
OMEGA NAVIGATICIN SYSTEM 

by I,. A .  Fletcher* 

The subject  of th is  paper i s  precise  time and time jnterval 

dissemination via the  OMEGA Navigation System. Disscnlination of time 

and time interval is a n  incidental  fa l lout  of OMEGA, and th is  paper will  

identify the  character is t ics  of the sys tem which glve ~t the abi l i ty  t o  

d isseminate  time and time interval .  

OMEGA is a very low-frequency navigation system which wi l l ,  with 

eight  s t a t i o n s ,  provide worldwide coverage.  Figure 1 shows the approxi- 

mate s ta t ion  locat ions .  The s t a t ions  locatetl  in Norway, New York , 

F3awaiit and Trinidad a r e  presently in operation (low-power) and the  

Norway, Hawaii ,  and Trinidad s t a t ions  will be  upgraded t o  full-power 

operation in  the fins1 configurat ion.  The New York s ta t ion  will be replaced 

by a new s ta t ion  presently under construction in North Dakota.  These 

eight  s ta t ions  will be  ab le  to providc continuous , a1 1-weather navigation 

with a one- or two-mile accuracy for user  veh ic les .  At e a c h  OMEGA 

s ta t ion ,  the frequency and timing of the transmission a r e  controlled by 

four cesium beam s tandards .  All eight  s t a t ions  a re  synchronized t o  e a c h  

other s o  that  the  epoch for a n y  giY7en s ta t ion ,  in cor;il:~arison to the 

s y s t e m ' s  epoch ,  is general ly within I. p s e c  . Your s ta t ions  a r e  currently 

operating on a n  interim b a s i s  and i t  has  been poss ib lc  to  maintain that  

synchronization tolerance.  Experimcnts have been performcd with the 

sys tem to see how cl-osely or how e a s i l y  i t  can  b e  synchronized to  
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Observatory tirrle. These experimer-lts indicc?tc: tha t  the  OMEGA cpoch car1 

be held within 5 ~ S C C S  of t h e  Observatory epoch without significiint effort .  

Synchronization of the  OM:EL;A systcrll i s  presently accomplished a s  

fo l lows.  Each s t a t ion  monitors every other  s t a t i o n ' s  t ransmiss ions  and 

communicates the  r e s u l t s  back t o  the control s t a t ion .  The control s t a t ion  

then t a k e s  t h e s e  r e s u l t s  (numbers) and i s s u e s  a control message  of ad jus t -  

ment t o  e a c h  s t a t ion .  The control communications are  presently handled 

via exis t ing  military commercial communication sys tems ;  whereas  in the  

implemented system,communication i s  d i r e c t ,  not via OMEGA f requenc ies ,  

but  by  us ing two addit ional  f requencies  in the  OMEGA format. This 

approach wil l  re l ieve  normal communication channels  and  enhance  the  

re l iabi l i ty  and ef f ic iency of OMEGA synchronizat ion control.. 

Figure 2 shows the  ant ic ipa ted  frequency ass ignment .  'The Trinidad 

s t a t i o n ,  t h e  Hawaii s t a t i o n ,  and the  North Dakota s ta t ion  a re  the  lJ .S . -  
owned and operated s t a t ions  . Frequency ass ignments  have been  reyues tcd  

for e a c h  of t h e s e  three s t a t ions  a s  shown i n  the  f igure.  The 1 0 . 2 ,  1 3 . 6 ,  

and 11.33 KHz a r e  the  b a s i c  OMEGA frequencies a n d ,  a s  shown for the  

Trinidad s t a t i o n ,  the  1 2  .0 and 12 .2 5 KIIz will  b e  used t o  t ransmit  syn-  

chronizat ion information between 'Trinidad and the control s t a t ion  when 

t h e  sys tem i s  ful ly implemented. Sol-ne relaying between s t a t ions  wi l l  be  

required.  Tor example ,  La Reunion will  need t o  relcly i t s  communications 

da ta  through some other s ta t ion  in  order to ge t  to  the  control s t a t i o n .  

