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RMS; cm] (the accuracy requirement is shown with a blue line; vertical lines indicate periods of

MANO0EUVIES OF dAtA GAPS) wovccveriiieriieiiieriiesiis eveeseeeseeesee e e e siees ateeeseeeseeeneeenaeeenaeen 127
Figure H -9: Sentinel -3 AUX_POEORB products i Orbit comparisons against COMB solution [radial

RMS; cm] (the accuracy requirement is shown with a blue line; neither gaps nor manoeuvres are

depicted iNthiS CASE)  vvviiiciiviieririiiis e e s e 128
Figure H -10: Sentinel -6A ROE__AX products 7 Orbit comparisons against COMB solution [radial RMS;

cm] (the accuracy requirement is shown with a blue line; vertical lin es indicate periods of

MAaNO0EUVIES OF dAtA JAPS) tovcceeriiiiiieriieiiiiniis eveeree e aeeessee e 129
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1. INTRODUCTION

11. PURPOSE

This document describes the results of the  Copernicus POD (CPOD) Regular Service Review (RSR) # 28
covering the period between January and April 2023 (both included) , in the frame of the Copernicus
POD Service . It applies to the satellites Sentinel -1A, -2A, -2B, -3A, -3B and -6A, which are all in their
Routine Operation al Phase (ROP) .

12. SCOPE
This document is a deliverable by GMV in the frame of the Copernicus POD Service
This document has been prepared by GMV with contributions from AIUB , CLS, CNES, DLR, EUMETSAT ,

GFzZ, JPL, TU Delft , TU Graz ,and TUM (inputs to prepare  Section 3).

1.3. DEFINITIONS AND ACRONYMS

Acronyms used in this document and needing a definition are included in the following table:

Table 1-1:Acronyms

AGRA j:(r)\;l)ig?eﬂzi;?e atmospheric contribution to LRR Laser Retro -reflector

AlUB Astronomical Institute University of Bern MACP Manoeuvre Acceleration Profile
ANX Ascending Node MLI Multi Layered Insulation

ARP Antenna Reference Point MSI Multi - Spectral Instrument

BRDC Broadcast ephemeris file NAPEOS gﬁt\gﬂz?n Package for Earth Orbiting
CLs Collecte Localisation  Satellites NASA National Aeronautics and Space Agency
CNES Centre National d'Etudes Spatiales NAVATT NAVigation and ATTitude information
CODE Center for Orbit Determination in Europe NAVSOL Navigation Solution

CPF Consolidated Prediction Format NCR Non - Conformance Report

CPOD Copernicus POD NOAA Edam:gtgggimc and Atmospheric
DCB Differential Code Biases NRT Near Real Time

DIL Document Item List NTC Non Time Critical

DLR Deutsche Zentrum fur Luft - und Raumfahrt ODA On-Line Data Access

DOP Dilution of Precision OFLPOD Offline POD

DORIS a?ggrlztregrgjtgg::mg and Radiopositioning OLCI Ocean & Land Colour Instrument
DORNAV Doris Navigation OPOD Offline POD

DOY Day of Year osv Orbit State  Vector

DPM Data Processing Model JPL Jet Propulsion Laboratory

ECMWF Eg::c‘:)::tz Center for Medium  -range Weather PAC Processing Archiving Centre

EDDS External Data Distribution System PCO Phase Centre Offset

EGP External GPS Provider PDAP Payload Data and Acquisition Processing
EIGEN E;:?hpgsr;\lm):gc\:lﬁgiir::ity model of the PDGS Payload Data Ground Segment

EOF Earth Observation File PDI Product Data ltem

EOP Earth Orientation Parameters PDMC Payload Data Management Centre
ERA Earth Rotation Angle PDOP Position DOP

