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Status of CNES/CLS IDS Analysis Center

O Status of the routine DORIS data processing

We processed DORIS data until Sept. 2023 (Serie GRG53) and provided to IDS Combination Center.
we apply SAA mitigation strategy on Sentinel-6A and HY-2C
we use cnhes_grgs_rl05 gravity model
we use DPOD2020 as apriori

We provided Sentinel3-A&B and Sentinel-6A orbits to CPOD QWG until Sept 2023.

O AC studies

Analyses of the CNES/CLS IDS AC solutions (multi-satellite and single satellites solutions)
Impact of increased solar activity on POD

In progress:
Introduction of the SWOT satellite in our processing chain

Determination of quaternions (BUS+solar panel) files for HY-2C and HY-2D satellites in ORBEX format
Evaluation of DPOD2020 version 2 with annual and semi-annual terms
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Origin and scale from single satellite solutions

0 Comparison of each solution to DPOD2020 (computed by CATREF)
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Origin and scale from single satellite solutions

0 Comparison of each solution to DPOD2020 (computed by CATREF)
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Origin and scale from single satellite solutions

0 Comparison of each solution to DPOD2020 (computed by CATREF)
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Origin and scale from single satellite solutions

0 Comparison of each solution to DPOD2020 (computed by CATREF)
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Origin and scale from single satellite solutions

0 Comparison of each solution to DPOD2020 (computed by CATREF)

T : Tz from single satellite solutions

nclination | Altitude

SATELLITE (degree) 100® | T | T | T A
92 717

80 » Saral has a small bias
- \ | - (offset in normal direction
“ 98.65 750 60 I \ M M i of DORIS COP?).
40 . | AI\ i" 1 .
m 66.04 1336 i ' | =Thereis 118 days
20 | \ _ | signature for Jason-3 and
m 98.65 . FIE: ' | - for Sentinel-6A (stronger
§~ U i — on Jason-3).
L ¥ 1 N
B B ' | | | q%
m 66.04 1336 -0 ! ' 'IV ' T I " [— CRYOSAT2
B —— SARAL
-60 JASON-3
66 971 - SENTINEL-3A
—— SENTINEL-3B
-80 —— SENTINEL-6A
~ — HY-2C
- 66 971 1008 . | , | — HY-2D g Ak
2021 2022 2023 m— (GRGS53 (Multisat) CLS

Year



Impact of increased solar activity on POD

d DORIS RMS of fit

= Sentinel-3A (from Jan. 2021 to Sept. 2023)
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= Sentinel-6A (from Jan. 2021 to Sept. 2023)
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» The DORIS RMS residuals for Sentinel-3A increase significantly from early 2023 like the solar flux.

= For Sentinel-6A, the correlation is less clear.

01-23
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Impact of increased solar activity on POD

0 OPR Acceleration Amplitude (along-track)
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» For Sentinel-3A, there is a degradation in the along-track amplitude from early 2023 as the solar flux increases. 0e

= We see no impact for Sentinel-6A which has a higher amplitude. CL
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Impact of increased solar activity on POD

O Comparison to external orbit
Weekly RMS orbit differences (in cm)

= Sentinel-3A (from Jan. 2021 to Sept. 2023) = Sentinel-6A (from Jan. 2021 to Sept. 2023)
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» For Sentinel-3A, the agreement between GRG orbit and external orbits deteriorates as the solar flux increases.

» For Sentinel-6A, the agreement between GRG orbit and external orbits is similar over the entire period (~0.7 cm RMS), even
when the solar flux is higher. Eﬁé
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Impact of increased solar activity on Tx ?

0 Comparison of each solution to DPOD2020 (computed by CATREF)
Tx from single satellite solutions
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= As shown by the IDS CC, there is a jump in March 2023, also present in the single satellite solutions (more or less strong
depending on the solution). The jJump is more obvious for lower satellites (like Saral and Sentinel-3B). e

= This could be due to the impact of increased solar activity. s



Introduction of SWOT in GRG processing chain

= |atest additions:
Macromodel available at: https://ids-doris.org/documents/BC/satellites/DORISSatelliteModels. pdf
Attitude: Quaternions
Nominal attitude law not yet
implemented

OPR amplitude average (10° m/s?

