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1 9 9 4 A N N U A L R E P O R T O F T H E C O D E P R O C E S S I N G C E N T E R O F T H E I G S 
C O D E 9 5 P Ol , 0 2 

M. R o t h a c h e r , G. B e u t l e r , E . B r o c k m a n n , L. M e r v a r t , R. W e b e r (As t ronomica l I n s t i t u t e , 
Bern) , U . Wild, A. Wige t (Fede ra l Office of Topography, W a b e r n ) , H . S e e g e r ( I n s t i t u t e for 
Appl ied Geodesy , F r a n k f u r t ) , C. Boucher ( In s t i t u t G6ographique N a t i o n a l , P a r i s ) 

C O D E , t h e C e n t e r for O r b i t D e t e r m i n a t i o n in E u r o p e , is a Jo in t v e n t u r e of four 
E u r o p e a n I n s t i t u t i o n s . I t is loca ted a t t h e U n i v e r s i t y of B e r n , t h e c o m p u t a t i o n s a r e 
pe r fo rmed on a Cluster of VAX/ALPHA processors . T h e Software u s e d is t h e B e r n e s e G P S 
So f twa re V e r s i o n 3.6, w h i c h is con t inuous ly i m p r o v e d to m e e t t h e s t e a d i l y g r o w i n g 
d e m a n d s of t h e I G S process ing . 

M a r k u s R o t h a c h e r is t h e h e a d of t h e C O D E p roces s ing a n d d e v e l o p m e n t t e a m , 
Rober t W e b e r i s respons ib le for t h e CODE Solutions since J u l y 1993. We re fe r to ( R o t h a c h e r 
et al, 1994) for a g e n e r a l descr ip t ion of t h e process ing a t t h e C O D E process ing cen te r . H e r e 
we only p r e s e n t t h e deve lopment which took place in 1994. 

A g a i n t h e n u m b e r of s t a t i o n s inc luded in our p rocess ing w a s cons ide rab ly g rowing 
(from 38 s t a t ions a t t h e end of 1993 to 49 s ta t ions a t the e n d of 1994). T h e fact t h a t 17 of "our" 
49 s t a t i o n s l ie i n E u r o p e u n d e r l i n e s t h a t C O D E p u t s t h e e m p h a s i s on E u r o p e in i t s 
con t r ibu t ion to t h e I T R F . T h e E R P ser ies a n d t h e coordinates s en t to t h e I E R S i n 1995 a r e 
ba sed on t h e I T R F 9 3 . T h e s a m e 13 s t a t ions were k e p t fixed in 1994 a s in 1993 to p roduce t h e 
E R P s r e s u l t s ( R o t h a c h e r et al., 1994). 

T h e p r o g r a m A D D N E Q , ou r r o u t i n e s t a c k i n g n o r m a l e q u a t i o n s ( R o t h a c h e r et al, 
1994) w a s cons ide rab ly g e n e r a l i z e d in 1994. Today i t is t h e c e n t r a l tool of t h e C O D E 
process ing cen t e r of t h e IGS: 

- A D D N E Q m a y n o w be u s e d to form n -day a r c s , n >= 2, f rom o n e - d a y a r c s 
( B e u t l e r et al, 1995). T h i s n e w d e v e l o p m e n t s aves m a n y h o u r s of C P U i n the 
da i ly rou t i ne . 

- M o r e t r o p o s p h e r e p a r a m e t e r s (12 pe r Sta t ion a n d day) a r e s e t u p i n t h e one-
d a y Solut ions . A D D N E Q a l lows i t to p roduce Solut ions b a s e d o n 2- , 4 - ,6- ,12- , 
a n d 24-hour t roposphe re in t e rva l s (per Station a n d day). 

- A D D N E Q m a y n o w h a n d l e n u t a t i o n p a r a m e t e r s : F i r s t d e r i v a t i v e s of d e 
a n d d\j/ m a y b e e x t r a c t e d f rom A D D N E Q . T i m e s e r i e s a r e ( i n t e r n a l l y ) 
ava i l ab le since 1 J a n u a r y 1994. 

- T h e c a p a b i l i t i e s to c h a n g e t h e re fe rence f r a m e (e .g . f rom I T R F 9 2 t o I T R F 9 3 ) 
a r e n o w fully i m p l e m e n t e d a n d ac t i ve . As soon a s a n e w r e f e r e n c e f r a m e 
b e c o m e s a v a i l a b l e n e w Solu t ions ( c o o r d i n a t e s , o r b i t s , e t c ) m a y b e e x t r a c t e d 
easi ly from A D D N E Q back to day 200 of year 1993. 

I t i s a lso w o r t h m e n t i o n i n g t h a t s ince 1 J a n u a r y 1994 t h e t r o p o s p h e r e p a r a m e t e r s 
a r e s to red in a user - f r iendly form. They a r e avai lable for a t m o s p h e r e s tud ie s . 

A m b i g u i t y r e so lu t ion on long base l ines w a s s tud i ed b y M e r v a r t (1994) , a Solut ion 
based on about 70%-80% fixed ambigu i t i e s is p roduced i n a fully a u t o m a t i c way in pa r a l l e l 
to o u r official Solutions since October 1994. 
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T h e orbi t mode l w a s s t u d i e d a l r e a d y in 1993 (Beu t l e r et al, 1994). T h e p r o g r a m 
O R B I M P , u s i n g a n improved r ad ia t ion p r e s s u r e model , is u s e d for t h e long a r e a n a l y s i s by 
t h e I G S ana lys i s cen t e r coordinator (Beut le r et al, 1993). At p r e s e n t w e a r e sy s t ema t i ca l l y 
a n a l y s i n g t h e m e a n orb i ta l e l emen t s , t h e ser ies of r ad i a t i on p r e s s u r e p a r a m e t e r s , a n d t h e 
se r ies of s tochas t i c p a r a m e t e r s gene ra t ed since mid 1992. We expect t h a t t h i s a n a l y s i s will 
con t r ibu te to a n e w IGS rad ia t ion p res su re model in 1995. 

Reference« 

Beut le r , G., B r o c k m a n n , E. , G u r t n e r , W., H u g e n t o b l e r , U. , M e r v a r t , L., R o t h a c h e r , M. , 
V e r d u n , A., 1994: E x t e n d e d Orbi t Model l ing T e c h n i q u e s a t t h e C O D E P r o c e s s i n g 
C e n t e r of t h e IGS: Theory a n d Ini t ia l Resul t , Manuscripta Geodaetiea, 19 , 367-386. 

Beu t l e r , G., B rockmann , E., Hugen tob le r , U. , Merva r t , L., Ro thache r , M., W e b e r , R., 1995: 
C o m b i n i n g n C o n s e c u t i v e One -Day-Arcs i n t o one n - D a y s - A r c , S u b m i t t e d for 
publ ica t ion to Manuscripta Geodaetiea, October 1994. 

