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Corner Reflectors

—S3A —S3B — HY-2B A GNSS A Sea Cal/Val Transponder, A Under Construction

v 4 sea-surface, 2 transponder, 2 Corner Reflector Cal/Val sites,
v Crossovers with S3A, S3B, JA3, S6, CryoSat-2, AltiKa, SWOT, HY-2,...
v Frequent, Redundant, Confident results, Directional errors.
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ESA Permanent Facility for Altimetry Calibration €€s@

European Space Agency

Transponders at ESA PFAC, Crete
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Eu-opean Space Agency

S_ea-surface infrastructure, Crete
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Simultaneous Transponder & Sea-Surface Cal/Val & ©Sa

European Space Agency

GVD1 Transponder
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Gavdos transponder at GVD1 Cal/Val site {-esa

European Space Agency
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Transponder operational as of 11-Oct-2020.
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Characterization of ELECTRA Transponder @esa

European Space Agency
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Proposal for test pass:

S3B Crete: RON 070[0-384]
OSRSARFG: 35.360

OSRSAROL: 36.170

Duration: 0.810deg / 13.633 sec
(approx. 35 sec with reconfigurations)

-

Field Testing before deploymént,
S3B & CryoSat 2

Range bin
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Sentinel-6 Transponder Cal/Val: Asymmetry Present & €S2

European Space Agency

Sentinel-6, Crete and Gavdos Transponders,

Crete (D18)
Gavdos (D18)

Shift D18-A109 = +28 mMm ~@- Gavdos (A109)
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Crete (D18): Range Bias =-7 mm £ 1 mm, D18, NTC, POE, Cycles 4-70,
Gavdos (D18): Range Bias =-10 mm £ 4 mm, D18, NTC, POE, Cycles 34-70,
Gavdos (A109): Range Bias = -40 mm £ 5 mm, A109, NTC, POE, Cycles 34-69.
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GVD1 Transponder: Asymmetry in Waveform Revealed @-esa

European Space Agency

Sentinel 6 L1B HR Power waveform
Site: GVD1, Pass: D18, Date: 12-Nov-2022

Power [dB]

T 72
Bin number

Sentinel-6 Simulated wavefrom vs the ideal waveform, D18, GVD1 Cal/Val, 12-Nov-2022

——S6 Simulated
—— S6 Ideal waveform

Power [dB]
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CDN1 & GVD1 Transponder Cal/Val: Sentinel-6 dcesa

European Space Agency

“é) - 3 Sentinel-6A Range Bias, Crete & Gavdos Transponders (Decsending and Ascending Orbits)
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* Crete: RangeBias=-5mm £ 13 mm D18, NTC, (N=91) [U(FRM)= £ 30mm)],
* Gavdos: Range Bias =+ 4 mm £ 10 mm D18, NTC, (N= 62),
. Range Bias =— 6 mm £ 10 mm A109, NTC, (N= 62).
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Sentinel-6A Sea-Surface Cal/Val: SUG1, RDK1, GVDS Sites &X
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3 o’:' S6A SSH Bias, Cycles 4-99, Ascending Pass A109, NTC, HR, PB: F08 Gavdos & RDK1 Cal/Val
® 3 ® S6A: A109 (Gavdos Cal/Val, North)
16 q\}" S6A SSH Bias=-19 mm mm = 4 mm; U(FRM) = 250 mm ® S6A: A109 (Gavdos Cal/Val, South)
‘:p ‘§ @ S6A: A109 (RDK1 Cal/Val site, Crete)
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 Grand AVG(D18) : SSH Bias =—15 mm £ 5 mm; U(FRM) = £ 50 mm,
M  Grand AVG(A109): SSH Bias =—19 mm £ 4 mm ; U(FRM) = &£ 50 mm.
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Sentinel-6A Transponder Cal/Val: Pseudo LRM K

Sendinel-6A MF (Pseudo LRM), CDN1 (Crete) & GVD1 (Gavdos) Transponders
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GVD1 $ GVDS

