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The Geodynamics Exper imenta l  Ocean S a t e l  1 i t e  (GLOS- 3) was 
launched on A p r i l  9, 1975, t o  ~ j e r f o r m  exper-iments i n  t h e  geo- 
sc ier lces  d j . s c i p l  inc  ( c  . g , , s o l i d  cart11 p h y s i c s  ;111d OCeallo- 
g r a p h y ) .  'l'he p r imary  e x l ~ e r i m e n t a l  i n s t r u m e n t ,  a d u a l  mode 
r a d a r  a l t i rnc te r - ,  i s  b c i ~ l g  a p p l i e d  t o  oceanographic  o b j e c t i v e s  
which i n c l u d e  mapping t.hc topography o f  t h e  ocean s u r f a c e  and 
de te rmin ing  t h c  a b i l i t y  o f  t h e  altimeter t o  rncasure wave 
h e i g h t .  P r e c i s e  t ime  c o r r c l a t  i on o f  t.he a1 t i m e t r i c  111oasure- 
merlts t o  UTC ( w i t h i n  an accuracy  o f  !-(;00 ; ~ s c c )  i s  r e q u i r e d  i n  
the a p p l i c a t i o n  of t h y  d a t a .  A s p e c i a l  t i m i n g  systcrn i s  cm- 
p loycd  which i s  indepcndcrlt o f  t h e  t iming  dat.a ~ . c c o r d e d  on ana-  
log  t e l e m e t r y  t a p e s  a t  t h e  NASA - S p a c e c r a f t  Track ing  arid Llata 
Network (STDN) , and u l t i m a t e l y  s e r v e s  t.o i d e n t  l f y  t h c  t ime  o f  
cach a l t i m e t e r  t r a n s m i t t c d  p u l s e  t o  t h c  r c q u i r c d  a c c u r a c y .  The 
tirning s y s  ten1 b c g i n s  - i n  t h e  GEOS-3 spacecraft rv11er.e b o t h  t h e  
a l t i m e t e r  p u l s e  ~epcti t i o n  i~ requcncy  and t h e  t e l e m e t r y  b - i t  r a t e  
fx'cqucncy al-e c o h e r e n t l y  d e r i v e d  from a c l o c k  d i v i d e r  dri.ven 1jy 
an u l t r a  - s t a b l c  5 bIHz o s c i  1 l a t o r .  [lie t e l en ie t ry  fo rmat  -is 
programmed t o  uniquel?r i d c n t i f y  cach ruaj o r  and 111 irlor t e l e m e t r y  
frame o v e r  an unanh iguous p e r i o d  cxtcnt l ing rr~ore t h a n  one y e a r .  
Approximately once cach d a y ,  a  S?'l.)h s t a t - i o n  i s  schedu led  t o  
d e t e c t  t h e  t ime  o f  a r r i v a l  ( r e l a t i v e  t o  s t a t i o n  tirnc) o f  a. 
s e l e c t e d  b i t  i n  t h c  tclcrnc.ti->~ frame s y n c h r o n i z a t i o n  p a t t e r n s  
o v e r  t h e  d u r a t i o n  o f  ,t.hc p a s s .  Ap~~~.ou-im;al:el>. 000 dtit.3 po in t - s  
corls i s t i n g  of t ime  and m:ljor and minor framc i d e n t i  f i c a t i o n s  
a r e  t r a n s m i t t e d  t o  thct GI:O.C;,-3 c o n t r o l  c e n t e r  l o c a t e d  a t  
Goddard Space F l i g h t  i:cnt:cr [.C;SFC,) a l o n g  \ < i t 1 1  s t a t i o n  p r c -  and 
p o s t - p a s s  clela), measurements.  A t  t h e  c o n t r o l  c e n t e r  t h e  d a t a  
i s  p r o c e s s e d  t o  accoun t  f o r  s p a c e c r a f t  sys tem d e l a y ,  propaga-  
t i o n  d e l a y ,  ground systems d e l a y ,  and d i s c r c p a r i c i c s  betwcon 
s t a t i o n  tirrle and U T C .  ICithin a  m a t t e r  of minutes  a r e p o r t  i:; 
generated p r o v i d i n g  UTC t i ~ n e  (:at t h e  _ ; p a c e c r a f t )  f o r  u ~ l i q u e l y  
i d e n t i f i e d  major  frbariles o f  t e l e rnc t ry  . Tndi ca t  iions a s  t o  t h c  
q u a l i t y  o f  t h c  d a t a  a r e  a l s o  provi.ded.  I'hc t i l~li .ng r e p o r t s  



