene Bias, contradicting the non-influence estimated by the 
error budget studies. 
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The maximum error is 3.38% of the mean scene temperature in horizontal polarization and 3.53% in 
vertical polarization. Note that this effect is visible in the next histograms. 
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Now the results in land and mixed scenarios: 
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Experimental results agree to the expected linear behavior and extension passing through the plot origin. 
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Also a linear behavior is verified for the scene bias, which was not expected to be influenced by the 
PMS errors. This is not significant due to the small magnitude of the experimental values. 
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The maximum error is 0.24% of the mean scene temperature in horizontal polarization and 0.23% in 
vertical polarization.  
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The maximum error is 0.42% of the mean scene temperature in horizontal polarization and 0.32% in 
vertical polarization.  
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Once again, errors are a bit higher in horizontal polarization, but in the mixed scenario a small negative 
bias in noticed. 
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PMS linearity error was also introduced in the PMS voltages simulation in the PMS gain factor, as 
discussed with ESA/CASA, and already described for the two previous errors.  However, in the next 
issues it should be introduced also in SEPS-GS, in the linearity term  ak , as shown in the following Eq.: 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the Power Measurement System is shown, as well as the image snapshots and the error 
histograms: 
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This error has a linear effect in the Pixel Bias and it’s slightly higher in horizontal polarization. The 
experimental results show that the sensitivity to this error is much lower than what was estimated during 
the Error Budget calculations. 
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Once again, the Scene Bias is linearly affected when this error is introduced, unlike the theoretical 
estimations.  
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The maximum error is 3.32% of the mean scene temperature in horizontal polarization and 3.44% in 
vertical polarization. 
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In the figures below, the results for sea only and mixed scenarios are presented. 
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Experimental results agree to the expected linear behavior and extension passing through the graphic’s 
origin.  
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Also a linear behavior is verified for the scene bias, which was not expected to be influenced by the 
PMS errors. 
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The maximum error is 0.65% of the mean scene temperature in horizontal polarization and 0.78% in 
vertical polarization.  
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The maximum error is 0.76% of the mean scene temperature in horizontal polarization and 0.77% in 
vertical polarization.  
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The above histograms show more than one peek once the gain function is affected, lowering the sea and 
increasing the land temperatures.  
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This error is introduced through L1PP, in the terms highlighted in the next Eq. and as a constant offset, 
directly addressing the same error to the 72 antenna patterns.  

The antenna patterns are used to calculate the G-matrix according to the following expression:  

 

�  

G(ukj ,vkj ;x,h) =
Fn,k

p x,h( )Fn, j
q* x,h( )

Wk
pWj

q

1
O.F.

%rkj -Dt( )e- i 2p f0Dtdxdh  (3��

 �

 

where the antenna patterns are highlighted in red, k̂jr�  is the fringe washing function and 
1 2j j� �  are the 

solid angles. The patterns are measured at three different frequencies: the central operation frequency 
and another two at plus and minus a B bandwidth. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the Antenna Patterns is shown, as well as the image snapshots and the error histograms: 

 

 

 
.�,����-����#��
�������&��
�����
�����������
��$��
 ������ ������������&����2�����
��

 

This error has distinct behaviors for each polarization. In horizontal polarization, the Pixel Bias 
increases when increasing the error introduced, although the experimental values and sensitivity are 
much lower than the estimated Pixel Bias. In vertical polarization, the Pixel Bias decreases when the 
error is increased.  
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The Scene Bias is linearly affected in both polarizations when this error is introduced, contrarily to the 
theoretical estimations.  
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The above snapshots show colder temperatures in horizontal than in vertical polarization. The maximum 
error is 3.44% of the mean scene temperature in horizontal polarization and 3.60% in vertical 
polarization 
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From Figure 90 it’s clear that there is a positive bias in both polarizations. Also, the vertical histogram is 
narrower, which explains the reason why the temperatures are colder in horizontal polarization. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different errors in the antenna 
patterns are shown, as well as the image snapshots and the error histograms: 
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The impact of this amplitude error is clearly higher in the mixed scene, where the scene temperatures 
are higher, in average. The curves show a perfectly linear response of the Pixel Bias to the error 
introduced.  
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Figure 92 shows a linear relation between the Scene Bias and the error introduced, which contradicts the 
theoretical estimations. 
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The maximum error is 0.51% of the mean scene temperature in horizontal polarization and 0.53% in 
vertical polarization.  
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The maximum error is 0.72% of the mean scene temperature in horizontal polarization and 0.74% in 
vertical polarization. 
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From the above histograms it’s clear that there is a positive bias in both polarizations. Also, there are 
more relevant errors in vertical polarization. 
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The errors in the mixed scenes are higher due to the higher temperatures in this scenario. There is a 
positive bias in both polarizations, although the main peek of the histograms refers to negative errors.  
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SEPS-GS, when simulating a default error scenario (with all the errors included) applies this error in the 
NIR gain and bias terms (highlighted in red) in NIR-R mode, through a random gaussian distribution. 
However, for this study, the errors were applied as a constant offset, in order to be able to average its 
influence over several scenes. 

The error is read from the NIR-R.sbs file, as a convolution of gain and bias errors. Also, the errors are 
different for the three NIRs and are also different between polarizations. The CAS noise temperatures 
are computed through the following Eq.: 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the Power Measurement System is shown, as well as the image snapshots and the error 
histograms: 
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The curve representing the Pixel Bias as a function of the introduced error is perfectly linear and the 
theoretical scene bias, presented in the error budget document (red point) is much higher than the 
experimental data, as well as the experimental sensitivity. 

 

�
.�,�����-���#��
�������&������������&�����
��$����� �����7���� ��%�8�+�����&����������
��

 



�

��� %
�3
##�
�
%
����94
�
�
�#������9� ��819�
&
4�
�  

 

Code  : �� ��% ��� ��%% ��!/ �

Date : 16/02/09�

Issue : 2.1�

Page : �"��7����� �

 

���#�1�380
����#�4
�4

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

0�##�����

�

This error should have no impact on the Scene Bias but, apparently, this parameter’s value increases 
linearly when increasing the applied error. This effect is not significant because of the small magnitude 
of the experimental values. 
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The maximum error is 3.63% of the mean scene temperature in horizontal polarization and 3.43% in 
vertical polarization.  
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The histograms show that in horizontal polarization, the scene bias is higher than in vertical 
polarization, although both histograms show a positive Scene Bias. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different errors in the antenna 
temperatures are shown, as well as the image snapshots and the error histograms: 
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The impact of this amplitude error is clearly higher in the mixed scene, where the scene temperatures 
are higher, in average. The curves show a perfectly linear response of the Pixel Bias to the error 
introduced.  
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Figure 102 shows a linear relation between the Scene Bias and the error introduced, although the scene 
bias magnitudes are very low. 
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The maximum error is 0.17% of the mean scene temperature in horizontal polarization and 0.17% in 
vertical polarization.  
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The maximum error is 0.40% of the mean scene temperature in horizontal polarization and 0.32% in 
vertical polarization. 
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From the above histograms it’s clear that there is a positive bias in horizontal polarization and almost no 
bias in vertical polarization. Also, the errors are higher in horizontal polarization. 
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Histograms from Figure 106 show two peeks, one of them coincident to the one observed on the sea-
only scenario and the other correspondent to the land pixels which present positive scene bias. 
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SEPS-GS simulates this error as a random gaussian distribution with 
  
s = Error1( )2

+ Error2( )2
 with 

errors 1 and 2 being the two amplitude errors applied to all the kj calibrated visibilities. 

