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1 Introduction

1.1 Background/Context

The Sentinell productsare generated ugng the Sentinell Instrument Processing Facility (IPF). From one
version of the IPF to anotherthe implemented processingevolves so as to improvethe product
performances.

Starting from version 3.40 of the IPFspecific processings implementedinto stepsto (1) detect potential
presence of Radio Frguency Interfeences (RFI) and(2) optionally to mitigate their impact on product
performances.Thestatus of those twosteps is annotated in the Sentinell products.

1.2 Purpose of this document

The RFI detection and mitigation process is documented in the Sentifelevell Detailed Processing
Model [S1-DPM]

The way the 8ntinel-1 IPFis annotating the results of RFI detection and mitigation is documented in [S1
PS].

The purpose of this document ifo guide theSentinell product useron how to use those RFI annotations
depending on the various versins of the Sentinell IPF.

This document is organised as follows:

1 Sectionl: this introduction
1 Section2: presents the behavior of the S1 IPF depending on its version for whatoncern the
annotation of RFI

1 Section 3: presents the mainfiles of the product contentto be considered for what concerns the
RFI annotations
9 Section4: presents examplesof RFI mitigationon the products

Two appendices provide example of RFI as observed and mitigated.

1.3 Applicable and Reference Documents

S1-DPM Sentinel-1 Level 1 Detailed Processing Model (DPM), SNMDAS2-7445, MPG0307, version
2.3
S1-PS Sentinell Product Specification, SRSMDAS2-7441, MPCG0240, version 3.9

1.4 Acronyms and definition

DLR Germany's national research centre faeronautics and space
EW Extra Wide

GRD Ground Range Detected

IRF Impulse Response Function

ISLR Integrated side lobe ratio

W Interferometric Wide
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PSLR Peak side lobe ratio

RFI Radio Frequency Interference

S1IPF Sentinekl Instrument Processing Facility (Sentinél processor)
SLC Single-look complex

SM Stripmap

TDS Test Data Set

VH Vertical TransmiHorizontal Receive Polarisation

\AY, Vertical TransmitVertical Receive Polarisation

WV Wave

XML Extensible Markup Language
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2 Behaviourof the Sentinetl IPF with respect to RFI

This section describeghe behaviour of the Sentinell IPFdepending on its version.

2.1 For S1 IPF before version 3.40

For IPF before version 30, there is no specific processing related to REEtection and mitigation.

The version of the & IPF used to generate one product is annotated its manifest.

<safe:facility country="France" name="Copernicus S1 Core Ground SegmdiiS" organisation="ESA" site="Airbus
Defence and Spaceloulouse™>

<safe:software name="Sentinel IPF" version=003.31"/>

</safe:facility>

Figurel: Annotation of IPF version in the manifest of Sentin&lproduct.

The following XPath applied in the product manifest can be useddatch this value.

| IIxmlData/safe:processing/safe:facility/safe:software/@version

2.2 For S1 IPF starting with version 3.40

The behaviour of the Sl IPF for what concerns the RFI mitigation sased on three main successive
steps:

1- A prescreeningof RFlevidence in noise measurements from specific pulses in the acquisition
timeline. This prescreening isperformed (or not) depending on theavailability of the required
noise measurements

2- A detection of RFI from the measurement data. This detection stispconfigurable and can either
be not applied at all, or only applied when REVidenceare provided by the prescreening step,
or systematically applied

3- A mitigation of RFI applied on the measurement datéepending on the results of the previous

steps.

For IW al EW modesthe RFI prescreening stepcan only beperformedwhenthe noise measurements
are available The noise measurements are always available in the nominal production scenario.

