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A N N U A L R E P O R T O F T H E C O D E A N A L Y S I S C E N T E R F O R 1993 
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S S C ( C O D E ) 9 4 P 0 1 , 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 , W . G u r t n e r , L . M e r v a r t , R. W e b e r ( A I U B , 
Be rn ) , U . W i l d , A . W i g e t (L+T, W a b e r n ) , H . S e e g e r ( IfAG, F r a n k f u r t ) , C . B o u c h e r ( I G N , 
P a r i s ) 

1. I n t r o d u c t i o n 

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 i n E u r o p e ) i s o n e of a t p r e s e n t 
s e v e n p r o c e s s i n g c e n t e r s of t h e I n t e r n a t i o n a l G P S S e r v i c e for G e o d y n a m i c s ( IGS) . 
C O D E is a c o l l a b o r a t i o n of 

- t h e S w i s s F e d e r a l Office of T o p o g r a p h y (L+T) , 
- t h e F r e n c h I n s t i t u t G e o g r a p h i q u e N a t i o n a l ( I G N ) , 

- t h e G e r m a n I n s t i t u t e for A p p l i e d G e o d e s y (If A G ) , a n d 
- t h e A s t r o n o m i c a l I n s t i t u t e of t h e U n i v e r s i t y of B e r n e (AIUB) 

T h e p r o c e s s i n g c e n t e r i s l o c a t e d a t t h e A I U B . T h e c o m p u t a t i o n s o r i g i n a l l y w e r e 
p e r f o r m e d o n a Cluster of V A X C o m p u t e r s . D u r i n g 1993 m o s t of t h e s e V A X m a c h i n e s 
w e r e r e p l a c e d b y A L P H A p r o c e s s o r s , o n e b e i n g r e s e r v e d for IGS p r o c e s s i n g o n l y ( the 
o t h e r A L P H A s a n d V A X e s a r e a l s o u s e d for o t h e r p ro j ec t s of t h e i n s t i t u t e o r b y o t h e r 
i n s t i t u t e s of t h e u n i v e r s i t y of Be rne ) . T h e B e r n e s e G P S S o f t w a r e V e r s i o n 3.5+ is u s e d 
for p r o c e s s i n g . T h e "+" i n d i c a t e s t h a t t h i s Vers ion is i n c o n s t a n t d e v e l o p m e n t t o m e e t 
t h e r e q u i r e m e n t s of a s t e a d i l y g r o w i n g w o r k l o a d of t h e r o u t i n e p r o c e s s i n g (Tab le 1). 

T a b l e 1. W o r k l o a d of t h e d a i l y " t h r e e - d a y s " C O D E Solu t ions 

Solution Characteristic 

Number of Satellites 
Number of Stations 
Number of Observations 
Number of Parameter 

T h e c o n t r i b u t i o n of C O D E t o t h e I G S s t a r t e d o n 21 J u n e 1992. T h e r e a r e 

u n i n t e r r u p t e d s e r i e s of o r b i t s , e a r t h r o t a t i o n p a r a m e t e r s ( E R P s ) , a n d S t a t i o n 

c o o r d i n a t e s a v a i l a b l e f r o m C O D E s i n c e t h a t t i m e . T o t h e b e s t of o u r k n o w l e d g e t h e r e 

n e v e r w e r e d e l a y s l o n g e r t h a n a b o u t t w o w e e k s b e f o r e o u r p r o d u c t s c o u l d b e m a d e 

a v a i l a b l e t o t h e sc ient i f ic C o m m u n i t y . 
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A c c o r d i n g t o o u r 1992 a n n u a l report d e l i v e r e d to the IERS the e m p h a s i s in 1993 
s h o u l d b e "on the critical ana lys i s of the phys i ca l m o d e i s a n d o n the d e v e l o p m e n t of 
l o n g - t e r m a n a l y s i s capabi l i t ies". A c t u a l l y w e f o c u s e d o u r d e v e l o p m e n t a n d tes t 
ac t iv i t i e s o n (1) t h e orbit m o d e l , (2) t h e s tack ing of n o r m a l e q u a t i o n S y s t e m s to 
c o m p u t e e .g . free n e t w o r k So lut ions ( a n d t h e a s s o c i a t e d v e l o c i t y f i e ld ) , (3) the 
o p t i m i z a t i o n of ERP es t imat ion . The progres s m a d e in these f ie lds a n d initial results 
are s u m m a r i z e d in the f o l l o w i n g sect ions . 

In 1992 the C O D E results w e r e s ignif icant ly affected b y A S (Ant i -Spoof ing) . 
T h i s w a s d u e t o a m a l - f u n c t i o n i n g ( u n d e r A S ) of the p r i n c i p a l r e c e i v e r in t h e 
n e t w o r k . T h e p r o b l e m w a s fixed a r o u n d the e n d of 1992; o n l y m i n o r diff icult ies w e r e 
e n c o u n t e r e d in o u r p r o c e s s i n g of A S data s ince that t ime. W e h a d the i m p r e s s i o n that 
the overal l Per formance of the IGS n e t w o r k w a s satisfactory in 1993. S ince 31 January 
1994 A S s e e m s to b e turned o n p e r m a n e n t l y . It is still difficult to s a y h o w m u c h the 
qual i ty of our resul ts is in f luenced b y AS . A t present w e b e l i e v e that the "damage" is 
of the order of 10% except for the coordinates of s tat ions in the auroral z o n e , w h i c h , at 
s o m e t i m e s , h a d to b e e x c l u d e d f rom o u r r o u t i n e p r o c e s s i n g d u e t o t h e rece iver 
p r o b l e m s . 

2. C O D E A n a l y s i s Characteristics 

T h e genera l characterist ics of o u r p r o c e s s i n g w e r e g i v e n in Beut ler et al 
(1993b). H e r e w e focus o n the changes a n d the progress m a d e s ince that t ime. Deta i l ed 
Information m a y b e f o u n d in Rothacher et al (1993), B r o c k m a n n et al (1993), Mervart 
et al (1993), a n d Beutler et al (1993a). 

A U T O M A T I C P R O C E D U R E S A T C O D E 

T h e p r o c e s s i n g s c h e m e w a s m o d i f i e d severa l t i m e s d u r i n g 1993. A t present 
w e p r o c e e d as f o l l o w s : A t regulär intervals of a f e w h o u r s a n a u t o m a t i c p r o c e d u r e 
checks w h e t h e r the data of the d a y to b e p r o c e s s e d are avai lable at C O D E (sent b y IGN) 
or at the d o s e s t IGS Globa l Data Center . If this is the case , p r o c e s s i n g of the d a y is 
s tarted. In a first s t e p t h e data are trans la ted from RINEX to the internal (binary) 
B e r n e s e format . I n c o n s i s t e n c i e s ( w r o n g fi le n a m e s , w r o n g Stat ion n a m e s , "new" 
a n t e n n a h e i g h t s ) are sor ted out . This s t e p m a y n e e d u s e r interact ion. T h e n the pre -
p r o c e s s i n g (s ingle-di f ference format ion, c o d e proces s ing , phase -c l ean ing ) i s d o n e w i t h 
t h e b e s t o r b i t In format ion a v a i l a b l e at that t ime; t o d a y this i s u s u a l l y a o n e - d a y 
e x t r a p o l a t i o n of o u r la tes t t h r e e - d a y s So lu t ion ( see b e l o w ) . T h e n a first o n e - d a y 
So lu t ion is p r o d u c e d . T h e p r i m a r y resu l t i s a first i m p r o v e d orbit . A f t e r w a r d s the 
p h a s e p r e - p r o c e s s i n g is repeated (wi th this i m p r o v e d orbit) a n d this t i m e all cyc le-s l ips 
s h o u l d b e s a f e l y r e m o v e d . If this is no t p o s s i b l e , n e w a m b i g u i t i e s are se t u p . T h e 
p r i n c i p a l d i f f e r e n c e b e t w e e n A S a n d n o n - A S p r o c e s s i n g r e s i d e s in the n u m b e r o f 
a m b i g u i t i e s w h i c h h a v e to b e se t u p in this s tep. A g a i n a o n e - d a y Solut ion, this t ime 
i n c l u d i n g t h e e s t i m a t i o n of earth rotat ion parameters i s p e r f o r m e d . If the So lut ion is 
accep tab le t h e nex t three -days Solut ion (Figure 1) is p r o d u c e d in t w o i terat ion Steps. 
T w o i terat ion Steps are required to guarantee not to run into l inearity p r o b l e m s . 



P-3 

I Ixxxxl 1 3-days are No 1 
I Ixxxxl 1 3-days are No 2 

I Ixxxxl 1 3-days are No 3 

-IxxxxlxxxxlxxxxlxxxxlxxxxIxxxxl—> Released CODE Orbits 

day 1 from are No 1 
day 2 from are No 2 

day 3 from are No 3 

Figure 1: Process ing in Over lapping 3-days Intervals 

THE FORCE M O D E L 

The principal features d id not c h a n g e s ince 1992 (Beutler et al, 1993b). T w o 
m i n o r , b u t i m p o r t a n t i m p r o v e m e n t s c o n c e r n i n g the orbit m o d e l for the e c l i p s i n g 
sate l l i tes took p l a c e in 1993: (1) A s descr ibed in the 1992 A n n u a l Report , the GP S 
space-crafts w h i c h are in d e e p ec l ipse theoretical ly h a v e to rotate v e r y rapid ly b y 180 
d e g a r o u n d t h e s p a c e veh ic l e s ' z -ax i s t w i c e d u r i n g the r e v o l u t i o n . The n u m e r i c a l 
p r o b l e m s in p r o c e s s i n g caused b y this p h e n o m e n o n w e r e sorted ou t o n c e and for all in 
1993. There are clear ind ica t ions , h o w e v e r , that there is a "real" at t i tude p r o b l e m of 
the ec l ips ing satel l i tes in the first 20 to 30 m i n u t e s after they l e a v e the earth's s h a d o w . 
(2) T h e p s e u d o - s t o c h a s t i c orbit m o d e l w a s u s e d for the e c l i p s i n g sate l l i tes in o u r 
rout ine p r o c e s s i n g s ince 14 June 1993. A t p r e d e t e r m i n e d t imes (at present t w i c e per 
d a y ) i m p u l s e - c h a n g e s are e s t i m a t e d for t h e s e sa te l l i t e s . T h e r e s u l t i n g orbit is 
c o n t i n u o u s , but its first der ivat ive is not. This c h a n g e w a s m a d e after several m o n t h s 
of e x t e n s i v e tests . A priori constraints are put o n these parameters to prevent d a m a g e 
in the case w h e r e (almost) n o observat ions of the ec l ips ing satel l i tes are avai lable. 

THE M O D E L FOR THE ERPS 

Our parameter e s t imat ion program a l l o w s to m o d e l x, y , a n d U T l - U T C as a 
series of p o l y n o m i a l s of user de f ined d e g r e e w h e r e the i n d i v i d u a l p o l y n o m i a l s refer 
to user de f ined c o n n e c t e d t ime intervals . So far w e a l w a y s d i v i d e d the 3 -days interval 
of our "final" Solut ions into three o n e - d a y b ins , a n d m o d e l e d each p o l e c o m p o n e n t x, 
y, and U T l - U T C as a p o l y n o m i a l w i th in each bin. Prior to 14 June 1993 a pure offset for 
each c o m p o n e n t ( p o l y n o m i a l d e g r e e = 0) w a s e s t imated . Af t erwards the p o l y n o m i a l 
d e g r e e 1 w a s u s e d ; in add i t i on w e asked the p o l e coordinates to b e c o n t i n u o u s at the 
d a y - b o u n d a r i e s . So , before the m e n t i o n e d date w e m o d e l e d each c o m p o n e n t of the 
p o l e b y 3 p a r a m e t e r s in e v e r y t h r e e - d a y s So lut ion , a f t e r w a r d s b y 4 ( formal ly 6 
parameters (3 x (1 offset + 1 drift per day) ) . The m a i n reason for this c h a n g e w a s to 
m a k e o u r e s t i m a t e s c o m p a t i b l e w i t h the a priori m o d e l for the p o l e ( w h i c h is 
c o n t i n u o u s ) . Therefore , after 14 June 1993, it w a s p o s s i b l e to i terat ive ly i m p r o v e the 
p o l e coord inates in the final t w o proces s ing s teps (3-days-so lut ions) . W e m e n t i o n that 
for U T l - U T C w e p u t a h e a v y w e i g h t either o n the a priori v a l u e of the first d a y (before 
14 June 1993) or o n the 0-degree coefficient of the first d a y (after 14 June 1993). It is thus 
clear that w e are "only" able to d e t e r m i n e the first der iva t ive of the U T l - U T C curve . 
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By integrat ing the resul t ing first der ivat ives of con secu t ive d a y s it is formal ly p o s s i b l e 
to reconstruct U T l - U T C starting from an arbitrary initial va lue . 

S T A C K I N G CAPABILITIES 

The "interesting part" of the normal equat ion System ( N E Q - s y s t e m s ) of each 
3 - d a y s Solut ion i s s tored together w i t h the neces sary log i s t ics Information in a file for 
later u s e . T h e n e w l y d e v e l o p e d p r o g r a m A D D N E Q ( B r o c k m a n n et al, 1993) i s then 
u s e d to c o m b i n e as m a n y of these N E Q Systems as required to p r o d u c e cons i s tent se ts 
of Station c o o r d i n a t e s , p o l e p o s i t i o n s , a n d sate l l i te orbi ts . T o a certa in e x t e n t the 
m o d e i s m a y b e m o d i f i e d in A D D N E Q : the p o l e m o d e l m a y e .g . b e s i m p l i f i e d in 
A D D N E Q ( o n l y o n e p o l y n o m i a l p e r p o l e c o m p o n e n t o v e r t h r e e d a y s ) , Stat ion 
ve loc i t ies m a y b e set u p , a c h a n g e from o n e terrestrial reference frame to t h e other (e.g. 
f rom ITRF 91 to ITRF 92) is poss ib le , "free n e t w o r k Solutions" b y r e m o v i n g constraints 
a n d b y in troduc ing Sys tem cond i t ions m a y b e p r o d u c e d . The p r o g r a m aga in generates 
a correct var iance -covar iance matr ix for the e s t i m a t e d parameters . The N E Q - s y s t e m s 
of o u r three d a y s Solut ions h a v e b e e n s tored e v e r y third d a y s ince Apri l 1,1993 ( d o y 
091), e v e r y d a y s ince July 2 3 , 1 9 9 3 (doy 200). 

O U R R E A U Z A H O N O F T H E ITRF IN 1993. 

Table 2 g i v e s the l ist of tracking s tat ions w e k e p t f ixed in o u r a n a l y s e s in 
1993 . T h e se t m a r k e d ITRF 91 o b v i o u s l y refers t o t h e I n t e r n a t i o n a l Terrestr ia l 
R e f e r e n c e F r a m e 1991 ( B o u c h e r et al, 1992) . T h e c o o r d i n a t e s , v e l o c i t i e s , a n d t h e 
eccentr ic i t i e s are ava i lab le in IGS mai l N o . 9 0 . O u r orbi ts a n d t h e ERP ser ies f r o m 
1 N o v e m b e r 1992 t o 31 D e c e m b e r 1993 d e l i v e r e d t o the IGS G l o b a l D a t a C e n t e r s 
( C D D I S , I G N , SIO) are b a s e d o n this rea l i za t ion of the ITRF re ference frame. O n 
1 January 1994 w e s w i t c h e d t o the ITRF 92 (Boucher et al, 1993) i n o u r r o u t i n e 
p r o c e s s i n g . F r o m this t ime o n w a r d s o u r results at C D D I S , I G N , a n d SIO are b a s e d o n 
the set "ITRF 92" of f ixed s i tes in Table 2. W e h a d to c h a n g e the f ixed s i tes according t o 
t h e l i s t s e l e c t e d at the 1992 IGS a n a l y s i s centers W o r k s h o p (Kouba , 1993 , s e c t i o n 
"Conc lus ions a n d R e c o m m e n d a t i o n s " ) . T h e coordinates , a n d c o r r e s p o n d i n g ve loc i t i e s 
m a y b e f o u n d i n IGS mai l N o . 4 3 0 , the s ite eccentricit ies are s tored in the CBIS (Central 
B u r e a u I n f o r m a t i o n S y s t e m ; file: loca l t ie . tab) . T h a n k s t o t h e s t a c k i n g p r o c e d u r e 
d e s c r i b e d a b o v e it w a s p o s s i b l e to re-process the larger part of the 1993 Solut ions u s i n g 
t h e ITRF 9 2 coord inate set a n d the n e w Station list g i v e n in Table 2 (see s ec t ion 3) w i t h 
p r o g r a m A D D N E Q . In a d d i t i o n w e n o t e that the de format ions d u e to t h e s o l i d earth 
t i d e s (Mc Carthy, 1992, Chapter 7, eqn. 6) are a d d e d w h e n a set of Station coordinates i s 
u s e d in o u r process ing . 
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Table 2. List o f Sites kept f ixed i n 1993 Process ing and in 1994. 