The planned method of commurlicatiorl i s  a  form of I'rcquency Shift I<cyinq 

(FSK) implemented by keying different segment/frequcncy combinations 

for e a c h  ten-second OMEGA "Eramc . " 

It should b e  reemphasized thdt  I'igure 2 dep ic t s  a proposed frequency 

ass ignment .  OMEGA i s  an  i n t ~ r n r ~ t i o n a l  s y s t e m ,  and s t a t ions  tha t  a re  

non-U.S. owned a r e  fully owned and operated by the partner nat ions and 

a s  s u c h ,  they must r eques t  their own frcqucncy ass ignment .  The U . S .  





posi t ion  regarding foreign OMEGA frequency ass ignments  i s  t h a t  of 

coordinator ,  and changes  may b e  n e c e s s a r y  i n  the  f requencies  shown in 

Figure 2 .  

With regard t o  the  sub jec t  of time and time in terval ,  t ime interval  

d isseminat ion  i s  a very obvious fa l lout  from OMEGA. The OMEGA signal  

i s  cesium-control led and  c a n  provide a rather  excel lent  method of t ime 

interval  d isseminat ion  worldwide b e c a u s e  the  sys tem is internal ly syn-  

chronized t o  within 1 r set. 
I t  c a n  b e  synchronized without g rea t  diffi- 

cu l ty  t o  within 5 s e c s  of Observatory t ime.  The s i d e  f requencies  a r e  r 
control led by t h e  same four ces ium s tandards  a s  the  three  OMEGA frequen- 

c i e s ,  and they a r e  unique in  that  a n  OMEGA swi tch  or commutator is not 

required for the i r  u s e .  Precise time c a n  b e  d isseminated  by the  s y s t e m ,  

and h a s  been  inves t iga ted  b y  the  U .  S . Naval Observatory,  NASA, and 

NBS. The technique involves the  u s e  of the  two unique f requencies  from 

e a c h  s t a t ion  and wi l l  be  le f t  t o  other papers presented a t  th i s  symposium 

for d e t a i l s .  

OMEGA s ta t ion  epoch  i s  defined a s  the  r i s e  time of the  1 0 . 2  KHz 

s ignal ;  the  11 .33 KHz and t h e  1 3 . 6  KHz s igna l s  wil l  b e  control led t o  

within 2 1 0  n s e c s  of t h e  epoch .  The s i d e  or unique f requencies  wi l l  b e  

controlled t o  within 2100  n s e c  of the  epoch  a n d ,  further ,  wi l l  b e  con- 

t rol led t o  within +2 0 n s e c s  of e a c h  o ther .  

As pointed out  ea r l i e r ,  OMEGA will u s e  the  unique f requencies  t o  

communicate the  sys tem synchronizat ion d a t a .  It  is present ly  ant ic ipa ted  

tha t  sys tem synchronizat ion wil l  not require full-time u s e  of the  unique 

f requenc ies ,  s o  there  i s  a poss ib i l i ty  that a n y  remaining time may become 

ava i l ab le  a t  some la ter  da te  t o  transmit a time code .  With regard t o  tha t  

a s p e c t ,  t he  present  Navy policy regarding OMEGA i s  d i s c u s s e d  in the  

following paragraphs , 



The Navy i s  charged with developing OMEGA a s  a navigat ion sys tem.  

The C o a s t  Guard wi l l  opera te  t h e  sys tem and wil l  b e  the  U .  S .  agen t  

involved in any  addit ional  requirement placed on the s y s t e m .  'The Navy 

h a s  no money and no requirement t o  do more than implement a navigat ion 

sys tem.  The se lec t ion  of the unique f requencies  has  been coordinated 

with the  Observatory,  NASA, and NBS to a s s u r e ,  where p o s s i b l e ,  t h a t  

OMEGA offers  a t ime disseminat ing  capab i l i ty .  Also ,  the  foreign s t a t ions  

wil l  obviously develop their  own policy toward whatever other u s e  b e s i d e s  

navigat ion is made of OMEGA. 

Figure 3 shows the  present  schedule  for the  OMEGA sys tem.  The 

North Dakota s t a t ion  is now under cons t ruct ion ,  with about  3 5  percent  of 

the  funds expended o n  t h e  cons t ruct ion .  Buildings are up and the  tower 

wi l l  b e  erec ted  next y e a r .  A11 equipment for a l l  e ight  s t a t ions  has  been  

placed under con t rac t ,  with de l iver ies  t o  s t a r t  about  January or I 'ehruary 

of 1971 .  





