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Goals of the presentation

We dedicated a whole new method in order to determine Time Biases in Laser
Ranging stations

We used the Time Transfer by Laser Link (T2L2) experiment for 8 years
Main goals :
* Synchronize the whole network at +/- 100 ns from the UTC (ILRS
recommendations)

Pearlman, M., et al. 2002. The international laser ranging service. Advances in Space Research

* Have a network accurate at 1 mm and stable at 0.1 mm/yr

Plag, H.-P. and Pearlman, M. 2009. Global geodetic observing system Meeting the requirements of a global society on a changing planet in 2020. Springer
Science & Business Medlia.

The effect of Time Bias on geodetic products (orbit, coordinates) ?

ILRS-Riga-Latvia-2017-Technical Workshop : Alexandre Belli et al. « From Time Transfer by Laser Ranging to space Geodetic products »



The Time Transfer by Laser Link (T2L2) experiment

Jason-2, oceanographic satellite :
* Launched the 06/20/2008

e At an altitude of 1336 km

* Orbit of 66

e Orbital period ~110 min

Passengers :
e LPT
* CARMEN-2

Bezerra, F et al. 2011. Carmen2/mex : An in-flight laboratory for the observation
of radiation effects on electronic devices. In Radiation and Its Effects on
Components and Systems (RADECS).

e T2L2

Samain, E., et al. 2008. Time transfer by laser link—the t212 experiment on jason-
2 and further experiments. International Journal of Modern Physics D.

Jason-2

Radiomeétre

T2L2 + LRA

T2L2 offered a time colocation on-board and
with the ground network (SLR stations).

Time Transfer by Laser Link
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Common View and Non common view Time Transfer

Common View Time Transfer Non-Common View Time Transfer

The on-board oscillator stability could be neglected The on-board oscillator stability should be take into account

o of

Based on the integration of an on-board model for the
Accuracy at 150 ps oscillator (when T2L2 is not observed)
Exertier, P.,, et al. 2014. Time transfer by laser link: data analysis and validation to the ps level. Accu racy +/_ 15 nsto 5 ns (using Grasse as master Station)

Advances in Space Research, 54(11), 2371-2385.
Stabili o 75 Compared to GPS at 0.2 ns

tabl Ity at PsS @ S Samain E., et al., 2017, (submitted), Time Transfer by Laser Link (T2L2) in non common view
Exertier, P., et al. 2010. Status of the t2/2/jason2 experiment. Advances in Space Research. between Europe and China.

DORIS : Precise Orbit Determination and Applications to Earth Sciences.
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Ground technologies and Time Biases

. p

Cross,axis

o We need a reference (A station linked to UTC/TAI)

Samain, E., et al. 2015. Time transfer by laser link : a complete analysis of the
uncertainty budget. Metrologia.

GPS receiver _ o _
Laas-Bourez, et al. 2013. Time and frequency distribution improvement in

calern/geoazur laboratory for t212 campaigns. In European Frequency and Time
Forum International Frequency Control Symposium (EFTF/IFC).

Laser
calibration

T&F labo.
I

Grasse master station 2 TB monitored +/- 5 ns UTC

T&F reference point I Time Bias included :

| e Stability of the clock
* Calibration (antenna, cables...)
e Event timer (ns, ps resolution)
* Manual operation, changes...

Cables

E(t)i — UTC(t) + TBl
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Method, results for 2013 and impact on geodetic products (P.O.D, station coordinates)
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Abstract