However, for this study, the error was applied as a constant offset with the tabulated value, in order to 
be able to average its influence over several scenes. 

The calibrated visibilities are used to compute the complex correlations through the following Eq.. As it 
is an amplitude error, it’s only applied to the absolute value of the visibilities. 

 

�  

m
kj

=
1

T
sysk

T
sysj

Re %r
kj
ii 0( )öV

kj
�
�

�
� + j Im %r

kj
qi 0( )öV

kj
�
�

�
�( ) (3��
��

where the terms were described in section 5.4. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the Power Measurement System is shown, as well as the image snapshots and the error 
histograms: 
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This error has an almost linear impact in the Pixel Bias. As expected, when increasing the magnitude of 
the introduced error, it increases also the Pixel Bias of the image. The experimental Pixel Bias and 
sensitivity are much lower than the theoretical estimations (in red) and there are no relevant differences 
between horizontal and vertical polarizations. 
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This error should have no impact on the Scene Bias but, apparently, this parameter’s value increases 
linearly when increasing the applied error.  

 

 

 
.�,����
	����+�
��&�������&������������/���0���
��
 � �1�����
�����
��0
������

 

The maximum error is 3.86% of the mean scene temperature in horizontal polarization and 3.25% in 
vertical polarization.  
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The histograms show that in horizontal polarization, the scene bias is higher than in vertical 
polarization, although both histograms show a positive Scene Bias. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different errors in the calibrated 
visibilities are shown, as well as the image snapshots and the error histograms: 
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The impact of this amplitude error is clearly higher in the mixed scene, where the scene temperatures 
are higher, in average. The curves show a perfectly linear response of the Pixel Bias to the error 
introduced. Also, there are no significant differences in the impact of this error in both polarizations. 
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Figure 112 shows a linear relation between the Scene Bias and the error introduced in both 
polarizations, although the scene bias magnitudes are very low. 
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The maximum error is 0.96% of the mean scene temperature in horizontal polarization and 0.88% in 
vertical polarization. 
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The maximum error is 1.61% of the mean scene temperature in horizontal polarization and 1.59% in 
vertical polarization. 
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From the above histograms it’s clear that there is a positive bias in horizontal polarization and almost no 
bias in vertical polarization. Also, the errors are higher in horizontal polarization. 
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Histograms from Figure 116 shows two peeks, one of them in the same position of the one observed on 
the sea-only scenario (although it’s larger) and the other correspondent to the land pixels which present 
positive scene bias. 
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In SEPS-GS, this error is applied to all the kj quadrature-corrected correlations as a random Gaussian 

distribution with 
  
s = Error1( )2

+ Error2( )2
with errors 1 and 2 being the two errors applied to the 

quadrature corrected correlations. However, for the sensitivity studies, it’s introduced as a constant 
offset to the phase of the correlations, with the tabled magnitude, in order to be able to average its 
influence over several scenes. 

The quadrature-corrected normalized correlations are then used in the computation of the final 
calibrated visibilities, according to the following Eq.: 

 

, ,, ,

k j
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The quadrature-corrected normalized correlation is highlighted in red and , ,,
k j

H V H V
sys sysT T  are the system 

temperatures. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the correlated visibilities is shown, as well as the image snapshots and the error 
histograms: 
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This phase error increases the pixel bias almost linearly. Also, the theoretical value of this error’s impact 
on the pixel bias is above of the experimental results, which can be explained by the “upper limit” 
estimations done when studying the theoretical impact of the errors for the error budget document. 
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Figure 118 show that this phase error doesn’t have a significant impact in the Scene Bias, as expected. 
Although in horizontal polarization the Scene Bias increases when increasing the error, looking at the 
scale, it’s clear that the impact is very small. 
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The maximum error is 3.46% of the mean scene temperature in horizontal polarization and 3.15% in 
vertical polarization.  
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Figure 120  shows that the Scene Bias is higher and positive in horizontal polarization and almost null in 
vertical polarization where the wider range of the negative errors range is compensated by the bigger 
quantity of positive errors within a smaller range. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different errors in the correlated 
visibilities are shown, as well as the image snapshots and the error histograms: 
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The impact of this amplitude error is higher in the mixed scene, where the scene temperatures are 
higher, in average. The curves show an almost linear response of the Pixel Bias to the error introduced. 
Also, there are no significant differences in the impact of this error in both polarizations. 
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This phase error has almost no impact in the sea scenes and has a linear small and not important impact 
in the mixed scenes.  
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The maximum error is 0.39% of the mean scene temperature in horizontal polarization and 0.29% in 
vertical polarization. 
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The maximum error is 0.40% of the mean scene temperature in horizontal polarization and 0.42% in 
vertical polarization. 
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The above histograms are centered in zero, which confirms that this phase error has almost no impact on 
the Scene Bias for the Sea-only scenarios. 
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In the mixed scenes, the errors are higher and a small positive bias is noticed, matching what was 
observed in Figure 126. 
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The introduction of this error is made through the L1PP. The S-parameters phase error affects only the 
Fringe Washing Function values at the origin and shape.  

The errors are introduced directly to the values read from the ADF, using a Gaussian distribution. Since 
each S-Parameter path is always computed with 4 individual components’ parameters (power divider, 
cable elements (two) and noise source), it is sufficient to introduce the error in the last cable for each 
path, effectively simulating a different deviation for each.  

As an example, for the Fringe Washing Function at the origin, the error in the S-parameters is 
introduced in: 

 

  

gkj
C (t ) =

Mkj
C2(t ) v2k - voffk( )v2 j - voffj( )- M kj

C1(t ) v1k - voffk( )v1 j - voffj( )
v2k - v1k( ) v2 j - v1 j( )

S
k0

S
j 0

Sk0Sj 0
*

 (3��
��
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where the S-parameters are highlighted in red. 
  