a r e  t r ansmi t t ed  t o  t h e  Wallops F l i g h t  Center ,  where a l l  GEOS-3 
a l t i m e t e r  d a t a  i s  processed.  Using t h e  d a i l y  t iming r e p o r t s  
and i n t e r p o l a t i n g  between each r e p o r t ,  a t ime base i s  e s t ab -  
l i s h e d  t o  allow p r e c i s e  t ime tagging  o f  each GEOS-3 frame of 
d a t a .  Subsequently,  a s  te lemet ry  d a t a  a r r i v e  a t  Wallops on 
magnetic t ape ,  t h e  frames o f  d a t a  a r e  simply i d e n t i f i e d  and 
appropriately time tagged. The UTC t ime of  each a l t i m e t e r  
measurement te lemctered  wi th in  a given frame i s  then i d e n t i -  
f i e d  by applying known time r e l a t i o n s h i p s  between te lemet ry  
frame t ime and t h e  t ime of  t h e  a l t i m e t e r  t r ansmi t t ed  p u l s e ( s )  
from which t h e  te lcmetered a l t i m e t r i c  measurement was der ived .  

INTRODUCTION 

GEOS-3 Mission: 

The Geodynamics Experimental Ocean S a t e l l i t e  (GEOS-3) was launched on 
Apr i l  9 ,  1975, from t h e  Western Tes t  Kange by a two-stage De l t a  
Vehicle,  t h r u s t  augmented with f o u r  f i r s t - s t a g e  s o l i d  p rope l l an t  
motors.  A nea r  p e r f e c t  844 km c i r c u l a r  o r b i t  was obta ined  with an 
i r i c l i na t ion  of  115 degrees and a pe r iod  o f  101.8 minutes.  Thesc 
o r b i t  parameters were chosen t o  provide o r b i t  t r a c e s  t h a t  cover t h e  
e a r t h ' s  su r f ace  i n  a p re sc r ibed  g r i d  work p a t t e r n .  

The GEOS-C Mission Object ives  i n  o rde r  of p r i o r i t y  a r e :  

To perform an i n - o r b i t  s a t e l l i t e  a l t i m e t e r  experiment t o :  (1) 
detcrmine t h e  f e a s i b i l i t y  and u t i l i t y  o f  a space-borne r a d a r  
a l t i m e t e r  t o  map t h e  topograpl~y o f  t h e  occan su r f ace  wi th  an absolu te  
accuracy of  '5 meters ,  and with a r e l a t i v e  accuracy o f  1 t o  2 meters ,  
(2 )  determine t h e  f c a s i b i l i  t y  o f  measuring t h e  clef l e c t i o n  of t h e  
v e r t i c a l  a t  s e a ,  (3) determine t h e  f e a s i b i l i t y  of  measuring wave 
he igh t ,  and (4)  c o n t r i b u t e  t o  the technology lcading t o  a f u t u r e  op- 
c r a t i o n a l  a l t i m c t c r  s a t e l l i t e  system with a 10-cent imetcr  measurement 
c a p a b i l i t y .  

