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1 Sentinel-1 SAR Mission Performance Cluster

1 Highlights on instrument and data performance

. Highlights on products and evolutions

1 Highlights on on-going activities
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Outline

1 Sentinel-1 SAR Mission Performance Cluster

1 Highlights on instrument and data performance

“* R-6

) Highlights on products and evolutions 15 seerevaeR 2023 @ nTvsIy o Lesos

* R-5, R-7, R-8
1 Highlights on on-going activities
+ R-1, R-26, R-46

FRINGE 2023

RECOMMENDATIONS
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] Sentinel-1 SAR Mission Performance Cluster

1 Highlights on instrument and data performance

. Highlights on products and evolutions

1 Highlights on on-going activities
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User
interaction

Routine data . . .
quality Quality Disclaimers

monitoring

« Single events, e.g., for data
processed without POD
orbits

* Monthly for known recurring
anomalies, e.g., RFI

A residual, Burst ID, POD-
evolug?/r\ll &L2 related , and

maintenance

Time: 12/Sept/2023: 4:30pm-7:00pm
Copernicus Sentinel-1 Satellites - Nine Years of
Operational Orbit Determination at the
Copernicus POD Service
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https://sar-mpc.eu/disclaimer/73/
https://sar-mpc.eu/disclaimer/162/
https://sar-mpc.eu/disclaimer/160/
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Instrument Routine data
performance quality
monitoring monitoring

Contact us!

muriel.pinheiro@esa.int
eosupport@copernicus.esa.int
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1 Sentinel-1 SAR Mission Performance Cluster

1 Highlights on instrument and data performance

. Highlights on products and evolutions

1 Highlights on on-going activities
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S1A TX H EM - Gain [dB]

S1A RX H EM - Gain [dB]
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S1A TX V EM - Gain [dB]

S1A RX V EM - Gain [dB]
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Antenna status is stable. Small jump in 2021
closely monitored and currently doesn’t impact

image quality
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Normal baseline [m)] Parallel baseline [m]

Along track baseline [m]

0

S1A baselines w.r.t. reference cycle

500 4
250 1 .
| %3”“/\’“5. :4\/¥uga’:&%uk‘¥wgva
N v R ) N Y P\

—250 A -» b \ q
—500 4 . ‘ .

02/08/22 09/10/22 15/12/22 20/02/23

500 - 1

%0 4 V\A Time: Monday, 12:00pm - 12:20pm

~250 Burst IDs In TOPS Products
~500 Alessandro Cotrufo et al, Aresys

02/08/22

a0

25

! NhA NWVwaJ&mubwhﬂw*
. \ﬁfnvxmh\ﬁv\\ﬂfk\hnq
_gg}ogfzz 09/10/22 15/12/22 2/02/23

28/04/23

28/04/23

S1A IW burst synchronization error w.r.t. reference cvcle
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= Sentinel-1 Interferometric Parameters Monitoring By SAR-MPC And
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Well controlled baseline Small synchronization error
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abs cal factor deviation [dB]

0.5

annotated

"~ S-1A IW mode
‘cﬁkfactor 0dB

acquisitions
1 ' ' L

Jan/2018

Jan/2019

Jan/2021

acquisition time

Jan/2022

abs cal factor deviation [dB]

'S-1BIWmode  VH W

annotated cal factor: 1.439 dB

acquisition time

1
1
1
1
1
1
1
1
Jul/2017 Jan/2018 Jul/2018 Jan/2019 Jul/2019 Jan/2020 J§l/2020 Jan/2021 Julf2021 Jan/202;
1
1
1
1
T

