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GGOS objectives

Accuracy: 1 mm
Stability: 0.1 mm/yr

[Plag, H.-P. and Pearlman, M. 2009]

Laser Ranging

Range measurement
Scale factor
Geocenter coordinates

Systematics errors

Range Bias and Time Bias
[Appleby et al., 2016], [Belli, PhD, 2017], [Exertier et al., 2017]

ILRS recommendations

Synchronization at +/- 100 ns wrt
UTC

[Pearlman, M., et al. 2002]




Jason-2

Oceanographic satellite
06/20/2008 - now
1336 km, i=66° T~ 110 mn

T2L2 + LRA [samain, et al. 2008]

e Time Transfer by Laser Link

e Optical Time transfer
 Remote clocks synchronization
* Time biases determination




Common View Time Transfer

On-board oscillator instabilities neglected

Accuracy: 150 ps

[Exertier et al., 2014]

Stability: ~ ps @ 75 s

[Exertier et al., 2010]

Non-Common View Time Transfer

On-board oscillator instabilities took into account
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Integration of an on-board model for the oscillator

Accuracy: +/- 5 ns
[Belli, PhD, 2017], [Exertier et al., 2017]

Compared to GPS: 0.2 ns

[Samain et al., 2017 (submitted)]



A station linked to UTC/TAI as reference:

+/- 5 ns UTC

e (Calibration (antenna, cables...)
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Dealing with Time Biases

Complete calibration (cables, time distribution, antenna (GPSDO))
Stability of the clock (e.g., free running oscillators)

Event timer (good resolution = ps)

Improwse Adapt. Overcome g

Following continuously Time Biases

Every changes on the technology should be noticed
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Effects on geodetic products

e.g. 2013-2014

P.O.D Starlette (R.M.S)
P.O.D Jason-2 (mean)

e Global: 0.3-0.5 mm
e Along-track: 4 mm
 Cross-track: 2 mm
e Radial: 1 mm

P.O.D Lageos 1 & 2 (R.M.S)

 Negligible: <1 mm

DORIS Time bias improvement

* Accuracy: 1 s

15



Resiuals w/wo Time Bias (8834)

Difference [m]
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Conclusions

New method thanks T2L2 to determine Time Bias

Direct and independent of the orbit calculation

First intercontinental and optical time transfer. Accuracy =5 ns
Compared to GPS at 0.2 ns (2016 Campaign)

Non negligible effects on orbit components and on the station coordinates

us Time Bias = mm effects
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Thank you for your attention !
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http://www.geoazur.fr/t212/en/data/v4/
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