ITRF 91 Se t ITRF 92 Se t 

K0SG 
MADR 
TROM 
WETT 
ONSA 
ALGO 
FAIR 
GOLD 
KOKB 
YELL 
RCM2 
CANB 
YAR1 

13504M002 *) 
13407S010 
10302M002 
14201S004 
10402S002 
40104S001 
40408S002 
40405M013 
40424S001 
40127M001 
40499M002 
50103S010 
50107M001 

KOSG 
MADR 
TROM 
WETT 
HART 
ALGO 
FAIR 
GOLD 
KOKB 
YELL 
SANT 
TIDB 
YAR1 

13504M003 
13407S012 
10302M003 
14201M009 
30302M002 
40104M002 
40408M001 
40405S031 
40424M004 
40127M003 
41705M003 
50103M108 
50107M004 

*) u n c o n s t r a i n e d after 23 Ju ly 1993. 

M I S C E L L A N E O U S M O D E L L I N G C O M P O N E N T S 

A t t e m p t s w e r e m a d e t o i m p r o v e t h e m o d e l for t h e G P S fo rce f ie ld b e y o n d 
t h e 1992 I E R S S t a n d a r d s . F o r t h i s p u r p o s e t h e p r o g r a m O R B I M P w a s d e v e l o p e d . T h e 
p r o g r a m i n t e r p r e t s t h e sa te l l i t e p o s i t i o n s of t h e d a i l y IGS p r e c i s e o r b i t files a s ( p s e u d o - ) 
o b s e r v a t i o n s . " L o n g " a r c s ( u p t o 14 d a y s ) w e r e f o r m e d u s i n g c o n s e c u t i v e IGS o r b i t 
f i les . I n p a r t i c u l a r C o l o m b o ' s e m p i r i c a l r e s o n a n c e f o r c e s , a g e n e r a l i z e d r a d i a t i o n 
p r e s s u r e m o d e l , p s e u d o - s t o c h a s t i c v e l o c i t y c h a n g e s , a l b e d o r a d i a t i o n p r e s s u r e , a n d t h e 
r e s o n a n c e t e r m s of t h e e a r t h ' s g r a v i t y f ie ld w e r e c o n s i d e r e d a s c a n d i d a t e forces . O n l y 
t h e g e n e r a l i z e d r a d i a t i o n p r e s s u r e m o d e l l e d to a s u b s t a n t i a l i m p r o v e m e n t (Beu t l e r et 

al, 1993a) . I t i s p l a n n e d t o u s e t h i s i m p r o v e d force m o d e l i n t h e r o u t i n e p r o c e s s i n g 
after f u r t h e r e x t e n s i v e t e s t s i n f u t u r e . T h e p r o g r a m O R B I M P a l s o m a y b e u s e d t o c h e c k 
t h e o r b i t q u a l i t y of d i f f e ren t I G S p r o c e s s i n g c e n t e r s . I t i s u s e d a t p r e s e n t i n t h e p r o c e s s 
of I G S o r b i t c o m b i n a t i o n , s e e e.g. K o u b a (1994), t h e o r y i n Beu t l e r , K o u b a , a n d S p r i n g e r 
(1993). 

M e r v a r t et al. (1993) s h o w e d t h a t t h e q u a l i t y of C O D E o r b i t s i s suf f ic ien t t o 

a l l o w a m b i g u i t y r e s o l u t i o n ( w i d e - a n d n a r r o w - l a n e ) o n t h e Single b a s e l i n e l e v e l w i t h 

b a s e l i n e - l e n g t h s u p t o a b o u t 1000 k m . A m b i g u i t y r e s o l u t i o n a n d a s u b s e q u e n t o r b i t 

i m p r o v e m e n t s t e p w i l l b e i m p l e m e n t e d i n t h e n e a r f u t u r e i n t o o u r r o u t i n e 

p r o c e s s i n g . 
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3 . R e s u l t s 

E A R T H R O T A T I O N P A R A M E T E R S 

F i g u r e s 2 a a n d 2 b s h o w d i f f e r ences of t h e x a n d y c o m p o n e n t s of o u r p o l e 
e s t i m a t e s w i t h r e s p e c t t o t h e C 0 4 p o l e SERIES of t h e IERS C e n t r a l B u r e a u . W e c l e a r l y 
s e e a q u a l i t y i m p r o v e m e n t of o u r e s t i m a t e s f r o m o r i g i n a l l y a b o u t 1 m a s p e r 
c o o r d i n a t e t o n o w a b o u t 0.3 m a s . T h e " d i s e o n t i n u i t y " a t t h e e n d of 1993 ( M J D 49352) 
m a r k s t h e t r a n s i t i o n f r o m t h e I T R F 91 t o t h e I T R F 92 . 

F i g u r e s 3a a n d 3 b s h o w t h e l e n g t h - o f - d a y e s t i m a t e s of t h e C O D E p r o c e s s i n g 
c e n t e r af ter r e m o v i n g t h e z o n a l s o l i d e a r t h t i d e s a n d t h e d i f f e r e n c e b e t w e e n o u r 
e s t i m a t e s a n d t h o s e e x t r a c t e d f r o m t h e I E R S C 0 4 E R P s e r i e s ( w h i c h is c o m p l e t e l y 
i n d e p e n d e n t of o u r s e r i e s ) . T h e s e f i g u r e s c l e a r l y p r o v e t h a t G P S is c a p a b l e of 
e s t i m a t i n g t h e l e n g t h - o f - d a y ( w i t h a o n e d a y r e s o l u t i o n ) w i t h a p r e c i s i o n of a b o u t 
0.03 m s e c . W e a t t r i b u t e t h e q u a l i t y of o u r e s t i m a t e s t o t h e l e n g t h of o u r s a t e l l i t e a r c s 
( t h r e e d a y s ) . 

F i g u r e s 4 a a n d 4 b d e m o n s t r a t e t h a t t h e se t of f ixed c o o r d i n a t e s u s e d ( see 
T a b l e 2) is i m p o r t a n t : B o t h c u r v e s s h o w d i f f e r e n c e s b e t w e e n o u r S o l u t i o n s a n d t h e 
C04- se r i e s . T h e y a r e b a s e d i n o n e c a s e o n o u r r e a l i z a t i o n of t h e I T R F 9 1 , i n t h e o t h e r 
o n o u r r e a l i z a t i o n of t h e I T R F 92 Sys tem. W e c l ea r ly s ee t h e s u p e r i o r i t y of o u r ITRF 92 
s e r i e s . 

C O O R D I N A T E S 

T w o " f ree n e t w o r k S o l u t i o n s " c o u l d b e p r o d u c e d u s i n g t h e p r o g r a m 
A D D N E Q . T h e N E Q - s y s t e m s of 91 3 - d a y s S o l u t i o n s c o v e r i n g t h e t i m e p e r i o d f r o m 
1 A p r i l 1993 t o 31 D e c 1993 w e r e u s e d for t h i s p u r p o s e . T h e S o l u t i o n s ' c h a r a c t e r i s t i c s 
a r e g i v e n i n t h e s u m m a r y d e s c r i p t i o n b e l o w , t h e S ta t ion d i s t r i b u t i o n i n F i g u r e 5. I n 
t h e f i r s t s e t of c o o r d i n a t e s (A3) t h e S ta t ion ve loc i t i e s w e r e c o n s t r a i n e d t o t h e I T R F 92 
v a l u e s , i n t h e s e c o n d c a s e (B3) t h e S ta t ion v e l o c i t i e s a r e s o l v e d for. W e a r e a w a r e of 
t h e fac t t h a t a n i n e m o n t h t i m e i n t e r v a l is t o o s m a l l t o d e r i v e r e l i a b l e S t a t i o n 
d i s p l a c e m e n t s . W e i n c l u d e t h i s S o l u t i o n t o a l l o w a n o p t i m a l c o m b i n a t i o n w i t h 
c o o r d i n a t e se r i e s p r o d u c e d b y o t h e r a n a l y s i s c e n t e r s . 
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ERPs FROM CODE: DAYS 171/1992 - 049/1994 

Compared to C04 Pole 
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Figure 2a : D a i l y C O D E P o l e Est imates - C04 Po le Series (x - component ) 

ERPs FROM CODE: DAYS 171/1992 - 049/1994 

Compared to C04 Pole 
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Figure 2 b : D a i l y C O D E P o l e Est imates - C04 Po le Series ( y - c o m p o n e n t ) 
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C 

Seasonal Oscillation 

CODE (Duration of Day) - Zonal Tides (periods < 35 days) 
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Figure 3 a : D a i l y C O D E E x c e s s D a y L e n g t h V a l u e s freed f rom z o n a l s o l i d earth t i d e s 
(per iods shorter than 35 d a y s ) 
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Figure 3 b : C O D E es t imates - IERS C04 Series (Length of d a y ) 
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OLD AND NEW CODE ERP SERIES SINCE DOY 200 (1993) 
Compared to C04 Pole 
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Figure 4a : C O D E Est imates u s i n g the ITRF 91 of Table 1 - C04 P o l e Series (*) a n d C O D E 
Est imates u s i n g the ITRF 9 2 of Table 1 - C04 P o l e Series (.) x - c o m p o n e n t 

OLD AND NEW CODE ERP SERIES SINCE DOY 200 (1993) 

Compared to C04 Pole 
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Figure 4 b : C O D E Est imates u s i n g the ITRF 91 of Table 1 - C04 P o l e Series (•) a n d C O D E 
Est imates u s i n g the ITRF 9 2 of Table 1 - C04 P o l e Series (.) y - c o m p o n e n t 
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Figure 5 : IGS Core Stat ions u s e d b y the C O D E Process ing Center in 1993. 
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S u m m a r y d e s c r i p t i o n o f the So lu t ions C O D E 94 P Ol a n d P 02 

1 - T e c h n i q u e : G P S 

2 - A n a l y s i s Center : CODE 

3 - S o l u t i o n identif ier : 

4 - Sof tware u s e d : 

5 - Relat iv i ty Scale : 

6 - P e r m a n e n t t idal correct ion o n Station 

7 - Tectonic p la te m o d e l : 

8 - V e l o c i t y o f l i g h t ( C ) : 

9 - Geogravi ta t ional cons tant ( G M o ) : 

10 - Reference e p o c h : 

11 - A d j u s t e d parameters : 

12 - Def in i t ion o f the or ig in 

13 - Def in i t ion o f the or ientat ion 

14 - Constra ints for t i m e e v o l u t i o n 

(a) A 3 (94 P 01) 
( b ) B 3 ( 9 4 P 0 2 ) 

Bernese G P S Sogf tware , Vers ion 3.5+ 

Local Earth 

according to IERS Standards 

ITRF 92 ve loc i ty m o d e l 

299792458 m / s e c 

398.6004415 1 0 1 2 m 3 / s e c 2 

15 A u g 1993 for both Solut ions 

- 6 Kepler ian o s c u l a t i n g e l e m e n t s , direct 
rad ia t ion p r e s s u r e , a n d y -b ias for e a c h 
satel l i te a n d each 3 -days are, 
- p s e u d o - s t o c h a s t i c i m p u l s e c h a n g e s 
( twice per d a y ) for ec l ips ing satel l i tes , 
- 4 t r o p o s p h e r i c z e n i t h d e l a y s p e r d a y 
a n d Station, 
- ERPs as p o l y n o m i a l s of d e g r e e 1 for 
e a c h d a y ( c o n t i n u i t y a t t h e d a y 
b o u n d a r i e s ) , 
- initial p h a s e a m b i g u i t y parameters , 
- g e o c e n t r i c c o o r d i n a t e s for e a c h s i t e , 
a n d , for Solut ion (b) B3, ve loc i ty for each 
site . 

n o translat ion w i t h respect to the official 
13 IGS ITRF 92 s tat ions 

n o rotat ion w i t h respect to the official 13 
IGS ITRF 92 s tat ions 

(a) ITRF 9 2 Ve loc i ty Fie ld 
(b) l m / y r for n o r t h , e a s t - c o m p o n e n t s , 
O . l m m / y r for u p - c o m p o n e n t , for 2 8 
s tat ions . W e t t z e l l f ixed o n ITRF 9 2 ve l . 
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EOP(CODE) 9 4 P 02 From Jun 1992 to D e c 1993 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y; 0.0001s for U T l . 

YEAR X Y UTl 
Nb Sigma Nb Sigma Nb Sigma 

1992 
1993 

195 
364 

0.10 
0.06 

195 
364 

0.10 
0.06 

195 
364 

0.07 
0.06 

EOP(CODE) 94 P 03 From Jul 1993 to Feb 1994 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y; 0.0001s for U T l . 

YEAR 

1993 
1994 

X 
Nb Sigma 

166 0.05 
50 0.04 

Y 
Nb Sigma 

166 0.05 
50 0.04 

UTl 
Nb Sigma 

166 0.06 
50 0.06 
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1993 GPS D A T A PROCESSING A T T H E EMR A N A L Y S I S C E N T R E 
E O P ( E M R ) 9 2 P 0 4 

SSC(EMR) 94 P 0 2 , 0 3 , 0 4 

J. Kouba , J. Popelar , P. Tetreault , R. Ferland a n d F. Lahaye 
G e o d e t i c S u r v e y D i v i s i o n ( G S D ) , S u r v e y s , M a p p i n g a n d R e m o t e S e n s i n g Sec tor 
(SMRSS), E n e r g y M i n e s a n d Resources (EMR), 615 Booth St., O t t a w a , O n t K l A OE9 

S ince A u g u s t 1992 the GSD's Master A c t i v e Contro l S y s t e m ( M A C S ) Centre 
h a s b e e n r e d u c i n g G P S data from s ix C a n a d i a n A C S s tat ions a u g m e n t e d b y u p to 12 
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 e o d y n a m i c s G P S S e r v i c e (IGS) g l o b a l c o r e Station 
n e t w o r k . T h e GIPSY 11/ OASIS GPS Software Sys tem d e v e l o p e d b y the Jet P r o p u l s i o n 
Laboratory h a s b e e n a d o p t e d for da i l y proces s ing . T h e GIPSY II p r o c e s s i n g h a s b e e n 
h i g h l y a u t o m a t e d u s i n g U N I X Script to c o n s o l i d a t e a n d in tegra te p r o c e d u r e s in to a 
Single run . T w e l v e s ta t ions w e r e cons tra ined at t h e IGS c o o r d i n a t e s (Table 2) a n d 
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 radia t ion pres sure m o d e i s c o n f o r m t o the I G S / I E R S 
Standards (Boucher et al, 1992; McCarthy , 1992) T h e g lobal o c e a n l o a d i n g m o d e l d u e 
to Pagiatakis (1982) h a s b e e n adopted . The submi t t ed EMR EOP series i s ident ical w i t h 
o u r w e e k l y s u b m i s s i o n s d u r i n g 1993 a n d Starts o n January 1, 1993. Al l d a y s are 
i n c l u d e d e v e n t h o s e w i t h A n t i S p o o f i n g (AS) turned on . 

T h e E M R p r o c e s s i n g i s b a s e d o n u n d i f f e r e n c e d 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 data at 5 m i n u t e s s a m p l i n g intervals u s i n g 15 d e g r e e e l e v a t i o n a n g l e cut 
off. B o t h 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 are 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 accord ing to s i g m a s c o m p u t e d from the f o l l o w i n g exponent ia l m o d e l : 

a(E) = oo + Oi e-E/fy 

w h e r e E i s t h e e l e v a t i o n a n g l e in d e g r e e s a n d the cons tant s are: Eo=20, Oo=4 m m , 

G i = 1 5 m m for p h a s e m e a s u r e m e n t s at al l s t a t i o n s ; a o = 1 8 0 a n d 780 m m for 
p s e u d o r a n g e s at m o s t s tat ions . S o m e s ta t ions (e.g. P A M A , STJO, YELL) h a v e h i g h e r 
p s e u d o r a n g e n o i s e d u e to m u l t i p a t h a n d are b e i n g w e i g h t e d a c c o r d i n g l y . W e h a v e 
a l so e n h a n c e d the GIPSY II Software to a l l o w different w e i g h t i n g of sa te l l i t e s , data 
s e g m e n t d e l e t i o n a n d correct ions o f b iases . This p r o v e d to b e use fu l for data r e d u c t i o n 
w h e n A S sate l l i tes can b e d o w n w e i g h t e d , d e l e t e d or b ias corrected. For A S data the 
p s e u d o r a n g e observa t ions w e r e d o w n w e i g h t e d b y a s s i g n i n g v e r y large s i g m a s (100 m) . 

W e h a v e a d o p t e d 24h arcs w i t h o u t a n y d a t a o v e r l a p . For e a c h 2 4 h are the 
initial a priori State vec tor is taken from the p r e v i o u s d a y So lut ion 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 o f t h e current d a y m a k i n g t h e e s t i m a t i o n p r o c e s s se i f c o n t a i n e d . 
Broadcast orbits are u s e d o n l y w h e n i n t r o d u c i n g a n e w satel l i te . U s i n g the p r e c e d i n g 
are Solut ion is n o t o n l y m o r e accurate than the broadcas t orbit ini t ia l izat ion, b u t it a l so 
offers a se i f c h e c k o n d a i l y Solut ions a n d a qu ick i n d i c a t i o n of orbit errors a n d / o r 
p r o b l e m s re lat ing to a particular satellite. 

