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As a cornp 1 cmen t t o  t h e  p r e s e n t  t iirlc and f r e q c ~ e n c y  
s e r v i c e s  of W W V ,  W W V H ,  arid WWVB, t h e  N a t i o n a l  
Bureau  o f  S t a n d a r d s  ( N B S )  i s  now s p o n s o r i n g  a 
s a t e l  1 i t e - d i  s s e n ~ i n a t c d  t imc code  u s i n g  t h e  G O E S  

1 

s a t e l  1 i t e s  o f  t h e  N a t i o n a l  O c e a r ~ i c  and A t m o s p h e r i c  
Adrriin i s t  r a t  i o n .  The t irne cade  i s  r e f e r e n c e d  t o  
t h e  u T C ( N B S )  t 

U n i v e r s a l  T i r ~ i e .  I t  i s  c o n s i d e r e d  by NOAA Lo b e  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 r i t .c r ided 
t o  s e r v e  t h e  G O E S  use l -5 .  I :" lay, h o i ~ c v e r  , be used  
by  o t h e r s  r e q u  i r i n q  a genet-a1 V U I - p o ~ e  t i r i e  r e f e r e r ~ c e  
The t i r r ie code  i s  a v a i  l a b l e  t o  t h e  e n t i t - e  Wester-n 
Hemi s p h e r e  f I-orli two s a t e l  1 i Les on a n e a r  r u l  1 - t  il'ie 
b a s i s .  

T h i s  p a p e r  i s  b a s i c a l l y  a n  u p d a t e  o f  l a s t  y e a r ' s  
P T T l  p a p e r  on t h e  G O E S  t i m e  code ,  The t i m e - c o d e  
y e n e r a t i o r  s y s t e r , ~  i s  b e i n g  imp roved  t o  i n c l u d e  a 
c o n t i n u o u s  u p d a t e  oi' i t s  epherr~er i s  message i r i  
p l a c e  o f  t h e  pr-esen t 31)-,:ii n u t e  u p d a t e d  i r iessaye; 
t r i p l e  redur-r i lancy i s  I- jeir ig des i g n e d  i n t o  t h e  
g e n e r a t i o n  equ ip r ; le l i t  a t  t i l e  b/clllops I s l a n d ,  
V i r - q i t i i a ,  yroutnd s t a t i o r - ;  ancl l~ror- ; t i? l~q s t a t u s  
r e p o r t s  w i  I 1  be i n c l udec l  i r :  
F requency  S e r v i c e s  ELI l let i n ;  e-q., scheduled 
o u t a g e s ,  s o l a r  e c l i p s e s ,  a n d  p a s t  per fo r r r lances .  
T h i s  paper- i n c l u d e s  co1.1:-11ents or1 N B S  experience 
w i l t )  Lhe r e c e p t i o n  o f  ti-ic s i g n a l s ,  p o s s i b l e  
s o u r c e s  o f  i n t e r f e l - e r i c c ,  and  hoki t o  obk.a in  b e s t  
r e s u l t s .  

I n  May 1974, NBS began an expcr - i r i en  L o f  t i r . :e-cuce b r o ~ ~ i i c a s t s  frnlr t i l e  
N a t i o n a l  Ocear i i c  and A t r~osp l - l e t - i c  Adr?iin i s t r a l  ion's : ' ~ O i \ i ' , ' ; )  Get i s t a t  i o n a r y  
O p e r a t  i o n e l  Erivi r on r y~cn ta l  S a l e 1  I i t e s  ( G O E S ) .  E a s e d  1lpor1 subsequen t  suc -  
c e s s f u l  pe r f o r r l l ance  and u s e l ' l ~ l  a p p l  i c a t  i o n  Sot- t h e  u s e r s  o f  t h e  G O E S  

el 1 i t e .  



s a t e l l i t e s ,  NOAA now c o n s i d e r s  tl-lr; t i t l le  code t o  bc a perrrlanent f e a t u r e .  
I n  Mnrch 1377, NBS and NGAA f o r r n a l l y  agreed t o  c o n t i n u e  t h e  t i r i le  code 
b roadcas ts ,  w i t h  NBS o p e r a t i n g  the  code and p r o v i d i n g  t h e  t i m e  and 
f requency  r e f e r e n c e .  