EAP ci1ange

M [dB] o [dB] y [dB] o [dB] . . .
Derived radiometric accuracy
IW1WwW -0.13 0.23 -0.02 0.22
IW1 VV&VH -0.16 0.24 -0.09 0.26 . .
Er—— Radiometric accuracy
IW2w -0.11 0.17 -0.12 0.17 : . . gy =
W2 VH 0.00 0.30 0.5 0.95 radlomez;lc)* 0.325dB 0.323dB continues to be within
' : : : accuracy (1o . - .
IW2 VV&VH -0.08 0.21 -0.15 0.20 mission requ"'ements
IW3 W -0.05 0.23 -0.02 0.20 including i
W3 VH 0.08 0.30 -0.04 0.26 Long term stability of the instrument 0.05dB (10) and Stable over tlme
IW3 W&VH 0.00 0.27 _0.03 0.23 Dynamlc range error 0.067 dB (16)
Reference target accuracy 0.20dB (10)
IW 1-3 W -0.10 0.21 -0.06 0.21
IW 1-3 VH -0.09 0.30 -0.17 0.28
IW 1-3 VV&VH -0.104 0.242 -0.096 0.240
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os| S-1A IW mode VH W os - S-1B IW mode VH WV
@ o6 | annotated cal factor: 0dB * E 0.6 [ annotateq cal facti)r: ,1'439 dB
5 § o4 Lot o oy
_l C | | | | ' |
01/2018 01/2019 01/2020 01/2021 01/2022
acquisition time acquisition time
. 4
I TS TR With EAP re-compensation
W [dB] o [dB] W [dB] o [dB] Derived radiometric accuracy
IW1WwW -0.07 0.19 0.16 0.16 . . .
IW1 VV&VH -0.14 0.20 0.10 0.19 p——— Re-COm ensation Of
II\/V://;://\F/| 88; 8;3 8(1)(1) ggg radiomezqic)* 0.298dB  0.302 dB Sentinel-1 SAR Data
-0. . -0. . accuracy (10 N . . . A e
IW2 VV&VH -0.07 0.18 -0.02 0.22 Y Products for Artificial
IW3 WV 0.04 0.21 0.00 0.20 kel j Biases due to Antenna
W3 VH 0.00 0.23 -0.05 0.19 Long term stability of the instrument 0.05dB (10) e —
|W3 W&VH _0.02 0.22 _0.02 0.20 Dynamlc range error 0.067dB (].G) Pattern Chanes
Reference target accuracy 0.20dB (10)
IW 1-3 W -0.07 0.18 0.07 0.20
IW 1-3 VH -0.15 0.23 -0.04 0.21
IW 1-3 VV&VH -0.09 0.204 0.04 0.210

16

= o= 4 i

I

= - e I SE 2 = PR > THE EUROPEAN SPACE AGENCY


https://www.mdpi.com/2072-4292/15/5/1377
https://www.mdpi.com/2072-4292/15/5/1377
https://www.mdpi.com/2072-4292/15/5/1377
https://www.mdpi.com/2072-4292/15/5/1377
https://www.mdpi.com/2072-4292/15/5/1377
https://www.mdpi.com/2072-4292/15/5/1377

L1: radiometric calibration and pe

(Up to 2021): Unexplained biases between S1A and
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S1Bin HH, but not in VV, CSA B am [ am am [ (1]
SHUB2...... * » L B » + & R * ®» »
* hinting at problems with HH calibration )
* behaviour not consistent for IW and EW SHUBH | L . "s == . ua
A B 4 » * » » * e * e L * ® *
« Changes in acquisition scenario to support radiometric ' | ! | | | | '
. . 10/2022 11/2022 12/2022 01/2023 02/2023 03/2023 04/2023 05/2023
Callbratloni acquisition
« Alternating HH/VVV over CSA transponders, in
32 VH
cooperation with CSA for transponder " |
activation 2 I
e & a5 SRR
* Alternating HH/VV over Surat s .
« Change in acquisition pattern over rain forest: g Mwwww w
alternating HH/VV and EW/IW and including g Ty i
, . : \
overlap between modes with similar geometries O v f
: L _
* Plan started to be implemented November 2022 and >
results are currently being evaluated o g 0 : o
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Surat Basin
S1A Azimuth vs Range ALE [m]

Range ALE [m]

Azimuth ALE [m]

Sentinel-1A

-3,496 +/- 0,374

2,131 +/- 0,842

IW-1
IW-2
IW-3

-3,484 +/- 0,348
-3,784 +/- 0,371

-3,347 +/- 0,294

2,816 +/- 0,393
2,090 +/- 0,358
0,923 +/- 0,419

Azimuth offset [m]

Slant range offset [m]

N

Swath
e Wl
w2
W3
Orbit direction + Polarization
ASCENDING H/H
ASCENDING V/V
DESCENDING H/H
DESCENDING V/V

A AT ¥

April 2022 — May 2023
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Surat Basin
S1A Azimuth vs Range ALE [m]