IERS(1994) Technical Note No 17. 
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T h e d i f ferences b e t w e e n the State vec tor e s t i m a t i o n for s u c c e s s i v e d a y s are 
t y p i c a l l y b e l o w 1 m a n d v a l u e s larger than 1.5 m are u s u a l l y repor ted in t h e w e e k l y 
s u m m a r y files. In m o s t cases larger differences h a v e b e e n f o u n d for e c l i p s i n g satel l i tes . 
Thi s a p p r o a c h a l so facil itates another t y p e of orbit m o d e l l i n g a n d e s t imat ion of D U T 1 . 
By a s s i g n i n g a priori orbit s i g m a s of I m a n d 0.5 m m / s in fact a p p r o x i m a t e s a r a n d o m 
w a l k s t o c h a s t i c p r o c e s s w i t h d a i l y U p d a t e s a n d s i g m a s of l m / s q r t ( d a y ) a n d 
(0.5 m m / s ) / s q r t ( d a y ) . This i s d u e t o t h e fact that the o ther s i g m a s are m u c h smal ler , 
t yp i ca l l y b e l o w 10 c m a n d 0.03 m m / s . A s a c o n s e q u e n c e of the co l inear i ty b e t w e e n 
D U T 1 a n d R. A . of t h e a s c e n d i n g orbit n o d e s , the e s t i m a t e d D U T 1 conta ins b o t h the 
D U T 1 c h a n g e s as w e l l a s t h e orbit n o d e errors c o m m o n t o all sate l l i tes w i t h s i g m a s 
a n d corre lat ion characterist ic of a r a n d o m w a l k p r o c e s s , i .e . the c o v a r i a n c e b e t w e e n 
d a y i a n d i+1 i s var ( i , i+ l )= var(i, i) . 

T h e var iance var(i , i) increases a p p r o x i m a t e l y w i t h the sqrt(i) , w h e r e i is the 
n u m b e r of d a y s s ince the D U T 1 init ia l izat ion. D U T 1 is in i t ia l ized t h e first n o n A S d a y 
of the G P S w e e k u s i n g the m o s t current U S N O / I E R S Bull. A v a l u e s . T h e s u m m a r y of 
e s t imated parameters , their a priori v a l u e s a n d s i g m a s are l i s ted in the Table 1. 

Table 1 : S u m m a r y of e s t i m a t e d parameters , a priori v a l u e s a n d s i g m a s 

Parameters 

StationX,Y,Z 
Pole x,y 
DUT1 
Trop. Z. dely 
Satell. states 
Sol. rad. Gx,Gz 
Sol. rad. Gy 
Init. phase amb 
Trop. bias 
Station clock 
Satell. Clock 

type 

constant 
ti 
it 
ti 
ti 
II 

ti 
II 

a priori values 

IGS/ITRF91 (1992.5) 
IERS/USNO Bull. A 

•t it 
2.0m 

prev. day Solution 
1.0 
0 
0 

random w. 0 
w. noise 0 

II 0 

a priori sigmas 

50m (fixed .002-.02m) 
3m 
3m ; fixed/reset every week 
.2m 
1km, .005m/s or Im, .0005m/s 
.1 (10%) 
1.0 10E-9 m/sA2 
300000km 
.Olm/sqrt(1h) 
ls (ALGO H-Maser fixed) 
0.001/.0001s for Block I/II 

T h e o r i e n t a t i o n a n d to a large e x t e n d t h e s c a l e of t h e E M R o r b i t / E O P 
So lut ions are n o m i n a l l y t h o s e of ITRF91 ( e p o c h 1992.5) as rea l i zed t h r o u g h the set of 
u p to 12 s ta t ions cons tra ined at the ITRF91 coord inates w h i c h are pr imar i ly b a s e d o n 
VLBI So lut ions ( see the l ist of constra ined s tat ions in the s u m m a r y descr ip t ion b e l o w ) . 
A l s o t h e D U T 1 w h i c h is in i t ia l ized o n c e a w e e k , u s u a l l y o n S u n d a y or the first n o n A S 
d a y of the w e e k u s i n g the m o s t current I E R S / N O E S Bul l .A pred ic t ions is d e r i v e d from 
VLBI D U T 1 Solut ions . 

T h e r e p o r t e d E O P s i g m a s are t h e formal s i g m a s a s e s t i m a t e d b y t h e 
a d j u s t m e n t . A s e x p e r i e n c e d f r o m t h e repeatabi l i ty of p o s i t i o n So lu t ions t h e formal 
s i g m a m a y b e t o o opt imis t i c , a n d n e e d to b e mul t ip l i ed b y a factor of 2 or 3. 



P - 1 7 

R e f e r e n c e s 

B o u c h e r , C , A l t a m i m i , Z . , D u f o u r , J .P . , a n d F a g a r d , H . , 1992: T h e I E R S t e r r e s t r i a l 
r e f e r e n c e f r a m e a n d i t s e x t e n s i o n s b y I G S a n d D O R I S , p r e s e n t e d a t N A S A D O S E 
m e e t i n g , G S F C G r e e n b e l t , M d , O c t o b e r . 
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S u m m a r y o f S o l u t i o n s S S C (EMR) 94 P 0 2 , 0 3 a n d 04 

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

2 - A n a l y s i s c e n t r e : 

3 - S o l u t i o n iden t i f i e r : 

4 - S o f t w a r e u s e d : 

5 - Re l a t i v i t y s c a l e : 

6 - P e r m a n e n t T i d e co r r : 

7 - T e c t o n i c p l a t e m o d . : 

8 - ve loc i t y of l igh t : 

9 - G M : 

g r a v i t y m o d e l : 

10 - r e f e r e n c e e p o c h : 

11 - A d j u s t e d p a r a m e t e r s : 

12 -o r ig in : 

1 3 - o r i e n t a t i o n : 

G P S 

G e o d e t i c S u r v e y D i v i s i o n ( G S D ) , S M R S S , E M R 

1993 E M R A n n u a l S u b m i s s i o n 

G I P S Y / O A S I S H ( U N I X ) 

LE 

n o n e 

n o n e , 3 e p o c h s 

299792458 m / s 

389600.4414 k m ^ / s 5 

G E M T 3 ( 8,8) +C21+S21 

1993 .21 ,1993 .5 ,1993 .83 

- u n d i f f e r e n c e d 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 
> 15 d e g r e e s @ 5 m i n ; 
- Single d a y (24h) a r e w i t h 6 IC a n d 3 r a d . p a r a m e t e r s p e r 
sa te l l i t e ( u p t o 2 6 s a t ) ; 

- t r o p . z e n i t h d e l a y co r r . p a r a m e t e r a u g m e n t e d w i t h 
r a n d o m w a l k s toch . p r o c e s s ; 
- i n i t i a l p h a s e a m b i g u i t y p a r a m e t e r s (1 for e a c h 
s a t e l l i t e / s t a t i o n p a s s o r in i t ia l p h a s e ) ; 

- S ta t ion p o s i t i o n s X,Y,Z, u p t o 18 s t a t i o n s . 
- x , y p o l e p o s i t i o n , o n c e a d a y ( D U T 1 f i x e d / s o l v e d ; 
D U T l , x , y a p r i o r i s i g m a = 3 m ) ; 
- S t a t i o n c l o c k b i a s e s o n c e p e r e a c h e p o c h / S t a t i o n 
( e x c e p t for A L G O h . m a s e r w h i c h p r o v i d e s t h e t i m e 
r e f e rence ) w i t h s i g m a 1 s; 

- s a t e l l i t e c lock b i a s e s o n c e p e r e a c h e p o c h / s a t e l l i t e w i t h 
l m s o r . l m s s i g m a . 

N o m i n a l l y ITRF91 

14 - C o n s t r a i n t for t. e v o l u t i o n : n o n e 
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S u m m a r y of So lu t ion EOP (EMR) 92 P 04 

1 - A n a l y s i s c e n t r e : G e o d e t i c S u r v e y D i v i s i o n ( G S D ) , S M R S S , E M R 

2 - S o l u t i o n iden t i f i e r : A n n u a l S u b m i s s i o n 

3 - S o f t w a r e u s e d G I P S Y / O A S I S H ( U N I X ) 

4 - De f in i t i on of T e r r e s t r i a l f r a m e : 

o r i g i n : 

o r i e n t a t i o n : 

r e f e r e n c e e p o c h : 

ve loc i ty of l i g h t : 

G M : 

g r a v i t y m o d e l : 

p e r m a n e n t t i d e corr : 

o c e a n l o a d i n g : 

5 - A d j u s t e d p a r a m e t e r s : 

N o m i n a l l y I T R F 9 1 
ti tt 

1992.5 

299792458 m / s 

398600.4414 k n \ 3 / s 5 

G E M T 3 ( 8,8) +C21+S21 
N o n e 
P a g i a t a k i s , g l o b a l m o d e l 

u n d i f f e r e n c e d 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 > 
15 d e g r e e s @ 5 m i n . Single d a y (24h) a r e w i t h 6 IC a n d 3 

r a d . p a r a m e t e r s p e r sa te l l i t e (20sat . ) 
t r o p . z e n i t h d e l a y c o r r . p a r a m e t e r a u g m e n t e d w i t h 
r a n d o m w a l k s toch . p r o c e s s 

i n i t i a l p h a s e a m b i g u i t y p a r a m e t e r s (1 f o r e a c h 
s a t e l l i t e / S t a t i o n p a s s o r in i t i a l p h a s e ) 
S ta t ion p o s i t i o n s X,Y,Z, u p t o 19 s t a t i o n s , A L G O , FAIR , 
G O L D , H A R T , S A N T , T R O M , W E T T , Y E L L , M A D R , 
M C M U , T I D B a n d Y A R 1 c o n s t r a i n e d . 
x , y p o l e p o s i t i o n o n c e a d a y ( D U T 1 f i x e d / s o l v e d ; 
D U T l , x , y a p r i o r i s i g m a = 3 m ) 
S ta t ion c lock b i a s e s o n c e p e r e a c h e p o c h / s t a t i o n ( e x c e p t 
for A L G O h. m a s e r w h i c h p r o v i d e s t h e t i m e r e f e r e n c e ) 

w i t h s i g m a 1 s 
sa t e l l i t e c lock b i a s e s o n c e p e r e a c h e p o c h / s a t e l l i t e w i t h 
l m s o r . l m s s i g m a 
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Distr ibut ion of the 17 s i tes of the terrestrial frame SSC(EMR) 94 P 02. 
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UNCERTAINTIES (cm) 

Dis tr ibut ion o f the uncerta int ies (quadratic m e a n of a x , o y , c z ) for the 18 
s ta t ions of t h e terrestrial f rame SSC(EMR) 94 P 02. 
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EOP(EMR) 92 P 04 From Oct 1992 to Jan 1994 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y; 0.0001s for U T l 

YEAR X Y UTl 
Nb Sigma Nb Sigma Nb Sigma 

1992 64 0.22 64 0.18 41 2.40 
1993 365 0.21 365 0.17 265 2.20 
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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 A N A L Y S I S C E N T R E F O R 1993 

E O P ( E S O C ) 9 2 P 0 2 

S S C ( E S O C ) 9 4 P 0 1 

T. J. M a r t i n M u r , J. M . D o w , J. F e l t e n s (1) , C G a r c i a M a r t i n e z (2) 
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) 
(1) m b p a t E S O C , (2) G M V a t E S O C 

T h e E S O C c o n t r i b u t i o n t o t h e I E R S for 1 9 9 3 c o n s i s t s of a d a i l y 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 o l u t i o n , E O P ( E S O C ) 9 2 P 0 2 , a n d a G P S S t a t i o n c o o r d i n a t e 
S o l u t i o n , S S C ( E S O C ) 94 P 0 1 . T h e E O P S o l u t i o n h a s b e e n o b t a i n e d w i t h t h e d a i l y 
p r o c e s s i n g of G P S d a t a for t h e I G S a n d t h e S t a t i o n c o o r d i n a t e S o l u t i o n h a s b e e n 
o b t a i n e d f r o m 21 t w o d a y a r c s of G P S Obse rva t i on e q u a t i o n s f r o m 1993. 

1. D E S C R I P T I O N O F T H E E O P ( E S O C ) 92 P 02 SERIES F O R 1993 

1.1 D a i l y I G S p r o c e s s i n g a t E S O C 

G P S d a t a f r o m e v e r y d a y of 1993 h a v e b e e n u s e d t o o b t a i n o r b i t s , 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 a s of N o v e m b e r 2 8 , s a t e l l i t e c lock b i a s e s . T h e i n c o m i n g 
G P S d a t a f r o m a b o u t 24 s t a t i o n s is e v a l u a t e d o n a d a i l y b a s i s a n d E O P s a r e d e t e r m i n e d 
for 24 h o u r i n t e r v a l s . T h e in i t i a l v a l u e s a r e t a k e n f r o m IERS B u l l e t i n A p r e d i c t i o n s . 
R I N E X O b s e r v a t i o n files a r e t h e i n p u t of t h e G P S O B S p r o g r a m , t h a t c h e c k s for cyc le 
s l i p s , o b t a i n s in i t i a l e s t i m a t e s for c lock b i a s e s , o b t a i n s i n d e p e n d e n t d o u b l e d i f f e r enced 
p h a s e o b s e r v a t i o n s a n d p r e p a r e s t h e i n p u t s for B A H N , o u r o r b i t a n d g e o d e t i c 
p a r a m e t e r e s t i m a t i o n p r o g r a m . B A H N m a k e s a n a d j u s t m e n t e s t i m a t i n g o r b i t s , 
p o s i t i o n s of s o m e s t a t i o n s , t r o p o s p h e r i c p a r a m e t e r s , m e a s u r e m e n t b i a s e s , r e c e i v e r 
c lock b i a s e s a n d E O P s . If p r e c i s e s a t e l l i t e c lock b i a s e s a r e n e e d e d G P S O B S c a n a l s o 
o b t a i n t h e m i n p o s t p r o c e s s i n g u s i n g c o d e a n d c a r r i e r p h a s e o b s e r v a t i o n s a n d f ix ing 
t h e v a l u e s of e a r t h f i xed o r b i t s , t r o p o s p h e r i c p a r a m e t e r s a n d p o s i t i o n of s t a t i o n s t o 
t h o s e o b t a i n e d b y B A H N . D a i l y So lu t ions a r e g r o u p e d in G P S w e e k b a t c h e s a n d s e n t t o 
t h e IERS t o b e u s e d i n t h e IERS E O P c o m b i n a t i o n . 

1.2 M o d e l s a n d c o n s t a n t s u s e d 

- T e r r e s t r i a l r e f e r e n c e f r a m e 

It is d e f i n e d b y f ix ing a s e t of 11 t o 13 g r o u n d s t a t i o n s t o t h e v a l u e s g i v e n b y t h e IERS 
a n d b y u s i n g a v e l o c i t y f ie ld t h a t w a s N N R - N u v e l l u p t o M a r c h 13 1993 a n d ITRF92 
f r o m M a r c h 14 1993. T h e g e o c e n t r e is d e f i n e d t h r o u g h t h e g r a v i t y m o d e l (CIO = C l l = 
S i l = 0). 

- I n t e g r a t i o n of t h e e q u a t i o n s of m o t i o n 

T h i s i s d o n e i n t h e S t a n d a r d J2000.0 ce les t i a l f r a m e . T h e r e l a t i v i t y s c a l e is t h a t of t h e 
loca l E a r t h . 

1ERS(1994) Technical Note No 17. 
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- Trans format ion b e t w e e n terrestrial a n d celest ial reference frames 

T h e IERS S t a n d a r d s are u s e d t o t r a n s f o r m f r o m ce les t ia l f rame t o t h e terrestrial 
r e f e r e n c e f r a m e , i n c l u d i n g ce l e s t i a l p o l e o f f se t f r o m IERS B u l l e t i n A . E O P s are 
m o d e l l e d as cons tant d u r i n g e v e r y U T C d a y , w i t h a cons tant p o l e p o s i t i o n (xp , y p ) . 
U T l w a s m o d e l l e d w i t h a constant U T l rate u p to October 30 1993, a n d from October 31 
1993 a c o n s t a n t v a l u e of U T l regu lar ized (UT1R) rate w a s u s e d , s o the U T l rate c o u l d 
h a v e the var iat ions d u r i n g the d a y pred ic ted b y the difference b e t w e e n U T l a n d UT1R. 
T h e parameter that i s p r o v i d e d t o t h e IERS is t h e L e n g t h Of the D a y (LOD) , a n d as of 
October 31 LODR. U T l ser ies can b e reconstructed from L O D or L O D R v a l u e s w h e n a 
init ial v a l u e i s g i v e n . 

