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Overview esa

J Highlights in instrument performance monitoring
d Doppler
 Orbital tube and burst sync

D nghllghts |n L1 quallty and prOdUCt eVO|ut|On S|nce Dll-fi;;;PTEMBEnznza Q UNIVERSITY OF LEEDS
____FRINGE 2023

J Radiometry and geometry el

- InSAR impacting IPF changes since last Fringe

 Delta-k fix and enhanced chirp

J Feedback on specific recommendations
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Sentinel-1 Continuous cal/val

Ifremer

Data quality
user support

Instrument Routine data
Performance quality
Monitoring monitoring

Algorithm and

product Expert data
evolution & L2 . } quality
SW N AP /\PC monitoring
maintenance -
Calibration
and validation For user support or feedback, please
(including submit a request or contact :
cal/val
infrastructure) . . . :
Muriel.Pinheiro@esa.int
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Evolution of the constellation -MPC @esa

l’? S1C l'? S1D

Dec 2024 to Dec 2025 Dec 2025 to June 2026 ONGOING 30 June 26 to ...

| Operational S1A data >

Operational S1C data > S1C data >

S1D was placed 30° apart Sl CEIE Operational S1D data

of S1A ensuring a 1-day
revisit vs S1C (preferred for
In Orbit Commissioning).

S1C replaced S1B instead
of S1A as initially foreseen. S1C moved 180° apart of S1D.
No S1C acquisitions.

~2 weeks transitions

S1A will be decommissioned
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Evolution of the constellation INEVe esa

6 days revisit of the 2 units constellation will continue to be ensured

S1-A: Relative Orbit Number = mod (Absolute Orbit Number orbit - 73, 175) + 1
S1-B: Relative Orbit Number = mod (Absolute Orbit Number orbit - 27, 175) + 1

- S$1-C:
» Relative Orbit Number = mod (Absolute Orbit Number orbit - 172, 175) + 1 until 2026-06-24
* Relative Orbit Number = mod (Absolute Orbit Number orbit - 99, 175) + 1 from 2026-06-24

S1-D: Relative Orbit Number = mod (Absolute Orbit Number orbit - 42, 175) +1
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Instrument Performance: Doppler monitoring €S2

oy, ,

—

mpc @oesa

* Doppler

S-1A Doppler
Following

the STT re-alignment in summer 2024, the jumps were
reduced and remained stable. However,

again.

S-1C Doppler stable with seldom STT changes and small
jumps between configurations

DC [Hz]

S1A IW1-IW2-IW3

100
80 -~ F
: : : S1AIW1,2,3
60 i . a — -
40 4
* NO_CONFIG
CFG_STT 1.2
20 e CFGSTT 13
e CFG_STT_23
ol e CFG_STT_1
e CFG_STT.2
CFG_STT_3
—20 1
_40 4
—60 1

—80

T T T T T T T
2025-05 2025-07 2025-09 2025-11 2026-01 2026-03 2026-05

ShartTima

All IW swaths All pols DC + Daily Average (over land only)

10 Hz 38
-20 Hz |
-30 Hz A4 gh

-40 Hz -

50 Hz

-60 Hz
2025-05 2025-07 2025-09 2025-11 2026-01 2026-03 2026-05
NO_CONFIG == DC Daily Average

e= CFG_STT1.2 CFG_STT_2 == CFG_STT 23 =

o= N = o] - B -
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iy,

Instrument Performance: Doppler monitoring €s2--mpc oesa

All IW swaths All pols DC + Daily Average (over land only)

S1D IW1,2,3
HH, VV

m—— e,
Lty LS
TR

40 Hz
-60 Hz ;
'i A A | » 3 f —_—
80 Hz | ; &
 Doppler G S T A by i O TR A )
[RhG AR A = AR E1 T v vyl O (@)
100 Hz ffilfich i ¥ e NIl AfN T VAR P YAl =
PRy LY LAY o FN L Weswyl 2 O —
\ N " noat H Y c —
-120 Hz 3 _::U S o
140 Hz 8 E ©
o c
160 Hz = Qa 1N]
05/07 0513 0519 05/25

03/08 0314 03/20 03/26 04/01 04/07 0413 0419 04/25 05/01

01/07 0in3 0119 01/25 0131 02/06 0212 0218 02/24 03/02

= CFG_STT1.2 CFG_STT13 == CFG_STT 2.3 NO_CONFIG == DC Daily Average

All IW swaths HH pols DC + Daily Average (over land only)

0 Hz

204z S1D IW1,2,3

S-1D Doppler stable with seldom STT changes and small o £

-B0 Hz
A, AL
#

jumps between configurations. On 23/ Feb it was o PR
implemented an -

..............