CPOD3 O GMV 2023 ; all rights reserved Copernicus POD Regular Servic e Review Jan - Apr 2023
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Acronym Definition ‘ Acronym Definition
ESA European Space Agency PFS Product Format Specification
ESOC European Space Operation Centre PMP Project Management Plan
EUM EUMETSAT PRIP Production Interface Delivery Point
EUMETSAT Efu A;Oé)?::rgl?gzzagxgéﬁirt;ze exploitation POD Precise Orbit Determination
FES Finite Element Solution POE Precise Orbit Ephemeris
FFS File Format Specification PRN Pseudo -Random Number
FFT Fast Fourier Transform PVT Position, Velocity and Timing
FOS Flight Operations System QWG Quality Working Group
FPA Focal Plane Assembly RINEX Receiver Independent Exchange
FTP File Transfer Protocol RMS Root Mean Square
FTPS File Transfer Protocol Secure ROE Rapid Orbit Ephemerides
GDOP Geometric DOP ROP Routine Operations Phase
GFz Geo Forschungs Zentrum RSGA Report of Solar -Geophysical Activity
GHOST SEﬂS\,NI;:gehTELeI;:ision Orbit Determination RSR POD Regular Service Review
GINS Si?r?t?lteasrilzgsar Intégrations Numériques SAD Satellite Ancillary Data
gfsslg- Eyj}i}sln;?;ﬁ?asgsig%?ti\zgriyswm and Orbit SALP Service d'Altimetrie et Localisation Precise
GIPSY-X GNSS-Inferred Positioning System X SAR Synthetic Aperture Radar
GMES S(Iec:;tl:?ilt;/lonitoring for Environment and SLA Service Level Agreement
GNSS Global Navigation Satellite System SLR Satellite Laser Ranging
GOCO Gravity Observation Combination SoL Sentinel Online
GPS Global Positioning System SPR Software Problem Report
GRGS Groupe de Recherche de Géodésie Spatiale SRAL SAR Radar Altimeter
GSFC Goddard Space Flight Center STC Short Time Critical
HKTM House Keeping Telemetry STD Standard Deviation
ICD Interface Control Document ST™M Surface Topography Mission
IERS International Earth Rotation Service SWIR Short Wave InfraRed
IGS International GNSS Service TBD To Be Decided
ILRS International Laser  Ranging Service TDOP Time DOP
INT Integration Room TUD Technische Universiteit Delft
IPF Instrument Processing Facility TUM Technische Universitat Minchen
ITRF International Terrestrial Reference Frame uTC Coordinated Universal Time
KPI Key Performance Indicator

14. APPLICABLE AND REFERENCE DOCUMENTS

141. APPLICABLE DOCUMENTS

The following documents, of the exact issue shown, form part of this document to the extent specified
herein. Applicable documents are those referenced in the Contract or approved by the Approval
Authority. They are referenced in this document in the form [AD.X]:

Table 1-2: Applicable Documents

Version

[AD.1] Sentinels POD Service File Format Specification GMV-CPOD-FFS-0001 2.0 2022/04/01
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Ref. Title Code ‘ Version DEI(]
[AD.2] Sentinel -1 PDGS to Copernicus POD Service ICD GMV-CPOD-ICD -0009 2.1 2022/11/0 4
[AD.3] Copernicus POD Service to Sentinel -1 PDGS ICD GMV-CPOD-ICD -0008 2.1 2022/11/0 4
[AD.4] External Auxiliary Data Providers to Copernicus POD|GMV-CPOD-ICD -0002 2.0 2021/06/02
Service ICD
[AD.5] Sentinel -2 PDGS and Copernicus POD Service ICD GMV-CPOD-ICD-0010 2.1 2022/11/04
[AD.6] Sentinel -3 PDGS to Copernicus POD Service ICD GMV-CPOD-ICD-0012 2.1 2022/11/04
[AD.7] Copernicus POD Service to Sentinel -3 PDGS ICD GMV-CPOD-ICD-0011 2.1 2022/11/04
[AD.8] EUMETSAT and Copernicus POD Service ICD for GMV-CPOD-ICD -0007 1.3 2022/05/20
Sentinel -6A

142. REFERENCEDOCUMENTS

The following documents, although not part of this document,

documents are those not applicable and referenced within this document. They are referenced in this

document in the form [RD.X]:

extend or clarify its contents. Reference

Table 1-3: Reference Documents

Ref. Title Code ‘ Version Date
[RD.1] |Sentinel -1 properties for GPS POD GMV-GMESPOD-TN-0025 1.4 2019/09/16
[RD.2] |Sentinel -2 properties for GPS POD GMV-GMESPOD-TN-0026 1.4 2019/09/16
[RD.3] |Sentinel -3 properties for GPS POD GMV-GMESPOD-TN-0027 1.8 2020/05/18
[RD.4] |Sentinel -6 POD Context JC-TN-ESA-SY-0420 1.4 2021/02/01
CPOD3 O GMV 2023 ; all rights reserved Copernicus POD Regular Servic e Review Jan - Apr 2023
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2. OVERVIEW OF THE COPERNICUS POD SERVICE OPERATIONS

The Copernicus POD (CPOD) S ervice is currently operating six satellites in their Routine Operational
Phase (ROP). Table 2-1 shows the launch date of each satellite.

