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INTRODUCTION 

OMEGA is  a very l o w  frequency (VLF) r a d i o  nav iga t iona l  
system ope ra t ing  i n  the i n t e r n a t i o n a l l y  allocated naviga t ion  
band i n  t h e  electromagnet ic  spectrum between 1 0  and 14 
k i l o h e r t z .  F u l l  system implementation.with worldwide 
coverage from e i g h t  t r a n s m i t t i n g  s t a t i o n s  is planned f o r  
t h e  l a t t e r  1970's.  Experimental s t a t i o n s  have operated 
s i n c e  1966 i n  support  of system eva lua t ion  and test. These 
s t a t i o n s  provided coverage over  m o s t  of t h e  North A t l a n t i c ,  
North American Continent ,  and e a s t e r n  po r t ions  of t h e  North 
P a c i f i c .  This  coverage provided t h e  fundamental basis for  
f u r t h e r  development of t he  system and has  been e s s e n t i a l  t o  
t h e  demonstrated f e a s i b i l i t y  of t h e  one t o  two n a u t i c a l  
m i l e  root-mean-square system accuracy. OMEGA i s  a v a i l a b l e  
t o  u s e r s  i n  a l l  n a t i o n s ,  both on s h i p s  and i n  a i rcraf t .  

HISTORICAL 

OMEGA uses  very l o w  radio frequencies  and phase-difference 
measurement techniques t o  provide r a d i o  naviga t ion  i n f o r -  
mation. These p r i n c i p l e s  w e r e  proposed t o  t h e  N a v y  i n  1 9 4 7  
by Professor  J ,  A. Pierce of Cruf t  Tkiboratory, Harvard 
Universi ty .  

As a r e s u l t  of  h i s  proposals  and h i s  experiments i n  
measuring phase de lay  a t  VLF and e s t a b l i s h i n g  t h e  phase 
s t a b i l i t y  of s i g n a l s  a t  VLF, t h e  N a v y  developed an exper i -  
mental system ope ra t ing  i n  t h e  v i c i n i t y  of 50 kHz with a 
s i n e  wave modulation of 200 Hz. The system w a s  designed by 
Naval E lec t ron ic s  Laboratory Center (NELC) , S a n  Diego, and 
w a s  c a l l e d  Radux. Radux had an accuracy of t h r e e  t o  f i v e  
m i l e s  and a range of about 2,000 m i l e s .  While t h i s  system 
showed the w i s d o m  of using phase-difference measurement 
techniques,  the a t t a i n e d  accuracy and desire t o  o b t a i n  even 
greater range r e s u l t e d  i n  another  system which combined a 
s e p a r a t e  VLF t ransmission near  10 kHz w i t h  t he  l o w  frequency 
(LF) s i g n a l .  This, system w a s  called Radux-OMEGA. To 
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f u r t h e r  i n c r e a s e  t h e  range of the system, t h e  LF s i g n a l s  
were discont inued.  The s i n g l e  frequency VLF system w a s  
c a l l e d  OMEGA and, later,  expanded t o  a multi-frequency 
OMEGA system. Thus, OMEGA can trace its development back 
over a twenty-year period. 

Early t ransmiss ions  from t h e  shore-based s t a t i o n s  w e r e  
der ived from a conventional primary-secondary conf igura t ion .  
Modern t ransmission of OMEGA s i g n a l s  is der ived  from a 
cesium frequency s tandard  a t  each s t a t i o n  and each s t a t i o n  
is c o n t r o l l e d  as a source or s tandard s i g n a l s .  T h i s  
arrangement is  most e f f i c i e n t  and p r a c t i c a l  f o r  a global 
system because t h e  naviga tor  can p a i r  s t a t i o n s  i n  any con- 
venien t  way t o  o b t a i n  u s e f u l  hyperbol ic  geonetry and s i g n a l s .  

SYSTEM CONFIGURATION 

TRANSMITTING ANTENNA SITES - 
The OMEGA naviga t ion  system is a shore-based e l e c t r o n i c  aid 
t o  naviga t ion  t h a t  uses  measured s i g n a l  phase-differences 
from sets of s t a t i o n s  f o r  f i x  reduct ion.  Eight  s t a t i o n s  
geographical ly  d ispersed  are requi red  t o  provide worldwide 
coverage. Two of the e i g h t  s t a t i o n s  are loca ted  on U, S. 
sovereign so i l .  The remaining s i x  are being sited i n  
cooperat ion w i t n  p a r t n e r  coun t r i e s .  