B e u t l e r , G., K o u b a , J . , S p r i n g e r , T. , 1993 : C o m b i n i n g t h e O r b i t s of I G S P r o c e s s i n g 
C e n t e r s , Proceedings of the IGS Analysis Center Workshop, Oc tober 12-14, 1993 , 
J . K o u b a (ed.) , N R C a n , O t t a w a , C a n a d a , p . 20-56 , a l so in Bulletin Geodesique 
(aeeepted for publ icat ion) . 

M e r v a r t , L., 1995 : A m b i g u i t y R e s o l u t i o n T e c h n i q u e s in G e o d e t i c a n d G e o d y n a m i c 
A p p l i c a t i o n s of t h e Globa l P o s i t i o n i n g S y s t e m , P h . D . T h e s i s , D r u c k e r e i d e r 
U n i v e r s i t a e t Be rn . 

Ro thache r , M., B e u t l e r , G., B r o c k m a n n , E. , G u r t n e r , W., M e r v a r t , L., W e b e r , R., Wi ld , 
U. , Wiget , A., Seeger , H . , Boucher , C , 1994: A n n u a l R e p o r t of t h e C O D E A n a l y s i s 
C e n t e r for 1993, IERS Technical Note 17, Observato i re de Pa r i s , P a r i s , p . P - l - P-14. 

Technical description of Solution CODE 95 P 01 

1 - Technique: GPS 

2 - Analys is Cen te r : CODE 

3 - Software used: Bernese G P S Software Vers ion 3.6 

4 - D a t a span : 19 Ju ly 1993 (doy 200) - 1 March 1995 

5 - Celes t ia l Reference F r a m e : 
a - N a t u r e : d y n a m i c a l 
b - Definition of t h e or ientat ion: 

6 - Te r r e s t r i a l Reference F r a m e : SSC(IERS) 94 C 02 
a - Relat ivi ty scale: Local E a r t h 
b - Velocity of l ight: 299792458 m/s 
c - Geogravi ta t iona l cons tant : 398.6004415101 2 m 3 / s 2 

d - P e r m a n e n t t ida l correction: yes 
e - Definition of origin: origin of I T R F 9 3 
f - Definition of or ienta t ion: non- ro ta t ion c o n s t r a i n t 
g - Reference epoch: 
h - Tectonic p l a t e model : ITRF93 velocity field 
i - C o n s t r a i n t for t ime evolution: ITRF93 velocity field 

7 - E a r t h or ienta t ion: EOP(CODE) 95 P 01 
a - A pr ior i n u t a t i o n model : IAU 1980 
b - Shor t -per iod t ida l va r ia t ions in x, y, U T l : none 

8 - E s t i m a t e d P a r a m e t e r s : 
a - Celest ia l F r a m e : 
b - Te r r e s t r i a l F r a m e : coordinates of free s t a t i ons 
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c - E a r t h Or i en ta t ion : 
d - O the r s : 

x, y, UT1-UTC drift, a n d drif ts in x, y 
z e n i t h t r o p o s p h e r e d e l a y s (4 p e r d a y a n d 
Stat ion) , orbi t p a r a m e t e r s (8 p e r s a t e l l i t e ) , 
a m b i g u i t i e s , s t o c h a s t i c a c c e l e r a t i o n 
p a r a m e t e r s for ecl ipsing sa t e l l i t e s . 

Technical descript ion o f Solution CODE 95 P 02 

1 - Techn ique : 

2 - Ana lys i s Cen t e r : 

3 - Software used : 

4 - D a t a span : 

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 ienta t ion: 

6 - T e r r e s t r i a l Reference F r a m e : 
a - Relat ivi 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 correction: 
e - Definit ion of origin: 
f - Defini t ion of or 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 evolution: 

GPS 

CODE 

Bernese G P S Software Vers ion 3.6 

01 April 1993 (doy 091) - 1 March 1995 

d y n a m i c a l 

S S ( X C O D E ) 9 5 P 0 2 
Local E a r t h 
299792458 m/s 

398.6004415 1 0 1 2 m 3 / s 2 

yes 
origin o f I T R F 9 3 
non- ro ta t ion c o n s t r a i n t 
16 March 1994 
h o r i z o n t a l c o m p o n e n t e s t i m a t e d , ver t ica l 
componen t u s e d from I T R F 9 3 
W E T T fixed on ITRF93 velocity, s t a t ions w i th 
a shor t Observation per iod a r e c o n s t r a i n e d to 
ITRF93 

7 - E a r t h or ien ta t ion : EOP(CODE) 95 P 02 
a - A pr ior i n u t a t i o n model : IAU 1980 
b - Shor t -per iod t ida l va r i a t ions in x, y, U T l : none 

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 ta t ion : 
d - O the r s : 

coordinates a n d velocities of al l s t a t i o n s 
x, y, UT1-UTC drift, a n d drif ts i n x, y 
z e n i t h t r o p o s p h e r e d e l a y s (4 p e r d a y a n d 
Stat ion) , orbi t p a r a m e t e r s (8 p e r s a t e l l i t e ) , 
a m b i g u i t i e s , s t o c h a s t i c a c c e l e r a t i o n 
p a r a m e t e r s for ec l ips ing , sa te l l i t e s . 
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EOP(CODE) 95 P Ol From Jul 1993 to Jul 1995 

N u m b e r of measurements per year and median uncertainties 
Uni ts : 0.001" for X,Y; 0.0001s for U T l 

YEAR 

1993 
1994 
1995 

X 
Nb Sigma 

166 0.04 
365 0.04 
210 0.02 

Y 
Nb Sigma 

166 0.04 
365 0.03 
210 0.03 

UTl 
Nb Sigma 

166 0.03 
365 0.03 
210 0.02 





P-7 

1 9 9 5 G P S D A T A P R O C E S S I N G A T T H E E M R A N A L Y S I S C E N T R E 
E M R 9 5 P 02 

J . K o u b a , R. F e r l a n d , P . T e t r e a u l t , J . Pope la r , Geodetic Su rvey Divis ion (GSD) , Geomat i c s 
C a n a d a , N a t u r a l R e s o u r c e s C a n a d a ( N R C a n ) (Fo rmer ly : E n e r g y M i n e s a n d R e s o u r c e s 
(EMR)), 615 Booth St. , O t t awa , Ont . K1A OE9 

