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1. Introduction
Copernicus POD (CPOD) Service
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From the six Sentinel families, there are four (circled
in red) which require high levels of orbit accuracy.
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The CPOD Service is in charge of
providing:

Predicted(*)] NRT, STC and NTC
NRT, STC and NTC

GNSS RINEX files, Sentinel ANTEX
files, manoeuvre and mass history
files...

(*) Sentinel-3 CPF orbits are daily delivered to the ILRS community.
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> THE EUROPEAN SPACE AGENCY (éesa

General and technical information
about the CPOD Service under
“Missions” and “Technical Guides”
tabs in Sentinel Online (Sol)
webpage for Sentinel-1, -2 and -3

Sentinel Online

Missions ~ User Guides ~ Technical Guides ~ Thematic Areas v Data Access v Toolboxes

Sentinel-1
SAR

Sentinel-2
MSI

Sentinel-3
OLCI

Sentinel-3

Sentinel User' G

Sentinel-3
READ MORE — Synergy

g
. Sentinel-3
Altimetry

Sentinel-5P
TROPOMI

https://sentinels.copernicus.eu/
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General and technical information
@ EUMETSAT IMAGES SATELLITES ABOUT US NEWS & EVENTS about the CPOD Service under

AT - . —— = o “Missions” and “Technical Guides”
tabs in Sentinel Online (Sol)

webpage for Sentinel-1, -2 and -3

2 THE EUROPEAN SPACE AGENCY

General and technical information
about the CPOD Service for Sentinel-6
mission in EUMETSAT webpage

CoperniéUs POD
Service

https://www.eumetsat.int/copernicus-pod-service

. . . . I _ : %'?UDSHI
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2 THE EUROPEAN SPACE AGENCY
General and technical information
about the CPOD Service under
“Missions” and “Technical Guides”
Sl Gl Gy e L tabs in Sentinel Online (Sol)
webpage for Sentinel-1, -2 and -3

G EUMETSAT IMAGES SATELLITES ABOUT US NEWS & EVENTS

;7: | erocraumeoE operNCUS Cesa EXPLORE DATA ANALYSE DATA ™/ ECOSYSTEM Vv SUPPORT ™/ @

General and technical information
about the CPOD Service for Sentinel-6
mission in EUMETSAT webpage

Explore the
Copernicus Data e

Orbit and attitude products and
Space ECOSYStem - g S : observation GNSS RINEX files soon

Welcome to the Copernicus Data Space Ecosystem, an % g . available for all Sentinel’s missions on
open ecosystem that provides free instant access to a § ’
: o= the new ESA’s web portal:

wide range of data and services from the Copernicus

:sgt;r:re;]lor:;s::gsandmoreonourplanet‘sland,oceans o . YA ‘ Copernicus Data Space Ecosystem
: ’ 3 (CDSE)

The Copernicus Data Space Ecosystem not only ensures

the continuity of the open and free access to Copemicus E e .
data but also extends the portfolio for data processing and o The current web portal (Copernicus Open

e e Access Hub) will be discontinued by the end of
: October!!

https://dataspace.copernicus.eu/
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The CPOD Service performs routine operations of validation on the products generated.

The most complete validation is carried during the generation of Regular Service Review (RSR) reports
(every four months) and Yearly Service Review (YSR) reports (every year).

Sentinel-6: ROE AX Timeliness g Sentinel-1: Daily Average Number of Tracked GPS Satellites
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FEiseIgE FMS ST I 5 7772010 (RNS 7777
. s 776+0.06 (RMS 7.78)
£ i, 5 y
E Ty Y RON 5 G :
= ¥ o 4 N 278 " riE
i £ %1% 1010 Bt R’ B
£ " H] FAC AT T HE
E H (1" S PLEE i A
o 5 [ i
Jan 22 Mar 22 May 22 T
z Jul L4jan 151 150 16jul 1Gan 17)ul 17an 16l 18an 19l 19an 20jul 20jan 2341 2lan 22l 23an 23
200 vs. CoM a

son L Z =1 P
. 2) .
- (i Nt
60°S| 2 . 108
a N

QR code to CPOD RSR

and YSR reports, and
other important S-3 POD
documentation (within
SoL webpage)
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= During the generation of the RSR and YSR reports, a combined orbit solution (COMB) is built from the orbits
provided by the members of the CPOD Quality Working Group (QWG).

