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Operational user products qualification

e The Sentinel-1 product qualification is a major objective of the ramp-up phase.

— The qualification activities have started at launch following a step-wise approach (LO>L1->12)

— L1 Product qualification will be completed in two steps during the ramp-up phase

— Early release to users before full quality is achieved

ﬁ L2 OCN OQ

g L1 GRD PQ L1 GRD 0Q

L1SLCPQ L1SLCOQ

Sat. Commissioning phase

A

S1A Launch

LO, L1 SLC, L1 GRD L2 OCN

PQ: Preliminary Qualification
0Q: Operational Qualification




S-1A : Events since IOCR

2014 2015
Deramping
IOCR IPF236 TN  WVK L2 IPF243 RDB4  RORR
Launch
04/14 23/09 03/10 10/10 01/12 01/02 19413 X/v04 11/06
Sat. Commissioning phase Sentinel-1A Operational g I

Orbits av. RAW.TDS SMlcal
15/09 06/10 18/11 16/12 12/03 x/04

e |PF 236 : Data released to the users, preliminary calibration

e AOCS : Update of the AOCS to correct for roll and pitch offset

e Deramping TN: Release of the TOPS deramping Tech. Note, Sentinel online library |

e RxG: Activation of the Rx Gain correction (Range varying gain)

e WV K: WV product calibrated

* Orbit Av : Availability of restituted and precise orbit files https://qc.sentinell.eo.esa.int/
e L2 :generation of L2 Ocean product for validation

e RAW TDS: Delivery of the RAW decoded TN and associated TDS, Sentinel online library
]

e |PF 243: IPF processor update improving calibration, fixing GRD slicing issues, 15t L1 format change
Next To come:

e RDB4 : Update of the RDB to introduce new quaternion reference frame

e SM Ical : Removal of the calibration pulses in SM to correct for scalloping effect



S-1A antenna status

The antenna is monitored using the
internal calibration:

— REFC: allowing to characterize the
drift/failures of each TRMS:

2 TRMs are failed since the CP
Intermittent anomaly on “tile 5” not working in
RxH and V from:

— 2014-10-18 - 2015-01-27 with no impact
on the data
(https://gc.sentinell.eo.esa.int/disclaimer/)

— Restarted for few days last week

— Interleaved cal: allowing to monitor the
instrument gain drift

Drift of 0.484dB/y measured during the CP under
assessment

Doesn’t impact the data quality as the internal
calibration is used in the processing
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https://131.176.235.71/disclaimer/

e NESZis measured over area of low
backscatter (e.g. ocean under low
wind speed) and compared with
theoretical profiles (---)

e Mission requirement is -22dB (- - -)

e NESZis as expected

Sigma0 (dB)
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NESZ

e TOPS products are radiometricaly
corrected for:

— Elevation Antenna Pattern

— Azimuth Antenna Element Pattern
(TOPS descalloping)

e |n presence of noise (no signal
returned to the radar), these
corrections are shaping the noise

— Data acquired over ocean at low wind
speed

— Cross-polarisation

e |tis visually not “nice” but it is an
expected feature of the processing

_ Range o profile

I
20.0 25.0 30.0 35.0 40.0 45.0



S-1 is Total Zero Doppler Steered

The Doppler centroid is monitored since
launch as an indicator of steering
performance

Doppler measured from IW products is
stable: 6.2+19.494Hz with no noticeable
trends
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Burst Synchronization (TOPS)

e S-1is the first mission using TOPS as main operational
mode = Burst Synchronisation (BS) is a pre-requisite
for TOPS interferometry

e BSis ensured by snapping the acquisition start on pre-
defined grid where each points are separated by the
burst cycle (Tc).