RDB #5
update

.On 190 1

owvoz7 0113 0119 01/25 01/31 02/06

March, the
= CFG_STT 1.2 CFG_STT 1.3 == CFG_STT_2.3 NO_CONFIG == DC Daily Average

oznz 02n8 02/24 03/02 03/08 0314 03/20 04/01 04/07 0413 0419 04/25 05/01 05/07 0513 0519 05/25
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S1A

Normal baseline [m] - ASC

a0 | |
60 ‘ 8- 400
40
— 200
E 20
« Baselines 6 ~200
-60 - —400
| 1
Normal baseline [m] - DES
due to lack of out = : ||" | lm
60 &
of plane maneuvers © |
- 200
%‘ 20
small decrease of burst g o 0
synchronization along the data-take 5% -
« Effect still limited to a fraction of the critical :Z
baseline . I‘ x 1
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Instrument Performance: INSAR baseline S1C

—

g |
a

=,

B !
= 0 ‘ | 0
3

2

= |
]

-

 Baselines

S1C ground track was about 460m shifted w.r.t. to S1A
ground track during 10C

shift in addition to the effects
of currently relaxed S1A tube
Correction applied by flight dynamics on 21st of May
2025

S1C

Mormal baseline [m] - ASC

- =200

--400

I- -600

& o2 L
1@13 Q’L‘j 1@15 i,p_,ls ,Lg".'f) Q".Lc’ Q’Lﬁjx(}']f)t '1-‘7\
Ilormal baseline [m] - DES
- 400
80
% I ' 300

- 200

-100

- =100

Latitude [deg]
[o=]

- —-200

-60
| - —300

—-80
L —400

b IR
qQ—f:“ ﬁ“ s bls“@:“ 1%“@31{:“%@“’
|

Ground track correction
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Instrument Performance: INSAR baseline S1D

S1D

Normal baseline [m] - ASC

- 400
80 l
- 300
60
& -200
T 2 -100
S
-“_C',’ Q -0
" —20 --100
—
—40 - ~200
—60
I— ~300
-80
- _400

9 o) _A5 N A5 SIPEN-] N
6She “1} 1”6 ’5\’6 D'Bb &\0 %Qb o o° ©°
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« Baselines

Normal baseline [m] - DES
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80
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60
a0 -200
B 4 - 100
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= —20 --100
-l
A -200
—60

- =300
-80

5 5 o
S P ad? (S22 S D (O

o OE oS oY oY " O 0
SR s o 101@ ° 101@

|
|
it
[
|
.I.
i
Il
|
i

— Nz mEm -



and Burst Sync

S1A:

with a degradation
in the average DT error resulting from the reduced along-
track baseline control

S1C: is within requirements.

degradation in
winter. associated to varying orbit
duration over the year, as expected

nchronization mean ef

Sy

40

20

=20

-40

2025-03

2016 2018 2020 2022 2024 2026 0
ission requirement : Mission spectral overlap requirement defined as 5 * sqrt(2) Count

Burst synchronization error w.r.t. cycle 182 u=-=-1.3ms,oc=19.8ms

RESORB

Mean error S1A . rocora

—:— Mission requirement [-7.071, 7.071]

2000 4000 6000

Burst synchronization error w.r.t. cycle 22

Mean error $1C =

POEORB
—-— Mission requirement [-7.071, 7.071]

pu=-17ms,0=24.4ms

Correction of ground track anomaly
2025-05 2025-07 2025-09 2025-11 2026-01 2026-03 2026-05 0 500 1000 1500
- Mission requirement : Mission spectral overlap requirement defined as 5 * sqrt(2). Count

o= N 1=l o
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and Burst Sync

S1D: is within requirements Mean error S1D vs S1C

since the launch.