= The SLR validation is performed using this COMB solution, a set of SLR stations, and only for Sentinel-3 and

Sentinel-6 satellites (Sentinel-1 and -2 satellites do not carry a laser retro-reflector).

QWG
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Generation
of a daily
COMB
solution

More info in:

|

Set of SLR stations used in
RSR and YSR reports

|

o

YARL STL3
GODL GRZL
MONL = /- HERL
HA4T POT3
HARL MATM
ZIML el WETL
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1. Introduction > ( S A= p@gngcg§
Data and Models Used for the Analysis ILRS PQWP dzesa

= Input data
+ Sentinel-3 and -6 COMB solutions.
O + Station coordinates - SLRF2020 from ILRS.
5N ‘a sentinel-3 * LRR characterisation from “DLR/GSOC TN 11-01 1 Issue 1.0, 2011/09/25

Range Correction for the CryoSat and GOCE Laser Retroreflector Arrays”.

+ Two units (A&B)

- Altitude: 814 km " Models used:

+ Orbital period: 101 min + 10° elevation cut-off angle.

* Inclination: 98.6° (polar) « Troposphere Mendes-Pavlis a-priori model.
* Repeating cycle: 27 days + Post-seismic deformation model (ITRF20).

* No geocenter motion modelling applied yet.

= Interval of time of the analysis:

@ sentinel-s - 72 GPS weeks: from 5t December 2021 to 2274 April 2023.
One unit (A) " Objective:
« Altitude: 1336 km o 3
- Orbital period: 112 min Evaluate the performance of the SLR validation using the data of the
. Inclination: 66° three satellites together in order to estimate the range biases of

each SLR station and compare these values to the ones found in the
Data Handling File (DHF) from the ILRS.

- Repeating cycle: 9.9 days

o T
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SLR Residuals [COMB, 72GPS] ILRS P(S)D d:esa

= Computed SLR residuals per Sentinel satellite for the whole period of time (72 GPS weeks).

= The statistics (mean + STD (RMS), mm) of the obtained SLR residuals improve once the estimated range
biases are applied.

| S3A | S3B | S6A |

S3A: COMB SLR Residuals S3B: COMB SLR Residuals S6A: COMB SLR Residuals
- o Range biases not applied e« Range biases applied - o Rangebiases not applied  « Range biases applied - o Range biases not applied e« Range biases applied
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S3A: COMB SLR Residuals 53B: COMB SLR Residuals

S6A: COMB SLR Residuals
6000 [ Range biases not applied ) Range biases applied 6000 [ Range biases not applied ) Range biases applied 10000 [ Range biases not applied 1 Range hiases applied
0.58 + 7.67 (RMS 7.69) 0.80 = 7.71 (RMS 7.76) 8.46 (RMS 8.49)
5000 0.00 + 5.74 (RMS 5.74) 5000 0.00 + 5.82 (RMS 5.82) 6.35 (RMS 6.35)
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£ 3000 £ 3000 H]
§ § £ 40004
Z 2000 Z 2000 =
1000 1000 20001
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Estimated Range Biases [COMB, 72GPS] "-RS L L=€SA

Estimated range biases (1-way) per SLR station, obtained from the combined orbit solution and considering
the estimation of one range bias per SLR station for the whole period of time.

Overall, there is good agreement among the results obtained for each Sentinel satellite.

Estimated Range Biases [COMB, 72GPS]

E S3A 53B N S6A
15
=
E 107
@
@ ]
: .| i
2 o gs =
m
£ -101
[1}]
L
-15

YARL GODL MONL HA4T HARL ZIML STL3 GRZL HERL POT3 MATM WETL
Station Code
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Estimated Range Biases [COMB, 4GPS] ILRS gl CICTY:

Temporal evolution of the estimated range biases per SLR station if periods of time of 4 GPS weeks are used.
Similar patterns and values are obtained for all Sentinel satellites.
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= Values of the estimated range biases per SLR station for different estimation periods of time.
= A seasonal behaviour is seen for most of the SLR stations.

