PREPARATION AND OPERATIONS OF THE MISSION PERF!
CENTRE (MPC) FOR THE COPERNICUS SBENTSEON

S3A SRAL Cyclic Performance Report
Cycle No013
Start date:03/01/2017

End date:30/01/20177

k_} ) ﬁl@* Mission
r— ' Performance
Centre

Ref: SSMPC.ISR.RR-013
Issue:l.0

Date:06/02/2017
Contract:4000111836/14ALG




Customer: ESA Document Ref.: S3MPC.ISR.PR-013

Contract No.: 4000111836/14HLG Date: 06/02/2017

isardSAT Doc. RefSARD _ESA S3 MPC3RB_ | Issue: 1.0

PREPARATION AND OPERATIONS OF THE MISSION PERFORREBNZE)E

Project FOR THE COPERNICUS SENTMIESION

Title: S3A SRAL Cyclic Performance Report

Author(s): Pablo GarciéisardSAY

Approved by: G. Quartly, STMESL Authorized by Sylvie LabroueéSTMTechnical
Coordinator Performance Manager

Distribution: ESA, EUMETSAT, S3MPC consortium

Accepted by ESA| P. Féménias, MPC TO

Filename S3MPC.ISD.PR:043-i1r0 - SRAL Cyclic Report 013.docx

Disclaimer

The work performed in the frame of this contract is carried out with funding by the European Uihieviews
expressed herein can in no way be taken to reflect the official opinion of either the European Union or {
European Space Agency.

esa & EUMETSAT




Sentinel3 MPC Ref.. S3MPC.ISR.PR-023

S3A SRAL Cyclic Performance Report | 'SSu€ 19
Date: 06/02/2017
Cycle No013 Page: il

Changes Log

1.0 06/02/2017 First Version
Listof Changes




Sentinel3 MPC Ref: S3MPC.ISR.PR-043
Issue: 1.0
Date: 06/02/2017

Page: iv
Table of content

1 LN IR 110 L (] 1
1.1 PP LICABUBOCUMENTS 1ttt vt etttettttettsttaseaa ettt e sa s st seaa s st e saassasssaa s st e saaseba s sa s e b seaassbasssnsstsssaneasssernns 1
1.2 Y 10 N N .Y 1
1.3 SCOPE OF THEDCUMENT . 1. tttittutetteitneetnttsaeesssssssssesaseesssesnsesassansessssansesnsssssaesasssnsssnsesssssrsesnsesnnes 2

2 SRAL INTERNAL CAIABRIN MONITORING.....u it et e et e e e e s v e e s e e s e eaaa e 3
2.1 [N {0 ] 5100 1T N 3
2.2 CYCLA3IN-FLIGHTNTERNACALIBRATION. ... etttueeieteeeetneeseaeesetaessasseesssneeseaaseesanesssansesssneeessnesrsnnrasrass 4
L R O 1 I I I =/ T 4
A ©F N I Y A = T 12
2.2.3  System fansfer FUNCHION (CARL) .......uuiiiiiiiiiiee ettt e et e et e e e rebreeeeeeeae 22
A U | (o OF- L (OF N B R Y o e ) o ) SR 28
2.2.5 Onboard ClOCK PeIOIMANCE. ... .cocveieieee ettt ettt e et e et e e et e e e s e s e st seesbeeesanserees 29
2.2.6 HOUSEKEEPING TEMPEIALULES ......evviieerieieteiiiaeaseeeteseeeeeeaaetetetererranatarnraea i aaaaseeaeaeaarereeeennnnes 29

2.3 SRAIDE DI CATENYESTIGATIONS .1t ttttttt ettt sttt ettt stt e et etaa e st e et eaa st eaa ettt tantssnerasttnresnsetnsesnassrnrren 33
2.4 CYCLELI SRAISTATUSSUMMARY, 11t ttuttttettteettietteetsssaeesttestasstasssseesterasstetsntesttestasettrenessnssteessnersnnes 33
2.5 MISSIONBRAISTATUSSUMMARY, ..ttt ttttttt et ettt et et st e et e et s et e saa s st s sa s et etansesassbasesnssesssrnssstseransrensan 35

3 AV = A 15 45
N N nd 2 = T 5 ] ) G TR o




& Sentinelt3 MPC Ref.. S3MPC.ISR.PR-043
a Issue: 1.0
g Date: 06/02/2017
Page: v
List of Figures