For SM and WV modes, theequired noise pulses are not available, and no precreening step is
performedand available

Moreover, the behaviour of the 8 IPF is configurable regarding the activation of the RFI correction step
and regarding the mitigation typeThe details on the RFI mitigation algorithm implemented in thelSPF
can be found in[S1-DPM].A summary of thehree steps depending on the mitigation strategy is provided
in following figures.
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Figure2: Rationale of the three steps opre-screening/ RFI Detection / RFI mitigationfor EW and IW acquisition modes
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Figure3: Rationale of the three steps of prescreening / RFI Detection / RFI mitigatiorior SM and WV acquisition modes

Sentinekl: Using the RFI annotations
SARMPC0540 6 1.0 6 11/02/2022
Open/Public/Publico© 2022 SAR MPC Consortium

L3 LECTE LOCALISADH SMTCLITES

<o aresys



7137

2.2.1 Activation strategy
Threetypes of activationscan be set as described in [SDPM](see as wellFigure2):

1 Eithermitigation is neveractivated

1 Or a mitigation isactivated depending on analysis of noise echoes during tipge-processing(only
applicable for Extra Wide Swath and Interferometricitlié Swath modes)

1 Or the mitigation isactivated systematically not depending on the content of noise echoes.

The mitigation strategy is documented in theain annotationfiles of the product.There is oneannotation
file for each polarizationand dataset. For instance:

1 IW Single Polarisation GRD products contain one annotation file

1 IW Dual Polarisation SLC products contasiix annotation files fwo polarisationsand three sub
swaths)

1 EW Dual Polarisation SLC products contain ten annotation files (two polarisations and five sub
swaths)

Below 5 an example of annotationof RFI activation in one annotation fil§with no RFI mitigation
activated).

<processingInformatior»
<rfiMitigationPerformed=Neverx/rfiMitigationPerformed>

<rfiMitigationDomain>TimeAndFrequency</rfiMitigationDomain>

2.2.2 RFI annotation vsactivation strategy

Depending on the activation strategthe RFI annotationsdoes not contain the same informationThis is
summarized in following table.

rfiMitigationPerformed flag | Behaviourand content ofRFlannotation
(value)

Never The RFI mitigation isot activated, regardless of actual the content of the
noise pulsesor the data

For EW and IWhodes

Despite the fact that there is no mitigation, thepre-screening step is
performed for the TOPS moddsased on availability of noise measurements
Those noise measurements are always available in the nominal producti
scenario

Parameters of he pre-screeningof RFlare annotated for each burst in the
rfiDetectionFromNoiseReport element.

However, asRFI detectionis never applied, there is no single flag indicatin
the presence of RFfor the considered polarization (and sub swath for SL|
products).An example is provided ifrigure4

For SM and WV:
For these modes, there is not sufficient noise information to perform thg
preliminary screening Hence, thispre-screeningstep is not done andthere
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is no way to spotpresence of RFI from screening the content of the R
annotation file.

BasedOnNoiseMeasurement The noise measurements are used to perform a paereening ofevidenceof
RFI contamination.
When such evidence are detected further RFI detection is performed the
data. This data based detection may trigger the RFI mitigation on t
impacted bursts

For EW and IW modes:
The results of RFI pre-screening is annotated for each burstin the
rfiDetectionFromNoiseReport element.

When RFI ipre-screenedat leastin one burst, thedata basedRFIdetection
is activated forall the bursts in the considered polarizatiorand sub swath.
This is documented in thefiMitigationApplied flag of theRFlannotationfile.

If its value isNone, there is noRFIpre-screered in the polarisation and/ or
subswath For all other values, an RFI wagre-screenedin the product. An
exampleis provided inFigure5

For SM and WV:
This activation strategy does naapplyto SM and WV

Whatever the value of thip ar amet er t he behavi ou

Always The RFUdetectionis applied systematicallyregardless of theavailability and
content of thenoise pulses or the data

The rfiMitigationApplied flag in theRFlannotation file does notnecessarily
reflects the presence of RFI in the product.

2.2.3 Example ofRFlannotation (Never)

Following figure preserg example of RFI annotation contentsu si ng t he stforaah ®Vgy ON
product. This illustrates a parbf RFlannotation XML file for the IW1 subwath of an IW product.

