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ABSTRACT 

A s  a complement t o  t h e  p r e s e n t  t i m e  and f requency  
s e r v i c e s  o f  WWV, WWVH, and WWVB, t h e  N a t i o n a l  
Bureau o f  Standards (NBS)  i s  now sponsor ing  a 
s a t e l l i t e - d i s s e m i n a t e d  t i m e  code u s i n g  t h e  GOES 
s a t e l l i t e s  o f  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 .  The t i m e  code i s  r e f e r e n c e d  t o  
t h e  UTC(NBS)  t i m e  s c a l e ,  g i v i n g  Coord ina ted  
U n i v e r s a l  Time. I t  i s  cons ide red  by NOAA t o  be a 
permanent f e a t u r e  o f  t h e  G O E S  s a t e l l i t e s  i n tended  
t o  se rve  t h e  GOES use rs .  I t  may, however, be used 
by  o t h e r s  r e q u i r i n g  a genera l  purpose 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  t o  t h e  e n t i r e  Western 
Hemisphere f rom two s a t e l l i t e s  on a n e a r  f u l l - t i m e  
b a s i s .  

1 

T h i s  paper i s  b a s i c a l l y  an update  o f  l a s t  y e a r ' s  
PTTl paper  on t h e  G O E S  t i m e  code. The t ime-code 
g e n e r a t i o n  system i s  be ing  improved t o ' i n c l u d e  a 
con t inuous  update  o f  i t s  ephemeris message i n  
p l a c e  o f  t h e  p r e s e n t  30-minute updated  message; 
t r i p l e  redundancy i s  be ing  des igned i n t o  t h e  
g e n e r a t i o n  equipment a t  t h e  Wal lops  I s l a n d ,  
V i r g i n i a ,  ground s t a t i o n ;  and m o n t h l y  s t a t u s  
r e p o r t s  w i l l  be i n c l u d e d  i n  t h e  NBS Time and 
Frequency S e r v i c e s  B u l l e t i n ;  e.g., schedu led  
outages, s o l a r  e c l i p s e s ,  and p a s t  performances. 
T h i s  paper  i n c l u d e s  comments on NBS e x p e r i e n c e  
w i t h  t h e  r e c e p t i o n  of t h e  s i g n a l s ,  p o s s i b l e  
sources  o f  i n t e r f e r e n c e ,  and how t o  o b t a i n  b e s t  
r e s u l t s .  

INTRODUCTION 

I n  May 1974, NBS began an exper iment  o f  t ime-code b roadcas ts  f rom 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) G e o s t a t i o n a r y  
O p e r a t i o n a l  Env i ronmenta l  S a t e l l i t e s  ( G O E S ) .  Based upon subsequent suc- 
c e s s f u l  per fo rmance and u s e f u l  a p p l i c a t i o n  fo r  t h e  u s e r s  of t h e  GOES 

' G O E S  i s  t h e  acronym f o r  - G e o s t a t i o n a r y  O p e r a t i o n a l  - Envi ' ronmental  - Sat -  
e l  1 i t e .  
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satellites, NOAA now considers the time code to be a permanent feature. 
In March 1977, NBS and NOAA formally agreed to continue the time code 
broadcasts, with NBS operating the code and providing the time and 
frequency reference. 

There are now three satellites in orbit; two are operational and the 
third is an "in-orbit" "hot" spare ready to replace either satellite in 
case o f  failure. There is another satellite ready for launch when needed 
and three more satellites are under construction. This complement of 
GOES satellites is expected to insure two satellites in continuous opera- 
tion until the late 1980's. Plans to continue the program beyond the 
year 2000 are being made. 

Considering the long life, the important mission2 of the GOES program, 
and the wide geographical coverage of the satellites, the G O E S  time sig- 
nals are finding many applications where reliability, automatic signal 
recovery, and accuracy are desirable. Being geostationary, GOES is a 
source of continuous synchronization, offering a significant advantage 
over non-geostationary satellites which can only provide exposure to the 
user during brief periods of time at intervals ranging from about one 
hour to many hours or even days. 