To f u r t h e r  suppor t  t h e  c a l i b r a t i o n  of NASA and o the r  agencies '  ground 
C-band r ada r  systems by providing a space-borne coherent C-band 
t ransponder  system, t o  a s s i s t  i n  l oca t ing  t h e s e  s t a t i o n s  in  t h e  
u n i f i e d  ear th-centered  r e fe rence  system, and t o  provide t r ack ing  
coverage i n  support  o f  t h e  r a d a r - a l t i m e t e r  experiment. 

To perform a s a t e l l i t e - t o - s a t e l l i t e  experiment with t h e  ATS-6 s a t c l -  
l i t c  us ing  an S-band t ransponder  subsystem t o  d i r e c t l y  measure t h e  
s h o r t  per iod  a c c e l e r a t i o n s  imparted t o  t h e  s p a c e c r a f t  by t h e  g r a v i t y  
f i c l d  and t o  determine t h e  p o s i t i o n  of  the spacec ra f t .  The s a t e l -  
l i t e - t o - s a t e l l i t e  system i s  a l s o  used f o r  a l t i m e t e r  te lemet ry  d a t a  
r e l a y  through ATS-6. 



To f u r t h e r  s u p p o r t  t h e  in tc rcompar i son  of  now and e s t a b l i s h e d  geo- 
d e t i c  and g e o p h y s i c a l  measuring systems i n c l u d i n g :  t h e  r a d a r  a l t i m -  
e t e r ,  s a t e l l  ite-to-satellite, C-band, S-band, L a s e r ,  and Doppler 
t r ack ing .  

To i n v e s t i g a t e  s o l i d - e a r t h  dynamic phcnomcna such as p o l a r  mot ion,  
f a u l t  motion,  e a r t h  r o t a t i o n ,  cart11 t i d e s ,  and con t ine rz ta l  d r i f t  
t h e o r y  wi th  p r e c i s i o n  s a t e l l i t e  t r a c k i n g  sys tems .  

'ro f u r t h e r  r e f i n e  o rb i t -dc te r rn ina t io r l  t e c h n i q u e s ,  t h e  determi  n a t i o n  
of i n t e r d a t t m  t i c s ,  and g r a v i t y  models.  

To suppor t  t h e  cri] i b r a t i o n  of S-hand s i t c s  in t h e  STDN t o  a s s i s t  i n  
pos j . t ioning t h e  net i~ .urk  s t a t i o n s  i n  t h c  world re fe rc r lce  sys tem,  and 
t o  a s s i s t  i n  c v a l n a t i n g  t h c  systerll a s  a t o o l  f o r  gcodcsy and 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 .  

GEOS-3  S p a c e c r a f t  

Thc G E O S - 3  S p a c c c r a f t ,  shown i n  F igure  1 ,  \<as d c s i g ~ ~ c d  and f a l > r i c a t e d  
t h e  Jo1lr.l~ Hopkj ns Univc-rs i ty/Appl i e d  P h y s i c s  La1)oratory. 'The s t r l l c -  

t u r c  c o n s i s t s  o f  r-1 r i g i d  box i n  t h e  form o f  an act:-lliedron topped  by a 
t r u n c a t e d  pyramid.  Thc octahedron measures 1 .37 ~ ~ ~ c t e ~ s  a c r o s s  t h e  
Flats. A 6.46 rnetcr r i g i d  boom s u p p o r t i n g  a -16.2 Kg end mass p r o v i d e s  
g r a v j  t y  g r a d i e n t  s t a b i l  i z a t  ion f o r  t h e  spaccc ra i ' t : .  l 'ota 1 spacccra:f't: 
w e i g h t  i s  345.9 Kg. Tile  sj.stcni b l o c k  diagrarll  is shown i n  Figurc 2 .  

