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ABSTRACT 

I n  s u p p o r t  o f  t h e  env i ronmen ta l  d a t a  c o l l e c t i o n  by 
t h e  N a t i o n a l  Oceanic and Atmospher ic  A d m i n i s t r a t i o n ' s  
(NOAA ' s )  Geos t a t  iona r y  Opera t  i ona 1 Env i ronrnenta 1 
s a t e l  1 i t e s  ( G O E S ) ,  a t i m e  code has been i n c o r p o r a t e d  
by t h e  N a t i o n a l  Bureau o f  Standards  (NBS) i n t o  an 
i n t e r r o g a t i o n  message f r o m  these  s a t e l l i t e s .  T h i s  
message i s  d i r e c t e d  t o  d a t a - c o l l e c t i o n  p l a t f o r m s  
engaged i n  s e i s m i c ,  Tsunami, hydromet and o t h e r  
r e l a t e d  m o n i t o r i n g  a c t i v i t i e s .  The NBS has d e v e l -  
oped t h i s  t ime-code system t o  se rve  env i ronmen ta l  
d a t a  u s e r s  w h o  r e q u i r e  o n l y  a few t e n t h s  o f  a  second 
accu racy  as  w e l l  as those  who need a  more a c c u r a t e  
t i m e  r e f e r e n c e .  

The t i m e  code i s  a v a i l a b l e  c o n t i n u o u s l y  from two 
g e o s t a t i o n a r y  s a t e l l i t e s  and p r o v i d e s  a coverage o f  
t h e  A t l a n t i c  and P a c i f i c  Ocean Bas ins  as  w e l l  a s  t h e  
N o r t h  and South American C o n t i n e n t s .  The t i m e  code 
i n c l u d e s  t h e  necessary  i n f o r m a t i o n  t o  compensate f o r  
f ree-space p r o p a g a t i o n  d e l a y s  between t h e  master  c l o c k  
l o c a t e d  a t  Wal lops  I s l a n d ,  V i r g i n i a ,  and t h e  u s e r .  
P r e l i m i n a r y  r e s u l t s  i n d i c a t e  a  t i m i n g  r e s o l u t i o n  o f  
I 0  us. The accuracy  i s  v e r y  much dependent upon 
t h e  q u a l i t y  o f  o r b i t a l  i n f o r m a t i o n  s u p p l i e d  t o  NBS 
by NOAA.  T h i s  i s  p r e s e n t l y  b e i n g  e v a l u a t e d .  

The t ime-code system i s  suppor ted  by a tomic  c l o c k s  
m a i n t a i n e d  a t  Wal lops  I s l a n d ,  V i r g i n i a ,  t h e  p o i n t  
o f  o r i g i n  f o r  a l l  s i g n a l s  t o  be sen t  t h rough  t h e  
s a t e l l i t e s .  A d a t a - l o g g i n g  systern m o n i t o r s  t h r e e  
t e l e v i s i o n  networks  and Loran-C t o  p r o v i d e  a  com- 
p a r i s o n  l i n k  between t h e  Wal lops  I s l a n d  c l o c k s  and 
r e f e r e n c e  s tandards  a t  t h e  N B S .  

A m ic rop rocesso r  "smart"  c l o c k  has been deve loped 
f o r  t h e  u s e r  t h a t  a u t o m a t i c a l l y  c o r r e c t s  f o r  p a t h  
and equipment d e l a y s  and p l a c e s  i t s  recovered t i m e  
i n  synchron ism w i t h  Coord ina ted  U n i v e r s a l  Time (UTC) 
genera ted by N B S .  T h i s  c l o c k  and a s s o c i a t e d  r e c o v e r y  
equipment w i l l  a l s o  be d i scussed  i n  t h e  p r e s e n t a t i o n .  
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l NTRODUCT l  ON 