TIME CODE SYSTEM 

The time code is part of the interrogation channel of the GOES satellites. 
The interrogation channel is used to command remote sensors to send their 
collected data to the GOES satellites, The satellites relay these data 
to the Command and Data Acquisition (CDA) facility at Wallops island, 
Virginia, for processing and dissemination to users. Interrogation mes- 
sages are continuously being sent through the G O E S  satellites. The 
format of the messages is shown in figure 1.  

The interrogation message is  exactly one-half second in length or 50 bits. 
The data rate, provided by atomic oscillators, is 100 bits per second 
(b/s). The interrogation message is binary and phase modulates a carrier 

+_ 60 degrees after being Manchester-encoded; i.e., data and data clock 
are modulo-two added before modulating the carrier. An interrogation mes- 
sage consists of four bits representing a BCD word of time code beginning 

2The GOES sate1 1 i tes provide meteorological observations for: 
-Continuous storm tracking through cloud photography 
-Cloud analysis-density, temperature, height, wind velocity 
-Surface temperature mapping 
-Space environment sun/earth interaction 
-Remote sensing of floods, rain, snow, Tsunamis, earthquakes, air/ 

water pollution, etc. 
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on t h e  h a l f - s e c o n d  o f  UTC, f o l l o w e d  by a maximum l e n g t h  sequence ( M L S )  
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  remote sensor .  S i x t y  i n t e r r o g a t i o n  mes- 
sages a r e  r e q u i r e d  t o  send t h e  60 B C D  t ime-code words c o n s t i t u t i n g  a 
t ime-code frame. The t ime-cade frame beg ins  on t h e  h a l f  m i n u t e  o f  UTC 

con - 
U T C ) ,  t h e  UT1 c o r r e  t i o n ,  
o n g i t u d e ,  l a t i t u d e ,  and 
b i a s  o f  119,300 m i c  o- 
y updated on t h e  ha f hour .  

and r e p e a t s  e v e r y  30 seconds (see f i g u r e  2 ) .  
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  message 
and t h e  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  
h e i g h t  above t h e  s u r f a c e  o f  t h e  e a r t h  minus a 
seconds. 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  

1- 1 / 2  s --+---- 1 / 2  s .- 1 / 2  I 

The t i m e  code frame 

-I s -- 1 / 2  s I 
T C  I N T E R R O G A T I O N  T C  I N T E R R O G A T I O N  T C  I N T E R R O G A T I O N  T C  I N T E R R O G A T I O N  

h O R D  M E S S A G E  W O R D  M E S S A G E  WORD M E S S A G E  WORD M E S S A G E  .- . 0 
~ 

0 
0 /. / .- , / I 

I 
I / 0 

0 
/ .- / 

/ 0 

Y 
T I M E  C O D E  F R A M E  C O N S I S T I N G  OF: 

o S Y N C H R O N I Z A T I O N  W O R D  
. D A Y S ,  H O U R S ,  M I N U T E S ,  S E C O N D S  
* U N I V E R S A L  T I M E  C O R R E C T I O N  
* S A T E L L I T E  P O S I T I O N  

F i g .  1 - I n t e r r o g a t i o n  message f o r m a t  

4 0  3 2  8 20 1 6  1 6  1 C8 
I I ,  1 I I 

S Y N C  T I M E  O F  L O N G  L A T  R A D  E X P E R I M E N T A L  U S E  
W O R D  Y E A R  

I 4- I 
U T 1  S A T  E L L  I T E 

T I M E  P O S I T I O N  

c 
C O R R E C T I O N S  

3 0  S E C O N D S  t '  T I M E  F R A M E  
B E G I N S  O N  
00 A N D  3 0  
S E C O N D S  U T C  

F ig .  2-Time code format  
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NBS maintains an ensemble of three clocks at NOAA's CDA facility, 
Wal lops island, Virginia. These clocks provide the time and frequency 
reference for the time code. The time-code generation system, partly 
shown in figure 3 ,  is completely redundant and fully supported by an 
uninterruptable power supply. There is a communication interface between 
the equipment and NBS/Boulder using a telephone line. Over the telephone 
line, satellite position information is sent to the CDA and stored in 
memory for eventual incorporation into the time code and interrogation 
message. 

