
Florent Deleflie1, David Coulot2,  
Olivier Laurain1, Bertrand DeSaintJean1  

1Observatoire de la Côte d’Azur, GRGS, Grasse, France 
2Institut Géographique National, GRGS, Marne la Vallée, France  

ILRS Technical Workshop 2009, Metsovo, Greece 



7 m 

Rms on LA1 mean ascending node 

Question: impacts of such variations on ILRS products ? 



•  Parameters to be delivered 
–  SSC (SX SY SZ): 1 set per week 
–  EOP (XP,YP,LOD): 1 set per day 
–  (GF, deg2 : 1 set per week) 

•  3 groups of parameters 
–  Satellite-dependent: σsat, i 

•  Initial state vector 
•  Empirical forces, NG forces 

–  « dynamical » parameters: σdyn   
•  Gravity field,  
(static and time varying part) 

–  « geometrical » parameters 
•  SSC: σsta 
•  Earth rotation: σEOP 

•  Normal system to be inverted: 
–  Common and different periods 
–  Common and different sensibilities 
–  High correlations 
–  Constraints required 

Step1: A priori set of values 
 σsat, i  σdyn  σsta  σEOP 

Step2: Weekly arc computation 

Δσsat, i  +norm eqn: σdyn  σsta  σEOP 

LA1 LA2 ET1 ET2 

Step3: Stacking of norm. eqn. 

Step4: Inversion of the norm. syst. 
under constraints 

 Δσdyn  Δσsta   ΔσEOP 



•  This study: 
–  LA1 & LA2 weekly arcs 
–  2008-2009 

•  Orbit modelling: 
–  According to ILRS/AWG guidelines 
–  Empirical forces:  

»  SRP coeff.,  
»  tangential bias, 1 tan. term at the orb.period,  
»  1 norm. term at the orb.period, 

–  EIGEN-GL04S_annual 
2  0   -0.48416528113131E-03     0.00000000000000E+00  0.472779E-11  0.000000E+00    

2  0 DOT 0.93926402706989E-11 0.00000000000000E+00  0.425211E-11  0.000000E+00    

2  0 S1A 0.59433989810432E-10 0.00000000000000E+00  0.551652E-11  0.000000E+00    

2  0 C1A 0.43058299645655E-10 0.00000000000000E+00  0.623151E-11  0.000000E+00    

2  0 S2A-0.15597898669491E-10 0.00000000000000E+00  0.572817E-11  0.000000E+00    

2  0 C2A 0.26946525902554E-10 0.00000000000000E+00  0.596527E-11  0.000000E+00 

•  Inversion of the norm. syst. 
–  Classical approach: whole system under constraints 
–  Original approach: decorrelating the « dynamics » from the « geometry » 

•  Once empirical coefficients and dynamical parameters are adjusted… 
•  Dynamics: determination of remaining orbital errors (Hill model) 
•  Geometry: partial derivatives of SSC and EOP, inversion of the norm. syst   


    
 





LA1-2, time-varying gravity: 0,9cm (min), 1.9cm (max), 1.4 cm (mean) 



No significant difference between 
static and time-varying gravity 







•  Stations: 

•  EOP: 

with 



•  Millimetric level 
•  No significant impact on the scale nor on the translations (and 

rotations) 

•  Significant impact on the polar motion (at the level of 2 mm) 

 W. Mean Estimated value W. Std dv 
DD(mm) 0.236  0.234  
RX(mas) 0.006  0.019  
RY(mas) -0.003  0.011  
RZ (mas) 0.006  0.028  
TX(mm) -0.002  0.317  
TY(mm) 0.067  0.404  
XP( as) -5.398  66.033  
YP( as) 11.889  88.646  

 



•  Millimetric or submillimetric level 
–  On each component : E, N, U 

•  Examples: 
    7834                                        1893 

                                 7403 



•  Time-varying gravity: 
–  Very small impact on high geodetic satellites 
–  But: to be accounted for on long time scales (annual term) 
–  Little impact on EOP, at the level of a few mm 

•  To reach the mm level: 
–  Same kind of studies for GNSS satellites (SLR helpful !) ? 
–  Small but cumulative effects: long time series from SLR 
–  Reassessment of many points required: 

•  Gravity model 
•  Orbit computation stategies 
•  … 
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•  Longues séries temporelles 
–  Constellation de satellites géodésiques 
–  Organisation des stations en réseau 
–  Systèmes de référence 
–  Champ de gravité 

•  Le laser indispensable : 
–  Pour la définition des systèmes de référence terrestre 
–  Pour les bas degrés du champ de gravité 

•  Questions scientifiques : 
–  Modélisation cohérente des effets de charge 
–  Interprétation des grands transferts de masse 
–  Développements méthodologiques 
–  Missions scientifiques spécifiques : 

•  Physique fondamentale 
•  Mesures de distances sur de grandes distances 

•  Le futur du laser  



•  Staff: 
–  OCA/Geoazur: F. Deleflie, O. Laurain, P. Exertier, B. de Saint-Jean 
–  IGN/LAREG: D. Coulot 

•  Software: 
–  GINS/DYNAMO (CNES/GRGS) 
–  MATLO (IGN/LAREG/OCA/GRGS) 

•  Operational activities: 
–  For ILRS: Weekly, and now daily, submissions 

•  pos+eop 
•  based on LA1+LA2 

–  For GRGS internal validation and combinations: Weekly arcs 
•  Accounting as well for loading effects 
•  Additionnaly: Gravity field time series 

•  Other activities: 
–  Reanalyses, over long periods of time 
–  Specific projects: T2L2, calibration/validation altimetric measurements 
–  Other satellites: STA, STE, AJI, ET1 & 2, JAS1 and JAS2 



•  Prétraitement des données fournies par ILRS DCs: 
–  Évolutions recommandations ILRS (AWG) quasiment mensuelles, 

format snx 
–  Mises à jour : excentricités, biais des stations, données aberrantes 

•  Outils utilisés :  
–  Orbitographie avec Gins 
–  Inversion avec DYNAMO : approche « standard » 
–  Inversion avec MATLO : traitement spécifique des erreurs d’orbite 

•  12 étapes pour la production d’une solution sur une semaine : 
–  Construction de l’arc d’orbite  LA1, LA2, ET1 ET2, autres   
–  Cumul et inversion des EQN par DYNAMO 
–  Cumul et inversion des EQN par MATLO 
–  Cumul et inversion des EQN combinée DYNAMO/MATLO 
–  Mise en forme solution inversée et orbite 




