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ABSTRACT.We introdu
e here a relativisti
ally 
onsistent software 
alled RMI (Relativisti
 Motion In-tegrator). We 
ompare it with the GINS software as an example of the 
lassi
al approa
h
onsisting in the Newtonian formalism plus relativisti
 
orre
tions.1. THE CLASSICAL APPROACH: GINSGINS [1℄ is a software routinely used to evaluate gravity potential models (GRIM4, GRIM5,EIGENS 1-2) from the determination of orbit perturbations, or for pre
ise orbit determinationsaround the Earth (CHAMP, GRACE, JASON...) and around other solar system bodies, e.g.Mars (MGS...). It is based upon the usual formalism used in spa
e geodesy, i.e. it relies uponthe 
lassi
al Newtonian des
ription of motion, to whi
h relativisti
 
orre
tions are added. Thenumber and type of 
orre
tions needed depend upon the pre
ision in the measurements (
lo
kpre
ision and stability). The relativisti
 
orre
tions on the for
es already taken into a

ount inGINS are: the S
hwarzs
hild e�e
t, fun
tion of the position and speed of the satellite; the Lens-Thirring e�e
t, due to the rotation of the attra
ting body; the geodeti
 pre
ession, fun
tion ofthe 
hosen 
oordinate system and due to the non inertial motion of the gravitational sour
e inthe solar system. Corre
tions are also applied on the measurements: a time tag 
orre
tion, whi
hstems from the transformation between the Universal Time Coordinate and the InternationalAtomi
 Time, or the time referred to in the ephemeris; a relativisti
 time delay 
orre
tion,due to the 
urvature of spa
e-time. And �nally, a 
orre
tion on the 
lo
k frequen
y, owing tothe presen
e of a gravitational �eld, is 
onsidered, leading to a relativisti
 Doppler e�e
t. Inrelativisti
 theories, these post-Newtonian measurements 
orre
tions are a natural 
onsequen
eof the distin
tion between proper time and 
oordinate time.The 
lassi
al "Newton + relativisti
 
orre
tions" method brie
y des
ribed here fa
es threemajor problems. First of all, it ignores that in General Relativity time and spa
e are intimatelyrelated. Se
ondly, a (
omplete) review of all the 
orre
tions is needed in 
ase of a 
hange in
onventions (adopted underlying metri
), or if pre
ision is gained in measurements. Thirdly,with su
h a method, one 
orre
tion 
an sometimes be 
ounted twi
e (for example, the referen
efrequen
y provided by the GPS satellites is already 
orre
ted for the main relativisti
 e�e
t), ifnot forgotten. For those reasons, a new approa
h was suggested.2. THE RELATIVISTIC APPROACH: RMIIn the relativisti
 approa
h implemented in RMI [2℄, the geodesi
 equations of motion are335



dire
tly numeri
ally integrated for a 
hosen metri
, with respe
t to proper time (for a massiveparti
le). RMI is a prototype software taking only gravitational for
es into a

ount. It 
onsistsmainly of an integrator, plus separate modules 
ontaining metri
 de�nitions, the 
oordinate(spa
e-time) transformations, or routines a

essing the ephemeris.To validate the di�erent relativisti
 
ontributions in RMI orbits, the GINS software is used toprodu
e template orbits. In a �rst step, 
omparison of RMI orbits with GINS orbits 
al
ulatedfor the Earth gravitational monopole plus a S
hwarzs
hild 
orre
tion shall validate the mainrelativisti
 e�e
t in the RMI software, if the 
orresponding S
hwarzs
hild metri
 is 
hosen.Then, harmoni
 terms (a

ording to one of the geopotential models used in GINS) 
an furtherbe added to the monopole term in the S
hwarzs
hild metri
 used in RMI to test the harmoni

ontributions of the geopotentiel. In order to test the Lens-Thirring e�e
t, the 
orresponding
orre
tion is sele
ted from the GINS interfa
e to produ
e the template orbits, while the Kerrmetri
 is 
hosen from the RMI interfa
e. With all Solar System masses set to zero ex
ept for theEarth and Sun masses, the GCRS (Geo
entri
 Coordinate Referen
e System) metri
 providedby IAU (International Astronomi
al Union) 2000 resolutions [6,7℄ should in
lude the additionalgeodeti
 pre
ession e�e
t when used to 
al
ulate RMI orbits. The latter RMI orbits 
an then be
ompared to orbits produ
ed by GINS with the 
orresponding relativisti
 
orre
tion sele
ted.Finally, the 
omplete GCRS metri
 shall introdu
e additional 
ontributions from other SolarSystem bodies in RMI orbits. These latter e�e
ts are simply modeled by Newtonian monopoleterms in the GINS software, plus a 
oupling between the Moon and the Earth's 
attening. Wemust noti
e that the GCRS metri
 already takes into a
ount an additional relativisti
 e�e
t, theThomas pre
ession, whi
h is not modeled in the RMI sofware.On
e the RMI software is 
oherently 
alibrated for all the relativisti
 e�e
ts 
onsideredin the GINS software, RMI will go beyond GINS 
apabilities. Not only will RMI 
oherentlyin
orporate the latest IAU resolutions [6,7℄ regarding metri
 standards, pres
ription for timetransformations [3,4℄, and latest IAU 2000/IERS 2003 standards on Earth rotation [5,6℄, butthanks to its separate modules, it will allow to easily update for metri
, geopotential modelpres
riptions. However, the fondamental advantage of RMI over GINS resides in the fa
t thatit 
oherently in
orporates all the relativisti
 e�e
ts at the required metri
 order 
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