A Range ALE[m] Azimuth ALE [m]

2.0 Sentinel-1A 0,024 +/- 0,060 -0,146 +/- 331
IW-1 0,019 +/- 0,057 -0,301 +/- 0,305
15 IW-2 0,017 +/- 0,058 0,026 +/- 0,275
IW-3 0,042 +/- 0,063 -0,087 +/- 0,315
1.0 A
Swath
— e w1l
% 05 e W2
@ e w3
% 0.0 Orbit direction + Polarization
5 A ASCENDING H/H
£ » ASCENDING V/V
g -05 v DESCENDING H/H
< DESCENDING V/V
-1.0
-15
50 April 2022 — May 2023

-20 -15 -10 -05 0.0 0.5 1.0 15 2.0
Slant range offset [m]

Decimetre accuracy after considering environment and

system corrections (including antenna failure)

19
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L1: ALE — recalibration of tlmmg Qfseﬁ BEE

| Metsahovi (Oct. 2013):
ST 1CR(15m)-D

- QLR SCC(2014): B = -1 Local ties (< 5 mm)

Y =3 CR (2.8m)-AD T

S DGPS survey (TBC v

} OCA GRAS (Jul. 2018): \\\
1CR(1.5m)-D Wettzell (Jul. 2011, Oct..2013):
Local ties (< 5 mm) 1CR(1.5m)-A,1CR(1.5m)-D

Rosamond (Nov. 2015): .
13CR(24m)-A,10CR (24 m)-D
5CR(48m)-D

R-6

Localties (S5 mm)

Offset between S1Aand S1B

/ Surat Basin (Nov. 2014):

40CR(1.5/2.0/2.5m) -
DGPS survey (< 3 cm)

In relation to ETAD:

* Time offsets have been recalibrated
using different sites (AUX_ITC)

» Offsets should enable S1Aand S1B
ALE bias closer to Om

* Inter-beam offset under analysis

Yarragadee (Aug. 2018):
1CR(1.5m)-A,1CR(1.5m)-D
Local ties (< 15 mm)

) 20
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Geodetic Observatories
S1A Azimuth vs Range ALE [m]

Range ALE[m]  Azimuth ALE [m]

Sentinel-1A

0.037 +/-0.053  -0.055 +/- 0.377

2.0 IW-1 0.025 +/- 0.050 -0.078 +/- 0.384
IW-2 0.032 +/-0.052 -0.009 +/- 0.360
15 IW-3 0.066 +/- 0.051 -0.136 +/- 0.396
1.0 .
Swath TN coming soon!
— e Wl
% 05 o W2
] e W3
% 0.0 Orbit direction + Polarization
5 A ASCENDING H/H
|5 » ASCENDING V/V
205 v DESCENDING H/H
BN ~  DESCENDING V/V
-1.0 n
AUX_ITC
-1.5
. April 2022 — May 2023
220 -15 -10 -05 00 05 10 15 20
Slant range offset [m]
Joined Results WTZ, MET, OCA, YAR 5
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1 Sentinel-1 SAR Mission Performance Cluster

1 Highlights on instrument and data performance

1 Highlights on products and evolutions

1 Highlights on on-going activities
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L1: RFI mitigation and momtop:mg‘ i ) I

RFI| detection and new RFI annotations
available since November 04, 2021.

* Test campaign in the ground segment for:
« Statistical analysis

» Tunning of processing parameters

« Assessment o Time: Monday, 12:20pm - 12:40pm
Improvement Of Interferometric Coherence Through RFI Mitigation In
° Assessment O gentinel-1 Products
including INSA Andrea Recchia et al, Aresys
* QOperational filtering of RFI contamination in
Sentinel-1 data was activated on March 23,

2022, after extensive validation and tunning.

= - e I SE 2 = PR > THE EUROPEAN SPACE AGENCY
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L1: RFI mitigation and momtomg‘, :iﬁ s 4

Residual RFI from
RCM

& {48 occurrences from
RCM constellation in

2022, limited to
Indonesia

i

RFI residuals from quick-look inspection: estimated drop from 20% to about 1% of impacted slices
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é Troposphere Ionosphere Solid Earth Solid Earth Bistatic Effects Doppler Shifts FM-rate Mismatch
DLR

Geometry accuracy shown previously is
accessible by putting in place several
corrections.