The exper iment  package c o n s i s t s  of f i v e  1)as ic  i n s t r u m e n t s  as  f o l l o w s :  

1. Kadar A l t i m e t e r  

2 ,  C-band Transponders  

5 .  Doppler I'ransrn i t t c r s  

The b a s i c  u b j  e c t j  vcs  of t .hv r a d a r  a l t i m e t e r  e x p e r i n e n t  a r c  t o  demon-. 
s t r a t e  t h e  f u a s i b i  l i t y  of u t  i l i z i n g  a n  on-boa-r.d a l t  irricter t o  measure 
t h e  t ime vary ing  beliavinr o f  t h c  occar l ' s  s u r f a c e  and t h e  departure o f  
t h e  s e a - s u r f a c e  fro111 1.11~ gcoj.d, a s  we l l  as t o  i r l v c s t i g a t e  a i t - i n ~ c t e r  
ins  trurrlentat.i on t e c h n o l o g y .  The bas-i c rneasure~i~cnt goal.: e s t a h l i s h c c i  
f o r  t h e  a l t i m e t e r  a rc :  

P r e c i s i o n  : S h o r t  p u l s e  rr~ode .TO ccnt  irnc.ti:~s 
I,ong p l l l s ~ :  mode 60 z r n t i m c t c r s  
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Geoid Recovery Accuracy: Absolute * 5 Meters 
Relative * 2 Meters 

Sea State Determination Accuracy: 25% of Significant Wave Height 

Two C-band radar transponders are incorporated to support the altimeter 
and C-band system calibration as well as geometric, gravimetric, and 
other geodetic investigations. The C-band system consists of the two 
transponders (one coherent and one noncoherent) and the associated 
ground tracking C-band radars. The noncoherent transponder, operating 
in conjunction with existing ground radar systems, provides range 
and angle measurements. The coherent transponder, operating in con- 
junction with cxisting coherent ground radar systems, provides 
range, range rate, and angle measurements. 

The laser retroreflector array consists of 264 quartz cube corner re- 
flectors mounted on a 45" conic frustum. The retroreflector is utilized 
in conjunction with ground-based laser systems to obtain precise 
satellite ranging data. 

The Doppler System consists of two space-borne transmitters and ground 
base doppler receiving stations. The dual frequencies (162 and 324 MHz) 
arc coherently related and derived from the 5-MHz spacecraft oscillator, 
which also provides the basis for the altimeter Pulse Repetition Fre- 
quency (PRF), telemetry rates and spacecraft timing. The difference 
frequencics hctween the higher and lower received frequencies and the 
station oscillator are combined in the proper proportions to obtain both 
the first-order ionospheric refraction correction and the refraction 
corrected doppler frequency. 

The S-band system consists of a single coherent S-band transponder and 
an antenna network capable of two-way communications direct to the STUN 
ground stations or to the ATS-6 ground stations through the geosynchro- 
nous ATS-6 satellite. In either mode of operation coherent range-rate, 
ranging, and GEOS-3 telemetry data can be provided. 

GEOS-3 Mission TIming Requirements 

The GEOS-3 Mission Timing Requirements are segmented into two cate- 
gories: (1) tracking station requirements associated with the various 
tracking instrument types, and (2) spacecraft timing requirement asso- 
ciated with time tagging thc data of the space-borne tracking instru- 
ment, the radar altimeter. 

Tracking station time requirements are satisfied by conventional tech- 
niques and are not the topic for discussion in this paper. The track- 
ing station timing goals are listed below: 



