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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 

E O P ( C O D E ) 9 4 P 0 2 , P 0 3 

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 . 
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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) 

48700 48800 48900 49000 49100 
MJD 

49200 49300 49400 

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 ) 



C/3 CO 
E 

b 

o 

P-9 

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 