Figure 2.21. Location of the CAL1 LRM measurements: 5
Figure 2.2. CAL1 LRM Ku Time Delay Trene: 6
Figure 2.23. CAL1 LRM C Time Delay Trené- 6
Figure 2.24. CAL1 LRM Ku Power Trend- 7
Figure 2.25. CAL1 LRM C Power Trenek 7
Figure 2.26. CAL1 LRM Ku Time Delay related variables trend. The green line (Diff of travel between Tx
& Rx lines) is hidden below the blue line (PTR Median Delay)- 8
Figure 2.27. CAL1 LRM C Time Delay related variables trernek 8
Figure 2.28. CALLRM Ku PTR width trend: 9
Figure 2.29. CAL1 LRM C PTR width trend: 9

Figure 2.210. CAL1 LRM Ku PTR secondary lobes Power and Position within the PTR wavefes®.
Figure 2.211. CAL1 LRM C PTR secondary lobes Power and Position within the PTR waveforra0

Figure2.2-12. CAL1 LRM Ku PTR secondary lobes Power trend. In the legend it is specified the secondary
lobe index- 11

Figure 2.213. A\L1 LRM C PTR secondary lobes Power trend. In the legend it is specified the secondary
lobe index: 11

Figure 2.214. CAL1 LRM PERcondary lobes characterisation. The irdégnual slope (in dB/year) and
standard deviation (in dBx1€2) of each of the secondary lobes during the period are shewr:----12

Figure 2.215. Location of the CAL1 SAR measurememnts: 13
Figure 2.216. CAL1 SAR Ku Tibelay Trendk: 14
Figure 2.217. CAL1 SAR C Time Delay Trene- 14
Figure 2.218. CAL1 SAR Ku Power Trend: 15
Figure 2.219. CAL1 SARPGwer Trend: 15
Figure 2.220. CAL1 SAR Ku Time Delay related variables trenék- 16
Figure 2.221. CAL1 SAR C Time Delay related variables trend. The green line (Diff of travel between Tx &
Rx lines) is hidden below the blue line (PTR MeDielay)- 16
Figure 2.222. CAL1 SAR Ku PTR width trenek 17
Figure 2.223. CAL1 SAR C PTR width trend- 17

Figure 2.224. CAL1 SAR KuRPsecondary lobes Power and Position within the PTR waveferm--18
Figure 2.225. CAL1 SAR C PTR secondary lobes Power and Rafiiilothe PTR waveform--------- 18

Figure 2.226. CAL1 SAR Ku PTR secondary lobes Power trend. In the legend it is specifieonttiary
lobe index- 19




Sentinel3 MPC Ref: S3MPC.ISR.PR-043

Issue: 1.0
Date: 06/02/2017
Page: i

Figure 2.27. CAL1 SAR C PTR secondary lobes Power trend. In the legend it is specified the secondary
lobe index- 19

Figure 2.228. CAL1 SAR PTR secondary lobes characterisation. Thenimiet slope (in dB/year) and
standard deiation (in dBx1042) of each of the secondary lobes during the analysed period are sh@wn.

Figure 2.229. CAL1 SAR Ku Powerasiurst correction along the period- 21

Figure 2.230. CAL1 SAR Ku Phase ibtiest correction along the perioek- 21
Figure 2.231. CAL1 SAR Ku Phase & Power-lmirat corrections slopes over the analysis perioe22
Figure 2.232. Pulse by pulse standard deviations of the CAL1 SAR Ku Power and Phda@rsintra

corrections: 22
Figure 2.233. Location of the CAL2 measurements: 23
Figure 2.234. CAL2 Ku waveforms over the peried- 24
Figure 2.235. CAL2 C waveforms over the peried: 24
Figure 2.236. Averaged CAL2 Ku and C waveforms over the peried: 25
Figure 2.237. CAL2 Ku waveforms right (blue) and left (red) sides Slope over the perioek--------- 26
Figure 2.238. CAL2 C waveforms right (blue) and left (red) sides Slope over the pefied:--------- 26

Figure 2.239. CAL2 Ku waveforms right (blue) and left (red) sides Standard Deviation over the Dériod.
Figure 2.240. CAL2 C waveforms right (blue) and left (red) sides Standard Deviation over the-g&fiod.