Since A u g u s t 1992 t h e GSD's M a s t e r Active Control S y s t e m (MACS) C e n t r e h a s b e e n 
process ing G P S d a t a from six C a n a d i a n ACS s t a t ions a u g m e n t e d by u p to 16 s t a t i o n s of t h e 
I n t e r n a t i o n a l G P S Service for Geodynamics (IGS) global Sta t ion n e t w o r k . Typica l ly t h e r e 
were 2 5 G P S sa t e l l i t e s observed a n d t he i r precise e p h e m e r i s g e n e r a t e d da i ly d u r i n g 1994. 
T h e G I P S Y 11/ O A S I S G P S Software System developed by t h e J e t P ropu l s ion L a b o r a t o r y h a s 
b e e n a d a p t e d to ob t a in dai ly orbit , E O P a n d Station coordinate Solutions. As r e c o m m e n d e d 
by I G S , 13 s t a t i o n s (ALGO, Y E L L , FAIR, GOLD, SANT, T R O M , K O S G , W E T T , MADR, 
H A R T , H A R T , T I D B , YAR1) w e r e c o n s t r a i n e d a t t h e I T R F 9 2 c o o r d i n a t e s of t h e d a t e , 
u t i l i z i n g t h e I T R F 9 2 S ta t ion veloci t ies . T h e a d o p t e d c o n s t a n t s , g r a v i t y a n d r a d i a t i o n 
p r e s s u r e m o d e i s conform to t h e I G S / I E R S S t a n d a r d s (McCar thy , 1992). T h e global ocean 
loading model d u e to P a g i a t a k i s (1982) h a s been adopted. 

Daily 1994 G P S Process ing: 

T h e E M R p r o c e s s i n g is b a s e d on undif ferenced p h a s e a n d s m o o t h e d p s e u d o r a n g e 
d a t a a t 7.5 m i n u t e s s a m p l i n g in t e rva l s u s ing 15 degree e levat ion ang le cu t off. Bo th p h a s e 
a n d p s e u d o r a n g e o b s e r v a t i o n s a r e c o n s i d e r e d u n c o r r e l a t e d a n d w e i g h t e d u s i n g a n 
e x p o n e n t i a l e l e v a t i o n a n g l e funct ion . Some s t a t i o n s (e.g. S T J O , Y E L L ) h a v e h i g h e r 
p s e u d o r a n g e no i se d u e to m u l t i p a t h a n d a r e be ing w e i g h t e d accord ingly . W e h a v e a lso 
e n h a n c e d t h e G I P S Y II Software to fac i l i ta te different w e i g h t i n g of s a t e l l i t e s d a t a , d a t a 
s e g m e n t de le t ion a n d correct ions of sa te l l i t e d e p e n d e n t p s e u d o r a n g e b ia ses . T h i s improved 
r e su l t s for AS p s e u d o r a n g e d a t a s ince AS was p e r m a n e n t l y in t roduced on J a n . 3 1 , 1994. 

T h e da i ly Solut ions g e n e r a t e 2 4 h a rcs w i t h o u t a n y over lap . F o r e a c h 2 4 h a r e t h e 
in i t ia l a pr ior i s t a t e vec tor is t a k e n from t h e prev ious day Solution a n d p r o p a g a t e d to t h e 
b e g i n n i n g of t h e c u r r e n t d a y a n d a u g m e n t e d by s tochas t ic orbi t s i g m a s of a b o u t 0 .2m a n d 
O . lmm/s , m a k i n g t h e e s t i m a t i o n process seif con ta ined . B r o a d c a s t o rb i t s a r e u s e d only 
w h e n i n t r o d u c i n g or r e - in t roduc ing a sa te l l i te . This approach also fac i l i ta tes a n e s t i m a t i o n 
of UT1-UTC. D u e to col l inear i ty be tween U T l a n d t h e R.A. of t h e a scend ing orbi t nodes , t h e 
e s t i m a t e d U T 1 - U T C m a y con ta in bo th t h e U T l changes a s well a s t h e o rb i t n o d e e r r o r s 
common to a l l s a t e l l i t e s , w i t h s i g m a s a n d co r r e l a t i on c h a r a c t e r i s t i c of a r a n d o m w a l k 
process . J a n . 2 , 1994 UT1-UTC w a s ini t ia l ized to a Bul l . A va lue a n d a con t inuous U T 1 - U T C 
ser ies h a s b e e n m a i n t a i n e d since. 

T h e t e r r e s t r i a l re ference f rame pos i t ion/or ienta t ion , a n d to a l a r g e e x t e n d t h e sca le 
of t h e E M R o r b i t / E O P Solutions a r e nomina l ly those of I T R F 9 2 ( c u r r e n t epoch) a s r ea l i zed 
t h r o u g h t h e s e t of t h e 13 s t a t ions cons t ra ined a t t h e ITRF92 SSC a n d SSV. T h e r e p o r t e d E O P 
s i g m a s a r e t h e f o r m a l s i g m a s a s o b t a i n e d from t h e a d j u s t m e n t . T h e r e p e a t a b i l i t y of 
Posi t ion Solut ions i n d i c a t e s t h a t t h e formal s igma m a y be too op t imis t i c , a n d n e e d to be 
mul t ip l i ed by a factor of 2 or 3. More information on t h e E M R daily process ing is p rov ided in 
T e t r e a u l t et al. (1995). 
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BatchReprocess ing: 

All t h e a r c h i v e d 1994 dai ly Solut ions were r e t r i e v e d a n d sub jec t ed t o a d d i t i o n a l 
Sta t is t ica l t e s t ing /ed i t ing w i t h e m p h a s i s on improving dai ly Stat ion Solut ions. T h e a p r io r i 
( ITRF92) coord ina te a n d s igma cons t ra in t s a t t h e 13 s t a t ions we re rigorously r e m o v e d a n d 
10m s i g m a c o n s t r a i n t s w e r e i n t r o d u c e d to p r e v e n t n u m e r i c a l i n s t a b i l i t y . T h e s e 
u n c o n s t r a i n e d var iance-covar iance ma t r i c e s a n d t h e Solutions for Stat ion coord ina te s , E O P 
w e r e t h e n combined i n to a Single a n n u a l Solution for Sta t ion coord ina t e s , ve loc i t ies a n d 
daily E O P . T h e orbit State vector a n d o the r u n k n o w n s con ta ined in t h e da i ly Solut ions w e r e 
f i r s t r i g o r o u s l y e l i m i n a t e d from t h e So lu t ions . T h e f i na l S o l u t i o n i s p r a c t i c a l l y 
u n c o n s t r a i n e d a n d a p p r o x i m a t e s a r igorous addi t ion of t h e r e d u c e d n o r m a l m a t r i c e s . I t 
produced a cons is ten t se t of Station coordinates (a t t h e epoch 1994.0), n e w dai ly E O P a n d t h e 
corresponding Stat ion velocities, all based on t h e 1994 G P S d a t a only. 

