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ABSTRACT 

I n  support  o f  t he  environmental da ta  c o l l e c t i o n  by 
the  Na t iona l  Oceanic and Atmospheric A d m i n i s t r a t i o n ' s  
(NOAA'S) Geosta t ionary  Opera t iona l  Environmental 
sate1 1 i t e s  ( G O E S ) ,  a t ime  code has been incorporated 
by the  Na t iona 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 from these s a t e l l i t e s .  Th is  
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 la t fo rms  
engaged i n  se ismic ,  Tsunami, hydromet and o t h e r  
r e l a t e d  mon i to r i ng  a c t i v i t i e s .  The NBS has devel-  
oped t h i s  time-code system t o  serve environmental 
data users  who r e q u i r e  o n l y  a few ten ths  o f  a second 
accuracy as w e l l  as those who need a more accurate 
t ime reference. 

The t ime  code i s  a v a i l a b l e  con t inuous ly  from two 
geos ta t i ona ry  s a t e l l i t e s  and prov ides  a coverage o f  
t he  A t l a n t i c  and P a c i f i c  Ocean Basins as w e l l  a s  the 
Nor th  and South American Cont inents.  The t ime code 
inc ludes  the  necessary i n fo rma t ion  t o  compensate f o r  
free-space propagat ion  delays between the  master c lock  
loca ted  a t  Wallops Is land,  V i r g i n i a ,  and the user. 
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  
10 us. The accuracy i s  very  much dependent upon 
the  q u a l i t y  o f  o r b i t a l  i n fo rma t ion  supp l ied  t o  NBS 
by NOAA. Th i s  i s  p r e s e n t l y  being evaluated. 

The time-code system i s  supported by atomic c locks  
maintained a t  Wallops Is land,  V i r g i n i a ,  the  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 sent through the 
s a t e l l i t e s .  A da ta- logg ing  system monitors th ree  
t e l e v i s i o n  networks and Loran-C to  p rov ide  a com- 
pa r i son  l i n k  between the  Wallops I s land  c locks  and 
re fe rence standards a t  t he  NBS. 

A microprocessor "smart" c l o c k  has been developed 
f o r  t h e  user 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  pa th  
and equipment de lays  and places i t s  recovered t ime 
i n  synchronism w i t h  Coordinated Un iversa l  Time (UTC) 
generated by NBS. Th i s  c l p c k  and associated recovery 
equipment w i l l  a l s o  be discussed i n  the  presenta t ion .  
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I NTRODUCT I ON 

A t ime  code has been added by t h e  Na t iona l  Bureau o f  Standards (NBS) 
i n t o  a communications channel between the  Na t iona l  Oceanic and Atmo- 
spher ic  A d m i n i s t r a t i o n ' s  (NOAA'S Geostat ionary Operat ional  Environmental 
S a t e l l i t e s  (GOES) and remote environmental  da ta-ga ther ing  p la t fo rms .  
The t ime code i s  con t inuous ly  a v a i l a b l e  throughout the  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 moderately h igh  accuracy a t  
low cos t .  The t ime code con ta ins  Coordinated Un iversa l  Time (UTC) 
i n fo rma t ion  and Un iversa l  Time (UTI) c o r r e c t i o n s .  I n  a d d i t i o n  t o  the  
t ime code, the  s a t e l l i t e ' s  p o s i t i o n  i s  inc luded for f ree-space propagat ion 
t ime co r rec t i ons .  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  the  form o f  t he  
s a t e l l i t e ' s  l ong i tude ,  l a t i t u d e ,  and range from the  e a r t h ' s  center .  The 
UTC and UT1 in fo rma t ion  i s  a permanent f e a t u r e  of 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 fo rma t ion  may 
undergo changes i n  form i n  an a t tempt  t o  improve i t s  performance. 

GOES SYSTEM D E S C R I P T I O N  

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  ope ra t i ona l  s t a t u s  and 
the  t h i r d  se rv ing  as an i n - o r b i t  spare. The two opera t i ona l  s a t e l l i t e s  
a r e  loca ted  a t  135"  and 75"W w i t h  the  spare a t  105"W long i tude.  The 
e a r t h  coverages a r e  shown i n  f i g u r e  1. 

