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GNSS

O The 17 available Galileo satellites are included in the GRG solution
(1 mono-frequency, 4 in validation process)

Orbit quality has reach the level of GLONASS constellation (4 cm
3D-WRMS)

We focus now on undifferentiated Galileo phase measurements
ambiguity fixing on the Wide-Lane (80 cm)

A prerequisite is however a “reasonable” (daily) stability of the
satellite “hardware” biases.

After investigation, we have observed that these biases are
even more stable than for the GPS constellation

In addition all IGS GNSS receiver agree at the level of 0.08 cycles
when observing these biases

Next step: fixing Narrow-Lane (11 cm) ambiguity and make IPPP
with Galileo data
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GNSS
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Galileo Wide-Lane Satellite Biases observed from the MGEX network observations.
FOC satellites biases are even more stable than the 4 10V over 50 days.
From Katsigianni et al. 2017 =
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GNSS

O Delivery of the Galileo metadata by ESA

O Bow&wing data, antenna thrusts and attitude laws of IOV and FOC
satellites have been implemented and tested in an experimental
version of the GINS software

O As an example, we illustrates the impact of using an improved
attitude model by comparing the (de-trended) clock solution of PRN

EO02 satellite.
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De-trended clock solution of E02 Galileo satellite using a yaw-steering attitude

law (black) and the model provided by ESA (red) during an Earth shadow crossing
(Beta=1.7°). The red curve is certainly closer to the real behavior of the atomic

clock than the black one. -
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DORIS/IDS

Traitements

O Nouvelle loi de phase mesurée sur les antennes stations STAREC (utilisation
généralisée en 2015 - pas utilisée pour I'lTRF2014). Induit un biais de facteur
d’échelle de I'ordre de 12 mm

d Renoncement a utiliser la datation PANDOR (par rapport a la datation DIODE) : le
gain de précision n’était pas suffisant pour justifier les dépenses induites

L Utilisation des mesures RINEX : la mise en place dans tous les CA a été laborieuse
(~ 2 ans) malgré les efforts déployés pour faciliter la transition

 Correction relativiste de fréquence : la formule classique utilisant le terme central
du potentiel est insuffisante. Il faut tenir compte du J2.

Actions

L Utiliser la loi de phase nouvellement mesurée sur les anciennes antennes ALCATEL
(données 1992 — 2002)

O Travailler sur des modeles de correction de la SAA pour la plupart des satellites
sensibles (cf. travaux de A. Belli, P. Exertier et F. Mercier)

O Approfondir le traitement de la mesure de phase

»
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DORIS/SAA

Différences entre les solutions Jason-2/Jason-3/Sentinel-3A and la solution Cryosat-2
(NEU)

Comme I'OUS Cryosat-2 n’est pas affecté par la SAA, cette solution est prise comme
référence.

Moyennes sur 30 semaines (du 21/02 au 24/09/2016)

Jason-2 (in cm) Jason-3 (in cm) Sentinel-3A (in cm)
North East Up | North East Up North East Up
3.9 4.5 82 7.2 3.2 21 1.4 0.2

Cachoeira -1.8
Arequipa -1.6 4.2 85 -2.4 10.7 19.1 1.2 -1.1 1.4
Kourou -2.4 -1.3 03 -6.8 0.6 4.0 0.8 1.1 0.1
Ascension 0.8 -6.0 56 1.7 -2.2 14.4 1.2 -0.6 -0.2
SaintHelene 5.1 -1.8 19 9.9 -6.5 9.7 0.2 -0.9 -2.2
Tristan =2.3 0.2 -2.1 -2.9 -0.1 -2.3 -0.2 -2.0 1.3
Le Lamentin  -0.7 -04 42 -2.8 -1.9 -6.2 1.2 0.3 -1.0
Libreville -3.8 -1.1 2.7 -7.2 0.4 9.2 1.0 0.5 0.1
Yarragadee -1.5 -04 03 -1.4 04 -0.3 0.9 03 1.0
Thule 1.6 -0.5 -0.1 2.8 1.1 =12 -0.2 1.2 -1.9
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Fig. 4. Radiation model of the DORIS/USO frequency applied over
1 day. Each peak is a passage of Jason-2 through the SAA area; the

healing process 1s assumed to be 8 min.
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Time biases in laser ranging observations: A concerning issue of Space Geodesy,
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Fig. 5. Full model (dot line): Frequency variations under temperature and
radiations without aging over 15 days (January 2013); the step size is one
minute. Black squares correspond to the relative frequency biases
determine by T2L2 (derivated ground-to-space time transfer) from SLR
stations. The x-axis are days from the beginning of the mission and y-axis

is a relative frequency bias in 10"

P. Exertier, A. Belli, J.-M. Lemoine, Adv. In Space research, 2017
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GRACE DATA AVAILABILITY

L1B data Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2002
2003
2004
2005
2006
2007
2003
2009
2010
2011
2012
2013
2014
2015
2016