S ince i t is no t possible to s u b m i t a Single Solution for t h e E O P a n d S S C , t h e Solution 
a n d t h e c o r r e s p o n d i n g va r i ance -covar i ance m a t r i x w e r e d iv ided i n t o a n E O P p a r t w i t h 
S tandard devia t ions (EOP(EMR) 95 P 02) a n d t h e Stat ion posi t ions a n d veloci t ies (SSC(EMR) 
95 P 02), which inc ludes a comple te va r i ance -covar iance m a t r i x . F o r t h i s Submis s ion w e 
h a v e appl ied sma l l shif ts a n d ro ta t ions to m a k e t h e E O P , SSC a n d SSV Solut ions cons i s t en t 
wi th t h e 13 Stat ion ITRF93 SSC a n d SSV. T h e I T R F 9 3 Stat ion veloci t ies of t h e 13 s t a t i o n s 
w e r e t h e n h i g h l y c o n s t r a i n e d ( a t 0 .01 t i m e s t h e I T R F 9 3 S S V s i g m a s ) to p r o v i d e t h e 
reference for t h e t i m e ser ies of E O P a n d SSC a s well a s for t h e r e m a i n i n g S ta t ion veloci ty 
Solut ions . 

T h e EOP(EMR) 95 P 02 Solution is r epor ted in t h e IGS E O P format ; t h e SSC(EMR) 95 
P 0 2 Solution u s e s p a r t s of t h e proposed S I N E X (Software I N d e p e n d e n t E X c h a n g e ) fo rmat , 
a n d inc ludes comple te Information on a pr ior i va lues , t h e a n t e n n a h e i g h t offsets u s e d , e tc . 
More Informat ion on th i s ba t ch reprocess ing a t N R C a n is provided in F e r l a n d et al (1995). 

F e r l a n d , R , Kouba , J . , Te t r eau l t , P . , Pope la r J . , a n d D r a g e r t , H . 1995: V a r i a t i o n i n E O P 
a n d S ta t ion C o o r d i n a t e s So lu t i on for C a n a d i a n Act ive C o n t r o l S y s t e m (CACS) , 
A p a p e r to be p r e s e n t e d a t t h e XXI Genera l Assembly of I U G G , J u l y 2-14, Bou lde r , 
Colo. ( in prep . ) 

McCar thy , D.D. (ed), 1992: I E R S S t a n d a r d s (1992), IERS Technical Note 13, Obse rva to i r e de 
P a r i s , P a r i s . 

P a g i a t a k i s , S.D., 1982: Ocean loading, body t ides a n d po l a r mo t ion effects on v e r y long 
b a s e l i n e i n t e r f e r o m e t r y , U N B Technica l Rep . No. 2 , Dep t . of S u r v . E n g i n e e r i n g , 
Un iv . of N e w Brunswick , Freder ic ton , N.B. . 

T e t r e a u l t , P . , Kouba , J . , Fe r l and , R., Popelar , J . 1995: N R C a n (EMR) Ana lys i s Repor t , 1994 
I G S A n n u a l Repor t ( in prep . ) 
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Technica l descr ip t ionof Solution EMR 95 P 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 - Defini t ion of t h e or ienta 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: 

GPS 

N R C a n (Former ly E M R ) 

G I P S Y 11/ O A S I S 

J a n . 02-Dec. 3 1 , 1 9 9 4 

N o n e 

25-26 G P S satell i tes 
UT1-UTC (Bull . A) on J a n 2, 1994; 13 I T R F 9 3 
Station velocities 

S S ( X E M R ) 9 5 P 0 2 
I E 
299 792 458 m/s 
3.986004415 1 0 1 4 m 3 / s 2 

Y e s 
C10=0, C11=0, S11=0 
(a coo rd ina t e shif t , c o n s i s t e n t w i t h t h e 13 
ITRF93 s t a t ions appl ied) 
ITRF93 ( the 13 Stat ion coordinates) 
1994.0 
13 Stat ion I T R F 9 3 coord. velocit ies 
13 Sta t ion I T R F 9 3 coord. veloci t ies fixed (to 
ITRF93 SSV s igmas t i m e s 0.01) 

7 - E a r t h o r ien ta t ion : EOP(EMR) 95 P 02 
a - A pr ior i n u t a t i o n model : IAU (1980) 
b - Shor t -per iod t ida l va r i a t i ons i n x, y, U T l : N o dai ly a n d sub-da i ly t ida l v a r i a t i o n s 

appl ied 

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 ien ta t ion : 

d - O t h e r s : 

Sa te l l i t e s t a t e s , X, Y, Z a n d Xdot , Ydot , Zdot 
(a p r i o r i s i g m a s : 1 k m / 0 . 0 0 5 m / s or about 
0 .2m/sqrt (day); O . lmm/s / sqr t (day)) 
S ta t ion X0, Y0, ZO, Xdot , Ydot , Zdot (a p r io r i 
s i g m a s : 10m for X0,Y0,Z0; t h e 13 S ta t ion 
ITRF93 vel. s i gmas t i m e s 0.01) 
x,y, U T 1 - U T C , L O D (s ince M J D 4 9 5 1 5 ) (a 
pr ior i s i g m a s : e q u i v a l e n t t o 3 m i n x,y a n d 
UT1-UTC; 86 s/day for LOD) 
Sa te l l i t e a n d Sta t ion clocks ( a p r io r i s i g m a s : 
l m s a n d l s resp . ) 
Tropo Z. D e l a y ( a c o n s t a n t a n d r a n d o m 
w a l k w i t h a p r i o r i s i g m a s : 0 . 2 m a n d 
0.01m/sqrt(h)) 
Sol. r ad i a t i on p res s . : Gx, Gz a n d Gy (a p r i o r i 
s igmas : 10% for Gx, Gz a n d 0.5 10" 9 m / s 2 for 
Gy) 
In i t i a l p h a s e a m b i g u i t i e s ( a p r i o r i s i g m a s : 
300000 km) 
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EOPXEMR) 95 P 02 From Jan 1994 to Dec 1994 

N u m b e r of measurements per year and median uncertaint ies 
Un i t s : 0.001" for X.Y; 0.0001s for U T l 

YEAR 

1994 

X 
Nb Sigma 

362 0.07 

Y 
Nb Sigma 

362 0.07 

UTl 
Nb Sigma 

362 0.39 
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A N N U A L R E P O R T F R O M T H E E S O C I G S A N A L Y S I S C E N T R E T O T H E I E R S 
F O R 1994 

E S O C 9 4 P 0 1 , 9 5 P 0 1 

T. J . M a r t i n M u r , J . M. Dow, J . F e l t e n s (1), C. Garc i a M a r t i n e z (2) 
ESA / E u r o p e a n Space Opera t ions C e n t r e (ESOC) 
(1) m b p a t E S O C , (2) GMV a t E S O C 

T h e E S O C con t r ibu t ion to t h e I E R S for 1994 cons i s t s of a da i ly E a r t h O r i e n t a t i o n 
P a r a m e t e r Solution, EOP(ESOC) 94 P Ol, a n d a G P S Stat ion coord ina te Solution, S S C ( E S O C ) 
95 P Ol. T h e E O P Solution h a s been ob ta ined w i t h t h e dai ly p rocess ing of G P S d a t a for t h e 
IGS a n d t h e Sta t ion coord ina te Solution h a s been ob ta ined from 274 a r c s of G P S Observat ion 
equa t ions from 1994. 