WESTERN 
SATE L L I TE 

EASTERN 
S A T E L L I T E  TV LORAN C 

NORFOLK, VA CAPE FEAR 

NBS/BOULDER 

GENERATOR 

TO TO 
WESTERN EASTERN 

S A T E L L I T E  S A T E L L I T E  

Fig. 3-Time code generation at CJA 
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Data a r e  a l s o  r e t r i e v e d  f rom t h e  CDA v i a  t h e  te lephone  l i n e  t o  B o u l d e 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  
of 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  from 
N o r f o l k ,  V i r g i n i a ,  and t o  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 .  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 rom b o t h  t h e  Western and Eas te rn  GOES s a t e l l i t e s  as 
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 lde r  t o  r e m o t e l y  de te rm ine  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  them by s w i t c h i n g  i n  redundant system components. 

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 N O A A ' 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  
week ly  u s i n g  d a t a  o b t a i n e d  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  
( R E R R )  t r a c k i n g  ne twork .  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  RbRR 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 Hawai i .  The Eas te rn  s a t e l l i t e  i s  observed f r o m  t h e  
C D A ,  San t iago ,  C h i l e ,  and Ascension I s l a n d  i n  t h e  South A t l a n t i c .  

WESTERN SATELLITE EASTERN SATELLITE 

FREQUENCY 468.8250 MHz 468.8375 MHz 

POLAR I Z A T l  ON RHCP RHCP 

CPSK (+ 60") 

DATA RATE 100 BPS 100 BPS 

C P S K  (+ - 60") MODULATION - 

SATELLITE LOCATION 1 3 5 "  W 75"  w 

SIGNAL STRENGTH 
(OUTPUT FROM -139 dBm -139 dBm 

I SOTROP I c ANTENNA) 

C O D  I NG MANCHESTER MANCHESTER 

BANDW I DTH 400 Hz 400 Hz 

r i g  . 4-  I n  t e r r o g a  t i o n  channel  s i gna l  c h a r a c t e r  i s t i cs  
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1 

The G O E S  t i m e  s i g n a l s  f o r  b o t h  s a t e l l i t e s  a r e  summarized i n  f i g u r e  4. 
The s i g n a l s  a r e  r i g h t - h a n d  c i r c u l a r l y  p o l a r i z e d  and separa ted  i n  f requen-  
c y  by 12.5 kHz. 
The da ta  a r e  Manchester coded and phase modu la te  t h e  c a r r i e r  ? 60 degrees, 
t h u s  p r o v i d i n g  a c a r r i e r  f o r  t h e  a p p l i c a t i o n  of c o n v e n t i o n a l  phase l o c k  
demodu la t ion  techn iques .  The geograph ica l  coverage of  t h e  t w o  s a t e l l i t e s  
i s  shown i n  f i g u r e  5. 

F i g u r e  6 shows equipment des igned f o r  a u t o m a t i c  t i m e  r e c o v e r y  f r o m  t h e  
GOES s a t e l l i t e s .  The antenna uses m i c r o s t r i p  c o n s t r u c t i o n  and p r o v i d e s  
5 dB o f  g a i n  r i g h t  c i r c u l a r l y  p o l a r i z e d .  I t  has a low n o i s e  p r e a m p l i f i e r  
a t t a c h e d  t o  i t s  back p lane .  The r e c e i v e r  c o n t a i n s  a m i c r o p r o c e s s o r  t o  
de te rm ine  and a u t o m a t i c a l l y  compensate fo r  n e t  p r o p a g a t i o n  d e l a y  o f  t h e  
t i m e  s i g n a l s .  