* These corrections are easily obtained and
applied using the new S1 ETAD product.

« Since April 2023, processor has been deployed
and it is running in the ground segment.

I’

 Cal/Val approach currently being consolidated,
and the product quality is being monitored.

» Dissemination should start at the end of the
year.

R-5, R-7, R-8

ETAD, provision of data for co-registration

Sentinel-1A data-take
over Alaska, USA

support, e.g., geodetic layers 2020-01-28 e e e N e -
16:26:52 UTC 1.234 3.331m  0.003 0.069m 0.068 0.105m 0.016 0.023m -3.615 -0.116m -0.482  0.469m -3.100  2.774m
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Extend Time Annotation Product.

Ionosphere

# Troposphere Solid Earth Solid Earth Bistatic Effects Doppler Shifts FM-rate Mismatch
. . Range Range Tides Range Tides Azimuth  Azimuth Range Azimuth
« Geometry accuracy shown previously is - - . I —
accessible by putting in place several ~ =
corrections. Ny . Sentinel-1 Document Library E
,--;; ;‘ ,“_: : Sentinel-1 Annual Performance Sentinel-1 Extended Timing E
. . . . ; . & 12 Report 2022 Annotation (ETAD) - ATBD E
‘ These CorreCtlonS are eaSIIy Obtalned and - = - The purpose of this document is to provide the I::;::::::‘:fcx::;::?:i::d;;T$:?oe:1Ed ) E
applied using the new S1 ETAD product. % st s e | S
- Since April 2023, proce Time: Tuesday, 4:30pm-7:00pm, Poster F =
o S ESA's Extended Timing Annotation Dataset (ETAD) for Sentinel-1 — finel-1 Extended Timing | ==
and it is running in the ¢ product Overview and Progress i — B
Christoph Gisinger et al, DLR g |—
* Cal/Val approach curre. o bt | —
and the product quality is being monitored. T Cror v = ==
. . . Sentinel-1 E ded Timi Sentinel-1 N-Cyclic Perfi E
- Dissemination should start at the end of the Amnotation (ETAD) - Product | Reporc20zz0r =
Specification Document "=_
yea r- 1;9 d;c:r‘:en.‘t a‘t:and deﬁne[sjthe for(r;ra';[;:;fthe This document provides a status on the 51-A E
R-5, R-7, R-8 [d)t;;::::?[l:ﬂa[z:‘:l:aﬁdummiheETAD Product E
ETAD, provision of data for co-registration —
. over Alaska, USA —
support, e.g., geodetic layers 2020-01-28 e e e e e e
16:26:52 UTC 1.234 3.331m  0.003 0.069m 0.068 0.105m 0.016 0.023m -3.615 -0.116m -0.482  0.469m -3.100  2.774m
=g e I E S e s e O e D SE IS = i oum am (¥ > THE EUROPEAN SPACE AGENCY
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Extend Time Annotation ek g esa

N e

Surat Basin
S1A Azimuth vs Range ALE [m]

./ Range ALE [m] Azimuth ALE
/ [m]
i Sentinel-1B | -0.012 +/- 0.076 -0.012 +/- 0.344
2.0 IW-1 / /
IW-2 / /
15 IW-3 -0.012+/-0.076 -0.012+/-0.344

-~ ")""-—

= // } 1.0

,/ Swath
= . —_ i) o Wl

= / % 0.5 5 o M2

= / 3 3 e W3

e % 0.0 “"— Orbit direction + Polarization
= : 5 s A& ASCENDING H/H
£ . E 37 » ASCENDING V)V
2 -05 + DESCENDING H/H
e 4 | < DESCENDING VNV
(] |
2 - -15
-2.0

-20 -15 -1.0 -05 0.0 0.5 1.0 15 2.0
Slant range offset [m]

27
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Extend Time Annotation Produ_gLE

* Test pilot was carried out in 2022 with expert users for

independent validation (focus on speckle tracking and Winter 2023

interferometry) Time: Monday, 4:10pm - 4:30pm, Location: Auditorium |

« Continuation activities Interferometric Phase Corrections Based On ESA's Extended Timing
Annotation Dataset (ETAD) For Sentinel-1