Changes i n 1994 i n t h e EOP(ESOC) 94 P Ol ser ies 

F o r 1994 t h e t e r r e s t r i a l reference f rame h a s b e e n defined by fixing a s e t of 13 g r o u n d 
s t a t ions to t h e v a l u e s g iven by t h e I E R S a n d by us ing t h e ITRF92 velocity field. A con t inuous 
UT1R-TAI s e r i e s is a l so prov ided . I t h a s b e e n ob ta ined by t h e I n t e g r a t i o n of t h e L O D R 
Solution. 

Descript ion of t h e G P S Station coordinate Solution SSC(ESOC) 95 P 0 1 

Sites included 
The s t a t i o n s t h a t w e r e i nc luded in t h e a n a l y s i s w e r e t hose s t a t i o n s t h a t t h e E S O C / I G S 
Analys i s C e n t r e u s e d for i t s 1994 dai ly I G S process ing . T h e y inc luded al l t h e 13 s t a t i ons 
t h a t a r e k e p t fixed in dai ly ana lys i s , all t h e ESA rece ivers a n d add i t i ona l r ece ive r s to ob t a in 
an evenly d i s t r i b u t e d t r a c k i n g of t h e G P S sa te l l i t es . All t h e s e s t a t i o n s a r e equ ipped w i t h 
Rogue , M i n i R o g u e , or T u r b o R o g u e p rec i s e geodet ic G P S r e c e i v e r s connec t ed to s t a b l e 
a tomic f requency S t a n d a r d s . 

Arcs included 
The pe r iods of d a t a u s e d a r e 274 a rc s of 1994. Observa t ion equa t i ons were p r o d u c e d for t h e 
comple te y e a r , b u t o t h e r a r c s a r e no t u s e d d u e to d a t a or m o d e l l i n g p r o b l e m s . All G P S 
sa te l l i t e s w e r e u s e d , excep t t h o s e doing m a n o e u v r e s d u r i n g e a c h p a r t i c u l a r a re . F o r m o s t 
of t h e s t a t i o n s w e h a v e u s e d d a t a from t h e whole yea r . T h e excep t ions a r e K E R G , K I T 3 , 
MATE a n d VILL, t h a t we re in t roduced in t h e dai ly E S O C ana ly s i s only for t h e l a s t p a r t of 
the year . 

Initial Station coordinates 
In i t i a l S t a t ion c o o r d i n a t e s w e r e o b t a i n e d from t h e I T R F 9 3 S ta t i on c o o r d i n a t e Solut ion. 
S ta t ion pos i t ions we re ca lcu la ted a t t h e different epochs u s i n g t h e veloci t ies of t h e I T R F 9 3 . 
To o b t a i n t h e ve loc i t ies of t h o s e s t a t i o n s no t inc luded in t h e I T R F 9 3 t h e N N R - N U V E L 1 
veloci ty field w a s u s e d . Occupanc ie s a n d a n t e n n a h e i g h t s w e r e o b t a i n e d f rom t h e file 
local t ie . tab m a i n t a i n e d by t h e I G S C e n t r a l B u r e a u . 

Departures from IERS (1992) Standards 

Rela t iv i s t i c correct ions to t h e accelera t ion a n d to t h e p r o p a g a t i o n no t app l ied . O c e a n 
loading s i t e d i s p l a c e m e n t not appl ied . 

IERS(1995) Technical Note No 19. 
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Technical description o f Solution E O P ( E S O C ) 9 4 P 0 1 

1 - Techn ique : GPS 

2 - Analys i s Cen te r : 

3 - Software used: 

4 - D a t a span : 

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

6 - Te r r e s t r i a l Reference F r a m e : 
a - Relat ivi 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 ida l correction: 
e - Defini t ion of origin: 
f - Defini t ion of or 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 evolution: 

E S A / E u r o p e a n S p a c e O p e r a t i o n s C e n t r e 
(ESOC) 

GPSOBS/BAHN-V5 

D e c 9 3 - D e c 9 4 

M e a n Geocentr ic E q u a t o r i a l Sys t em of 2000.0 

D y n a m i c a l 
U s i n g t h e I E R S c o n v e n t i o n a l m o d e i s for 
precess ion a n d n u t a t i o n , i n c l u d i n g ce les t i a l 
pole offsets. 

S S C ( I E R S ) 9 3 C 0 4 
LE 
299 792 458 m/s 
3.986004415 1 0 1 4 m 3 / s 2 

No 
Geocentre t h r o u g h C10=0, C11=0, S l l = 0 . 
By f ixing t h e c o o r d i n a t e s of 13 f iduc ia l 
s ta t ions to t h e SSC(IERS) 93 C 04 va lues . 
19930 
ITRF92 + N N R - N U V E L 1 
by fixing 13 Stat ion coordina tes a n d velocit ies 
to t h e ITRF92 Solution. 

7 - E a r t h Or ien ta t ion : 
A pr ior i n u t a t i o n model : a 

E O P ( E S O C ) 9 4 P 0 1 
IAU(1980), corrected for ce les t ia l pole offsets 
from I E R S Bul le t in B . 

Sho r t -pe r iod t i d a l v a r i a t i o n s i n x, y, U T l : x, y a n d U T 1 R r a t e e s t i m a t e d as 
cons tan t s for 24 hou r s i n t e rva l s . S h o r t pe r iod 
U T l va r i a t i ons model led u s i n g Yoder (1981) 
mode l . 