Instrument Type Timing Accuracy Goal 

Laser + - 8 usec 

Direct-to-Ground 
Through ATS-6 

2 25 ilsec 
+ 11 psec 

Coherent C-band 10 1.1sec 

Non-Coherent C-band i 50 usec 

Doppler + 100 psec 

Re la t ive  t o  s a t e l l i t e  a l t i m e t r y ,  t he  purpose of  t he  ground t r ack ing  
systems i s  t o  provide d a t a  f o r  p r e c i s e  o r b i t  detcrrrlination i n  p o s i t i o n  
and t ime.  With the  o r b i t  e s t a b l j s h e d ,  the  r a d a r  a l t i m e t e r  d a t a  must be 
time tagged commensurate with i t s  ranging p r e c i s i o n .  The requirement 
i s  t o  time t ag  t h e  rangc da ta  t o  an accuracy of '600 Llsec. With a  
maximum r a d i a l  range r a t e  of 100 meters per  second due t o  t he  combined 
e f f e c t s  of o r b i t  ecce r l t r i c i t y  and geoid undula t ion ,  a  60(1 lisec t iming 
e r r o r  would produce a range e r r o r  of  s i x  cent imeters .  Thc a l t i m e t e r  
p rec i s ion  i s  es t imated t o  be 50 cent imeters  at a measurement r a t e  of 10 
samples/second. A one-second average y i e l d s  a p rec i s ion  of about 20 
cen t ime te r s .  

Since t h e  a l t i m e t e r  i s  a spacecraf t -borne  r ada r  with a l l  of t he  asso-  
c i a t e d  t r ack ing  func t ions  performed i n - o r b i t ,  a means was sought t o  
s a t i s f y  the  time tagging requirement.  T h i s  necessitates determining 
spacec ra f t  t ime, and, s p e c i f i c a l l y ,  determining thc  time of t he  r ada r  
a l t i m e t e r  t r ansmi t t ed  p u l s e ( s )  t h a t  i s  incorporated i n  any given range 
measurement. 

Thc system implemented t o  perform t h i s  task  i s  d i scussed  r e l a t i v e  t o  
t hc  t h r e e  main po r t ions  of t h e  system. They a r e  t h e  s a t e l l i t e  systcm, 
t h e  ground s t a t i o n  time d e t e c t i o n  system, and t h e  da t a  process ing  sys-  
t e m .  Sample r e s u l t s  arc a l s o  inc luded .  

SPACECRAFT SYSTEM 

I n  t h e  s p a c e c r a f t ,  both t h e  altimeter PKF and t h e  te lemet ry  b i t - r a t e  
f requencies  a re  der ived  from a s t a b l e  c r y s t a l  o s c i l l a t o r  opera t ing  
nominally a t  4999,750 H z .  The timing network i s  given i n  Figure 3 and 
supp l i e s  t h e  clock f o r  (1) two tc lcmet ry  b i t  r a t e s  d e t a i l e d  i n  Table 1, 
( 2 )  t h e  a l t i m e t e r  PRF, and (3) a  major frame counter  r e f e r r e d  t o  a s  t he  
Time Code Generator (TCG). The a l t i m e t e r  transmitted pu l se  time r e l a -  
t i onsh ips  a r e  very  s i m i l a r  f o r  e i t h e r  te lemetry b j t  r a t e .  Therefore,  
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f o r  c l a r i t y  sake  only  t h e  low b i t  r a t e  te lemet ry  mode ( i . e , ,  1562 bps) 
i s  d iscussed  i n  t h i s  paper .  

Table 2 i s  a sample of  a GEOS-3 minor te lemet ry  frame i n  t h e  low b i t  
r a t e .  A s  noted i n  Table 1, f o u r  of  t h e s e  minor frames c o n s t i t u t e  a 
major frame with each major frame i d e n t i f i e d  by a s p e c i f i c  TCG count .  
The TCG $$crements i n  a b inary  count on every major frame up t o  a maxi- 
mwn of 2 and then  tu rns  over  t o  zero and begins counting again.  The 
four  minor frames wi th in  a major frame a r e  i d e n t i f i e d  by t h e  FFID which 
increments i n  a 2 b i t  f i e l d  from 00 b ina ry  t o  11 b ina ry .  Therefore ,  
with t h e  combination of TCG and FFID (See Table 2 )  each minor frame i s  
unambigiously i d e n t i f i e d  throughout more than  one yea r .  

