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C O O R D I N A T E S A N D V E L O C I T I E S F R O M D O R I S T R A C K I N G O F 
T O P E X / P O S E I D O N 

S S C ( C S R ) 9 5 D 0 1 

M. M. W a t k i n s 
J e t P ropu l s ion Labora to ry , Cal i fornia I n s t i t u t e of Technology, P a s a d e n a , U S A 
G. W. Dav i s a n d J . C. Ries 
C e n t e r for Space Resea rch , T h e Univers i ty of Texas a t Aus t in , Aus t i n , U S A 

Pos i t ions a n d velocit ies h a v e b e e n computed for 47 s e p a r a t e D O R I S beacons . T h e d a t a 
s e t u s e d cons i s t ed of 85 cycles ( -2 .3 yea r s ) of t r ack ing d a t a to t h e Topex/Pose idon s a t e l l i t e . 
A l though a to t a l of over 60 beacons have t r acked t h e Topex/Poseidon a n d S P O T - n spacecraf t , 
only 47 h a v e sufficient d a t a to e s t i m a t e a r easonab le velocity. T h e Solution w a s pe r fo rmed 
w i t h o u t f iducial c o n s t r a i n t s on a n y s i te . Rota t iona l cons t ra in t s we re app l i ed to t h e n e t w o r k 
a s a whole to r emove t h e r o t a t i o n a l s i ngu la r i t y , a n d t h e n e t w o r k w a s a l i gned i n r o t a t i o n 
a n d r o t a t i o n r a t e to t h e J C O D 7 Solut ion following t h e m e t h o d of Hef l in et al. (1992). 
T r a n s l a t i o n (geocenter) a n d scale a r e left a s e s t ima ted from t h e D O R I S d a t a . T h e force a n d 
m e a s u r e m e n t mode i s gene ra l ly a d h e r e d to t h e I E R S S t a n d a r d s a n d a d d i t i o n a l r e fe rences 
can be found in W a t k i n s et al. (1993) a n d Tapley et al. (1994). Specific d e p a r t u r e s from t h e 
I E R S S t a n d a r d s we re : 

1) T h e apr io r i g rav i ty field w a s J G M - 3 , a State of t h e a r t g rav i ty field der ived a s a Joint 
effort by t h e Godda rd Space F l igh t Cen t e r a n d t h e C e n t e r for Space Resea rch . 

2) T h e o c e a n t i d e m o d e l w a s a n e n h a n c e d v e r s i o n of t h e S c h w i d e r s k i m o d e l 
e x t r a p o l a t e d to i nc lude 80 c o n s i t u e n t s comple te t h r o u g h d e g r e e a n d o r d e r 20 , 
a s s u m i n g a d m i t t a n c e s w h i c h v a r y l i n e a r l y w i t h f r e q u e n c y . S o m e ocean t i d e 
coefficients w e r e ad jus ted u s i n g sa te l l i te t r a c k i n g d a t a . 

3) T h e solid t ide model (dynamic effect) h a s b e e n e x p a n d e d to inc lude t h i r d degree a n d 
fou r th d e g r e e t e r m s . 

E a r t h r o t a t i o n p a r a m e t e r s w e r e h e l d fixed to t h e o p e r a t i o n a l s e r i e s f rom t h e 
U n i v e r s i t y of T e x a s C e n t e r for Space R e s e a r c h C S R 9 4 L 0 2 se r i e s , a g e n e r a l desc r ip t ion of 
wh ich is found i n E a n e s a n d W a t k i n s [1994]. 
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Technica l d e s c r i p t i o n o f Solution CSR 95 D Ol 

1 - Techn ique : 

2 - Ana lys i s C e n t e r : 

3 - Sof tware used : 

4 - D a t a s p a n : 

5 - Celes t ia l Reference F r a m e : 
a - N a t u r e : 
b - Defini t ion of t h e or ien ta t ion : 

6 - T e r r e s t r i a l Reference F r a m e : 
a - Rela t iv i ty sca le : 
b - Velocity of l ight : 
c - Geograv i t a t i ona l cons t an t : 
d - P e r m a n e n t t i d a l correct ion: 
e - Defini t ion of or igin: 

f - Defini t ion of o r ien ta t ion : 
g - Reference epoch: 
h - Tectonic p l a t e model : 
i - C o n s t r a i n t for t ime evolut ion: 