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 ien ta t ion : 

d - O t h e r s : 

N o n e 
Coord ina tes for s t a t ions t h a t a r e n o t fixed. 
One se t of pole coordinates xp , yp a n d LODR 
p e r day. 
Sa te l l i t e p a r a m e t e r s p e r spacecraf t : 
- one orbital s t a t e a t s t a r t epoch. 
- one sca l ing fac tor for r a d i a t i o n p r e s s u r e 
R O C K 4 T 1 0 o r T 2 0 model. 
- one Y-bias acce lera t ion . 
S t a t i o n r e l a t e d p a r a m e t e r s p e r g r o u n d 
Stat ion: 
- every 6 h o u r s a n a t m o s p h e r i c z e n i t h de l ay 
a n d a s h a p e p a r a m e t e r . 
- clock b iases a n d clock drif ts a s needed . 
- double -d i f fe renced p h a s e a m b i g u i t i e s a s 
r ea l -va lued p a r a m e t e r s . 
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Technica l descr ipt ion of Solution SSC(ESOC) 95 P Ol 

1 - Techn ique : GPS 

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 ienta 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 ida l correct ion : 
e - Defini t ion of origin: 
f - Defini t ion of t h e or 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: 

ESA / E u r o p e a n Space O p e r a t i o n s C e n t r e 

(ESOC) 

G P S O B S / B A H N - V 5 / M U L T I A R C 

J a n 94 - Dec 94 

M e a n Geocentr ic E q u a t o r i a l S y s t e m of 2000.0 

D y n a m i c a l 
U s i n g t h e I E R S c o n v e n t i o n a l m o d e i s for 
p recess ion a n d n u t a t i o n , i n c l u d i n g ce le s t i a l 
pole offsets. 
S S C ( E S O C ) 9 5 P 0 1 
LE 
299 792 458 m/s 
3.986004415 1 0 1 4 m 3 s 2 

No 
Geocentre t h r o u g h C10=0, C11=0, S11=0. 
By u s i n g t h e I E R S Bu l l e t in B E a r t h ro t a t i on 
p a r a m e t e r s a n d a p p l y i n g a loose c o n s t r a i n t 
to Stat ion posi t ions a n d hor izon ta l velocit ies. 
1994.0 
Fo r t hose s t a t i o n s for w h i c h t h e veloci ty is 
no t e s t i m a t e d N N R - N U V E L 1 is used . 
By u s i n g t h e I E R S Bu l l e t in B E a r t h ro t a t i on 
p a r a m e t e r s a n d a p p l y i n g a loose c o n s t r a i n t 
to Stat ion hor izonta l velocit ies. 

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 : 

IERS Bul le t in B 
IAU(1980), correc ted for ce les t ia l pole offsets 
from I E R S Bul le t in B . 

b - Shor t -pe r iod t i d a l v a r i a t i o n s i n x, y, U T l : l i n e a r x, y a n d U T 1 R i n 24 h o u r 
i n t e r v a l s . S h o r t p e r i o d U T l v a r i a t i o n s 
model led u s i n g Yoder (1981) mode l . 

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 ien ta t ion : 
d - O t h e r s : 

None 
Coordina tes of 35 I G S s t a t i ons . 
Hor izonta l velocities of 30 I G S s i t es . 
N o n e . 
N o n e . 
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EOP(ESOC) 94 P Ol From Dec 1993 to Dec 1994 

N u m b e r of measurements per year and median uncertaint ies 
Un i t s : 0.001" for X,Y; 0.0001s for D 

YEAR 

1993 
1994 

X 
Nb Sigma 

6 0.08 
365 0.10 

Y 
Nb Sigma 

6 0.08 
365 0.10 

D 
Nb Sigma 

6 0.15 
365 0.15 
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E A R T H R O T A T I O N P A R A M E T E R S , S T A T I O N 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 G P S D A T A 

G F Z 9 5 P 0 2 , 0 3 

G. Gend t , G. Dick, Ch . Reigber , W. Sommerfeld, Th. N i s c h a n 
G e o F o r s c h u n g s Z e n t r u m (GFZ) P o t s d a m 

A g loba l S e t of S t a t i o n C o o r d i n a t e s (SSC(GFZ) 9 5 P 02) 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 (EOP(GFZ) 95 P 02) a r e computed from t h e 1993/1994 global G P S d a t a se t u s i n g 
t h e G F Z a n a l y s i s Software p a c k a g e E P O S . P . V 2 . Add i t i ona l l y r e s u l t s f rom s i m u l t a n e o u s 
a d j u s t m e n t of Stat ion coordinates a n d velocities a r e p r e sen t ed (SSC(GFZ) 95 P 03). 

Data 

T h e in i t i a l d a t a acqui red a t t h e GFZ-IGS C e n t e r a r e t h e 30 see R I N E X d a t a from t h e 
IGS s t a t i o n s collected a t t h e global d a t a cen te r s CDDIS a n d IGN. 

F o r t h e ana ly s i s i tself undifferenced ionospher ic free p h a s e s w i t h a s a m p l i n g r a t e of 
6 m i n u t e s w e r e u s e d . R I N E X d a t a se s s ions of 32 h o u r s i n l e n g t h w e r e fo rmed , w h i c h 
over lap by 8 h o u r s from d a y to day . P-code d a t a were e n t e r e d in to t h e ana lys i s to p r e s e t t h e 
amb igu i t i e s . T h e ident i f ied ambigu i t i e s were cons t r a ined to t h e expec ted P-code a c c u r a c y . 
Consecu t ive d a t a S e g m e n t s of 32 h o u r s we re formed to ca r ry ou t t h e Solut ions inc lud ing a 
qua l i ty a s s e s s m e n t in ove r l app ing orb i ta l s e g m e n t s . T h e n u m b e r of s i t e s u s e d v a r i e s from 
23 in 1993 to 42 in 1994. 

A n a l y s i s 

T h e Solut ions were o b t a i n e d by u s i n g G F Z E P O S . P . V 2 Sof tware p a c k a g e , wh ich is 
a d a p t e d to t h e I E R S S t a n d a r d s w i th t h e few except ions i n d i c a t e d below. T h e a d j u s t e d 
p a r a m e t e r s e t r e s u l t s from a H E L M E R T blocking. Fo r each p a r a m e t e r t h e reso lu t ion t i m e 
can be chosen freely. T h e orb i ta l e l e m e n t s a re ad jus ted i n d e p e n d e n t l y from day to day . To 
ge t a s t ab l e r e fe rence for t h e pole p a r a m e t e r de t e rmina t ion a se t of 12 s t a t i o n s w a s fixed for 
t h i s p u r p o s e . T h e n o m i n a l va lues for t h e s e s i tes v a r y w i t h i n t h e two y e a r s ( in 1994 i t w a s 
t h e I T R F 9 2 System) . T h e whole se r i e s is homogenized to c o m p e n s a t e for j u m p s o r ig ina t i ng 
from t h e s e c h a n g e s . 

T h e E a r t h Ro ta t i on P a r a m e t e r s (pole coordinates a n d l e n g t h of day) w e r e ad ju s t ed as 
dai ly v a l u e s (first 2 4 h o u r s of e a c h session) . These v a l u e s a r e p rac t i ca l ly i n d e p e n d e n t from 
d a y to day . T h e accuracy i s 0.25 m a s for t h e pole posi t ion (difference to t h e m e a n of al l IGS 
ser ies) a n d 0.06 m s for L O D R (compared to Bul le t in B). 