Figure 2.241. Location of the AutoCal measurements: 29
Figure 2.242. AutoCal measurements: Correctdg@eference. Aaraged over the analysis periee---30

Figure 2.243. First group of Thermistors time series on CAL1 LRM IQ mode. The tempeeatires
averaged for each calibration product over the analysis pefiod- 31

Figure 2.244. Second group of Thermistors time series@AL1 LRM IQ mode. The temperatures are
averaged for each calibration product over the analysis pefiod- 31

Figure 2.245. First grap of Thermistors time series on CAL1 SAR mode. The temperatures are averaged
for each calibration product over the analysis peried: 32

Figure 2.246. Second group of Thermistors time series on CAL1 SAR mode. The temperatures are
averaged for each calibration product over the analysis pefiod- 32

Figure 2.247. First group of Thermistors time series on CAL2 mode. The temperatures are averaged for
each calibration product over the analysis peried- 33

Figure 2.248. Second group of Thermistors time series on CAL2 mode. The temperatures are averaged

for each calibration product over the analysis peried: 33
Figure 2.51. CAL1 SAR Ku Time Delay Whole Mission Frend- 37
Figure 2.82. CAL1 LRM Ku Time Delay Whole Mission T+ene: 37

Figure 2.83. CAL1 SAR Ku Power Whole Mission Trerd:- 38



Sentinet3 MPC Ref.. S3MPC.ISR.PR-043
Issue: 1.0

Date: 06/02/2017

Page: vii

Figure 2.%4. CAL1 LRM Ku Power Whole MisSicend. 38
Figure 2.5%. CAL1 SAR Ku PTR Width Whole Mission Trenek 39
Figure 2.5%6. CAL1 LRM Ku PTR Width Whole Mission T+efé- 39
Figure 2.57. CAL1 SAR Ku Power idtrast correction along the whole missio#: 40
Figure 2.83. CAL1 SAR Ku Phase ihminast correction along the whole missiof: 40
Figure 2.99. CAL2 Ku waveforms over the whole missioen: -41

Figure 2.510. Autocal measurements: CorrecteReference. Averaged over the whole missien:--41

Figure 2.511. AutoCAL attenuation progression for-land. Difference in dB with respect to the
previous attenuation value, for each attenuation step- 42

Figure 2.512. AutoCAL attenuation progression forb&nhd. Difference in dB with respect to the

previous attenuation value, for each attenuation step- 42
Figure 2.513. CAL1 SAR thermistors series along the whole mission. First greup:----------------- 43
Figure 2.514. CAL1 SAR thermistors series along the whole mission. Second-greup--------------- 43

List of Tables

Table 21. Comparative table with #flight and onground calibration parameters values:------------= 35

Table 22. Comparative table with ifiight (whole mission) and eground calibration parameters
values: 44

Table 23. Collection of calibration parameters statistics for all modes and bands covering the whole
mission. 45




Sentinet3 MPC Ref.: S3MPC.ISR.PR-013
Issue: 1.0

Date: 06/02/2017

Page: 1

1 Introduction

1.1 Applicable Documents

Cal/Val Plan for the MPC Commissioning Phase - STM, S3MPC.CLS.PLN.0Q9, issue

AD. 1 1.1, 26/05/2015.

1.2 Acronyms

ADF Auxiliary Data File

Cal/vVal = Calibration /Validation

CNES / SyiNB bliAz2ylf RQ; dzRS&a { LI GAIfSa
DEM Digital Elevation Model

ESA European Space Agency

ESL Expert Support Laboratory

ESTEC @ European Space Technology Centre

HKTM  House Keeping Temperatures Monitoring

IOCR In-Orbit Commissioningeview

LRM Low Resolution Mode

MPC Mission Performance Centre

PTR Point Target Response

SAR Synthetic Aperture Radar

SCCDB Satellite Calibration and Characterisation Database
SCT Satellite Commissioning Team

SRAL Synthetic Aperture Radar Altimeter

TBD To Be Done
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1.3 Scope of the document

This document is dedicated to describe the cyclic monitoring of the SRAL instrument calibration
parameters within the Sentinéd MPC project. Also a whole mission analysis is given.
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2 SRAL Internal Calibration Monitong.

2.1 Introduction

The SRAL instrumental calibration is assessed during the mission. Several parameters are monitored and
analysed in detail in order to characterise the altimeter performance along the mission lifetime.

Two main groups of calition parameters are monitored.

The first is derived from the Point Target Response (PTR) calibratiofl (@@de and product). The PTR
signal follows the same circuitry path as the science waveforms within the calibration loop. The delay
caused by the travel tough the calibration path can be measured and afterwards compensated in the
total range computation. The attenuation suffered by the waveforms when traveling through the
instrument also needs to be monitored and the waveform needs to be compensated tweoWer,

there are a collection of other parameters to be checked, such as the PTR width and the secondary lobes
features. These CAL parameters are produced separately for LRM and SAR modes, as they follow
different instrumental paths, and also they adaplicated for Kiband and €band. Also there are
different options for characterising the delay and power of the closed loop signal, such as the PTR
maximum power or PTR maximum position.

The second is related to the Instrument Transfer Function €JALhe science waveforms spectra is
distorted by the orboard instrumental sections. Therefore, in order to retrieve the original echo shape,
we need to undo this effect. Several parameters are derived from the analysis of the iaeforms

for characterizig it and dissect any feature along the mission lifetime. TheZ3R&veform is the same

for both modes LRM and SAR, but there is a distinction between bands Ku and C.

