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Sentinel-1 on-board temperature compensation

» Active phased array antenna with 1120 elements: each element can
be commanded in gain and phase to get the needed antenna pattern
steering

» Antenna status continuously monitored by SAR MPC through RFC
products and it is an input to S1 Antenna Model for patterns prediction

» Gain and phase change around the commanded settings due to the
temperature variations (seasonal & during acquisitions)

» These gain and phase variations are compensated through the on-
board implemented temperature compensation strategy

» Impact on S1- imagery: It can introduce radiometric discontinuities
and Doppler jumps

» Aresys implemented a tool that predicts temp. comp. induced
variations to compensate for them and improve S-1 calibration
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Temp comp verification with RFC

»During S1C (and also S1B) CP, the
Instrument was warmed up to ~ 20 °C RFC measurements

> RFC was acquired for 24h every 5mins, ;
while the instrument was cooling down - B
» Observed temperature decrease of ~ 30 °C .
» House Keeping Telemetry (HKTM) can
provide temperature info for each TRM and  ~ oo
TA with a sampling step of 16s : =t LI
> First  validation of  temperature 1. 8
compensation tool: emulation of the B
coefficients (gain & phase) evolution during ~ ki
24h I
» Plots show the comparison for RX V R 1L
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Observation of real data for RVL calibration

and prediction of DC jumps

» RVL L2 products provide a measure of the ocean currents
based on the DC estimates from data

» RVL calibration is required to remove Iinstrument related
contributions:

> f DC=f ATT+f ANT '\+f GEOii+? i
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» After calibration residual azimuth jumps not related to
geophysical contributions can be observed

» Could they be temp. comp. induced? Can they be predicted
and removed?
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Abstract

The poster summarizes the on-board temperature compensation strategy implemented in the Sentinel-1 instrument and discusses its potential impact on S1 imagery. The temperature compensation Is
designed to cope with gain and phase drifts of the antenna elements induced by the temperature increase during long acquisitions. The strategy ensures very good long-term stability of the instrument, but it can
Introduce small radiometric artifacts and azimuth pointing variations in some acquisitions. We present a procedure to predict such variations in order to compensate for them and further improve the S-1 calibration.
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24 h RFC vs simulated RX V coefficients

Temp. comp. tool simulation
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» Top left plot: doppler centroid evolution during a single W

» Bottom left plot: comparison of the DC evolution during the
same datatake extracted from L1 annotations (blue) and
predicted as output of the temp. comp. simulation tool
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S1A IW1 Doppler Comparison Induced jump: the jump observed in the blue
— DGLL Exati line is well predicted in the black line
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» Bottom world plot: a full cycle of 12 days,
0 \ n 0&3’ 09/12/2019 — 21/12/2019, of S1A WV and IW
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Temp comp emulation tool

Acquisition excitation
coefficients

Gain & phase Coeff. from closest RFC acquisition
RFC TRM/TA temperatures from HKTM data at RFC time

emUIation Antenna Model

Gain & phase coefficients at temp. comp. activation Acquisition antenna

Acqu ISILION  times patterns

' TRM/TA temperatures from HKTM data at temp.
emulatlon comp. activation times

Azimuth pointing
variations

Tool Output: Antenna coefficients variation emulation during acquisitions
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Tool Output: Extraction of Doppler Centroid and Elevation Antenna Pattern variation

doppler centroid from temperature compensation simulation gain of the elevation cut of the 2-way antenna pattern
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Prediction of Elevation Antenna Pattern variation

for L2 OWI products calibration

» L2 Ocean Wind Fields (OWI) products provide wind information
derived from data radiometry of GRD products

» Top left: sharp discontinuities in the wind field were observed
at sub-swath boundaries

» Bottom left: difference of elevation antenna patterns at sub-
swath overlapping regions. The tool predicts potential jumps
up to 0.2 dB at sub-swaths boundaries due to the evolution of the
EAPSs

» Bottom right: change in the elevation pointing direction, position
of the elevation pattern peak, seem to be the main cause of the
observed jumps
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Conclusion and way-forward

» Temperature compensation ensures long-term stability of the instrument and data quality

» Temp. comp. can be emulated on ground exploiting the antenna elements temperature stored in
HKTM data. The tool allows to predict the evolution of the gain and phase of the TRMs of the SAR
antenna during acquisitions

» Simulation results can be used to improve the calibration of RVL products

» A dedicated activity of statistical analysis has been performed over the results of the temp comp
emulation of a full cycle of 12 days, 09/12/2019 — 21/12/2019, of S1A IW data takes

» Eements at the border of the antenna are the main responsible for the observed DC jumps

»Simulation at Tile Amplifier level (temperatures in the ISP products) could be enough to predict
DC jumps

» Temp. comp. tool has been used during S1C IOC to simulate DC jumps induced by different on-
board temp. comp. configurations

» Temperature compensation tool next steps:
» Deeper investigation (and possible calibration) of radiometric jumps at sub-swath boundaries

» Usage of temp. comp. tool for S1D 10C
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