7 - E a r t h or ien ta t ion : 
a - A pr ior i n u t a t i o n model : 
b - Shor t -per iod t ida l va r i a t i ons in x, y, U T l : N o t e s t ima ted 

DORIS 

C e n t e r for Space Resea r ch , T h e Un ive r ­
s i ty of Texas / J e t P ropu l s ion Labora to ry , 
Cal i fornia I n s t i t u t e of Technology 

U T O P I A GIPSY/OASIS- I I r o u t i n e s u s e d 
for reference f r ame defmi t ion 

Sep tember , 1992 - J a n u a r y , 1995 

N o t appl icable 
D y n a m i c a l , Topex/Pose idon 
n u t a t i o n correct ions , U T l t i e to VLBI 

S S C ( C S R ) 9 5 D 0 1 
Local E a r t h 
299792458 m/sec 
GMO = 3.986004415 10 1 4 m 3 s~2 

No 
Defined by sa te l l i t e d y n a m i c s t h r o u g h 
C10=0, C l l = 0,S11=0 
N o n e t ro ta t ion w i th respec t to I T R F 9 3 
1993.0 
E s t i m a t e d / N U V E L l b a c k g r o u n d 
N o n e t ro ta t ion r a t e w i t h respec t to I T R F 9 3 

Fixed to CSR 94 L 02 
1AU(1980) + 6 f requency correc t ion fo rmula 

8 - E s t i m a t e d P a r a m e t e r s : 
a - Celes t ia l F r a m e : 

b - T e r r e s t r i a l F r a m e : 
c - E a r t h Or i en t a t i on : 
d - O t h e r s : 

Orb i t in i t ia l condi t ions , empi r i ca l 
acce le ra t ions p e r a re . 
XO, YO, ZO, Xdot, Ydot, Zdot 

t roposphe re correct ion a n d f requency offset 
p e r pa s s . 
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Distribution of the 47 sites of the terrestrial frame SSC(CSR) 95 D Ol. 
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Distribution of the uncertainties (quadratic mean of öx, o y , o z ) for the 47 stations of the 
terrestrial frame SSC(CSR) 95 D 01. 
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S I T E C O O R D I N A T E S A N D V E L O C I T I E S F R O M T H E G R G S U S I N G D O R I S 

S S C ( G R G S ) 9 5 D 0 1 

L. S o u d a r i n , J . F . C r e t a u x a n d A. Cazenave 

Coord ina t e s a n d velocit ies for 49 globally d i s t r ibu ted s i t e s h a v e b e e n c o m p u t e d u s i n g 
a no-fiducial a p p r o a c h . T h e D O R I S d a t a of 4 yea r s of S P O T 2 ( S e p t e m b e r 1990 t o D e c e m b e r 
1994), 2 y e a r s of T O P E X / P O S E I D O N ( january 1993 to D e c e m b e r 1994) a n d 14 m o n t h s of 
S P O T 3 (November 1993 to December 1994) were used for th is Solution. 

D a t a analys i s 

T h e D O R I S d a t a a r e a n a l y s e d t h r o u g h a dynamica l orbi t c o m p u t a t i o n i n w h i c h the 
s a t e l l i t e o rb i t , S ta t ion pos i t i ons a n d veloci t ies , a n d E O P a r e d e t e r m i n e d i n a S ingle 
inve r s ion , t o g e t h e r w i t h se lec ted p a r a m e t e r s r equ i r ed to improve t h e force m o d e l a n d t h e 
m e a s u r e m e n t c o r r e c t i o n s . O r b i t s a r e c o m p u t e d on a da i ly b a s i s f rom w h i c h n o r m a l 
e q u a t i o n s for S ta t ion coord ina tes , velocity vectors a n d E O P a r e der ived. I n d i v i d u a l n o r m a l 
e q u a t i o n s of da i ly o rb i t c o m p u t a t i o n s for each sa te l l i t e h a v e b e e n a c c u m u l a t e d to form a 
4 -year combined m a t r i x involving d a t a of t h e t h r e e sa te l l i t es . T h e inve r s ion of t h i s m a t r i x 
yie lds t h e Solution for t h e geodetic p a r a m e t e r s . 

T h e g rav i ty field model u s e d i n t h e orbi t c o m p u t a t i o n is GRIM4-C4 w i t h a GMO different 
from t h e I E R S S t a n d a r d s . 