S6A: Estimated Range Biases [COMB YARL] S6A: Estimated Range Blases [COMB, GODL] S6A: Estimated Range Biases [COMB, STL3] S6A: Estimated Range Biases [COMB, GRZL]
H 72GPs  — RSR 4GP H 726Ps — 4GPS H 726Ps  H RSR  — 4GPS H 72GPS  H RSR  — 4GPS
'E 201 'E 20+ 'E 201 'E 201
E E . L | ——— a
= L = — — = t = L
FRE = ; e Y e L - ‘ § 0] é ofF — — —_—
) ) e —
E —20 E —201 E —20 1 E =201
T ool T o P o D P P o A g P 2o o
I Gt L Lt P o g oy W e o e e IR L S L L T T o P 3P o 0 P
PO W RS oW P R YW LR RN O I R\ A PO e WY A
S6A: Estimated Range Biases [COMB, MONL] S6A: Estimated Range Biases [COMB HA4T] S6A: Estimated Range Biases [COMB HERL] S6A: Estimated Range Biases [COMB POT3]
M 72GPs M RSR —  4GPS M 72GPS M RSR —  4GP! M 72GPS —  RSR —  4GP! M 72G6PS H RSR — 4GP
'E 201 'E 201 'E 20 E 201
£ £ = = — | E £ R
3 04 e e 8 04 B O [ s e B S O o e S
) f f | o <] = ¥ 1| @ ' — — 1
] = — = e ] _
i -201 i -20 i —20 1 f —201
T T RS > 2o o g T B P 20 g 70 2 o opn o
\a“n’ \1\0"1"5\\‘1 \0\’1 ¥ §\o"l \«3“1 \;\a‘j' \a<"7' ‘;\z‘j",\\\‘q’ \0\‘1 ¥ V\o*”q’ \a“n' \1\3"1 o \j\a‘ﬂ"h‘iﬂ W e ‘.\o\"z' \a“ ‘3\3‘1’ w \l\a‘j’ “\a‘!"l W ge? ‘.\o“l \a“ \j\a"!’
S6A: Estimated Range Biases [COMB, HARL] S6A: Estimated Range Biases [COMB, ZIML] S6A: Estimated Range Biases [COMB, MATM] S6A: Estimated Range Biases [COMB, WETL]
H  72GpPs H RSR i 4GPS H 726pPS H  RSR —  4GPS M 72GPs M RSR —  4GPS H  72GPs H RSR —  4GPS
'E 201 'E 20+ E 201 'g 201
£ = —_ R - | E — £
g 01 = —'—‘ g 01 s 0 ] [ I AL P — s —
o F— © — —_— A — i
o o o ' —_— —— i o [ ==m——
E —20 E —201 E —20 1 E =201
AL ORI R T M S M R 7 . 7o A P 5
»© \J\'a"’L ‘,Na"lﬁ' \0\1 o §\o"'1 \a“'l \4\3"1 \a“'l ‘\r\‘b"’L “\\a\\ﬂ' \0\"" (,E,Q:L V\r>“"L \a“"L \x\'a"’L o ‘:\a‘,b‘.\a‘l \\3\ ee?” §\041 \-A“ \3\0‘1 w g\a‘r"‘;\a‘!q’ P ee?” “o“'l \@“ ‘;\a‘,L

Im . . . . . _ : %'?uoem
provements in the SLR processing of the Copernicus Sentinel-3 and -6 missions Page 15 © 2023 GMV Property - All rights reserved "I




®
COPERNICUS

2. Mono-satellite Results =7 50D (opermicus
{ \\\\\L
Number of Accepted Observations [S6A, COMB] "-RS service \\\ -CSsa

Values of the number of accepted observations per SLR station for different estimation periods of time.
The number of accepted observations might be a reason for the previous seasonal pattern observed.
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= The obtained SLR residuals do not significantly vary when using short or large estimation periods of time.

S3A: COMB SLR Residuals (bias applied)

S3B: COMB SLR Residuals (bias applied)
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ITRF14 vs. ITRF20 [S3A, COMB] ILRS POSD‘\\Sesa

There is a significant improvement on the obtained SLR residuals when using the ITRF2020 coordinates.

The estimated range biases between both reference systems follow a similar pattern but with a bias on the
obtained values. These biases are shorter or larger depending on the SLR station.

S3A: Estimated Range Biases [COMB, 4GPS, YARL] S3A: Estimated Range Biases [COMB, 4GPS, GODL]
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—— [TRF14 —— [TRF20 —— [TRF14 —— [TRF20
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SLR Residuals [COMB, 72GPS] ILRS e - €SA
Obtained SLR residuals per Sentinel satellite if the estimated range biases are computed with data from all
three Sentinel satellites during the same estimation process.