Crete: RangeBias=-11mm £ 2 mm D18, (N=76),
Gavdos: Range Bias =+ 13 mm £ 1 mm D18, (N= 42),
Range Bias= + 6 mm £ 2 mm A109, (N= 42).
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Sentinel-3A/3B Transponder Cal/Val (SAR): Crete & Gavdos d-esa

European Space Agency

Sentinel-3A, Sentinel-3B, SAR, Crete & Gavdos Transponders, Ascending A13 & Descending D335, lono Improved
1 T T

Google Earth
42 510, HOAA, US. = /

* S3A Range Bias (Crete) =+1mm =£ 15 mm [U(FRM)= £ 30mm)], Ascend A14;
* S3A Range Bias (Gavdos) = +10 mm £ 12 mm, Descending D335,
_.... ° S3BRangeBias (Crete) =+10 mm £ 18 mm, Descending D335,
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Sentinel-3: Sea-Surface Cal/Val Regions

W

Sontinel-3A Groundtrack, Cycles 004 - 101, Ascending Pass No, 014 Sentinel-3A Groundtrack, Cycles 004 - 101, Descending Pass No. 335 Sentinel-3A Groundtrack, Cycles 004 - 098, Descending Pass No. 278
N

Latitude

“U Gavdos

24°E
Longitude

, L Sentinel-38 Groundtrack, Cycles 019 - 081, Descending Pass No. 335
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¢ Gavdos
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Sentinel-3A/3B Sea-Surface Cal/Val (SAR): Crete & Gavdos {cesa

S3A SSH Bias,; Cycles 4-101; A14, D278 and D335 Passes, GVD8, CRS1, and RDK1 Cal/Val sites S3B SSH Bias, Cycles 19-82, A71, A14, D335 Passes; GVD8, CRS1 and RDK1 Cal/Val
I I | | |
@ S3B, A71(GVDS8 Cal/Val site, Gavdos)

— ® S3A, A14 (GVDS Cal/Val site, Gavdos

S3A SSH Bias= -5 mm £2 mm ® S3A nz7s§ (CRS1 CallVal site, Crele))
@ S3A, D335 (RDK1 Cal/Val site, Crete L S3B SSH Bias= -5 mm £ 4 mm $3B, D335 (GVDS CalVal sitt
@ S3B, A14 (CRS1 CalVal Site, te)
® 3B, A71 (RDK1 CalVal Site, Crete! )
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 S3A: Grand AVG: SSH Bias =—5mm £ 2 mm; U(FRM) = &£ 50 mm,
—  S3B: Grand AVG: SSH Bias =—5 mm £ 4 mm ; U(FRM) = £ 50 mm.
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Jason-3 Transponder Cal/Val (LRM) {cesa

European Space Agency

Jason-3 Range Bias after Draconic Harmonics removed
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 Crete: RangeBias=+13 mm £ 12 mm D18, (N= 220),
 Gavdos: Range Bias=+ 3 mm £ 22 mm D18, (N=17),
10 mm % 11 mm A109, (N= 18).

M . Range Bias
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CryoSat-2 Sea-surface Cal/Val: GOPN &*‘-esa

GOPN: Geophysical Ocean Products SARIn

CR2 SSH Bias, GOPN, Gavdos Cal/Val

CR2 SSH Bias= 1.41 mm * 3.45 mm

Cryosat-2, GOPN Groundtrack, Gavdos Cal/Val
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24°E 24°30'E

CS2 (GOPN) Bias=1 mm =% 4 mm [U(FRM)= £ 50mm,
* Baseline-D Ice Products
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Difference in Range Bias [S6-MF minus Jason-3]

Tandem Phase, Differences in SSH Bias between S6 and JA3, Gavdos, RDK1 and SUG1 Cal/Val Reference sites

Grand Avg [SSH Bias (S6-JA3)] =+ 9 mm
W D18 (Gavdos)
W A 109 (Gavdos)
€ A109 (RDK1, Crete)
_ D18 (SUGH1, gete)
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=18 mm £ 10 mm,
=17 mm £ 16 mm.