Dr. G .  M . R .  Winkler 

I would l ike  t o  make some supplementary remarks .  The Observatory 

i s ,  of c o u r s e ,  in teres ted  in a s su r ing  that  t h e s e  capabi l i t ies  which h i ~ v e  

been  explained wi l l  bc fu l ly  ut i l ized and avai1,able for dissemination of 

t ime.  There a r e  a number of problems which havc  to be  so lved ,  the  most 

urgent problem of which i s  t o  develop a c lea r  picture of t h c  requirements 

for the  u s e  of the  OMEGA sys tem for prec ise  time and time interval d i s -  

seminat ion .  Another point of uncertainty i s  Lhe need for a time code .  AS 

Mr. Fletcher expla ined,  e a c h  s ta t ion  wi l l  have f ive  segments  which a r e  

reserved for unique f requenc ies ,  spaced  2 50 c y c l e s  a p a r t .  These 2 !:lo- 

cyc le  s p a c i n g s ,  and the  avai labi l i ty  of three addit ional  navigat ional  f r e -  

quenc ies  which a re  t ime-shared ,  wil l  make i t  poss ib le  t o  idcntify a cyc le  

unambiguously at e a c h  I.ocation with r e s p e c t  t o  your own cl.ock t ime.  Very 

simply s t a t e d ,  t h i s  is being done by taking advantage  of the  different 

durat ions of one  c y c l e  of the  two f requenc ies .  If you just  cons idcr  t h e  t w o  

unique f requencies  spaced  2 50 c y c l e s  a p a r t ,  ci t  the  rriornent of e ~ n i s s i o n  s t  

the  t ransmit ter ,  they  a r c  in phase  cvcr-y 2 0  msccs  1jc.cause they a re  l-rnulti- 

ples of 50  c y c l e s  per second .  However, a s  you go out  for e;ich c y c l e ,  for 

e a c h  wave length  you go out  away  frorii the trailsrnitter in  time and/or 

s p a c e ,  the  difference in  periods between t h e s e  two f requencies  i s  a lmos t  

one  and one-half psecs -- the  e x a c t  difference ciepends upon the  fre-  

quency .  In a n y  e v e n t ,  a s  you go a w a y  i n  wi.ivc lcnqths from the  t r ans -  

mit ter ,  your phase  difference incrc2ases by about one and one-half s e c s  P 
per wave length .  This magnitudc i s  1.argc e11ough t o  be recoc~n ized ,  arld by 

simply looking a t  the  accurrlulated phase  d j f fc rcncc ,  the 1:nowlcdge of your 

d i s t a n c e ,  and the  "e lec t r i ca l  " d i s t ance  from the  transrni t tcr  (propagation 

de lay  i s  s t i l l  another  problem) you c a n  identify the  cyc le ;  you know which 



c y c l e  you are  o n .  Once the approximate time i s  known from the  segments  

timing t o  within a few mil l i seconds ,  you c a n  then ,  ~ r e s u m a b l y ,  identify a 

c y c l e ,  A s  you c a n  imagine,  that  is not a very simple method, although 

i t  c a n  be  done.  Laboratories havc done it s u c c e s s f u l l y ,  a s  mentioned by 

Mr. Fletcher.  The laboratories  most in teres ted  In th l s  kind o f  cyc le  

identif icat ion have  been NELC (San Diego): NBS in Boulder, Colorado: and 

NASA a t  Goddard. There i s  a ques t ion  of how i t  should be done in pract ice 

because  i t  i s  not a  very simple procedure. Any s ystcms used  would have  

t o ,  in my opinion,  do  tha t  automat ica l ly .  i t  would a l s o  require a  much 

more extens ive  prediction of e l ec t r i ca l  d e l a y ,  depending upon the  so la r  

condi t ions  and the  atmospheric condit ions between the  transmit ter  and the  

r ece ive r ,  than we  have  ava i l ab le  today in order t o  fu l ly  exploi t  thc  capa-  

b i l i t ies  in t.he microsecond range .  

Now, a g a i n ,  i t  c a n  be  done and i.t will  be ava i l ab le  a l s o  to support 

the  primary navigation function of  the  sys tem by increas ing the  precision 

of  the  f ix .  The quest ion i s :  UThat e l s e  would be  required to 

a s s u r e  the  g rea tes t  ut i l i ty of the system'? Would there be a need t o  

t ransmit  a n y  time informatiorl over and beyond the  segment ' s  timing which 

enab les  you t o  identify your c lock position within the  10-second interval ? 

