() @ @
2%2 [ Progress on DORIS Clock Correction Strategies from the IDS WG | e
Hugues Capdeville (1), Adrien Mezerette (1), Théo Gravalon (1,2), Jean-Michel Lemoine (2,3), Guilhem Moreaux (1), John Moyard (2), Flavien Mercier (2,3), Alexandre E
qgéﬁiﬁiiﬁﬁijm Couhert (2,3), Mara Guaini (5,6), Barath Gunasekaran (5), Urs Hugentobler (5), Patrick Schreiner (7), Anton Reinhold (7), Carlos Fernandez Martin (8}.
. . . . Helmholtz-Zentrum
o (1) CLS, Collecte Localisation Satellites, Ramonville Saint Agne, France ;56)) g;.ll\jg CC::I.ICCCZI Lij:il\:/:rrssiIt?/oO]{LgZ Z%Z;}fgg::gk '///Z CrZ: seciorsehing DTU
k[ S o S A 2ol enve o Gansieces Obrfofonoencermary TNV TUM 23

Introduction

The DORIS Ultra-Stable Oscillators (USO) on board altimeter satellites are perturbed when crossing the South Atlantic Anomaly (SAA), where they exhibit rapid variations in oscillator frequency and, consequently,
phase measurements. SAA-induced USO perturbations affect derived products such as station positioning in the SAA region and, to a lesser extent, precise orbit positioning.

Fortunately, recent satellites such as Sentinel-3A/-3B, and Sentinel-6 MF are equipped, in addition to the DORIS receiver, with a GNSS receiver connected to the same DORIS USQO. It is then possible to correct the
clock of DORIS observations using estimated GNSS clock corrections. The IDS Clock Working Group aims at exploring this possibility for current DORIS satellites and in preparation for the upcoming Genesis mission.
Some results of the working group will be presented in terms of characterization of the DORIS USO frequency excursions in relation with the Earth’s radiative environment, correction of the DORIS clock through the link
with the GNSS receiver, impact of the corrected clock on satellite and station positioning, expected radiative environment at the altitude of the future European geodetic mission Genesis.
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« Trapped protons in the Van Allen Belts affect the frequency of the onboard Ultra Stable
Oscillator (USO).

« SPENVIS (SPace ENVironment Information System) is an integrated platform
developed by ESA to model the space environment based on a set of models. =5

* Flux of trapped protons with energies above 50 MeV are displayed in the left figure for
the height of the Sentinel-3 orbit based on the SPENVIS AP-8 model.

 The frequency variations of the USO can be compared with the modelled proton flux
from SPENVIS and with the proton flux measured by the MEPED (Medium Energy
Proton and Electron Detector) on MetOp.
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d Proton Flux at Genesis Orbit
« The Genesis-1 satellite will fly a DORIS receiver and is equipped with an USO. el e _

« The right figure shows the expected flux of trapped protons with energies above 50 _M i
MeV for the orbit height 6000 km of Genesis.
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Genesis DORIS tracking data. Flux of trapped protons (E > 50 MeV) at height of Sentinel 3 Flux of trapped protons (E > 50 MeV) at height of Genesis orbit
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RMS of fit (in mm/s) per DORIS stations from GRG POD processing
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| ] Time series of DORIS coordinates wo and w correcting the SAA stations. After removing
' ' : the long-term trend, we compare the residual noise levels (STD) in NEU components.
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= The integration of Sentinel GPS clocks significantly reduces the non-
| | | 1 physical drift in time series and the positioning residual standard
o n T deviation (STD) for stations located in the SAA area. Unlike Sentinel-6A,
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Conclusions

- Measurements of a GNSS receiver connected to the DORIS USO allow a detailed monitoring of the frequency variations in the SAA.

- ESA's SPENVIS tool and MEPED measurements from MetOp allow the analysis of the USQO frequency as a function of proton flux.

- Genesis will orbit in a harsher radiation environment. Apart from a good shielding of the USO it is essential to monitor the frequency behavior of the USO using GNSS measurements and to apply corresponding
corrections to the DORIS measurements.

- External clock corrections implemented at GFZ effectively reduce SAA-related systematics in the DORIS residuals, while affecting the overall orbital fit only at the sub-millimetre level. The effect on station coordinate
repeatability is not uniform; ongoing analyses aim at further optimization.

- The integration of Sentinel GPS clocks by CNES/CLS helps to mitigate the RMS of fit from POD processing for DORIS stations located in the SAA region, for both Sentinel-3A and Sentinel-3B and as for Sentinel-6A
show in a previous study. And significantly reduces the non-physical drift in the coordinate time series for stations located in the SAA region and the standard deviation (STD) of positioning residuals.
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