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1. Introduction

1.1. Purpose of the document

The purpose of this document is to provide the status on the S-1A & S1-B instruments and products
performance during 2017.

1.2. Structure of the document

The outline of this report is given below:

Chapter 1 : this introduction

Chapter 2 : Executive Summary

Chapter 3 : Level 1 Processor Updates
Chapter 4 : S-1A Instrument Status

Chapter 5 : S-1A Products Status

Chapter 6 : S-1B Instrument Status

Chapter 7 : S-1B Products Status

Chapter 8 : S-1A and S-1B Cross-comparison

The following appendices are also provided:

Appendix A : List of Acronyms

Appendix B : ESA S-1A & S-1B Technical Reports
Appendix C : S-1A & S-1B Instrument Unavailability
Appendix D : S-1A & S-1B Quality Disclaimers
Appendix E : S-1A Orbit Cycles

Appendix F : S-1A Transmit Receive Module Failures
Appendix G : S-1A Auxiliary Data Files

Appendix H : S-1B Orbit Cycles

Appendix | : S-1B Transmit Receive Module Failures
Appendix J : S-1B Auxiliary Data Files
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2. Executive Summary

This report gives the status of the S-1A & S1-B instruments and product performance during 2017.

As will be seen in Chapter 2, Chapters 3 & 4 (5-1A), Chapters 5 & 6 (5-1B) and Chapter 7 (S-1A and
S-1B Cross-Calibration) many aspects of the Instrument Processing Facility (IPF), instrument and
products are considered with the aim of ensuring users receive high quality products.

A summary of the report is provided below:

IPF and Auxiliary Files

e During 2017, the IPF was updated twice for v2.82 to fixed throughput issues and v2.84
which is a major evolution of L2 processor (change in the language coding), but not aiming
to change the Level 2 products performance.

e |n addition, the AUX_CAL and AUX_PP1 auxiliary files were updated for both S1-A and $1-B
for updates to noise calibration factors, elevation antenna patterns and processing gains.

Instrument Status

e The analysis of RFC, Internal Calibration and Noise products shows that S-1A instrument
status is stable. No major events have been recorded during 2017.

e S-1A antenna was reconfigured on October 2017 in order to optimize the antenna
electronic status after the tile 11 issue occurred on June 2016. The reconfiguration was
performed updating a couple of RDB tables (RDB#6). The reconfiguration impact on the SAR
performance was negligible.

e S-1A interferometric performances (interferometric baseline, instrument pointing and
burst synchronization) are better than the requirements.

e On March 2017 the S-1A STTs have been re-aligned in order to avoid data DC jumps when
STT configuration changes occur. The operation was successful.

e The analysis of RFC, Internal Calibration and Noise products shows that S-1B instrument
status is stable. During 2017 a single TRM failure was recorded (mid-January 2017).

e On November 2017 an optimization of the on board attitude control system was performed.
The optimization aimed at improving the agreement between DC estimates from the data
and from the annotated attitude in order to enable L2 applications (RVL estimation). The
optimization was successful, resulting in a reduction of the data DC estimates spread of
the 50%, but L2 RVL estimation is still not possible. The same optimization has been
performed for S-1A beginning in 2018.

Level 1 Product Status

e The various image quality parameters such as spatial resolution, sidelobe parameters,
equivalent number of looks and ambiguity ratios derived using DLR transponders & corner
reflectors, the BAE corner reflector and the Australian corner reflector array all give
nominal results.

e The IW radiometric measurements using the DLR transponders give an overall relative radar
cross-section of -0.06+0.27dB although there are some small variations with polarisation
(i.e. gain imbalance) and IW sub-swath. Phase imbalance, image coregistration and cross-
talk all give good results.

e Permanent scatter IW results over Paris show consistent results with the RCS measurements
for the BAE corner reflector.

e For the geometry absolute localisation accuracy, results indicate that given bias
compensations, the localisation performance was much better than the original
requirements. The most important improvements made in 2017 to the geolocation
estimation process itself were:
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o For TOPS mode products, a range timing bias correction was implemented within
the geolocation estimation processing chain, whose magnitude depends on the
reference target's relative azimuth position within a burst (the greater its offset
from mid-burst, the greater the Doppler frequency and the greater the
corresponding range bias).

o Sensor motion during the interval from echo Tx to Rx causes an azimuth timing
error if not properly corrected during product generation. The S-1 processor makes
use of a single range reference time to perform subswath-specific timing
corrections. However, the reference time used by the S-1 processor for its
correction was shown not to be the one annotated in the products, causing
subswath-dependent relative azimuth shifts of up to several metres (in TOPS
products, less in SM products). Correcting for this processor-internal timing error
(we call this the "bulk bistatic correction”) improves the relative azimuth
geolocation accuracy between subswaths.

There were two small updates to the S-1A elevation antenna patterns (EAPs) during 2017.
The first related to the outcome of re-calibration activities related to the refinement of the
antenna model while the second were for the period after the tile 11 anomaly in mid-2016.
S-1B interferometric performances (interferometric baseline, instrument pointing and burst
synchronization) are better than the requirements.

Several updates to the noise calibration vectors were performed during 2017 to ensure that
image noise could be successfully removed by users. Noise equivalent radar cross section
measurements were made - all were consistent with previous measurements.

A few examples of interference occurred during 2017 from sources on the ground, mutual
interference with Radarsat-2 and an unknown source(s) causing long-duration interference.
These were primarily for S1-A with no long-duration interference occurring for S1-B.

Level 2 Product Status

The performance of L2 appeared stable during 2017. The major evolution was done with IPF
2.84 which includes a change in the coding language of the L2 processor. This has had no
impact on the L2 performances but allowed to increase the rate of products processed up to
L2, production has increased during October/November 2017 to become global.

Wind products on Image Mode (IW/SM/EW) show good correlation with reference wind
speeds, and are better than the requirements in term of global statistics (Wind speed RMS is
nominal lower than 2m/s, Direction lower than 30°; respecting the products requirement)
However, they show artefacts due to the current choice of the wind GMF (Cmod-Ifr2,
Quilfen et al., 2004):

o General negative bias -0.3 to -0.7 m/s (depending on the reference data used for
the comparison) on VV polarization (reduced/balanced on HH due to cumulative
impact of noise)

o Dependency of the performances with the wind speed

o Trends to overestimate zero wind speed value (at low incidence angle)

In addition, the impact of noise profile is clearly visible on HH polarization or for high
incidence angles.

Wave Mode Wind Measurements: 2017 was the first complete year for routine acquisition in
Wave mode with both S1A and S1B. The performances are very similar for S1A and S1B. In
WV1 and WV2 wind speed bias with respect to ECMWF 0.125° are about -0.14 and -0.07 m/s
with mean RMSE of about 1.56m/s and 1.54m/s, respectively. Those performances are
better than the Sentinel-1 mission requirements for ocean surface wind speed
(RMSE<2m/s).
The limitations observed from both missions are:

o Wind speed performances are wind speed dependent for both WV1 and WV2.

o The presence of null wind speed obtained with WV1. This is due to the use of CMOD

IFR2 for the wind inversion.
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o These two issues are related to the Wave Mode calibration and the choice of the
Geophysical Model Function in the inversion scheme.

Swell Measurements: In 2017, Sentinel-1 acquisitions in wave mode have been performed at
global scale over the oceans in a routine configuration during the whole year. It leads to
about 480000 acquisitions of acquisitions every cycle. Sentinel-1 significant wave height
performances with respect to WW3 numerical model forecasts are better than the mission
requirements regarding the bias but not for the RMSE (specifications are RMSE<0.5m and
bias<0.1m). In WV1 and WV2, a mean bias of respectively about 0.15m and 0.20m, with a
RMSE of about 0.38m is observed. The issue with the bias is related to the modulation
transfer function applied in the inversion, and further investigation is undertaken.

Radial Velocity: The Level 2 Doppler anomaly and radial velocity measurements are at
present colored by the attitude Doppler. The attitude Doppler computed from the
downlinked quaternions is around zero, and do not reflect the actual attitude Doppler. This
prevents calibrated radial velocity extraction.

In late November 2017 ESA performed a STT Aberration Correction and an AOCS Fine
Attitude Tuning on Sentinel-1B. A similar exercise was performed in February for S1A. A
positive impact was observed on both the S1A and the S-1B OCN Doppler product. A
significant increase in correlation between OCN Doppler and radial wind speed was
observed. After the SST corrections, the performance of the S1A and B OCN Doppler are
similar.

Another problem observed in the IW and EW Level 2 Doppler is a scalloping with burst
period. Attempt to account for the antenna deformation during sweep did not provide the
expected results, and further investigations are undertaken.
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3. Processor Updates

The main improvements introduced in the Level-1 and Level-2 Processor and impacting data quality
are here below described, classified according to the release in which they have been included. The
full description of IPF upgrade is available on the Release note for end users document link provided
in Appendix B - . For information the IPF 2.8.0 version (released in November 2016) has been listed.
This version was never made operational due to a throughput issue (excessive filter length) related
to the new normalization strategy implemented for TopSAR SLC products generation. The IPF 2.8.2
& 2.8.4 included all IPF 2.8.0 features and restored previous performance.

IPF v2.8.0 (15/11/2016)

e Introduced full review of processor normalization approach for TopSAR data

e Solved issue in the management of Doppler Centroid estimations causing the presence of
radiometric artefacts in TopSAR data (darker bursts)

e Review and correction of terrain height different annotations in L1 products

IPF v2.8.2 (28/03/2017)

e Fixed throughput issues introduced by IPF V2.8.0 (IPF V2.7.2 performances restored).

IPF v2.8.4 (22/08/2017)

e No Upgrade of the Level 1 processor, changes concerned only L2 part

e The aim of this delivery is to provide an IPF version for Level 2 in Python, replacing the
previous IDL versions of the Level 2, without degradation of the quality performances.
Minor additional changes are :

o Fixed ice mask on OWI

o Fixed the missing variables owiElevationAngle, owiNesz when OWI processing is not
performed

o Introduction of fill values for OSW variables

In addition to the described L1 and L2 Processor upgrades, a summary of Auxiliary Data Files (ADFs)
updates during the reporting period is provided, together with an explanation of the updates, in
Appendix G - for S1-A and Appendix J - for S1-B. The main ones are here below summarised:

AUX_INS

e No updates during 2017

AUX_CAL

During 2017 the S1-A AUX_CAL auxiliary files were updated on three occasions:

o 28th March 2017: updates of (a) IW & EW Noise Calibration Factors and (b) Elevation
Antenna Pattern to implement the outcome of recalibration #2 activity related to the
refinement of the antenna model

e 22nd May 2017: updated SM, IW and EW Elevation Antenna Patterns following the Tile 11
Anomaly in June 2016

e 13th October 2017: update to be compliant with RDB#6

During 2017 the S1-B AUX_CAL auxiliary files were updated on two occasions:
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e 16th January 2017: update of Noise Calibration Factors for IW and EW mode
e 28th March 2017: update of IW and EW Noise Calibration Factors to implement the outcome
of recalibration #2 activity performed in preparation to IPF v2.8.2 deployment

AUX_PP1

During 2017 the S1-A AUX_CAL auxiliary files were updated on two occasions:
e 28th March 2017: Update of Processing Gains for IW and EW modes to implement the
outcome of recalibration #2 activity performed in preparation to IPF V282 deployment
e 13th October 2017: Processing gains updated for WV mode to introduce an offset
compensating the WV1/WV2 bias characterised through the analysis of data NRCS.

During 2017 the S1-B AUX_CAL auxiliary files were updated on three occasions:

e 16th January 2017: Update of Processing Gains for IW and EW modes to implement the
outcome of recalibration #2 activity performed in preparation to IPF V282 deployment

e 28th March 2017: Scaling LUT updated for SM, IW and EW modes, only QL decreasing them
of 1.44dB to compensate extra-brightness w.r.t. S-1A QL

e 3rd October 2017: Processing gains updated for WV mode to introduce an offset
compensating the WV1/WV2 bias characterised through the analysis of data NRCS
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4. S-1A Instrument Status

Hereafter, the status of the S-1A instrument during 2017:

4.1. S-1A Antenna Status

The Antenna status is routinely monitored using the dedicated RFC calibration mode. The RFC
products are processed in order to generate the Antenna Error Matrix from which it is possible to
retrieve the failure and drift of each TRM.

Figure 1 shows the antenna Transmit/Receive Module (TRM) status at the end of 2017. No major
changes in the antenna status occurred during the whole 2017. Ten (10) failures are counted in
total among TX-RX and H-V (the antenna elements marked with a star in the plot). The figure also
shows that half of tile 11 (TRMs from 1 to 10) is transmitting with reduced power (-10 dB) in both
polarizations since the antenna issue on June 2016. This antenna configuration is required to reduce
instrument power consumption and hence ensuring SAR operation. To ensure negligible impacts on
SAR performance a new S-1A AUX-CAL was endorsed on March 2017 (see also Section 3). The new
AUX-CAL file included Elevation Antenna Patterns evaluated with the S-1 Antenna Model considering
the new instrument status.

Error matrix for delta Tx, H incl. FM status Error matrix for delta R¥, H incl. FM status

EM unaovallable EM unovallable
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Figure 1: H (top) and V (bottom) polarisation error matrixes on the 31t December 2017. No
TRM failures occurred during the whole 2017.
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On the 16th October 2017, the configuration of antenna tile 11 was modified to improve the
antenna electronic configuration. The resulting updated configuration was captured in the RDB#6.
The following changes occurred:

e Only tile 11 status was modified

e The gain of TMRs from 1 to 10 was further decreased of about 3 dB

e The gain of TMRs from 11 to 20 was slightly increased in order to be re-aligned with the
other TRMs

e The phase of TMRs from 11 to 20 was re-aligned with the other TRMs

The change in the antenna status are highlighted in Figure 2 (V pol) and Figure 3 (H pol),
representing the variation of the gain (plot on the left) and of the phase (plot on the right) of the
TRMs in TX configuration. The variation measured on the 19t October 2017 has been measured
w.r.t. the antenna status on the 16 October 2017 (before the reconfiguration).

The antenna reconfiguration did not require to generate a new S-1A AUX-CAL file since the impact
on the EAPs predicted by the S-1 AM is lower than 0.1 dB.

Error Matrix V pol; 19—10-2017 vs 16—10-2017
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Figure 2: TX V antenna gain (left) and phase (right) variation due to tile #11 reconfiguration
occurred on the 16-10-2017 (RDB#6).
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Error Matrixg H pol; 19—10-2017 vs 18—10-2017
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Figure 3: TX H antenna gain (left) and phase (right) variation due to tile #11 reconfiguration
occurred on the 16-10-2017 (RDB#6).

The following plots show the TX excitation coefficients (averaged per tile) obtained processing RFC
products of 2017. Tile 11 shows a small gain increase of about 0.2 dB and a phase jump of about 30°
after the reconfiguration. Please note that other tiles show a small decrease of their average gain
due to the fact that, during RFC processing, the coefficients are normalized. The plots showing the
RX excitation coefficients have also been reported. No events related to RDB#6 can be noticed.
Excluding the tile 11 reconfiguration, the antenna shows overall a stable behaviour: 0.4 dB of
average temporal stability for the gain and 5° for the phase have been computed. Finally, it is
worth to mention that the antenna reconfiguration led to no meaningful changes in the SAR
performance.
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Figure 4: Gain (top) and phase (bottom) stability of the SAR antenna tiles (average of the RFC
coefficients in TX H over rows). The Tile#11 reconfiguration on October can be recognized.
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Figure 5: Gain (top) and phase (bottom) stability of the SAR antenna tiles (average of the RFC
coefficients in TX V over rows). The Tile#11 reconfiguration on October can be recognized.
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Figure 6: Gain (top) and phase (bottom) stability of the SAR antenna tiles (average of the RFC

coefficients in RX H over rows).
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Figure 7: Gain (top) and phase (bottom) stability of the SAR antenna tiles (average of the RFC
coefficients in RX V over rows).

4.2. S-1A Instrument Unavailability

A list of S-1A instrument unavailabilities during 2017 is given in Appendix C -.

4.3. S-1A Radar Data Base Updates

The RDB version #6 was endorsed on 16 October 2017. The new RDB version captured new antenna
status after tile 11 reconfiguration described in Section 4.1. In particular, the the following updates
were included in the new RDB:

e TA redundancy Tile 11 updated in the Redundancy Configuration Table (SAS)
e Modification of the Nearest State Tables (TX only) for tile 11 with the new gains (SES)

4.4. S-1A Internal Calibration

The instrument stability over time is monitored through the internal calibration signals. The plot in
Figure 8 shows the main parameters monitored: PG gain and phase. The colour in the plot
represents the different sub-swaths.

The PG gain is quite stable in the reporting period. The observed different levels pertaining to the
same mode (e.g. two different PG levels observed in particular for EW beams) are related to the
different RX polarization as detailed in the following plots.

The observed PG phase jumps are expected. They occur at every instrument switch off due to a
different initialization of the ADC. They are not an issue since they only provide a phase constant in
the SAR data.

Figure 9 and Figure 10 show a more detailed picture of the PG trend during the reporting period for
EW DH and IW DV acquisitions. No particular trends can be identified during the reporting period,



FORM-NT-GB-7-1

S-1A & S-1B Annual Performance Report for 2017

MPC-0410 DI-MPC-APR V1.1 2018,0ct.19 26
OF®

even if some slow fluctuations can be observed in particular for RX H beams (EW HH and IW VH).
Such fluctuations are in any case quite small with a peak to peak variation around 0.1 dB. In all the
plots, it is possible to see a small jump in the PG gain of less than 0.1 dB after the tile 11

reconfiguration (see Section 4.1). This small PG increase is due to the phase re-alignment of the
nominally working TRMs of tile 11.
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Figure 8: PG gain and phase over time. The colour represents the sub-swath.
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Figure 9: EW HH (left) and HV (right) PG gain divided by sub-swath.
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Figure 10: IW VV (left) and VH (right) PG gain divided by sub-swath.