A t ime  code has been added by t h e  Na t i ona l  Bureau o f  Standards (NBS) 
i n t o  a  communications channel between the Na t i ona l  Oceanic and Atmo- 
sphe r i c  A d m i n i s t r a t i o n ' s  (NOAA's Geos ta t ionary  Opera t iona l  Environmental  
S a t e l l i t e s  ( G O E S )  and remote env i ronmenta l  da ta -ga the r i ng  p l a t f o rms .  
The t ime  code i s  con t i nuous l y  a v a i l a b l e  throughout  t h e  e n t i r e  Western 
Hemisphere o f f e r i n g  easy a c c e s s i b i l i t y  and moderate ly  h i g h  accuracy a t  
low cos t .  The t ime  code con ta i ns  Coordinated Un i ve rsa l  Time (uTc) 
i n f o r m a t i o n  and Un i ve rsa l  Time (uT I )  c o r r e c t i o n s .  I n  a d d i t i o n  t o  t h e  
t ime  code, t he  s a t e l l i t e ' s  p o s i t i o n  i s  inc luded  f o r  f ree-space p ropaga t ion  
t ime  c o r r e c t i o n s .  These p o s i t i o n  da ta  a r e  p r e s e n t l y  i n  t h e  form o f  t he  
s a t e l l i t e ' s  l ong i t ude ,  l a t i t u d e ,  and range f rom t h e  e a r t h ' s  cen te r .  The 
UTC and UT1 i n f o rma t i on  i s  a  permanent f e a t u r e  o f  those s a t e l l i t e s  and 
w i l l  remain f i x e d  i n  format. The s a t e l l i t e  p o s i t i o n  i n f o r m a t i o n  may 
undergo changes i n  form i n  an a t tempt  t o  improve i t s  performance. 

GOES SYSTEM DESCRIPTION 

There a r e  t h r e e  GOES s a t e l l i t e s  i n  o r b i t ,  two i n  o p e r a t i o n a l  s t a t u s  and 
t he  t h i r d  s e r v i n g  a s  an i n - o r b i t  spare.  The two o p e r a t i o n a l  s a t e l l i t e s  
a r e  l oca ted  a t  135" and 75"W w i t h  the spare a t  105'W l ong i t ude .  The 
e a r t h  coverages a r e  shown i n  f i g u r e  1 .  

The miss i on  f o r  t h e  GOES sate1 1 i t e s  inc ludes  (1)  cont inuous photography 
o f  t h e  e a r t h ' s  su r face ,  ( 2 )  c o l l e c t i o n  o f  da ta  on the  space env i ronmenta l  
Sun/Earth i n t e r a c t i o n ,  and ( 3 )  c o l l e c t i o n  o f  remote-sensor da ta  i n c l u d i n g  
f l o o d ,  r a i n ,  snow, Tsunami, earthquake, and a i r / w a t e r  p o l l u t i o n  moni- 
t o r i n g .  I t  i s  i n  t h i s  t h i r d  f u n c t i o n  t h a t  a need f o r  a  t ime  code was 
r e a l i z e d  s i n c e  i n  many cases t he  da ta  would be o f  g r e a t e r  va l ue  i f  i t  
were l abe led  w i t h  t he  da te  as i t  i s  c o l l e c t e d .  

Some o f  these remote sensors a r e  equipped w i t h  bo th  a  r e c e i v e r  and 
t r a n s m i t t e r .  Upon command f rom the  s a t e l l i t e ,  these sensors,  c a l l e d  
da ta  c o l  l e c t i o n  p l a t f o rms  (DCP 's )  , a r e  a c t i v a t e d  t o  t r a n s m i t  s t o r e d  da ta  
t o  t he  s a t e l l i t e ,  The s a t e l l i t e  r e l a y s  these da ta  t o  t h e  NOAA Command 
and Data A c q u i s i t i o n  (cDA) s t a t i o n  a t  Wal lops I s l and ,  VA,  f o r  p rocess ing  
and d i ssem ina t i on  t o  users.  The communications channel used t o  a c t i v a t e  
t h i s  response i s  c a l l e d  t h e  i n t e r r o g a t i o n  channel .  Th i s  channel i s  
con t i nuous l y  r e l a y i n g  i n t e r r o g a t i o n  messages th rough  t he  s a t e l l i t e s .  
I t s  format  i s  shown i n  f i g u r e  2. 

The i n t e r r o g a t i o n  message i s  e x a c t l y  one-ha l f  second i n  l e n g t h  o r  50 
b i t s ,  t he  da ta  r a t e  be ing  100b/s. The i n t e r r o g a t i o n  message i s  b i n a r y  
and phase modulates a c a r r i e r  '60 degrees a f t e r  be ing  Manchester-encoded; 
i .e . ,  da ta  and da ta  c l o c k  a r e  modulo -2 added be fo re  modu la t ing  t h e  
c a r r i e r .  An i n t e r r o g a t i o n  message c o n s i s t s  o f  t h e  f i r s t  f o u r  b i t s  
r ep resen t i ng  a  BCD word o f  t h e  t ime  code beg inn ing  on t h e  one-ha l f  second 