The r a d a r  a l t i m e t e r  t r ansmi t t ed  pu l se s  have a known r e l a t i o n s h i p  t o  t h e  
te lemet ry  frame. A s  shown i n  Figure 4 ,  a t r ansmi t  c lock occurs  one 
word time (5120.2 psec) + 224 psec = 5344.2 usec before  t h e  beginning 
o f  t h e  frame. The a c t u a l  a l t i m e t e r  t r ansmi t  p u l s e  i s  generated 25.6 
psec a f t e r  t h e  c lock  (a va lue  der ived  through t e s t s ) .  Therefore,  t h e  
a l t i m e t e r  pu l se  precedes t h e  frame s t a r t  t i m e  by 5318.6 psec. This 
pu l se  i s  t h e  l a s t  included i n  the  re ferenced  a l t i t u d e  accumulation 
(See F igure  4) with t h e  a l t i t u d e  r e s u l t  subsequent ly read-out  i n t o  t h e  
te lemet ry  s t ream i n  words 11, 13, 15,  and 17 (See Table 2 ) .  The a l t im-  
e t e r  t r ansmi t t ed  pu l se  t ime f o r  subsequent a l t i t u d e  r e s u l t s  a r e  der ived  
i n  a s i m i l a r  manner and a r e  a l l  re fe renced  i n  t h e  beginning o f  a telem- 
e t r y  frame. 

The a c t u a l  te lemet ry  frame s ta r t  time used as a r e f e rence  i n  t h e  fo rc -  
going i s  delayed by a cons tan t  during t h e  process  of  developing t h e  
s p l i t - p h a s e  Pulse  Code Modulation (PCM) waveform. Figure 5 shows t h i s  
r e l a t i o n s h i p .  -The s p a c e c r a f t  de lay  o f  336 usec i s  accounted f o r  i n  t h e  
t i m e  c o r r e l a t i o n  d a t a  processing t o  be d iscussed  l a t e r  i n  t h i s  paper .  

To summarize t h e  spacec ra f t  system, t h e  following has been e s t ab l i shed :  

1. The time r e l a t i o n s h i p  of  t h e  te lemet ry  frame and t h e  a l t i m e t e r  
t r ansmi t t ed  pu l se s .  

2 .  The unambigious i d e n t i f i c a t i o n  of any te lemet ry  minor frame f o r  
more than  a one-year pe r iod .  

3. A spacec ra f t  de lay  cons tan t  t o  be appl ied  i n  time c o r r e l a t i o n  d a t a  
process ing .  

GROUND STATION TIME DETECTION SYSTEM 

Selec ted  STDN s t a t i o n s  d e t e c t  t h e  t ime of a r r i v a l  of  t h e  leading edge 
of t h e  f i r s t  b i t  i n  t h e  te lemet ry  synchroniza t ion  p a t t e r n  with r e s p e c t  
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t o  s t a t i o n  time. This  i s  performed a t  a rate of  once every o t h e r  frame 
with GEOS-3 i n  i t s  low d a t a  r a t e .  A nominal ten-minute pass  y i e l d s  
about 600 d a t a  p o i n t s .  Each d a t a  p o i n t  conta ins  t he  fol lowing informa- 
t i o n :  

(1) S t a t i o n  hour,  minute, second (major t ime) of  t h e  de t ec t ed  frame. 

( 2 )  Microsecond (minor t ime) of t h e  de t ec t ed  frame. 

(3) TCG and FFID of t he  de t ec t ed  frame. 

The s t a t i o n  equipment used i s  a  PCM decornmutation system known as  t h e  
Manned Space F l i g h t  Telemetry Processor  (MSFTP-3). In a d d i t i o n  t o  t h e  
d a t a  p o i n t s  descr ibed  above, pre-  and pos t -pass  de lay  cons t an t s  a r e  
measured by genera t ing  t e s t  p a t t e r n s  and t iming t h e i r  de lay  through the  
system as  shown i n  Figure 6 .  This  repor ted  ground system de lay  i s  a l s o  
accounted f o r  i n  t ime c o r r e l a t i o n  d a t a  process ing .  