Would i t  be n e c e s s a r y ,  t h e n ,  t o  Iransmit a time codc  which would bc very 

s l o w ?  Necessa r i ly ,  the  Lime codc  could only u s e  the slow segment bi t  

timing or communicatiorls capa1:~ility merltioncd Ly Air. I ' letcher. A com- 

plete code  c y c l e ,  a s  h a s  becn proposccl by Y R S ,  wo~i ld  require approxi- 

mately two minutes . So you 1.vou1d require ill leas1 a two-minute 

sequence;  tha t  i s ,  two minutes rccordjrlg or correlating with a n  automatic 

equipment,  before you could iclerltify a particular part in your OMEGA 

s e q u e n c e ,  j.f you did not want to simply l i s t en  to  a standard time s iyna l .  

The code (even i f  i t  were on  !he air)  could not poss ib ly  be continued 

24-hours a d a y ,  because  111 l ~ e t w e e n  there i s  a  communication requirement 

o f  the  sys tem to  support the navigation fl~nctiorl .  'I'he ques t lon  which 



we want t o  s o l v e ,  re la t ive  t o  rcquiremcni: is: TI0 we need s u c h  n time 

code  which would identify not only s e c o n d s ,  hut a l s o  minutes ,  hours ,  

and poss ib ly  d a y s ?  The second ques t ion  i s :  If a n y  sys tem f e e l s  that  

such a time code would be useful  ant3 would he requi red ,  what  i s  the  

minimum amount of time the  time code  h a s  to  be on the  a i r ?  For instanc:e, 

would a two-minute period eve ry  3 0  minutes be su f f i c i en t?  These are  

two important ques t ions  which wc have  d i s c u s s e d  and which wil l  require 

a c l e a r  definition of requirement. We a r e  very much looking forward t o  

hearing from e a c h  one  of you who i s  in teres ted  or who fo resees  a 

future u s e  of tha t  sys tem for timing purposes . 

There are  addit ional  ques t ions  which have  bcen studied or are  

being s tudied  by timing advisory group membcrs from edch of the agenc ies  

previously mentioned d s  wel l  a s  from o the r s .  Thcse ques t ions  con-  

cern various antenna and receiver  techniques  to  he used  for the  

extract ion of timing information. A s  you can  s e e ,  i t  is p o s s i l ~ l e  

that  for appl ica t ions  on a moving vesse l :  sh ip  or a i r c ra f t ,  lor i n s t a n c e ,  

you would want  t o  have prec ise  ti.mc from the  same sys tem that  provides 

posi t ion.  The OMEGA sys tem and the navigation sys tems  general ly make 

i t  very e a s y  t o  provide time in a  s i l en t  one-way mode because  t h e y  pro- 

vide proper posi.tion and e lec t r i ca l  de lay  from the  same s y s t e m ,  which 

also makes the  time a v a i l a b l e .  The reason  you get  110th of them i s  Irhat 

the  s igna l s  a r e  redundant .  l 'or navigat ion you receive  re la t ive  or dif- 

ference  s igna l s  sirnultr~neousl y from scverc~l  stc-]ti 01-1s which define your 

geometry. For t iming,  then ,  you u s e  one of t h e s e  s i q n a l s ,  hut i n  a n  

abso lu te  way on  a l l  f requencies  to p o s s i l ~ l y  ;irrive ;it your t ime.  A t  ally 

r a t e ,  s ince  it is such  a systcrii, it is also 1'10ssi1.31~ tn ohtain time cox-ll-in- 

uously . If tha t  i s  rcqulred , it would mecir; t hd t 11~1:rlcj,3tiorla! rece ivers  , 

which a r e  under development or- t e s t j n y ,  woultl have: t o  be equipped with 

a n  addit ional  timing capabi l i ty  t o  put out  time tick for the v e s s e l ' s  

master  timing c e n t e r .  



Finally,  of g rea tes t  concern t o  us  i s  the  a c t u a l  u s e f u l n e s s  of such  

a sys tem for the  d isseminat ion  of t ime ,  It  would he n e c e s s a r y  t o  know 

much more, a s  1 mentioned before ,  about  t h e  exac t  propagation cha rac -  

t e r i s t i c s .  One would have  t o  be  ab le  with e i ther  the  help of t a b l e s  or of 

mathematical  models t o  compute a momentary electromagnetic  d i s t a n c e  

in terms of wave length from the  transmit ter  to  your rece iver  i n  order t o  

make fast-timing information ava i l ab le  to  you with t h e  prec is ion  approach 

ing 1 r s ec .  

I would l ike  t o  c l o s e  by ask ing  you aga in  t o  make your i d e a s  or 

requirements known t o  t h e  Observatory.  