M

kj
C2  are the quadrature corrected correlations, measured 

with HOT noise temperature and 
  
M

kj
C1  is measured with WARM noise temperature. Also, 1kv  and 2kv  

are the WARM measurements of the PMS’s output and1 jv , 2 jv are the same the PMS HOT 

measurements. Finally,  
 
v

offk
 and  

 
v

offj
 are the PMS offset voltages. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the S-parameters is shown, as well as the image snapshots and the error histograms: 
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This error increases the Pixel Bias and although the response is not perfectly linear, the sensitivity 
seems to become constant for errors up to 1 deg. Also, the theoretical estimation of this error’s impact is 
above the experimental results, which can be explained by the “upper limit” estimations done when 
studying the theoretical impact of the errors for the error budget document. 
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The impact of this error in the Scene Bias is not significant due to the small magnitude of the 
experimental values. 
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The maximum error is 3.83% of the mean scene temperature in horizontal polarization and 3.92% in 
vertical polarization 
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Figure 130 shows a positive bias in horizontal polarization and almost no Scene Bias in vertical 
polarization. Note that errors are smaller in horizontal polarization, where the histogram’s peek is 
narrower. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different errors in the S-
parameters are shown, as well as the image snapshots and the error histograms: 
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The impact of this amplitude error is higher in the mixed scene, where the scene temperatures are 
higher, in average. The curves show a perfectly linear response of the Pixel Bias to the error introduced.  
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This phase error has almost no impact in the sea scenes and has a linear impact in the mixed scenes. 
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The maximum error is 1.65% of the mean scene temperature in horizontal polarization and 3.18% in 
vertical polarization 
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The maximum error is 2.79% of the mean scene temperature in horizontal polarization and 3.34% in 
vertical polarization. 
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Figure 135 shows almost no Scene Bias in horizontal polarization and a negative bias in vertical 
polarization. Also, the error limits are higher in vertical polarization, which explains why the Pixel Bias 
is higher in vertical polarization. 
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In the above histograms both polarizations show almost no scene bias, although the error range is very 
large. As for the sea-only scenes, the error limits are slightly higher in vertical polarization, which 
explains why the Pixel Bias is higher in vertical polarization also in the mixed scenes. 

 

22%%�� 00%%  �� �� 		 �� �� �� �� �� ��66�� �� �� �� �� 

 �� �� �� �� �� �� �� �� �� ��

In SEPS-GS, this error is applied to all the kj quadrature-corrected correlations as a random Gaussian 

distribution with 
  
s = Error1( )2

+ Error2( )2
with errors 1 and 2 being the two phase errors applied to 

the quadrature corrected correlations. . However, for the sensitivity studies, it’s introduced as a constant 
offset to the phase of the correlations, with the tabled magnitude, in order to be able to average its 
influence over several scenes. 

The quadrature-corrected normalized correlations are then used in the computation of the final 
calibrated visibilities, according to the following Eq.: 

 

, ,, ,

k j

H V H V H V
kj sys ks

V
s

H
y jV MT T�  (3��
��

Whose terms were already described in section 5.12. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the correlated visibilities is shown, as well as the image snapshots and the error 
histograms: 
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This error has a linear impact in the Pixel Bias on both polarizations. The sensitivity to the error is a 
little higher than the theoretical estimations, although the difference is not significant.  
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Once again, the error has no significant effect on the Scene Bias. 
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The maximum error is 3.61% of the mean scene temperature in horizontal polarization and 3.45% in 
vertical polarization 
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Figure 140 shows that the Scene Bias is higher and positive in horizontal polarization and almost null in 
vertical polarization where the wider range of the negative errors range is compensated by the bigger 
quantity of positive errors within a smaller range. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different errors in the correlated 
visibilities are shown, as well as the image snapshots and the error histograms: 
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The impact of this phase error is higher in the mixed scene, where the scene temperatures are higher, in 
average. The curves show an almost linear response of the Pixel Bias to the error introduced, although 
the variation is not significant in terms of magnitude. 
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The impact of this error in the Scene Bias is not relevant, according to the presented magnitudes. For the 
Sea-only scenes, the SB is constants and in the mixed scenes, it decreases, but not significantly. 
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The maximum error is 0.15% of the mean scene temperature in horizontal polarization and 0.17% in 
vertical polarization. 
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The maximum error is 0.30% of the mean scene temperature in horizontal polarization and 0.24% in 
vertical polarization. 
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All the above histograms confirm that the residual quadrature error has no significant impact in the Pixel 
Bias or in the Scene Bias. 
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SEPS-GS simulates this error as a random gaussian distribution applied to all the kj calibrated 
visibilities phases. 

However, for this study, the error was applied as a constant offset with the tabulated value, in order to 
be able to average its influence over several scenes. 

The calibrated visibilities are used to compute the complex correlations through the following Eq.. As it 
is a phase error, it’s only applied to the phase of the visibilities. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the calibrated visibilities is shown, as well as the image snapshots and the error 
histograms: 
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The Pixel Bias has an almost linear behavior, increasing for higher errors. The theoretical value for the 
Pixel Bias and sensitivity due to the tabled error is considerably higher than the experimental values in 
both polarizations. 
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This phase error doesn’t have a consistent nor significant impact in the scene bias, as expected. 
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The maximum error is 3.53% of the mean scene temperature in horizontal polarization and 3.48% in 
vertical polarization. 
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Figure 150 shows that the Scene Bias is higher and positive in horizontal polarization and almost null in 
vertical polarization where the wider range of the negative errors range is compensated by the bigger 
quantity of positive errors within a smaller range. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different errors in the calibrated 
visibilities are shown, as well as the image snapshots and the error histograms: 
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The impact of this amplitude error is higher in the mixed scene, where the scene temperatures are 
higher, in average. The curves show an almost linear response of the Pixel Bias to the error introduced. 
Also, the impact of this error is a little higher in horizontal polarization. 
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This phase error has almost no impact in the sea scenes and has a small and insignificant impact in the 
mixed scenes.  
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The maximum error is 0.25% of the mean scene temperature in horizontal polarization and 0.27% in 
vertical polarization. 
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The maximum error is 0.38% of the mean scene temperature in horizontal polarization and 0.33% in 
vertical polarization. 
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The histograms from Figure 155 and Figure 156 don’t show a significant scene bias, although the errors 
are higher in the mixed scenes (higher Pixel Bias), and then also a slightly higher Scene Bias.  
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This is a time delay error applied to the normalized correlations through SEPS-GS and defined in the 
scenarios. 

It is simulated as a random gaussian distribution, applied to all the kj digital correlations. 

However, for this study, the error was applied as a constant offset with the tabulated value, in order to 
be able to average its influence over several scenes.  

The following Eq. illustrates the error introduction: 
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where the digital correlations are highlighted in red. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the receivers is shown, as well as the image snapshots and the error histograms: 
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This error has no impact on the Pixel Bias in a flat scenario.  
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This error has no impact on the Scene Bias in a flat scenario, as expected.��
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Temperatures are slightly higher in horizontal polarization. The maximum error is 3.55% of the mean 
scene temperature in horizontal polarization and 3.36% in vertical polarization. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different errors in the receivers 
are shown, as well as the image snapshots and the error histograms: 
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This error has more impact in the mixed scene, where the scene temperatures are higher, in average. The 
curves show that when the error introduced is incremented, the pixel bias also increases, almost linearly. 
There are no significant differences in the impact of this error for both polarizations. 

 
.�,����
�����#��
�������&���
�����,�7�������������� ��&����������
������&��+�
�
� �5�2� �

�����������/���0���
��
� �1�����
�����
��0
����� ��
Figure 162 shows that the scene bias stays almost unaffected by this time delay error, in the sea-only 
scenes. However, a linear response of the scene bias to the error introduced is observed in the mixed 
scenes, contradicting the theoretical estimations. Once again, there are no significant differences 
between both polarizations. 