4.5. S-1A Noise Power

The noise power is monitored through the dedicated RX-only pulses embedded at the start/stop of
each data-take. Figure 11 shows the noise power versus time in the period January-December 2017.
The noise power is stable in the reporting period. Table 1 reports the noise power stability (30)
averaged over the full reporting period. The number in the parenthesis is the number of considered

products.

Acquisition mode

Noise power stability [dB]

w

HH: 6.6+1.1 (13938)
VV: 7.4:1.3 (91537)
HV: 7.4£1.0 (5691)
VH: 6.6+1.45 (88189)

EW

HH 5.2+1.0 (87275)

6.0+0.66 (5585)
HV 6.3:0.9 (63103)
VH: 4.8+0.76 (5555)

wyv

HH: N/A (0)
VV: 6.2+0.9 (49446)

Table 1: Noise power stability (3-sigma): period JAN 2017 - DEC 2017
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Figure 11: Noise power versus time. The colour represents the different beams.
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5. S-1A Products Status

Hereafter, the status of the S-1A products during 2017:

5.1. S-1A Level 1 Products

A general summary of status of S-1A Level 1 products was presented at several conferences and
workshops (see [S1-RD-01], [S1-RD-02], [S1-RD-03] and [S1-RD-04]).

5.1.1. Level 1 Basic Image Quality Parameters

The DLR Transponders & Corner Reflectors, the BAE Corner Reflector and the Australian Corner
Reflector array have been used to assess various impulse response function parameters as described
below. The products analysed were acquired in 2017 and processed with the Sentinel-1 IPF v2.7.2,
v2.8.2 or v2.8.4.

5.1.1.1. Spatial Resolution

The Figures and Tables below give the azimuth and range spatial resolutions derived from SM, IW
and EW SLC data. The numbers in brackets indicate the number of measurements.
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Figure 12: SM Azimuth and Slant Range Spatial Resolutions

Mode/Swath Azimuth Spatial Slant Range Spatial
Resolution (m) Resolution (m)
S1 4.36+0.03(48) 1.72+0.01 (48)

Table 2: SM Azimuth and Slant Range Spatial Resolutions
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Figure 13: IW Azimuth and Slant Range Spatial Resolutions

Mode/Swath Azimuth Spatial Slant Range Spatial
Resolution (m) Resolution (m)
W1 21.76+0.21(689) 2.65+0.03 (689)
w2 21.88+0.19(424) 3.09+0.03 (424)
IW3 21.72+0.12(165) 3.51+0.01 (165)

Table 3: IW Azimuth and Slant Range Spatial Resolutions
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Figure 14: EW Azimuth and Slant Range Spatial Resolutions

Mode/Swath Azimuth Spatial Slant Range Spatial
Resolution (m) Resolution (m)
EW1 42.30£0.59(14) 7.87+0.07(14)
EW3 44.67+0.64 (6) 11.71£0.16 (6)

Table 4: EW Azimuth and Slant Range Spatial Resolutions

5.1.1.2. Sidelobe Ratios

Table 5 below gives the measured impulse response function sidelobe ratios derived from SM, IW
and EW SLC data - these indicate acceptable values.
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Mode/Swath Integrated Range ISLR Azimuth ISLR | Peak Sidelobe Spurious
Sidelobe Ratio (dB) (dB) Ratio (dB) Sidelobe Ratio
(dB) (dB)
SM -14.19+3.78 -16.32+1.02 -16.36+0.86 -19.79+0.98 -24.37+2.46
w -11.37+3.24 -15.78+1.29 -16.42+1.53 -19.65+1.26 -23.16+£3.53
EW -10.77£4.25 -17.12£3.26 -18.39+4.13 -19.68+2.39 -19.33£2.28

Table 5: SM, IW & EW Sidelobe Ratios

5.1.1.3. ENL and Radiometric Resolution

Large uniform distributed targets are used to measure the equivalent number of looks (ENL) and
radiometric resolution (RR) in imagery as given in Table 6 and Table 7 below. For each swath/sub-
swath and product type, the first number is the ENL while the second is the RR in dB.

IW1 w2 IW3
GRDH 4,55, 1.67 4.60, 1.66 4,73, 1.64
Table 6: IW ENL & RR Measurements
EW1 EW2 EW3 EW4 EW5
GRDH 2.52, 2.12 2.51, 2.12 2.51, 2.13 2.61,2.09 2.54, 2.11

Table 7: EW ENL & RR Measurements
5.1.1.4. Ambiguity Analysis
5.1.1.4.1. Azimuth Ambiguities

Table 8 below gives mean azimuth ambiguity ratio for DLR transponder targets acquired in IW
mode.

w
Early Azimuth Ambiguity Ratio (dB) -27.61£2.55
Late Azimuth Ambiguity Ratio (dB) -27.84+2.79

Table 8: Azimuth Ambiguity Ratios
5.1.1.4.2. Range Ambiguities
No imagery suitable for range ambiguity measurements were identified during 2017.
5.1.2. Radiometric Calibration

The DLR Transponders & Corner Reflectors, the BAE Corner Reflector and the Australian Corner
Reflector array have been used to measure their radar cross-section as described below. The
products analysed were acquired in 2017 and processed with the Sentinel-1 IPF v2.72, v2.82 or
v2.84.
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5.1.2.1. Absolute Radiometric Calibration

DLR Transponders have been used to calculate the relative radar cross-section for IW mode during
2017.The results are shown in Table 9 where mean (radiometric accuracy) and standard deviation
(radiometric stability) of the relative radar cross-section in dB are given. The number of
measurements is given in brackets. All the transponder measurements are for IW mode and dual V
(VV/VH) polarisation which reflects the acquisition planning strategy over land for S-1A during 2017.
Note that the IW radiometric accuracy is close to zero while the radiometric stability is better than
0.3dB.

W
-0.06+0.27 (376)
Table 9: SLC Relative Radar Cross-Section for the DLR transponders (dB)

The following results are also for the DLR transponders, and have been separated by polarisation.
The IW results below indicate a good radiometric calibration with many mean relative radar cross-
section values close to zero (the radiometric accuracy) and a standard deviation of typically 0.3dB
(the radiometric stability). The differences between polarisations are also small (see also Section
5.1.4.1).
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IW SLC Relative Radar Cross-Section
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Figure 15: IW SLC Relative Radar Cross-Section for the DLR transponders

VH \'A% HH HvV

W -0.02+0.32 (188) -0.10+0.20 (188) No measurements No measurements

Table 10: IW SLC Relative Radar Cross-Section for the DLR transponders (dB)

W1 W2 IW3
VH -0.230.29 (104) 0.08:0.35 (38) 0.10:0.35 (46)
W -0.26+0.22 (104) -0.03+0.21 (38) -0.15+0.21 (46)

Table 11: IW SLC Relative Radar Cross-Section for the DLR transponders (dB)

The radiometric calibration results using the DLR Transponders and the BAE Corner Reflector for IW
SLC products are shown in Figure 16 from imagery acquired during 2017. The derived relative radar
cross-section for the DLR transponders during the same period is -0.09+0.29dB while from the BAE
corner reflector is -0.19+0.17dB.
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Figure 16: IW SLC Relative Radar Cross-Section for the DLR Transponders and the BAE Corner

Reflector

An array of 40 corner reflectors has been deployed near Brisbane, Australia as a component of the
Australian Geophysical Observing System (AGOS) - see [S1-RD-04] for further details. The CRs are
size 1.5m (34), 2.0m (3) and 2.5m (3) with fixed orientations. Given that these corner reflectors
have a fixed elevation and azimuth orientation they will not be pointing directly at S-1A. However,
for IW acquisitions the reduction in radar cross-section compared to the case of a perfect
orientation is small at less than 0.05dB. Table 12 gives the radiometric accuracy and stability for all
corner reflector measurements during 2017 together with results for IW1 and IW2 sub-swaths and
for HH polarisation (no imagery was acquired in VV polarisation). The numbers in brackets refer to
the number of measurements. The results indicate an accuracy close to zero while the stability is

less than 0.5dB but larger than the one derived from the DLR transponders above.

All W1 w2 IW1 HH

IW2 HH

0.130.55 (637) | 0.13:0.53 (381) | 0.14%0.58 (256) | 0.13:0.53 (381)

0.14:0.58 (256)

Table 12: IW SLC Relative Radar Cross-Section for the Australian Corner Reflectors (dB)

5.1.2.2. Permanent Scatter Calibration

Figure 17 shows a recent IW VV Permanent Scatter Calibration series over Paris. The series covers
almost 2 years from January 2016 to November 2017. The PSCAL results are consistent with the
time series from the BAE corner reflector (Figure 16). In particular, it can be noticed a small RCS
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reduction (about 0.2 dB) around March 2017. Further analyses showed that such RCS reduction was
recovered during 2018. This implies that the origin of this reduction is probably a small fluctuation
of the instrument gain not properly captured by the Internal Calibration. The origin of the issue is
under investigation but in any case the peak to peak fluctuation is quite reduced and the
radiometric stability of the instrument is good.

PS calibration constant series

0.5 T T T T T T T T T T T T T T T
°
1 .
5 .
- o
5 °
2 ™ ¢ o
=
e
8 ol e e Y . ® 9 ® . -
c o] [
S oo °
E L ] .. &
2 . .'. o °
S L T *
® e ©®
® ..
.05 1 | 1 1 | | | | | | | 1 1 | |
o % @ Lo Lo Lo o O A A A A A A A A
Q’\ "]S)}\ Q’\ I"SS\ Qg;\ rLQ’\ r‘lg’\ "]SS\ rfp’\ q’Q’\ r‘SS\ F]SS\ rLQ,\ FLQ\ {19’\ rLQ"\
r T Y I T ST YL
" S Y o F T W F » Y & o
) Q0 SR A S S N N - A G S

Figure 17: Permanent Scatter Calibration time series for TopSAR IW over Paris.

5.1.3. Geometric Validation

S-1A geolocation quality was monitored regularly throughout 2017 using SLC products from the IW
mode. EW- and SM-mode acquisitions, while not acquired during 2017 over Swiss targets, were
obtained during the earlier S-1A calibration and validation campaign. They were generally re-
analysed whenever new, significant timing biases had been implemented in post-processing. The
trihedral corner reflectors (CRs) whose positions had been installed and surveyed with cm-level
accuracy at the Swiss test sites Torny-le-Grand and Diibendorf during the S1-B calibration campaign
continued to serve as reference targets in 2017.

For a given CR visible in an S-1A image product, its predicted azimuth and slant range image pixel
position was calculated as follows:

. The surveyed CR position was adjusted for acquisition-time “epoch” plate tectonic drift
and solid Earth tide (SET), as described in [S1-RD-05].
. The relevant timing annotations were extracted from the product annotations; these

included the azimuth zero-Doppler time stamps, the orbital state vectors, the near-range fast time,
and the range and azimuth sample spacing’s.

. Range-Doppler geolocation was performed for the CR coordinate as described e.g. in [S1-
RD-13], giving range and azimuth times as the output.

. The slant range prediction was corrected by adding the modelled atmospheric path delay,
and the azimuth time was corrected by subtracting the bistatic residual. These effects and their
associated corrections are described in more detail in [S1-RD-05].
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ALE estimates for products from all three modes, which included the range and azimuth timing
corrections mentioned in the above point, were published in mid-2017 [S1-RD-18]. By the end of
2017, the ALE estimates at UZH operationally included two further post-processing corrections:

. For TOPS products (IW and EW), a range shift dependent on the target azimuth position
within the TOPS burst was shown to be affecting the corresponding ALE estimates [S1-RD-10].
Correcting for these biases on a target-by-target basis resulted in a lower range ALE spread, and
slightly shifted the mean bias.

. The beam-dependent azimuth biases previously observed in IW and EW analyses were shown
to be caused by an error in the way the S-1 IPF was interpreting the azimuth timing annotations
(during the so-called bulk bistatic correction). While this was most visible in TOPS-mode product
analyses, the error was shown to affect SM mode products as well [S1-RD-11].

The above steps resulted in a range-azimuth predicted position for each target that could be
compared to the position of the peak intensity in the image raster itself, i.e., the measured CR
position. The differences between predicted and measured positions were then plotted. For
example, the IW SLC product time series for 2016 and 2017 are shown in Figure 18. Please refer to
[S1-RD-05] and [S1-RD-06] for details on the evolution of the standard IPF processing and the
geolocation methodology. Both the range and azimuth ALE has improved for all modes.

The ALE plots in Figure 18 indicate that given bias compensations, the localisation performance was
much better than the original requirements (according to sections 5.5.2.1 and 5.5.2.2 in [S1-RD-
09]). A method for integrating azimuth bias compensation annotations in the IPF is under study.
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Figure 18: ALE estimates for S-1A IW SLC product time series acquired over the Swiss test sites
using precise state vectors (AUX_POEORB). (a) products acquired in 2016; (b) products acquired
in 2017. Product date ranges are shown in the figure inset. Point colours represent
beam/subswath.
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5.1.4. Polarimetric Calibration

5.1.4.1. Gain Imbalance

The DLR transponders have also been used to calculate the gain imbalance (the difference in radar
cross-section between the two polarisations of dual polarisation products).Table 13 gives a summary
of the gain imbalance for IW mode and VV/VH polarisation while Figure 19 shows the gain
imbalance for IW.

Gain Imbalance (dB)
IW (VV/VH) 0.10+0.21 (188)

Table 13: Gain Imbalance using the DLR transponders

)
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Figure 19: IW Gain Imbalance using the DLR transponders.
5.1.4.2. Phase Imbalance

The DLR transponders have been used to calculate the phase imbalance (the difference in peak
phase between the two polarisations of dual polarisation products). Figure 20 and Table 14 give the
gain imbalance for IW acquisitions during 2017 (there were no acquisitions of the DLR transponders
in SM & EW modes). As expected the phase difference is close to zero.
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Figure 20: Phase Imbalance using the DLR transponders.

Phase Difference (°)
w -1.52+1.13 (188)

Table 14: Phase Imbalance using the DLR transponders

5.1.4.3. Coregistration

37
OF®

The DLR transponders provide an impulse response in both polarisations of dual polarisation imagery
which enables coregistration to be performed between the two polarisation images. Table 15 below
shows that the average measured polarimetic co-registration derived from SLC products acquired
during 2017 is very small (the IRF peak position is measured to a 1/8 of a pixel).

Mode/Swath Range Co-registration Azimuth Co- Number of
Accuracy (m) registration Measurements
Accuracy (m)
w 0.03+0.08 0.00+0.00 66

5.1.4.4. Cross-talk

Table 15: Polarimetric Calibration Measurements

The DLR corner reflectors enable the S1-A cross-talk to be measured since they provide an impulse
response in only one polarisation (HH or VV) of dual polarisation imagery. Table 15 gives the IW
cross-talk derived using SLC products - the measured cross-talk is acceptably low.

Corner Reflector Cross-talk

(dB)

Number of Measurements

-37.5+4.2

16

Table 16: Cross-talk Measurements
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There were two updates to the S-1A elevation antenna patterns (EAPs) during 2017. The first
related to the outcome of re-calibration activities related to the refinement of the antenna model
while the second were for the period after the tile 11 anomaly in mid-2016.

Figure 21 and Figure 22 below show the difference in the EAPs for IW and EW mode before and after
the IPF v2.82 re-calibration. As can be seen the different is dependent on mode and polarisation.
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Figure 21: Difference in IW EAP gain between the new and previous EAPs.
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Figure 22: Difference in EW EAP gain between the new and previous EAPs.
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The EAPs updates following the Tile 11 Anomaly in June 2016 are shown in Figure 23 and Figure 24
below - here the difference between the new and previous EAPs for IW and EW modes are shown.
Since the inverse of the EAP is applied in the IPF, the relative RCS of distributed and point targets
will in general increase depending on their incident angle.
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Figure 23: Difference in IW EAP gain between the new and previous EAPs.
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Figure 24: Difference in EW EAP gain between the new and previous EAPs.

5.1.6. Azimuth Antenna Patterns

There were no updates to the S-1A azimuth antenna patterns during 2017.
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5.1.7. Noise Equivalent Radar Cross-section

S-1A imagery with low ocean backscatter can be used to estimate the Noise Equivalent Radar Cross-
Section (NESZ). Figure 25 and Figure 26 show example NESZ measurements for IW and EW mode
derived from data acquired in 2017. For the EW imagery a special acquisition campaign over the
Pacific Doldrums was performed to acquire low backscatter imagery. The requirement that the
NESZ should be below -22 dB is met at all sub-swaths. For IW the measurements are slightly better

than the prediction (red curves) while for EW the measurements are slightly worse than the
prediction.
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Figure 25: NESZ measures for IW. Blue is the measured NESZ and
the red lines are the predicted NESZ.
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Figure 26: NESZ measures for EW. Blue is the measured NESZ and the red lines are
the predicted NESZ.