___________________________________________________________

S1D vs S1C: is within
requirements since the launch
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Instrument Performance: Spectral overlap for S1D

esa

» Spectral Overlap
The

between the considered acquisitions. The two effects can
either compensate each other and result in a high spectral
overlap or go in the opposite direction reducing the
spectra overlap.

For the S1D vs S1D spectral analysis a

. in
order to be able to confirm a very high spectral overlap
(close to 100%) after the 23rd of February

IW1 Spectral Overlap ref 20-31 March 2026

S1D vs S1D

102%

28% .'_fi" i .
3'.§=.; o _ :
a3 o L
1 8 - = o”e ok & i
94% '_“‘:”'?'_rp ‘-?.l ,’:’ ; . 1 1'1 Eri-_!-;"..
S R b N et el
2 : i i -
Sy 1y ; ";-:! I}* W
L% d
3

86%

84%

Pointing correction

01/06 01110 014 0118 0122 01/26 01/30 02/03 02/07 oz2m 0215 0219 02/23 02/27 03/03 03/07 o3m 03/15 03/19

== spectral_overlap_perc ASCENDING - RESORB spectr

IW1 DC Shift + Burst Sync Shift ref 20-31 March 2026

al_overlap_perc DESCENDING - RESORB

-30 Hz

01/08 0m 01/16 o271 01/26 01/31 02/05 02/10 02115

== dc_shift ASCENDING - RESORB

IW1DC Shift STATS

e am — W L 1= 1011 = —

02/20 02/25

03/02 03/07

0312

0317

burst_sync_freg_shift ASCENDING - RESORB == total_shift ASCENDING - RESORB

pointing correction  metric mean DC shift std DC shift mean Burst Sync shift std Burst Sync shift mean Total shift std Total shift

BEFORE DESCENDING - RESORB -23.95 Hz 4.22 Hz 0.62 Hz 411 Hz -23.33 Hz 5.84 Hz

BEFORE ASCENDING - RESORB -21.49 Hz 4.58 Hz 1.98 Hz 3.87 Hz -19.51 Hz 6.20 Hz

AFTER DESCENDING - RESORB -2.58 Hz 3.75 Hz 0.30 Hz 214 Hz -2.28 Hz 433 Hz

AFTER ASCENDING - RESORB -0.77 Hz 372 Hz -0.24 Hz 1.71Hz -1.02 Hz 3.86 Hz _
me B b B ZR == —3 W W



Instrument Performance: Sp

S1D vs S1C IW1 Spectral Overlap
102.5%
100%

97.5%

.
.

95%

-
.
-

LY
e o#gTZ
.
.
.

92.5% o . ;.

o ames

0

% 2%
.

.

.

.-

.

559 . . e
87.5% . L
85%
82.5% .
S1D vs S1C, IW1
775%
5% *

0106 0110 0114 0118 0122 0126 0130 02/03 02/07 0211 0215 0219 02/23 02/27 03/03 03/07 03M 0315 0319 03/23
== spectral_overlap_perc ASCENDING - RESORB

03/27 03/
spectral_overlap_perc DESCENDING - RESORB

IW1DC Shift + Burst Sync Shift

» Spectral Overlap ’

20 Hz I

M P
10 Hz 4 / |

o0 0110 0114 one

3 oz/07  o2m 0215

0130

02/19 0223 ©02/27  03/03 0307  03M 0315 0319 03/23 0327  03/31
== DC shift DESCENDING - RESORB

IW1DC Shift STATS

Burst Sync shift DESCENDING - RESORB == Total Shift DESCENDING -

pointing correction metric

mean DC shift

std DC shift mean Burst Synch shift

std Burst Synch shift mean Total shift std Total shift
BEFORE ASCENDING - RESORB -17.49 Hz 4.37 Hz 219 Hz 17.30 Hz -15.31Hz 18.98 Hz
BEFORE DESCENDING - RESORB -18.82 Hz 414 Hz 1.21Hz 12.30 Hz -17.61Hz 13.37 Hz
AFTER ASCENDING - RESORB 212 Hz 3.52Hz 3.55Hz 9.34 Hz 5.66 Hz 9.95 Hz
AFTER DESCENDING - RESORB 2.88 Hz 3.78 Hz 1.58 Hz 7.92 Hz 4.46 Hz 912 Hz
— | |
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Instrument Performance: Spectral overlap for S1C