For this example:

~ oA s oA = 7

- Thestrategyi§s b SOSNE S YSIFyAy3a (KI Gdghdheme€ioRRSG SO A
mitigation.

- The noise measurement being available, agreeening iperformed,and the resultof
this stepare annotated

<?xml version="1.0" encoding="UT&'?>
<rfi>
<adsHeader>

<missionld>S1A</missionld>
<productType>GRD</productType>
<polarisation>VH</polarisation>
<mode>IW</mode>
<swath>IW</swath>
<startTime>2021-11-29T05:59:54.071699</startTime>

Sentinekl: Using the RFI annotations
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<stopTime>2021-11-29T06:00:19.070668</stopTime>
<absoluteOrbitNumber>40782</absoluteOrbitNumber>
<missionDataTakeld>317244</missionDataTakeld>
<imageNumber>002</imageNumber>
</adsHeader>
<rfiMitigationApplied>None</rfiMitigationApplied>
<rfiDetectionFromNoiseReportList count="34">
<rfiDetectionFromNoiseReport>
<swath>IW1</swath>
<noiseSensingTime>202111-29T05:59:50.936820</noiseSensingTime>
<rfiDetected>true</ rfiDetected>
<maxKLDivergence>2.999700e+05</maxKLDivergence>
<maxFisherz>4.462828e+01</maxFisherz>
<maxRfiPsd>6.293523e+01</maxRfiPsd>

</rfiDetectionFromNoiseReport>

Figure4: Example of RFI annotation file In this case, despite the detection of the RRHiDetected=True) no mitigationwas
performed (rfiMitigationApplied=None)ue to the content of therfiMitigationPerformed flag, which was set to Never.
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2.2.4 Example of RFI annattion (BasedOnNoiseMeasurements)

Following figure preserd example of RFI annotation contents using the strategy
0O0BasedOnNoi s e Me as GROpnotrict. Fod GRD produd the RIFI\Whnotations aRrovided
for each polarization (and not for each subwath).

This illustrates a part of RFI annotation XML file for thé/ polarizatiorof the IW GRDproduct.
Forthisexamplethe strategy i s O0OBasedOnNoi seMeasurement 0,

- aprescreening is grformed on noise measurementand the results are annotatedSome noise
measurements are associated to RFI evidences and some other are ridiey can be segregated
by therfiDetectionFromNoiseRepoftfiDetected elements;

- whenevidenceof RFlis present in the noisemeasurements further RFI detections are performed
on the impacted sub swath/polarisation and the results are annotatedin the rfiBurstReport
elements

<?xml version="1.0" encoding="UT&'?>
<rfi>
<adsHeader>
<missionld>S1B</mis sionld>
<productType>GRD</productType>
<polarisation>VV</polarisation>
<mode>IW</mode>
<swath>IW</swath>
<startTime>2021-02-10T18:30:44.640033</startTime>
<stopTime>2021-02-10T18:31:09.639286</stopTime>
<absoluteOrbitNumber>25548</absoluteOrbitNumber>
<missionDataTakeld>199510</missionDataTakeld>
<imageNumber>001</imageNumber>
</adsHeader>
<rfiMitigationApplied>TimeFrequency/rfiMitigatio nApplied>
<rfiDetectionFromNoiseReportList count34">
<rfiDetectionFromNoiseReport>
<swath>IW1</swath>
<noiseSensingTime>202102-10T18:30:41.379966</noiseSensingTime>
<rfiDetected>false</rfiDetected>
<maxKLDivergence>8.66943&+00</maxKLDivergence>
<maxFisherz>4.897439e+00</maxFisherZ>
<maxRfiPsd>0.000000e+00</maxRfiPsd>
</rfiDetectionFromNoiseReport>
é .
<rfiDetectionFromNoiseReport>
<swath>IW3</swath>