5.1.8. Interferometric Performances

The interferometric performances, and in particular, the coherence level of an interferogram
between two S-1 images, depend on several factors including:

Stability of the imaged scene (temporal coherence)

Thermal noise level of the considered acquisitions (see section 5.1.7)
Volumetric decorrelation due to different acquisition geometry (orbit baseline)
Stability of the sensor pointing to ensure Doppler spectrum overlap
Synchronization of the acquisitions (for TOPSAR modes only)

The S-1A performances related to the last three points are reported in the next sections.
5.1.8.1. S-1A Orbit Baseline

Repeat pass interferometry requires that acquisitions at different times are performed with a
similar orbit to ensure high coherence interferograms. The “distance” between the orbits of a pair
of interferometric acquisition is called interferometric baseline. The interferometric baseline is
continuously monitored by the PDGS OBS tool, which compares the S-1B orbits with an arbitrary
selected reference cycle (for S-1A it’s cycle number 60, 30 September - 12 October 2015).

Figure 27 shows the three interferometric baseline components (Parallel on top, Normal in the mid
and Along-Track on the bottom) evolution during 2017. The hot colours represent the maximum
baseline value and the cold colours represent the minimum baseline value measured for each orbit.
The different colours represent the track number evolving for each cycle from 1 to 175.

The most critical baseline component for the interferometric coherence is the normal one, which
shall be lower than a certain threshold named critical baseline (about 5 km for S-1 and depending
on the considered swath). The measured normal baseline (mid plot) shows that the worst-case
coherence loss due to the interferometric baseline is always well below 5%.
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Figure 27: S-1A Parallel (top) Normal (mid) and Along-Track (bottom) interferometric baseline
during 2017. The hot colours represent the maximum value and the cold colours represent the
minimum value for each orbit. The colours represent the track number.

5.1.8.2. S-1A Burst synchronization

The burst synchronization between repeat pass interferometric acquisitions is relevant for the
TOPSAR modes (IW and EW), to provide an indication of the quality of the interferometric phase
that can be expected. The SAR acquisition start time is planned over a discrete set of points round
orbit with precision down to milliseconds. The performance of the synchronization is monitored by
the PDGS OBS tool.

Figure 28 shows the burst synchronization error over time for IW and EW mode, considering as
reference cycle number 60 (30 September - 12 October 2015). The colour of the dots represents the
number of repeat pass acquisitions falling in a certain temporal and burst synchronization interval
(light blue meaning few points and purple meaning many points).

The daily average synchronization is reported with a continuous black line. It can be noticed that
the average synchronization is always very good with a small seasonal trend (less than 5 ms peak to
peak). A similar trend can be observed also for S-1B burst synchronization (see Figure 78),
suggesting a common origin due to some long-term orbit perturbation.

The black dashed lines represent the S-1 synchronization requirement (about +7 ms). This value is
obtained starting from the timing requirement for single acquisitions (5 ms) and multiplying it by v/2
due to the fact that all the values in the image are obtained by combining the timing error of two
independent acquisitions. The synchronization performance is quite good with 94% of IW
acquisitions and 93.9% of EW acquisitions being better than the timing requirement.
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Figure 28: S-1A IW (top) and EW (bottom) burst synchronization during 2017. The colour
represents the number of points (light blue few points, purple many points). The black line is
the average synchronization per day and the dashed lines are the S-1 requirement limits.

5.1.8.3. Instrument Pointing

The instrument pointing is continuously monitored exploiting the attitude quaternions annotated in
the SAR packets and the DC estimates from the data. The annotated attitude shows very small
deviations w.r.t. the nominal attitude (Total Zero Doppler + Roll Steering) and does not allow
predicting the short-term fluctuations of the DC estimates from the data as required for some L2
applications. This is related to the working of the on-board attitude control system (AOCS). An
optimization of S-1B AOCS has been performed for S-1B during 2017 (see section 7.1.8.2) whereas S-
1A AOCS optimization has been performed at begin 2018 and hence is not covered in the present
report.

Figure 29 shows the average Doppler Centroid on a data-take basis (dots) and on a daily basis (red
line) versus time. During the past years DC jumps were observed at every STT configuration change
(vertical dashed black lines) due to a residual mis-alignment of the on-board STTs. For this reason,
at the end of March 2017, the STTs were realigned (vertical dashed green lines). A clear reduction
of the DC jumps after the STT alighment can be observed.

Figure 30 shows the DC jumps at sub-swath overlap (along range) as a function of time. The DC
jumps are defined as the average DC data difference in the range overlapping region of two
adjacent sub-swath (e.g. IW2 w.r.t. IW1). The DC jumps are computed both on a slice basis (blue
dots) and on a daily basis (red line). It is worth to note the step in the IW2-IW1 DC jump around
October 2017 due to the tile 11 reconfiguration (RDB#6). The step of about 4 Hz indicate that the
new antenna configuration resulted in a slightly different azimuth pointing for IW1 and IW2 beams.
On the other hand, the step is almost negligible for IW3-IW2 DC jump.

Following the STT alignment campaign, three Elevation Notch acquisitions were performed to verify
that no mispointing in the elevation direction had been introduced. The following table shows a
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resume of the results of the S-1A roll pointing analysis. The roll mispointing is quite small (lower
than 10 mdeg) for ascending pass acquisitions in both STT1+3 and STT2+3 configurations. On the
other hand, roll mispointing is higher (almost 20 mdeg) for the only available descending pass
acquisition. This is probably due to the missing STT relativistic aberration correction which will be
introduced for S-1A during 2018.

Scene .
Abs. Rel. T Duration | ANX start . Roll bias

1a355 28I A 15808 76  1+3 5793.8 2133 75
March

1AEF SO by p o 15020 98 143 11 3088.6 2211 173
March

1A423 M?’g:::‘h DV A 15927 105 243 21 5798 .4 133.9 23

Table 17: Results of the S-1A roll pointing analysis exploiting Elevation Notch acquisitions.
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Figure 29: Doppler Centroid versus time. Average on a slice basis (dots) and daily average (red
line). The star-trackers reconfigurations events are marked by the vertical black lines. The STT
alignment campaign is marked by the vertical green lines.
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Figure 30: Doppler Centroid jump at sub-swath overlap versus time. Average on a slice basis
(dots) and daily average (red line).

5.1.9. Summary of Anomalies
5.1.9.1. Radio Frequency Interference

As small percentage of Sentinel-1A imagery is affected by the presence of Radio Frequency
Interference from the ground. An example from 2017 is shown below over Bangladesh & Bhutan
(full scene and detail for VH polarisation). Usually RFI only affects a few range lines of raw data.
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~20170822T120459_20170822T120524_018036_01E472_FFDO.SAFE
Figure 31: An example of Radio Frequency Interference over Bangladesh & Bhutan

"S1A_IW_GRDH_ 15DV

5.1.9.2. Radarsat-2/Sentinel1-A Mutual Interference

Although the orbit altitude of Radarsat-2 and Sentinel1-A are quite different (789 km and 693 km
respectively) their repeat periods are a multiple of each other (24 days and 12 days respectively)
and their equatorial crossing times are almost the same (~18:00 hrs at the ascending node). Another
similarity is that both SARs operate at the same frequency.

The repeat period and crossing times mean that every 24 days, Radarsat-2 will be directly above
Sentinel-1 and hence both may be imaging the same region of the Earth’s surface at the same time.
If this occurs then mutual interference is detected. Further examples of such mutual interference
occurred during 2017 as indicated in Table 18 with example images from 5th February 2017 are
shown in Figure 32. More details and examples could be also found in a specific technical note on
Sentinel-1 RadarSat-2 mutual interference (link is provided in Appendix B -)

. ‘ ers Start End Approx. Approx.
Satellite | Orbit R((.;I:;:\t/e Acql;gil:lon Time Time | Latitude Location
(UT) (UT)
S$1-A 14691 94* 5th January 03:38 03:39 50° N Ukraine/Russia
2017 ) ’
S1-A 15141 19* 5th February 00:13 00:14 47° N Kazakhstan/China
2017 ) ’
S1-A 15291 169* 15th February 07:05 07:05 48° N North Atlantic
2017 ) ’
S1-A 15491 19* 1st March 2017 00:14 00:16 40° N China
S1-A 15741 94 18th March 03:42 03:43 34°N Cyprus
2017
S1-A 15792 144* 21st March 2017 | 13:59 14:00 36°N US West Coast
S1-A 15841 19* 25th March 00:15 00:17 36° N North China
2017 ) ’
S1-A 15941 119 31st March 2017 | 20:51 20:52 36°N Japan




FORM-NT-GB-7-1

S-1A & S-1B Annual Performance Report for 2017

MPC-0410 DI-MPC-APR V1.1 2018,0ct.19 48
OFRS®
S1-A 16191 19* 18th April 2017 | 00:17 00:18 30°N China
S1-A 16541 19* 12th May 2017 00:19 00:20 25° N North India
S1-A 16891 19* 5th June 2017 00:21 00:22 20°N India

*Descending pass

Table 18: S-1A/Radarsat-2 Mutual Interference during 2017

' A LA Gid S s R |
S1A_IW_GRDH_1ADV_20170205T001329_20170205T001354_015141_018C43_CE25.SAFE
S1A_IW_GRDH_1ADV_20170205T001354_20170205T001419_015141_018C43_8E8B.SAFE
S1A_IW_GRDH_1ADV_20170205T001419_20170205T001435_015141_018C43_D40C.SAFE
Figure 32: An example of S1/RS-2 Mutual Interference over Kazakhstan/China

5.1.9.3. Other S-1A Interference

Further examples of another type of interference found in S-1A imagery were seen during 2017 (the
only previous example was on 8th December 2016 over Florida, USA). The dates of the 2017
examples, also over southern USA, the Gulf of Mexico, the Caribbean and Central America are:

9th July 2017, orbit 17401 (data take 01D117), ascending pass

11th July 2017, orbit 17423 (data take 01D1Cé6), descending

31st October 2017, orbit 19056 (data take 0203AE), descending

5th November 2017, orbit 19129 (data takes 0205E3 & 0205E4), descending.
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Images from these dates are shown in Figure 33 to Figure 36. This type of interference is >1000 km
in azimuth extent and it has a visual appearance that is quite different from the S-1A/Radarsat-2
interference. The source of the interference has not been identified.
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Figure 34: S-1A/Satellite Interference 11th July 2017 (11:53 UT)
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Figure 36: S-1A/Satellite Interference 5th November 2017 (11:28 UT)
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5.1.10. Quality Disclaimers

S-1A Quality disclaimers issued during 2017 are given in Appendix D -.

5.2. S-1A Level 2 products

5.2.1. Wind measurement

5.2.1.1. Image Mode (SM-IW-EW)

The SAR wind measurement is strongly dependant of the product calibration accuracy. It takes
benefit from the efforts made on the SAR Levell products to improve the calibration constant and
align the gamma profile as the function of the elevation angle over Rain Forest. These
improvements impact the wind measurements, making it appearing more consistent all along the
subswath and also subswath by subswath.

Statement of the wind measurements accuracy:

The strategy to assess the accuracy of the wind retrieval is to compare it with an auxiliary wind
source which is used as a reference. This source could be in-situ data from buoy, other satellite
data (ex: scatterometer) or atmospheric model outputs. Here, the strategy is to multiply the types
and the number of the data used as reference, to overcome some lacks on the reference data due
to their coverage, resolution or possible bias. In this scope, Ifremer has performed systematic
collocations with such data (model: ECMWF (global), Arome, Arpege (European), hundreds of buoys,
Metop scatterometers ASCAT- A/B, altimeters ex Cryosat, radiometer ex SMAP etc.) with L2
products generated by the ESA-IPF by PDGS.

FEMS: 1.87 m/s

Npts: 1140407

b) Arpege HR
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bias Rms

s Arome -0.55 1.79
_ Arpege -0.40 1.64
ECMWF -0.29 1.45

c) ECMWF

Figure 37: SAR Wind speed compared with reference wind speed for IW mode VV polarisation.

The S1A wind performance has been stable during 2017. Indeed, no large improvements have been
introduced in the OWI module, except the change of coding language, with IPF 2.84. It had no
impact on the performances but had allowed to increase the processing rate (number of products
processed up to L2 OCN). Figure 37 presents the performance achieved on December 2017 for IW
mode in VV polarisation of the retrieved wind compared to model references (Arome, Arpege and
ECMWEF). It can be noticed the strong correlation of the SAR-derived wind speeds with the wind
references. The bias and the RMS are less important for ECMWF re-analysis since the wind inversion
is based on the ECMWF forecast as an a priori wind input.

A nominal RMS of 1.5m/s to 2m/s is observed; which is better than the S1 wind product
specification/requirement (RMSE<2m/s). A bias of around -0.3 to -0.7 m/s depending on the wind
reference is present, even at moderate wind speed. As expected, at low wind speeds, the NESZ
impacts the SAR wind measurement (overestimation). The bias is wind speed dependant. At high
wind speeds, the SAR tends to under-estimate the wind speed. These biases are related to the
choice of the current geophysical model function (GMF- function allowing the prediction of the sea
surface backscattering as a function to sensor-scene-view and sea-surface-wind parameters) used
for the wind retrieval from the co-polarized channel in the inversion scheme. Indeed, the currently-
used GMF (Cmod-Ifr2, Quilfen et al., 2004) does not well predict the saturation of VV NRCS for high
wind speed (above 15m/s). In addition, for moderate wind speeds (5 to 10m/s), its response gives
higher Normalised Cross Section than more recent GMF (ex: Cmod5n/Cmod7) currently used for
scatterometers (as for example ASCAT). In these moderate-wind value ranges, Cmod-if2 behavior is
close to Cmod>5, shown as biased in Hersbach et al 2008, which explains the overall negative bias. In
addition, at low wind speed and low incidence angle, its response is high, and it tends to
overestimate the number of 0-wind speed values on the inversion. Then, it has been decided to
investigate during 2018 on a possible use of another GMF. Same kind of performances is achieved on
EW VV.

At HH polarisation, the bias introduced by the GMF choice looks less important on the global
statistics, due to the cumulative impact with NESZ, which introduces a positive bias especially on
large incidence angle.

Indeed, a noticeable impact of the noise can be observed especially on HH polarization and high
incidence angles (over estimation, beam shaped profile), and even visible in VV polarization, when
assessing the performance as the function of SAR elevation angle (beam shaped patterns can clearly
be noticed) cf Figure 38.
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Figure 38: S1A OWI wind speed performance as the function of the elevation angle
demonstrating visible NESZ impact on the wind measurement

Improvement performed during 2017:

The main changes are related to IPF upgrades. Please refer to section 3. Please notice the
correction of the issue related to ice mask with IPF 2.84 (described in the previous annual report of
2017 [S1-RD-013])

Planned Improvements:

1. Export of cross-Pol information

With the next version of the processor IPF 2.90, the format of L2 data will be extended in order to
include additional information on cross-polarization (NRCS, NRCS corrected and NESZ annotation on
the OWI grid) for the dual pol acquisition as a new dimension. This is a good opportunity for the
community working on very strong wind-speed conditions (extreme wind phenomena: ex
hurricanes...).

2. GMF change

GMF is the empirical function to relate an ocean surface wind situation (speed and direction) and
the radar configuration (incidence angle, antenna look direction, polarization and frequency) to the
sea-surface-backscattered level. SAR wind performances validation has outlined some deficiencies
in the current GMF (Cmod-Ifr2, Quilfen et al., 2004). An activity on the assessment of the
performances of several candidate GMFs of the Cmod family will be performed.
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3. Possible issue on Bright target removal

The aim of the Pbright algorithm is to remove bright targets (such as the ships, oil rigs, offshore
wind farms for example) from the averaging of the scattering level (normalized radar cross section)
on the cell where the wind retrieval is performed to avoid their contribution. A first quantitative
inspection indicated that the results of the Pbright algorithm are not optimal and tend to over-
estimate the number of bright targets in the wind cell. It means that it reduces the number of
points for the averaging, and then could result in a less-confident and underestimated SAR-
retrieved wind speed. Since the processing parameters used in the Pbright algorithm have not been
re-adjusted after Sentinel-1 launch, the action of a quantitative estimation of the algorithm
performances have been already identified last year. This has been postponed to 2018 and it will be
performed for the different acquisition modes and processing levels and adjustments will be
proposed if necessary.

4. Activation of the noise removal

The activation of the noise removal will allow to reduce the impact of the NESZ on the wind
measurements especially for low-to-moderate wind speed and for wind measurements performed at
high incidence angle, resulting on an over-estimation of the SAR derived wind speed and possible
modulation of the measured wind speed profiles by the antenna lobe (Figure 38 for S1A, Figure 82
for S1B). The noise vectors of the L1 product will be updated on 2018 (with next version of the
processor IPF 2.90), to be more accurate. Once this activity and after performance assessment, it
could be decided to activate the noise removal for wind retrieval production.

5.2.1.2. Wave Mode

2017 is the second complete year with a nominal use of the wave mode for Sentinel-1 A. Following
the acquisition plan, wave mode is acquired at global scale in VV polarization over the oceans. It
leads to about 48000 acquisitions every month (~20000 collocations with WW3 numerical model for
WV1 and ~20000 for WV2 each month). Please note that during 2017, with IPF 2.84, the variables
oswLandFlag and oswlLandCoverage are not correctly filled. The amount of data enables to
investigate the stability of the Level-2 products performances with respect to time. Results are
focused on VV in this report. The performances of HH polarization will be discussed in a future
report.