 

 
.�,����
�����+�
��&�������&���������������&����
��� �%�����
�������/���0���
��
� �1�����
��

���
��0
������

 

The maximum error is 1.05% of the mean scene temperature in horizontal polarization and 0.91% in 
vertical polarization. 
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The maximum error is 0.99% of the mean scene temperature in horizontal polarization and 0.96% in 
vertical polarization. 
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The histograms from Figure 165 don’t seem to have scene bias and are very alike. 
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Figure 166 shows a small positive scene bias, although and the histograms are now wider in the base 
due to the average higher temperature of these scenes, as observed before. 
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This is a threshold offset error applied to the normalized correlations through SEPS-GS and defined in 
the scenarios. 

It is simulated as a random gaussian distribution, applied to all the kj digital correlations. 

However, for this study, the error was applied as a constant offset with the tabulated value, in order to 
be able to average its influence over several scenes.  

The following Eq. illustrates the error introduction: 
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where the digital correlations are highlighted in red. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the receivers is shown, as well as the image snapshots and the error histograms: 
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The Pixel Bias has a growing behavior, increasing as long as the error introduced is incremented. The 
theoretical values for the Pixel Bias error (red point) and sensitivities are again considerably above the 
experimental values in both polarizations. 
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This threshold error does not have a significant or coherent impact in the scene bias of the flat scenario.  
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The maximum error is 3.56% of the mean scene temperature in horizontal polarization and 3.44% in 
vertical polarization. 
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Figure 170 shows that the Scene Bias is higher and positive in horizontal polarization and almost null in 
vertical polarization where the wider range of the negative errors range is compensated by the bigger 
quantity of positive errors within a smaller range. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different error magnitudes in the 
receivers are shown, as well as the image snapshots and the error histograms: 
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This error has almost the same impact in both sea-only and mixed scenes. The curves show that when 
the error introduced is incremented, the pixel bias also increases. There are no significant differences in 
the impact of this error for both polarizations. 
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The impact of this error in the Scene Bias is not relevant, according to the presented magnitudes and 
incoherent behavior. 
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The maximum error is 1.33% of the mean scene temperature in horizontal polarization and 1.25% in 
vertical polarization. 
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The maximum error is 0.88% of the mean scene temperature in horizontal polarization and 1.00% in 
vertical polarization. 
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The histograms from Figure 175 and Figure 176 don’t seem to have a significant scene bias and the 
horizontal histogram seems a little larger than the vertical one, which confirms that the pixel bias is 
slightly higher in horizontal polarization. 
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They also don’t show significant scene bias, and comparing this histograms with the ones from Section 
5.16, one finds that they are very similar.  
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This phase error is applied to the antenna patterns (red terms) in the system response function 
computation. It’s an error introduced through L1PP using a gaussian random distribution with the tabled 
error as sigma. Due to the random character of the error distribution, to each antenna, and each grid 
point in the antenna pattern data corresponds a different error value. The following Eq. illustrates the 
error insertion: 
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where 
��
� xxxx� �  is the obliquity factor, tD  the delay time and k̂jr�  is the fringe wash function. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the antenna patterns is shown, as well as the image snapshots and the error histograms: 
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This antenna error has almost no impact on the Pixel Bias of the flat scenario and the experimental 
sensitivity is much lower than the tabled sensitivity. 
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Regarding the scene bias scale, this antenna error does not have a significant impact in the scene bias of 
the flat scenario.  
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Temperatures are considerably higher in horizontal polarization. The maximum error is 3.43% of the 
mean scene temperature in horizontal polarization and 3.59% in vertical polarization. 
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Figure 180 shows that the Scene Bias is higher and positive in horizontal polarization and almost null in 
vertical polarization where the wider range of the negative errors range is compensated by the bigger 
quantity of positive errors within a smaller range. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different error magnitudes in the 
antenna patterns are shown, as well as the image snapshots and the error histograms: 
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The impact of this amplitude error is higher in the mixed scene, where the scene temperatures are 
higher, in average. The curves show a perfectly linear response of the Pixel Bias to the error introduced. 
Also, there are no significant differences in the behavior of the Pixel Bias according to the polarization. 
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Figure 182 shows a descendent tendency in the horizontal polarization and a growing linear behavior in 
vertical polarization. Due to the small magnitude of the scene bias, these behaviors don’t seem to be 
meaningful. 
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The maximum error is 0.08% of the mean scene temperature in horizontal polarization and 0.15% in 
vertical polarization. 
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The maximum error is 0.17% of the mean scene temperature in horizontal polarization and 0.15% in 
vertical polarization. 
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From the above histograms (Figure 185 and Figure 186) it’s clear that there is almost no scene bias in 
both polarizations. Also, the errors seem a little higher in vertical polarization and histograms base is 
larger in the mixed scenes, as expected due the higher average temperature. 
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This amplitude error is applied to the antenna patterns (red terms) in the system response function 
computation. It’s an error introduced through L1PP using a gaussian random distribution with the tabled 
error as sigma. Due to the random character of the error distribution, to each antenna, and each point in 
the antenna pattern grid corresponds a different error value. The following Eq. illustrates the error 
insertion: 
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G(ukj ,vkj ;x,h) =
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p x,h( )Fn, j
q* x,h( )
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the antenna patterns is shown, as well as the image snapshots and the error histograms: 
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This antenna error has almost no impact on the Pixel Bias of the flat scenario and the sensitivity is much 
lower than expected. 
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Regarding the scene bias scale, this antenna error does not have a significant impact on the scene bias of 
the flat scenario. Note that the shapes of these curves are very alike the correspondent ones for the 
antenna voltage pattern phase error. 
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The maximum error is 3.53% of the mean scene temperature in horizontal polarization and 3.50% in 
vertical polarization. 
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Figure 190 shows that the Scene Bias is higher and positive in horizontal polarization and almost null in 
vertical polarization where the wider range of the negative errors range is compensated by the bigger 
quantity of positive errors within a smaller range. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different error magnitudes in the 
antenna patterns are shown, as well as the image snapshots and the error histograms: 
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The impact of this amplitude error is higher in the mixed scene, where the scene temperatures are 
higher, in average. The curves show a perfectly linear response of the Pixel Bias to the error introduced. 
Also, there are no significant differences in the behavior of the Pixel Bias according to the polarization. 
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The scene bias increases linearly when increasing the error introduced. In horizontal polarization, there 
is a positive bias in the scenes from both scenarios. In vertical polarization, while the mixed scene has a 
positive scene bias the sea-only scene has a negative bias. This behavior is not predicted in the 
theoretical studies. 
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The maximum error is 0.12% of the mean scene temperature in horizontal polarization and 0.14% in 
vertical polarization. 