- Basic cons tants 

Ve loc i ty of l ight: c = 299792.458 k m / s 

Earth gravi tat ional constant: G M = 398600.4415 k n \ 3 / s 2 

M e a n equator ia l Earth radius: A e = 6378.137 k m 
So l id Earth t idal L o v e n u m b e r : h 2 = 0.6090 
S o l i d Earth t idal S h i d a n u m b e r : 12 = 0.0852 

- G P S data h a n d l i n g 

T h e b a s i c o b s e r v a b l e for B A H N i s d o u b l e - d i f f e r e n c e of carrier p h a s e s , u s i n g the 
i o n o s p h e r i c free c o m b i n a t i o n . T h e e l e v a t i o n cutoff a n g l e i s 20 d e g r e e s a n d IGS 
e v a l u a t i o n w a s d o n e u s i n g 2 4 h o u r arcs u p t o Apri l 3 1993 a n d 4 8 h o u r arcs from 
Apr i l 4 1993. T h e 4 8 h o u r s i n c l u d e the central d a y a n d t w o p e r i o d s of 12 h o u r s before 
a n d after. 

- Satel l i te force m o d e l 

Geopotent ia l , GEM-T3 (n=8 , m = 8 p l u s C21 = -0 .1710"9 a n d S21 = 1.19 10-9) 
Solar third b o d y attraction 
Lunar third b o d y attraction 
So l id t ides , k 2 = 0.300, p h i = 0, W a h r frequency d e p e n d e n t correct ions 
O c e a n t ides , Schwidersk i ; n = 6 , m = 2 , 1 1 t idal const i tuents 
N o n - G r a v i t a t i o n a l : Solar p r e s s u r e + radiat ion e m i s s i o n m o d e i s f rom Fl iege l , T10 for 
Block I satel l i tes a n d T20 for Block 11/ HA satell ites. A constant scale factor a n d a Y-bias 
are e s t i m a t e d for e v e r y are. 

- Correc t ions to t h e m e a s u r e m e n t s 

Satel l i te centre of m a s s correction: For Block I satel l i tes , in b o d y f ixed, d x = 0.210 m , 
d z = 0 .854 m . For Block II satell ites, d x = 0.279 m , d z = 1.026 m . 
I o n o s p h e r i c c o r r e c t i o n : T h r o u g h the u s e o f L3 i o n o s p h e r i c f r e e c o m b i n a t i o n . 
T r o p o s p h e r i c correc t ion: Z e n i t h d e l a y e s t i m a t e d l inear ly i n 3 h o u r in terva l s u p to 
Apr i l 3 1993. F r o m A p r i l 4 1994 z e n i t h d e l a y a n d s h a p e factor e s t i m a t e d l inear ly in 6 

h o u r i n t e r v a l s . 
R e c e i v e r L3 a n t e n n a p h a s e c e n t r e correct ion: A ver t i ca l o f f s e t f r o m t h e a n t e n n a 
r e f e r e n c e p o i n t o f 0 .050 m for R o g u e / M i n i R o g u e a n t e n n a s a n d of 0 .082 m for 

T u r b o R o g u e a n t e n n a s . 
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A n t e n n a h e i g h t s a n d local ties: from IGS Mai l 90 u p to M a r c h 13 1993, f rom IGS Mai l 
160 from March 14 1993 u p to D e c e m b e r 26 1993, f rom the local t ie . tab file m a i n t a i n e d 
at the IGS Central Bureau from D e c e m b e r 27 1993. 

1.3 R e s u l t s 

The EOP series ob ta ined b y ESOC for 1993 h a v e b e e n w e e k l y sent t o the IERS. 

Table 1: Initial v a l u e s a n d constraints u s e d . W h e n t w o v a l u e s of constraint appear , the 
first w a s u s e d u p to Apri l 3 , 1 9 9 3 a n d the s e c o n d from Apri l 4 , 1 9 9 3 . 

Parameter 

Satellite position at epoch 
Satellite velocity at epoch 
ROCK4 scaling factor 
Y-bias 
xp, yp 
LOD / LODR 
Station position 
Total tropos. zenith delay 
Ambiguities 

Initial value 

From previous day orbit 
From previous day orbit 
1.0 (0.88 for PRN# 23) 
0.0 
IERS Bulletin A 
IERS Bulletin A 
ITRF91 / ITRF92 
2.1 m 
0.0 

A priori constraint 

100 m 
0.1 m/s , 1 m/s 

0.05 , 0.1 
2e-6 N , le-6 N 
5 mas , 100 mas 

0.5 ms/d , 6 ms/d 
0.2 m , 50 m 

0.2 m 
3e-8 m 

Table 2: H i s tory of c h a n g e s for 1993 

D a t e MJD D e s c r i p t i o n o f c h a n g e 

Mar. 

Mar. 

Apr. 

Sep, 

Oct, 

Dec, 

7 49053 New Station coordinates SSC(ESOC) P 01 used. 
Before the Station coordinate set from IGS Mail 90 
was used. 

14 49060 New Station coordinates and velocities from the 
ITRF91 used. Before the velocities were derived 
from the NNR-Nuvell model. 

4 49081 48 hour are used for orbits adjustment. New a 
priori constraints. 

12 49242 Receiver clock biases estimated. Before these 
biases were supposed to be zero. Intial values 
obtained from GPSOBS and used with an a priori 
constraint of 1 microsecond. 

31 49291 LODR estimated instead of LOD. Improved ÜT1 
modelling as a consequence. More passes and 
observations used. Implemented the capability of 
exeluding manoeuvering satellites from affecting 
the EOP estimate. 

26 49347 New Station 
ITRF92. 

coordinates and velocities from the 
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2 . D E S C R I P T I O N O F T H E G P S S T A T I O N C O O R D I N A T E S O L U T I O N S S C ( E S O C ) 

9 4 P 0 1 

2.1 I n p u t data 

- S i tes i n c l u d e d 

T h e s t a t i o n s t h a t w e r e i n d u d e d i n t h e a n a l y s i s w e r e t h o s e s t a t i o n s t h a t t h e E S O C / I G S 
A n a l y s i s C e n t r e w a s u s i n g i n J a n u a r y of 1994 fo r t h e d a i l y I G S p r o c e s s i n g . T h e y 
i n c l u d e d a l l t h e 13 s t a t i o n s t h a t a r e k e p t f ixed fo r d a i l y I G S p r o c e s s i n g , a l l t h e E S A 
r e c e i v e r s a n d a d d i t i o n a l r e c e i v e r s t o o b t a i n a n e v e n l y 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 
s a t e l l i t e s . A l l t h e s e s t a t i o n s a r e e q u i p p e d w i t h R o g u e , M i n i R o g u e , o r T u r b o R o g u e 
p r e c i s e g e o d e t i c G P S r e c e i v e r s c o n n e c t e d t o s t a b l e a t o m i c f r e q u e n c y S t a n d a r d s . T h e 
s t a t i o n s u s e d a r e l i s t e d i n t h e T a b l e 3 . 

T a b l e 3 : S t a t i o n s u s e d i n t h e S ta t ion c o o r d i n a t e S o l u t i o n 

Domes 
number 

10302M003 
10403M002 
12734M008 
13407S012 
13504M003 
14201S020 
21729S007 
23601M001 
30302M002 
31303M001 
40104M002 
40127M003 
40405S031 
40408M001 
40424M004 
40499M002 
40499S018 
41602M001 
41705M003 
50103M108 
50107M004 
50133M001 
66001M001 
92201M003 
97301M210 

Name 

Tromso 
Kiruna 
Matera 
Madrid 
Kootwijk 
Wettzell 
Usuda 
Taipei 
Hartebeesthoek 
Maspalomas 
Algonquin 
Yellowknife 
Goldstone 
Fairbanks 
Kokee Park 
Richmond 
Richmond 
Fortaleza 
Santiago 
Tidbinbilla 
Yarragadee 
Perth 
McMurdo 
Pamatai 
Kourou 

IGS 
code 

TROM 
KIRU 
MATE 
MADR 
KOSG 
WETT 
USUD 
TAIW 
HART 
MASP 
ALGO 
YELL 
GOLD 
FAIR 
KOKB 
RCM2 
RCM5 
FORT 
SANT 
TIDB 
YAR1 
PERT 
MCMU 
PAMA 
KOÜR 

Operator 

SK 
ESOC 
ASI/Telespazio 
JPL/DSN 
DUT 
IfAG 
JPL 
IES/AS 
SAC/CNES 
ESOC 
NRCan 
NRCan 
JPL/DSN 
JPL 
JPL 
NOAA 
NOAA 
INPE/NOAA 
JPL 
JPL/DSN 
JPL 
ESOC 
JPL 
CNES 
ESOC 

Receiver 
type 

Rogue 
TurboRogue 
Rogue 
Rogue 
Rogue 
Rogue 
Rogue/TurboR. 
Rogue 
Rogue 
MiniRogue 
Rogue 
MiniRogue 
Rogue 
Rogue 
Rogue 
Rogue 
TurboRogue 
TurboRogue 
Rogue 
Rogue 
Rogue 
TurboRogue 
Rogue 
Rogue 
MiniRogue 

Tectonic 
plate 

Eurasia 
Eurasia 
Eurasia 
Eurasia 
Eurasia 
Eurasia 
Eurasia 
Eurasia 
Africa 
Africa 
North America 
North America 
North America 
North America 
Pacific 
North America 
North America 
South America 
South America 
Australia 
Australia 
Australia 
Antarctica 
Pacific 
South America 

- A r c s i n d u d e d 

T h e p e r i o d s o f d a t a u s e d w e r e : 
S e v e n t w o d a y a r c s f r o m J a n u a r y 1 7 t h 1993 t o J a n u a r y 3 0 t h 1 9 9 3 , u s i n g 21 

G P S s a t e l l i t e s . 

S e v e n t w o d a y a r c s f r o m J u l y 4 t h 1993 t o J u l y 17th 1993, u s i n g 2 3 G P S 

s a t e l l i t e s . 
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S e v e n t w o d a y arcs f rom D e c e m b e r 19th 1993 to January I s t 1994, u s i n g 26 
GPS satel l i tes . 

N e i t h e r a n t i - s p o o f i n g w a s a c t i v a t e d n o r sate l l i tes w e r e m a n o e u v e r e d d u r i n g t h e s e 
three p e r i o d s . N o t all the s ta t ions w e r e ava i lab le d u r i n g t h e s e s ix w e e k s . T h e actual 
s tat ions u s e d for e v e r y are are l i s ted in Table 4. K o k e e Park (KOKB) w a s e x e l u d e d from 
the D e c e m b e r A n a l y s i s b e c a u s e it d i d no t p r o d u c e g o o d data for s o m e d a y s . 

Table 4: Data s p a n s u s e d 

IGS January 1993 July 1993 December 1993 
code 17 19 21 23 25 27 29 04 06 08 10 12 14 16 19 21 23 25 27 29 31 

TROM ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
KIRU ** ** ** •* ** ** •* ** •• •* ** 
MATE ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
MADR ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
KOSG ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
WETT * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** ** ** 
USUD * * * * * * * * * * * * * * **** * * * * * * * * * * * * * * 
TAIW **** * * * * * * * * * * * * * * * * * * * * • * • * • • * • • * • * * * 
HART ** ** ** *• ** •• •* ** •• ** ** ** •* *• •* ** ** ** •• •* ** 
MASP ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
ALGO ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
YELL ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
GOLD ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
FAIR ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
KOKB ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
RCM2 ** **** * * * * * * * * •*** 
RCM5 ** ** ** ** ** ** ** 
FORT **** * * * * * * 
SANT ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
TIDB ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
YAR1 * * * * * * * * * * * * • • * * * • * • * * * * * * * * * * * * * * 
PERT ** * * * * * * * * * * 
MCMU ** ** ** ****** ** 
PAMA * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
KOUR ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 

- Initial Station coord inates 

Initial Station coord ina te s w e r e o b t a i n e d from the ITRF92 Station c o o r d i n a t e Solut ion, 
as l i s ted in IGS Mai l s 421 a n d 430. Stat ion p o s i t i o n s w e r e ca lcu la ted at t h e different 
e p o c h s u s i n g the ve loc i t i e s of the ITRF92. To obta in the ve loc i t i e s of those s tat ions not 
i n c l u d e d in t h e ITRF92 (KIRU, FORT, PERT) a n d a l s o for T R O M a n d YELL the N N R -
N u v e l - 1 v e l o c i t y f ie ld w a s u s e d . C o o r d i n a t e s for s t a t i o n s n o t l i s t ed in t h e s e m a i l s 
(KIRU, R C M 5 , FORT, PERT) w e r e obta ined from the a v e r a g e e s t imates f rom o n e w e e k 
of IGS p r o c e s s i n g . Loca l t ies 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 r o m t h e fi le 
localt ie . tab m a i n t a i n e d b y the IGS Central Bureau. 
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- O b s e r v a t i o n e q u a t i o n s 

T h e p a r a m e t e r s t h a t w e r e e s t i m a t e d i n t h e g e n e r a t i o n of t h e O b s e r v a t i o n e q u a t i o n s 
w e r e : 

Sa t e l l i t e p o s i t i o n a n d v e l o c i t y for t h e Star t of e a c h a r e a n d a s c a l e r a d i a t i o n 
p r e s s u r e a n d a y - b i a s for e a c h a re . 

T r o p o s p h e r i c b i a s e s , m o d e l l e d l i n e a r l y i n 6 h o u r i n t e r v a l s . 
M e a s u r e m e n t b i a s e s for t h e d o u b l e d i f f e rence p h a s e o b s e r v a t i o n s . 
R e c e i v e r c lock b i a s e s a n d d r i f t s , a s n e e d e d . 

O b s e r v a t i o n e q u a t i o n s w e r e a l s o o b t a i n e d for o t h e r p a r a m e t e r s , f i x ing for e a c h a r e 
t h e i r v a l u e t o s o m e in i t i a l v a l u e : 

E a r t h r o t a t i o n p a r a m e t e r s , w i t h in i t i a l v a l u e s f r o m t h e IERS Bu l l e t i n B. 
S t a t i o n c o o r d i n a t e s . 

- N o r m a l e q u a t i o n s 

N o r m a l e q u a t i o n s w e r e o b t a i n e d f r o m t h e O b s e r v a t i o n e q u a t i o n s e l i m i n a t i n g t h o s e 
p a r a m e t e r s t h a t w e r e n o t of i n t e r e s t for s u b s e q u e n t p r o c e s s i n g . T h e o n l y p a r a m e t e r s 
k e p t w e r e S ta t ion c o o r d i n a t e s a n d 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 . 

2.2 D a t a a n a l y s i s 

- F r e e n e t w o r k S o l u t i o n s 

F i r s t S t a t ion c o o r d i n a t e S o l u t i o n s w e r e o b t a i n e d s e p a r a t e l y for e v e r y a r e in o r d e r t o 
ve r i fy t h e q u a l i t y of t h e d a t a f r o m e a c h a r e . T h e s e So lu t ions w e r e t h e n c o m p a r e d w i t h 
t h r e e t w o w e e k S o l u t i o n s for J a n u a r y , J u l y a n d D e c e m b e r . O n l y o b s e r v a b i l i t y p r o b l e m s 
w e r e f o u n d for o n e o r t w o s t a t i o n s for a c o u p l e of a r c s , b u t t h e y w e r e s o l v e d b y 
c o m b i n i n g t h e s e a r c s w i t h o t h e r w i t h b e t t e r o b s e r v a b i l i t y for t h o s e s t a t i o n s . T h e n a 
g l o b a l S o l u t i o n w a s o b t a i n e d a n d c o m p a r e d w i t h t h e t w o w e e k S o l u t i o n s t o o b t a i n a n 
e s t i m a t e of t h e r e p e a t a b i l i t y of t h e S o l u t i o n s . A l l t h e s e S o l u t i o n s w e r e o b t a i n e d f ix ing 
t h e E R P v a l u e s t o t h e i n i t i a l I E R S B u l l e t i n B v a l u e s a n d w i t h o u t u s i n g a n y o t h e r 
a d d i t i o n a l c o n s t r a i n t , s o t h e y c a n b e c o n s i d e r e d "free n e t w o r k " S o l u t i o n s . T a b l e 5 
c o m p a r e s t h e t w o w e e k S o l u t i o n s w i t h e a c h o t h e r a n d w i t h t h e g l o b a l f ree n e t w o r k 
S o l u t i o n . 

T a b l e 5 . D i s c r e p a n c i e s af ter 7 p a r a m e t e r t r a n s f o r m a t i o n . 

rms of East rms of North rms of Height 
discrepancies discrepancies discrepancies 

First set Second set (cm) (cm) (cm) 

Jan. Solution Jul. Solution 1.8 1.2 3.7 
Jul. Solution Dec. Solution 3.3 1.5 3.7 
Jan. Solution Dec. Solution 3.9 1.3 3.1 
Global Solution Jan. Solution 1.6 0.7 1.9 
Global Solution Jul. Solution 1.4 1.1 2.5 
Global Solution Dec. Solution 2.6 0.7 1.7 
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Typical accuracy b a s e d i n repeatabi l i ty can b e e s t i m a t e d to a b o u t 2 .2 c m east , 1.0 c m 
north a n d 2.5 c m vert ical for the t w o w e e k Solut ions a n d a b o u t 1.3 c m eas t , 0.6 c m 
n o r t h a n d 1.5 c m vert ica l for the g loba l So lut ion . W h e n t h e g l o b a l free n e t w o r k 
So lut ion is c o m p a r e d w i t h the init ial v a l u e s ( m o s t l y ITRF92), t h e r e s u l t s are t h o s e 
s h o w n in Table 6. 