Figure 39 shows the monthly performances for ocean surface wind speed with respect to time
during 2017 for (a) WV1 and (b) WV2. Top panel presents the bias and the standard deviation for
the wind speed. Bottom panel presents the number of acquisitions used for validation. The bias is
computed by comparing the wind speed from Sentinel-1 and the wind speed from ECMWF analysis (3
hours and 0.125 degrees). An example for December 2017 is shown on Figure 41.
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Figure 39: Ocean surface wind monthly performances for WV1 (a) and WV2 (b) and number of
acquisitions co-located to reference data for validation for WV1 (bottom-left) and WV2 (bottom-

right). For top panels, coloured thick solid lines stand for the mean difference between
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Sentinel-1 and ECMWF model wind speeds. Coloured thin solid lines are associated standard
deviation.
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Figure 40: Focus on ocean surface wind monthly performances for WV1 (a) and WV2 (b).
Colored thick solid lines stand for the 7-days mean difference between Sentinel-1 and ECMWF
model wind speeds.
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Figure 41: scatter plot of wind speed from S-1A WV1 versus ECMWF Dec 2017 (left WV1 and

right WV2).
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Figure 42: S-1A oswWindSpeed distribution per incidence angle. Red bars are WV1 and blue

ones are WV2.

Here ocean surface wind speed from ECMWF model outputs are used as reference and SAR wind
speed equal to zero are not considered. This approach is considered valid from a statistical point of
view because the analysis is global, monthly and performed in open-ocean. Figure 39 shows that
S1A WV1 has a significant change in the wind speed performances in 2017. Figure 40 is a focus on
the performance analysis obtained in 2017 when the changes happened.
e S1A WV1 wind measurements had a bias of negative 0.4 m/s (i.e. underestimation of the
SAR) visible on the first 8 months. This bias has been reduced in October. This improvement
is due to the update of AUX_PP1 files aiming at changing the calibration gain of WV.
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e For S1A WV2 wind measurements, bias is stable around Om/s the small correction on
AUX_PP1 (3rdOctober2017) has no visible impact on WV2 wind speed performances.

Note that there is not exactly the same number of observations used for WV1 and WV2 because of
the filter applied on the dataset. More specifically, we are filtering all the points where the
variable oswWindSpeed is equal to 0 m/s. And as it is shown on Figure 42 it occurred more
frequently for WV1. Indeed, for this mode, too many WV1 data have values of oswWindSpeed equal
to zero. This is obvious when comparing the wind speed PDF from WV1 with ECMWF model wind
speed or with oswWindSpeed from WV2.

Conclusion

For 2017 WV1 wind speed bias with respect to ECMWF 0.175° is about -0.26 m/s with a
RMSE of about 1.57 m/s (resp. 1.60m/s for WV2) which is better than the Sentinel-1 mission
requirements for ocean surface WV wind speed (RMSE<2m/s).

In 2017 there was no modification of the wind inversion, a change of calibration occurred in
October 2017 (via AUX_PP1 update) and improved the calibration especially for WV1. The 2 major
limitations observed in the ocean surface wind speed (oswWindSpeed) measurements from ESA
Sentinel-1 A Level-2 Ocean products are:

1. Wind speed performances are wind speed dependent for both WV1 and WV2.

2. The presence of null wind speed obtained with WV1. This is due to the use of CMOD IFR2 for
the wind inversion. (The fact that a filter on null wind speed is applied on the figures
showing the wind speed performances explains why we have less WV1 than WV2
observations.)

These two issues are related to the Wave Mode calibration and the choice of the Geophysical Model
Function in the inversion scheme.

5.2.2. Swell Measurement

5.2.2.1. Wave Mode

2017 is the second complete year with a nominal use of the wave mode for Sentinel-1 A. Following
the acquisition plan, wave mode is acquired at global scale in VV polarization over the oceans. It
leads to about 48000 acquisitions every month (~20000 collocations with WW3 numerical model for
WV1 and ~20000 for WV2 each month). This enables to investigate the stability of the Level-2
products performances with respect to time. Results are focused on VV in this report.

The waves performances are estimated by comparison between the significant wave height of the
long waves as measured by Sentinel-1 and produced by Wave Watch 3 model (WW3). WW3 is run to
produce a 2D ocean wave spectrum for each Sentinel-1 acquisition. On a statistical basis and over
open-ocean, WW3 is used as the reference. For both S-1A and WW3, the significant wave height of
the long waves is estimated by integration of the 2D ocean wave spectra up to the cut-off values
(above this value, the inversion is not expected to work). This is why this parameter is called the
effective significant wave height. It is directly computed from the ocean swell spectrum
(oswPolSpec) and the 2D cut-off (oswSpecRes). The use of this variable aims at filtering the spectral
domain that is considered as valid after ocean swell inversion) variables included in the L2 OCN
products. Figure 43 shows an example of comparison between Sentinel-1 A and WW3 effective
significant wave height, respectively for WV1 and WV2 obtained in December 2017. Very similar
performances are visible for the two incidence angles.
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Figure 43: scatter plot of effective significant wave height from S-1A WV1 versus WW3
significant wave height Dec 2017. The model outputs are considered as reference here. This is

only valid from a statistical point of view

Figure 44 shows performances for the effective significant wave height with respect to time. We
observed very stable performances for S-1A on both WV1 and WV2 along the whole year. A constant
overestimation of 0.2 m is observed. Standard deviation values are lower than 0.5 m for both WV1
and WV2. These results are within the specifications. The standard deviation of the effective
significant wave height remains constant through 2017.
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0.5 R A LY S NS DLttt ettt mmma

0.0

-0.5

S1A - Eff Hs [m]

-1.0
30000
28000

2

3 26000

5 —_—— — e

© 24000

Z 22000

|

S1A - Eff Hs [m]
[=]
o

Nb of Obs

Figure 44: S-1A WV1 and WV2 Ocean Swell monthly performances as function of time.
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For top panels, coloured thick solid lines stand for the mean difference between effective
significant wave height from Sentinel-1 and from WW3 model. Coloured thin solid lines are for
standard deviation.

Conclusion:
This report only gives performances regarding the significant wave height (period and wave
direction will be discussed later).

For effective significant wave height derived from ESA Sentinel-1A level-2 Ocean products, the key
elements for 2017 are:

e The absence of update in the swell inversion: With respect to year 2016, during which
several updates in the wave inversion algorithm have impacted the stability of the wave
parameter performances, no change on the wave retrieval performances were observed
during year 2017. This performance stability is illustrated in Figure 44.

e The update of the processing gains coefficients (via AUX_PP1 in October 2017). This mostly
impacts performances on ocean surface wind speed (oswWindSpeed, see Figure 39). Indeed,
although the wind speed is used as input to estimate the non-linear part of the cross-
spectrum, the small change in the wind speed performances (<0.4m/s) is negligible
regarding the waves parameters performances.

Significant wave height performances with respect to WW3 numerical model forecasts are better
than the mission requirements for the RMSE (specifications: <0.5m) but not for the bias
(specifications: <0.1m).
We estimated:

e a mean bias of about 0.16m for WV1, 0.15m for WV2

e a RMSE about 0.38m for WV1 and 0.39 for WV2.
Those values are stable during the year 2017

5.2.3. Radial Velocity Measurement

5.2.3.1. Wave Mode

2017 is the second complete year with a nominal use of the wave mode for Sentinel-1 A. Following
the acquisition plan, wave mode is acquired at global scale in VV polarization over the oceans. It
leads to about 48000 acquisitions every month (~20000 collocations with WW3 numerical model for
WV1 and ~20000 for WV2 each month). This enables to investigate the stability of the Level-2
products performances with respect to time. Results are strictly based on VV in this report.

The radial velocity measurement is derived from the Geophysical Doppler anomaly. In the S-1 IPF,
this geophysical Doppler is estimated by:

dCocean — chSAR - chattitude - chantenna

where:
e FdcSAR is estimated from the SAR data
o FdcOcean is the component related to the ocean radial velocities.
e FdcAttitude is estimated from the geometry knowledge (quaternion based)
e Fdcantenna is the antenna contribution related to TRM drifts, failures, misalignments, etc

At global scale, in open-ocean and at medium resolution (20km), the expected relationship between
the geophysical Doppler and the sea state (or at first order the ocean surface wind vector) is well
known since Envisat/ASAR. The performances of the geophysical Doppler are assessed by estimating
the bias between the expected Doppler given the sea state conditions (provided by ECMWF ocean
surface wind speed projected along the antenna pointing direction) and the geophysical Doppler as
derived from the variables included in the Level 2 products.
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Statement of the ocean surface radial velocities measurements accuracy:

Figure 45 shows the geophysical Doppler as computed from the Level 2 products as a function of
radial wind speed (wind speed projected in the line of sight of the radar). The colour code indicates
the latitude. As observed, the Doppler and the radial wind speed are strongly correlated for both
WV1 and WV2. However, the color code indicates a clear and non-geophysical dependence to the
latitude. In addition, Doppler is not 0 Hz (whereas it should be. Here, we obtain rather 60 Hz) when
the radial wind speed is 0 m/s for WV1 and WV2. This shows that the geophysical Doppler shift
deduced from the Level-2 products using the different Doppler components included in the Level-2
products is not only related to ocean surface radial velocities. This prevents for getting any
quantitative geophysical signature such as ocean surface currents in the product. Both, the scatter
and the bias illustrate the issue regarding the poor accuracy on the attitude orbit control system of
the platform along its orbit.

Ascending - Sentinel-1 A - WV1 - From 2017/12/01 to 2017/12/31 Descending - Sentinef
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Figure 45: Geophysical Doppler as included in the Level 2 products as a function of radial wind
speed (wind speed projected in the line of sight of the radar) for WV1 and WV2. The colour
code indicates the latitude.

The monitoring of the Geophysical Doppler bias and of the scattering in the relationship between
the Geophysical Doppler and the sea state are monitored by estimating the mean and standard
deviation of the Geophysical Doppler obtained for radial wind speed values around 0 m/s +/- 2 m/s.
Figure 46 shows the temporal evolution of these 2 parameters. As observed the mean bias varies
between 40 Hz and 110 Hz. WV1 and WV2 exhibit the same variations with respect to time.
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Figure 46: Evolution of the Geophysical Doppler Centroid during the year 2017. The blue curve
is the 7 days averaged Geophysical Doppler Centroid computed from Level2 RVL products for
WV1 and red for WV2. Only measurements corresponding to ECMWF radial wind speed forecast
is between -2 m/s and 2m/s are taken into account.

The various S1 WV OCN Doppler components (i.e. the data DC, the EM DC bias, the geometricDC) for
one month of S-1A WV are shown in next figures. Note that the geometric DC is always close to zero
Hz.
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Figure 47: S-1A WV OCN Doppler components from December 2017. The vertical bars are the
spread in measured DC over the period. Note that the geometric DC is around zero and the EM
DC bias is around -40Hz for S-1A.

Improvement performed during 2017:
No improvements in the S1A WV OCN Doppler during 2017.

Coming improvement for 2018:

An improvement of the attitude control will be uploaded to S-1A in mid-February 2018. This is
similar to what was performed on S-1B during late November 2017 (see Section 7.1.8.2 & 7.2.3.1 on
S-1B)
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Furthermore, efforts are undertaken to develop and demonstrate a way to fully calibrate the 51
OCN Doppler by using the restituted attitude data in combination with a data driven model to
assess the residual geometric Dc. This activity will also include a monitoring of the antenna
electronic miss pointing DC bias.

5.2.3.2. TOPS Mode

Statement of the ocean surface radial velocities measurements accuracy:

As for Wave Mode, the contamination of the geophysical Doppler by the geometry knowledge
(quaternion based) and the antenna contribution prevents us for getting any quantitative
geophysical signature such as ocean surface currents in the product. Nevertheless, in cases where
land areas are present in the image an ad-hoc calibration is performed by merging the DC over the
swaths and computing a mean DC range profile over the land areas. An example is shown in Figure
48 taken from the Sentinel Hurricane Observation Campaign (SHOC) data set.
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Figure 48: (a,b) Doppler anomaly field from Sentinel 1A IW RVL product acquired over tropical
cyclones in Caribbean. Here land areas are used to calibrate the Doppler anomaly. c)
Acquisition areas.

Improvement performed during 2017:

Efforts were undertaken to better predict and compensate the measured Doppler for the
electromagnetic (EM) Doppler bias introduced by the skewness of the antenna elevation pattern. A
new version of the antenna model parameters has been ingested into the Level 2 processor and the
EM Doppler bias over EW swaths is compared with the data driven Doppler estimated over rain
forest areas (see Figure 49).
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Although the relative trends over swaths are predicted well, a significant Doppler bias is observed
between the model and data. Compared to previous results, the model and data are better aligned
and the jumps between swaths are better predicted.

STA—EW-—-HH:09—-SEP—2017 22:537:48
T L L B B BN B

o g
EWl |
r EW2 ]
40— \ EW3
§ N\\h EWS B
20k \ % 70.2Hs
= L |
I - i
5 L _
2 of -
2 L |
[ L m
C L -
8 B i
2 =20 I |
- \\ \ |

L PR I I T T TS S AT T T N ST T T S AN T T Y MUY SR Ii

20 25 30 35 40 45 5

8]
Incidence Angle [deg]
Lat: —=5.18N, Lon: —64.42E

Figure 49: S-1A HH EM DC offset computed from antenna model (full line) with error matrix
corresponding to the day of acquisition and estimated from rain forest data using the Level 2
processor.

Coming Improvements for 2018:

A further refinement of the de-scalloping will be implemented without increasing the processing
time.
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5.2.4. Geophysical Calibration
5.2.4.1. Wave Mode
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Figure 50: Sentinel-1A geophysical relative RCS computed using CMOD-IFRv2+ECMWF for WV1

VV polarisation between 50° and -50° latitude. Panel 1 shows the mean bias between ECMWF

and Sentinel-1A. Panel 2 shows the bias standard deviation. Panel 3 shows the number of SAFE
used to perform the analysis.



FORM-NT-GB-7-1

GMF-SAR [dB]

S-1A & S-1B Annual Performance Report for 2017
MPC-0410 DI-MPC-APR V1.1 2018,0ct.19 66

2017 S1A / GMF NRCS difference
level 2 SAFE incidence: wv2 polarization: V

B mean bias

HOOO000000
oo RNONRO

SAR - CMOD-IFR2 [dB]
I

=
=}

B std bias

B]

[

d
o o 0 o
N B O ®©

0.0

1200
1000
800
600
400
200
0

N S RS N O
TR RSV PRI F

B SAFE Nber

Figure 51: Sentinel-A geophysical relative RCS computed using CMOD-IFRv2+ECMWF for WV2 VV

polarisation between 50° and -50° latitude. Panel 1 shows the mean bias between ECMWF and

Sentinel-1A. Panel 2 shows the bias standard deviation. Panel 3 shows the number of SAFE used
to perform the analysis.

As shown in Figure 50 WV1 sigma0 values are underestimated of -0.25 dB on the 10 first months of
2017. WV2 is also stable and close to zero dB. After the calibration gain change applied in October,
the Sentinel-1A sigma0 (Level2 oswNrcs variable) the difference with the GMF are reduced for both
WV1 and WV2. The standard deviation is stable about 0.4 dB for WV1 and 0.5 dB for WV2. It is
consistent with S-1B.
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Figure 52: External Geophysical calibration evolution for 2017. WV1 (left) and WV2 (right)
curves are showing the evolution of the bias between the level2 sigma0 and the sigma0 that
CMOD-IFR2 model is giving. Green vertical lines are showing the date of AUX_PP1 update and

IPF 2.84 deployment.

On Figure 52 we can see in detail the evolution of the difference between the L2 sentinel-1 NRCS
values and the model CMOD-IFR2. The effect of the modification in the AUX_PP1 file to change in
the calibration gain is clearly visible
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6. S-1B Instrument Status

Hereafter, the status of the S-1B instrument during 2017:

6.1. S-1B Antenna Status

The Antenna status is routinely monitored using the dedicated RFC calibration mode. The RFC
products are processed, in order to generate the Antenna Error Matrix from which it is possible to
retrieve the failure and drift of each TRM.

The Figure below shows the antenna Transmit/Receive Module (TRM) status at the end of 2017.
Seven (7) failures are counted in total among TX-RX and H-V. On the 16% January 2017 the RX H
TRM #8 of tile 5 failed. The element is indicated with a red arrow in the image. This was the only S-
1B antenna related event of the whole 2017. All the failed TRMs are connected to a single
Electronic Front End (each EFE includes 8 TRMs), which probably failed during the S-1B launch. A
full list of all TRM failures during 2017 is given in Appendix F -.
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Figure 53: S-1B antenna status on 31/12/2016. The top charts refer to RX elements and the
bottom charts refer to TX elements

The following figures show the TX and RX excitation coefficients (averaged per tile) during the
2017. The overall antenna behaviour is very stable. Only tile 5 TX V gain shows small jumps which
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have been observed since the S-1B Commissioning Phase. The tile 5 behaviour is currently under
investigation but no issues on SAR performances are introduced by the observed jumps.
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Figure 54: Gain (top) and phase (bottom) stability of the SAR antenna tiles (average of the RFC
coefficients in TX H over rows).

TX V abs mean

2 —
1 TO1
T02
g T03
<o To4
k-
T05
2 | | L | 106
01/01/17 03/04/17 04/0717 04/10/17 04/01/18
TX V phase mean
20 e e —
104 WM ':- e sbtconiasal ot
: e e
of. Sy e "’35‘“' oA,
E‘ ; WM;?MM‘?&“«»&»‘WP‘” ,.m..".-h-‘vl, & T2
=-10
B 5 T13
-20 "':.'Idx-"rml:‘w e SEy "‘"« “?M"‘.'.!':ME;L’: .il-x:qr:‘;-n: .: :' ety ':‘ :.'.‘_' 5 VM’“‘"‘ hnﬂ:’?-' :a's'—"p'&'auh.‘mu T14
230 | | | |
01/01/17 03/04/17 04/07/17 04/10/17 04/01/18

Figure 55: Gain (top) and phase (bottom) stability of the SAR antenna tiles (average of the RFC
coefficients in TX V over rows).
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Figure 56: Gain (top) and phase (bottom) stability of the SAR antenna tiles (average of the RFC

coefficients in RX H over rows).
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Figure 57: Gain (top) and phase (bottom) stability of the SAR antenna tiles (average of the RFC

coefficients in RX V over rows).