 

 

 
.�,����
�����+�
��&�������&���������������&����2� � ����
�������/���0���
��
� �1�����
��

���
��0
������

 

The maximum error is 0.26% of the mean scene temperature in horizontal polarization and 0.22% in 
vertical polarization. 
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The histograms from Figure 195 and Figure 196 don’t show a significant scene bias, although the errors 
are higher in the mixed scenes (higher Pixel Bias), causing a slightly higher Scene Bias.  
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This error is applied to the antenna positions through L1PP, using a gaussian random distribution of 
sigma corresponding to the tabled error. Due to the random character of the distribution, to each antenna 
and polarization it corresponds a different error applied. At the following Eq. the terms where the error 
is introduced are highlighted: 

 

  
u12,v12( )=

x2 - x1

l 0
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where 0�  is the central wave length. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the antenna positions is shown, as well as the image snapshots and the error histograms: 
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This antenna error has almost no impact on the Pixel Bias of the flat scenario and the experimental 
results do not match the theoretical estimations. 
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The Scene Bias has different responses to the applied errors according to the polarizations. In horizontal 
polarization, it has a linear behavior, increasing when the error is incremented. Its behavior in vertical 
polarization is also linear, but now the Scene Bias decreases when the error magnitude is incremented. 
However, due to the small magnitude of the scene bias values, these responses are not important. 
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Temperatures are considerably higher in horizontal polarization. The maximum error is 3.58% of the 
mean scene temperature in horizontal polarization and 3.46% in vertical polarization. 
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Figure 200 shows that the Scene Bias is higher and positive in horizontal polarization and almost null in 
vertical polarization where the wider range of the negative errors range is compensated by the bigger 
quantity of positive errors within a smaller range. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different error magnitudes in the 
antenna positions are shown, as well as the image snapshots and the error histograms: 
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The impact of this amplitude error is higher in the mixed scene, where the scene temperatures are 
higher, in average. The curves show a perfectly linear response of the Pixel Bias to the error introduced. 
Also, there are no significant differences in the behavior of the Pixel Bias according to the polarization. 
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The scene bias increases linearly when increasing the error introduced in both polarizations, except for 
the mixed scene in vertical polarization. In this last case, the scene bias remains practically constant 
when the error in incremented. The observed scene bias variations have a small magnitude and are not 
important for this study. 
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The maximum error is 0.12% of the mean scene temperature in horizontal polarization and 0.16% in 
vertical polarization. 
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The maximum error is 0.22% of the mean scene temperature in horizontal polarization and 0.24% in 
vertical polarization. 
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The histograms from Figure 205 and Figure 206 don’t show a significant scene bias, although the errors 
are higher in the mixed scenes (higher Pixel Bias), causing a slightly higher Scene Bias.  
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This error is applied to the antenna positions through L1PP, using a gaussian random distribution of 
sigma corresponding to the tabled error. Due to the random character of the distribution, to each antenna 
it corresponds a different error applied.  
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the antenna positions is shown, as well as the image snapshots and the error histograms: 
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This antenna error has a very low influence in the Pixel Bias, which presents different behaviors in the 
two polarizations. In horizontal polarization, it increases when the errors applied are incremented and 
has a bigger magnitude. Contrarily, in vertical polarization, the Pixel Bias decreases when the errors are 
incremented and has a lower magnitude. This should be investigated in future work in respect to the 
instrument’s sensitivity. 
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The Scene Bias presents the opposite behavior: it decreases for increasing errors in horizontal 
polarization and increases in vertical polarization. The scene bias magnitudes are higher and positive in 
horizontal polarization and small negative in vertical polarization.  
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The maximum error is 3.60% of the mean scene temperature in horizontal polarization and 3.44% in 
vertical polarization. 
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Figure 210 shows that the Scene Bias is higher and positive in horizontal polarization and almost null in 
vertical polarization where the wider range of the negative errors range is compensated by the bigger 
quantity of positive errors within a smaller range. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different error magnitudes in the 
antenna positions are shown, as well as the image snapshots and the error histograms: 
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The impact of this antenna error is clearly higher in the mixed scene, where the scene temperatures are 
higher, in average. The curves show a perfectly linear response of the Pixel Bias to the error introduced 
and their extension passes through the graphic’s origin. 
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The scene bias caused by this error gets higher when the error applied is incremented, in horizontal 
polarization. In vertical polarization, the scene bias is negative and gets diminishes when the error is 
incremented.  
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The maximum error is 0.28% of the mean scene temperature in horizontal polarization and 0.47% in 
vertical polarization. 
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The maximum error is 0.70% of the mean scene temperature in horizontal polarization and 0.72% in 
vertical polarization. 
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Figure 215 shows almost no scene bias in both polarizations. Also, looking at the histogram’s base, one 
concludes that there are more relevant errors in vertical polarization. 
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The histograms in Figure 216 are very alike in terms of shape. What changes between different 
polarizations is a small scene bias, which is positive in horizontal polarization, and negative in vertical 
polarization. 
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This phase error is applied to the antenna patterns (red terms) in the system response function 
computation. It’s an error introduced through L1PP as an offset and is the same for all the antennae. The 
following Eq. illustrates the error insertion: 
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G(ukj ,vkj ;x,h) =
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As it is a phase error, applied to a pair of conjugate factors, the error factors will cancel each other and 
the error will have no impact in the simulations, as it is confirmed by the experimental data in the next 
sections. 
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In the following figures, the behavior of the Pixel Bias and Scene Bias in presence of different errors 
introduced in the antenna patterns is shown, as well as the image snapshots and the error histograms: 
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The maximum error is 3.55% of the mean scene temperature in horizontal polarization and 3.46% in 
vertical polarization. Also, this snapshot is equal to the reference scene circle snapshot. 
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In the following plots, both Pixel Bias and Scene Bias caused by three different error magnitudes in the 
antenna patterns are shown, as well as the image snapshots and the error histograms: 
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In this study, the first quantitative results obtained for the Sensitivity Study were presented. Several 
MIRAS parameters and internal calibration quantities were studied in terms of impact on the final Pixel 
Bias and Scene Bias. 

Errors were introduced according to the Error Budget tables, and the studied parameters compared to the 
expected impact of those errors, also specified in the EB tables. 

The final results are presented in Table 10. The estimated impacts do not match the experimental results 
in most of the errors introduced. Both errors and sensitivities were calculated for each test performed 
and, although in some errors like the NIR bias and sensitivity errors there are no significant differences 
to the estimated impact, in most of them the experimental Pixel Bias and Sensitivity are below the 
theoretical estimates (orders of magnitude). In one case, the residual quadrature error, the results were 
above the theoretical estimates. 

In the following table is a summary of the error impact on the studied parameters, as well as the 
sensitivities for each of the parameters studied: 

 

Error 
Experimental 

Error (K) 

Theoretical 

Error (K) 

Experimental 

Sensitivity 
(K/unit) 

Theoretical 

Sensitivity 
(K/unit) 

Comments 

Antenna voltage 
pattern phase 
ripple [deg] 

H: 1.2783 H: 1.6364 H: 0.007 
1.11 

Experimental data 
doesn’t agree with the 

theoretical values V: 1.1611 V: 1.5210 V: 0.002 

Antenna voltage 
pattern amplitude 

ripple [%] 

H: 1.2822 H: 1.8864 H: 0.009 
0.8 

Experimental data 
doesn’t agree with the 

theoretical values V: 1.1578 V: 1.7710 V: -0.003 

Geometric 
position 

uncertainty (x-y) 
[mm] 

H: 1.2772 H: 1.7064 H: 0.011 
1.99 

 

Experimental data 
doesn’t agree with the 

theoretical values V: 1.1689 V: 1.5910 V: 0.042 

Geometric 
position 

uncertainty (z) 
[mm] 

H: 1.2876 H: 1.5264 H: 0.03 

0.4 
Experimental data 

doesn’t agree with the 
theoretical values V: 1.1446 V: 1.4110 V: -0.011 

NIR Sensitivity 
[K] 

 