The miss ion  f o r  the  GOES s a t e l l i t e s  inc ludes  ( 1 )  cont inuous photography 
o f  t he  e a r t h ' s  surface, (2 )  c o l l e c t i o n  o f  data on the  space environmental 
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 the  da ta  would be o f  g rea te r  va lue  i f  i t  
were labe led  w i t h  the 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 r o m  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 la t fo rms  (DCP's), a r e  a c t i v a t e d  t o  t ransmi t  s to red  da ta  
t o  the  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  the  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  Wallops Is land,  VA, f o r  processing 
and d isseminat ion  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  the  i n t e r r o g a t i o n  channel. Th is  channel i s  
con t inuous ly  r e l a y i n g  i n t e r r o g a t i o n  messages through the 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 ,  the 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  560 degrees a f t e r  being Manchester-encoded; 
i .e. ,  data and data c l o c k  a r e  modulo -2 added be fo re  modulat ing the 
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  the  f i r s t  f o u r  b i t s  
represent ing  a BCD word o f  t h e  t ime code beginning on the one-ha l f  second 
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fo l lowed by a maximum leng th  sequence (MLS) 15 b i t s  i n  l eng th  f o r  message 
synchron iza t ion  and ending 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 rece ives  and recognizes i t s  unique address i t  t ransmi ts  
i t s  data t o  the 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 re  requ i red  t o  
send the  60 BCD t ime-code words c o n s t i t u t i n g  a time-code frame. 
time-code frame begins on the  one-ha l f  minute and requ i res  30 seconds t o  
comp 1 e te. 

The 

TIME CODE SYSTEM 

The t ime code i s  generated and in teg ra ted  i n t o  the  i n t e r r o g a t i o n  message 
a t  the  CDA f o r  t ransmiss ion  t o  the  GOES s a t e l l i t e s .  The time-code 
genera t ion  system, shown i n  f i g u r e  3 ,  i s  complete ly  redundant and f u l l y  
supported by an u n i n t e r r u p t a b l e  power supply.  There i s  a communication 
i n t e r f a c e  between the  equipment and NBS/Boulder us ing  a telephone l i n e .  
Over the  telephone l i n e ,  s a t e l l i t e  p o s i t i o n  i n fo rma t ion  i s  sent t o  the 
CDA and s to red  i n  memory f o r  eventual  i n c o r p o r a t i o n  w i t h  the t ime code 
and i n t e r r o g a t i o n  message. 
telephone l i n e  t o  Boulder.  
atomic o s c i l l a t o r s  and the  t ime o f  the c locks  r e l a t i v e  t o  UTC as compared 
t o  TV t ransmiss ions f rom Nor fo l k ,  VA, and t o  the  Loran-C transmissions 
from Cape Fear, Nor th  Caro l ina .  These da ta  a r e  s to red  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  descr ibed i n  re fe rence [ l ] .  The Data Logger 
a l s o  measures and s t o r e s  the  t ime  o f  a r r i v a l  o f  t he  s igna ls  from both  the  
Western and Eastern GOES s a t e l l i t e s  as rece ived a t  the  CDA. Besides the  
t ime and frequency mon i to r i ng  func t i ons ,  the  Data Logger prov ides the 
i n fo rma t ion  necessary f o r  NBS s t a f f  a t  Boulder t o  remotely determine i f  
and where mal func t ions  e x i s t  and how t o  c o r r e c t  f o r  them by swi tch ing  i n  
redundant system components. 

Data a r e  a l s o  r e t r i e v e d  from the CDA v i a  the  
These data i nc lude  the  frequency o f  the 

The i n t e r r o g a t i o n  message r a t e ,  100b/s, i s  generated by the atomic 
o s c i l l a t o r s  i n  the  time-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 eng th  o r  50 b i t s .  The time-code frame repeats every 
30 seconds and begins on the  one-ha l f  minute as shown i n  f i g u r e  4. The 
time-code frame conta ins  a synchron iza t ion  word, a t ime-of-year word 
(UTC), the  U T I  c o r r e c t i o n ,  and the  s a t e l l i t e ' s  p o s i t i o n  i n  terms o f  i t s  
long i tude,  l a t i t u d e ,  and rad ius .  The p o s i t i o n  i n fo rma t ion  i s  p resen t l y  
updated o n l y  on the  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 fo rma t ion  i s  generated a t  Boulder us ing  a CDC 
6600 computer and o r b i t a l  elements fu rn ished by NOAA's Nat iona l  Envi ron- 
mental Sate1 1 i t e  Serv ice  (NESS). NESS generates these o r b i t a l  elements 
weekly from data ob ta ined f rom 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 network 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  data a r e  ob ta ined by measuring the  RERR t o  the Western s a t e l l i t e  
from the CDA, and s i t e s  i n  the  s t a t e s  o f  Washington and Hawaii. The 
Eastern s a t e l l i t e  i s  observed f rom the  CDA, Santiago, Ch i l e ,  and Ascension 
Is land i n  the  South A t l a n t i c .  
than the CDA a r e  known as turn-around ranging s t a t i o n s  (TARS).  