F o r t h e d e t e r m i n a t i o n of Sta t ion coord ina tes fiducial-free n o r m a l e q u a t i o n s w e r e 
a rchived . T h e s e n o r m a l equa t i ons were combined in to a two-year System to der ive t h e global 
Stat ion pos i t ion Solution SSC(GFZ) 95 P 02 . To define t h e o r i e n t a t i o n t h r e e h o r i z o n t a l s i te 
P a r a m e t e r s w e r e fixed. T h e s i t e veloci t ies were fixed to t h e I T R F 9 3 v a l u e s ( S S C ( I E R S ) 
94 C Ol) . A s m a l l n e t r o t a t i o n to I T R F 9 3 w a s e l i m i n a t e d b y a 7 - p a r a m e t e r s i m i l a r i t y 
t r a n s f o r m a t i o n . 

A second Solution for the reference f rame, SSC(GFZ) 95 P 0 3 , w a s d e t e r m i n e d w h e r e 
t h e s i te pos i t ions a n d the ho r i zon ta l s i te velocit ies were ad jus t ed s i m u l t a n e o u s l y . Velocit ies 
for s i tes w i t h less t h a n 6 m o n t h s of d a t a we re fixed. 

IERS(1995) Technical Note No 19. 



P01 
1993 
1993 
1993 

ITRF93 
1994 
1994 
1994 

global 
global 
NoAmer i ka&Europe 
Europe 

24 
24 
16 
8 

4.2 
4.2 
2.7 
1.4 

4.0 
5.4 
2.3 
1.2 

9.1 
4.6 
3.3 
2.3 

P-20 

T h e i n t e r n a l consis tency of t h e d e t e r m i n e d reference f rame is in t h e s u b - c m level 
a n d r e a c h e s t h e m m level for t h e dense r p a r t s of t h e n e t w o r k . R e s u l t s from a H e l m e r t 
t r ans fo rma t ion a r e g iven i n t h e tab le below (uni ts in m m ) . 

data data Stations with ITRF93 velocities with GFZ velocities 
set A set B compared #sta North East Up North East Up 

2.3 2.8 5.0 
0.9 0.9 3.7 
0.6 0.5 2.5 

T h e geocenter differs be tween t h e year ly Solutions in t h e r ä n g e of a few cm. 
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Technical descr ipt ion for Solutions GFZ 95 P 02 a n d 95 P 03 

1 - T e c h n i q u e : 

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

3 - Sof tware u s e d : 

4 - D a t a s p a n : 

5 - Ce les t ia l re ference f rame : 
a - N a t u r e : 
b - Defini t ion of 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 l i g h t : 
c - Geograv i t a t i ona 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 m o d e l : 
i - C o n s t r a i n t of t i m e evolut ion: 

E a r t h O r i e n t a t i o n : 
a - A pr ior i n u t a t i o n m o d e l : 

G P S 

GFZ 

EPOS.P .V2 

J a n 93 - Dec 94 

d y n a m i c a l 
a l igned to U T l form I E R S Bu l l e t i n B 

SSCXGFZ) 95 P 02 a n d SSCXGFZ) 95 P 03 
n o n e 
299 792 458 m/s 
3.986004418 1 0 1 4 m 3 / s 2 

yes 
( p e r m a n e n t t ide n o t i n l i s ted coord ina tes ) 
C(1,0)=C(1,1)=S(1,1)=0 
longi tude , l a t i t u d e of A L G O fixed, l a t i t u d e of 
W E T T fixed, p l u s a l i g n m e n t t o I T R F 9 3 
S S C ( I E R S ) 94 C Ol b y s i m i l a r i t y t r a n s ­
f o r m a t i o n 
1994.0 (MJD 49352) 
I T R F 9 3 Velocit ies 
a ) S S C ( G F Z ) 9 5 P 0 2 : fixed t o I T R F 9 3 
Veloci t ies 
b ) S S C ( G F Z ) 9 5 P 0 3 : v e l j o n g i t u d e , 
v e l j a t i t u d e of A L G O , fixed v e l j a t i t u d e of 
W E T T fixed, p l u s a l i g n m e n t t o I T R F 9 3 
Velocities by s imi l a r i t y t r a n s f o r m a t i o n 

EOP(GFZ) 95 P 02 (for SSC(GFZ) 95 P 02) 
IAUU980) 

b - Shor t -per iod t ida l va r i a t ions in x, y, U T l : U T l zonal t ides w i t h per iods < 35 days 

8 - E s t i m a t e d p a r a m e t e r s : 
a - Ce les 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 O r i e n t a t i o n : 
d - O t h e r s : 

n o n e 
l o n g i t u d e , l a t i t u d e , r a d i u s ( v e l j o n g i t u d e , 
v e l j a t i for SSC(GFZ) 95 P 03) 
dai ly x, y a n d LODR 
Orbit 
- 6 orbi ta l p a r a m e t e r s for 32-hour i n t e r v a l s 
- Reflectance coefficient, y-bias for 32 h 
- T roposphe r i c z e n i t h p a t h d e l a y for 4 - h o u r 
i n t e rva l s 
- Ambigu i t i e s 
- Epoch t i m e p a r a m e t e r s 
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EOPXGFZ) 95 P 02 From Jan 1993 to Jan 1995 

N u m b e r of measurements per year and median uncertaint ies 
U n i t s : 0.001" for X,Y; 0.0001s for D 

YEAR 

1993 
1994 
1995 

Nb 

360 
365 
3 

X 
Sigma 

0.04 
0.03 
0.03 

Y 
Nb Sigma 

360 0.03 
365 0.03 
3 0.03 

Nb 

360 
365 
3 

D 
Sigma 

0.40 
0.40 
0.40 





P-25 

C O O R D I N A T E S , V E L O C I T I E S , A N D E O P F R O M T H E J E T P R O P U L S I O N 
L A B O R A T O R Y U S I N G G P S 

J P L 9 5 P 0 2 

M. Hefl in , M. W a t k i n s , D . Jefferson, F . Webb , a n d J . Z innberge 
J e t P r o p u l s i o n 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 

Veloci t ies a n d pos i t ions h a v e been compu ted for 4 6 s e p a r a t e G P S m o n u m e n t s . T h e 
16348 Sta t ion d a y s of d a t a s p a n four yea r s from J a n u a r y 22 , 1991 t h r o u g h J a n u a r y , 2 7 1995. 
Dai ly e s t ima t ion w a s ca r r i ed o u t by t h e J e t P ropu l s ion Labora to ry ' s geode t ic a n a l y s i s t e a m . 
P a s t a n d p r e s e n t p a r t i c i p a n t s inc lude Geoffrey Blewi t t , Michae l Hef l in , D a v i d J e f f e r son , 
Y v o n n e V i g u e , M i c h a e l W a t k i n s , F r a n k W e b b , a n d J a m e s Z u m b e r g e . T h e a n a l y s i s 
s t r a t e g i e s g e n e r a l l y a d h e r e d to I E R S / I G S S t a n d a r d s a n d a r e de sc r ibed by Z u m b e r g e a n d 
Jefferson (1992) , Hefl in et al (1992,1994) , Blewit t et al. (1992), Vigue et al (1994), a n d Bar-
Sever et al (1995) . M e a n dai ly r epea t ab i l i t y for al l s i t es w a s d e t e r m i n e d to be 6 m m , 8 m m , 
a n d 13 m m for l a t i t u d e , long i tude , a n d he igh t respect ively. 