6.2. S-1B Instrument Unavailability

A list of S-1B instrument unavailabilities during 2017 is given in Appendix C -.
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6.3. S-1B Radar Data Base Updates

There were no S-1B Radar Data Base (RDB) updates during 2017.

6.4. S-1B Internal Calibration

The instrument stability over time is monitored through the internal calibration signals. The plot in
Figure 58 shows the main parameters monitored: PG gain and phase. The colour in the plot
represents the different sub-swaths.

The PG gain is quite stable in the reporting period. Unlike S-1A, no polarization related difference
in the PG gain levels can be observed for S-1B.

The observed PG phase jumps are expected. They occur at every instrument switch off due to a
different initialization of the ADC. They are not an issue since they only provide a phase constant in
the SAR data.

Figure 59 and Figure 60 show in detail the PG gain evolution for EW DH and IW DV acquisitions. A
decrease of the PG gain of about 0.2 dB can be noticed between March and April 2017 for all modes
and polarizations. After such gain drop, only small fluctuations of the PG gain can be observed with
a peak to peak variation lower than 0.1 dB. The origin of the PG gain drop is not clear and should
be investigated at instrument level. In any case, the stability of the S-1B radiometry (see Section
7.1.2) suggests that the instrument gain reduction is well captured by the internal calibration.
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Figure 58: Internal calibration parameters over time. The colour represents the sub-swath.
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Figure 59: EW HH (left) and HV (right) PG gain divided by sub-swath.
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Figure 60: IW VV (left) and VH (right) PG gain divided by sub-swath.
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The noise power is monitored through the dedicated RX-only pulses embedded at the start/stop of
each data-take. Figure 61 shows the noise power versus time during 2017. Overall, the noise power
has a good stability, with a standard deviation of approximately 1 dB in the short term. Table below
reports the noise power stability (30) averaged over the full reporting period. The number in the
parenthesis represents the number of products considered. Note that in the period from March to
July WV data were acquired in HH polarization resulting in a slightly lower noise power in that

period (as visible in the plot).

Acquisition mode

Noise power stability [dB]

SM

HH: 6.2+1.1 (363)
VV: 5.7+0.9 (1454)
HV: 6.2:1.14 (364)
VH: 5.6+1 (1456)

HH: 7.7+1.1 (8811)
VV: 7.8+1.3 (75564)
HV: 7.7+1 (3771)
VH: 7.75£1.6 (71807)

EW

HH: 6.4+1.2 (99680)
VV: 6.25:1 (3728)
HV: 6.5+0.9 (75982)
VH: 6.05+1.3 (3510)

WV

HH: 6.8+0.75 (14062)
VV: 7.0:0.7 (35492)

Table 19: Noise power stability (3-sigma): period JAN 2017 - DEC 2017
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Figure 61: Noise power versus time. The colour represents the different beams.
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7. S-1B Products Status

Hereafter, the status of the S-1B products during 2017:

7.1. S-1B Level 1 Products

A general summary of status of S-1B Level 1 products was presented at several conferences and
workshops (see [S1-RD-01], [S1-RD-02], [S1-RD-03] and [S1-RD-04]).

7.1.1. Level 1 Basic Image Quality Parameters

The DLR Transponders & Corner Reflectors, the BAE Corner Reflector and the Australian Corner
Reflector array have been used to assess various impulse response function parameters as described
below. The products analysed were acquired during 2017and processed with the Sentinel-1 IPF
v2.7.2,v2.8.2 and v2.8.4.

7.1.1.1. Spatial Resolution

The Figures and Tables below give the azimuth and range spatial resolutions derived from SM, IW
and EW SLC data. The numbers in brackets indicate the number of measurements.
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Figure 62: SM Azimuth and Slant Range Spatial Resolutions

Mode/Swath Azimuth Spatial Slant Range Spatial

Resolution (m) Resolution (m)
S1 4.36+0.03 (69) 1.72+0.01 (69)
S2 4.86+0.02 (35) 2.03+0.01 (35)
S3 3.59+0.02 (35) 2.53+0.02 (35)
S4 4.75+0.02 (30) 2.97+0.02 (30)
S5 3.98+0.03 (38) 3.35+0.01 (38)
S6 4.85+0.02 (40) 3.57+0.01 (40)

Table 20: SM Azimuth and Slant Range Spatial Resolutions
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Figure 63: IW Azimuth and Slant Range Spatial Resolutions

Mode/Swath Azimuth Spatial Slant Range Spatial
Resolution (m) Resolution (m)
IW1 21.82+0.20 (710) 2.65+0.02 (710)
w2 21.89+0.19 (449) 3.0920.02 (449)
W3 21.70+0.09 (240) 3.51+0.01 (240)

Table 21: IW Azimuth and Slant Range Spatial Resolutions
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Figure 64: EW Azimuth and Slant Range Spatial Resolutions

Mode/Swath Azimuth Spatial Slant Range Spatial
Resolution (m) Resolution (m)
EW1 42.35+0.73 (13) 7.89+0.12 (13)
EW3 44,59+0.12 (3) 11.76+0.14 (3)

Table 22: EW Azimuth and Slant Range Spatial Resolutions

The measured spatial resolutions match the predicted resolutions as indicated by the red horizontal

lines.
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The table below gives the measured impulse response function sidelobe ratios derived from SM, IW
and EW SLC data - these indicate acceptable values.

Mode/Swath Integrated Range ISLR Azimuth ISLR | Peak Sidelobe Spurious
Sidelobe Ratio (dB) (dB) Ratio (dB) Sidelobe Ratio
(dB) (dB)
SM -13.31£1.04 -15.85+0.55 -17.09+1.00 -20.50+0.71 -26.59+1.33
w -11.56+3.08 -15.81+1.25 -16.71+1.59 -19.85+1.26 -23.42+3.38
EW -12.96+2.20 -16.92+3.30 -17.13£2.78 -19.21+3.23 -19.41+2.76

Table 23: SM & IW Sidelobe Ratios
7.1.1.3. ENL and Radiometric Resolution

Large uniform distributed targets are used to measure the equivalent number of looks (ENL) and
radiometric resolution (RR) in imagery as given in Table 24 to Table 7 below. For each swath/sub-
swath and product type, the first number is the ENL while the second is the RR in dB.

IW1 w2 IW3
GRDH 4,66, 1.65 4.60, 1.66 4.48, 1.68
Table 24: IW ENL & RR Measurements
EW1 EW2 EW3 EW4 EW5
GRDH 2.33, 2.19 2.40, 2.16 2.52, 2.12 2.56, 2.11 2.61,2.09

Table 25: EW ENL & RR Measurements
7.1.1.4. Ambiguity Analysis
7.1.1.4.1. Azimuth Ambiguities

The table below gives mean azimuth ambiguity ratio for DLR transponder targets acquired in IW
mode.

w
Early Azimuth Ambiguity Ratio (dB) -27.86+2.35
Late Azimuth Ambiguity Ratio (dB) -27.85+3.00

Table 26: Azimuth Ambiguity Ratios
7.1.1.4.2. Range Ambiguities

No imagery suitable for range ambiguity measurements were identified during 2017.
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7.1.2. Radiometric Calibration

The DLR Transponders & Corner Reflectors, the BAE Corner Reflector and the Australian Corner
Reflector array have been used to assess various impulse response function parameters as described
below. The products analysed were acquired during 2017 and processed with the Sentinel-1 IPF
v2.7.2, v2.8.2 and v2.8.4.

7.1.2.1. Absolute Radiometric Calibration

DLR Transponders have been used to calculate the relative radar cross-section for SM and IW modes
during 2017 (there were no EW mode acquisitions over the DLR sites). The results per mode are
shown in Table 27 where mean (radiometric accuracy) and standard deviation (radiometric
stability) of the relative radar cross-section in dB are given. The number of measurements is given
in brackets. The majority of the transponder measurements are for IW mode reflecting the S1-B
planning over land. The radiometric accuracies are close to zero and good stabilities.

SM W
-0.19+0.38 (160) -0.12+0.23 (428)
Table 27: SLC Relative Radar Cross-Section for the DLR transponders (dB)

The following results are also for the DLR transponders but are separated by polarisation. Figure 65
and Table 28 give the results for SM mode - the relative radar cross-sections indicate a reasonable
radiometric calibration.

VH AAY)
_E 10 5 10
8 R AVH T o AVY
3 ' 3 Agh ' -
5 e 4 & A ﬁ . 04 # :
3 b g ; 't
I S A S : . :
2 4 1o £ 2
3 i & 'y £
& 1 & 5
3 u
s T T 28 T T 1 hd T T B T T 1
@15 -10 5 0 5 10 15 Zis -10 5 0 5 10 15

Ofi-Boresight Angle (%)

HH HV

=]

-10

Off-Boresight Angle (%)

SN SLC Reltive Radar Cross-Section
o)
5M 5LC Relative Radar Cross-Section

i
un

1
15

T
-10

e
wn

T T
-5 [} 5
Ofi-Boresight Angle (%)

T 1
10 15

Figure 65: SM SLC Relative Radar Cross-Section for the DLR transponders

VH

A%

HH

HV

S1

-0.830.31 (6)

0.130.19 (6)

-0.63%0.17 (8)

-0.07+0.18 (8)

S2

-0.49+0.28 (6)

0.26x0.07 (6)

-0.16x0.08 (8)

-0.03x0.18 (8)
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S3 -0.77+0.39 (6) -0.35:0.24 (6) -0.2520.20 (7) -0.09+0.33 (7)

4 -0.39:0.34 (4) -0.06+0.08 (4) 0.18x0.15 (6) 0.08:0.15 (6)

S5 -0.76+0.38 (6) -0.28+0.26 (6) -0.32+0.24 (8) -0.08+0.33 (8)

S6 -0.40+0.32 (6) 0.22:0.16 (6) 20.02%0.17 (9) 0.18:0.12 (9)

Table 28: SM SLC Relative Radar Cross-Section for the DLR transponders (dB)

The IW results below indicate a good radiometric calibration with many mean relative radar cross-
section values close to zero (the radiometric accuracy) and a standard deviation of typically 0.3dB
(the radiometric stability). The differences between polarisations are also small (see also Section

7.1.4.1).
VH w
.E = AVH % = AVY
§ g 2.5
: i
2 £ Y A
g _; -05
g—]I.S —1‘0 1‘5 E:II.S —1‘0 —IS = [} 5‘ 1‘0 1‘5
Off-Boresight Angle (%) Off-Boresight Angle (%)
Figure 66: IW SLC Relative Radar Cross-Section for the DLR transponders
VH 'A% HH HvV
W -0.19+0.27 (214) -0.06+0.16 (214) No measurements No measurements

Table 29: IW SLC Relative Radar Cross-Section for the DLR transponders (dB)

W1 W2 W3
VH -0.18x0.25 (95) -0.310.22 (40) -0.14x0.29 (79)
W -0.04x0.16 (95) -0.060.22 (40) -0.08:0.18 (79)

Table 30: IW SLC Relative Radar Cross-Section for the DLR transponders (dB)

The radiometric calibration results using the DLR Transponders and the BAE Corner Reflector for IW
SLC products are shown in Figure 67 from imagery acquired during 2017. The derived relative radar
cross-section for the DLR transponders during the same period is -0.12+0.23dB while from the BAE
corner reflector is -0.26+0.17dB.
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Figure 67: IW SLC Relative Radar Cross-Section for the DLR Transponders and the BAE Corner

An array of 40 corner

Reflector

reflectors has been deployed near Brisbane, Australia as a component of the

Australian Geophysical Observing System (AGOS) - see [S1-RD-04] for further details. The CRs are

size 1.5m (34), 2.0m

(3) and 2.5m (3) with fixed orientations. Given that these corner reflectors

have a fixed elevation and azimuth orientation they will not be pointing directly at S-1B. However,
for IW acquisitions the reduction in radar cross-section compared to the case of a perfect
orientation is small at less than 0.05dB. Table 31 gives the radiometric accuracy and stability for all
corner reflector measurements during 2017 together with results for IW1 and IW2 sub-swaths and
for HH polarisation (there were no VV acquisitions). The numbers in brackets refer to the number of
measurements. The results indicate an accuracy close to zero, while the stability is less than 0.5dB.

All

W1 W2 IW1 HH IW2 HH

0.09+0.47 (690)

0.16x0.42 (413) -0.01+0.51 (277) 0.16x0.42 (413) -0.01+0.51 (277)

Table 31: IW SLC Relative Radar Cross-Section for the Australian Corner Reflectors (dB)
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7.1.2.2. Permanent Scatter Calibration

The following figure shows a recent S-1B IW VV Permanent Scatter Calibration series over Paris. The
series covers the period from September 2016 (end of the Commissioning Phase) to the end of 2017.
The S-1B PS calibration constant time series is stable during the whole monitored period.

PS calibration constant series
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Figure 68: S-1B Permanent Scatter Calibration time series for TopSAR IW over Paris.
7.1.3. Geometric Validation

S-1B geolocation quality was monitored regularly throughout 2017 using IW SLC products. However,
SM and EW SLC products acquired during 2016 S-1B commissioning campaign were re-analysed after
correction for significant, new timing biases were implemented in post-processing. The trihedral
corner reflectors (CRs) whose positions had been installed and surveyed with cm-level accuracy at
the Swiss test sites Torny-le-Grand and Diibendorf during S1-B commissioning continued to serve as
reference targets in 2017.

Geolocation estimates were made according to the steps described in section 5.1.3. In particular,
the burst-dependent range bias (for TOPS products) and updated bulk bistatic corrections
represented the most important post-processing improvements in 2017.

The geolocation and post-processing steps described for S-1A in section 5.1.3 were run separately
for S-1B, with the results shown in Figure 69. As a time series dating back to the S-1B launch is
available, all the data are shown, and separated by year. The ALE plots in Figure 69indicate that
given bias compensations, the localisation performance was much better than the original
requirements (according to sections 5.5.2.1 and 5.5.2.2 in [S1-RD-09]). A method for integrating
azimuth bias compensation annotations in the IPF is under study.

Figure 70 contrasts the previous and current best ALE estimates for SM, IW and EW mode SLC
products. Some indication of beam-specific grouping can be seen in the previous-best SM SLC plot
shown in Figure 70(a); this grouping has been eliminated in (b), which shows the current SM SLC ALE
plot. Although the mean range offset is small (-2.4 cm), it is not exactly zero even though the
official SWST bias was applied during geolocation estimation. This is partly due to improvements
made to the atmospheric path delay model after the original SWST bias estimate had been
incorporated into the IPF. As a result, the slant range estimates for the targets in Figure 70(b)
products changed, corresponding to an updated range ALE. Two distinct azimuth outliers remain; it
is not known if these represent real anomalies or a true (possibly intermittent) processor or post-
processing effect, especially as relatively few SM acquisitions were available.
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Affecting both IW and EW products, the clear sub-swath grouping (visible in (c) and (e)) was the
most significant improvement in 2017. The previous and current S-1B IW SLC plots are shown in
Figure 70(c) and (d). A similar comparison may be seen in Figure 70(e) and (f) for EW SLC products.
Although the measurement noise was higher and fewer products exist than for IW mode, a clear

improvement was observed here as well.

The ALE plots in Figure 70 indicate that given bias compensations, the localisation performance was
much better than the original requirements (according to sections 5.5.2.1 and 5.5.2.2 in [51-RD-

09]).
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Figure 69: ALE estimates for S-1B IW SLC product time series acquired over the Swiss test sites
using precise state vectors (AUX_POEORB). (a) products acquired in 2016; (b) products acquired
in 2017. Product date ranges are shown in the figure inset. Point colours represent

beam/subswath.
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Figure 70: ALE estimates for S-1B StripMap (SM), IW and EW SLC product time series acquired
over the Swiss test sites using precise state vectors (AUX_POEORB). The left column shows ALE
using previous post-processing methods; the right column shows more recent results after
improved post-processing. Product date ranges are annotated in the figure inset text (N.B. no
new S-1B SM or EW acquisitions were made over Switzerland in 2017; they are shown here to
highlight the improved post-processing). Point colours represent beam/subswath. The S-1B SWST
(range) bias (output of the respective commissioning and calibration phases) was applied in all
cases.

7.1.4. Polarimetric Calibration
7.1.4.1. Gain Imbalance

The DLR transponders and acquisitions during 2017 have been used to calculate the gain imbalance
(the difference in radar cross-section between the two polarisations of dual polarisation products).
Table 32 give a summary of the gain imbalance for the SM and IW modes.

Gain Imbalance (dB)
SM -0.38+0.36 (80)
w -0.13£0.20 (214)

Table 32: Gain Imbalance using the DLR transponders
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The following results show the gain imbalance split between the two possible polarisations of
VH/VV and HH/HV. Figure 71 and Table 33 give the gain imbalance for SM & IW modes.
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Figure 71: Gain Imbalance using the DLR transponders.

VH/W HV/HH
SM -0.61+0.31 (34) -0.210.30 (46)
W -0.130.20 (214)

Table 33: Gain Imbalance using the DLR transponders

7.1.4.2. Phase Imbalance

The DLR transponders have been used to calculate the phase imbalance (the difference in peak
phase between the two polarisations of dual polarisation products).Figure 72 and Table 34 give the
gain imbalance for SM, IW and EW for acquisitions start of the routine phase in September 2016. As
expected the phase difference is close to zero.
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Figure 72: Phase Imbalance using the DLR transponders.