The s i t e s  usfd i n  the RERR network o the r  
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RECEPT I ON 

The interrogation channel signals are briefly characterized in figure 6. 
Typ ica l  antennas include simple low gain helixes or yagis. 
is shown in figure 7 as three modules; an RF/IF module, an L.O. injection 
module and a demodulator module. A block diagram of this receiver is 
shown in figure 8. This receiver is a coherent, synchronous digital 
receiver utilizing a phase-lock loop for demodulation and L.O. generation 
and a bit synchronizer for detection purposes. 

A receiver 

The outputs of the receiver, data and data clock, are the inputs to a 
decoder clock (see reference 2 for a complete description of this clock). 
The decoder clock shown in figure 9 uses a four-bit microprocessor to 
demultiplex the data, extract the proper four bits of the time code every 
one-half second, and reconstruct the time-code frame. Once decoded, 
this time is loaded into Random Access Memory (RAM) and updated by 
incrementing the RAM clock in 10 ms steps by counting the data clock, a 
100 Hz squarewave. 

A prototype of a "smart" clock is shown in figure 10. This i s  essen- 
tially an addition of a second microprocessor to the decoder clock for 
the calculation of the free-space propagation delay from the CDA to the 
clock via the satellite. This delay value is then used with a delay 
generator to compensate for the free-space path delay. 

PERFORMANCE 

The equation relating the time recovered from the satellite to the 
master clock at Wallops Island is given in figure 1 1 .  Term 1 is known 
to better than 1 u s  using the Data Logger at the CDA which compares the 
CDA clocks to Loran-C and TV-line 10. Using the measurement setups of 
figure 12, the smart-clock output on the chart recorder would draw a 
straight line if the orbit predictions are accurate and all equipment 
delays are constants; i.e., terms 2, 4, 5, and 6 .  Figure 13 shows raw 
data for 28 days. Each data point represents an average of measurements 
taken in one day at one-half-hour increments totaling 48 measurements 
per day. Figure 14 shows the same data with the CDA clock drift removed 
and the two jumps in delay which have been attributed to equipment 
changes at the CDA. The orbit predictions used to generate these data 
were derived from three sets of orbital elements extrapolating as much 
as 22 days beyond their date. 

The results indicate a consistency in orbit determination and in the 
stability of equipment delays of about 10 us for the period under study. 
A claim for accuracy cannot be made, however, until the equipment delays 
at the CDA and in the receiving equipment have been evaluated and more 
measurements of this type are taken at points separated by large 
geographical distances. 

I 
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P o r t i o n s  o f  t h e  ac tua l  c h a r t s  producing t h e  data j u s t  d iscussed are  
shown i n  f i g u r e  15. The ou tpu t ,  uncorrected f o r  t h e  free-space delay 
shows a 24-hour d i u r n a l  due t o  the  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  and 
e c c e n t r i c i t y .  The cor rec ted  o u t p u t ,  one p o i n t  every h a l f  hour, 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 the average. Because 
the s a t e l l i t e  p o s i t i o n  da ta  a r e  updated o n l y  every h a l f  hour,  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 rom a s t r a i g h t  l i n e  between the  ha l f -hour  
updates a t  t h e  same r a t e  shown for  t h e  uncorrected ou tpu t .  

CONC LUS I ONS 

The t ime code has been broadcast f rom t h e  two GOES s a t e l l i t e s  f o r  more 
than one year. I t  has proven i t s e l f  t o  be a r e l i a b l e ,  low cost ,  and 
ext remely s imple system f o r  moderately h i g h  accuracy t ime. The t ime 
code i s  now considered a permanent fea ture  o f  the  GOES s a t e l l i t e s  and 
should see an expanding l i s t  o f  users f o r  many purposes w i t h i n  the 
Western Hemi sphere. 

The r e s u l t s  presented 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  accuracy o f  10 
to 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  observat ions a t  p o i n t s  w i d e l y  separated geograph ica l l y .  
Equipment de lays need f u r t h e r  study. 
equipment changes a t  t h e  CDA need t o  be 0 f f s e . t  o r  e l i m i n a t e d  t o  make 
the  time-code system a t r u e  one-way t ime t r a n s f e r  technique. 

The c l o c k  d r i f t  and the  e f f e c t  o f  
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