There a r e  now t h r e e  s a t e l  l i t e s  i r ~  o r b i  L ;  two a r e  o p e r a t i o n a l  and the  
t h i r d  i s  an " i n - o r b i t "  "ho t "  \ p a r e  ready t o  r e p l a c e  e i t h e r  s a t e l l i t e  i n  
case  o f  f a i l u r e .  There i s  ano the r  s n t e l l i ~ e  ready f o r  l aunch  when needed 
and t h r e e  rrlore s a t e l  1 i t e s  d r e   rider c o n s l r u c t  ion .  T h i s  cornplenien t of 
G O E S  s a t e l l i t e s  i s  expected t o  i n s u r e  two s a t e l l i t e 5  i n  c o n t i n u o u s  opera-  
t i o n  u n t i l  t h e  l a t e  1980 's .  P lans t o  c o n t i n u e  t h e  prograrrl beyond t h e  
yea r  2000 a r e  be ing  rnade. 

C o n s i d e r i n g  t h e  l ong  1 i f e ,  the i m p o r t a n t  m i s s i o n 2  o f  t h e  G O E S  program, 
and Lhe w ide  g e o g r a p h i c a l  coverage o f   he s a t e l l i t e s ,  t h e  G O E S  t i m e  s i g -  
n a l s  a r e  f i n d i n g  many a p p l i c a t i o n s  where r e l i a b i l i t y ,  a u t o m a t i c  s i g n a l  
r e c o v e r y ,  and accu racy  a r e  d e s i r a b l e .  Be ing g e o s t a t i o n a r y ,  G O E S  i s  a 
source o f  c o n t i n u o u s  s y n c h r o n i z a t i o n ,  o f f e r i n g  a s i g n i f i c a n t  advantage 
o v e r  n o n - g e o s t a t i o n a r y  s a t e l l i t e s  wh ich  can o n l y  p r o v i d e  exposure  t o  t h e  
use r  d u r i n q  b r i e f  p e r i o d s  of  t i m e  a t  i n t e r v a l s  r a n g i n g  f r o m  abou t  one 
hour  t o  many hours  o r  even days. 

TIME CODE SYSTEM 

The t in ie  code i s  p a r t  o f  t h e  i n t e r r o g a t i o n  channel  o f  t h e  GOES s a t e l l i t e s .  
The i n t e r r o g a t i o n  channel  i s  used t o  command remote sensors  t o  send t h e i r  
c o l l e c t e d  d a t a  t o  t h e  GOES s a t e l l i t e s .  The s a t e l l i t e s  r e l a y  t h e s e  d a t a  
t o  t h e  Command and Data A c q u i s i t i o n  (CDA)  F a c i l i t y  a t  Wal lops  I s l a n d ,  
V i r g i n i a ,  f o r  p r o c e s s i n g  and d i s s e m i n a t i o n  t o  u s e r s .  I n t e r r o g a t i o n  nles- 
sages a r e  c o n t i n u o u s l y  be ing  sen t  t h r o u g h  t h e  G O E S  s a t e l l i t e s .  The 
fo rma t  o f  t h e  rrlessages i s  shown i n  f i g u r e  1 .  

The i n t e r r o g a t i o n  message i s  e x a c t l y  o n e - h a l f  second i n  l e n g t h  o r  50 b i t s .  
The d a t a  r a t e ,  p r o v i d e d  by a t o m i c  o s c i l l a t o r s ,  i s  100 b i t s  p e r  second 
( b / 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 modula tes  a c a r r i e r  
! 60 degrees a f t e r  be ing  Manchester-encoded; i . e . ,  d a t a  and d a t a  c l o c k  
a r e  rrrodulo-two added b e f o r e  m o d u l a t i n g  t h e  c a r r i e r .  An i n t e r r o g a t i o n  mes- 
sage c o n s i s t s  o f  f o u r  b i t s  r e p r e s e n t i n g  a BCD word o f  t i m e  code b e q i n n i n g  

L 
The GOES s a t e l l i t e s  p r o v i d e  m e t e o r o l o g i c a l  o b s e r v a t i o n s  f o r :  

-Cont inuous s t o r m  t r a c k i n g  t h r o u g h  c l o u d  photography 
-Cloud a n a l y s i s - d e n s i t y ,  t empera tu re ,  h e i g h t ,  w ind v e l o c i t y  
- S u r f a c e  tempera tu re  mapping 
-Space env i ronment  s u n / e a r t h  i n t e r a c t i o n  
-Remote sens ing  o f  F loods,  r a i n ,  snow, Tsunamis, ea r thquakes ,  a i r /  

w a t e r  p o l l u t i o n ,  e t c .  
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F i g .  1 -  lnterrogat i on  message for-ivlat 

