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Impact of RFI on Sentinel-1 data

Using noise measurements to detect S-1 RFI events

Aresys’ C-band RFI monitoring website
S-1 operational RFI mitigation
Examples and statistics

Further material
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Impact of RFl on Sentinel-1 data

» Since the start of the mission, users reported local image
degradations related to radio frequency interferences
(RFI).

» Known sources of RFI include: military radars,
meteorological radars and other spaceborne SARs

* In the future, new emitters could compete with C-band
SAR:

agenda item 1.16 of WRC-19: RLAN deployment in
the 5150-5925 MHz band — not successful;

potential migration of European meteorological radars
from 5.6 GHz to 5365-5470 MHz — currently under
consideration within the CEPT
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The power of noise echoes

 |ldea: Sentinel-1 noise measurements can be used for

RFI detection and monitoring. Noise measurements acquired

« Too few noise measurements: take advantage of rank beginning/end of each data-take.
echoes. Rank echoes one measure every

« Challenges: burst

Cross-calibration of S-1 measurements using
JAXA's GCOM-W1 (see next slide)

Find a suitable RFI detection algorithm’

Calibration Sequences
Calibration Sequences

Noise measurements

TX off

E Noise measurements

- Stabilisation
+ | Stabilisation

(8] TX off

Image Acquisition (repeated n times) n

! Postamble

Preamble

Sentinel-1 Timeline.
Red: noise measurements. Blue: rank echoes.

De Zan, Guarnieri (2006)

[1] Monti-Guarnieri, A.; Giudici, D.; Recchia, A. Identification of C-Band Radio Frequency Interferences from Sentinel-1 Data. Remote Sens. 2017, 9, 1183. ,
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Cross-calibration with AMSR-2 data

Goals:
S-1 noise data was cross-calibrated using AMSR-2 radiometer
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Sentinel-1 as a Passive Radiometer
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S-1(A+B) Topsar data July 1-12, 2019. Resolution: 1deg lat., 1.5deg lon.
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s1rfimap.aresys.it

RFl events
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Operational RFI pre-screening and mitigation modules @ esa

Operational filtering of RFI contamination in Sentinel-1 data [ [ e newr_|
WaS activated on March 23, 2022. %g':’ ‘ Pre—screening(IWandEewzi:rzg;:v:ennois::ulsesavailable) ‘
Two steps: s

RFI Detection 1

detected ?

Processing steps

1. Pre-screening of noise measurements (few lines, fast)

RFI Detection

No

2. If pre-screening positive, activation of the
detection/mitigation module (pixel-by-pixel, slow)

Mitigation | No Mitigation

Mitigation

RFI

RFI Detection/mitigation module uses two independent

algorithms in time-domain and in frequency domain. Raw-data before

5000 10000 15000 20000

Destructive step: it corrects unfocused (raw) data!

Raw-data after

New annotation data file provides statistics about affected
samples/lines and bandwidth.
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Examples of RFI-mitigated products

S1A_IW_GRDH_1SDV_20210922T7021545_20210922T7021608_039788_04B4BE_02A0
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Examples of successful RFI mitigation (L2)

OWI wind speed Intensity RVL
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Unsuccessful example: space-to-space RFI

RFI originated by a space emitter (likely C-band SAR) operating in a BW almost completely overlapped with
S-1
Affected channels are IW1 and IW2 VH only (satellite transmitting in H pol)

Received RFI signals have characteristics very similar to random noise: RFI pre-screening from rank echoes
does not identify them.

In any case, RFI detection/mitigation module unsuccessful due to the SAR-like characteristics of the
received RFI signals.

Raw Data Range Spectrum [dB] Raw Data Range Spectrum
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RFI monitoring: statistics of occurrences

False
I True
y
3 s '_; ! S1A SLC products
s S s i s | W EW
oM =gl 'v'«é?'?’-,j; w%w - Number of product channels 36564 1150
V| ATy ‘ e & % bursts with RFI detected from
: - TYRE _‘ 3 &z' noise (pre-screening) 1.17%| 0.02%
i ; - % mitigated products 17.65% 1.74%
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Further reading

Further documentation on RFI detection and mitigation available on
Sentinel Online:

https://sentinel.esa.int/web/sentinel/user-quides/sentinel-1-
sar/document-library

« Detailed processing model:

explaining how the processor detects and mitigate the RFI
* S-1 RFIl technical note:

Description of RFI related format and usage
 S-1A & B annual performance report:

Provide examples of RFI and list of known space to space
source with location of possible occurrences

Sentinel-1: Using the RFI
annotations

S-1A & S-1B Annual

ESA Unclassified - For Officlal Use.
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https://sentinel.esa.int/web/sentinel/user-guides/sentinel-1-sar/document-library
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