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Objectif

� Illustrer le couplage géodésique au travers de l’équation 
de mesure GPS

� Confronter l’observation à la théorie 
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TRAJECTOIRES
DES SATELLITES  

- Modèles de force
- Moindres carrés
- Estimation des paramètres
d’orbite et géophysiques

GRAVITÉ, 
DEFORMATION ET 

ORIENTATION DE LA TERRE
- Forme de la Terre
- Marées
- Mouvement du pôle
- Rotation

GEOÏDE 

- Surface de référence
- Altimétrie
- Océanographie

ALTITUDE
- Dynamique
- Géométrique 

SYSTEME 
DE REFERENCE

- Ellipsoïde 
-Transformation de coordonnées
- Échelle de temps
- Tectonique

SYSTEME  DE 
POSITIONNEMENT PAR 

SATELLITE  

- GPS/DORIS/Laser
- Measurement modelling

Quantité Observée
versus

Quantité théorique
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� Préambule : impact de l’erreur d’orbite 
� Éphémérides des satellites 
� Corrections de centre de phase satellite 
� Équation de mesure 
� Coordonnées du marqueur géodésique
� Corrections de centre de phase récepteur
� Déplacement du géocentre
� PPP versus Double-difference
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Préambule : impact de l’erreur d’orbite 

A BA’

B’

1
1’

Orbit Error Orbit Error

Position Error

� Point Positioning : Orbit errors are projected onto 
position error
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SISRE, DOP and orbit error
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Differential positioning

�a/a = �b/b

Receiver A 
« control point »

Receiver B 
« remote point »

common error

Baseline b
a

a ~20.000 km

�a (radial) orbit error

b baseline

�b position error
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Differential positioning
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Géométrie des satellites

To scale

http://fr.wikipedia.org/wiki/Global_Positioning_System#Le_segment_spatial

Galileo (2013)
GPS
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Ephémérides et correction de centre de phase satellite
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Trajectoire du centre de masse des satellites

=> La matrice de passage entre les repères céleste et terrestre doit 
être considérée avec précaution
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Disponibilité des éphémérides des satellites GNSS

� Two kind of GNSS ephemeris exist today :

� “BROADCAST EPHEMERIS” transmitted as part of satellite 
navigation message

� “PRECISE EPHEMERIS” calculated by the International GNSS 
Service (IGS) and several space agencies, or institutions (NASA,
ESA, GFZ, MIT, NOAA, AIUB,…)
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Broadcast Ephemeris

� The broadcast ephemeris is decoded by all GPS receivers 
� It contains information that allow the GPS receivers to compute the Earth-

Centered Earth-Fixed (ECEF) coordinates of each of the satellites relative 
to the WGS84 datum

� The Keplerian elements consist of positional information at a single 
reference time, and parameters related to the predicted rate of change in 
order to to account for solar radiation and gravity perturbations

� Periodic terms are added for argument of perigee, geocentric distance and 
inclination 

� The broadcast ephemeris is transmitted daily to the satellites via the Control 
Segment for future rebroadcast by the satellites. 

� For geodetic receivers : a software converts the receiver binary file to an 
ASCII standard format output. Receiver INdependent EXchange format 
(RINEX). See:  ftp://igscb.jpl.nasa.gov/igscb/data/format/
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GPS Broadcast ephemeris accuracy

•Continuous improvement from 
~20 m in the 80’s to around 1 m 
today 

•Starting September 2005, NIMA 
ground station are included in the 
tracking network
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“Precise ephemeris” - Example of the IGS products

� The Ultra Rapid Orbit is a real-time product , and is published twice each day. The 
term "real time" means that it can be used much in the same way as the broadcast 
ephemeris, for real time applications. The stated accuracy of the Ultra Rapid Orbits is 
approximately 25 centimeters and 5 nanoseconds . As more tracking stations make 
their data available on an hourly basis, this accuracy could continue to improve .

� The Rapid Orbit contains much the same information as the precise orbit, but is
computed using a smaller data set. Rapid Orbits are generally available the next day
and have a stated accuracy of 5 centimeters and 0.2 nanoseconds . 

� The Precise Orbit contains the ECEF coordinates for each satellite as related to the 
International Terrestrial Reference Frame (ITRF) and includes clock corrections. This 
information is given for each satellite at regular epoch intervals of 15 minutes. Data is 
collected at tracking stations located around the world. The final precise orbits are 
available approximately two weeks after the data is collected and have a reported 
accuracy of less than 5 centimeters, and 0.1 nanoseconds . 
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Horloges radio-diffusées
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GPS precise ephemeris accuracy
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Dynamical model and processing strategy

� Full description available at : 
http://igscb.jpl.nasa.gov/igscb/center/analysis/grg.acn

� Main significant differences:
� 48h Arc length ; 15mn data rate ; real ambiguities

� Radiation pressure :
� Solar direct + Earth albedo and IR flux
� GINS Box and wing model (19 planar surfaces)

� Nominal satellite attitude (no yaw steering model)
� Empirical parameters (6+6 per arc) :

� 1 scale/arc in factor of solar pressure
� 1 {Y}-bias/arc 
� 1/rev. sin & cos in {X’} {D}

� Albedo and IR :
� Systematic ~ 5. 10-10 m/s/s mainly in {Z}
� Flux from ECMWF 6h grids 

� Include overcast and umbra effects
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IGS Analysis Center Workshop, 2-6 May 2008, Miami, USA

Dynamic impact of Albedo force.

�1.6 cm (0.6 ppb) RADIAL bias
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Correction de centre de phase satellite
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Biais d’horloge et ambiguïtés
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Comportement d’horloges de récepteurs géodésiques
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Impact des corrections de centre de phase et de résolution 
des ambiguïtés
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Effet du changement de convention centre de phase sur 
les coordonnées
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Effet des produits d’orbite et d’horloge sur les solutions 
PPP
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Coordonnées du marqueur géodésique et corrections de 
centre de phase récepteur
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i 
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Déformations de marées
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Marées polaires
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Déformation de charge
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Charge hydrologique
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Corrections de centre de phase récepteur

(changement
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Déplacement du géocentre
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New capability for GNSS : Precise Point Positioning (PPP)

� Single Point Positioning at the centimeter level (even 
isolated receivers)

� Powerful alternative to the “classical” network approach 
(global estimation of a common set of parameters)

�� no baseline neededno baseline needed

�� independent parameters processingindependent parameters processing

�� GNSS satellite position and clock offsets are fixed to GNSS satellite position and clock offsets are fixed to 
precise solutions (precise solutions (vsvs broadcast ephemeris)broadcast ephemeris)
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GNSS PPP : Caution ! (*)

� Any cause of station displacement affects the solution (while they 
cancel in a  baseline approach)

� Satellite position and satellite clock corrections :

� must be consistent

� Satellite clock corrections can not be interpolated and are 
needed at each observation epoch (product availability)

� Sensitive to Reference Frame and instrumental Phase Center
conventions (**)

� Deal with the problem of convergence time (cinematic) 

� Ambiguity fixing more challenging 
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