Table 2-1:Launch dates of Sentinel -1, -2, -3 and -6 missions
Sentinel -1 Sentinel -2 Sentinel -3 Sentinel -6
A 2014/04/03 2015/06/23 2016/02/16 2020/11/21
B 6 2017/03/07 2018/04/25 o}

During this phase , the main activities of the Copernicus POD Service have been:
1  Operation of the Service by monitoring the system
1 Resolution of the anomalies and SPRs detected during the operations

1 Execution of comparison s against external orbital products to check the quality of the CPOD
Service products .

1 Evolution of the system
1  Preparation of material for conferences and workshops related to POD

This document describes the activities performed and results obtained in the period from 2023/01/01
until 2023/04/23 both included, with  Sentinel -1A, -2A, -2B, -3A, -3B and -6A by the CPOD Service.

This document  reports on:

1 Accuracy results of the orbital products when compared against external validation centres
in Section 3 with additional information in Annex D .
1 GNSS sensor performance analysis using GNSS data related to a particular day tracked by

every Sentinel in Section 4.
9 Listof tracking SLR sta tions in AnnexA .

91 Description of the  POD processing of each QWG solution in Annex B .
91 Description of the  Weights calculation for the generation of the combined orbit solution
in Annex C .
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3. VALIDATION OF THE CPOD SERVICE ORBIT PRODUCTS
This chapter reports on the orbital accuracy attainable by the CPOD Service with the current system. To

perform an external validation of the orbital products, the different external validation centres processed

the complete reported
handling manoeuvres and gaps

period . Not all

the centres provide solutions all the time because of

of data . In any case, the long period provide s sufficient information to

conclude on the actual accuracy of the orbital products computed by the CPOD Service.

Each external ce ntre used its own POD

CLS, CNES, CPOD, DLR, EUM, GFZ,
the orbit solutions provided by each of them.

software tools and configuration.
of the POD set -up used by each of the processing centres composing the external
JPL, TUD, and TUM).

validation (

the difficulties

Annex B contains a description

i.e., AIUB,

Table 3-1 summarises all these centres and

Table 3-1:Listof the QWG centres and orbit solutions provided b y them
. . . . AIUB
Astronomical Institute of the University of Bern AlUB o
AING (non -gravitational)
Collecte Localisation Satellites CLS GRG
Centre National dof£tudes CNES CNES (operational solution)
. . CPOD (operational solution
Copernicus POD Service CPOD (op . . )
CPOF (solution with new developments )
Deutsche Zentrum fir Luft - und Raumfahrt DLR DLR
European o_rganlsathn for the exploitation of EUM EUMB (Bernese GNSS software)
Meteorological Satellites
Deutsches GeoForschungsZentrum GFz GFz
Jet Propulsion Laboratory JPL JPL
Technische Universiteit Delft TUD TUDF
Technische Universitét Graz TUG TUG
Technische Universitat Minchen TUM TUM

This chapter presents the comparison between a combined solution and all orbit solutions provided by
all centres (included CPOD Service). The combined orbit solution per each satellite has been generated

considering all orbital solutions. It has been done
approach (see Annex C ). The analysiso f SLR observations for S

All these statistics will be shown for the

with proper

period that includes the dates from
22586 GPS week). It important to remind that the

weight s
-3A, S-3B and S -6A is provided as well.
2023/01/01

and i kelol

(i.e., 22430
orbit comparison

GPS week) to  2023/04/2 2 (i.e.,
of S-3 and S -6 missions include the orbit
which are not included in S
and the CNES orbit solution also includes
document
comparisons started on the previous RSR.

This chapter finally includes
and only S -6), and TUD.

3.1. SENTINEL-1A

Orbit solutions

due to problems in version 1.0:

1 DLR comparisons against the combined solution

solutions from CNES, EUM

the quality control of

(only S -3), GFZ and JPL centres,
-1 and S -2 missions . The GRG orbit solution is based on DORIS data only

GNSS+DORIS observations simultaneously. This RSR

all STC products generated by CPOD, CNES

DOY 55 onwards, due to the use of an incorrect ERP file.

1 GFZ comparisons against
cross -track directions due to an error

These problems have been solved and new solutions from these centres

the combined solution

showed very hi gh RMS in along
in the PCO convention of the GPS antenna.

Since the DLR solution is used to generate the combined solution, a new combined solution has been

generated and all
been computed again.

CPOD3

comparisons against this solution

O GMV 2023 ; all rights reserved
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continues the analysis considering the geographical and spectral distribution of the orbital

(only S -3

from some cen tres have changed from version 1.0 to version 1.1 of the present document

showed a sudden increase in 3D RMS from

-track and

are included in this new version.

have
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311. STATISTICS OF THE GENERATION OF THE SOLUTION COMB

Figure 3-1 shows the daily distribution per o rbit solution of the weights used to generate the combined
Sentinel - 1A orbit solution. A summary of these values can be found in Table 3-2,where the mean values
of thes e calculated weights are presented. It must be remarked that a higher value on the weights

means a more contribution of the orbit solution to the generation of the combined orbit solution.