» Spectral Overlap

For the S1C vs S1C spectral analysis a

Al Spectral Overlap

102%

2025-06 2025-07 202507 202507 2025-08 2025-08
= spectral_overlap_perc ASCENDING - RESORB
S1C All Spectral Overlap STATS

mean spectral overlap std spectral overlap

98.02% 2.20%

All Spectral Overlap

70
202506 2025-06 2025-07 2025-07 2025-07 2025-08 2025-08 2025
== spectral_overiap_perc ASCENDING - RESORB == spectral_overlap_p:

SCENDING - PREORB == spectral_o;

verlap_perc DESCENDING -

S1Cvs S1C

2025-09 2025-08 2025-10 202510 20251  2025-M  2025-12 202512 2026-01
Spectral_overlap_perc ASCENDING - PREORB = spectral_overlap_perc DESCENDING -

20251 202511 2025-12  2025-12  2026-01
ORB

SORB == spectral_overlap_perc DESCENDING - PREGRB

2026-01 2026-02 2026-02 2026-03 2026-03 2026-04 2026-04 2026-0:

w.r.t reference cycle 182

2026-01 2026-02 2026-02 2026-03 2026-03 2026-04 2026-04 202605 2026-05

w.r.t previous cycle

|
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L1 Quality: RFI impact isar-mpc @oesa

]
S 3
1 1 1

Radio Frequency Interferences (RFI) .

+ S1A EW GRDM_1A with date offset: 0 days wrt S1A

+ S1C_EW _GRDM_1A with date offset: 6 days wit S1A
S1A IW_GRDH_1A with date offset: O days wrt S1A
S1C_IW_GRDH_1A with date offset: 6 days wrt S1A

ercentage residual rfi_without duplicates without duplicates
! il i ) h fi

Strong ground
interferor

- i

RFI residuals slightly increased in 2025

Reduction observed from Q4. »-
Space-to-

; : P 7 R space
https.//sar-mpc.eu/disclaimers/ S . .. (Gaofen-3)

ey

|
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S-1 L1 Quality and Product Evolution: ETAD €s52--mpc Pesa

S1C 2D-ALE: IW 2025/01/28 - 2025/04/30

BKG - WTZ
¢+ FGI - MET
+ GA - SURAT
1.5} ‘ + GA-YAR
JPL - OKL
+ JPL-ROS
1 |- -
lonospheric path delay
u - OS |- -
Solid Earth tides =
. =
S-1 system corrections & o N
@] r
N
CDSE < o5k : | | site Rg ALE [m] Az ALE [m]
July 2023 o N Mkt ooer oI
1! P\ | |BKG - WTZ -0.020 + 0.041 -0.085 + 0.233
FGI - MET -0.010 + 0.035 0.027 + 0.409
GA - SURAT -0.038 + 0.065 -0.019 + 0.288
GA - YAR 0.022 + 0.037 0.304 + 0.199
15k - | JPL - OKL 0.024 + 0.045 -0.040 + 0.216
JPL - ROS -0.033 4+ 0.048 0.009 + 0.247
geolocatlon UCA - OCa 0.024 + 0.044 -0.032 + 0.548
72 1 1 1 L 1
INSAR 2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Rg Offset [m]
= =N 1=l O = B b= 11 2 2 - E em i v



Velocity Error Variogram after GECO
s T————

T T T 1
\

20 40 80 80 100 120
DISTANCE [km)]

Velocity Error Variogram after GECO

20[ T 5T § £ % LI LR LA T ]
1.5: //’, |
L x1e® ?’/‘/ ]
S L e L ]

E 1.0 :

&
Uedi 1 ‘ ]
With OTL 1
8.0 S0 -1.0 10 a0 50 -50.0 -30.0 -10.0 10.0 30.0 50.0 a 20 4 60 80 1040 o] I L L L ) ) ]
linear deformation [mm/year] topography update [m] seasonal deformation [mm/year] 20 40 60 B0 100 120

ANCE [km]

Timeliness reduced from 21 to 7 days since last Fringe
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Sentinel-1 IPF 2024-2026 Updates esa-mpc @@esa

L1: correction of reference frame convention for elevation angle computation

= = CEMEBYLOB
® @ 1HE OB CODE

L1: Delta-K correction

L1: fixed robustness issue with Delta-K correction

L1: Improve management of chirp parameters




13000 § ‘}_ s e g * gﬁ}l.\m
12000 [—

1000 —

10000 [~

8000 [—

7000 —

8000 [—.