Table 6. C o m p a r i s o n of t h e g loba l free n e t w o r k Solut ion w i t h the init ial v a l u e s after a 
s e v e n p a r a m e t e r t rans format ion to o b t a i n t h e n e w c o o r d i n a t e s i n the s a m e 
re ference 

centre offset rotations residual rms 
x y z x y z scale East Nor. Hei. 

reference set (cm) (cm) (cm) (mas) (mas) (mas) (ppm) (cm) (cm) (cm) 

All stations -0.25 -7.15 17.88 -1.55 -0.61 -10.10 0.000 1.2 1.1 3.1 
ITRF92 -0.33 -6.90 17.59 -1.67 -0.68 -10.17 0.001 1.2 0.9 3.3 
IGS fiducial 0.07 -6.88 17.29 -1.63 -0.57 -9.95 0.000 0.9 0.6 3.0 

T h e c o m p a r i s o n s h o w s a g r e e m e n t w i t h t h e in i t ia l c o o r d i n a t e s to a b o u t 1 c m 
hor izonta l a n d 3 c m vertical . A l l the initial coord inates , those o b t a i n e d from the IERS 
as w e l l as t h o s e o b t a i n e d from o n e w e e k of IGS resul t s , s e e m to b e e q u a l l y accurate. 
There is n o s ignif icant di f ference b e t w e e n the accuracy of the 13 stat ions that are u s e d 
as f iducial s i tes for the da i ly Solution a n d the other sites . 

- D i s c u s s i o n o n constraints 

A s w e s e e in Table 6 a free n e t w o r k Solut ion can b e shi f ted a n d rotated w i t h respect to 
the reference Solut ion. T h e b i g g e s t shift is a l w a y s for t h e G P S Solut ions that w e h a v e 
o b t a i n e d a z axis d i s p l a c e m e n t a n d the b i g g e s t rotat ion i s , as e x p e c t e d for a satel l i te 
b a s e d Solut ion, a z rotat ion. W e w o u l d l ike to h a v e o u r Solut ion in the s a m e reference 
as the or ig inal ITRF92 set w i t h o u t h a v i n g to pos t -proces s the coord inate set . This can 
be d o n e u s i n g constraints for the Station coordinates that stabi l ize o u r System w i t h o u t 
c h a n g i n g the re lat ive p o s i t i o n of the s tat ions . A n o t h e r addi t iona l p r o b l e m i s that free 
n e t w o r k S o l u t i o n s d o n o t p r o v i d e a c r e d i b l e e s t i m a t e of the a c c u r a c y of t h e 
coordinates . C a l c u l a t e d abso lu te accuracies are as b i g as 7 m e t e r s for the l o n g i t u d e of 
s o m e s ta t ions in t h e g loba l free n e t w o r k Solut ion. T w o k i n d s of cons tra in t s w i l l b e 
u s e d . T h e first w i l l b e a s o ca l l ed s e v e n p a r a m e t e r cons tra in t , tha t c o n s t r a i n s the 
d i s p l a c e m e n t s of a g r o u p of s ta t ions s o the a v e r a g e shift , ro ta t ion or sca l e are kept 
u n c h a n g e d . T h e s e c o n d , n e e d e d to obta in e s t imates of t h e accuracy, i s a l o o s e a priori 
constraint for e v e r y c o m p o n e n t of a g r o u p of s tat ions s o that the Sys tem is s tabi l ized. 

- So lu t ion SSC(ESOC) 94 P 01 

For this Solut ion t h e f o l l o w i n g constraints w e r e appl i ed: 
Earth rotat ion parameters w e r e f ixed to the IERS Bullet in B v a l u e s . 
The or ig in a n d z rotation of the System d e f i n e d b y t h e set of 13 s tat ions that 
are f ixed for the dai ly Solution w e r e constra ined to b e zero . X a n d y rotat ion 
w e r e not f ixed b e c a u s e it w o u l d conflict w i t h f ixing t h e centre of the Sys tem 
a n d the p o s i t i o n of the po le . The scale factor is w e l l d e t e r m i n e d a n d d o e s 
no t n e e d t o b e f ixed. 
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A l l the Station c o o r d i n a t e s w e r e l o o s e l y c o n s t r a i n e d to the a priori v a l u e s 
w i t h 1 m for e v e r y c o m p o n e n t . 

2.3 R e s u l t s 

- Effect of constraints 

T h e first t h i n g that h a s t o b e a n a l y z e d i s h o w t h e constraints that h a v e b e e n a p p l i e d 
h a v e af fected t h e Solut ion. For that w e c o m p a r e in Table 7 the c o n s t r a i n e d Solut ion 
w i t h t h e f r e e n e t w o r k So lu t ion , w i t h t h e in i t ia l c o o r d i n a t e s a n d w i t h t h e ini t ia l 
coord inates of the set of f iducial s tat ions 

Tab le 7. C o m p a r i s o n of the SSC(ESOC) 9 4 P Ol w i t h re ference se t s after a s e v e n 
parameter transformat ion to obta in the n e w coord inates in the s a m e reference 

centre offset rotations residual rms 
x y z x y z scale East Nor. Hei. 

reference set (cm) (cm) (cm) (mas) (mas) (mas) (ppm) (cm) (cm) (cm) 

Free network -0.02 6.49-17.23-0.17-0.15 9.74 0.000 0.5 0.3 1.0 
Initial set -0.27 -0.66 0.65 -1.72 -0.76 -0.36 0.001 1.5 1.1 2.8 
IGS fiducial -0.02 0.02 0.01 -1.80 -0.75 -0.21 0.001 1.2 0.8 2.9 

T h e c o m p a r i s o n w i t h t h e free n e t w o r k se t s h o w s that the constra ints h a v e effects that 
are smal ler than t h e repeatabi l i ty of the Solut ion, s o w e can s a y that the ad jus tment is 
n o t o v e r - c o n s t r a i n e d . T h e x a n d y ro ta t ions are b a s i c a l l y t h e s a m e as in t h e free 
n e t w o r k So lu t ion , b e c a u s e t h e y are f ixed b y f ix ing t h e p o l e p o s i t i o n t o t h e IERS 
Bul let in B v a l u e s . T h e d i s c r e p a n c y w i t h the ITRF92 i n these t w o rotat ions , that w e can 
s e e b o t h i n t h e c o m p a r i s o n w i t h the initial se t a n d t h e f iducial se t , can b e e x p l a i n e d 
u s i n g the p r e d i c t e d b i a s e s a n d s l o p e s g i v e n in the 1992 IERS A n n u a l Report (p. n-17) . 
T h e offset at 1993.5 s h o u l d b e 0.34 0.5 for x p a n d 1.53 0.5 for y p . T h e s e offsets m a k e the 
IERS E O P ser ies cons i s t en t w i t h the IERS terrestrial reference frame. T h e c o m p a r i s o n 
w i t h t h e IGS f iducial se t s h o w s that the or ig in a n d z rotat ion constraint h a s w o r k e d as 
e x p e c t e d , f ix ing the or ig in of t h e System a n d the rotat ion about the z axis . In add i t ion , 
t h e s i g m a s of t h e So lut ion h a v e n o w v a l u e s that are c loser to t h o s e e x p e c t e d b y the 
r e p e a t a b i l i t y , s o t h e 1 m c o n s t r a i n t h a s p r o d u c e d t h e d e s i r e d e f f ec t w i t h o u t 
o v e r c o n s t r a i n i n g t h e Sys tem. 

- A c c u r a c y of t h e Solut ion 

A g r e e m e n t w i t h the s e t o f init ial coordinates , bas ica l ly ITRF92, i s i n the s a m e order of 
m a g n i t u d e a s t h e a c c u r a c y o f the So lut ion b a s e d o n repeatabi l i ty . In Table 8 three 
m e a s u r e m e n t s of the accuracy of the Solut ion are c o m p a r e d . 
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T a b l e 8. A c c u r a c y e s t i m a t e s 

Measurement of accuracy 

Repeatability 
Comparison with ITRF92 
Average formal uncertainties 

East North Height 
estimate estimate estimate 

(cm) (cm) (cm) 

1.3 
1.5 
3.7 

0.6 
1.1 
1.5 

1.5 
2.8 
3.2 

T h e f o r m a l u n c e r t a i n t i e s s e e m t o b e p e s s i m i s t i c , spec i a l l y for t h e E a s t a c c u r a c y . 

- Ve loc i ty f ie ld 

T o c h e c k w h e t h e r t h e v e l o c i t y f ie ld m a y n e e d i m p r o v e m e n t for s o m e s i t e s , w e h a v e 
c o m p a r e d t h e d i s c r e p a n c i e s of t h e t w o w e e k S o l u t i o n s w i t h r e s p e c t t o t h e g l o b a l 
S o l u t i o n , a f te r a s e v e n p a r a m e t e r t r a n s f o r m a t i o n , w i t h t h e f o r m a l u n c e r t a i n t i e s for 
e a c h s i t e . If t h e d i s c r e p a n c i e s w e r e h i g h e r t h a n t h e f o r m a l u n c e r t a i n t i e s w e c o u l d 
s u s p e c t t h a t t h e ve loc i t i e s m i g h t b e n o t w e l l d e t e r m i n e d , b u t al l t h e d i s c r e p a n c i e s a r e 
w e l l w i t h i n 3 s i g m a of t h e e s t i m a t e s , s o a n i m p r o v e d v e l o c i t y f ie ld S o l u t i o n d o e s n o t 
s e e m p o s s i b l e w i t h t h i s d a t a set . 

S u m m a r y d e s c r i p t i o n of the So lut ion S S C ( E S O C ) 94 P 01 

1 - T e c h n i q u e : 
2 - A n a l y s i s C e n t r e : 

3 - S o l u t i o n iden t i f i e r : 
4 - S o f t w a r e u s e d : 

5 - R e l a t i v i t y Scale : 
6 - P e r m a n e n t tide c o r r e c t i o n o n Sta t ion: 

7 - T e c t o n i c p l a t e m o d e l : 

8 - Ve loc i ty of l i g h t (c): 

9 - G e o g r a v i t a t i o n a l c o n s t a n t ( G M o ) : 

10 - R e f e r e n c e e p o c h : 

11 - A d j u s t e d p a r a m e t e r s : 

G P S 
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) 
S S C ( E S O C ) 9 4 P 0 1 
G P S O B S / B A H N - V 5 / M U L T I A R C 
Loca l E a r t h 
T o b e a d d e d t o l i s t ed c o o r d i n a t e s 
I T R F 9 2 + N N R - N u v e l l 

299792.458 k m / s 

398600.4415 k n \ 3 / s 2 

1994.0 

O n a t w o d a y bas i s : 
Sa te l l i t e p a r a m e t e r s p e r spacecra f t : 

- o n e o rb i t a l State a t Start e p o c h . 
- o n e s c a l i n g 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 T10 o r T20 m o d e i s . 
- o n e Y-bias a c c e l e r a t i o n . 

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 Sta t ion: 
- e v e r y 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 d e l a y p a r a m e t e r a n d a s h a p e 
p a r a m e t e r . 
- c lock b i a s e s a n d c lock dr i f t s a s n e e d e d . 
- d o u b l e - d i f f e r e n c e d p h a s e a m b i g u i t i e s a s r e a l - v a l u e d p a r a m e t e r s . 

Fo r t h e w h o l e c a m p a i g n : 

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 Sta t ion: 

- g r o u n d Sta t ion p o s i t i o n s 
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Parameters t o b e k e p t fixed: 
Satel l i te parameters per spacecraft: 

- radiat ion pressure sca l ing factors G x a n d G z fixed to 1.0. 
Stat ion re lated parameters per g r o u n d Station: 

- s i te v e l o c i t i e s f r o m ITRP92 or N N R - N u v e l l w h e n t h e s i te i s n o t 
l i s ted in the ITRF92. 

E O P v a l u e s 
- f r o m t h e IERS Bul let in B. 

12 - Def in i t ion of the or ig in: 

13 - Def in i t ion of the or ientat ion: 

14 - Constra int for t i m e evo lu t ion : 

O r i g i n o f a s e t of 13 f iduc ia l s t a t i o n s 
cons tra ined to b e the s a m e as that of the 
ITRF92 . T h e s e s t a t i o n s are: M a d r i d , 
K o o t w i j k , W e t t z e l l , T r o m s o , 
H a r t e b e e s t h o e k , Yarragadee , Tidbinbi l la , 
K o k e e P a r k , F a i r b a n k s , G o l d s t o n e , 
Y e l l o w k n i f e , A l g o n q u i n a n d Sant iago , 
the E O F s are f ixed to IERS Bul le t in B, 
the rotat ion a b o u t the z axis of the set of 
13 f iducial s tat ions cons tra ined to b e the 
s a m e as that of the ITRF92. 
ITRF92 a n d N N R - N u v e l l p l a t e m o t i o n 
m o d e l 

15 - D e v i a t i o n s f rom the IERS Standards: 
- n o relat ivist ic correct ions to p r o p a g a t i o n o r / a n d accelerat ion. 
- n o Station o c e a n load ing . 
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UNCERTAINTIES (cm) 

10 

Distr ibut ion of the uncertaint ies (quadratic m e a n o f o x , a y , a z ) for the 25 
s tat ions of the terrestrial frame SSC(ESOC) 9 4 P 0 1 . 
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S u m m a r y d e s c r i p t i o n of So lut ion EOP(ESOC) 92 P 02 

1 - T e c h n i q u e : G P S 
2 - A n a l y s i s C e n t r e : 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) 

3 - S o l u t i o n iden t i f i e r : EOP(ESOC) 1993 
4 - S o f t w a r e u s e d : G P S O B S / B A H N - V 5 
5 - R e l a t i v i t y Sca le : Loca l E a r t h 
6 - P e r m a n e n t t i d e c o r r e c t i o n o n Sta t ion: T o b e a d d e d t o l i s t ed c o o r d i n a t e s 
7 - T e c t o n i c p l a t e m o d e l : I T R F 9 2 + N N R - N u v e l l 
8 - Ve loc i t y of l i g h t (c): 299792.458 k m / s 

9 - G e o g r a v i t a t i o n a l c o n s t a n t ( G M o ) : 398600.4415 k m 3 / s 2 

10 - R e f e r e n c e e p o c h : 1993.5 
11 - A d j u s t e d p a r a m e t e r s : 

Sa te l l i t e p a r a m e t e r s p e r spacec ra f t : 
- o n e o r b i t a l State a t Start e p o c h . 
- o n e s c a l i n g 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 T10 o r T20 m o d e l 
- o n e Y-b ias a cce l e r a t i on . 

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 Sta t ion: 
- e v e r y 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 d e l a y a n d a s h a p e p a r a m e t e r . 

- c lock b i a s e s a n d c lock dr i f ts a s n e e d e d . 
- d o u b l e - d i f f e r e n c e d p h a s e a m b i g u i t i e s a s r e a l - v a l u e d p a r a m e t e r s . 

- g r o u n d Sta t ion p o s i t i o n s for s t a t i o n s t h a t a r e n o t f ixed 
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 (EOPs) : 

- o n e se t of p o l e c o o r d i n a t e s x p , y p a n d L O D R p e r d a y . 

P a r a m e t e r s t o b e k e p t f ixed: 

Sa te l l i t e p a r a m e t e r s p e r spacecra f t : 
- r a d i a t i o n p r e s s u r e s ca l i ng fac tors G x a n d G z f ixed t o 1.0. 

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 Sta t ion: 
- s i t e v e l o c i t i e s f r o m I T R F 9 2 o r N N R - N u v e l l w h e n t h e s i t e is n o t 
l i s t e d i n t h e ITRF92 
- T h e c o o r d i n a t e s of 13 f i d u c i a l s t a t i o n s a r e f i x e d t o t h e I T R F 9 2 
v a l u e s . T h e s e s t a t i o n s a r e : M a d r i d , K o o t w i j k , W e t t z e l l , T r o m s o , 
H a r t e b e e s t h o e k , Y a r r a g a d e e , T i d b i n b i l l a , K o k e e P a r k , F a i r b a n k s , 
G o l d s t o n e , Y e l l o w k n i f e , A l g o n q u i n a n d S a n t i a g o 

12 - D e f i n i t i o n of t h e o r i g i n : G e o c e n t r e t h r o u g h g r a v i t y m o d e l (C10 = 
C l l = S i l = 0 ) . 

13 - D e f i n i t i o n of t h e o r i e n t a t i o n : By f i x i n g t h e c o o r d i n a t e s of 13 f i d u c i a l 

s t a t i o n s t o t h e ITRF92 v a l u e s . 