A n t e n n a h e i g h t s we re cor rec ted on each d a y by c o m p a r i n g t h e v a l u e u s e d d u r i n g 
ana lys i s t o t h e official v a l u e l i s ted a t t h e IGS cen t ra l b u r e a u . Nex t , t h e dai ly Solutions w e r e 
combined, u s i n g t h e i r füll covar iance m a t r i c e s , to ob ta in posi t ion a n d velocity e s t i m a t e s for 
each s i te . F o r m a l e r ro r s were sca led by 1.8 to m a k e ch i - squared p e r degree of f reedom e q u a l 
to one . F ina l ly , t h e reference f r ame w a s def ined by app l ica t ion of i n t e r n a l c o n s t r a i n t s a n d 
ro ta t ion i n t o I T R F 9 3 . T h e geocenter a n d scale were left a t t h e i r G P S der ived va lue s . 

T h e u p d a t e d s i te pos i t ion a n d velocity Solution w a s t h e n b a c k s u b s t i t u t e d in to t h e füll 
I n fo rma t ion m a t r i c e s ( w h e n a v a i l a b l e ) for t h e da i ly E a r t h o r i e n t a t i o n p a r a m e t e r s a n d 
Stat ion pos i t ions . Th i s y ie lded a cons i s t en t E O P ser ies s p a n n i n g t h e pe r iod from m i d 1992 
t h r o u g h e a r l y 1995. Signif icant out l ie rs were ed i ted re la t ive to a l igh t s m o o t h i n g . B e c a u s e of 
gaps i n t h e se r ies , l e n g t h of d a y h a s no t b e e n i n t e g r a t e d i n to U T l , a n d hence only x a n d y 
pole a r e i nc luded i n t h i s repor t . T h e r e s u l t i n g ser ies d e m o n s t r a t e s i n t e r n a l p rec i s ion on the 
order of 0.2 to 0.3 m a s . A scal ing of a p p r o x i m a t e l y 2.5 will m a k e t h e formal e r r o r s r e p o r t e d 
for t h e E O P ser ies cons is ten t w i t h t h e i n t e r n a l precis ion. 

A c k n o w l e d g e m e n t s 

T h i s r e s e a r c h w a s p a r t i a l l y ca r r i ed o u t by t h e J e t P ropu l s ion L a b o r a t o r y , Cal i forn ia 
I n s t i t u t e of T e c h n o l o g y , u n d e r c o n t r a c t w i t h t h e N a t i o n a l A e r o n a u t i c s a n d S p a c e 
A d m i n i s t r a t i o n . W e t h a n k t h e n u m e r o u s i n s t i t u t i ons a n d i n d i v i d u a l s w h o o p e r a t e t h e G P S 
cons te l la t ion a n d global rece iver ne twork . 
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Technical descr ipt ionof Solution J P L 95 P 02 

1 - Technique : 

2 - Analys is Cente r : 

3 - Software used: 

4 - D a t a span: 

5 - Celest ia l Reference F r a m e : 
a - N a t u r e : 
b - Definition of t h e or ientat ion: 

6 - Te r res t r i a l Reference F r a m e : 
a - Relat ivi ty scale: 
b - Velocity of l ight: 
c - Geogravi ta t iona l cons tan t : 
d - P e r m a n e n t t ida l correction: 
e - Definition of origin: 

f - Definition of or 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 evolution: 

7 - E a r t h or ienta t ion: 
a - A pr ior i n u t a t i o n model : 
b - Short -per iod t ida l var ia t ions in x, y, 

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 - Te r r e s t r i a l F r a m e : 
c - E a r t h Or ien ta t ion : 

d - O t h e r s : 

GPS 

J e t P ropuls ion Labora to ry , Cal i fornia 
In s t i t u t e of Technology 

GIPSY-OASIS I I 

J a n u a r y 2 2 , 1 9 9 1 - J a n u a r y 2 7 , 1 9 9 5 
16348 Station days 

not applicable 
Dynamica l , G P S spacecraf t 

S S C ( J P L ) 9 5 P 0 2 
Local E a r t h 
C = 299792458 m/sec 
GMO = 3.986004415 1 0 1 4 m 3 s - 2 

No 
Defined by G P S s/c d y n a m i c s t h r o u g h 
C10=0,C11=0,S11=0 
N o n e t ro ta t ion w i t h respec t to I T R F 9 3 
1993.0 
N o n e 
N o n e t ro ta t ion r a t e w i th r e spec t to I T R F 9 3 

E O P ( J P L ) 9 5 P 0 2 
IAUU980) 

U T l : Sub-dai ly t ida l va r i a t i ons n o t s u b t r a c t e d 
f rom r e p o r t e d s e r i e s , s u b - d a i l y t i d a l 
va r ia t ions mode l l ed b e g i n n i n g D e c e m b e r 10, 
1994 

Sa t e l l i t e in i t i a l c o n d i t i o n s , y a w r a t e , a n d 
empi r i ca l a cce l e r a t i ons 
X0, Y0, Z0, Xdot, Ydot, Zdot 
x, y ( L O D e s t i m a t e d b u t n o t i n c l u d e d in 
E O P ( J P L ) 9 5 P 0 2 ) 
Sate l l i te a n d s i te clocks a d j u s t e d e a c h epoch, 
p h a s e b i a s e s e s t i m a t e d a s r e a l v a l u e d 
p a r a m e t e r s , t r o p o s p h e r i c z e n i t h d e l a y 
ad jus ted s tochast ica l ly a t e a c h s i te . 
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Distribution of the uncertainties (quadratic mean of ox, <3y <*z) f ° r the 50 stations of the 
terrestrial frame SSC(JPL) 95 P 02. 



P-28 

EOP( JPL) 95 P 02 From Jun 1992 to Jan 1995 

Number of measurements per year and median uncertainties 
Uni ts : 0.001" for X.Y 

YEAR X Y 
Nb Sigma Nb Sigma 

1992 
1993 
1994 
1995 

131 
340 
344 
27 

0 
0, 
0, 
0, 

.15 

.11 

.08 

.09 

131 
340 
344 
27 

0, 
0, 
0. 
0, 

.17 

.12 

.08 

.09 