Experimental s t a t i o n s ,  opera t ing  s i n c e  1966 ,  were located 
a t  F o r e s t p o r t ,  New York; Brat land,  Norway; Tr in idad ,  W e s t  
Ind ies ;  and Haiku, H a w a i i .  T h e s e , s t a t i o n s  employed e i t h e r  
e x i s t i n g  f a c i l i t i e s  or  temporary e l e c t r o n i c  equipments 
which proved adequate for t h e  eva lua t ion  phase. The s t a t i o n s  
provided about one k i l o w a t t  of radiated power. Two of t h e s e  
four  s t a t i o n s  w e r e  s e l e c t e d  as sites f o r  permanent s t a t i o n s :  
Bra t land ,  Norway; and Haiku, Hawaii. 

The f i r s t  high power OMEGA s t a t i o n  of t h e  p ro jec t ed  con- 
f i g u r a t i o n  of e i g h t  s t a t i o n s  is  located i n  L a  Moure, North 
Dakota. T h i s  s t a t i o n  has been ope ra t iona l  s i n c e  la te  1972. 
The second s t a t i o n  t o  be b u i l t  on U. S. sovereign s o i l  i s  
loca ted  a t  Haiku, Hawaii. This  s i t e  i s  t h e  l o c a t i o n  of one 
of the  o r i g i n a l  experimental  s ta t ions .  T h i s  s t a t i o n ,  l i k e  
a l l  others ,  w i l l  broadcast a s i g n a l  of t e n  k i l o w a t t s .  

The Bra t land ,  Norway, s i te  o r i g i n a l l y  used during the 
ope ra t iona l  eva lua t ion  phase provided s i g n a l  coverage f r o m  
temporary e l e c t r o n i c s  housed i n  vans. I n  cooperation wi th  
t h e  Government of Norway, t h i s  s i t e  w a s  selected as one of 
t h e  e i g h t  permanent s t a t i o n s .  T h i s  s t a t i o n  has s i n c e  been 
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completed w i t h  a permanent new f a c i l i t y  housing a f u l l  set 
of new OMEGA e l e c t r o n i c s .  It is c u r r e n t l y  broadcast ing 
w i t h  an e f f e c t i v e  radiated power of s i x  t o  seven k i l o w a t t s  
b u t  once antenna problems are resolved, the s t a t i o n  should 
radiate t e n  k i l o w a t t s .  

As w a s  the case w i t h  Norway, rather than nego t i a t ing  for  
permission t o  b u i l d  and ope ra t e  U. S. t r a n s m i t t i n g  s t a t i o n s  
on fo re ign  s o i l ,  the N a v y  sought o u t  fo re ign  p a r t n e r s  t o  
j o i n  t he  U. S. i n  completing t h e  OMEGF. system. T h i s  po l i cy  
emerged f r o m  t h e  cons idera t ion  t h a t  OMEGA i s  n o t  p e c u l i a r l y  
a m i l i t a r y  system, nor even a U, S, system, b u t  an i n t e r -  
n a t i o n a l  naviga t ion  system t h a t  can be and undoubtedly w i l l  
be used by a l l  s e a f a r i n g  and a i r l i n e  ope ra t ing  na t ions  of 
the world. 

T h e  Governments of Japan, S rgen t ina ,  and Liberia have con- 
cluded diplomatic  agreements with t h e  U. s.  for  s t a t i o n s  
on t h e i r  soil. T h e  f i n a l  agreement w i t h  France for  a 
s t a t i o n  on t h e i r  s o i l  is  near  f i n a l  approval. Construction 
work i s  c u r r e n t l y  i n  progress  on these s t a t i o n s .  The sites 
are located on the I s l and  of Tsushima i n  t h e  Sea of Japan, 
on t h e  I s l a n d  of La Reunion i n  t h e  Indian Ocean, Golfo 

. Nuevo, Argentina,  and near  Monrovia, Liber ia ,  r e spec t ive ly .  

Diplomatic nego t i a t ions  are c u r r e n t l y  i n  progress  w i t h  tne 
Government of A u s t r a l i a  fo r  s i t i n g  of the f i n a l  t r a n s m i t t i n g  
s t a t i o n .  Figure 1 d e p i c t s  t h e  e x i s t i n g  s t a t i o n s  along w i t h  
s t a t i o n s  under cons t ruc t ion  and a probable loca t ion  for t n e  
Aus t ra l ian  s t a t i o n .  

. 