f o l l o w e d  by a  maximum l e n g t h  sequence (MLS)  15 b i t s  i n  l e n g t h  f o r  message 
s y n c h r o n i z a t i o n  and end ing  w i t h  31  b i t s  as an address  f o r  a p a r t i c u l a r  
DCP. When a DCP r e c e i v e s  and recogn izes  i t s  un ique  address  i t  t r a n s m i t s  
i t s  d a t a  t o  t h e  s a t e l l i t e .  S i x t y  i n t e r r o g a t i o n  messages a r e  r e q u i r e d  t o  
send t h e  60 BCD t ime-code words c o n s t i t u t i n g  a  t ime-code frame. The 
t ime-code f rame beg ins  on t h e  o n e - h a l f  m i n u t e  and r e q u i r e s  30 seconds t o  
comple te .  

TIME C O D E  SYSTEM 

The t i m e  code i s  genera ted and i n t e g r a t e d  i n t o  t h e  i n t e r r o g a t i o n  message 
a t  t h e  CDA f o r  t r a n s m i s s i o n  t o  t h e  G O E S  s a t e l l i t e s .  The t ime-code 
g e n e r a t i o n  system, shown i n  f i g u r e  3 ,  i s  c o m p l e t e l y  redundant  and f u l l y  
suppor ted  by an u n i n t e r r u p t a b l e  power s u p p l y .  There i s  a  communicat ion 
i n t e r f a c e  between t h e  equipment and NBS/Boulder u s i n g  a  te lephone  l i n e .  
Over t h e  te lephone  l i n e ,  s a t e l l i t e  p o s i t i o n  i n f o r m a t i o n  i s  s e n t  t o  t h e  
CDA and s t o r e d  i n  memory f o r  e v e n t u a l  i n c o r p o r a t i o n  w i t h  t h e  t i m e  code 
and i n t e r r o g a t i o n  message. Data a r e  a l s o  r e t r i e v e d  f r o m  t h e  CDA v i a  t h e  
t e l e p h o n e  l i n e  t o  Bou lde r .  These d a t a  i n c l u d e  t h e  f requency  o f  t h e  
a tomic  o s c i l l a t o r s  and t h e  t i m e  o f  t h e  c l o c k s  r e l a t i v e  t o  UTC as  compared 
t o  TV t r a n s m i s s i o n s  f r o m  N o r f o l k ,  VA,  and t o  t h e  Loran-C t r a n s m i s s i o n s  
f r o m  Cape Fear ,  N o r t h  C a r o l i n a .  These d a t a  a r e  s t o r e d  f o r  r e t r i e v a l  i n  a 
Data Logger s i m i l a r  t o  t h a t  d e s c r i b e d  i n  r e f e r e n c e  [ I ] .  The Data Logger 
a l s o  measures and s t o r e s  t h e  t i m e  o f  a r r i v a l  o f  t h e  s i g n a l s  f r o m  b o t h  t h e  
Western and Eas te rn  G O E S  s a t e l l i t e s  a s  r e c e i v e d  a t  t h e  CDA. Besides t h e  
t i m e  and f requency  m o n i t o r i n g  f u n c t i o n s ,  t h e  Data Logger p r o v i d e s  t h e  
i n f o r m a t i o n  necessary  f o r  NBS s t a f f  a t  Bou lder  t o  remote l y  d e t e r m i n e  i f  
and where m a l f u n c t i o n s  e x i s t  and how t o  c o r r e c t  f o r  them by s w i t c h i n g  i n  
redundant  system components. 

The i n t e r r o g a t i o n  message r a t e ,  lOOb/s, i s  genera ted  by t h e  a t o m i c  
o s c i l l a t o r s  i n  t h e  t ime-code system. The i n t e r r o g a t i o n  message i s  one- 
h a l f  second i n  l e n g t h  o r  50 b i t s .  The t ime-code f rame r e p e a t s  e v e r y  
30  seconds and beg ins  on t he  o n e - h a l f  m i n u t e  as shown i n  f i g u r e  4 .  The 
t ime-code f rame c o n t a i n s  a s y n c h r o n i z a t i o n  word, a  t i m e - o f - y e a r  word 
(UTC) ,  t h e  UT1 c o r r e c t i o n ,  and t h e  sa te1 1 i t e ' s  p o s i t i o n  i n  terms o f  i t s  
l o n g i t u d e ,  l a t i t u d e ,  and r a d i u s .  The p o s i t i o n  i n f o r m a t i o n  i s  p r e s e n t l y  
updated o n l y  on t h e  h a l f  hour .  