H: 0.0476 H: 0.1650 H: 0.848 

1.0 

 

Experimental data in 
H-pol agrees with the 

theoretical values. 
Negative slope in V-

pol! 
V: 0.3912 V: 0.5564 V: -0.286 

NIR Bias error 
[K] 

H: 0.5356 H: 0.5042 H: 1.101 
1.0 

Experimental data 
agrees with the 

theoretical values V: 0.2933 V: 0.2667 V: 1.085 
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NIR Gain error 

 

H: -0.4123 H: -0.1858 
H:  238,552 

 
150 

Experimental data 
agrees with the 

theoretical values.  V: -0.5314 V: -0.5933 
V: 155,186 

 

Amplitude 
calibration 

residual error due 
to noise [%] 

H: 1.2800 H: 1.2964 H: 0.045 

0.15 
Experimental data 

agrees with the 
theoretical values V: 1.1706 V: 1.1810 V: 0.071 

NDN Sij relative 
amplitude [dB] 

H: 1.327 H: 1.6364 H: 1.920 
8.1 

Experimental data 
agrees with the 

theoretical values V: 1.198 V: 1.5210 V: 1.435 

PMS sensitivity 
due to thermal 

noise [%] 

H: 1.2797 H: 1.3364 H: 0.055 
1.1 

Experimental data 
doesn’t agree with the 

theoretical values V: 1.1658 V: 1.2210 V: 0.084 

Low-frequency 
PMS random 

gain fluctuation 
[%] 

H: 1.2805 H: 1.3564 H: 0.058 

1.1 
Experimental data 

doesn’t agree with the 
theoretical values V: 1.1672 V: 1.2410 V: 0.087 

PMS linearity 
error [%] 

H: 1.2563 H: 1.5564 H: 0.067 
1.1 

Experimental data 
doesn’t agree with the 

theoretical values V: 1.0958 V: 1.4410 V: 0.093 

Antenna losses 
relative 

amplitude [dB] 

H: 1.2774 H: 1.4364 H: 0.519 
8.1 

Experimental data 
doesn’t agree with the 

theoretical values V: 1.1349 V: 1.3210 V: -0.757 

Error in the 
relative noise 

injected by CAS 
[%] 

H: 1.2865 H: 1.4364 H: 0.067 

0.5 
Experimental data 

doesn’t agree with the 
theoretical values V: 1.1778 V: 1.3210 V: 0.102 

Amplitude error 
due to mismatch 

at calibration 
planes [%] 

H: 1.3518 H: 1.8764 H: 0.084 

0.5 
Experimental data 

doesn’t agree with the 
theoretical values V: 1.2380 V: 1.7610 V: 0.084 

In-phase cal. 
Residual error 
due to AM/PM 

conversion [deg] 

H: 1.2913 H: 1.3264 H: 0.067 

0.27 
Experimental data 

doesn’t agree with the 
theoretical values V: 1.1756 V: 1.2110 V: 0.062 

NDN Sij relative 
phase uncertainty 

[deg] 

H: 1.359 H: 1.6564 H: 0.079 
0.27 

Experimental data 
agrees with the 

theoretical values V: 1.285 V: 1.2130 V: 0.109 
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Path antenna 
plane to antenna 
geometric center 

[deg] 

H: 1.2764 H: 1.4164 H: 0.000 

0.27 
Experimental data 

doesn’t agree with the 
theoretical values V: 1.1610 V: 1.3010 V: 0.000 

Residual 
quadrature error 

[deg] 

H: 1.2908 H: 1.2864 H: 0.664 
0.36 

Experimental data 
agrees with the 

theoretical values V: 1.1827 V: 1.171 V: 0.935 

Phase error due 
to mismatch at 

calibration planes 
[deg] 

H: 1.2871 H: 1.3164 H: 0.059 

0.27 
Experimental data 

doesn’t agree with the 
theoretical values V: 1.1715 V: 1.2010 V: 0.071 

Sampling jitter 
error [ns] 

H: 1.2764 H: 1.4264 H: 0.000 
5 

Experimental data 
doesn’t agree with the 

theoretical values V: 1.1610 V: 1.3110 V: 0.000 

Comparators 
threshold and U-
noise injection 
correction [cu] 

H: 1.2932 H: 1.6964 H: 1.208 

0.83 
Experimental data 

agrees with the 
theoretical values V: 1.1662 V: 1.5810 V: 1.289 

�
����
	�!�#�����������������$������

 

The main parameters identified has having a strong impact on the final image accuracy are the NIR 
errors, the S-parameters amplitude error (the most influent error), and the comparators threshold and U-
noise injection correction. This confirms the qualitative study done in the first version of this document. 
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Error Error 
value 

Measured 
Scene 

Pixel Bias (Kelvin) Scene Bias (Kelvin) 

H pol V pol H pol V pol 

Antenna voltage 
patter phase 

ripple 

0.165 
deg 

Flat 1,2772 1,1609 0,1939 -0,0424 

Sea-only 0,0134 0,0180 -0,0005 0,0007 

Mixed 0,0329 0,0314 -0,0003 0,0006 

0.33 

deg 

Flat 1,2783 1,1611 0,1938 -0,0414 

Sea-only 0,0268 0,0361 -0,0009 0,0014 

Mixed 0,0659 0,0627 -0,0005 0,0013 

0.66 

deg 

Flat 1,2811 1,1623 0,1939 -0,0390 

Sea-only 0,0537 0,0721 -0,0014 0,0028 

Mixed 0,1319 0,1253 -0,0004 0,0029 

Antenna voltage 
patter phase 

ripple 

0.385 

% 

Flat 1,2788 1,1591 0,1961 -0,0437 

Sea-only 0,0176 0,0228 0,0010 -0,0009 

Mixed 0,0417 0,0468 0,0045 0,0007 

0.77 

% 

Flat 1,2822 1,1578 0,1986 -0,0435 

Sea-only 0,0351 0,0454 0,0022 -0,0019 

Mixed 0,0839 0,0935 0,0095 0,0017 

1.54 

% 

Flat 1,2903 1,1569 0,2052 -0,0416 

Sea-only 0,0703 0,0907 0,0057 -0,0038 

Mixed 0,1695 0,1875 0,0211 0,0040 

Geometric 
position 

uncertainty (x-y) 

0.11 

mm  

Flat 1,2762 1,1646 0,1991 -0,0406 

Sea-only 0,0181 0,0268 0,0028 0,0013 

Mixed 0,0409 0,0477 0,0022 0,0003 

0.22 

mm 

Flat 1,2772 1,1689 0,2039 -0,0379 

Sea-only 0,0362 0,0537 0,0055 0,0026 

Mixed 0,0819 0,0956 0,0043 0,0004 

0.44 Flat 1,2809 1,1793 0,2135 -0,0327 
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mm Sea-only 0,0724 0,1080 0,0106 0,0048 

Mixed 0,1641 0,1918 0,0082 0,0004 

Geometric 
position 

uncertainty (z) 