Phase Difference (°)
SM -0.95+2.93 (80)
w 1.0320.66 (214)

Table 34: Phase Imbalance using the DLR transponders

7.1.4.3. Coregistration

85
0FS

The DLR transponders both provide an impulse response in both polarisations of dual polarisation
imagery which enables coregistration to be performed between the two polarisation images. Table
16 below shows that the average measured polarimetic co-registration derived from SLC products

acquired during 2017 is very small (the IRF peak position is measured to a 1/8 of a pixel).

Mode/Swath Range Co-registration Azimuth Co- Number of
Accuracy (m) registration Measurements
Accuracy (m)
SM 0.01+0.06 0.02+0.09 160
w 0.00+0.03 0.11£0.42 428

Table 35: SLC Polarimetric Co-registration

7.1.4.4. Cross-talk

The DLR corner reflectors enable the S1-A cross-talk to be measured since they provide an impulse
response in only one polarisation (HH or VV) of dual polarisation imagery. Table 15 gives the IW
cross-talk derived using SLC products - the measured cross-talk is acceptably low.

Corner Reflector Cross-talk
(dB)

Number of Measurements

-40.4+3.5
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Table 36: Cross-talk Measurements
7.1.5. Elevation Antenna Patterns
No new S-1B elevation antenna patterns were derived during 2017.
7.1.6. Azimuth Antenna Patterns
There were no updates to the S-1B azimuth antenna patterns during 2017.

7.1.7. Noise Equivalent Radar Cross-section

S-1B imagery with low ocean backscatter can be used to estimate the Noise Equivalent Radar Cross-
Section (NESZ). In Figure 73 and Figure 74 show example NESZ measurements for IW and EW mode
derived from data acquired in 2017. The requirement that the NESZ should be below -22 dB is met
at all sub-swaths. For IW the measurements are slightly better than the prediction (red curves)

while for EW the measurements are slightly worse than the prediction.
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Figure 73: NESZ measures for IW. Blue is the measured NESZ andthe red lines are
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Figure 74: NESZ measures for EW. Blue is the measured NESZ andthe red lines are
the predicted NESZ.

7.1.8. Interferometric performances

The interferometric performances, and in particular the coherence level of an interferogram
between two S-1 images, depend on several factors including:

Stability of the imaged scene (temporal coherence)

Thermal noise level of the considered acquisitions (see section 5.1.7)
Volumetric decorrelation due to different acquisition geometry (orbit baseline)
Stability of the sensor pointing to ensure Doppler spectrum overlap
Synchronization of the acquisitions (for TOPSAR modes only)

The S-1B performances related to the last three points are reported in the next sections.
7.1.8.1. 5-1B Orbit Baseline

Repeat pass interferometry requires that acquisitions at different times are performed with a
similar orbit to ensure high coherence interferograms. The “distance” between the orbits of a pair
of interferometric acquisition is called interferometric baseline. The interferometric baseline is
continuously monitored by the PDGS OBS tool, which compares the S-1B orbits with an arbitrary
selected reference cycle (for S-1B it’s cycle number 39, 16- 28 May 2017).

Figure 75 shows the three interferometric baseline components (Parallel on top, Normal in the mid
and Along-Track on the bottom) evolution during 2017. The hot colours represent the maximum
baseline value and the cold colours represent the minimum baseline value measured for each orbit.
The different colours represent the track number evolving for each cycle from 1 to 175.

The most critical baseline component for the interferometric coherence is the normal one, which
shall be lower than a certain threshold named critical baseline (about 5 km for S-1 and depending
on the considered swath). The measured normal baseline (mid plot) shows that the worst case
coherence loss due to the interferometric baseline is always well below 5%.
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Figure 75: Parallel (top) Normal (mid) and Along-Track (bottom) interferometric baseline during
2017. The hot colours represent the maximum value and the cold colours represent the
minimum value for each orbit. The colours represent the track number.

7.1.8.2. Instrument Pointing

The instrument pointing is continuously monitored exploiting the attitude quaternions annotated in
the SAR packets and the DC estimates from the data. The annotated attitude shows very small
deviations w.r.t. the nominal attitude (Total Zero Doppler + Roll Steering) and does not allow
predicting the short term fluctuations of the DC estimates from the data as required for some L2
applications. This is related to the working of the on-board attitude control system (AOCS). An
optimization of AOCS has been performed for S-1B during 2017 (details are reported below).

Figure 76 shows the average S-1B Doppler Centroid evolution during 2017 on a slice basis (dots) and
on a daily basis (red line). The reported values are in line with expected S-1B pointing
performances. The dashed vertical line represents the STTs configuration changes occurred in the
reporting period.

During 2017 a few STTs characterization campaign (purple dashed vertical lines) were performed.
During such campaigns STTs configuration are alternated, in order to better characterize STTs
working. The final goal of the campaigns was the implementation of a couple of attitude patches to
improve the S-1B pointing. In particular, the patches were aimed at reducing the difference
between the DC estimated from the data and the DC estimated exploiting geometric information
annotated in the SAR packets.

The applied patches were:

e Enabling of the on-board correction of the relativistic aberration correction to remove
orbital trends n DC and roll pointing. The patch was applied on the 16™ November (15
green dashed vertical line)

e Improvement of the on-board AOCS filter gains used for real time attitude estimation and
correction. The patch was applied on the 28™ November (2" green dashed vertical line)
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Figure 77 shows on the left a comparison between the data DC estimates vs. ANX time during three
different periods: the blue dots refer to September 2017 before attitude patches application, the
red dots refer to the period after the relativistic aberration patch application and the yellow dots
refer to the period after new AOCS filter gains application. The DC values refer to STT 1+2
configuration but similar results have been obtained for the remaining configurations. Table 37 lists
the results of the data DC analysis during patches application. A clear reduction of the DC standard
deviation can be observed. The attitude patches will be applied to S-1A during 2018.
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Figure 76: Doppler Centroid versus time. Average on a data-take basis (dots) and daily average
(red line). The star-trackers reconfigurations events are marked by the vertical black lines.
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Figure 77: (Left) Doppler Centroid versus ANX time during three different periods: blue before
attitude patches application, red after relativistic aberration patch application and yellow after
new AOCS filter gains application. (Right) Histogram of the DC estimates (same colour code).
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LI

—mm
September 4t Sept. 09:36 5™ Sept. 15:07 118 115
Patch #1 20t Nov. 08:59  21stNov. 09:40 877 138 87
Patch #2 28" Nov. 11:16 29t Nov. 08:38 566 74 6.0

Table 37: Results of data DC analysis after attitude patches application.

7.1.8.3. S-1B Burst synchronization

The burst synchronization between repeat pass interferometric acquisitions is relevant for the
TOPSAR modes (IW and EW), to provide an indication of the quality of the interferometric phase
that can be expected. The SAR acquisition start time is planned over a discrete set of points round
orbit with precision down to milliseconds. The performance of the synchronization is monitored by
the PDGS OBS tool.

Figure 78 shows the burst synchronization error over time for IW and EW mode, considering as
reference cycle number 39 (16- 28 May 2017). The reference cycle has been updated during 2017 to
maximize the number of ground control points. The colour of the dots represents the number of
repeat pass acquisitions falling in a certain temporal and burst synchronization interval (light blue
meaning few points and purple meaning many points).

The daily average synchronization is reported with a continuous black line. It can be noticed that
the average synchronization is always very good with a small seasonal trend (less than 5 ms peak to
peak). A similar trend can be observed also for S-1A burst synchronization (see Figure 28 section
5.1.8.2) suggesting a common origin due to some long-term orbit perturbation.

The black dashed lines represent the S-1 synchronization requirement (about +7 ms). This value is
obtained starting from the timing requirement for single acquisitions (5 ms) and multiplying it by v2
due to the fact that all the values in the image are obtained by combining the timing error two
independent acquisitions. The synchronization performance is quite good with 98.3% of IW
acquisitions and 97.1% of EW acquisitions being better than the timing requirement.

A strange pattern can be observed in the S-1B burst synchronization, which seems to be better in
the period between March and September. The reason of this behaviour is currently under
investigation.
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Figure 78: S-1B burst synchronization during 2017.

7.1.9. Summary of Anomalies

7.1.9.1. Radio Frequency Interference

As observed for S-1A, a small percentage of S-1B imagery is affected by the presence of Radio
Frequency Interference from the ground. An example is shown below from just south of South
Korea. Usually RFI only affects a few range lines of raw data.
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Figure 79: An example of Radio Frequency Interference

7.1.9.2. Radarsat-2/Sentinel1-A Mutual Interference

Also as observed for S-1A, a small percentage of S-1B imagery is affected by mutual interference
between S-1B and Radarsat-2. One further example of such mutual interference occurred during
2017 as indicated in Table 38 and shown in Figure 32. More details and examples could be also
found in a specific technical note on Sentinel-1 RadarSat-2 mutual interference (link is provided in

Appendix B -)
Relative Start End Approx. Approx.
Satellite | Orbit Orbi Acquisition Date Time Time Latitude Location
rbit
(UT) (uT)
S1-B 5432 156* 3rd May 2017 10:00 10:01 20°S Bolivia

* Descending Pass

Table 38: S-1B/Radarsat-2 Mutual Interference during 2017
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7.1.10. Quality Disclaimers

Quality disclaimers issued during 2017 are given in Appendix D -.

7.2. S-1B Level 2 products

7.2.1. Wind measurement

7.2.1.1. Image Mode (SM-IW-EW)

The SAR wind measurement is strongly dependant of the product calibration accuracy. Before the
products delivery to the end user, the L1 processing parameters has been optimized in order to
improve beam to beam of set, EAP ... It takes benefit from the efforts made on the SAR Levell
products to improve the calibration constant and align the gamma profile as the function of the
elevation angle over Rain Forest.

Statement of the wind measurements accuracy:

The strategy to assess the accuracy of the wind retrieval is the same as S-1A, consisting in
comparing it with an auxiliary wind source (buoys, scaterrometters, atmospherical model...) which
is used as a reference.
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Figure 81 presents the performances achieved on the 3 last months of 2017(October, November,
December) for IW mode in VV polarisation of the retrieved wind compared to model references
(Arome, Arpege and ECMWF). The statistics are close to the ones observed on S-1A. It can be
noticed the strong correlation of the SAR-derived wind speeds with the wind references. The bias
and the RMS are less important for ECMWF re-analysis since the wind inversion is based on the
ECMWEF forecast as an a priori wind input. A nominal RMS of 1.5m/s to 2m/s is observed, which is
better than the S1 wind product specification/requirements [AD-02]. A negative bias same is
observed due to the choice of the current geophysical model function (GMF) used for the wind
retrieval, as mentioned in the S1A paragraph. Same as S1-A, it also appears an over estimation of
the number of 0-speed values. The use of another GMF will be investigated in 2018.

Al Incidence Angles

' = s = —
a) Arome
) b) Arpege HR
bias Rms
e Arome  -0.75 1.80
3 Arpege -0.52 1.71
ECMWF  -0.37 1.44
. : : —
00 365.0 930.0 8IS0 3860.0 48250 S5790.0 C )
ECMWF

Figure 81: SAR Wind speed compared with reference wind speed for IW mode VV polarisation.

As for S1A, the bias introduced by the GMF seems less important due to NESZ impact (artificially
increasing the backscaterrer, thus the wind retrieval), at high angle of incidence or in HH
polarization. Please ref Figure 82
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Figure 82: S1B OWI wind speed performance: bias as the function of the elevation angle
(noticeable impact of the NESZ at high incidence angle: beam shaped profile)

Improvement performed during 2017:

No changes specific to S-1B have been performed during 2017. The changes, described on the
paragraph on the S-1A Wind-measurement assessment, are related to the processor and then are
applied on S-1B as well.

Planned Improvements:

No changes specific to S-1B are currently planned. The changes, described on the paragraph on S-1A
Wind-measurement improvements, are related to the processor and then will be applied on S-1B as
well. Please refer to this section 5.2.1.1 for more details.

7.2.1.2. Wave Mode

In 2017, Sentinel-1B acquisitions in wave mode have been performed at global scale over the oceans
in a routine configuration during the whole year. It leads to about 480000 acquisitions (between
~20000 and ~20000 for both WV1 and WV2 each month) of acquisitions every cycle. Please note that
during 2017, with IPF 2.84, the variables oswlLandFlag and oswlLandCoverage are not correctly
filled. A period of 3 months (20/03/2017 to 03/07/2017) has been dedicated to acquisitions in HH
polarization. This report focuses only on VV polarisation which is the nominal acquisition mode. The
performances obtained for HH polarization will be assessed in a future report.

For level-2 products as measured by Sentinel-1B, the major changes are:
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e Update of the processing gains coefficients in October. This mostly impacts performances
on ocean surface wind speed (oswWindSpeed), see Figure 84

e Attitude correction STT Aberration Correction and an AOCS Fine Attitude Tuning (proper to
S1B): November/December 2017 ; and which has no impact on the product calibration, thus
on wind measurement performance (expected impact on RVL, please ref paragraph 7.2.3.1)

Figure 83 shows the monthly performances with respect to time in 2017 for WV1 (left) and WV2
(right). Top panel presents the bias and the standard deviation for the wind speed. Bottom panel
presents the number of acquisitions used for this validation. The bias is computed by comparing the
wind speed from Sentinel-1 and the wind speed from ECMWF analysis (3 hours and 0.125 degrees).
An example for December 2017 is shown on Figure 85. The period with HH measurements is not to
consider here. As for Sentinel-1A, significant changes occur in Sept/Oct 2017. The Figure 84 allows
seeing in details the impact of IPF upgrade and AUX configuration file change on the wind
performances.
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Figure 83: S-1B WV1 and WV2 wind speed performances as function of time. Ocean surface
wind monthly performances for WV1 (top-left) and WV2 (top-right) and number of acquisitions
co-located to reference data for validation for WV1 (bottom-left) and WV2 (bottom- right). For

top panels, coloured thick solid lines stand for the mean difference between Sentinel-1 and

ECMWF model wind speeds. Coloured thin solid lines are for standard deviation.

The performances of wind speed for WV1 and WV2 are comparable at the end of 2017, with a
consistency with S-1A thanks to ADF upgrade (PP1 in 3™ October 2017)
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Figure 84: S-1 Wind speed bias evolution for year 2017. Top panel represents WV1

97
CIE

measurements and resp. WV2 on bottom panel. Reference wind speed is ECMWF with a 0.125°
resolution and 3-hourly temporal resolution. Dash line is the mean daily bias of OCN WV

acquisitions. Black plain line is the 7-day mean and magenta line is the 30-day mean bias. The

green vertical lines indicate technical facts linked to performance changes on WV. Green area

delineates the period of HH acquisitions.
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Figure 85: Scatter plot of wind speed from S-1B WV1 versus ECMWF Dec 2017. The model
outputs are considered as reference here. This is only valid from a statistical point of view.

S1B oswWindSpeed distribution per indicence angle
20170101 to 20171231

30000 w1

-2

25000

lons

20000

15000

10000

Nber of Observati

5000

0.0 2.5 5.0 7.5 10.0 12.5 15.0
wind speed Sentinel-1 ESA OCN product [m/s]

Figure 86: Sentinel-1 oswWindSpeed distribution per incidence angle. Red bars are WV1 and
blue ones are WV2,

As shown for S-1A, we observe in Figure 86 the same difference of distribution between WV1 and
WV2 at low wind speed. In particular, this figure shows two issues on WV1 distribution, one
regarding values of wind speed set to zero and another one with unexpectedly low wind speed
between 0 m/s and 2.5 m/s.

Conclusion:

2017 was the first complete year for routine acquisition in Wave mode with Sentinel-1B.
However, from 20/03/2017 to 03/07/2017, acquisition have not been done in VV polarization
(default acquisition mode), but in HH for scientific purposes (algorithm development). This annual
report only deals with the default acquisition mode. The conclusions obtained for VV polarization
are the same than for S-1A. For 2017 Sentinel-1B WV1 and WV2 wind speed bias with respect to
ECMWF 0.175° are about -0.14 and -0.07 m/s with mean RMSE of about 1.56m/s and 1.54m/s,
respectively. Those performances are better than the Sentinel-1 mission requirements for ocean
surface wind speed (RMSE<2m/s). In line with Sentinel-1A, there was no modification of the wind
inversion in 2017. The 2 major limitations observed in the ocean surface wind speed
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(oswWindSpeed) measurements performances of Sentinel-1 B ESA Level-2 Ocean products are the
same than with Sentinel-1 A. They are:
1. Wind speed performances are wind speed dependent for both WV1 and WV2.
2. The presence of null wind speed obtained with WV1. This is due to the use of CMOD IFR2 for
the wind inversion.
These two issues are related to the Wave Mode calibration and the choice of the Geophysical Model
Function in the inversion scheme.

7.2.2. Swell Measurement

7.2.2.1. Wave Mode

In 2017, Sentinel-1 acquisitions in wave mode have been performed at global scale over the oceans
in a routine configuration during the whole year. It leads to about 480000 acquisitions (between
~20000 and ~20000 for both WV1 and WV2 each month) of acquisitions every cycle. A period of 3
months (20/03/2017 to 03/07/2017) has been dedicated to acquisitions in HH polarization. This
report focuses only on VV which is the nominal acquisition mode. The performances obtained for HH
polarization will be assessed in a future report.