Est imated parameters 

T h e E O P p a r a m e t e r s a r e be ing fixed to t h e E O P (IERS) 90 C 04 before 21/02/1992 a n d 
to t h e I E R S bu l l e t in B va lues after t h i s da t e . 

T h e s t a t i o n s p a r a m e t e r s (posi t ions a n d velocit ies) w e r e all e s t i m a t e d , to m a k e t h e 
f rame en t i re ly free a n d connected to t h e I E R S only by t h e E O P . 

T h e s i t e s of Ar l i t (Niger) , R ichmond (USA) a n d K o u r o u ( F r a n c e ) w e r e r e spec t ive ly 
occupied b y t w o s t a t i o n s wh ich observed over d i s t inc t t i m e s p a n s . B e c a u s e of t h e s h o r t 
obse rv ing p e r i o d s , ve loci t ies w e r e e s t i m a t e d by u s i n g t h e d a t a of t h e t w o s t a t i o n s . T h e 
s t a t i o n s b e i n g close e n o u g h , we c o n s t r a i n e a c h couple of s t a t i o n s to h a v e t h e s a m e 
veloci t ies . Howeve r , for Kourou , t h e d a t a a r e unsufficient . T h e hor izon ta l veloci t ies w e r e so 
c o n s t r a i n e d to t h e N N R - N U V E L 1 va lues a n d t h e ver t ica l velocities to 0 mm/y r . Coord ina te s 
of t h e six s t a t i o n s we re e s t i m a t e d (wi th a w e a k cons t r a in (1 m) on t h e t ie b e t w e e n t h e p a i r s 
of Stat ion) . 

F o r t h e s i t e s of Socorro (Mexico), C ib inong ( Indonesy) , Cachoe i ra (Bras i l ) , S a n t i a g o (Chil i) 
a n d Dionysos (Greece) w i t h unsuff ic ient d a t a or sho r t observ ing h i s to ry , t h e veloci t ies w e r e 
c o n s t r a i n e d to t h e N N R - N U V E L 1 va lues i n hor izonta l a n d to 0 m m / y r in ver t ica l . 
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Technica l descr ipt ion o f Solution GRGS 95 D Ol 

1 - Techn ique : DORIS 

2 - Ana lys i s C e n t e r : G R G S 

3 - Sof tware u sed : G I N S / D Y N A M O 

4 - D a t a s p a n : Sep 90 - Dec 94 

5 - Celes t ia l Reference F r a m e : n o n e 

a - N a t u r e : 
b - Defini t ion of t h e o r ien ta t ion : 

6 - T e r r e s t r i a l Reference F r a m e : 
a - Rela t iv i ty scale: 
b - Velocity of Ught: 
c - Geograv i t a t iona l cons t an t : 
d - P e r m a n e n t t i da l correct ion: 
e - Defini t ion of t h e origin: 
f - Defini t ion of t h e o r ien ta t ion : 

g - Reference epoch: 
h - Tectonic p l a t e model : 
i - C o n s t r a i n t for t i m e evolution: 

E a r t h Or ien ta t ion : 
a - A pr ior i n u t a t i o n model : 
b - Shor t -per iod t ida l va r i a t ions in x , y, U T l : 

GRGS 95 D Ol 
Local E a r t h 
299 792 458 m/s 
GMO = 3 .9860043710 1 4 m 3 / s 2 

Y e s 
Geocentric, C10=C11=S11=0.0 
dai ly E O P fixed to E O P ( I E R S ) 90 C 04 s e r i e s 
a n d I E R S bul le t in B 
1993.0 
N N R - N U V E L 1 
F o r 7 s i t e s w i t h unsu f f i c i en t d a t a o r s h o r t 
obse rv ing h i s to ry , ve loci t ies w e r e e s t i m a t e d 
b u t s t rongly cons t r a ined to t h e N N R - N U V E L 1 
v a l u e s for t h e h o r i z o n t a l ve loc i t i e s a n d to 
0 m m / y r for t h e ver t i ca l veloci t ies . 

n o n e 

8 - E s t i m a t e d p a r a m e t e r s : 
a - Ce les t i a l F r a m e : 
b - T e r r e s t r i a l F r a m e : 
c - E a r t h Or i en t a t i on : 
d - O t h e r s : 