S6-JA3 (Crete, D18)
S6-JA3 (Gavdos, D18)

Sinusoid variations caused by JA3 yaw rotations.
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HY-2B Sea-Surface Cal/Val over Crete {-esa

European Space Agency

CRS1 Tide Gauges CRS1 GNSS
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HY-2B, Crete, RDK1 Cal/Val Results E-esa

HY-2B SSH Bias, Cycles 17-85, Ascending Pass A161, RDK1 Cal/Val, South Crete

HY-2B SSH Bias=+8 mm £ 8 mm,
[FRM = # 50 mm]
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HY-2B Cycle No.

HY-2B: Mean SSH Bias: +8 mm £ 8 mm,
= FRM Uncertainty : £ 50 mm
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HY-2B, Crete CRS1 Cal/Val Results (D66) & o0

HY2-B SSH Bias, Cycles 17 - 86 Descending Pass D66, CRS1 Cal/Val Site Referenece

HY-2B SSH Bias=+9 mm = 5 mm
[FRM = % 45 mm]
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Sentinel-6 MF Time Tagging Bias @-esa

European Space Agency

Datation Bias
I I

Crete D18‘ : AVRG = -||- 20 psec l‘ D18: GVD1 (Gavdosl), Meam = + 8 usec

. _ @ A109 : GVD1 (Gavdos), Mean = + 4 usec
Gavdos D18 : AVRG = + 8 Hsec Il D18 : CDN1 (Crete), mean= + 20 usec
Gavdos A109: AVRG = + 4 psec
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Sentinel-6 Sigma0 Bias, Ascending A109: Prelim Results \\&?esa

European Space Agency

Sentinel-6 Sigma0 Bias with Gavdos Transponder (Ascending A109)

@ Antennas, RF Separate (A109)
O Integrated Transponder (A109)

Preliminary Results
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(Separate antenna & RF) Sigma0 Bias (A109): AVRG =+ 0.08 dB * 0.03 dB,
(Integrated Transponder) Sigma0 Bias (A109): AVRG : —4.52 dB * 0.03 dB,
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Sentinel-6 Sigma0 Bias: Summary K&esa

Sentinel-6 Sigma0 with Ascending & Descending Orbits

Preliminary Results

AQ109-Separate
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Sigma0 [dB]
A109-Integrated

* Integrated Transponder with Antennas & RF : includes
* (a) Circular Polarization mismatch, (b) RCS corrections, (c) Loss of adapters used in testing.
* D18 Cal/Val results are noisy with outliers,
— *  Waveform asymmetry may influence sigma0 Cal/Val Results.
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TPX: Transponder Working Group Setup \ esa

an Space Agency

« Joint Processing Evaluation (See presentation by IsardSAT)

Led by ESA/ESTEC [Craig Donlon, Marco Fornari]:
Technical University of Crete, Space Geomatica, Greece;

« IsardSAT, Catalonia;

« ARESYS, Italy;

« CLS & CNES, France;

« Eumetsat;

« NOAA, USA;

« JPL, USA.
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Transponder Working Group @-esa

European Space Agency

TUC/Space Geomatica

isardSAT
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Concluding Remarks {-esa

European Space Agency

ESA Permanent Facility for Altimetry Calibration:

« Transponder & Sea-Surface Ground infrastructure,

« Diverse Instrumentation, Settings & Processing,

« Ascending & Descending orbits (Directional Errors),

 Different satellites & Results are cross-examined,

- Reliability & confidence on results has been built up;

« Patterns & structures in transponder results understood;

- Data & Results are screened for their quality, daily and monthly;
« Ground reference connected to absolute time;

 Uncertainty Budget in FRM Standards.
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