14 - C o n s t r a i n t fo r t i m e e v o l u t i o n : I T R F 9 2 a n d N N R - N u v e l l p l a t e m o t i o n 

m o d e l 

15 - D e v i a t i o n s f r o m t h e IERS S t a n d a r d s : 
- n o r e l a t i v i s t i c c o r r e c t i o n s t o p r o p a g a t i o n o r / a n d a c c e l e r a t i o n . 

- n o S ta t ion o c e a n l o a d i n g . 
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EOP(ESOC) 9 2 P 02 From Sep 1992 t o D e c 1993 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y; 0.0001s for D R 

YEAR X Y DR 
Nb Sigma Nb Sigma Nb Sigma 

992 
993 

100 
359 

0.26 
0.15 

100 
359 

0.26 
0.16 

47 
359 

0.45 
0.21 
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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 A N D S T A T I O N C O O R D I N A T E S F R O M G P S 
D A T A 

E O P ( G F Z ) 9 4 P 0 2 , 0 3 , 
S S C ( G F Z ) 9 4 P 0 1 

G. G e n d t , G. Dick, W. Mai , Ch . Reigber, Th. N i s c h a n 
GeoForschungs2!tentrum (GFZ) P o t s d a m 

A g lobal Set of Stat ion Coord inates (SSC(GFZ) 94 P 02) a n d Earth Rotat ion Parameters 
(ERP(GFZ) 94 P 02) h a v e b e e n c o m p u t e d b y GFZ from the 1993 g lobal GPS data se t a n d 
w i t h t h e G P S ana lys i s So f tware p a c k a g e EPOS.P.V2. S o m e deta i l s of t h e a n a l y s i s are 
descr ibed b e l o w . 

Data 

The initial data acquired at the GFZ-IGS Center are the 30 see RINEX data from 29 IGS 
pi lot serv ice s tat ions co l lected at the n e t w o r k data centers C D D I S a n d I G N . 

For the ana lys i s itself und i f f erenced i o n o s p h e r i c free p h a s e s w i t h a s a m p l i n g rate of 6 
m i n u t e s w e r e u s e d . P -code data entered in to the ana lys i s t o prese t the ambigui t ies . The 
ident i f i ed a m b i g u i t i e s w e r e cons tra ined t o the e x p e c t e d P - c o d e accuracy. C o n s e c u t i v e 
data s e g m e n t s of 3 2 h o u r w e r e f o r m e d to carry o u t the Solut ions i n c l u d i n g a qual i ty 
a s s e s s m e n t i n o v e r l a p p i n g orbital s e g m e n t s . 

A n a l y s i s 

Data f r o m 29 g l o b a l l y d i s t r i b u t e d R O G U E rece ivers w e n t i n t o t h e So lu t ion . T h e 
Solution w a s ob ta ined b y u s i n g GFZ EPOS.P.V2 Software p a c k a g e , w h i c h i s a d a p t e d to 
the IERS- S tandards w i t h the f e w e x c e p t i ö n s ind ica ted b e l o w . T h e ad jus t ed parameter 
set resu l t s f rom a HELMERT b lock ing . For each parameter the t i m e re so lu t ion can b e 
c h o s e n freely . N o r m a l e q u a t i o n s w e r e c o m b i n e d in to a y e a r l y S y s t e m to d e r i v e the 
g lobal Station p o s i t i o n Solut ion SSC(GFZ) 94 P 01 . In this Solut ion t h e Station m o t i o n s 
w e r e n o t s o l v e d b u t f ixed to the N U V E L - 1 m o t i o n v a l u e s . 

The Earth Rotat ion Parameters (po le coord inates a n d l e n g t h of d a y ) w e r e adjus ted as 
dai ly v a l u e s (first 2 4 h o u r s of each sess ion) . T h e s e v a l u e s are near ly i n d e p e n d e n t from 
d a y to day . 12 h o u r p o l e v a l u e s w e r e de termined in addi t ion . 

IERS(1994) Technical Note No 17. 
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C K : 
P r e c e s s i o n : 
N u t a t i o n : 
T e c t o n i c p l a t e m o d e l : 

S o l i d e a r t h t i d e s : 

O c e a n l o a d i n g s i t e d i s p l a c e m e n t 

m e a n e q u a t o r a n d e q u i n o x of J2000.0 
I A U 1976 
I A U 1980 
N N R N U V E L - 1 

W a h r - m o d e l , h 2 = 0 . 6 0 9 , l = 0 . 0 8 5 2 , p e r m a n e n t t i d e 
i n c l u d e d 
n o t a p p l i e d 

D y n a m i c M o d e l 

G r a v i t y f ield: 
V e l o c i t y of l i g h t : 
E a r t h t i d e s : 
O c e a n t i d e s : 
C o r r e c t i o n s t o r o t a t i o n a l 

d e f o r m a t i o n s : 
I n d i r e c t p e r t u r b a t i o n of 

o b l a t e n e s s of t h e E a r t h : 
T h i r d b o d y effects: 
S o l a r r a d i a t i o n : 

Re l a t i v i s t i c e q u a t i o n of m o t i o n 
T i d a l v a r i a t i o n s i n U T l : 

G E M - T 1 G M : 398600.4400 k m 3 / s 2 

299792.458 k m / s 
W a h r - m o d e l 
S c h w i d e r s k i - m o d e l 

C(2 ,0) ,C(2 ,1) ,S(2 ,1) 

a p p l i e d 
S u n , M o o n , J u p i t e r , V e n u s 
R O C K 4 a n d R O C K 4 2 , i n c l u d i n g t h e r m a l 

r e r a d i a t i o n ( T 1 0 , T 2 0 f o r m u l a t i o n of H i e g e l [1992]) 
n o 
z o n a l t i d e s w i t h p e r i o d s < 3 5 d a y s 

M e a s u r e m e n t M o d e l 

T r o p o s p h e r i c m o d e l : 
Re l a t i v i s t i c c l ock c o r r e c t i o n s : 
C e n t e r - o f - m a s s c o r r e c t i o n s : 
G P S s p a c e v e h i c l e m a s s e s : 

S o l v e for p a r a m e t e r s a r e : 

Sa te l l i t e S ta te : 

R e f l e c t a n c e coef f ic ien t a n d y - b i a s : 

E R P ( p o l e a n d L O D ) : 

T r o p o s p h e r i c z e n i t h p a t h d e l a y : 

A m b i g u i t i e s 

E p o c h t i m e p a r a m e t e r s 

S a a s t a m o i n e n 

a p p l i e d 

I E R S S t a n d a r d s 
f r o m Fl iege l e t a l . [1992] a n d Fe l t ens [1991] 

3 2 h i n t e r v a l 

3 2 h i n t e r v a l 

2 4 h i n t e r v a l 

4 h i n t e r v a l 
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S u m m a r y d e s c r i p t i o n of t h e terrestrial Sys tem at tached t o t h e s e t o f Stat ion coord ina te s 
S S C ( G F Z ) 9 4 P 0 1 

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

2 - A n a l y s i s C e n t e r : 

3 - S o l u t i o n iden t i f i e r : 

4 - S o f t w a r e u s e d : 

5 - Re l a t i v i t y Sca le : 

6 - P e r m a n e n t tidal c o r r e c t i o n o n Sta t ion 

7 - T e c t o n i c p l a t e m o d e l : 

8 - Ve loc i ty of l i gh t : 

9 - G e o g r a v i t a t i o n a l c o n s t a n t ( G M o ) : 

10 - R e f e r e n c e e p o c h : 

11 - A d j u s t e d p a r a m e t e r s : 

12 - De f in i t i on of o r i g i n : 

13 - D e f i n i t i o n of o r i e n t a t i o n 

G P S 

G F Z 

SSC(GFZ) 94 P 01 

E P O S . P . V 2 

n o 

yes 

N N R N U V E L - 1 

299 7 9 2 4 5 8 m / s 

398600.4400 k m 3 / s 2 

49170 (1993.5) 

S T A T I O N C O O R D I N A T E S 
- r a d i u s , l o n g i t u d e a n d l a t i t u d e 

O R B I T 
- 6 o r b i t a l p a r a m e t e r s 
- r e f l e c t a n c e coef f ic ien t a n d y - b i a s e v e r y 
3 2 h o u r s 

E O P 
- d a i l y x, y a n d L O D 
O T H E R 

- T r o p o s p h e r i c z e n i t h p a t h d e l a y a t 
4 h o u r s i n t e r v a l s 
- A m b i g u i t i e s 

- E p o c h time p a r a m e t e r s 

C(1,0)=C(1,1)=S(1,1)=0 

a l i g n e d t o I T R F 9 1 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 

14 - C o n s t r a i n t for t i m e e v o l u t i o n f ixed N N R - N U V E L - 1 
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Dis tr ibut ion of the 28 s i tes of the terrestrial f rame SSC(GFZ) 94 P Ol. 
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UNCERTAINTIES (cm) 

10 

Distr ibut ion o f the uncertaint ies (quadratic m e a n of o x , a y , a z ) for the 31 

s tat ions of t h e terrestrial f rame SSC(GFZ) 94 P Ol. 
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EOP(GFZ) 94 P 02 From Jan 1993 to Jan 1994 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y; 0.0001s for D R 

YEAR X Y DR 
Nb Sigma Nb Sigma Nb Sigma 

1993 360 0.04 360 0.03 360 0.04 
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E A R T H O R I E N T A T I O N RESULTS F R O M THE JET 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 GPS 

E O P 0 P D 9 2 P O 3 

J F Z u m b e r g e , D C Jefferson, M B Hef l in , a n d F H W e b b , 
Jet P r o p u l s i o n Laboratory, California Inst i tute of T e c h n o l o g y , P a s a d e n a , U S A ; 
G Blewitt , 
The U n i v e r s i t y of N e w c a s t l e u p o n T y n e , N e w c a s t l e , E n g l a n d 

T h e Sate l l i te G e o d e s y and G e o d y n a m i c s G r o u p in JPL's Track ing S y s t e m s 
a n d A p p l i c a t i o n s Sec t ion h a s c o n t i n u e d its regulär ana lys i s o f data from a g loba l ly -
d i s t r ibuted n e t w o r k of R o g u e GPS rece ivers . U s i n g the G I P S Y / O A S I S - I I Software, 
e s t imate s of a var ie ty of parameters , i n c l u d i n g those re lat ing to earth or ientat ion , are 
m a d e e v e r y day . 

T h e m e a s u r e m e n t s c o n s i s t of u n d i f f e r e n c e d d u a l - f r e q u e n c y (1 .2276 a n d 
1.5742 G H z ) carrier p h a s e a n d P-code p s e u d o r a n g e . For bo th carrier p h a s e a n d P-code , 
l inear c o m b i n a t i o n s of the i n d i v i d u a l f requenc ies p r o v i d e the i onosphere - f ree p h a s e 
a n d p s e u d o r a n g e . D a t a n o i s e v a l u e s for t h e s e are t a k e n t o b e 1 c m a n d 1 m , 
re spec t ive ly , d u r i n g p e r i o d s w h e n ant i - spoof ing (AS) is no t in effect. Data b e l o w 15 
d e g r e e s e l e v a t i o n are not u s e d . The p h a s e data are d e c i m a t e d to 5 m i n u t e s for 93 Jan 
Ol - Feb 03 , 10 m i n for Feb 04 - Oct 30 , a n d 7.5 m i n b e g i n n i n g Oct 31. The P-code data 
are carr ier - smoothed over the s a m e interval . 

D a t a c o r r e s p o n d i n g to e a c h G P S d a y are a n a l y z e d in 3 0 - h o u r b a t c h e s 
c e n t e r e d o n G P S n o o n . E s t i m a t e d p a r a m e t e r s are sate l l i te State v e c t o r s a n d solar 
radiat ion pressure , rece iver coord inates , z e n i t h w e t t roposphere de lay at e a c h receiver 
site, Station a n d satel l i te c lock offsets , carrier p h a s e ambigu i t i e s , and earth orientat ion. 
A t y p i c a l d a y ' s a n a l y s i s of 40 s t a t i o n s a n d 26 sate l l i t es c o n t a i n s - 5 7 , 0 0 0 p h a s e 
m e a s u r e m e n t s , f rom w h i c h - 1 5 5 0 parameters are d e t e r m i n e d (parameters a l l o w e d to 
v a r y s tochas t i ca l ly are c o u n t e d o n l y once ) . The r m s post-f i t r e s i d u a l s for the p h a s e 
m e a s u r e m e n t s are typ ica l ly a f e w m m . T h o s e m e a s u r e m e n t s w i t h m o r e t h a n 5 c m 
post - f i t r e s i d u a l for p h a s e , or 5 m for p s e u d o r a n g e , are c o n s i d e r e d o u t l i e r s a n d 
e x c l u d e d . 

T h e W i l l i a m s s o l i d Earth t ide m o d e l i s u s e d ; it d i f fers f r o m t h e IERS 
Standards b y a n ins ignif icant a m o u n t . Po le t ide a n d the L o v e n u m b e r Variation at K l 
f r e q u e n c y are m o d e l e d b e g i n n i n g A p r 01 (IERS Technical Note 13). O c e a n l o a d i n g is 
m o d e l e d b e g i n n i n g N o v 04 (Scherneck, H -G, 1991 , A p a r a m e t r i z e d so l id earth t ide 
m o d e l a n d o c e a n t i d e l o a d i n g effects for g loba l g e o d e t i c b a s e l i n e m e a s u r e m e n t s , 
Geophys. J. Int., 106, p p 677-694; pr ivate c o m m u n i c a t i o n b e t w e e n Scherneck a n d JPL). 

IERS(1994) Technical Note No 17. 
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T h e Earth's grav i ty f ield is descr ibed b y the JGM1 8x8 m u l t i p o l e e x p a n s i o n 
u s i n g t e r m s u p t h r o u g h d e g r e e a n d order 8. The v a l u e of G M u s e d is 398600.4415 
k m 3 / s 2 . B e g i n n i n g A p r 13 the JGM2__12xl2 grav i ty f ie ld is u s e d [ N e r e m , R S, et al, 
G r a v i t y m o d e l d e v e l o p m e n t for T O P E X / P o s e i d o n : Joint Grav i ty M o d e l s 1 a n d 2, / . 
Geophys. Res., s u b m i t t e d , 1994] . 

N o m i n a l v a l u e s of the parameters for each G P S satel l i te [3 each for p o s i t i o n 
a n d v e l o c i t y , a n d t w o for so lar rad ia t ion p r e s s u r e (srp)] are f r o m t h e b r o a d c a s t 
e p h e m e r i s . W e a k a priori constraints of 1 k m a n d 10 m m / s for pos i t i on a n d ve loc i ty , 
r e spec t ive ly , are i m p o s e d . T h e T10-T20 solar radiat ion pres sure m o d e l is u s e d for srp 
[Fliegel , H.F. , Gal l ini , T.E., a n d Swift , E.R., Global P o s i t i o n i n g S y s t e m Radiat ion Force 
M o d e l s for G e o d e t i c A p p l i c a t i o n s , / . Geophys. Res., 97(B1), 1992] . 

Table 1 conta ins a l ist of s i tes f rom w h i c h data w e r e u s e d in the ana lys i s . 
The n u m b e r of ca lendar d a y s in 1993 for w h i c h data from e a c h site w e r e u s e d is a lso 
l i s ted, together w i t h the m e d i a n (over the year) da i ly v a l u e of the rms post-f i t res idual . 

Parameters are first e s t i m a t e d w i t h o u t f iducial constraints , a n d the Station es t imates 
a n d c o v a r i a n c e are se t a s ide . (Such da i ly f ree -ne twork Solut ions f o r m the b a s i s for 
SSC(JPL) 9 2 P 01.) The l oca t ions of e ight s i tes ( d e n o t e d w i t h "*" in Table 1) are then 
h e l d f ixed i n e a c h d a y ' s a n a l y s i s t o p r o v i d e a re ference f r a m e for G P S sate l l i t e 
e p h e m e r i d e s a n d earth or ientat ion . U p t h r o u g h Oct 22 , locat ions of the f iducia ls are 
u p d a t e d at the b e g i n n i n g of e a c h m o n t h . B e g i n n i n g O c t 2 3 , t h e y are u p d a t e d dai ly . 
Pos i t ions a n d ve loc i t i e s are ITRF 91 [SSC(IERS) 9 2 C 04] . B e g i n n i n g D e c 20 a n d later 
( e x c e p t D e c 25) , w e b e g i n to u s e 13 f iduc ia l s ( a d d i t i o n a l f ive d e n o t e d w i t h "." in 
Table 1) a n d ITRF 92. Based o n t w o d a y s in 1994 a n a l y z e d both w a y s , w e observe a shift 
in X p o l e of -0.825 ± 0.005 m a s a n d a shift in Y p o l e of -0.035 ± 0.175 m a s (ITRF 92 - ITRF 
91). Non- f iduc ia l s i tes are s o l v e d for as constant parameters for each analys i s day . 