* Bust overlap > 96% with no trend around the orbit

S-1A EW3 burst synchronisation S-1A IW2 burst synchronisation S-1AIW2 burst synchronisation
goog [ T T 7000 P T T T T 100 g
6000 |::: %
6000 —_ — 96
5000 & *®
5 5
= = 94
8 4000 5 §
g 5 5
4000 3 £ £ @
3000 c c
© & &
B B g0
2000 3 3
2000
88
1000
BE
0 R I SR R 2 " . m .
90 92 94 S6 98 100 S0 82 94 S5 98 100 0 100 200 300 400 500 0 100 200 300 400 500
Burst Overlap [%] Burst Overlap [%] secs from ANX [s] x 10 secs from ANX [s] x 10



Orbit baseline stability

The orbit dead-band mission
requirement was =260m

|IOCR recommendation was to increase
dead-band to &=2120m to reduce the
number of manoeuvers/weeks,
relaxed to 200m under high solar
activity

Normal baseline is of 3.17%75m

Along track baseline is within =220m
ensuring good burst synchronization
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L1 Product Verification results {:esa

 The L1 product verification was mainly

performed over dedicated calibration sites:

Man made devices deployed for the sake of instrument
commissioning and product verification : ESA and DLR
transponders, UZH, BAE and DLR corner reflectors

— Natural sites like the Amazonian rain-forest

\1
Be\glu%mswl

* Product Basic Quality Indicators

France

* Product radiometric/polarimetric calibration

* Product geolocation accuracy

Amazonas

Paint Target Slice for TR_T1
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Product performance verification @:esa

S

Resol. [m] ENL PSLR [dB] ISLR [dB]
Acq. Product Resol.
Mode Type Class Req. Meas. Req. Meas. | Req. Meas. ?le]()l) 1\(&2‘;;;
[1.7 x
SLC 43]to  [1.7x43]to 1 0.94 _20.18+0.87 _1256:0.81
M [3.6 x [3.6 x 4.9] <- 167
4.9] 212 B
GRD FR 9x9 8.7x8.6 [3.5-3.7 340 -20.61+0.68 -12.81+1.14°
27x22] [25x21.6]
SLC to to 1 0.94 - 1910456 -12.46+3.03V
W [3.5x22] [3.5x21.6] o <-16.7
GRD HR 20x 22 19.85x21.43 44 4.80 19724334 121743077
[79x42] [7.9x42.9]
SLC to to 1 0.90 20.5413.12 12.46+3.03°
— [14.4x [14.6 x - o AT <167 e AR
4] 43.8] 212 e
GRD HR 50 x 50 50.56x50.46 2.7 2.60 20.22+1.41 117344577

(1) Worse than the requirement due to the measurement approach being more stringent (2D-ISLR) than the requirement (1D-ISLR). Using an adapted
approach ISLR is back within specification



S-1 Absolute Radiometric Calibration ; ]

| w2 HH

Radiometric accuracy of products processed with the IPF
V236, considering all beams and polarisation together

— For SM :-0.03%+=0.24dB
— For EW: -0.16*=0.35dB s
— ForIW:0.016*0.3 dB uE

Relative RCS [dB]
[e]

* Most of the measurement were made while all the 2l
radiometric correction were not yet applied

incidence angle [deg]

IW calibration measures over DLR
— Roll correction - EAP target

— @Gain variation over Rx time

e The radiometric accuracy is for the time being limited by
two main issues:

‘Sunshine Coast

— Unexpected polarimetric gain imbalance
— Residual of range radiometric corrections (under

“Toowoomba o

assessment)
Geoscience Australia site
. . . . e el . . Mean relative RCS IW1 =0.01%0.23dB
e Radiometric calibration activity is on-going: Mean relative RCS IW2 =0.04=-0.32dB

— Geoscience Australia site
— DLR site will restart soon



Polarimetric calibration
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—

e Using the DLR transponders it has been
possible to assess the polarimetric
calibration:

¥ Gain imbalance: RxV > RxH

M Phase imbalance: 25 R A
) ) 200 T —~ ) W3 HH
—>fully corrected with the latest IPF 243 installed STETEEES s WY wwa w
in 19/03/2015 ) > SMEW1_HH
S wEWI_ W
S wEW2 HH
L wEW2_ W
PR\ -] 4MEW3 HH
_____ RS S wEW3 W
A00E (W T i 1 WEW4 W

e DLR CR were used to measure the X-talk
(antenna isolation) during the CP. X-talk it W
~-38dB was measured (requirement is NI TR L e HE e T H T R

20 25 30 35 40 45 50

>'30d B) incidence angle [deg]

o

Gain Imbalance [dB]