SYSTEM DESIGN 

S I G N A L  FORMAT - 
The system design calls fo r  a network of e i g h t  s t a t i o n s  each 
t r a n s m i t t i n g  a continuous wave (a?) s i g n a l  which is period- 
ical ly  i n t e r r u p t e d  t o  allow it and other OMEGA s i g n a l s  t o  
e n t e r  a t h e  sha r ing  o r  mul t ip lex  p a t t e r n .  T h e  var ious 
OMEGA s t a t i o n s  always t r ansmi t  i n  t h e  same order w i t h  t he  
length  of the t ransmiss ion  varying between 0 .9 ,  1 .0 ,  1.1, 
and 1.2 seconds from s t a t i o n  t o  s t a t i o n .  Each t r a n s m i t t i n g  
s t a t i o n  broadcasts three basic nav iga t iona l  f requencies  
1 0 . 2 ,  11-1/3, and 13.6 kHz and is also capable of broad- 
c a s t i n g  w h a t  has been termed t w o  unique frequencies .  The 
o r i g i n a l  purpose of these f requencies ,  unique t o  each 
s t a t i o n ,  w a s  fo r  use i n  the  synchronizat ion process through 
i n t e r s t a t i o n  communication. The high s t a b i l i t y  of atomic 
frequency standards (cesium beam) now used i n  the  system 
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has made t h i s  requirement obsolete  and other uses have been 
proposed. A final use for these frequencies has not  been 
determined, however, and is s t i l l  under study. 

F i g .  l--OMEGA Navigation System 
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The complete, as o r ig ina l ly  envisioned pa t t e rn  or t rans-  
mission f o r  a l l  s t a t ions  is  shown i n  Figure 2. It should 
be noted t h a t  the various pulses are length-coded t o  pro- 
vide one of several  ways i n  which emissions of t he  various 
s t a t i o n s  can be iden t i f i ed .  Each of t h e  shared carrier 
frequencies ( tha t  i s ,  every frequency except the  unique 
ones) passes through a pa r t i cu la r  phase a t  the end of each 
30 seconds. Thus, a t  each half-minute of t i m e ,  a l l  carrier 
frequency cur ren ts  i n  a l l  t ransmit t ing s t a t i o n s  pass through 
zero w i t h  a pos i t i ve  slope.  Thus, a l l  s t a t i o n s  are synchro- 
nized t o  a given point  i n  t i m e  and can be considered inde- 
pendent. I t  is important t o  note t h e  OMEGA epoch does not  
correspond w i t h  universal  coordinated t i m e  (UTC) . 

R-15394 

I I D I E F G H I S C 

NORWAY (A) 10.2 13.6 11 113 12.1 12.35 

LIBERIA (S)* 1 12.25 u 10.2 13.6 11 113 

HAWAII IC) 11N11.5 13.6 

13.1112.85 N. DAKOTA (01 13.1112.85 102 13.6 1 1  113 13.1 

LA REUNION (E)* 12.3/12.05 12.05 10.2 13.6 11 113 12.3 

ARGENTINA (F)' 12.9 13.15 10.2 13.6 11 113 

AUSTRALIA (GI* 1 1  113 13.0 10.2 13.6 

1 1  113 U U 10.2 JAPAN 

0.0 1.1 2.3 3.6 5.0 6.3 7 A 8.8 10.0 
TIME ISEC) 

*HELIX NOT YET TAPPED 

Fig.  2--0MEGA S i g n a l  Transmission Format 

169 



PROPAGATION - 
The OMEGA navigat ional  system is  a skywave dominant system 
t h a t  i s  inherent ly  dependent on the  a b i l i t y  t o  predic t  
propagational f ac to r s  associated with such skywaves i n  order 
t o  a r r ive  a t  a useful  navigat ional  system. Thus, t he  
accuracy of navigation is dependent on a b i l i t y  t o  der ive a 
useful  set of cor rec t ions ,  such t h a t  t h e  navigator a t  a 
given t i m e  and loca t ion  can reduce the phase-difference 
measurements t o  a geographic posi t ion.  

The f i e l d  s t rength  and ve loc i ty  of propagation a t  VLF form 
too conplex a subjec t  f o r  detailed discussion i n  t h i s  sho r t  
paper. A simple summary can be given best i n  terms of the  
mode and wave guide theory. W e  would l i k e  t o  have a s i n g l e  
mode of propagation g rea t ly  exceeding all others  a t  a l l  
necessary dis tances .  This condition is  m o s t  near ly  m e t  
near 1 0  kHz. At higher  frequencies such as 20 kHz, the 
exc i ta t ion  of the  f i r s t -o rde r  t ransverse magnetic wave is  
i n f e r i o r  t o  the  exc i t a t ion  of the second-order wave, 
especial ly  a t  n igh t ,  w h i l e  t h e  a t tenuat ion rate of t h e  
f i r s t -order  i s  considerably less than t h a t  of t h e  second. 

