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GENERAL 

Thc work t o  b e  desc r ibed  i s  concerned cvith s a t e l l i t e  tirniny sy3 tems  

tha t  would s e r v e  a  l a r g e  number of u s e r s .  This  is jr: con t r a s t  t o  o the r  

t y p e s  of t ime s y s t e m s  t h a t  involve  a  very  small  number of u s e r s .  The 

work re ferenced  he re  h a s  bcen  publ i shed  [ 1 r 2 1  o r  i:; in t h e  p r o c e s s  of  

publ ica t ion  r3 41 . For t h o s e  who a r c  i n t e r c s t e d ,  c o p i e s  may b e  ob ta ined  

of t h e  publ i shed  rriatcrial upon r e q u e s t .  This  worl; l1a s been  suppor ted  by 

t h e  Air Force Cambridge Rosc;arch T.,;j boratory . 

CURRENT PROGRAM 

The current s a t e l l i t e  t iming r e sea rch  program a t  t h e  Nat iona l  Bureau 

of S tandards  (NBS) h a s  been  in progress  for abou t  four ycd r s  ant! is part  

of a  cont inuing  program to exdminc useful  way:; of d i s s ~ m j n a t i n g  t j m c  anti 

f r cquency ,  u se fu l  medning tha t  t h e  end product m u s t  bc app l i cdn le  t o  I )  

l a rge  number of u s e r s  . 

The NBS goal  i n  s a t e l l i t o  t iming h a s  bcerl to obta in  ; j  relativcl;: in -  

e x p e n s i v e ,  simp1 c.-to-operatc , e a  s j l y  uncicrstood systcm . 'I'herc s l ~ o ~ . ~ l d  

be  a  c o n s i s t e n c y  in  t h e  t iming  s y s t e m  d e s i g n .  'That ir; , t h e  a c c u r a c y  

obta ined  should  h e  c o n s i s t e n t  with t h e  c o s t ,  t h e  i-jmount of effort  e:cpi:ndcd, 

a n d  t h c  amount  of t ime t h e  u s e r  must wait  t o  obt,->in tiie ;.jnswer. Tihi:.; 

gene ra l  approach  is of ten d i s c u s s c d  in  1iter;:jture t ical ing with t ime t i issem- 

ina t ion  in  g e n e r a l .  The u s u a l  t radeoffs  discussed i i  rc bctween ambigui ty 

a n d  p rec i s ion .  
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ENVIRONMENT DESIGN 

Experiments have  been conducted on the NASA-ATS s a t e l l i t e s ,  t h e  

1,incoln Laboratories LES-6, and t h e  military TACSAT s a t e l l i t e ,  a l l  of  

which were in geostat ionary orbi t s .  These sa tc l  l i t e s  operated a t  fre-  

quenc ics  in t h e  range of 100 t o  300 MHz. These  cha rac te r i s t i c s  permit 

t h e  u s e  of relat ively small "TV l ike" an tennas  . For each  of t h c  s d t e l l i t e s  

mentioned,  t h e  s igna l  l e v e l  was  high enough t o  protluce a good signdl-  

to-noise  rat io a t  t h e  rece iver .  

The sys tem opera tes  a s  fol lows.  The s a t e l l i t e  t ransponds  s igna l s  

s e n t  from the  master  statior,  and t h e  scveral,  u s e r  s t a t ions  r ece ive  t h e  

s a t e l l i t e  s igna l .  Notice tha t  the  sa te l l i t e  i t se l f  h a s  no  clock or osc i l -  

].ator on board,  i t  simply retransmits  whatever it r e c e i v e s .  The s igna l  

t ransmit ted from the  master  s ta t ion  i s  s e r i e s  of s i n e  wave tone  " b u r s t s . "  

T h e s e  a re  s e n t  a t  r a t e s  of 1 p p s ,  10 pps , 10(3 pps , 1000 pps and f inal ly 

a  continuous tone  of 10 KHz. The u s e r  s ta t ion  rece ives  t h e s e  t o n e s ,  

measures  the i r  phase  shif t  re la t ive  t o  derived tones  from h i s  c lockland 

cornputcs t h e  t o t a l  de lay .  Ry subtract ing t h e  known path d e l a y ,  it j.s poss i -  

b le  t o  compute the  clock difference.  This ent i re  operation is very simple 

and  can be done repeatedly t o  cnsurc  accuracy.  The receiver  equipment 

c o s t  is es t imated  a s  $500. 