'
L

100

Phase Imbalance [deg]
(@]
I

e Similar measurements are on-going
with the CSA RSAT2 transponders

— Variation between [-29, -38]dB is
observed

CSA Ottawa transponder
20150312



Geolocation accuracy {cesa

* Precise geolocation has been assessed over dedicated site deployed by
UZH over Torny-le-Grand and Dubendorf

 Assessment of the geolocation accuracy was performed using:
— Different state vector sources
— atmospheric path delay correction (3m)
— plate tectonics (~cm)
— Solid earth tides (~cm)

Slant Azimuth Slant Azimuth

range offset range offset
offset [m] [m] offset [m] [m]

Fix under implementation

User product

Precise 1.27+0.06 1.96+0.41  Precise 1.27+0.19 1.89+0.40



52

4 asc., 8 desc.

Mean = standard deviation:

Arg 1.27%+0.07 m
Aaz 1.57%£0.18 m

Strlpmap 52 SLC ALE over Torny-le-Grand

35+

Up/down=AsciDesc
Red/Blue=NorthCR/SouthCR
Black=IPFDownlinkedOSY

o
o
T

Azimuth offset [m]

n
o

Azimuth offset [m]

S4
7 asc., 3 desc.

Mean = standard deviation:
Arg 1.27=%+0.06 m
Aaz 2.07%£0.13 m

Strlpmap S4 SLC ALE over Torny-le- Grand

Up/down=AsciDesc
Red/Blue=NorthCR/SouthCR
Black=IPFDownlinkedOSV
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=+ standard deviation:
Arg 1.47%£0.23 m
Aaz 2.45% 0.49m

IWISLC ALE over Duebandorf

Upidown=AscDesc

SLC

05 15

Slant range offset [m]

I

Azimuth otfset [m)

7 asc., 3 desc.

=+ standard deviation:
Arg 1.47=%£0.25m

Aaz 2.40% 0.8m

IW GRDH ALE over Dusbendorf

Uptdown=AscDesc

GRDH

“n 05 1 ]

Slant range offsst [m]

$Ian't'range nffsef [m]
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Product geometric accuracy

IW GRD ALE cver Australlan CR array for 2015.02.10 (restituted OSVs)

e What is the product geometric [ IW GRD ALE using restituted OSVs
. . : N Mean = standard deviation:
location accuracy if those : Arg: -2.00+1.07 m

o . =+ .
correction are not performed? faz: 3.1531.36m

Spacing 10x10m

Azimuth offset [m]

e Absolute Location Error (ALE)
has over Geoscience Australia
site has been assessed

— Range location error increases
due to the non atmospheric path
delay compensation (~¥3m) and Mean = standard deviation:
q ) : beli - : Arg:-1.83%+1.17 m
ue to inaccuracies (we believe) e Aaz: 3.70--1.09 m

20150210 GRD

SI II |]

IW GRD ALE over Australlan CR array from 2015.01.17 (precise OSVs) . )
' IW GRD ALE using precise OSVs

UpicownsAsciDese

in the survey < £
: : i Spacing 10x10m
— Azimuth location error increased
survey issue
(survey issue) | 20150117 GRD

Sltnglll||

e ALE is within the pixel!



Anthology Of S| 20150320 to 22

Greenland
EW GRDM

2014/11/16
Greenland
EW GRDM

Courtesy MyOcean




Other known issues

e L1 products are qualified but are not yet perfect!

e There are non-blocking known issues :
— litter in the TOPS SLC burst timing 2

— litter in the product orbit annotation creating phase jumps if used 2
mitigated by the usage of external orbits

— Geolocation error if no orbit files are used for processing—> mitigated
by the usage of RESORB orbits during processing

— Denoise vector not verified yet—>

— Scalloping in SM -

— Geometric Doppler not reliable 2



Conclusion

* |nstrument is performing as expected with no major degradation
impacting the product quality since IOCR

e S-1A Level-1 product qualification is completed. S-1A products are suitable
for supporting all applications including INSAR

e |nstrument and product performance are routinely monitored by a
dedicated team of experts (S-1 Mission Performance Center)

 Product improvement loop is on-going:
— Know issues are being addressed
— Further improvement in the radiometric calibration will come in short term

* We need your feedback to improve ISAINT
FOS‘Ul’l’()l"l‘@C()l’ERNICUb.lshl .
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