RESULTS 

Data have been c o l l e c t e d  a t  NBS i n  Bou lde r ,  Colorado, u s i n g  a r e c e i v e r  
designed f o r  a u t o m a t i c  t i m e  recove ry .  F i g u r e  7 shows t h e  r e s u l t s  of 
measurements taken  eve ry  h a l f  hour f o r  one day. These r e s u l t s  have been 
repeated  eve ry  day f o r  more than one year .  The r e s u l t s  have shown t h e  
G O E S  system t o  p r o v i d e  a t i m e  r e f e r e n c e  t o  e a s i l y  w i t h i n  t 20 m i c r o -  
second s .  

An e q u a t i o n  r e l a t i n g  the. t i m e  recovered f rom t h e  s a t e l l i t e  t o  t h e  mas te r  
c l o c k  a t  Wal lops I s l a n d  i s  g i v e n  below. Term 1 i s  known t o  b e t t e r  t han  
1 u s  u s i n g  t h e  d a t a  l o g g e r  wh ich  compares t h e  CDA c l o c k s  t o  Loran-C and 
TV L ine- IO.  T h i s  te rm w i l l  be c o n t r o l l e d  i n  t h e  n e x t  g e n e r a t i o n  system 
t o  be i n s t a l l e d  a t  Wal lops  I s l a n d  e a r l y  n e x t  yea r  a t  t h i s  l e v e l  o r  
b e t t e r .  Terms 2, 4, 5, and 6 a r e  expec ted  t o  remain c o n s t a n t  a t  t h e  few 
microseconds l e v e l  and can f o r  t h e  most p a r t  be c a l i b r a t e d  o u t  o f  a u s e r ' s  
system. Term 3 i s  computed and compensated f o r  by t h e  u s e r  o r  h i s  
r e c e i v e r  w i t h  m ic rop rocesso r  c a p a b i l i t i e s .  

The d a t a  r a t e  i s  100 b/s r e q u i r i n g  400 Hz o f  bandwid th .  

1 2 
UTC(NBS) - SATELLITE R E C E I V E R  = (UTC - CDA) + (CDA E Q U I P  DELAY) + 
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Since  t h e  G O E S  t i m e  code i s  t r a n s m i t t e d  o u t s i d e  t h e  spectrum rese rved  
e x c l u s i v e l y  f o r  t i m e  and f requency  b roadcas ts ,  i t  cannot  be cons ide red  
an NBS service i n  t h e  same sense t h a t  WWV, WVH, and W W V B  a r e  s e r v i c e s .  
The " land-mob i le "  s e r v i c e s  and t h e  G O E S  i n t e r r o g a t i o n  channe ls  use t h e  
same f requency  a l l o c a t i o n s  (468.8250 and 468.8375 M H z ) ,  wh ich  means t h e  
t i m e  code may s u f f e r  i n t e r f e r e n c e  f rom l a n d - m o b i l e  t r a n s m i s s i o n s .  T h i s  
i s  p a r t i c u l a r l y  t r u e  i n  u rban areas  where t h e r e  i s  a h i g h  d e n s i t y  o f  
l and -mob i l e  a c t i v i t y .  
t o  t h e  l and -mob i l e  s e r v i c e s .  T h e r e f o r e ,  any such i n t e r f e r e n c e  must be 
accepted  by t h e  t i m e  s i g n a l  use rs .  Compla in ts  t o  t h e  FCC w i l l  n o t  r e s u l t  
i n  any ad jus tmen ts  i n  f a v o r  o f  such u s e r s .  The spectrum use by s a t e l l i t e  
and land -mob i l e  i s  i l l u s t r a t e d  i n  f i g u r e  8. 