The s a t e l l i t e  p o s i t i o n  i n f o r m a t i o n  i s  genera ted  a t  Bou lder  u s i n g  a C D C  
6600 computer and o r b i t a l  e lements  f u r n i s h e d  by NOAA's N a t i o n a l  E n v i r o n -  
menta l  S a t e l l i t e  S e r v i c e  ( N E S S ) .  N E S S  genera tes  these  o r b i t a l  e lements  
weekly f rom d a t a  o b t a i n e d  from t h e i r  t r i l a t e r a t i o n  range and range r a t e  
(RERR) t r a c k i n g  network .  That  ne twork  i s  i l l u s t r a t e d  i n  f i g u r e  5. The 
t r a c k i n g  d a t a  a r e  o b t a i n e d  by measur ing  t h e  R & R R  t o  t h e  Western s a t e l l i t e  
f rom t h e  CDA,  and s i t e s  i n  t h e  s t a t e s  o f  Washington and Hawa i i .  The 
E a s t e r n  s a t e l l i t e  i s  observed from t h e  CDA, San t iago ,  C h i l e ,  and Ascension 
I s l a n d  i n  t he  South A t l a n t i c .  The s i t e s  used i n  t h e  RERR ne twork  o t h e r  
than  t h e  CDA a r e  known a s  tu rn -a round  r a n g i n g  s t a t i o n s  ( T A R S ) .  
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RECEPT l ON 

The i n t e r r o g a t i o n  channel s i g n a l s  a r e  b r i e f l y  cha rac te r i zed  i n  f i g u r e  6 .  
Typ i ca l  antennas i nc l ude  s imp le  low g a i n  h e l i x e s  o r  yag i s .  A r e c e i v e r  
i s  shown i n  f i g u r e  7 as t h r e e  modules; an R F / I F  module, an L.O. i n j e c t i o n  
module and a demodulator module. A b l o c k  diagram o f  t h i s  r e c e i v e r  i s  
shown i n  f i g u r e  8. Th i s  r e c e i v e r  i s  a  coherent ,  synchronous d i g i t a l  
r e c e i v e r  u t i l i z i n g  a phase- lock loop  f o r  demodulat ion and L.O. gene ra t i on  
and a b i t  synchron ize r  f o r  d e t e c t i o n  purposes. 

The ou tpu t s  o f  t h e  r e c e i v e r ,  da ta  and da ta  c l o c k ,  a r e  t h e  i n p u t s  t o  a 
decoder c l o c k  (see re fe rence  2 f o r  a  complete d e s c r i p t i o n  o f  t h i s  c l o c k ) .  
The decoder c l o c k  shown i n  f i g u r e  9 uses a  f o u r - b i t  microprocessor  t o  
d e m u l t i p l e x  t h e  da ta ,  e x t r a c t  t h e  proper  fou r  b i t s  o f  t h e  t ime  code every  
one-ha l f  second, and r e c o n s t r u c t  t h e  t ime-code frame. Once decoded, 
t h i s  t ime  i s  loaded i n t o  Random Access Memory (RAM) and updated by 
increment ing t h e  RAM c l o c k  i n  10 ms s teps  by coun t i ng  t h e  da ta  c l o c k ,  a  
100 Hz squarewave. 

A p r o t o t y p e  o f  a "smart" c l o c k  i s  shown i n  f i g u r e  10. Th i s  i s  essen- 
t i a l l y  an a d d i t i o n  o f  a second microprocessor  t o  t he  decoder c l o c k  f o r  
t he  c a l c u l a t i o n  o f  the  f ree-space p ropaga t ion  de lay  f rom the  CDA t o  t h e  
c l o c k  v i a  the  s a t e l l i t e .  Th i s  de lay  va l ue  i s  then used w i t h  a de lay  
genera to r  t o  compensate f o r  t he  f ree-space pa th  de lay.  