0.32 

mm 

Flat 1,2799 1,1507 0,1855 -0,0582 

Sea-only 0,0428 0,0929 -0,0013 -0,0139 

Mixed 0,1660 0,1607 0,0066 -0,0152 

0.64 

mm 

Flat 1,2876 1,1446 0,1795 -0,0707 

Sea-only 0,0868 0,1851 -0,0003 -0,0230 

Mixed 0,3314 0,3217 0,0164 -0,0245 

1.28 

mm 

Flat 1,3140 1,1455 0,1753 -0,0879 

Sea-only 0,1779 0,3673 0,0084 -0,0265 

Mixed 0,6639 0,6478 0,0458 -0,0253 

�
����

�!�������
�������� ��
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Error Error 
value 

Measured 
Scene 

Pixel Bias (Kelvin) Scene Bias (Kelvin) 

H pol V pol H pol V pol 

NIR sensitivity 

 

From 
0.035 to 
0.43 K 

Flat 0,0276 0,3978 0,1954 0,2032 

Sea-only 0,0037 0,0051 -0,0330 -0,0389 

Mixed 0,0034 0,0047 -0,0309 -0,0364 

From 
0.07 to 
0.86 K 

Flat 0,0476 0,3912 0,1964 0,2102 

Sea-only 0,0074 0,0102 -0,0660 -0,0778 

Mixed 0,0068 0,0126 -0,0619 -0,0731 

From 
0.14 to 
1,72 K 

Flat 0,0903 0,3843 0,1985 0,2244 

Sea-only 0,0148 0,0203 -0,1321 -0,1555 

Mixed 0,0136 0,0205 -0,1238 -0,1459 

NIR Bias error 

0.155 

K 

Flat 1,2712 1,1515 0,3649 0,1250 

Sea-only 0,0188 0,0200 0,1698 0,1675 

Mixed 0,0226 0,0278 0,1700 0,1670 

0.31 

K 

Flat 1,2663 1,1425 0,5356 0,2933 

Sea-only 0,0376 0,0400 0,3396 0,3350 
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Mixed 0,0451 0,0533 0,3401 0,3341 

0.62 

K 

Flat 1,2577 1,1258 0,8770 0,6299 

Sea-only 0,0751 0,0799 0,6793 0,6701 

Mixed 0,0903 0,1054 0,6802 0,6684 

NIR Gain error 

 

From 
0.065 to 
0.225 

Flat 1,2828 1,1738 -0,1080 -0,2899 

Sea-only 0,0598 0,0598 -0,3559 -0,2781 

Mixed 0,0419 0,0380 -0,3216 -0,2329 

From 
0.13 to 
0.45 

Flat 1,2942 1,1911 -0,4123 -0,5314 

Sea-only 0,1195 0,1196 -0,7116 -0,5562 

Mixed 0,0837 0,0762 -0,6431 -0,4660 

From 
0.26 to 
0.90 

Flat 1,3163 1,2250 -1,0189 -1,0195 

Sea-only 0,2390 0,2393 -1,4230 -1,1124 

Mixed 0,1674 0,1518 -1,2860 -0,9317 

�
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��!�"������#�7��������
 �������� ��
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Error Error 
value 

Measured 
Scene 

Pixel Bias (Kelvin) Scene Bias (Kelvin) 

H pol V pol H pol V pol 

Amplitude 
calibration 

residual error 
due to noise 

0.05 

% 

Flat 1,2759 1,1677 0,2054 -0,0381 

Sea-only 0,0341 0,0436 0,0071 0,0015 

Mixed 0,0563 0,0678 -0,0017 0,0090 

0.1 

% 

Flat 1,2800 1,1706 0,2233 -0,0297 

Sea-only 0,0484 0,0741 0,0102 0,0065 

Mixed 0,0972 0,1108 0,0167 0,0009 

0.2% Flat 1,2846 1,1760 0,2465 -0,0138 

Sea-only 0,0709 0,0883 0,0307 0,0028 

Mixed 0,1704 0,1614 0,0392 0,0050 

NDN Sij relative 
amplitude 

0.0156  
dB 

Flat 1,2994 1,1777 0,2278 -0,0163 

Sea-only 0,0672 0,1018 -0,0306 -0,0135 

Mixed 0,1473 0,1464 -0,0849 -0,0129 
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0.031 
dB 

 

Flat 1,327 1,198 0,2625 0,0115 

Sea-only 0,135 0,2049 -0,0607 -0,0269 

Mixed 0,2965 0,2955 -0,169 -0,0261 

0.062 
dB 

Flat 1,3946 1,2493 0,3352 0,0695 

Sea-only 0,2725 0,4154 -0,1192 -0,0536 

Mixed 0,6008 0,6016 -0,3351 -0,053 

PMS sensitivity 
due to thermal 

noise 

0.0295 

% 

Flat 1,2781 1,1633 0,2008 -0,0386 

Sea-only 0,0060 0,0078 0,0039 -0,0009 

Mixed 0,0172 0,0170 0,0067 0,0013 

0.059 

% 

Flat 1,2797 1,1658 0,2073 -0,0337 

Sea-only 0,0118 0,0164 0,0075 -0,0020 

Mixed 0,0363 0,0354 0,0122 0,0027 

0.118 

% 

Flat 1,2829 1,1709 0,2203 -0,0241 

Sea-only 0,0243 0,0304 0,0164 -0,0031 

Mixed 0,0734 0,0699 0,0254 0,0058 

Low-frequency 
PMS random 

gain fluctuation 

0.0375 

% 

Flat 1,2784 1,1639 0,2023 -0,0371 

Sea-only 0,0076 0,0100 0,0056 -0,0013 

Mixed 0,0238 0,0217 0,0080 0,0021 

0.075 

% 

Flat 1,2805 1,1672 0,2107 -0,0312 

Sea-only 0,0154 0,0193 0,0098 -0,0020 

Mixed 0,0470 0,0445 0,0159 0,0036 

0.15 

% 

Flat 1,2851 1,1740 0,2277 -0,0189 

Sea-only 0,0307 0,0386 0,0208 -0,0038 

Mixed 0,0934 0,0883 0,0322 0,0071 

PMS linearity 
error 

0.125 

% 

Flat 1,2836 1,1717 0,2219 -0,0229 

Sea-only 0,0258 0,0317 0,0175 -0,0030 

Mixed 0,0771 0,0728 0,0271 0,0060 

0.25 

% 

Flat 1,2913 1,1827 0,2496 -0,0027 

Sea-only 0,0511 0,0645 0,0341 -0,0062 

Mixed 0,1562 0,1454 0,0529 0,0122 

0.5 

% 

Flat 1,3099 1,2076 0,3056 0,0382 

Sea-only 0,1022 0,1277 0,0681 -0,0117 
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Mixed 0,3144 0,2916 0,1046 0,0238 