The s a t e l l i t e  f requency  a l l o c a t i o n s  a r e  secondary 

LAND WESTERN EASTERN LAND 
MOBILE GOES GOES MOBILE 

V / / / / / / W / / / / / A  V/ / / / / / / i / / / / / /A  
468.8250 468.8375 468.8500 

(MHZ) 

F ig .  8-Frequency use 

Because o f  t h e  spac ing  o f  f requency  assignments t o  t h e  l and -mob i l e  use rs ,  
t h e r e  i s  f a r  l e s s  i n t e r f e r e n c e  t o  t h e  e a s t e r n  s a t e l l i t e  s i g n a l s  than  t o  
t h e  wes te rn  s a t e l l i t e .  The re fo re ,  t h e  e a s t e r n  s a t e l l i t e  shou ld  be used 
by  those u s e r s  s i t u a t e d  i n  l a r g e  urban a reas .  

A l though  t h e  GOES s a t e l l i t e s  t r a n s m i t  c o n t i n u o u s l y ,  t h e r e  may be i n t e r -  
r u p t i o n s  d u r i n g  t h e  p e r i o d s  o f  s o l a r  e c l i p s e s .  The GOES s a t e l l i t e s  
undergo s ,p r ing  and autumn e c l i p s e s  d u r i n g  a 46-day i n t e r v a l  a t  t h e  
v e r n a l  and autumnal equ inoxes .  The e c l i p s e s  v a r y  f rom a few m inu tes  a t  
t h e  beg inn ing  and end o f  e c l i p s e  p e r i o d s  t o  a maximum g f  a p p r o x i m a t e l y  72 
m inu tes  a t  t h e  equ inox .  The e c l i p s e s  b e g i n  23 days p r i o r  t o  equ inox  and 
end 23 days a f t e r  equ inox ;  i . e . ,  March 1 t o  A p r i l  15 and September 1 t o  
October 15. The ou tages  o c c u r  d u r i n g  l o c a l  m i d n i g h t  f o r  t h e  s a t e l l i t e s '  
mean m e r i d i a n  (see f i g u r e  9 ) .  

There w i l l  a l s o  be shutdowns f o r  p e r i o d i c  ma in tenance a t  t h e  Wal lops  
I s l a n d  ground s t a t i o n .  These scheduled ou tages  w i l l  be reduced i n  t h e  
f u t u r e  as redundancy i s  added t o  t h e  system. 

149 



F i g .  9 - S o l a r  e c l i p s e  t i m e  

FUTURE PLANS AND IMPROVEMENTS 

The s a t e l l i t e s  now under c o n s t r u c t i o n  w i l l  have a 3 dB i n c r e a s e  i n  r a d i -  
a t e d  power and an improved antenna system. The t ime-code g e n e r a t i o n  sys-  
tem a t  Wal lops  I s l a n d  w i l l  be r e p l a c e d  w i t h  one of  an improved d e s i g n  
wh ich  reduces p a r t s  count  by a f a c t o r  o f  f o u r .  The system w i l l  be t r i p l e  
redundant.  
po l ynomia l s  t o  reduce s t o r a g e  requ i remen ts  a t  t h e  CDA and a l l o w  more f r e -  
quent updates i n  t h e  t ime-code message. 
p o s i t i o n  d a t a  w i l l  be updated e v e r y  f i v e  m inu tes  r a t h e r  than  a t  t h e  
p resen t  t h i r t y - m i n u t e  i n t e r v a l s .  

E a r l y  i n  1978, NBS w i l l  b e g i n  t o  r e p o r t  on t h e  s t a t u s  o f  t h e  G O E S  t i m e  
system, i n c l u d i n g  expec ted  ou tages  and improvements, i n  t h e  NBS Time 
and Frequency S e r v i c e s  B u l l e t i n  i ssued  mon th l y .  

The s a t e l l i t e  p o s i t i o n  d a t a  w i l l  be compressed u s i n g  Chebychev 

By e a r l y  1978, t h e  s a t e l l i t e  

150 