2017 [ ]

Following JPL RLO2 L1B products are publicly available (green). June and July 2002
and June 2003 (red) are not provided due to accelerometer problems. For several
months a significant number of Level-1 data is not available (blue)

For several months sufficient K-band data are available to produce a monthly
solution, but had to be used on GRACE-B.
These months are marked in : /
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RLO4 TIME-VARIABLE GRAVITY FIELD MODELS

The inversion procedure is done in 2 steps:

 First step (to get solution not depending on the a priori model)

- Cholesky’s inversion method from degree 2 to degree 80, constrained
(according to the Kaula’s rule) toward the a priori model from degree 11 + some
additional constraints for sectorial (and 2 side-bands) coefficients as well as for
resonance order 46.

(d Second step (to avoid post-filtering)

- Inversion by SVD

- “Soft” truncation from the 961°t eigenvalue (equivalent to
degree/order 30) by smoothing to 0 the eigenvalue inverses up to ~90% of the
total power.
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SPHERICAL HARMONIC MODELLING

Equivalent Water Heights comparison [degree 2 to 90)
16.monthly. 200703.H_0.VI_RLO3VZMSEV.cl_gins G_ONLY.VI_k18_cholsvd088_contE
Reference: EIGEN-GRGS.RLO3—v2.MF MSE

min-46.75 cm / max 49.29 cm / weighted rms 6.87 cm / oceans 4.68 cm

Equivalent Water Heights [cm)
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SURFACE MASS MODELLING

Equivalent Water Heights comparison (degree 2 to 90)
HSMS06.monthly.200703.0.ct_gins_G_ONLY .svd500_2_25.mascons_1000.she
Reference: EIGEN-GRGS. RLO3-v2 MF MSE

min-53.53 cm / max 49.51 cm / weighted rms 5.90 cm / oceans 3.02 em

Equivalent Water Heights (cm)
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GRGS RLO4 TIME VARIABLE MODELS

Mean and RMS over oceans
RLOZ-v3 vs RLIM (reference model includes vearly drifts)
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MODEL ASSESSMENT OVER CERTAIN AREAS

Quality assessment can be made:
1. Inareas with no or very little mass variations: Sahara and Gobi deserts, East

Antarctica, South Pacific
In comparison with altimetry over large water stretches: the Caspian sea

2.

East Antarctica
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Caspian sea: 371 000 km?

Gobi desert: 1.6 Mkm? South Pacific 6.7 Mkm? /
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MODEL ASSESSMENT

Example over the Sahara desert:
By dividing the surface in 2*2 deg. blocs (<& degree/order 90), then averaging in
blocs of larger size up to 20 deg.*20 deg., an estimate of the noise as a function
of the wavelength can be obtained.
Different time-varying gravity models are compared spectrally in this way from
100 km to 2200 km.

Noise level of GRACE monthly solutions

evaluated over the Sahara desert
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MODEL ASSESSMENT

1

Example over the Caspian Sea: N\\J’\ = GRGS
Once corrected for the steric effect, altimetry time serles L ! Ak RLO3
can be compared to the GRACE solutions in EWH. LR

5\ . In green: the original GRACE time -

series in EWH

002

In red: the original altimeter time |
it series (from Hydroweb)
Shogzabo _In blue: the GRACE time series
i - ~ scaled to fit the altimeter time : .-
-rié;; zerbaidjan®Faxou . i -
"::Hdé/ m SerleS 4]‘54: T E‘;:‘1\ﬁ\:—_rilnrwn'i:;\§
- ..—rludbk‘\|fL ;IN.\\.I|H.‘\ |
S The quality Of the GRACE Solutions 2002 | 2004 2006 2008 Yw:,‘-“” 2012 4 2006
it can be assessed by 2 parameters: - |
e The scale factor s W
e The correlation coefficient
o |ﬁ ]
Both should be as close to 1 as possible ﬂ; -
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COMPARISON WITH ALTIMETRY

+ Correlation

O Scale factor
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GRACE ALTITUDE AND INTERSATELLITE DISTANCE

GRACE satellites

Altitude and interdistance
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AND...

Mass variation OBserving system by high-Low inter-satellitE

links, Call for Proposals for Earth Explorer Mission EE-10, 2018
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Martian Moons eXploration
Trajectory analysis for the
Phobos proximity phase of the
MMX mission, Elisabet
CANALIAS, Laurence LORDA,
Thierry MARTIN, Julien
LAURENT-VARIN, Jean-Charles JAXA/CNES
MARTY, Yuya MIMASU, 2017

MMX, 2024

-

Telecom

R L8

Le projet d’OGF a Tahiti

Rapports 2017
- RFI Site Survey at Tahiti Nui Telecom , 27 Feb — 3 March 2017,

CNES-ESA-NASA-IGN-TNT d/
- Setting up a new geodetic observatory at Tahiti Nui Telecom,

R Biancale et al.
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