Additionally, for SAR mode, the two intbairst corrections are monitored: power and @&
progression within a burst. Some characteristics are computed for describing and following up their
behaviour along the S3 mission.

It is also of major importance the monitoring of the -board clocks. The altimeter clock counter,
responsible for comping the echo travel time, has the biggest impact in the range determination. The
platform clock is responsible for the overall platform instruments datation. Their stability and
performance are to be supervised along the mission.

Finally, the data comingdm the thermistors located in the different sections of the-lboard HW
(HKTM products), are to be analysed in order to check the relation of any calibration parameters
anomaly with the thermal behaviour, and find solutions for modelling the instrumeatadterisation

(for instance orbital oscillations) if needed.

The above instrumental characterisation is checked in different time baselines, depending on how
interesting is to show each parameter progression. It could be an orbital or a cyclic seaidg, or a
complete mission for long terrdrift assessments. Also comparison between similar periods could be
developed (interorbital or intercycle analysis) when appropriate.
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2.2 Cyclel3 In-Flight Internal Calibration.

In this chapter, the monitoring ofllaCAL1 modes is described, including figures of the main parameters
and a brief explanation of the observations on the results.

The geographical distribution of the SRAL CAL1 LRM measurements is shaunep.2-1.

S3 SRAL CAL1 LRM Calibration Areas from 03-Jan-2017 to 30-Jan-2017.

Figure2.2-1. Location of the CAL1 LRM measurements.

The two main variables computed from the PTR waveforms are used for the powep(atat of the
PTR) and range (difference of travel between the transmission and reception lines) corrections. Their
monitoring resuls are detailed fromFigure2.2-2 to Figure2.2-5.
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In terms of CALL1 time delay, the peak to peak of the C band is higher, showing more vattienilthe
Ku band seriesvisible also inthe stdf NR RS GAI GA2ya NBadzZ Ga o60asSS TFA3c

Period trend of the PTR time delay for LRM mode.

S3 SRAL CAL1 LRM Ku Time Delay. Trend from 03-Jan-2017 to 30-Jan-2017.
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Figure2.2-2. CAL1 LRM Ku Time Delay Trend.
0.902 S3 SRAL CAL1 LRM C Time Delay. Trend from 03-Jan-2017 to 30-Jan-2017.
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Figure2.2-3. CAL1 LRM C Time Delay Trend.
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In terms of CAL1 power, the Ku band indemual slope itower in absolute terms than in previous

cyclesof -0.25dB/yr. Here again the variability for the C band is higher than for the Ku band series: C
band standard deiation isaround 4times the one of Ku band.

Period trend of the PTR Total and Maximum Power for LRM mode.

S3 SRAL CAL1 LRM Ku Integrated & Max Power Trends from 03-Jan-2017 to 30-Jan-2017
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Figure2.2-4. CAL1 LRM Ku Power Trend.
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Figure2.2-5. CAL1 LRM C Power Trend.
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The variable selected for determining the SRAL CALL1 time delay is the difference of travel between
transmission and reception lines. But there are also other PTR time delay related variabke® that
sensible to the CAL1 delay measuremeepresented irFigure 2.26 andFigure 2.27. They arehe

CAL1 waveform median position, and the PTR maximum power position. The Ku band shows a
significantly lower standard deviation and trend than the C band for the PTR delay pararmbters.

Tx/Rx diffeence of travel and PTR median position shows an extremely similar behaviour in each band
case.

Period trend of all CAL1 PTR Delay related variables for LRM mode.

110055 S3 SRAL CAL1 LRM Ku Delays. Trends from 03-Jan-2017 to 30-Jan-2017.
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Figure2.2-6. CAL1 LRM Ku Terbelayrelated variables trendThe green line (Diff of travel
between Tx & Rx lineghidden below the blue line (PTR Median Delay).

S3 SRAL CAL1 LRM C Delays. Trends from 03-Jan-2017 to 30-Jan-2017.
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Figure2.2-7. CAL1 LRM C Time Delay related variables trend.
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Also the PTRidth is monitored. This instrumental calibration parameter has an impact on the SWH L2

variable retrievals. The two bands CAL1 PTR width trends are sh&igure 2.28 andFigure 2.29. The
Ku band show lower standard deviation of the PTR width than the C band in the analysed period.

Period trend of the CAL1 PTR width for LRM mode.

Figure2.2-8. CAL1 LRM Ku PTR width trend.

Figure2.2-9. CAL1 LRM C PTR width trend.






















































































