T h e w e t t r o p o s p h e r e z e n i t h d e l a y s at e a c h s i te are m o d e l e d as a r a n d o m 

w a l k in t i m e w i t h a 1 c m 2 / h o u r v a r i a n c e d e r i v a t i v e , a n d are m a p p e d to sate l l i te 

e l e v a t i o n s u s i n g the Lanyi m a p p i n g funct ion. Their n o m i n a l v a l u e s are 0.1 m at e v e r y 

site a n d are e s t imated w i t h 5 0 0 - m a priori constraints . 

T h e z e n i t h dry d e l a y s are a s s u m e d f ixed for e v e r y site , a n d are a l so m a p p e d 
to sa te l l i t e e l e v a t i o n s u s i n g t h e Lanyi m a p p i n g funct ion . T h e z e n i t h d r y d e l a y i s 
a s s u m e d t o b e 2.3 m * e x p ( - H / H o ) , w h e r e H is the he ight of the site and H o = 8621 m. 
B e c a u s e t h e w e t a n d d r y d e l a y s are nearly d e g e n e r a t e parameters , the e s t i m a t e d w e t 
d e l a y in fact represents the c o m b i n e d de lay w h i c h dev ia tes f rom the n o m i n a l w e t + d r y . 

C l o c k s for all b u t o n e Station a n d satel l i te are e s t i m a t e d as a w h i t e - n o i s e p r o c e s s 

w i t h Updates at e a c h n e w time d a t u m . O n e maser -based clock is c h o s e n as a reference. 

Prior to Jan 06 , th is w a s the c lock at FAIR. B e g i n n i n g 1993 Jan 06 a n d later, the 

reference c lock i s at A L G O , except o n a f e w d a y s w h e n A L G O data w e r e n o t avai lable . 

T h e s e c locks are g e n e r a l l y b e l i e v e d accurate to better than 1 jisec. T h e carrier p h a s e 

a m b i g u i t i e s are e s t i m a t e d as rea l -va lued parameters . 
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Table 1. GPS Receiver Sites U s e d in EOP(JPL) 92 P 03 

site 

Alberthead 
Algonquin Park 
Bermuda 
Tdibinbilla 
Mammoth Lakes 

Fortelaza 
Greenbelt 
Goldstone 
Graz 
Hartebeesthoek 

Herstmonceux 
Hobart 
Jet Propulsion Lab 
Kiruna 
Kokee Park 
Kootwijk 
Kourou 
Madrid 
Maspalomas 
Matera 
McMurdo 
McDonald 
Metsahovi 
Ny AIesund 
North Liberty 
Onsala 
Pamatai 
Penticton 
Pietown 
Pinyon 
Quincy 
Richmond 
Richmond 
Richmond 
Santiago 
St. John's 
Taipai 
Tromso 
Usuda 
Vandenberg 
Westford 
Wettzell 
Yaragadee 
Yellowknife 

countrj 

Canada 
Canada 

r 

North Atlantic 
Austral 
ünites 
United 
Brazil 
United 
United 
Austria 

.ia 
States 
States 

States 
States 

South Africa 

United 
Austral 
United 
Sweden 
United 

States 
Kingdom 
ia 
States 

States 
Netherlands 
French 
Spain 
Canary 
Italy 

Guiana 

Islands 

Antarctica 
United States 
Finland 
Norway 
United 
Sweden 
Tahiti 
Canada 
United 
United 
United 
United 
United 
United 
Chile 
Canada 
Taiwan 
Norway 
Japan 
United 
United 

States 

States 
States 
States 
States 
States 
States 

States 
States 

Germany 
Australia 
Canada 

JPL ID 

ALBH 
*ALGO 
BRMU 
.CANB 
CASA 
*FAIR 
FORT 
GGAO 
.GOLD 
GRAZ 
*HART 
HARV 
HERS 
HOBA 
JPLM 
KIRU 
*KOKB 
.KOSG 
KOUR 
*MADR 
MASP 
MATE 
MCMU 
MDOl 
METS 
NALL 
NLIB 
ONSA 
PAMA 
PENT 
PIE1 
PINY 
QUIN 
RCM2 
RCM4 
RCM5 
*SANT 
STJO 
TAIS 
*TROM 
USUD 
VNDP 
WEST 
.WETB 
*YAR1 
.YELL 

rms 
(mm) 

5.2 
4.1 
6.1 
5.1 
5.0 
4.5 
6.2 
4.3 
3.5 
4.0 
5.1 
5.2 
3.8 
4.8 
4.5 
8.7 
6.3 
3.6 
7.4 
4.9 
5.0 
4.0 
4.7 
4.7 
3.4 
4.3 
4.5 
3.9 
9.1 
4.0 
4.8 
4.1 
5.2 
6.9 
6.2 
4.8 
6.1 
4.8 
5.2 
3.8 
4.8 
4.1 
4.8 
4.4 
4.1 
3.9 

days 

347 
364 
255 
361 
273 
337 
184 
81 

361 
306 
357 
359 
273 
229 
351 
122 
342 
350 
330 
364 
348 
295 
213 
182 
343 
278 
296 
345 
246 
338 
326 
109 
325 
215 
62 
18 
356 
361 
344 
357 
317 
295 
273 
327 
338 
360 

* Indicates f iducial s i te for ent ire year. 
• Indicates f iducial s i te b e g i n n i n g D e c 20 (except D e c 25). 

N o m i n a l v a l u e s for X a n d Y polar m o t i o n a n d U T 1 R - U T C , as w e l l a s the 
rates for t h e s e quant i t i e s , are o b t a i n e d for each analys i s d a y f rom the IERS Bul let in B 
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p r e d i c t e d v a l u e s . E s t i m a t e s of p o l a r m o t i o n a r e w e a k l y ( 5 - m ) c o n s t r a i n e d , w h i l e 
U T 1 R - U T C i s t i g h t l y c o n s t r a i n e d (0.01 m m ) t o b e t h e n o m i n a l . B e g i n n i n g Ju l 1 1 , w e 
t i g h t e n e d t h e a p r i o r i c o n s t r a i n t s o n t h e p o l a r m o t i o n r a t e p a r a m e t e r s t o p r o p e r l y 
ref lec t t h e d a t a s t r e n g t h for d e t e r m i n i n g t h e s e q u a n t i t i e s a n d t h e a c c u r a c y of t h e IERS 
Bu l l e t i n B p r e d i c t i o n s . (Th is a p p l i e s a l so t o J u l 07, b u t n o t t o Ju l 15.) L O D R is e s t i m a t e d 
w i t h a v e r y l o o s e a p r i o r i c o n s t r a i n t . 

A l l d a y s i n 1993 w e r e a n a l y z e d , i n c l u d i n g 45 for w h i c h o u r A S s t r a t e g y w a s 
i n effect. A S p e r i o d s a r e F e b 2 0 - 2 1 , F e b 26 - M a r 0 1 , M a r 3 1 , A p r 19 - A p r 24 , A p r 28 -
M a y 0 3 , M a y 06, J u n 05 - 09 , S e p 17 - S e p 20, S e p 2 4 - S e p 28 , O c t 29 - O c t 3 1 , N o v 03-06, 
N o v 08-09, N o v 26 , a n d D e c 07. 

O u r A S a n a l y s e s e x c l u d e d a t a b e l o w 20 d e g r e e s e l e v a t i o n a n g l e . In t h e first 
ha l f of 1 9 9 3 , p s e u d o r a n g e d a t a w e r e u s e d d u r i n g A S b u t w i t h a 5 0 0 - m d a t a n o i s e 
( i n c r e a s e d f r o m 1 m ) . B e g i n n i n g w i t h t h e S e p A S p e r i o d , w e s t o p p e d u s i n g 
p s e u d o r a n g e a l t o g e t h e r i n t h e p a r a m e t e r e s t i m a t i o n p h a s e of e a c h d a y ' s a n a l y s i s . 
F i n a l l y , b e g i n n i n g O c t 29 , w e r e d u c e d t h e a m o u n t of a l l o w e d s t o c h a s t i c Var i a t ion i n 
s a t e l l i t e r a d i a t i o n p r e s s u r e p a r a m e t e r s t o a n e g l i g i b l e l e v e l w h e n p r o c e s s i n g d a t a 
a c q u i r e d d u r i n g p e r i o d s of AS . [ O u r A S s t r a t e g y i m p r o v e s s ign i f i can t ly i n 1994.] U s i n g 
S p a c e 93 (R. G r o s s , s u b m i t t e d t o IERS) , w e h a v e e s t i m a t e d t h a t o u r f o r m a l e r r o r s for 
p o l e c o o r d i n a t e s a r e u n d e r e s t i m a t e d b y a fac tor of 2.42 for n o n - A S d a y s , a n d 6.38 for 
A S d a y s . 

F o r t h e 3 5 3 d a y s p r i o r t o o u r a d j u s t m e n t t o t h e n e w 1 3 - s t a t i o n I T R F 9 2 

r e f e r e n c e f r a m e , w e h a v e c o m p a r e d o u r p o l a r m o t i o n a n d L O D R s e r i e s w i t h t h o s e 

f r o m S p a c e 9 3 ( u s i n g s c a l e d f o r m a l e r r o r w e i g h t i n g ) a n d IERS Bu l l e t i n B F i n a l V a l u e s , 

r e s p e c t i v e l y . T h e r e s u l t s a r e in T a b l e 2. 

T a b l e 2: C o m p a r i s o n of t h i s w o r k w i t h S p a c e 9 3 ( p o l a r m o t i o n ) a n d I E R S B u l l e t i n B 

F i n a l v a l u e s ( L O D R ) 

X pole (mas) 

Y pole (mas) 

LODR (msec) 

weighted 
mean 

difference 

0.669 

1.432 

-0.007 

weighted 
Standard 
deviation 

0.430 

0.274 

0.151 

P o l e w e i g h t s a r e l / ( s 2 ) , w h e r e s is 2.42 t i m e s t h e f o r m a l 

e r r o r fo r n o n - A S d a y s , a n d 6.38 t i m e s t h e f o r m a l e r r o r 

for A S d a y s . T h e L O D R r e s u l t is u n w e i g h t e d a n d e x c l u d e s 

a l l A S d a y s a s we l l a s 8 o u t l i e r s for w h i c h t h e d i s c r e p a n c y 

e x c e e d s 0.5 m s e c . 

A c k n o w l e d g m e n t . T h e w o r k d e s c r i b e d in t h i s r e p o r t w a s c a r r i e d o u t b y t h e Jet 

P r o p u l s i o n L a b o r a t o r y , C a l i f o r n i a 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 . 
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E O P 0 P L ) 92 P 03 From N o v 1992 to Jan 1994 

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

YEAR X Y DR 
Nb Sigma Nb Sigma Nb Sigma 

1992 39 0.16 39 0.15 39 0.50 
1993 365 0.14 365 0.15 365 0.50 
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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 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 

S S C 0 P D 9 4 P O 1 

M . B. He f l i n , D . Jef ferson, Y. V i g u e , F. W e b b , a n d J. Z u m b e r g e 
Jet P r o p u l s i o n L a b o r a t o r y , C a l i f o r n i a I n s t i t u t e of T e c h n o l o g y , P a s a d e n a , U S A 

G. B lewi t t 
U n i v e r s i t y of N e w c a s t l e u p o n T y n 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 for 41 g l o b a l l y d i s t r i b u t e d 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 G P S d a t a s p a n n i n g t h r e e y e a r s f r o m J a n u a r y 2 2 , 1991 t h r o u g h 
S e p t e m b e r 16, 1993 . V e l o c i t y e s t i m a t e s for all s i t e s a r e p r o v i d e d for t h e f i rs t t i m e 
(Hef l in et al, 1993) . A n o - f i d u c i a l a p p r o a c h w a s u s e d w h e r e b y al l s i t e p o s i t i o n s a n d 
v e l o c i t i e s w e r e e s t i m a t e d , p r e s e r v i n g t h e i n d e p e n d e n c e of t h e G P S S o l u t i o n a n d 
a v o i d i n g t h e p o s s i b i l i t y of s y s t e m a t i c e r r o r s w h i c h c a n b e c a u s e d b y f i d u c i a l 
c o n s t r a i n t s . T h e four s t e p a n a l y s i s p r o c e s s is d e s c r i b e d b e l o w . 

1. Es t imate 

Al l d a i l y s i t e p o s i t i o n s w e r e e s t i m a t e d u s i n g w e a k c o n s t r a i n t s of 10 m to 
1 k m for e a c h s i t e c o m p o n e n t . T h e 10 m c o n s t r a i n t i s u s e d o n l y for s i t e s w i t h w e l l 
k n o w n n o m i n a l v a l u e s . T h e G P S d a t a s p a n t h r e e y e a r s f r o m J a n u a r y 22 , 1991 t h r o u g h 
S e p t e m b e r 16, 1993 b u t n o t al l s i t es a r e p r e s e n t for t h e e n t i r e t i m e s p a n a n d t h e r e is a 
g a p w h e r e n o a n a l y s i s w a s c a r r i e d o u t b e t w e e n F e b r u a r y 13 , 1991 a n d M a y 3 1 , 1992. A 
t y p i c a l s i t e h a s d a t a s p a n n i n g a b o u t o n e y e a r . D a i l y S o l u t i o n s af ter J a n u a r y 17, 1993 
w e r e p r o d u c t s of t h e S t a n d a r d I G S p r o c e s s i n g p e r f o r m e d a t JPL. A d e t a i l e d d e s c r i p t i o n 
of t h e s t r a t e g y u s e d is p r o v i d e d in t h e s u m m a r y of EOP(JPL) 94 P 0 3 . T h e n u m b e r of 
r e c e i v e r s i t e s a n d s a t e l l i t e s h a s i n c r e a s e d s i g n i f i c a n t l y s i n c e 1991 a n d t h e a n a l y s i s 
s t r a t e g y h a s a l s o e v o l v e d w i t h t i m e . T h e m o s t s i g n i f i c a n t i m p r o v e m e n t s i n c l u d e 
e s t i m a t i o n of L O D R a n d a s t o c h a s t i c t r e a t m e n t of t h e s a t e l l i t e f o r c e s d u e t o s o l a r 
r a d i a t i o n p r e s s u r e ( V i g u e et al. ,1993). 

2. C o m b i n e 

Al l d a i l y So lu t i ons w e r e c o m b i n e d u s i n g a S t a n d a r d l e a s t - s q u a r e s c o n s t a n t -
v e l o c i t y m o d e l t o o b t a i n a s i n g l e s e t of p o s i t i o n s a n d v e l o c i t i e s . F ü l l c o v a r i a n c e 
m a t r i c e s w e r e u s e d w h e n c o m b i n i n g t h e d a i l y So lu t ions . 

IERS(1994) Technical Note No 17. 
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3 , C o n s t r a i n 

I n s t e a d of u s i n g t h e f iduc ia l a p p r o a c h , w e c h o o s e t o a p p l y f o u r t e e n i n t e r n a l 
c o n s t r a i n t s t o t h e c o m b i n e d c o v a r i a n c e m a t r i x . I n t e r n a l c o n s t r a i n t s a r e n o t n e w a n d 
t h e b a s i c i d e a i s t o fix s e v e r a l l i n e a r c o m b i n a t i o n s of p o s i t i o n s a n d ve loc i t i e s a t t he i r 
e s t i m a t e d v a l u e s i n s t e a d of f ix ing s o m e n u m b e r of p o s i t i o n a n d v e l o c i t y c o m p o n e n t s 
a t e x t e r n a l l y p r o v i d e d v a l u e s . I n t e r n a l c o n s t r a i n t s offer t w o s i g n i f i c a n t a d v a n t a g e s . 
F i r s t , t h e y a l l o w t h e G P S e s t i m a t e s t o r e m a i n i n d e p e n d e n t of o t h e r t e c h n i q u e s a n d 
s e c o n d , t h e y a v o i d t h e p o s s i b l i t y of s y s t e m a t i c effects w h i c h c a n b e c a u s e d if t h e r e a r e 
e r r o r s i n t h e f i d u c i a l c o o r d i n a t e s o r v e l o c i t i e s . W e h a v e b u i l t u p o n t h e i n t e r n a l 
c o n s t r a i n t m e t h o d of V a n i c e k a n d K r a k i w s k y (1987) a n d h a v e g e n e r a l i z e d t h e i r 
a p p r o a c h t o i n c l u d e f o u r t e e n i n t e r n a l c o n s t r a i n t s a n d a l l o w t h o s e c o n s t r a i n t s t o b e 
n o n - z e r o s o t h a t t h e f ina l m a t r i x is fu l ly i n v e r t i b l e , a l l o w i n g i t t o b e c o m b i n e d w i t h 
o t h e r S o l u t i o n s . 

4. T r a n s f o r m 

W e e s t i m a t e s e v e n t r a d i t i o n a l H e l m e r t p a r a m e t e r s a n d t h e i r r a t e s t o 
t r a n s f o r m t h e G P S S o l u t i o n i n t o ITRF92 . T h e t h r e e r o t a t i o n s , t h r e e t r a n s l a t i o n s , a n d 
o n e s c a l e e n s u r e n o n e t offset w i t h r e s p e c t t o I T R F 9 2 w h i l e t h e c o r r e s p o n d i n g r a t e s 
e n s u r e n o n e t dr i f t . 