During t h e  s a t e l l i t e  pass  a t  t h e  s t a t i o n ,  t he  d a t a  p o i n t s  a r e  s t o r e d  f o r  
post-pass  format t ing  and t ransmiss ion  t o  t h e  GEOS-3 con t ro l  c e n t e r .  
The d a t a  a r e  formatted a s  shown i n  Figure 7 with each 1200 b i t  block 
conta in ing  1 2  d a t a  p o i n t s .  A maximum o f  50 blocks can be s t o r e d  ( i . e . ,  
600 d a t a  p o i n t s )  r e q u i r i n g  s l i g h t l y  more than  e i g h t  seconds f o r  t r a n s -  
mission t o  t h e  con t ro l  c e n t e r .  

DATA PROCESSING SYSTEM 

For each time c o r r e l a t i o n  pas s ,  a  maximum of 600 d a t a  p o i n t s  a r e  t r a n s -  
mi t t ed  t o  t h e  GEOS-3 c o n t r o l  c e n t e r  loca ted  a t  Goddard Space F l i g h t  
Center.  These d a t a  p o i n t s  a r e  read  i n t o  t h e  con t ro l  c e n t e r  SDS-930 
computer f o r  process ing .  

I n i t i a l l y ,  t h e  d a t a  p o i n t s  a r e  grouped i n  s e t s  o f  s i x t e e n  (16) a s  shown 
i n  t h e  input  d a t a  s e t  of Figure 8.  This provides a  s e t  of d a t a  a t  a 
r a t e  of approximately one d a t a  p o i n t  pe r  second over a  per iod  of ap- 
proximately 16 seconds. This  provides  t he  b a s i s  f o r  d a t a  averaging and 
makes it c o n s i s t e n t  with a common major frame s t a r t  t ime i n  both the  
s p a c e c r a f t  low and high d a t a  r a t e s .  Each of t h e  s i x t e e n  p o i n t s  i s  then 
ad jus ted  by s u b t r a c t i n g  mul t ip l e s  o f  t h e  nominal minor frame r a t e  t o  
t r a n s l a t e  each d a t a  p o i n t  t o  t he  common major frame boundary. 

The input  d a t a  r ep re sen t s  t h e  t ime o f  a r r i v a l  o f  GEOS-3 te lemet ry  
frames a t  t h e  r ece iv ing  s t a t i o n .  To e s t a b l i s h  a c t u a l  frame s t a r t  time 
i n  t h e  spacec ra f t ,  four  c o r r e c t i o n  f a c t o r s  a r e  appl ied  t o  each d a t a  
p o i n t  : 

(1) S t a t i o n  Time Versus UTC Correc t ion  - This  i s  a  cons t an t  der ived  
from knowledge o f  t h e  d i f f e r e n c e  between s t a t i o n  clock and UTC time 



T I M E  DELAY TEST CONFIGURATION 
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and i s  appl ied  t o  each d a t a  p o i n t  wi th  t h e  proper  s i g n  t o  c o r r e c t  
s t a t i o n  time t o  UTC t ime. 

(2) Ground System Delay - This  i s  a cons tan t  f o r  t h e  pas s  being pro-  
cessed which i s  der ived  a s  t h e  average of  t h e  r epo r t ed  pre-  and 
post-pass  de lay  c a l i b r a t i o n .  This  cons tan t  i s  sub t r ac t ed  from each 
d a t a  p o i n t .  If  t h e  pre- to-post-pass  de l ay  v a r i e s  rnore.than 25 
microseconds, t h e  d a t a  i s  f lagged .  