X0, Y0, Z0, Xdot, Ydot , Zdot, of 49 D O R I S s i tes 

Al l s a t e l l i t e e p o c h s t a t e s , w e t z e n i t h 
t ropospher ic de lays p e r S ta t ion a n d p e r p a s s , 
f r equency b i a s p e r S t a t i o n a n d p e r p a s s , 
r a d i a t i o n p r e s s u r e a n d d r a g coefficients once 
p e r revolut ion coefficients. 
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C O O R D I N A T E S A N D V E L O C I T I E S F R O M D O R I S T R A C K I N G O F 
T O P E X / P O S E I D O N 

S S C ( I G N ) 9 5 D 0 2 

P a s c a l Wil l is - I n s t i t u t G6ograph ique Na t iona l , S a i n t - M a n d 6 , F r a n c e 

T h e D O R I S d a t a from t h e Topex/Poseidon were u sed (october 1992-february 1995). T h e 
d a t a w e r e c o m p u t e d on a da i ly b a s i s u s i n g t h e free n e t w o r k a p p r o a c h ( e s t i m a t i n g 
s i m u l t a n e o u s l y t h e s t a t i o n s pos i t i ons a n d ve loc i t i es a n d e a r t h r o t a t i o n p a r a m e t e r s 
( p o l e + U T l - U T C ra te ) ) . T h e s e dai ly files were combined in a global a d j u s t m e n t . T h e in i t i a l 
c o n s t r a i n s a r e v e r y loose (1 k m for t h e s t a t i o n s pos i t i ons a n d t h e pole) . Af te r t h i s 
a d j u s t m e n t , r o t a t i o n a l c o n s t r a i n t s were appl ied to t h e J C O D 7 Solut ion u s i n g t h e Hef l in 
m e t h o d . F o r t h e pole Solution, t h e c o n s t r a i n t s were app l ied for t r a n s l a t i o n , r o t a t i o n a n d 
sca le . F o r t h e t e r r e s t r i a l Solution, only cons t r a in t s in ro t a t ion w e r e app l ied ( t h e geocen te r 
a n d t h e sca le t h e n come from t h e D O R I S d a t a a d j u s t m e n t only). T h e m a i n difference w i t h 
t h e I E R S S t a n d a r d is t h e u s e of t h e J G M 3 70*70 gravi ty field. 

Technica l d e s c r i p t i o n o f Solution IGN 95 D 02 

1 - Techn ique : 

2 - Ana lys i s C e n t e r : 

3 - Sof tware used : 

4 - D a t a s p a n : 

5 - Celes t ia l Reference F r a m e : 
a - N a t u r e : 
b - Definit ion of t h e or ien ta t ion : 

6 - T e r r e s t r i a l Reference F r a m e : 
a - Rela t iv i ty scale: 
b - Velocity of l ight: 
c - Geograv i t a t iona l cons tan t : 
d - P e r m a n e n t t i da l correct ion: 
e - Defini t ion of origin: 

f - Defini t ion of o r ien ta t ion : 
g - Reference epoch: 
h - Tectonic p l a t e model : 
i - C o n s t r a i n t for t i m e evolution: 

DORIS 

I G N , S a i n t - M a n d 6 , F r a n c e 

G I P S Y / O A S I S - I I 

October, 1992 - Feb rua ry , 1995 

N o t appl icable 
Dynamica l , Topex/Pose idon 

S S C ( I G N ) 9 5 D 0 2 
Local E a r t h 
299792458 m/sec 
GMO = 3.986004415 101 4 m 3 s~2 

No 
Defined by sa te l l i te dynamics t h r o u g h C10=0, 
C11=0,S11=0 
No n e t ro ta t ion wi th respec t to J C O D 7 
1993.0 
E s t i m a t e d 
No n e t ro ta t ion r a t e w i th respec t to J C O D 7 

E a r t h o r ien ta t ion : 
a - A pr io r i n u t a t i o n model : 
b - Shor t -per iod t ida l va r i a t ions in x, y, U T l : No t e s t ima ted 

8 - E s t i m a t e d P a r a m e t e r s : 
a - Ce les t i a l F r a m e : 

b - T e r r e s t r i a l F r a m e : 
c - E a r t h Or i en ta t ion : 
d - O t h e r s : 

Orb i t in i t ia l condi t ions , e m p i r i c a l acce l e ra -
t ions pe r a re . 
X0, Y0, Z0, Xdot, Ydot, Zdot 
XPOLE, YPOLE, UT1-UTCRATE 
t r oposphe re cor rec t ion a n d f r equency offset 
p e r pas s . 

IERS(199S) Technical Note No 19. 
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