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Using GNSS clocks estimates in DORIS
Processing

Specific architecture of GNSS/DORIS receivers: the GNSS receiver clocks is driven by the DORIS USO.

Only a polynomial clocksmodel can be estimated from DORIS observations.

Epoch-wise clockscorrections can be estimated from GNSS observations.

GNSS-derived clockscorrections enable the identification and correction of short-term USO instabilities that
cannot be captured by the standard DORIS clocks model.

The behavior of the DORIS USO can therefore be monitored using GNSS data.

Applicable to Sentinel-3A/B, Sentinel-6A/B, and future satellites with the same receiver architecture.
Particularly effective for detecting, characterizing, and mitigating the impact of the South Atlantic Anomaly

(SAA) on USO stability.



Clocks RINEX from GNSS processing

» Software: Bernese 5.3 modified
» Observations: S3-A/B: GPS only, S6-A: GPS + Galileo
» GNSS products: CODE final GNSS satellite orbits, GNSS clocks (5 sec sampling), biases, and ERP
parameters
» Ambiguities: Fix to integer values

» Model
» |ERS 2010 conventions
» Origin: CoN
» Ocean loading: CoN
» Attitude: Quaterninions
» Radiation pressure: Box-wing and 1-rev empiricals in along and cross-track directions

» Data span and sampling for Sentinel clocks
> S3-A/B data from 2023 10 sec
» S6-A data from 2023 30 sec

» GNSS clocksRINEX (polynomial model + epochwise corrections data inconsistencies)
» Missing intervals
» Short data gaps (to be interpolated over)
» Outliers
> Jumps



,,Hlstorlcal“ experiment on 2018.5-2019.5 data

Stépanek, P.; Bingbing, D.; Filler, V.; Hugentobler, U., 2020. Inclusion of GPS clocksestimates

for satellites Sentinel-3A/3B in DORIS geodetic solutions, JOURNAL OF GEODESY, 94:116,
DOI : 10.1007/s00190-020-01428-x

e USO frequency bias in ps/s

* Different sign of the effect for both Sentinels

* Differences in direct effect, recovery and memory effects
4

Sentinel-3A

Sentinel-3B
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Clocks preprocessing chart

Outlier Interpolation Jump
removal over gaps removal

'

Smoothing

Moving window, Typically several jumps /
Length dependent day.

on satellite/solution  We are interested in
clocksdrift,

SO jumps can be removed

clocks
relative to

Extraction

To Bernese format

(cubic polynomial)
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Residual RMS — change when using GNSS clocks

Sentinel-6A, smoothing level:9
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Sentinel-6A, smoothing level:3
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Residual RMS — change when using GNSS clocks(2)

Sentinel-3A, smoothing level:21
Residual RMS change +3.0%
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Sentinel-3A, smoothing level: 5
Residual RMS change +3.5%
(whole network)
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Residual RMS - change when using GNSS

clocks(3)

Sentinel-3B, smoothing level:9 Sentinel-3B, smoothing level:3
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Sentinel-3A positioning

Single satellite solution
Differences vs DPOD 2025

Significant reduction for SAA stations when GNSS clocks applied
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Sentinel-3B positioning

Single satellite solution
Differences vs DPOD 2025

Differences lower than for Sentinel-3A

Sentinel -3B without GNSS clockscorrections

Sentinel -3B with GNSS clockscorrections
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Sentinel-6A positioning

Single satellite solution
Differences vs DPOD 2025
Only 6 weeks

Significant reduction for SAA stations (except KRWB)

Sentinel -6A without GNSS clockscorrections Sentinel -6A with GNSS clockscorrections
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Differences between single satellite solutions

Station coordinates differences between single satellite solutions
Sentinel-3A vs Sentinel-3B
Very significant reduction for SAA stations when GNSS clocks applied

without GNSS clockscorrections with GNSS clockscorrections
160
M Latitude ® Longitude 160
140
140
120 M Height
120
M Latitude
100 100
M Longitude
80 E g0
E M Height
60 60
40 40
20 I I 20 I
el ml. mm= _ENE ll ml_ I
(T Il sil BN. i 0
ARFB ASEB CADB HEMB KRWB LAOB SvJC ARFB ASEB CADB HEMB KRWB LAOB svic

IDS Workshop, Wiesbaden 2026 12



Positioning —whole network

Sentinel-3A improvement for Latitude and Longitude
Sentinel-3A — higher level of smoothing — best performance
Sentinel-3B improvement for all components

Sentinel -3A Positioning RMS vs DPOD 2020 Sentinel -3B Positioning RMS vs DPOD 2020
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Weekly station coordinates repeatability 3D

Sentinel-3A improvement for all the SAA stations except KRWB

Sentinel-3B improvement for all the SAA stations
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Pole coordinates estimation

Sentinel-3A — improvement in Yp Mean and Xp RMS
Sentinel-3A — higher level of smoothing — best performance

Sentinel-3B — improvement in Xp and Yp RMS
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Conclusions

Determining the optimal smoothing level (higher for Sen-3A)

Improving positioning characteristics for SAA

Residual reduction for major SAA stations

Sen-3A: Residual increase outside the SAA area when applying GNSS
clocks

Sen-6A results should be considered preliminary

Excellent agreement in Sen-3A and Sen-3B positioning when GNSS clocks

Outlook

Other GNSS clock solution, 5 sec sampling if available, less gaps if
possible

Noise in Sen-3A GNSS clocks series — can be reduced?

GNSS clocks applied only in SAA area or for SAA stations?

Correct Jason-3 observations profiting from the temporary tandem mode
(Sentinel-6A and Jason-3)
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