As for Sentinel-1 A, the waves performances are estimated by comparison between the significant
wave heights of the long waves as measured by Sentinel-1 and produced by Wave Watch 3 model
(WW3). WW3 is used to produce a 2D ocean wave spectrum for each Sentinel-1 acquisition. On a
statistical basis and over open-ocean, WW3 is used as the reference. For both S-1A and WW3, the
significant wave height of the long waves is estimated by integration of the 2D ocean wave spectra
up to the cut-off values (above this value, the inversion is not expected to work). This is why this
parameter is called the effective significant wave height. It is directly computed from the ocean
swell spectrum (oswPolSpec) and the 2D cut-off (oswSpecRes. The use of this variable aims at
filtering the spectral domain that is considered as valid after ocean swell inversion) variables
included in the L2 OCN products. Figure 87 shows an example of comparison between Sentinel-1 B
and WW3, respectively for WV1 and WV2 as obtained in December 2017. Very similar performances
are obtained for the two incidence angles.

. WV1 Dec 2017 - WW2 Dec 2017
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Figure 87: Significant wave height for the long waves performances for December 2017 in Wave
Mode 1. The model outputs from WW3 are considered as reference here. This is only valid from
a statistical point of view.

Figure 88 shows performances for the effective significant wave height with respect to time. We
observed very stable performances of S-1B on both WV1 and WV2 along year 2017. An
overestimation of 0.2 m is observed. Standard deviation values are lower than 0.5 m for both WV1
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and WV2. These results are within the specifications. The standard deviation of the effective
significant wave height remains constant through 2017. Note that, when the acquisitions are in HH
polarization, the performances are changing. This will be investigated in the future.

WV1 mean bias (SAR - Model) =0.190m RMSE =0.384m 1.0

WV2 mean bias (SAR - Model) =0.207m RMSE =0.394m
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Figure 88: S-1B WV1 Ocean Swell monthly performances as function of time. For top panels,
coloured thick solid lines stand for the mean difference between effective significant wave
height from Sentinel-1 and from WW3 model. Coloured thin solid lines are for standard
deviation.
Conclusion

Sentinel-1B significant wave height performances with respect to WW3 numerical model forecasts
are better than the mission requirements regarding the bias but not for the RMSE (specifications are
RMSE<0.5m and bias<0.1m).

We estimated:

e a mean bias of about 0.19m for WV1 and 0.21m for WV2
e a RMSE about 0.38m for WV1 and 0.39m for WV2

Except the period of HH polarization acquisition (not evaluated in this report), those values are
stable during the year 2017.

7.2.3. Radial Velocity Measurement

7.2.3.1. Wave Mode

In 2017, Sentinel-1 acquisitions in wave mode have been performed at global scale over the oceans
in a routine configuration during the whole year. It leads to about 480000 acquisitions (between
~20000 and ~20000 for both WV1 and WV2 each month) of acquisitions every cycle. A period of 3
months (20/03/2017 to 03/07/2017) has been dedicated to acquisitions in HH polarization. This
report focuses only on VV polarisation which is the nominal acquisition mode. The performances
obtained for HH polarization will be assessed in a future report.

The radial velocity measurement is derived from the Geophysical Doppler anomaly. In the S-1 IPF,
this geophysical Doppler is estimated by:
F, =F

-F -F
dCOcean chAR dc dc

attitude antenna

where:

FdcSAR is estimated from the SAR data

FdcOcean is the component related to the ocean radial velocities.

FdcAttitude is estimated from the geometry knowledge (quaternion based)

Fdcantenna is the antenna contribution related to TRM drifts, failures, misalignments, etc
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At global scale, the expected relationship between the geophysical Doppler and the sea state (or
ocean surface wind vector) is well known since Envisat/ASAR. The performances of the geophysical
Doppler are assessed by estimating the bias between the expected Doppler given the sea state
conditions (provided by ECMWF) and the geophysical Doppler as included in the Level 2 products.

Statement of the ocean surface radial velocities measurements accuracy:

As shown for Sentinel-1A, (see section 5.2.3), the same issues (bias (see Figure 89 and Figure 90 and
variability along an orbit) with the geophysical Doppler shift as derived from the different Doppler
components included in the Level-2 products have been observed with Sentinel-1 B during its
commissioning phase. However, although not satisfying, it must be noted that the geophysical
Doppler as obtained with S-1B exhibits less non-geophysical variability than what is observed with S-
1A (see Figure 90 compared to Figure 43).

S1B 7days mean Geophysical Doppler Centroid
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Figure 89: Geophysical Doppler Centroid evolution. Light green area delineates the HH period
of acquisition.
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Figure 90: S-1B Geophysical Doppler as included in the Level 2 products as a function of radial
wind speed (wind speed projected in the line of sight of the radar) for WV1 and WV2. The
colour code indicates the latitude.
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The various 51 WV OCN Doppler components (i.e. the data DC, the EM DC bias, the geometricDC) for
one month of S-1B WV are shown in next figures. Note that the geometric DC is always close to zero
Hz.
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Figure 91: S-1B WV OCN Doppler components from December 2018.The vertical bars are the
spread in measured DC over the period. Note that the geometric DC is around zero and the EM
DC bias is around -15Hz for S-1B.

Improvement performed during 2017:

In late November 2017 ESA performed a STT Aberration Correction and an AOCS Fine Attitude
Tuning on Sentinel-1B. A positive impact was observed on the S-1B OCN Doppler product, as shown
in Figure 92. A significant increase in correlation between S-1B OCN Doppler and radial wind speed
is observed after the corrections.
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Figure 92: S-1B WV OCN Doppler versus range wind speed before (upper plots) and after (lower
plots) attitude correction.

Coming improvement for 2018:

Furthermore, efforts are undertaken to develop and demonstrate a way to fully calibrate the St
OCN Doppler by using the restituted attitude data in combination with a data driven model to
assess the residual geometric Dc. This activity will also include a monitoring of the antenna
electronic miss pointing DC bias.

7.2.3.2. TOPS Mode

Statement of the ocean surface radial velocities measurements accuracy:

As for Wave Mode, the contamination of the geophysical Doppler by the geometry knowledge
(quaternion based) and the antenna contribution prevents us for getting any quantitative
geophysical signature such as ocean surface currents in the product.

Azimuth scalloping in the DC over the bursts are also observed in S-1B. This is similar to what is
observed in S-1A IW and EW modes. The scalloping is quantified to be around +5 Hz amplitude as
shown in Figure 93.

S1B—IW-VW:2017-12-25T19:37:477
L B

"l ]

Mean Doppler Offset — [Hz]

O 50 100 15G 200
Azmiuth [km]
Lat: 32.51N, Lon: —25.38E

Figure 93: S-1B IW OCN RVL mean DC bias as function of azimuth pixel. Data acquired over
ocean areas.
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Efforts were undertaken to better predict and compensate the measured Doppler for the
electromagnetic (EM) Doppler bias introduced by the skewness of the antenna elevation pattern. A
new version of the antenna model parameters has been ingested into the Level 2 processor and the
EM Doppler bias over EW swaths is compared with the data driven Doppler estimated over rain

forest areas (see Figure 94).

Although the relative trends over swaths are predicted well, a significant Doppler bias is observed
between the model and data. Compared to previous results, the model and data are better aligned
and the jumps between swaths are better predicted.
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Figure 94: S-1 B VV EM DC offset computed from antenna model (full line) with error matrix
corresponding to the day of acquisition, and estimated from rain forest data using the Level 2

Coming Improvements for 2018:

processor.

A further refinement of the de-scalloping will be implemented without increasing the processing

time.
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Figure 95: Sentinel-1B geophysical relative RCS computed using CMOD-IFRv2+ECMWF for WV1

VV polarisation between 50° and -50° latitude. Panel 1 shows the mean bias between ECMWF

and Sentinel-1B. Panel 2 shows the bias standard deviation. Panel 3 shows the number of SAFE
used to perform the analysis.

As shown in Figure 95, S-1B WV1 calibration oscillated around -0.1dB during the 10 first month. The
change of calibration gain at the beginning of October reduced this underestimation to values close
to zero dB. Same behaviour has been observed for WV2 except that the HH period of acquisition
introduced a negative shift of 0.5dB (as shown in Figure 96) degrading the expected sigma0
compare to the empirical C-band model (CMOD-IFR2). Standard deviation is stable around 0.5dB and

consistent with S-1A.
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Figure 96: External Geophysical calibration bias. WV1 (left) and WV2 (right) 7-days mean of
sigma0 difference with a GMF are displayed. Green vertical line indicates the date of the
AUX_PP1 calibration update and IPF 2.84 deployment.
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8. S-1A and S-1B Cross-comparison
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8.1. Radiometric Calibration

8.1.1. Absolute Radiometric Calibration

As explained in Sections 5.1.2.1 and 7.1.2.1, the BAE corner reflector has been used for absolute
calibration. Figure 97 shows the relative RCS of the corner reflector during 2017 for both S1-A and

S1-B. There is a good radiometric correspondence between the two satellites.
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Figure 97: S-1A and S-1B IW SLC Relative Radar Cross-Section for the BAE Corner Reflector

8.1.2. Permanent Scatter Calibration

The following shows a recent IW VV Permanent Scatter Calibration series over Paris. The series
covers the period from January 2016 to December 2017 and includes both S-1A and S-1B acquisitions
(staring from the end of CP in September 2016), in order to perform a cross-calibration between the
sensors. The blue dots (S-1A) show, after the tile 11 issue (June 2016), a small reduction of the
calibration constant (about 0.1 dB) and a further step is observed around March 2017 with the
deployment of IPF 2.8.2. The red dots show that the calibration constant for S-1B is, at the

moment, about 0.2 dB higher than S-1A.
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Figure 98: PSCAL time series for IW DV acquisitions over Paris. The colour represents the
sensor.

8.2. Geometric Validation

Both S-1A and S-1B geolocation quality was monitored regularly throughout 2017 using IW SLC
products. The trihedral corner reflectors (CRs) whose positions had been installed and surveyed
with cm-level accuracy at the Swiss test sites Torny-le-Grand and Diibendorf during S-1B
commissioning continued to serve as reference targets in 2017.

Absolute Location Error (ALE) was estimated according to the steps described in section 5.1.3. The
ALE estimates are shown for the combined S-1AB IW SLC product time series in Figure 99. It is
comparable to Figure 70(c) and (d), but combines estimates from S-1A & -B. To contrast the
previous best ALE estimates with the current ones, both results are shown for each mode. In Figure
99(a) the estimates based on the previous methods are shown; Figure 99(b) represents the current
estimates. Both the range and azimuth ALE improved for all modes. The elimination of the clear
sub-swath grouping visible in (a) was the most significant improvement made to the UZH post-
processing chain in 2017.

The ALE plots in Figure 99indicate that given bias compensations, the localisation performance of
both S-1A and S-1B were much better than the original requirements (according to sections 5.5.2.1
and 5.5.2.2 in [S1-RD-09]).
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Figure 99: ALE estimates for S-1A/B IW SLC product time series acquired over the Swiss test
sites using precise state vectors (AUX_POEORB). (a) shows ALE using earlier post-processing
methods; (b) shows more recent results after improved post-processing. Product date ranges are
annotated. Point colours represent beam/sub-swath.

8.3. Interferometric Baseline

Figure 100 shows the three cross-sensor interferometric baseline components (Parallel on top,
Normal in the mid and Along-Track on the bottom) evolution during 2017. The baseline components
have been evaluated exploiting the PDGS OBS tool, which compares the S-1B orbits with an arbitrary
selected S-1A reference cycle (cycle number 60, 30 September - 12 October 2015).

The hot colours represent the maximum baseline value and the cold colours represent the minimum
baseline value measured for each orbit. The different colours represent the track number evolving
for each cycle from 1 to 175.

The most critical baseline component for the interferometric coherence is the normal one, which
shall be lower than a certain threshold named critical baseline (about 5 km for S-1 and depending on
the considered swath). The measured normal baseline (mid plot) shows that the worst case
coherence loss due to the interferometric baseline is always well below 5%.
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Figure 100: Parallel (top) Normal (mid) and Along-Track (bottom) interferometric baseline
during 2017. The hot colours represent the maximum value and the cold colours represent the
minimum value for each orbit. The colours represent the track number.

8.4. Instrument Pointing

Figure 101 shows the comparison between the S-1A (blue) and S-1B (red) Doppler Centroid from
data during 2017 on a daily basis. The DC difference between S-1A and S-1B is 30 Hz at maximum,
corresponding to a loss of coherence for TopSAR interferometry of less than 3%. Some common
trends, probably due to seasonal orbit perturbations, can be observed in the data DC evolution. The
DC alignment will be verified again after that the attitude patches applied for S-1B during
November 2017 will be applied for S-1A as well.
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Figure 101: Comparison of S-1A (blue) and S-1B (red) daily average DC from data.

8.5. Cross-interferometry Burst Synchronization

The burst synchronization between repeat pass interferometric acquisitions is relevant for the
TOPSAR modes (IW and EW) to provide an indication of the quality of the interferometric phase that
can be expected. The SAR acquisition start time is planned over a discrete set of points round orbit
with precision down to milliseconds. The performance of the synchronization is monitored by the
PDGS OBS tool.

The S-1A and S-1B constellation offers the possibility to perform repeat pass interferometry at 6
days temporal baseline. The following figure shows the S-1B vs. S-1A burst synchronization error
over time for IW and EW mode. The colour of the dots represents the number of repeat pass
acquisitions falling in a certain temporal and burst synchronization interval (light blue meaning few
points and purple meaning many points). The S-1A reference cycle number 60 (30 September - 12
October 2015) has been used as reference. Note that overall synchronization, even though slightly
worse than single sensor, is still very good.

The daily average synchronization is reported with a continuous black line. It can be noticed that
the average synchronization is always very good with a small seasonal trend (less than 5 ms peak to
peak). This is also observed for S-1A (see Figure 28) and S-1B (see Figure 78), suggesting a common
origin due to some long term orbit perturbation.

The black dashed lines represent the S-1 synchronization requirement (about +7 ms). This value is
obtained starting from the timing requirement for single acquisitions (5 ms) and multiplying it by v/2
due to the fact that all the values in the image are obtained by combining the timing error two
independent acquisitions. The synchronization performance is quite good with 95.7% of IW
acquisitions and 87.6% of EW acquisitions being better than the timing requirement.
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Figure 102: S-1B vs. S-1A burst synchronization error during 2017.
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AD Applicable Document

ADF Auxiliary Data File

CFI Customer Furnished Item

CP Commissioning Phase

DC Doppler Centroid

EAP Elevation antenna Pattern

ECMWF European Centre for Medium-Range Weather Forecasts
EFE Electronic Front End

ENL Equivalent Number of Look

FDBAQ Flexible Dynamic Block Adaptive Quantisation
GMF Geophysical Model Function

IRF Impulse Response Function

IPF Instrument Processing Facility

NESZ Noise Equivalent Sigma Zero

PDGS Payload Data Ground Segment

PG Power x Gain

PSC Permanent Scatterers Calibration

QCSS Quality Control SubSystem

(N)RCS (Normalised) Radar Cross Section

RD Reference Document

RDB Radar DataBase

RFC Radio Frequency Characterization mode
RFI Radio Frequency Interference

SAR Synthetic Aperture Radar

STT STar Tracker

TBC To be confirmed

TBD To be defined

TRM Transmit Receive Module
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Appendix B - S-1A & S-1B Technical Reports

The following S-1A & S-1B Technical Reports are available on Sentinel Online Library:

Masking "No-value" pixels on GRD products generated by the Sentinel-1 ESA IPF, issue 2.1, 29t
January 2018

This technical note describes an approach for masking the "no-pixel” values for GRD products
generated by the Sentinel-1 ESA IPF.

Release Note of S-1 IPF for End Users of Sentinel-1 products, MPC-0389, Issue 1.0, 16 January
2018

This document aims to provide the end users of Sentinel-1 products a high level description of the
evolutions of the Sentinel-1 products related to successive versions of the Sentinel-1 processor (S-
1 IPF). It describes the evolutions introduced by each version of the processor. Notice that each
version of the IPF includes the features introduced by previous versions.

Thermal denoising of products generated by the Sentinel-1 IPF, MPC-0392, Issue 1.1, November
2017

This technical note describes the approach for removing the thermal noise contribution (aka
product denoising step)

Sentinel-1 RadarSat-2 mutual interference, MPC-0353, Issue 1.0, 28 November 2017

This technical note describes the mutual interference that can occur between Sentinel-1 and the
Canadian Radarsat-2 satellite which operates at the same frequency as Sentinel-1. The mutual
interferences are observed on specific locations and times of the orbits and only when both
instruments are transmitting simultaneously.

This document provides description of (1) the respective orbits of Sentinel-1 and Radardat-2 is
described in Section 2, and (2) examples of the mutual interference given in Section 3. A list of
mutual interferences found at the Mission Performance Centre (MPC) Coordination Centre are
given in Appendices of the document.

Definition of the TOPS SLC deramping function for products generated by the Sentinel-1 IPF

This document defines the procedure for performing the deramping of Sentinel-1 TOPS IWS and
EWS of Level-1 SLC products generated by the Sentinel-1 IPF.

Report on the debris impact on S1-A solar panel on 23rd August 2016

The present technical note discusses the debris collision that occurred on 23rd August 2016
whereby the Sentinel1-A solar panel was struck by a small mm sized particle. The implications for
products are given in the report.

Sentinel-1A Antenna Failure - Anomaly Characterization Report

This technical note discusses the impact of the Sentinel-1A tile 11 issue that occurred during June
2016.