Sentinell: Using the RFI annotations

10/37 SARMPGO0540 6 1.0 6 11/02/2022 LT LS
Open/Public/Publico© 2022 SAR MPC Consortium )
i aresys




<noiseSensingTime>202102-10T18:30:51.565025</no iseSensingTime>
<rfiDetected>true</rfiDetected>
<maxKLDivergence>3.199680e+05</maxKLDivergence>
<maxFisherz>2.328487e+01</maxFisherz>
<maxRfiPsd>2.272598e+01</maxRfiPsd>
</rfiDetectionFromNoiseReport>
€ .</rfiDetectionFromNoiseReportList>
é .
<rfiBurstReportList count="33">
<rfiBurstReport>
<swath>IW1</swath>
<azimuthTime>2021-02-10T18:30:40.254003</azimuthTime>
<inBandOutBandPowerRatio>1.350108e+01</inBandOutBandPowerRatio>
<timeDomainRfiReport>
<percentageAffectedLines8.855926e+01 </percentageAffectedLines>
<avgPercentageAffetedSamples>3.008939e -02</avgPercentageAffectedSamples>
<maxPercentageAffectedSamples:929368e+00 </maxPercentageAffectedSamples>
</timeDomainRfiReport>
<frequencyDomainRfiBurstReport>
<numsSubBlocks>3</numSubBlocks>
<subBlockSize>537</subBlockSize>
<isolatedRfiReport>
<percentageAffectedLines2.007356e+01 </percentageAffectedLines>
<maxPercentageAffectedBWE556925e+00 </maxPercentageAffectedBW>
</isolatedRfiReport>
<percentageBla@ksPersistentRfi>0.000000e+00</percentageBlocksPersistentRfi>
<maxPercentageBWAffectedPersistentRfi>0.000000e+00</maxPercentageBWAffectedPersistentRfi>

</frequencyDomainRfiBurstReport>

</rfiBurstReport>

Figure5: Example of RFI annotation file with activation based on noise measurement and RFI deteabedthe second burst.
Note that there is no RFI detected on the first burst.
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2.2.5 Example of RFI annotation (Always)

Following figure presergt example of RFI annotation contentss si ng t he strategy O0A
product. This illustrates a part of RFI annotation XML file for the IW1 swath of an IW product.

For this example, the strategy is OAl wayso6, meani

- The RFl annotation fileontains the prescreening reportbut its results haveno impact in deciding
whether the RFI detection/mitigation isctivated.

- RFI detections are performed on every burst and the results amaenotated for both time and
frequency domain