S o l u t i o n SSC(JPL) 94 P Ol r e p r e s e n t s a s i g n i f i c a n t i m p r o v e m e n t o v e r o u r 
p r e v i o u s s u b m i s s i o n s b e c a u s e of t h e i n c r e a s e d t i m e s p a n of d a t a a n d b e c a u s e a l l 
ve loc i t i e s a r e e s t i m a t e d . A n u m b e r of g e o p h y s i c a l l y i n t e r e s t i n g Signals a r e p r e s e n t i n 
th i s So lu t ion , i n c l u d i n g g l o b a l t e c t o n i c m o t i o n , d e f o r m a t i o n i n p l a t e b o u n d a r y z o n e s , 
d i s p l a c e m e n t d u e to t h e L a n d e r ' s e a r t h q u a k e , v o l c a n i c up l i f t a t C A S A , a n d a p o s s i b l e 
d e t e c t i o n of g l a c i a l r e b o u n d a t A l g o n q u i n P a r k . S i t e s in t h e n o r t h e r n h e m i s p h e r e 
h a v e W R M S v a l u e s 2 -3 t i m e s b e t t e r t h a n t h o s e i n t h e s o u t h e r n h e m i s p h e r e . T h e 
o v e r a l l C H I A 2 / D O F is 0.34, i n d i c a t i n g t h a t t h e e r r o r s a s s t a t e d a r e t o o c o n s e r v a t i v e b y 
a b o u t a fac to r of 1.7 a n d t h e m e a n r e s i d u a l W R M S v a l u e s o v e r al l s i t e s a r e 6 m m , 9 
m m , a n d 14 m m for l a t i t u d e , l o n g i t u d e , a n d h e i g h t r e s p e c t i v e l y . 

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 c a r r i e d o u t b y t h e Jet P r o p u l s i o n 
L a b o r a t o r y , C a l i f o r n i a 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 o n s 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 c o n s t e l l a t i o n a n d g l o b a l r e c e i v e r n e t w o r k . 
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B. V. , T h e N e t h e r l a n d s , 2 7 1 P 3 8 1 . 

V i g u e , Y., L i c h t e n , S., M u e l l e r s c h o e n , R., B l ewi t t , G., a n d H e f l i n , M. , 1993: I m p r o v e d 

T r e a t m e n t of G P S F o r c e P a r a m e t e r s i n P r e c i s e O r b i t D e t e r m i n a t i o n A p p l i c a t i o n s , 

P a p e r A A S 93P159 , A A S / A I A A Space f l i gh t M e c h a n i c s M e e t i n g . 
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S u m m a r y d e s c r i p t i o n of t h e terrestrial Sys tem at tached to t h e s e t of Station coord inates 
a n d v e l o c i t i e s SSC(JPL) 94 P Ol: 

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

2 - A n a l y s i s C e n t e r : 

3 - S o l u t i o n iden t i f i e r : 

4 - So f twa re u s e d : 

G P S 

JPL 

S S C 0 P L ) 94 P Ol (JPL Iden t i f i e r JGC9401) 

GIPSY 

5 - Re la t iv i ty scale : Loca l E a r t h Sca l ed i n t o ITRF92 

6 - P e r m a n e n t t i d e c o r r e c t i o n o n Stat ion: N o 

7 - Tec ton ic p l a t e m o d e l : 

8 - Ve loc i ty of l ight : 

9 - G M : 

10 -Reference e p o c h : 

11 - A d j u s t e d p a r a m e t e r s : 

12 - Def in i t ion of o r ig in : 

13 - Def in i t ion of o r i e n t a t i o n : 

14 - C o n s t r a i n t for t i m e - e v o l u t i o n : 

N o n e 

299792458 m / s e c 

3.986004415 1 0 1 4 m 3 s " 2 

1992.5 

Al l Sta t ion c o o r d i n a t e s X, Y, Z 

P M X , P M Y , a n d L O D R 
Al l sa te l l i t e e p o c h s t a t e s 
T h r e e s t o c h a s t i c s o l a r p r e s s u r e p a r a m e t e r s p e r 
s a t e l l i t e 
R a n d o m w a l k z e n i t h t r o p o s p h e r i c d e l a y s for 
e a c h s i t e 
Al l c locks e x c e p t o n e 
Rea l v a l u e d ca r r i e r p h a s e a m b i g u i t i e s 

T r a n s l a t e d i n t o ITRF92 

R o t a t e d i n t o ITRF92 

Al l ve loc i t i e s e s t i m a t e d 

F o u r t e e n p a r a m e t e r t r a n s f o r m a t i o n e n s u r e s 
n o n e t dr i f t w i t h r e s p e c t t o ITRF92 
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Distr ibut ion of the uncerta int ies (quadratic m e a n of a x , o y , o z ) for the 
4 4 s tat ions o f the terrestrial frame SSC(JPL) 94 P Ol. 
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N O A A E A R T H O R I E N T A T I O N TIME SERIES F R O M G P S O B S E R V A T I O N S 
N O A A 9 4 P 02 , 03, 04 

M.S. S c h e n e w e r k , G.L. Mader , W . Kass , R. D u l a n e y , D . Pursei l 

DESCRIPTION OF A N A L Y S I S P R O C E D U R E S 

D a i l y terres tr ia l s i t e c o o r d i n a t e s a n d a t i m e s e r i e s of p o l a r m o t i o n 
parameters h a v e b e e n e s t i m a t e d u s i n g tracking data from a s u b s e t of the International 
GPS Serv ice (IGS) tracking n e t w o r k se l ec ted to p r o v i d e t i m e l y data , g loba l coverage , 
a n d a c o n s i s t e n t set of G P S antennas . The a priori e p h e m e r i d e s w e r e created w i t h 
A R C , a n orbi t in t egra tor p r o g r a m , p r o v i d e d b y the M a s s a c h u s e t t s I n s t i t u t e of 
T e c h n o l o g y . A R C e m p l o y s an e l e v e n t h order A d a m s - M o u l t o n predictor-corrector to 
p r o d u c e sa te l l i t e p o s i t i o n s a n d part ia l d e r i v a t i v e s to t h e init ial c o n d i t i o n s at 22.5 
m i n u t e i n t e r v a l s . T h e c o n s t a n t s u s e d in the p r o g r a m w e r e d e f i n e d i n the IERS 
Standards [McCarthy, 19891. A n 8x8 gravity field taken from the GEM-L2 m o d e l w e r e 
u s e d from January 1, 1993 to N o v e m b e r 30, 1993; thereafter, a n 8x8 grav i ty f ield from 
the G E M - T 2 [Marsh et al, 1989] w e r e u s e d . A s i m p l i f i e d ROCK4T m o d e l [ C o l u m b o , 
19891 for the sa te l l i t e r a d i a t i o n p r e s s u r e , a d h o c Y-b ias , a n d t h e re la ted part ia l 
d e r i v a t i v e s w e r e u s e d t h r o u g h o u t 1993 . C o n v e r s i o n b e t w e e n inert ia l a n d ear th-
centered , earth-f ixed coord inates u s e s t h e IGS R a p i d Service Earth Orientat ion V a l u e s 
p r o v i d e d b y t h e N a t i o n a l Earth O r i e n t a t i o n Serv i ce ( N E O S ) , a n d n u t a t i o n v a l u e s 
g e n e r a t e d f r o m I A U 1980 T h e o r y of N u t a t i o n [ S e i d e l m a n n , 1982; W a h r , 1981] . In 
r o u t i n e p r o d u c t i o n in i t ia l c o n d i t i o n s t a k e n f r o m t h e p r e v i o u s d a y ' s a d j u s t e d 
e p h e m e r i s are u s e d , a l t h o u g h any prec i se or broadcast e p h e m e r i s can p r o v i d e these . 

T h e creat ion of da tabases , the ident i f icat ion a n d r e m o v a l of cyc le s l ips , a n d 
orbi t a d j u s t m e n t w e r e a c c o m p l i s h e d u s i n g Sof tware d e v e l o p e d at N O A A . T h e 
p r o g r a m P A G E 3 c o m b i n e d the a priori e p h e m e r i d e s from A R C w i t h tracking data in a 
l ea s t - squares a d j u s t m e n t to p r o d u c e the a d j u s t e d e p h e m e r i d e s , p o l a r m o t i o n , a n d 
other e s t imates . 24 h o u r s of tracking data w e r e u s e d for each set of da i ly e s t imates . A 
15 d e g r e e Observation e l eva t ion cutoff w a s i m p o s e d . D u a l f requency p h a s e data w e r e 
c o m b i n e d to p r o d u c e an i o n o s p h e r e - f r e e , d o u b l e - d i f f e r e n c e d o b s e r v a b l e . D o u b l e -
d i f f erenc ing e f f e c t i v e l y r e m o v e s all c lock errors . S / A , w h i c h m a n i f e s t s i tse l f as a 
sate l l i te c lock error, is therefore a l so r e m o v e d w i t h th i s t e c h n i q u e . A d a i l y neutra l 
a t m o s p h e r e p a t h l e n g t h correct ion d e r i v e d from the S a a s t a m o i n e n dry a t m o s p h e r e 
[ S a a s t a m o i n e n , 1972] p l u s the C h a o w e t a t m o s p h e r e [Chao , 1972] z e n i t h correct ions 
c o m b i n e d w i t h the Center for A s t r o p h y s i c s 2.2 m a p p i n g funct ion [Dav i s et al, 1985] , 
a n d an Earth t ide correct ion [Melchior , 1978] for the tracking s i tes are a p p l i e d . N o 
a t m o s p h e r i c or o c e a n l o a d i n g correct ions w e r e app l i ed . Sites coord ina te s , all satel l i te 
p o s i t i o n s a n d v e l o c i t i e s , s ca l e factors for t h e r a d i a t i o n p r e s s u r e s , Y- b i a s e s , a n d 
tropospher ic d e l a y s , p h a s e bias v a l u e s , a n d a d j u s t m e n t s to the Earth's rotat ional p o l e 
pos i t ion w e r e e s t i m a t e d . 

IERS(1994) Technical Note No 17. 
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F r o m J a n u a r y 1 3 , 1 9 9 3 t o N o v e m b e r 3 0 , 1 9 9 3 , t h e f o l l o w i n g 13 s i t e s w i t h w e l l 
d e t e r m i n e d c o o r d i n a t e s [Bock, 1992] w e r e h e l d f ixed: 

A l g o n q u i n , C a n a d a , F a i r b a n k s , A K , U S A . 
K o k e e P a r k , H I , U S A , K o o t w i j k O b s . , N e t h e r l a n d s , 
M a t e r a , I t a ly , M c M u r d o , A n t a r c t i c a , 
M e t s a h o v i , F i n l a n d , O n s a l a , S w e d e n , 
T a i w a n , Ta i -Sh i , T r o m s o , N o r w a y , 
W e t t z e l l , G e r m a n y , Y a r r a g a d e e , A u s t r a l i a , 
Y e l l o w k n i f e , C a n a d a . 

T h e c o o r d i n a t e s for t h e s e f ixed s i t e s w e r e u p d a t e d o n A p r i l 30 , 1993 [Bock, 
1993] a n d r e s u l t e d i n a b r e a k i n t h e p o l a r m o t i o n t i m e se r i e s . O n D e c e m b e r 1 , 1 9 9 3 , t h e 
s e t of 13 t r a c k i n g s i t e s a n d c o o r d i n a t e s s e l e c t e d b y t h e I G S t o b e h e l d f ixed o r t i g h t l y 
c o n s t r a i n e d w e r e i m p l e m e n t e d r e s u l t i n g i n a s e c o n d b r e a k i n t h e p o l a r m o t i o n t i m e 
se r i e s . T h e c o o r d i n a t e s for t h e s e s i t e s a r e c o n s i s t e n t w i t h t h e I T R F 9 1 . T h e s e 13 s i t e s a r e : 

A l g o n q u i n , C a n a d a , F a i r b a n k s , A K , U S A , 
G o l d s t o n e , C A , U S A , H a r t e b e e s t h o e k , S. Afr ica , 
K o k e e P a r k , H I , U S A , K o o t w i j k O b s . , N e t h e r l a n d s , 
M a d r i d , S p a i n , S a n t i a g o , C h i l e , 

T i d b i n b i l l a , A u s t r a l i a , T r o m s o , N o r w a y , 
W e t t z e l l , G e r m a n y , Y a r r a g a d e e , A u s t r a l i a , 
Y e l l o w k n i f e , C a n a d a . 
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E O P ( N O A A ) 94 P 02 From Jan 1993 to A p r 1993 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y. 

YEAR X Y 
Nb Sigma Nb Sigma 

1993 104 0.09 104 0.09 

E O P ( N O A A ) 94 P 03 From A p r 1993 to N o v 1993 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y. 

YEAR X Y 
Nb Sigma Nb Sigma 

1993 215 0.10 215 0.10 

E O P ( N O A A ) 94 P 04 F r o m D e c 1993 to D e c 1993 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y. 

YEAR X Y 
Nb Sigma Nb Sigma 

1993 31 0.08 31 0.09 



P - 5 6 

S u m m a r y d e s c r i p t i o n o f t h e So lu t ions E O P ( N O A A ) 94 P 0 2 , 0 3 a n d 04 

1 - T e c h n i q u e : G P S , D o u b l e - d i f f e r e n c e d p h a s e 

2 - A n a l y s i s c e n t e r : N O A A 

3 - S o l u t i o n i d e n t i f i e r : Da i ly 

4 - S o f t w a r e u s e d : 

5 - R e l a t i v i t y Sca le : 

A R C o r b i t i n t e g r a t o r ; P A G E 3 fo r d a t a 

a n a l y s i s 

T e r r e s t r i a l s i t e c o o r d i n a t e s a r e g e o c e n t r i c 

6 - P e r m a n e n t t i d a l c o r r e c t i o n o n Sta t ion : N o c o r r e c t i o n i s a p p l i e d t o r e m o v e t h e 

z e r o - f r e q u e n c y d i s p l a c e m e n t i n t r o d u c e d b y 
t h e s o l i d E a r t h t i d e m o d e l . 

7 - T e c t o n i c p l a t e m o d e l 

8 - V e l o c i t y o f l i g h t ( C ) : 

9 - G e o g r a v i t a t i o n a l c o n s t a n t ( G M o ) : 

10 - R e f e r e n c e e p o c h 

11 - A d j u s t e d p a r a m e t e r s 

12 - D e f i n i t i o n of t h e o r i g i n : 

13 - D e f i n i t i o n of t h e o r i e n t a t i o n : 

14 - C o n s t r a i n t fo r t i m e e v o l u t i o n 

I T R F 9 2 v e l o c i t y f i e ld ( c o m b i n e d S o l u t i o n 
f r o m S L R a n d VLBI e s t i m a t e s ) for a l l f ixed 
s i t e s e x c e p t for T R O M S O , Y E L L O W K N I F E , 
a n d S A N T I A G O f r o m D e c e m b e r 1, 1993 -
D e c e m b e r 3 1 , 1 9 9 3 w h e r e t h e N N R -
N U V E L 1 is u s e d . 

299792458. m / s 

3.9860044451 x 1 0 1 4 m ^ / s 2 

J a n u a r y 1 3 , 1 9 9 3 - N o v e m b e r 3 0 , 1 9 9 3 ; 

3.98600436 x 1 0 1 4 m 3 / s 2 

D e c e m b e r 1 ,1993 - D e c e m b e r 3 1 , 1 9 9 3 . 

48829.5 J a n u a r y 1 3 , 1 9 9 3 - N o v e m b e r 30 , 

1993; 

48850.6 D e c e m b e r 1 , 1993 - D e c e m b e r 3 1 , 

1993. 

X Y Z g e o c e n t r i c S t a t i o n c o o r d i n a t e s for a l l 
n o n - f i x e d s i t e s ; p o l e X a n d Y c o o r d i n a t e s ; 1 
t r o p o s p h e r i c sca le factor ; d o u b l e d i f f e r enced 
p h a s e b i a s e s . Al l p a r a m e t e r s e s t i m a t e d o n c e 
p e r d a y . 

O r i g i n s p e c i f i e d b y t h e c o m b i n e d S o l u t i o n 
f r o m SLR a n d VLBI e s t i m a t e s . 

n o t a p p l i c a b l e 

O r i g i n s p e c i f i e d b y t h e c o m b i n e d S o l u t i o n 

f r o m SLR a n d VLBI e s t i m a t e s . 



P-57 

1991-1993 SIO P O L A R M O T I O N SERIES 
SIO 93 P Ol 

T h e i m p l e m e n t a t i o n of th is ser ies i s d e s c r i b e d in IERS Technica l N o t e N o 14, 
p . P-43. 

EOP(SIO) 93 P Ol From A u g 1991 to Jan 1994 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y, 

YEAR X Y 
Nb Sigma Nb Sigma 

1991 140 0.39 140 0.43 
1992 332 0.19 332 0.20 
1993 365 0.09 365 0.09 

IERS(1994) Technical Note No 17. 