Thc maximum ambiguity resolved is 1 p p s .  7 ' 3  obtain time more 

c o a r s e l y ,  the  use r  needs  t o  k ~ o w  the  t ime t o  the  nea res t  second (from 

W V  or other  method) . The ambiguity could e a s i l y  he resolved by using 

t h e  sa te l l i t e  t o  relay voice  announcements of minu tes ,  hours ,  and d a y s .  

The limiting factor  in  timing accuracy is a knowledge of t h e  total  

sys tem de lay .  The motion of even a geostat ionary sa te l l i t e  i s  Isrgc 

enough t o  c a u s e  s igni f icant  timing errors .  



The s a t e l l i t c  tirning error contributed hy l a c k  of knowledge of cxact 

c ; :~ tc l l i te  posi t ion car1 be  very l a rge .  To con ip i~ t r~  its pos j~t jon ,  t h e  sa te l l i t e  

orbi tal  e lements  should be u s c d .  Most  satellites arc "ranged" by the i r  

r e spec t ive  operat ing agenc ies  a t  frcclucnt. intcrval .c; , but unfor"'unatc1 y , 

exper iencc  h a s  shown u s  tha t  (except  in spec ia l  c a s e s )  most s a t e l l i t e  

pos i t ions  a r e  not known with suff ic ient  accurilcy for t h e  needs  of time 

dissemina1:ion. Several  rriethods have  keen triccl t o  circumvent t h i s  

problem. O n e ,  t h c  timing accuracy of the  sys tcm h a s  hecn carefully 

checked immediately after  a rarigiiig mcasurernent ; ~ n d  t h e  d;:~il y inc rease  

in crror h a s  been rloticed from thiit t ime until  t h c  nilxt ranqo rrleasurcment. 

TWO, t h e  timing s t a t ions  have beer) used i-ls a point where t h e  time is 

known and the r e su l t s  from t h e  timing si.gnals uscd  t o  " range"  t h e  s a t e l -  

l i t e  have produced grea t  s u c c e s s .  Ry t h i s  sccond rnethod o f  :;ubsecjuent 

timing measurements ,  t h e  resul t s  a r c  much improved. 

Thc s t i~ t ior is  used in th(: NRS experiments were in Massachuse t t s ;  

Boulder, Calorado; Ohio; and South America. Cacll s ta t ion  maintained 

a c c u m t c  t imc u s i r ~ g  a cesiun-i s,tijntlard. ITrldcr t h c  bes t  contlitions , t h e  

r e su l t s  approached a n  accuracy of 40pscc:;.  Ho ' ;~ever ,  whcn t h c  sa te l l i t e  

had not been ranged for some wccks  , t h c  accuracy wil s about  150 s e c s  . r 
PLANS FOR FUTURE SERVICE 

Based upon what h a s  bccn l(-:drr~(;d f r ~ m  experiments to d a t e ,  NBS 

h a s  concluded tha t  a sa te l l i t e  timing service  i s  ~ o ~ ~ i h l ~ !  i l l  a iew y e a r s .  

This se rv ice  would meet t h e  criteria mentioned -- s i r~ip lc  oper-ation, low 

u s e r  c o s t ,  and an  aczuracy c!f a b i ~ u t  10 secs. The customer woulcl he r~ -. 
expected  t o  have rccciving ccluiprnt:nt, a dividc:r with cf2hcrent ou tpu t s ,  

and an  oscilloscope; t h c  operation would rrlost l ikcly be nisnuctl . If 

it were poss ib le  t o  u s e  voice t ransmiss ion over Lhe s a t e l l i t e ,  t h e  problern 

of  time ambiguity could be resolved by sent?inq tirrie aniiouncernc-.ni.s, s i n -  

i la r  t o  t h o s e  of WWV. 



SUMMARY 

The work d e s c r i b e d  here  h a s  shown t h a t  a  s a t e l l i t e  t iming  s y s t e m  

c a n  b e  implemented a t  very low u s e r  c o s t .  The b e s t  a c c u r a c y  obta ined  

is about  40 r s e c s  . This  f igure c a n  be  improved by a s imp le  a n d  p rac t i ca l  

modif icat ion of t h e  s t anda rd  t e c h n i q u e .  M o s t  impor tan t ,  t h e  u s e r  c o s t  

a n d  t i m e  involvement  is proportional t o  t h e  a c c u r a c y  requi rement .  T h u s ,  

t h c  r ecen t  exper iments  a t  t h e  NRS on VHF/UHF s a t e l l i t e  t iming i n d i c a t c  

t h a t  a  fu ture  s e r v i c e  is both p o s s i b l e  a n d  p rac t i ca l .  
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