<?xml version="1.0 encoding="UT"?>
<rfi>
<adsHeader>
<missionld>S1A</missionld>
<productType>GRD</productType>
<polarisation>VH</polarisation>
<mode>IW</mode>
<swath>IW</swath>
<startTime>2021-11-29T00:27:01.329972</startTime>
<stopTime>2021-11-29T00:27:26.328008</stopTime>
<absoluteOrbitNumber>40778</absoluteOrbitNumber>
<missionDataTakeld>317215</missionDataTakeld>
<imageNumber>002</imageNumber>
</adsHeader>
<rfiMitigationApplied>TimeFrequency</rfiMitigationApplied>
<rfiDetectionFromNoiseReportList count="34">
<rfiDetectionFromNoiseReport>
<swath>IW1</swath>
<noiseSensingTime>202111-29T00:26:58.244407</noiseSensingTime>
<rfiDetected>false</rfiDetected>
<maxKLDivergence>2.719806e+00</maxKLDivergence>
<maxFisherz>3.338530e+00</maxFisherZ>
<maxRfiPsd>0.000000e+00</maxRfiPsd>
</rfiDetectionFromNoiseReport>
<rfiDetectionFromNoiseReport>
<swath>IW1</swath>
<noiseSensingTime>202111-29T00:27:01.002677</noiseSensingTime>
<rfiDetected>false</rfiDetected>
<maxKLDivergence>3.448161e+00</maxKLDivergence>
<maxFisherz>3.547025e+00</maxFisherz>
<maxRfiPsd>0.000000e+00</maxRfiPsd>
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</rfiDetectionFromNoiseReport>
é
</rfiDetectionFromNoiseReportList>
<rfiBurstReportList count="33">
<rfiBurstReport>
<swath>IW1</swath>
<azimuthTime>2021-11-29T00:26:57.144723</azimuthTime>
<inBandOutBandPowerRatio>1.024431e+00</inBandOutBandPowerRatio>
<timeDomainRfiReport>
<percentageAffectedLines>7.097232e01</percentageAffectedLines>
<avgPercentageAffectedSamples.528836e -02</avgPercentageAffectedSamples>
<maxPercentageAffectedSamplest.268854e -01</maxPercentageAffectedSamples>
</timeDomainRfiReport>
<frequencyDomainRfiBurstReport>
<numSubBlocks>3</numSubBlocks>
<subBlockSize>537</subBlockSize>
<isolatedRfiReport>
<percentageAffectedLines9.633257e+01</percentageAffectedLines>
<maxPercentageAffectedB¥3.466012e+00</maxPercentageAffectedBW>
</isolatedRfiReport>
<percentageBlocksPersistentR#0.000000e+00</percentageBlocksPersistentRfi>
<maxPercentageBWAffectedPersistent®f).000000e+00</maxPercentageBWAffectedPersistentRfi>
</frequencyDomainRfiBurstReport>
</rfiBurstReport>
é
</rfiBurstReportList>

</rfi>

Figure6: Example of RFI annotation file with activatioforced to "always".
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3 Sentinekl product structureand RFI annotation

The following table describes the elements of Sentinglproduct structure to consider for RFI annotation starting with version 3.40 of the IPF.

¢ [ [measurement

g¢f [ annotation

[ &f ] calibration

f af [ rfi

{ [ s [ -sfafiw-grdvh-20211129t055954 -20211129t060019 040782 -04d73c-002.xml -> rfi annotation

{ [ V[ [ -safiw-grdvv-20211129t055954 -20211129t060019 040782 -04d73c-001.xml -> rfi annotation

I &[] ] swigalvh-20211129t055954 -20211129t060019 -040782 -04d73c-002.xml -> contains information on RFI mitigation strategy

I 1] ] swigahvw20211129t055954 -20211129t060019 040782 -04d73c-001. xml -> contains information on RFmitigation strategy
g¢f [ mani f e-sdontasna femion of the IPF

g ] preview

}[J support
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4 RFI mitigation and impact on product performance

4.1 Examplesof RFI mitigation

The RFI mitigation strateggipplied in the IPF since 3.40 is designed to be conservative and nofproduce
degradation of the product performancdoeyond the portion of the image impacted by the interference.
For this reason the RFI observedn the Sentinetl products may not be ompletely suppressed.

The following figures present some illustrations:

Figure7: presents an example of efficient RFI suppression

Figure8: presents an example of incomplete RBLppression

Figure 9: presents an examplewhere the RFI impacs the burst so much that it induces a
significant power loss wher¢he RFI was located (as expectedivhich cannot be compensated
Figure10: presents afalse alarmexample where the prescreening activates the RFI mitigation
module een if no visible RFI is found in the quicklook.

L EE BN

With previous RFI With RFI 3.4.0 (RFI suppressed)
Figure7: Example of RFI mitigation (IW product acquired on 20419 -24T14:16:38)
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With previous RFI With RFI 3.4.0(RFI suppressed)

Figure8: Example of RFI mitigation (Stripmap 6 product acquired on 20201-22T21:43:58).

A+

A

51A IW, RAW. . 0SDV_20210929T033840 §20210929T033912 .039891_04B8854_.2961

Figure9: Example of RFI mitigationl{V6 product acquired on 202L-09-29) left without mitigation, right with mitigation
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Figure10: Example offalse alarm in the prescreeningRFI mitigation (IW product acquired on 201-10-20T19:08:58). The
pre-screening commandsto activate the mitigation module on the/H channel even if no evident artifact is present.