Antenna losses 
relative 

amplitude 

0.01 

dB 

Flat 1,2747 1,1449 0,2892 0,0528 

Sea-only 0,0543 0,0616 0,0561 0,0564 

Mixed 0,1373 0,1408 0,0786 0,0754 

0.02 

dB 

Flat 1,2774 1,1349 0,3763 0,1409 

Sea-only 0,1043 0,1183 0,1076 0,1082 

Mixed 0,2634 0,2701 0,1507 0,1445 

0.04 

dB 

Flat 1,2959 1,1291 0,5588 0,3255 

Sea-only 0,2089 0,2370 0,2153 0,2168 

Mixed 0,5270 0,5407 0,3016 0,2895 

Error in the 
relative noise 

injected by CAS 

From 
0.0007 

to 
0.175K 

Flat 1,2810 1,1692 0,2267 -0,0200 

Sea-only 0,0266 0,0259 0,0212 -0,0026 

Mixed 0,1040 0,0916 0,0288 0,0054 

From 
0.0013 

to 
0.35K 

Flat 1,2865 1,1778 0,2591 0,0033 

Sea-only 0,0531 0,0519 0,0424 -0,0052 

Mixed 0,2079 0,1836 0,0576 0,0107 

From 
0.0026 
to 0.7K 

Flat 1,2998 1,1967 0,3240 0,0500 

Sea-only 0,1062 0,1037 0,0848 -0,0103 

Mixed 0,4158 0,3666 0,1152 0,0216 

Amplitude error 
due to mismatch 

at calibration 
planes 

0.6  

% 

Flat 1,3075 1,1887 0,3365 0,0587 

Sea-only 0,1445 0,1659 0,0929 -0,0051 

Mixed 0,4548 0,4165 0,1249 0,0107 

1.2 

% 

Flat 1,3518 1,2380 0,4761 0,1655 

Sea-only 0,2669 0,2609 0,1787 -0,0177 

Mixed 0,8935 0,8130 0,2488 0,0458 

2.4 

% 

Flat 1,4752 1,3583 0,7551 0,3709 

Sea-only 0,4847 0,4764 0,3608 -0,0371 

Mixed 1,7556 1,6111 0,5028 0,0938 
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Error Error 
value 

Measured 
Scene 

Pixel Bias (Kelvin) Scene Bias (Kelvin) 

H pol V pol H pol V pol 

In-phase cal. 
Residual error 
due to AM/PM 

conversion 

0.1 

deg 

Flat 1,2851 1,1709 0,1946 -0,0467 

Sea-only 0,0591 0,0639 -0,0003 0,0112 

Mixed 0,1123 0,1071 0,0088 0,0298 

0.2 

Deg 

Flat 1,2913 1,1756 0,1951 -0,0413 

Sea-only 0,1056 0,0978 0,0004 0,0091 

Mixed 0,1823 0,1560 0,0220 0,0608 

0.4 

deg 

Flat 1,3037 1,1869 0,1955 -0,0364 

Sea-only 0,1707 0,1533 -0,0021 0,0242 

Mixed 0,3284 0,2453 0,0479 0,1145 

NDN Sij relative 
phase 

uncertainty  

0.705 

deg 

Flat 1,3104 1,2143 0,1894 -0,0179 

Sea-only 0,26 0,45 0,0187 -0,0918 

Mixed 0,703 0,7395 0,0403 -0,03 

1.41 

deg 

Flat 1,359 1,2851 0,1677 -0,0046 

Sea-only 0,5191 0,8949 0,0283 -0,1823 

Mixed 1,4096 1,5002 0,0682 -0,0572 

2.82 

deg 

Flat 1,4963 1,4631 0,0743 -0,0135 

Sea-only 1,0353 1,769 0,0198 -0,3573 

Mixed 2,8381 3,0976 0,0858 -0,1014 

Path antenna 
plane to 
antenna 

geometric 
center 

0.25 

deg 

Flat 1,2764 1,1610 0,1942 -0,0433 

Sea-only 0,0000 0,0000 0,0000 0,0000 

Mixed 0,0000 0,0000 0,0000 0,0000 

0.5 

deg 

Flat 1,2764 1,1610 0,1942 -0,0433 

Sea-only 0,0000 0,0000 0,0000 0,0000 

Mixed 0,0000 0,0000 0,0000 0,0000 

1.0 

deg 

Flat 1,2764 1,1610 0,1942 -0,0433 

Sea-only 0,0000 0,0000 0,0000 0,0000 

Mixed 0,0000 0,0000 0,0000 0,0000 

Residual 0.007 Flat 1,2830 1,1717 0,2219 -0,0229 



�

��� %
�3
##�
�
%
����94
�
�
�#������9� ��819�
&
4�
�  

 

Code  : �� ��% ��� ��%% ��!/ �

Date : 16/02/09�

Issue : 2.1�

Page : �/���7����� �

 

���#�1�380
����#�4
�4

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

0�##�����

�

quadrature 
error 

deg Sea-only 0,0258 0,0317 0,0175 -0,003 

Mixed 0,0771 0,0728 0,0271 0,006 

0.014 

deg 

Flat 1,2908 1,1827 0,2496 -0,0027 

Sea-only 0,0511 0,0645 0,0341 -0,0062 

Mixed 0,1562 0,1454 0,0529 0,0122 

0.028 

deg 

Flat 1,3093 1,2076 0,3056 0,0382 

Sea-only 0,1022 0,1277 0,0681 -0,0117 

Mixed 0,3144 0,2916 0,1046 0,0238 

Phase error due 
to mismatch at 

calibration 
planes 

0.065 

deg 

Flat 1,2838 1,1668 0,1958 -0,0456 

Sea-only 0,0505 0,0528 -0,0040 0,0035 

Mixed 0,0783 0,0867 0,0008 0,0152 

0.13 

deg 

Flat 1,2871 1,1715 0,1956 -0,0454 

Sea-only 0,0712 0,0818 -0,0018 0,0042 

Mixed 0,1379 0,1273 0,0146 0,0395 

0.26 

deg 

Flat 1,2926 1,1798 0,1924 -0,0406 

Sea-only 0,1308 0,1156 -0,0057 0,0037 

Mixed 0,2331 0,1833 0,0249 0,0729 
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Error Error 
value 

Measured 
Scene 

Pixel Bias (Kelvin) Scene Bias (Kelvin) 

H pol V pol H pol V pol 

Sampling jitter 
error 

 

0.015 

ns 

Flat 1,2764 1,1610 0,1942 -0,0433 

Sea-only 0,0704 0,1069 -0,0019 -0,0031 

Mixed 0,1134 0,1200 0,0640 0,0558 

0.03 

ns 

Flat 1,2764 1,1610 0,1942 -0,0433 

Sea-only 0,1360 0,2086 0,0064 0,0005 

Mixed 0,2102 0,2269 0,1293 0,1169 

0.06 

ns 

Flat 1,2764 1,1610 0,1942 -0,0433 

Sea-only 0,3681 0,4895 0,0384 0,0374 
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Mixed 0,4849 0,5091 0,2803 0,2585 

Comparators 
threshold and 

U-noise 
injection 

correction 

0.025 

mV 

Flat 1,2812 1,1556 0,2176 -0,0212 

Sea-only 0,1070 0,1088 0,0238 0,0238 

Mixed 0,1083 0,1129 0,0225 0,0250 

0.05 

mV 

Flat 1,2932 1,1662 0,2179 -0,0231 

Sea-only 0,1992 0,1960 0,0250 0,0232 

Mixed 0,2096 0,2144 0,0234 0,0178 

0.1 

mV 

Flat 1,3936 1,2839 0,2222 -0,0235 

Sea-only 0,6010 0,5932 0,0228 0,0278 

Mixed 0,6048 0,5974 0,0095 0,0184 
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