S E C O N D S  I I T I '  

F i g .  2 - T '  I we code f o r i r ~a  t 



NBS m a i n t a i n s  an ensemble o f  t h r e e  c l o c k s  a t  NOAA's CDA f a c i l i t y ,  
Wal lops  I s l a n d ,  V i r g i n i a .  These c l o c k s  p r o v i d e  t h e  t i m e  and f requency  
r e f e r e n c e  f o r  t h e  t i m e  code. The t ime-code g e n e r a t i o n  system, p a r t l y  
shown i n  f i g u r e  3 ,  i s  c o n l 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 supp ly .  There  i s  a cotnmunicat i o n  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 he  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  sen 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  i n t o  t h e  t i m e  code and i n t e r r o g a t i o n  
message. 
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SATE1.L I T E  TV SATELLITC 

NORFOLK, VA CAPE rEAR 
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F i g .  3 -T ime code g e n e r a t i o n  a t  CJA 



Da ta  a r e  a l s o  r e t r i e v e d  fror.  t h e  CDA v i a  t h e  t e l e p h o r i e  1 i n e  t o  B o u l d e r .  
These d a t a  i n c l u d e  Llie f r e q u e n c y  o r  t h e  a to r r l i c  o s c i  1 l a t o r s  and  t h e  t irr~e 
of t h e  c l o c k s  t - e l a t  i v e  t o  UTC a s  corripared t o  TV t r a n s n ~ i s s i o n s  f r o m  
N o r f o l k ,  V i  r q  i n i a ,  and  t o  Lorar i-C i r a n s m i s s i o n s  f rani Cape F e a r ,  N o r t h  
C a r o l i n a .  The Da ta  L o q q e r  a l s o  n ieasurcs and s t o r e s  t h e  t i r ne  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  Wes te rn  and E a s t e r n  G O E S  s a t e l  1 i t e s  as 
r e c e i v e d  a t  t h e  CDA. B e s i d e s  t h e  t i m e  and f r e q u e n c y  m o n i t o r i n g  f u n c t i o n s ,  
t h e  Da ta  Logge r  p r o v i d c s  t h e  i n f o r r r i a t i o n  n e c e s s a r y  f o r  N B S  s t a f f  a t  
B o u l d e r  t o  r e r r i o t e l y  d e t e r m i n e  i f  and whe re  m a l f u n c t i o n s  e x i s t  and how to 
c o r r e c t  them by sw i  t c h i  ng i n  r e d u n d a n t  s ys tem cor i lponents .  

Ti-ic s a t e l  1 i t e  p o s i t  i o n  i n f o r ~ ~ - l a t  iot: i s  g e n e r a t e d  a t  B o u l d e r  u s i n q  a C D C  
6690 computer- and  o r b i  t a ?  e1er:ients r u r n  i s t i ed  by  NOAi\ls N a t i o n a l  Env i  r o r i -  
I-nerital S a t e l  1 i t c  S e r v i c e  ( N E S S ) .  NESS g e n e r a t e s  these. o r b i t a l  e l e i n e n t s  
w e e k l y  u s i n g  d a ~ a  o b t a i n e d  from t h e i r  t r i  l a t e r a l i o n  range and r a n q e  r a t e  
(RGRR)  t r a c l i i  ng net\ i lor-k.  The t r a c k i  rig d a t a  a r e  o b l a  i n e d  by  rneasur i n g  
the R L R R  Lo the W e s t e r n  s a t e l l i t e  froi-13 t h e  CDA, and s i l . e s  i n  i h e  s t a t e s  
o f  W a s h i n g ~ o n  and H a w a i i .  The E a s t e r n  s a t c l l  i t e  i s  o b s e r v e d  f r o m  t h e  
CDA, S a n t i a g o ,  C h i l e ,  and Ascer?s ion  i s l a n d  i n  t h e  S o u t h  A t l a n t i c .  
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I The  G O E S  t i m e  sigr-la15 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 y n a l s  a r e  I - ig t i t -hand c i r c u l a r l y  p o l a r i z e d  and s e p a r a t e d  i n  f reque r i -  
cy  by  12.5 kHz. The daLa r a t e  is  100 b /s  requ i r inc : ]  1100 Hz o f  bat-idwicltl-1. I 
The d a t a  a r e  Manchester  coded and phase n iodu la t c  t l i e  c a r r i e r  + 60 degrees ,  
t hus  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 ~ l i c a ~ i o n  o f  c o l i v e n l i o n a l  phase l o c k  
dcrr lodulat i o n  techn iques .  The g e o g r a p h i c a l  cove rage  o f  t h e  two sstcl 1 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 d c s i y n e d  f o r  a u t o m a t i c  t i m e  r e c o v e r y  frorri t h e  
G O E S  s a ~ 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 l i 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 n i p l i f i e r  
a ~ t a c h e d  t o  i t s  back p lane .  Thc 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  Lo 
c l e t e r ~ n i n e  and autornat i ca 1 1 y  coniperisate fur n e t  p rapaqa t  i o n  d e l a y  o f  i h ~  