Sentinel-1A: Daily Weights

AlNG CPOF OLR TUDF e TUG e TUM
& AlUB
0.25
0.20 w2 ' .
. O vl ._ o] e et et e _.' L., P 3 .
E 0.15 4 : L .- - T .:.=.l' .:':.: - ..'. oE Pl . -.::." l::. ’ .=|' I: : l-:.- ':' .t
E‘| .-. ..- . ...- . .l . "y - & " -
u
= 010 . - By Pl S
0.05 4+
0.00 =4 T T T T T T T
Jan 01 Jan 15 Feb 01 Feb 15 Mar 01 Mar 15 Apr0l Apr 15
Coverage Date (2023)
Figure 3-1:Sentinel -1A COMB generation 7 Daily weights of ALL orbit solutions
Table 3-2:Sentinel -1A COMB generation I Mean of the daily weights of ALL orbit solutions
Daily Weights
AING AlUB 0.19
AlUB AlUB 0.14
CPOF CPOD 0.19
DLR DLR 0.23
TUDF TUD 0.13
TUG TUG 0.17
TUM TUM 0.08

312. TEMPORAL EVOLUTION OF THE ORBITS COMPARISONS

Figure 3-2 shows the temporal evolution of the orbit comparisons [3D RMS] between all Sentinel -1A
orbit solutions provided by the different QWG centres and the combined orbit solution. A summary of
these orbit comparisons can be found in Figure 3-3 and Table 3-3, where the mean oft  he daily RMS is

calculated not only for the 3D RMS but also for other satellite components.
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Sentinel-1A: ALL vs. COMB [3D RMS]
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Figure 3-2: Sentinel -1A orbit comparisons i Allvs. COMB [3D RMS; cm]
Sentinel-1A: ALL vs. COMB
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Figure 3-3: Sentinel -1A orbit comparisons i Mean of daily RMS [cm] (All vs. COMB [radial,
along, cross and 3D RMS])
Table 3-3:Sentinel -1A orbit comparisons i Mean of daily RMS [cm] (All vs. COMB)
Orb ompa 0 ea da R
Orb e e O pone
0, 0, - -
AING AlUB 0.15 0.15 0.17 0.27
AIUB AlUB 051 0.22 0.17 0.58
CPOD CPOD 0.37 0.49 0.35 0.72
CPOF CPOD 0.26 0.27 0.17 0.42
DLR DLR 0.24 0.24 0.15 0.39
GFz GFz 0.43 0.63 0.42 0.89
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Orbit Comparisons (Mean of daily RMS [cm])

Satellite component

Orbit
Solution

Centre

TUDF TUD 0.64 047 036 0.90
TUG TUG 0.23 0.36 0.26 0.50
TUM TUM 0.43 0.46 0.51 0.80

The Sentinel -1A orbit solutions generated by the CPOD Service show a performance in line with the
results obtained on the other solutions.

313. GEOGRAPHICAL ANALYSIS

Figure 3-4 shows the 3D RMS orbit comparisons calculated on the previous subsection projected on an
equi -rectangular map plot. Each cell of the map contains the mean value of all orbit comparisons falling
on this cell during the reported period .
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314. SPECTRAL ANALYSIS

Figure 3-5 shows the FFT of the 3D RMS orbit comparisons calculated on the previous subsection.

Sentinel-1A: AING vs. COMB [3D RMS error]
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T Average of the 3D RMS orbit comparisons

Sentinel-1A: AIUB vs. COMB [3D RMS error]

20 20
15 4 15 +
m m
] ]
Z 1.0 4 2 104
= =
& &
3 Q
= =
05 0.5
0.0 T T 0.0 4 T T
0 1 2 3 4 5 6 7 9 4 5
Period [h] Pericd [h]
o et Sentinel-1A: CPOD vs. COMB [3D RMS error] o et Sentinel-1A: CPOF vs. COMB [3D RMS error]
15
m ¥
h=1 =
2 2 10+
£ 3
& &
2 E
= =
0.5 o
T T 0.0 - T u
4 5 o 4 5
Period [h] Period [h]
2o et Sentinel-1A: DLR vs. COMB [3D RMS error]
15
m
°
2 104
(=
&
2
=
05 4
0.0 T T T T T T
0 1 2 3 4 5 6 7 9
Periad [h]
CPOD3 O GMV 2023 ; all rights reserved Copernicus POD Regular Servic e Review Jan - Apr 2023
















































































































































































































































































































