4.2 Impact on product performance

The impact of the RFI mitigation on product performance was assessed usisignulated data and
consideringthree indicators:

1 Interferometric coherencethe interferometric coherence between the original SLC imagee.,
without RF) and the impacted SLC imageas computed in the area where the RHrtefacts were
removed. The interferometric coherence measures the cressherence between the two
images and, in case of perfect reconstruction should be equal to 1.

1 Azimuth transectscomparing themean radiometricintensity in the azimuth direction between
the original image and the corrected one is helpful to understand if the radiometric level of the
image was altered by the mitigation algorithm.

1 Impulse response functionthe impulse response function (IRF) of a transponder placed in an
area affected by RFI istudied before and after the mitigation and compared to the original IRF
of the target. The goal of this analysis is evaluating the impact of the mitigation process in the
image resolution.

These quantities are studied for both timegomain and frequencydomain mitigation approaches.

The detailed description of the two approaches is provided in [S1PM]. The approach effectively
considered for the mitigation depends on the content of the AUX_PP1 auxiliary file (configuration file of
the level 1 processor)being either a timedomain, frequencydomain, or time and frequency domain.

4.2.1 Simulated RFI

The impact of RFI mitigation algorithm on product performance is assedsusing simulated data. By
injecting artificial interferences into known data, the efficiencof the algorithm in removing the RFI can
be assessed at a quantitative level.

The test data set consists of two acquisitions:

1 DLRTDS an IW DH scene over the DLR transponders and corner reflectors in the Germkns. It is
used foranalysingthe impact of the mitigation on the impulse response function.
S1A_IW_RAW__0SDH_20140624T170903 20140624T170935 001195 0012C2_5B9E.

Sentinekl: Using the RFI annotations
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1 RFTDS:an IW DV acquisition on the Amazon rain forest. This data set is used for studtfirey
impact of the mitigation onradiometry and interferometric coherence.
S1A_IW_RAW__0SDV_20200226T102109_20200226T102141 031422 _039E0C_4608.

In both cases, the injected RFI is modelled by means of a stationary complex Gaussian prodess:

types of interfering signals have been simated:

r  RFITDNB:High power signal concentrated in the time domain with a duration BS pulsating with
a frequency of 4kHz. The Rfb-signal ratio is 50dB.

r  RFITDWB:Signal concentrated in the time domain with a duration of 20@ pulsating witha
frequency of 500Hz. The RRb-signal ratio is 30dB.

r  RFHIFDNB: Signal concentrated in the frequency domain and spanning a bandwidth of 10kHz, with
a persistence of 1ms. The RRb-signal ratio is 50dB.

r RFHFDWB:Signal concentrated in the frequency domaiand spanning a bandwidth of 1MHz, with
a persistence of 100ms. The RHRb-signal ratio is 20dB.

4.2.2 Time domain mitigation

In this section, the timedomain algorithm is applied to correct RFlIs of the following types: REWB and
RFITDNB. They are botltoncentrated in timedomain but differ in terms of duration (200 s vs 30 s),
repetition frequency (500Hz vs 4kHz) anRFHo-signal ratio (50dB vs 30dB).

SLC scene: RF-TDS, RFI: RFI-TD-NB SLC Scene: DLR-TDS, RFI: RFI-TD-WB

Figure1ll: Comparison between mitigatedbottom)and interfered (top) SLC images; Circle: transponder D39

Firstly, the Amazon rain forest TDS is considerdebllowing figuresshow the interferometric coherence
with respect to the original imagevithout RFlin two cases: uncorrected and timelomain mitigated. If the
mitigation is used, a drastic improvement of the coherence can be found, and the resulting coherence
level remairs above 0.95 for the whole image patch under analysis. This means that a good preservation
of the original radiometric level is guaranteed.

Sentinell: Using the RFI annotations
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