PERFORMANCE 

The equa t ion  r e l a t i n g  t h e  t ime  recovered f rom t h e  s a t e l l i t e  t o  t he  
master c l o c k  a t  Wal lops I s l a n d  i s  g i ven  i n  f i g u r e  1 1 .  Term 1 i s  known 
t o  b e t t e r  than 1 ~ 1 s  us i ng  t he  Data Logger a t  t h e  CDA which compares t h e  
CDA c l o c k s  t o  Loran-C and TV- l i ne  10. Using t h e  measurement setups o f  
f i g u r e  12, t he  smar t -c lock  o u t p u t  on t he  c h a r t  recorder  would draw a 
s t r a i g h t  l i n e  i f  t he  o r b i t  p r e d i c t i o n s  a r e  accu ra te  and a l l  equipment 
de lays a r e  cons tan ts ;  i .e . ,  terms 2, 4, 5, and 6. F i gu re  13 shows raw 
da ta  f o r  28 days. Each da ta  p o i n t  rep resen ts  an average o f  measurements 
taken i n  one day a t  one-ha l f -hour  increments t o t a l i n g  48 measurements 
per day, F i gu re  14 shows t he  same da ta  w i t h  t h e  CDA c l o c k  d r i f t  removed 
and t h e  two jumps i n  de lay  which have been a t t r i b u t e d  t o  equipment 
changes a t  t he  CDA. The o r b i t  p r e d i c t i o n s  used t o  generate  these da ta  
were de r i ved  f rom t h r e e  s e t s  o f  o r b i t a l  elements e x t r a p o l a t i n g  as  much 
as 22 days beyond t h e i r  date ,  

The r e s u l t s  i n d i c a t e  a cons is tency  i n  o r b i t  de te rm ina t i on  and i n  t he  
s t a b i l i t y  o f  equipment de lays  o f  about 10 ps f o r  t h e  p e r i o d  under s tudy.  
A c l a i m  f o r  accuracy cannot be made, however, u n t i l  t h e  equipment de lays  
a t  t h e  CDA and i n  t he  r e c e i v i n g  equipment have been eva lua ted  and more 
measurements o f  t h i s  t ype  a r e  taken a t  p o i n t s  separated by l a r g e  
geographica l  d i s tances .  



P o r t i o n s  o f  t h e  a c t u a l  c h a r t s  p r o d u c i n g  t h e  d a t a  j u s t  d i s c u s s e d  a r e  
shown i n  f i g u r e  15.  The o u t p u t ,  u n c o r r e c t e d  f o r  t h e  f r e e - s p a c e  d e l a y  
shows a 24-hour  d i u r n a l  due t o  t h e  s a t e l l i t e ' s  o r b i t  i n c l i n a t i o n  a n d  
e c c e n t r i c i t y .  The c o r r e c t e d  o u t p u t ,  one p o i n t  e v e r y  h a l f  hou r ,  l i e s  i n  
a s t r a i g h t  l i n e  a t  l e a s t  t o  a few microseconds on t h e  average.  Because 
t h e  s a t e l l i t e  p o s i t i o n  d a t a  a r e  updated o n l y  every  h a l f  hou r ,  the  
c o r r e c t e d  o u t p u t  d e v i a t e s  f r o m  a s t r a i g h t  l i n e  between t h e  h a l f - h o u r  
upda tes  a t  t h e  same r a t e  shown f o r  t h e  u n c o r r e c t e d  o u t p u t .  

CONC LUS l ONS 

The t i m e  code has been b roadcas t  f r o m  t h e  two GOES s a t e l l i t e s  f o r  more 
than  one y e a r .  I t  has p roven  i t s e l f  t o  be a  r e l i a b l e ,  l ow  c o s t ,  and 
e x t r e m e l y  s i m p l e  systeln f o r  m o d e r a t e l y  h i g h  accu racy  t i m e .  The t i m e  
code i s  now c o n s i d e r e d  a permanent f e a t u r e  o f  t h e  GOES s a t e l l i t e s  and 
shou ld  see an expand ing  l i s t  o f  u s e r s  f o r  many purposes w i t h i n  t h e  
Western Hemi sphere.  

The r e s u l t s  p resen ted  i n  t h i s  paper i n d i c a t e  a p o t e n t i a l  accu racy  o f  10 
t o  20  microseconds.  These f i g u r e s  need t o  be v e r i f i e d ,  however, by 
a d d i t i o n a l  o b s e r v a t i o n s  a t  p o i n t s  w i d e l y  sepa ra ted  g e o g r a p h i c a l l y .  
Equipment d e l a y s  need f u r t h e r  s tudy .  The c l o c k  d r i f t  and t h e  e f f e c t  o f  
equipment changes a t  t h e  CDA need t o  be o f f s e t  o r  e l  i rn ina ted t o  make 
t h e  t ime-code system a  t r u e  one-way t i m e  t r a n s f e r  t echn ique .  
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