(3) Propagation Delay - This  i s  a  v a r i a b l e  which i s  der ived  from 
s t a t i o n  t o  spacec ra f t  p red ic t ed  s l a n t  ranges .  The p red ic t ed  range 
i s  ca l cu la t ed  a t  t h e  t ime of each input  d a t a  p o i n t  and a  co r r e -  
sponding propagat ion de lay  i s  sub t r ac t ed  from the  d a t a  p o i n t .  

(4)  Spacecraf t  System Delay - This  i s  t h e  cons tan t  de lay  d iscussed  i n  
t h e  s p a c e c r a f t  system p o r t i o n  o f  t h i s  paper and i s  sub t r ac t ed  from 
each d a t a  p o i n t .  

The r e s u l t a n t  d a t a  s e t  i s  shown with t h e  co r r ec t ions  appl ied  i n  t h e  
"Data Samples Used" p o r t i o n  of  Figure 8 .  A l l  t imes a s  r epo r t ed  by t h e  
s t a t i o n  a r e  cor rec ted  t o  s p a c e c r a f t  time and t h e  s i x t e e n  p o i n t s  a r e  
t r a n s l a t e d  t o  t h e  beginning of t h e  common major frame. The e i g h t  o c t a l  
b i t  TCG f i e l d  and fou r  o c t a l  b i t  FFID f i e l d  i s  a l s o  d isp layed .  

A r e p o r t  i s  then formatted a s  shown i n  Figure 9 ,  The mean time of each 
data se t  i s  ca l cu la t ed  and r epor t ed  with t h e  corresponding TCG number. 
Qual i ty  i n d i c a t o r s  d e t a i l i n g  t h e  number of  samples i n  each d a t a  s e t ,  
t h e  number of samples used,  and t h e  s tandard  dev ia t ion  of t h e  used 
samples a r e  a l s o  r epo r t ed .  

The timing c o r r e l a t i o n  d a t a  p r i n t  i s  a l s o  output ted  on paper t ape  and 
t r ansmi t t ed  v i a  t e l e t y p e  t o  Wallops F l i g h t  Center .  A t  Wallops, t h e  
time r e p o r t s  a r e  used i n  t h e  a l t i m e t e r  d a t a  processor  t o  e s t a b l i s h  the  
spacec ra f t  telemetry frame time base from which a l l  a l t i m e t e r  d a t a  t ime 
tagging i s  der ived .  

One time c o r r e l a t i o n  r e p o r t  pe r  day provides s u f f i c i e n t  d a t a  t o  model 
t he  spacec ra f t  o s c i l l a t o r  d r i f t .  Linear i n t e r p o l a t i o n  between these 
d a i l y  d a t a  p o i n t s  provides frame time f o r  any of  t he  frames o f  i n t e r e s t  
occur r ing  between t h e  d a i l y  r e p o r t s .  





QUESTION AND ANSWER PERIOD 

MR. RUEGER: 

You have j u s t  hea rd  one of  t h e  r e s u l t s  of a  v e r y  compl ica ted  
s a t e l l i t e  t h a t  i s  spewing ou t  d a t a  by t h e  c a r l o a d s ,  working 
f o r  seven months i n  o r b i t .  

They a r e  keep ing  t r a c k  of  e v e r y  p u l s e  of t h e  r a d a r  i n  i ts  
t ime r e l a t i o n s h i p  t,o 600 microseconds ,  and c a t a l o g u i n g  t h i s  
d a t a .  

MR. DWYER: 

I f a i l e d  t o  mention t h a t  t h e  requ i rement  is GOO microseconds, 
b u t  w e  f e e l  t h e  sys tem i s  do ing  much b e t t e r  t h a n  t h a t .  I t  
i s  a  quantum jump from t r y i n g  t o  c o r r e l a t e  t i m e  on t a p e  t o  
d a t a  on t a p e .  I t  is a  quantum jump once you go t o  a sys tem 
l i k e  t h i s .  You go down much b e t t e r  t h a n  t h e  600 micro-  
seconds .  We e v a l u a t e d  about  50 microseconds .  