Sentinel-1 IPF: Impact of the Elevation Antenna Pattern Phase Compensation on the
Interferometric Phase Preservation

The Elevation Antenna Patterns (EAPs) used by the S-1 Instrument Processing Facility (IPF) are
derived from the S-1 Antenna Model (AM) which is able to predict with great accuracy the gain
and phase patterns.

The EAP correction by the S-1 IPF was at launch only considering the gain, similarly to what was
done for ASAR. As an outcome of the S-1A Commissioning Phase, it has been decided to upgrade
the S-1 IPF to also compensate for the EAP phase, in order to correct for the induced phase
difference between the polarimetric channels.


https://sentinels.copernicus.eu/.../sentinel-1-sar/document-library
https://sentinels.copernicus.eu/documents/247904/2142675/Sentinel-1-masking-no-value-pixels-grd-products-note
https://sentinels.copernicus.eu/documents/247904/2142675/S-1-IPF-Sentinel-1-products-Release-Note.pdf
https://sentinels.copernicus.eu/documents/247904/2142675/Thermal-Denoising-of-Products-Generated-by-Sentinel-1-IPF
https://sentinels.copernicus.eu/documents/247904/2142675/Sentinel-1-Radarsat-2-Mutual-Interference
https://sentinels.copernicus.eu/documents/247904/1653442/Sentinel-1-TOPS-SLC_Deramping
https://sentinels.copernicus.eu/documents/247904/2142675/Sentinel-1A_Debris_Collision_August_2016_MPC.pdf
https://sentinels.copernicus.eu/documents/247904/685163/Sentinel-1A_Antenna_Failures_Impact.pdf
https://sentinels.copernicus.eu/documents/247904/1653440/Sentinel-1-IPF_EAP_Phase_correction
https://sentinels.copernicus.eu/documents/247904/1653440/Sentinel-1-IPF_EAP_Phase_correction
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This correction was introduced in March 2015 with the IPF V243. Performing interferograms
between products generated with the IPFV243 and the former version V236 leads to
interferometric phase variation in range.

This technical note explains the nature of the phase offset and provides recommendation towards
its correction.

Sentinel-1 Radiometric Calibration of Products

This document defines the procedure to radiometrically calibrate Sentinel-1 Level 1 products
generated by the Sentinel-1 IPF.

S-1A & S-1B  N-Cyclic reports published on https://sentinels.copernicus.eu/.../sentinel-1-
sar/document-library give information on the S-1 quality on a four-cycle period. These reports
aimed to be replaced by the annual performance report of their covering period, when the latter is
available.


https://sentinels.copernicus.eu/documents/247904/685163/S1-Radiometric-Calibration-V1.0.pdf
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Appendix C - S-1A & S-1B Instrument Unavailability

The S-1A & S1-B instruments were unavailable during 2017 (a full list since launch can be found in
Appendix C of any S-1A or S1-B N-Cyclic Performance Report):

Start Date/Time End Date/Time MPC Summary
Reference

16/06/2017 09:09 | 16/06/2017 12:31 | s0B.751 Se”“ne"%gc%?%igabi"ty on
17/06/2017 11:43 | 17/06/2017 14:43 | sOB-752 Se”“”e"i?/(%)%igabi"ty on
21/06/2017 14:09 | 21/06/2017 17:35 | sOB-753 Se”ti”e"zlf/c%?%igab"ity on
07/07/2017 02:20 | 07/07/2017 10:29 | sOB-758 Se”ti”e"éﬁl(%?ggigabi"ty on
03/08/2017 13:30 | 03/08/2017 14:07 | sOB-776 Se”“ne"égc%?%igabi"ty on
01/10/2017 12:06 | 01/10/2017 20:01 | SOB-796 Se”ti”e"éfllli)f)%igability on
25/10/2017 08:25 | 25/10/2017 10:15 | sopgry | SoninellA pz'%f/‘ln&g gl@availability on

The S-1B instrument was unavailable during 2017 (a full list since launch can be found in Appendix C
of any S-1B N-Cyclic Performance Report):

Start Date/Time End Date/Time MPC Summary
Reference _ '

21/03/2017 16:23 | 22/03/2017 11:53 | SOB-702 S;{}%g‘igg%ﬁg;‘fg;%ﬂ‘
13/04/2017 15:38 | 14/04/2017 09:35 | SOB-727 Se;‘g%ﬂ;;&‘;??"ﬁ'%ﬂ'}% {;Om
20/04/2017 20:43 | 21/04/2017 11:32 | SOB-729 Segg/r(‘)‘il'gglgqg"zal”/%ai}% Ir7°m
12/05/2017 09:03 | 12/05/2017 10:46 | SOB-738 Se”tf”e"igc%}%‘i‘;ab@ on
08/07/2017 05:21 | 08/07/2017 10:15 | SOB-759 Se”tf”e"ég/(;’?r/‘%i‘;abf'fty on
02/08/2017 14:21 | 02/08/2017 17:32 | SOB-779 Se”t'”e"ég(%?%‘i‘gab”'ty on
25/08/2017 23:29 | 26/08/2017 09:18 | SOB-781 Se”;‘g/%'é}fof;‘a;‘r’%"ggi/'g%’ /ggtl";ee”

SOB-825 Sentinel-1B Unavailability between

18/11/2017 20:48

19/11/2017 10:02

18/11/2017 and 19/11/2017



https://jira-ext.cls.fr/browse/SOB-751
https://jira-ext.cls.fr/browse/SOB-752
https://jira-ext.cls.fr/browse/SOB-753
https://jira-ext.cls.fr/browse/SOB-796
https://jira-ext.cls.fr/browse/SOB-796
https://jira-ext.cls.fr/browse/SOB-702
https://jira-ext.cls.fr/browse/SOB-727
https://jira-ext.cls.fr/browse/SOB-729
https://jira-ext.cls.fr/browse/SOB-738
https://jira-ext.cls.fr/browse/SOB-759
https://jira-ext.cls.fr/browse/SOB-779
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Appendix D - S-1A & S-1B Quality Disclaimers
The following S-1A & S1-B quality disclaimers were issued during 2017:
Number Description Start End Issue Status
Validity Date | Validity Date
24 Incorrect Cycle Number in S1-A 2017-01-12 2017-01-24 Issued
Products acquired between 00:18:59 UT 06:52:28 UT
12/01/2017 and 24/01/2017
Incorrect Cycle Number in S1-B
25 Products acquired between 28;74212(1)2 28;71 21424 Issued
12/01/2017 and 24/01/2017 T T
26 S-1A products processed with 2017-09-06 2017-09-07 Issued
invalid Restituted Orbit Files 18:57:47 UT 08:07:45 UT
(AUX_RESORB) between 2017-09-
06 and 2017-09-07
S-1B products processed with
27 invalid Restituted Orbit Files 2017-09-06 2017-09-07 Issued
(AUX_RESORB) between 2017-09- 18:07:43 07:17:41

06 and 2017-09-07
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The table below gives the cycle number with start and stop acquisition dates during 2017. The start

of a cycle is at approximately 18:00 UT on the dates below.

Cycle Start Date End Date
99 10/01/2017 22/01/2017
100 22/01/2017 03/02/2017
101 03/02/2017 15/02/2017
102 15/02/2017 27/02/2017
103 27/02/2017 11/03/2017
104 11/03/2017 23/03/2017
105 23/03/2017 04/04/2017
106 04/04/2017 16/04/2017
107 16/04/2017 28/04/2017
108 28/04/2017 10/05/2017
109 10/05/2017 22/05/2017
110 22/05/2017 03/06/2017
111 03/06/2017 15/06/2017
112 15/06/2017 27/06/2017
113 27/06/2017 09/07/2017
114 09/07/2017 21/07/2017
115 21/07/2017 02/08/2017
116 02/08/2017 14/08/2017
117 14/08/2017 26/08/2017
118 26/08/2017 07/09/2017
119 07/09/2017 19/09/2017
120 19/09/2017 01/10/2017
121 01/10/2017 13/10/2017
122 13/10/2017 25/10/2017
123 25/10/2017 06/11/2017
124 06/11/2017 18/11/2017
125 18/11/2017 30/11/2017
126 30/11/2017 12/12/2017
127 12/12/2017 24/12/2017
128 24/12/2017 05/01/2018
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Appendix F - S-1A Transmit Receive Module Failures

The following S-1A antenna Transmit/Receive Modules (TRMs) failed during 2017 (a full list since
launch can be found in Appendix B of any S-1A N-Cyclic Performance Report):

TRM Description Date of Failure

Tile 11 See below

On the 16%" October 2017 the S-1A antenna was reconfigured to optimize the electronic operation
after the tile 11 issue on June 2016. The new antenna configuration, only related to the tile 11, was
captured in RDB#6. From the SAR data point of view, the new antenna status is not much different
from the previous one and the only observed effects are a slight increase of the PG (less than 0.1
dB) and a modification of the EAP from the S-1 AM (lower then 0.1 dB).
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Appendix G - S-1A Auxiliary Data Files

FORM-NT-GB-7-1

The following S-1A Auxiliary Data Files (ADFs) were updated during 2017:

Instrument ADF (AUX_INS)

ADF Update Reason
S1A_AUX_INS_V20171017T080000_G20171013T101216.SAFE | Update of ADF to be compliant with
RDB#6.

Calibration ADF (AUX_CAL)

ADF Update Reason

S1A_AUX_CAL_V20140406T133000_G20170328T093222.SAFE | Updates of (a) noise calibration
factors and (b) Elevation antenna
pattern in  S1A_AUX_CAL to
implement  the outcome  of
recalibration #2 activities
performed in preparation to IPF
V282 deployment. Related to
RDB#1.

S1A_AUX_CAL_V20140616T133500_G20170328T093438.SAFE | Updates of (a) noise calibration
factors and (b) Elevation antenna
pattern in  S1A_AUX_CAL to
implement  the outcome  of
recalibration #2 activities
performed in preparation to IPF
V282 deployment. Related to
RDB#2.

S1A_AUX_CAL_V20140908T000000_G20170328T093643.SAFE | Updates of (a) noise calibration
factors and (b) Elevation antenna
pattern in  STA_AUX_CAL to
implement the outcome  of
recalibration #2 activities
performed in preparation to IPF
V282 deployment. Related to
RDB#3.

S1A_AUX_CAL_V20150519T120000_G20170328T093753.SAFE | Updates of (a) noise calibration
factors and (b) Elevation antenna
pattern in  S1A_AUX_CAL to
implement the outcome of
recalibration #2 activities
performed in preparation to IPF
V282 deployment. Related to
RDB#4.

S1A_AUX_CAL_V20150722T120000_G20170328T093923.SAFE | Updates of (a) noise calibration
factors and (b) Elevation antenna
pattern in S1A_AUX_CAL to
implement the outcome of
recalibration #2 activities
performed in preparation to IPF
V282 deployment. Related to
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RDB#5.
S1A_AUX_CAL_V20160627T000000_G20170522T132042.SAFE | Updated S1-A SM, IW and EW
Elevation Antenna Patterns

following the Tile 11 Anomaly in
June 2016. Related to RDB#5.

STA_AUX_CAL_V20171017T080000_G20171013T101200.SAFE

Update of ADF to be compliant with
RDB#6.

L1 Processor Parameters ADF (AUX_PP1)

ADF

Update Reason

S1A_AUX_PP1_V20140406T133000_G20170328T093347.SAFE

Update of the processing gains for
IW and EW modes to implement the
outcome of recalibration #2 activity
performed in preparation to IPF
V282 deployment. Related to
RDB#1.

S1A_AUX_PP1_V20140616T133500_G20170328T093550.SAFE

Update of the processing gains for
IW and EW modes to implement the
outcome of recalibration #2 activity
performed in preparation to IPF
V282 deployment. Related to
RDB#2.

S1A_AUX_PP1_V20140908T000000_G20170328T093714.SAFE

Update of the processing gains for
IW and EW modes to implement the
outcome of recalibration #2 activity
performed in preparation to IPF
V282 deployment. Related to
RDB#3.

ST1A_AUX_PP1_V20150519T120000_G20170328T093825.SAFE

Update of the processing gains for
IW and EW modes to implement the
outcome of recalibration #2 activity
performed in preparation to IPF
V282 deployment. Related to
RDB#4.

S1A_AUX_PP1_V20150722T120000_G20170328T093954.SAFE

Update of the processing gains for
IW and EW modes to implement the
outcome of recalibration #2 activity
performed in preparation to IPF
V282 deployment. Related to
RDB#5.

S1A_AUX_PP1_V20140406T133000_G20171003T120502.SAFE

Processing gains updated for WV
mode to introduce an offset
compensating the bias
characterised by Ifremer for S1A/B
WV1 and WV2 through the analysis
of data NRCS. Related to RDB#1.

S1A_AUX_PP1_V20140616T133500_G20171003T120626.SAFE

Processing gains updated for WV
mode to introduce an offset
compensating the bias
characterised by Ifremer for S1A/B
WV1 and WV2 through the analysis
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of data NRCS. Related to RDB#2.

S1A_AUX_PP1_V20140908T000000_G20171003T120702.SAFE

Processing gains updated for WV
mode to introduce an offset
compensating the bias
characterised by Ifremer for S1A/B
WV1 and WV2 through the analysis
of data NRCS. Related to RDB#3.

S1A_AUX_PP1_V20150519T120000_G20171003T120730.SAFE

Processing gains updated for WV
mode to introduce an offset
compensating the bias
characterised by Ifremer for S1A/B
WV1 and WV2 through the analysis
of data NRCS. Related to RDB#4.

S1A_AUX_PP1_V20150722T120000_G20171003T120757.SAFE

Processing gains updated for WV
mode to introduce an offset
compensating the bias
characterised by Ifremer for S1A/B
WV1 and WV2 through the analysis
of data NRCS. Related to RDB#5.

S1A_AUX_PP1_V20171017T080000_G20171013T101236.SAFE

Update of ADF to be compliant with
RDB#6.

L2 Processor Parameters ADF (AUX_PP2)

ADF

Update Reason

S1A_AUX_PP2_V20171017T080000_G20171013T101254.SAFE

Update of ADF to be compliant with
RDB#6.

Simulated Cross Spectra ADF (AUX_SCS)

ADF

Update Reason

S1_AUX_SCS_V20171017T080000_G20171016T150910.SAFE

Update of ADF to be compliant with
RDB#6.
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The table below gives the cycle number with start and stop acquisition dates during 2017. The start

of a cycle is at approximately 18:00 UT on the dates below.

Cycle Start Date End Date
27 23/12/2016 04/01/2017
28 04/01/2017 16/01/2017
29 16/01/2017 28/01/2017
30 28/01/2017 09/02/2017
31 09/02/2017 21/02/2017
32 21/02/2017 05/03/2017
33 05/03/2017 17/03/2017
34 17/03/2017 29/03/2017
35 29/03/2017 10/04/2017
36 10/04/2017 22/04/2017
37 22/04/2017 04/05/2017
38 04/05/2017 16/05/2017
39 16/05/2017 28/05/2017
40 28/05/2017 09/06/2017
41 09/06/2017 21/06/2017
42 21/06/2017 03/07/2017
43 03/07/2017 15/07/2017
44 15/07/2017 27/07/2017
45 27/07/2017 08/08/2017
46 08/08/2017 20/08/2017
47 20/08/2017 01/09/2017
48 01/09/2017 13/09/2017
49 13/09/2017 25/09/2017
50 25/09/2017 07/10/2017
51 07/10/2017 19/10/2017
52 19/10/2017 31/10/2017
53 31/10/2017 12/11/2017
54 12/11/2017 24/11/2017
55 24/11/2017 06/12/2017
56 06/12/2017 18/12/2017
57 18/12/2017 30/12/2017
58 30/12/2017 11/01/2018
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Appendix | - S-1B Transmit Receive Module Failures

The following S-1B antenna Transmit/Receive Module (TRM) failed during 2017 (a full list since
launch can be found in Appendix B of any S-1B N-Cyclic Performance Report):

TRM Description Date of Failure

Tile 5, Row8 Rx, H 16-January-2017
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The following S-1B Auxiliary Data Files (ADFs) were updated during 2017:

Instrument ADF (AUX_INS)

ADF

Update Reason

Calibration ADF (AUX_CAL)

ADF

Update Reason

S1B_AUX_CAL_V20160422T000000_G20170116T134142.SAFE

Updated S1-B noise vectors for IW
and EW modes. Related to RDB#1.

S1B_AUX_CAL_V20160422T000000_G20170328T092822.SAFE

Update of noise calibration factors
in S1B_AUX_CAL to implement the
outcome of recalibration #2 activity
performed in preparation to IPF
V2.8.2 deployment. Related to
RDB#1.

L1 Processor Parameters ADF (AUX_PP1)

ADF

Update Reason

S1B_AUX_PP1_V20160422T000000_G20170116T134234.SAFE

S1B QL scaling LUT updated for SM,
IW and EW modes (to be similar to
S-1A). Related to RDB#1.

S1B_AUX_PP1_V20160422T000000_G20170328T093014.SAFE

Update of processing gains for IW
and EW modes to implement the
outcome of recalibration #2 activity
performed in preparation to IPF
V2.8.2 deployment. Related to
RDB#1.

S1B_AUX_PP1_V20160422T000000_G20171003T120152.SAFE

Processing gains updated for WV
mode to introduce an offset
compensating the bias
characterised by Ifremer for S1A/B
WV1 and WV2 through the analysis
of data NRCS. Related to RDB#1.

L2 Processor Parameters ADF (AUX_PP2)

ADF

Update Reason

Simulated Cross Spectra ADF (AUX_SCS)

ADF

Update Reason

S1_AUX_SCS_V20171017T080000_G20171016T150910.SAFE

Update of ADF to be compliant with
S1-A RDB#6.
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