Data have been c o l  l e c t e d  aL N B S  i n  B o u l d e r ,  Co lorado,  u s i n g  a  r e c e i v e r  
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 i g u r e  7 shows t h e  r e s u l t s  o f  
rneasurernents t a k e n  e v e r y  h a l f  hour  f o r  one day. These r e s u l t s  have been 
repea ted  e v e r y  day f o r  rrlore than  one y e a r .  The r e s u l t s  have shown t h e  
G O E S  systerri 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  .I 20 rn ic ro-  
seconds. 

An e q u a t i o n  r e l a t i n g  t h e  t i rr ic recove red  frorri t he  s a t e l l i t e  t o  t h e  mas te r  
c l o c k  a t  Wa l l ops  I s l a n d  i s  g i v e n  be low.  Term 1 i s  known t o  b e t t e r  that-I 
1 11s u s i n g  t h e  d a t a  l o g q e r  wh ich  compares t h e  CDA c l o c k s  t o  Loran-C and 
TV L ine -10 .  T h i s  tern1 w i l l  be c o n t r o l l e d  i n  t he  n e x t  g e n e r a t i o n  systeri i  
t o  be i n s t a l l e d  a t  Wa l l ops  I s l a n d  e a r l y  n e x t  y e a 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!-e expec ted  t o  remain  c o n s t a n t  a t  t h e  few 
n~ ic roseco r ids  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. Terrri 3 i s  coriiputed and conlpensated 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  microprocessor c a p a b i l i t i e s .  

1 Z 
UTC ( N B S )  - SATELLITE R E C E I V E R  = (uTC - CDA) + (CDA EQUIP DELAY) -t 
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1 S i n c e  t h e  G O E S  t ime code  i s  t rans l - ; i i  1 t e r i  o u t s i d e  t h e  s p c c t r u ~ l i  r e s e r v e d  
e x c l u s i v e l y  f o r  t inle and f r e q u e n c y  b r o a d c a s t s ,  i t c a n n o t  he cons  i d e r e d  
an NBS s e r v i c e  i n  t h e  same sensc t h a t  W W V ,  W W V H ,  and WWVB a r c  s 
The "I and-lr lobi l e "  s e r v i c e s  arid t h e  G O E S  i n t e r r o q a t  i o n  c h a n n e l s  use  t h e  
same f r e q u e n c y  a l l o c a t i o n s  (468.8250 and 468.8375 MHL), w h i c h  rrieans t h e  
t ime code  rriay s u f f e r  i n t e r r e r e n c e  f ror i i  l and -mob i  l e  ~ r a n s ~ i i  ss  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 r b a n  a r e a s  it~herc t h e r e  i s  a i i i g h  d e n s i t y  o f  
l a n d - m o b i l e  a c t i v i t y .  The s a t e l l i t e  f r e q u e n c y  a l l o c a t i u n s  a r e  s e c o n d a r y  
t o  Lhe 1 and-rnobi 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 c t  rTlust he 
a c c e p t e d  hy  t h e  t i i r ic s i g n a l  usct -s .  C o n p l a i r i t s  t o  t i l e  FCC 1,\1ill n o t  r e s u l t  
i n  any  ad j us t . r r ~en t s  i n  f a v o r  u i  suct-I user-5. The spcctr1.11-: use  by s a t e l  1 i t e  
and land-~: . iob i le  i s  i l l u s t r a t e d  i n  f i g u r e  8 .  