Time transfer by Laser Ranging (LR) recently demonstrated a remarkable stability (a few ps over ~1000 s) and accuracy (<1 ns) in
synchronizing both space and ground clocks over distances from a few thousands to tens of thousands kilometers. Given its potential role
in navigation, fundamental physics and metrology, it is crucial that synergy between laser ranging and Time&Frequency (T/F) technolo-
gies improves to meet the present and future space geodesy requirements. In this article, we examine the behavior of T/F systems that are
used in LR tracking stations of the international laser ranging service. The approach we investigate is to compute time synchronization
between clocks used at LR stations using accurate data of the Time Transfer by Laser Link (T2L2) experiment onboard the satellite
Jason-2 (Samain et al., 2014). Systematic time biases are estimated against the UTC time scale for a set of 22 observing stations in
2013, in the range of zero to a few ps. Our results suggest that the ILRS network suffers from accuracy issues, due to time biases in
the laser ranging observations. We discuss how these systematic effects impact the precise orbit determination of LAGEOS geodetic satel-
lites over a 1-year analysis, and additionally give a measure of the local effect into station coordinates, regarding in particular the effect in
the east-west component that is of 2-6 mm for a typical systematic time bias of one ps.
© 2017 COSPAR. Published by Elsevier Ltd. All rights reserved.
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Time Biases : Overview and remarks

Involved Stations id :
To perform T2L2 calculation, we need full rate data !
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1889

2016-2017

1893 2011 (5 mths)
1874 2010-2017
N L 2002007
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Grasse (Master station)
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Yarragadee
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On-line website

http://www.geoazur.fr/t212/en/data/v4/
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Date ( clikaf?)srsZ'é:ph) Start End Shots nb Triplets nb E(:‘;:,guyvxf)‘ 0‘;:3;: ‘t‘l':; '(‘”“s‘;“s ps
54740 01/10/2008 1 [ 18:08:44 18:11:17 205 150 27.556 +0.0883 30.000
54740 01/10/2008 2 20:06:27 20:08:18 86 83 22.988 0.1027 31.003
54743 04/10/2008 1 17:24:19 17:24:47 68 53 4779 70,0850 30310
54743 04/10/2008 2 [ 212129 2121:57 23 20 2.501 +0.1097 34411
54743 04/10/2008 3 23:16:35 23:23:15 509 285 6.580 +0.0983 28712
54744 05/10/2008 1 01:11:45 01:16:13 480 432 36348 +0.0785 28.927
54744 05/10/2008 2 13:52:39 13:55:09 61 56 6016 70,0983 26.644
54744 05/10/2008 3 [ 15:49:23 15:53:54 192 119 6.549 70,0991 29.479
54773 03/11/2008 1 11:13:12 11:15:10 253 182 21251 0.1330 0.071
54773 03/11/2008 2 19:07:20 19:09:00 30 20 24714 +0.1183 0.106
QATTA nNA11MYNNR 1 I n7.81.27 N7T-N8.NK |Q |1 A 101 2N 1741 n nA7
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How to deal with Time Biases ?

e Stations need to do a complete calibration, which include cables, time
distribution, antenna (GPSDO)...

e Control the stability of the clock, avoid free running oscillators

* Have an event timer with a good resolution

* Time Biases need to be follow continuously

* Every changes on the technology should be noticed, any change will lead to an
inevitable Time Bias
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Effects on geodetic products

Jason-2 SLR+DORIS POD: nominal-T2L2 corrected orbit difference

—*+radial
—“=-cross-track
7 along-track
Work in progress.

5 Effect of Time Biases on the Jason-2
POD.

RMS (mm)

2013 2013.1 2013.2 2013.3 20134 20135 2013.6 2013.7 2013.8 20139 2014
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Effects on geodetic products

P.0.D (along-track component) Est-West component for laser station | DORIS Time Bias improvement
For Jason-2 (1336 km) (uni-satellite solution) (accuracy)

Several mm 2-3 micros = 6 mm 1 microseconds

Several studies in progress, see OSTST 2017 and AGU Fall meeting 2017

Keep in mind :

Microseconds Time Bias lead to mm effects on geodetic products
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Conclusions

 We develop a complete new method thanks T2L2 to determine time bias

* This method is direct and independent of the orbit calculation

* First demonstration of optical time transfer in non common view
(intercontinental) at the level of 5 ns

* For ~30 laser stations, 8 years of data available, will be included in Data Handling
Files

e Accuracy at +/- 15 ns

 Compared to GPS at a level of 0.2 ns (2016 Campaign)

* Non negligible effects on orbit components and on the station coordinates

Thank you for your attention !
belli@geoazur.unice.fr

http://www.geoazur.fr/t212/en/data/v4/
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