There is a clear improvement on the SLR residuals if the estimated range biases are applied (same as mono-
satellite cases), and the final computed SLR residuals are very similar to those of the mono-satellite cases.

S3A: COMB SLR Residuals [Multisat, 72GPS] S$3B: COMB SLR Residuals [Multisat, 72GPS]
6000 1 Range biases applied [ Range biases not applied 6000 1 Range biases applied [ Range biases not applied
0.36 + 5.75 (RMS 5.77) -0.15 + 5.82 (RMS 5.82)
5000 4 0.59 = 7.71 (RMS 7.73) 5000 1 0.81 = 7.75 (RMS 7.79)
~ 4000 ~ 4000
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2 2000 1 2 2000 1
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S6A: COMB SLR Residuals [Multisat, 72GPS]
[ Range biases applied [ Range biases not applied
10000
0.25 * 6.35 (RMS 6.35)
0.63 * 8.52 (RMS 8.55
8000 | ! ! (mean+STD (RMS), mm) (mean+STD (RMS), mm)
el S3A  0.00+5.74 (5.74) -0.36%5.75 (5.77)
£
S 40004
2 S3B  0.00+5.82(5.82) -0.15+5.82 (5.82)
2000 4
i S6A  0.00+6.35 (6.35) 0.25+6.35 (6.35)
~40 —30 —20 ~10 0 10 20 30 40

Residuals [mm]
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SLR Residuals per Elevation [COMB, 72GPS] "-RS Service \\ \sesa

= Obtained SLR residuals per elevation angle (bear in mind that a 10° cut-off angle is used).
= At high elevations, the SLR residuals slightly show less dispersion.

S3A: COMB SLR Residuals [Multisat, 72GPS]

S3B: COMB SLR Residuals [Multisat, 72GPS]
+ Range biases applied & Range biases not applied

60 + Range biases applied & Range biases not applied

60

40 40

204 204
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o
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S6A: COMB SLR Residuals [Multisat, 72GPS]
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Estimated Range Biases [COMB, 4GPS] ILRS gl CICTY:

Temporal evolution of the estimated range biases per SLR station if periods of time of 4 GPS weeks are used.
The multi-satellite case shows similar trends and values as found for the mono-satellite cases.
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3. Multi-satellite Results
Estimated Range Biases [COMB, 72GPS] + DHF (I)

= Estimated range biases per SLR station for mono-satellite and multi-satellite cases versus the values found in
the Data Handling File (DHF) provided by the ILRS for satellites: Lageos-1 and -2 and Etalon-1 and -2.

= There is good agreement between some SLR stations, but other SLR stations totally disagree.

N
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Estimated Range Biases [COMB, 72GPS]
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Estimated Range Biases [COMB, 72GPS] + DHF (II) ILRS e L-€SA

= Estimated range biases per SLR station for other solutions than the combined solution: (a) CPOF, solution
generated by the CPOD Service and used as back-up for the Sentinel-3 mission, and (b) CNES, solution
provided by the Centre National d’Etudes Spatiales (operational orbits for Sentinel-3 and -6 missions).

= There are no significant discrepancies on the estimated range biases for COMB, CPOF and CNES solutions.

Estimated Range Biases [Multi-satellite, 72GPS]
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Summary ".RS e =@Ssa

The CPOD Service is able to perform SLR validation using multiple satellites.

i ﬁ.\ COPERNICUS Opernlcus
4. Conclusions rOD,

The results presented within this presentation show no significant differences between the estimated range
biases and computed SLR residuals from the mono-satellite and multi-satellite cases.

The estimated values of some range biases agree with the values found in the DHF provided by the ILRS.
There are other values that totally disagree.

Further analyses, including other LEO satellites than the Sentinel satellites in the estimation process (e.g.
Swarm), will be carried out by the CPOD Service.

Processing of geodetic satellites (Lageos, Etalon) and bias estimation based on these will also be incorporated
to compare directly results obtained in the DHF.

The orbital accuracy of LEO orbits generated from SLR observations will also be checked.

Sentinel-3 and Sentinel-6 missions are very important altimetry missions that
count on the invaluable support of the ILRS community.
Thank you very much for your support!
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