SATELLITE Radial orbit RMS
difference (mm)

Along-track Cross-track )
with POE-F

= Preliminary results:
Few results, due to the lack of quaternions.

0.382 3.5 2.8 11
The Igvel of DORIS residuals, and the OPR Sentinel-3B 0.401 3.4 26 11
amplitudes are good.
Sentinel-6MF 0.371 1.9 2.7 6.5
The agreement with POEF is also good,
around 8.5 mm RMS for radial orbit difference. HY-2D 0.370 2.6 2.1 7.3
SWOT 0.380 2.9 3.8 8.5
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https://ids-doris.org/documents/BC/satellites/DORISSatelliteModels.pdf

Attitude exchange using ORBEX

%=0RBEX ©.09

d ORBEX provides information on the satellite orientation B e ne A
DESCRIPTIOMN

O Orientation given using the quaternion representation EETELLY

QO Widely used in the GNSS domain CONTAET
TIME_SYSTEM
START_TIME
ENDT'IME_ -

O Meta data in header: Ee

= EPOCH_INTERVAL : the spacing between each epoch ORBIT TYPE

LIST_OF_REC_TYPES

= TIME_SYSTEM: TAI, UTC, GPS -FILE/DESCRIPTION
» FRAME_TYPE: INE (inertial), ECEF (Earth-Centered, Earth-Fixed)

O Key/value pairs for each epoch:
= ATT: gives the attitude quaternions in the

178684197

reference frame AT 02 . 116

Format description available online http://acc.igs.org/misc/ORBEX009.pdf CL
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Attitude exchange using ORBEX

0.09
1 ORBEX format was developed to describe GNSS satellites I; eTIN
JESLC : E'.I__'I._I_JCIE q:f;: _Err_'nlc-n-z.
 solar panels orientations are not part of the original format CREATION_DATE 262 ““111 2 13 28
which are useful when dealing with LEO satellites TIME SYSTEM e
STA M

CH_INTERVAL
YSTEM

-FILE/DES!

O Format extension for LEO satellites, 2 additional keys : *SATELLITE/ID_AND_DESCRIPTION
. . . . “SATELLIT /ID_AND DESCRIPTION
= SP1/SP2: gives the orientation of the solar panels in the +EPHEMERLS/DATA

*ATT RECO

satellite frame

13 14 00 60
SWOT 4
SWOT 4
SWOT 4
pe 30.
SWOT 4
SWOT 4
SWOT 4
a1 4.
SWOT 4
SWOT 4
SWOT 4
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Attitude exchange using ORBEX

O Our processing software GINS can read and generate ORBEX files for all DORIS missions.

0 HY-2C & HY-2D : we can produce ORBEX files to help implementing the nominal attitude law.

0 SWOT : we developed a python script to convert the original attitude NetCDF file into ORBEX.
If needed, we can share this tool.

COLLECTE OCASHTON SHELTES



Future work

= Continue to analyze Origin and Scale factor from single satellite solutions
= We plan to continue the evaluation of GRG orbits:

by comparisons to internal orbits with GNSS

by comparison to external orbits

by Independent SLR RMS of fit

by Altimeter crossover Cycles

= Define a strategy to mitigate the impact of the solar activity
» Finalize the introduction of SWOT in our processing chain
= To mitigate SAA effect introduction of GPS epochwise estimated onboard clocks
Possible with at least Sentinel-3A, Sentinel-3B and Sentinel-6MF.
= Finalize the implementation of the second order ionospheric correction for DORIS measurement.

Jalabert et al., 2018. Analysis of South Atlantic Anomaly perturbations on Sentinel-3A Ultra Stable Oscillator. Impact on
DORIS phase measurement and DORIS station positioning, Adv. Space Res.
Stépdnek et al., U., 2020. Inclusion of GPS clock estimates for satellites Sentinel-3A/3B in DORIS geodetic solutions, J. Geod. ac
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