5000 — &

4000 [—

3000

IPF 004.00 introduces a correction of a long-standing issue causing the inclusion of a dispersive
range artefact during focusing, impacting results obtained via interferometric split spectrum
processing

20
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mrc Pesa

Since the beginning of S1C IOC, an asymmetric range IRF was observed over point targets
The asymmetric IRF was due to a higher order phase term that was not compensated
during range compression

IPF and pulse parameters in AUX-INS file were updated for S1C and S1D to allow the
correction of the asymmetry

The correction was effective and the IRF asymmetry is no longer observed

Currently a small phase residual is still observed for S1C that introduces phase jumps
between sub-swaths when split spectrum technique is applied to cross-sensor data (S1C vs
S1A or S1C vs S1D)

The issue is not observed for S1D (i.e. S1D vs S1A)

Definition of new pulse parameters for S1C (analysis on-going) could allow to fix the issue
in the future

Note: the split spectrum technique magnifies the observed phase jumps -> an asymmetry

in the range spectrum phase of 0.5 degrees resulting in an ionospheric phase jump pf 50
degrees

21
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Quality Disclaimers mpc oesa

&R
Quality Disclaimers available at

Latest major quality issue encountered between
2026-05-29 16:03:13 and 2026-06-01 18:00:21
impacting S1D

Corruption of the SAR instrument internal clock
that was shifted by 0.18s following a SAR
instrument reset.

®ROO

®OO00000

 Global shift of around 1250m in azimuth
« Loss of burst synchronisation with impact on
InSAR applications

PP1

22
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https://sar-mpc.eu/disclaimers/
https://sar-mpc.eu/disclaimers/
https://sar-mpc.eu/disclaimers/

D-379 on internal clock corruption BSAR-MPC esa

Time series of Doppler Centroid on S1D

W All 0T « Dally Awerage (over land only]

=
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COPERNICUS

(70

Service

esa

Activities related to Fringe 23 recommendations

51 AUX MOEORE vs TUDR [3D RM5]

CPOD + Sentinel-1A * Sentinel-1C
AUX_PRE: =,
AUX_RES or NRT: i |
% 3 : - L) : s " ' 2 ] ?
(NEW) AUX_MOE: £ e - SRR e M Bt e
bR o £ ;ﬂ é“ﬁ & @“;r; & 4 P 3 K ¥ ol 4 & 3
Date (Day, Month, Year)
AUX_MOE
_ PRE NRT MOE POE
30h instead of 21 days

1-sigma 68.00% 15.9 2.9 1.8 0.4
2-sigma 95.00% 100.8 4.7 2.1 0.8
3-sigma 99.70% 1317.6 17.2 2.9 2.2

SETAP 3.0 will use the new orbit type

- 41l

i

To provide ETAD products rapidly (latency is currently limited by POD orbit generation

time),; request to publish ETAD corrections and restituted orbits within 48 hours from the
acquisition of the SAR image (side discussion after the session).




Activities related to Fringe 21/23 recommendations

Fringe 21: ESA fostering
mechanism for acknowledgement of
sites with CRs/Transponders and
their networking

SARCalNet is
an initiative
of the SAR

subgroup of
CEOS WGCV

SARCalNet

Standardize
cal/val and
facilitate
collaboration
between
sensors

Fringe 23: Define / provide test
areas (supersites) together with
SAR and auxiliary data sets

for the cross-comparison of
algorithms.
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As a reminder... mpc oesa

Performance
Reports

Sentinel-1 Yearly Performance Reports

. Quality
S1 online Disclaimers
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