* New layers Victor Diego Navarro Sanchez et al, DLR O
. J ’ . _ J Winter 2024
* Ocean loadina trankina - (CRQ\ | (TBC)
. Time: Monday, 4:30pm - 4:50pm, Location: Auditorium | New |
* Pole tides Impact of ETAD-like corrections on OPERA Coregistered Single Look in?:gljrg%/eeéS
- lonospheric Complex products from Sentinel-1 data (including
Heresh Fattahi et al, JPL extended
* INSAR —— support to
- onen INSAR,
« Support to h Time: Monday, 4:50pm - 5:10pm, Location: Audltorlum I EGMS)

Exploiting ETAD Data For Estimating And Filtering Out The Atmospheric
Phase Screen Component From Medium/High Resolution DINSAR

« NRT aspects Products

Ivana Zinno et al, CNR-IREA
» Starting of preparauurror ruwure rissons (L-vanuy

* New troposy.

28
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Extend Time Annotation Prodyci_Eﬂﬁ L.,..,; ¥

* Test pilot was carried out in 2022 with expert users for

independent validation (focus on speckle tracking and Winter 2023

interferometry) Products

routinely

+ Continuation activities in place with focus on disseminated

* New layers Thank you to pilot participants!

° Ocean |Oadln0 trankinn = MAQ)

O Winter 2024

(TBC)
: Time: Monday, 4:30pm - 4:50pm, Location: Auditorium |
* Pole tides Impact of ETAD-like corrections on OPERA Coregistered Single Look mte%:g%/sgs

» lonospheric Complex products from Sentinel-1 data (including
Heresh Fattahi et al, JPL extended
* INSAR —— support to

—oonen INnSAR,

« Support to h Time: Monday, 4:50pm - 5:10pm, Location: Audltorluml EGMS)

Exploiting ETAD Data For Estimating And Filtering Out The Atmospheric
Phase Screen Component From Medium/High Resolution DINSAR
* NRT aspects Products

Ivana Zinno et al, CNR-IREA
» Starting of preparauurror ruwure rissons (L-vanuy

* New troposy.

29
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User support: data processed, wnt%oﬂtﬁorb

.l'—,_,_.g-w-—_...'_ .
J

* From March to December 2021, due to an interface . 3 bt s
anomaly, all L1 has been processed without POD orbits o - | iy
wn 200 0004 m%:-
q) =0.20 =015 —G.lﬂ. =005 0.00 -D.JIS : 014 015 020
(@] - 000 Mid bulrst: errar dust: bution
c 600 i , [ , - miean = 000
() ; ; e 5td = 0.05
a; s 0000 4000
: Recently’ the MPC haS been ContaCted to reVieW the :.'E 10040 e D-—U.ZU -015 -010 —-0.0% 000 0.0% 0.10 015 .20
. . . . © End burst: error distibution
analysis, given user evidence from speckle tracking o B Lol T [ e
timeseries s B b -
Q o " 5000 000 15600 2600 gL 020 -015 -010 -605 000 005 010 015 030
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https://sar-mpc.eu/disclaimer/73/
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1 Sentinel-1 SAR Mission Performance Cluster

1 Highlights on instrument and data performance

. Highlights on products and evolutions

1 Highlights on on-going activities
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Activities related to Fringe 21 lrec%n?ﬁ%iﬁdatibns
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R-1, R-26

Provision of consistent interferogram, fading signal
*R-2

SLC as the main ESA “ingredient”

Time: Wednesday, 9:00am-10:40am, Location: Auditorium |

Towards a Universally Applicable Phase Bias Correction for Short-Term
Multi-Looked Interferograms: Challenges and Progress

Yasser Maghsoudi et al, University of Leeds - P
Maghsoudi et al. (2022) §
UNIVERSITY OF LEEDS
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Activities related to Fringe 21 rec%n?h%iﬁd_atibns @esa

Y e ¥
S R T e m—
" R

SARCalNetis
an initiative
of the SAR
subgroup of

CEOS WGCV

Standardize\

cal/valand
facilitate ‘

collaboration

between
sensors

SARCalNet

R-46

ESA fostering mechanism for
acknowledgement of sites with
CRs/Transponders and their
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SARCalNet website
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Thank you!

Muriel.Pinheiro@esa.int
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