Fi\;. 8 -T requency  use  

Because o f  t h e  spacinl.1 o! '  f reqdency a s s  i qnmen ts  t o  t h e  land-n iob i  lc  u s e r s ,  
t h e r e  i s  f a r  l e s s  i n l c 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  t h a n  t o  
Lhe w e s i e r n  satellite. l ' h e r c f o r e ,  [,he e a s t e r n  s a t e l l i t e  s h o u l d  b c  used  
by t h o s e  use rs  s i t u a t e d  i n  l a r g c  u r b a n  a r e a s .  

- Lhe G O E S  s a t e l  1 i t e s  t r a n s l 3 i i t  c o n t i n u o u s l y ,  t h e r e  iliay be i n t e r -  
r u p t i o n s  d u r i n g  Lhe p e r i o d s  o f  s o l a r  e c l i p s e s .  Thc G O E S  s a t e l l i t e s  
u r ide rgo  s p r i n g  and autui-:in e c l  i n s c s  du r - i ns  a 4 6 - d a y  i n t e r v a l  a t  t h e  
v e r n a l  and a u t u n ~ n a l  equ inoxes .  ; hc E C ~  i p s c ~  vat-), fror.:  a  few minutcs a t  
t h e  bcg  i n t i  i n g  and end o f  e c l  i p s e  p e r i o d s  t o  a - , a x i ~ ~ u - ~  q f  appr-o,xir : iately 72 
i i l i n u t e s  a t  t h e  e q u i n o x ,  The cc l  ipscr; b e c ~ i r . ~  2 3  days p r i o r  L O  c q u i n o x  and 
end  2 3  d a y s  a r t e r  e q u i n o x ;  i . c . ,  Ma rch  1 t o  A p r i  1 15 ant: Scpter ' ,ber  1 L O  

O c t o b e r  15. The o u t a g e s  o c c u r  d u r i n g  l o c a l  ~ , i d r l i q I - l t  (or t h e  s a t e l l i t e s 1  
mean n i e r i c l i an  ( s e e  f i g u r e  3 ) .  

There w i  1 1  d l s o  be shu tdob~r is  f o r  p e r i o d i c  r l i a i n t enancc  a t  t h c  Wal l o p s  
I s l a n d  g r o u n d  s t a t i o n .  These scheduled outaqcs w i l l  be r educed  i n  t h e  
f u t u r e  a s  r edundancy  i s  added t o  t h e  s y s l c r i .  



F i g .  9 -So la 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  coun t  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 .  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 conlpressed u s i n g  Chebychev 
po1ynon:ials t o  reduce s t o r a g e  r e q u i  rernents a t  t h e  CDA and a l  low more I're- 
quent  updates  i n  t h e  t irne-code message. By e a r l y  1978, t h e  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 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 r e s e n 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  
systern, i n c l u d i n g  expected outages and irnprovernents, i n  t h e  NBS Time 
and Frequency Services B u l l e t i n  i ssued  m o n t h l y .  



QUESTIONS AND ANSWERS 

M R .  ELLIS BRYANT, Weatherchron Con~pany: 

Our company uses the WWV code to update telephone time announce- 
ments f o r  t he  publ ic .  Are t h c r c  any plans  t o  p u t  a day l igh t  
savings niarker of some s o r t  in the  tiine code so we can genera te  
loca l  time? 

MR. DAVIS: 

We do have q u i t e  a number o f  b i t s  t h a t  a r e  designated f o r  exper i -  
mental use a t  p r e sen t ,  a n d  t h i s  could c e r t a i n l y  be e a s i l y  done. 
Frankly, we haven ' t  f i n a l i z e d  what a l l  of those [ ) i t s  wil l  be. 
There a r e  over a hundred o f  the111 i n  t he  30 second t i m e  code mes- 

day1 i g h t  s a v i n g  tirne nyarker. 

MR.  R O G E R  EASTON, Naval  Research Laboratory: 

What s o r t  of accuracy do you a d v e r t i s e ?  

MR. DAVIS: 

The s t a b i l i t y  i s  on the  order  o f  l e s s  t h d r l  + ?O mizrosecor~ds. 
Now, we haven'e done enough cloth, ca r r i e s  froni Wallops t o  NBS/ 
Boulder t o  other l oca t ions  to v e r i f y  j u s t  what the level  would 
be f o r  taking a u n i t  c u t  in the f i e l d ,  s e t t i n g  i t  up,  and ~ a v j n r r  
"Yes, we guarantee i t  a t  such dnd such accuracy."  I an1 S J  
is well below 100 microseconds, b u t  how niuch heiow I c a n ' t  say 
a t  this tirne. 