There i s ,  a t  VLF, a considerable a symet ry  i n  transmission 
normal t o  t h e  hor izonta l  component of t h e  earth#s magnetic 
f ie ld .  A t  t he  geomagnetic equator ,  a t  10.2 kHz, the  day- 
t i m e  a t tenuat ion rate for transmission toward the W e s t  is 
more than t w i c e  t h e  value f o r  transmission toward t h e  E a s t .  
This r e s u l t s  i n  l a r g e  differences i n  u s e f u l  range of a 
s igna l  i n  various d i rec t ions .  Transmission toward the  W e s t  
(a t  t he  geomagnetic equator) cannot be used f o r  more than 
4,500 nm. Toward t h e  E a s t ,  however, transmission is  satis- 
factory f o r  about 10,000 nm, except t h a t  t he re  is  a region 
probably a few hundred m i l e s  i n  radius ,  a t  the  antipode of 
the  t ransmi t te r ,  where t h e  l a rge  f i e l d  s t rength  i s  provided 
by rays coming from many d i rec t ions  and t h e  predict ion of 
r e su l t an t  phase is  d i f f i c u l t .  

The ve loc i ty  of propagation is r e l a t i v e l y  less affected by 
d i rec t ion  than is t he  f i e l d  s t rength.  O f  major importance 
is the  change i n  veloci ty  between day and night .  The veloc- 
i t y  is reduced by transmission over land,  b u t  t he  e f f e c t  is  
not  major unless t he  land is of unusually poor conductivity,  
as i n  the arctic and a n t a r c t i c  regions. 

From the  p r a c t i c a l  s tandpoint ,  these phenomena r e s u l t  i n  
resonant modes, each with a d i f f e r e n t  ve loc i ty  and attenua- 
t i on ,  being developed within the  spher ica l  s h e l l  wave guide 
between the  earth and ionosphere. A t  frequencies near 10 
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kHz, t h e  f irst  mode is  gene ra l ly  dominant over others a t  
ranges g r e a t e r  than  600 m i l e s .  A t  t ne  s a m e  t i m e ,  d i u r n a l  
changes i n  ionospheric  h e i g h t  are respons ib le  for  expansion 
o r  compression of t h e  wave guide a long  t h e  propagation pa th ,  
w i th  the r e s u l t  t h a t  t h e r e  i s  a corresponding v a r i a t i o n  i n  
t h e  propagated phase. 

Propagation of t h e  VLF s i g n a l  must be corrected t o  co inc ide  
wi th  char ted  phase contours  p r i o r  t o  naviga tor  u t i l i z a t i o n  
t o  a t t a i n  OMEGA'S phase-of-the-signal fundamental neasure- 
ment. Propagation c o r r e c t i o n s  accomplish t h i s  melding 
opera t ion .  

These c o r r e c t i o n s  are e a s i l y  p red ic t ed  because t h e  basic 
parameters concerned with propagation of t h e  f i r s t  mode are 
known and ionospheric  he igh t s  can be c a l c u l a t e d  along day/ 
n i g h t  pa ths ,  
l a t i o n ,  s i n c e  effects of the geomagnetic f i e l d  on east-west 
propagation pa ths  and t h e  secondary phase r e t a r d a t i o n  
factors a t t r i b u t e d  t o  ground conduct iv i ty  must also be con- 
sidered, 

This is n o t  t o  oversimplify t h e  t a s k  of calcu- 

Previous ly ,  a l l  publ ished propagation co r rec t ion  tables 
w e r e  based on a g loba l  theory of OMEGA propagation incor-  
po ra t ing  t h e o r e t i c a l  and e n p i r i c a l  p r i n c i p l e s  where the  
r e l a t i v e  con t r ibu t ions  of the.  var ious  e f f e c t s  are determined 
by regress ion  a n a l y s i s  on m i l l i o n s  of hours of d a t a ,  The 
phys ica l  model has undergone con t inua l  refinement fo r  t e n  
years .  Curren t ly ,  skywave co r rec t ions  for l i m i t e d  areas 
are also rece iv ing  the b e n e f i t  of a "Force-Fit" wherein 
l o c a l  p r e d i c t i o n  errors are determined by monitoring and 
then  removed over whatever s p a t i a l  e x t e n t  may be j u s t i r i e d  
by t he  statist ics.  Regardless of the  method of d e r i v a t i o n ,  
t h e  purpose of t h e  propagation co r rec t ion  is t o  remove 
undes i rab le  v a r i a t i o n s  so t h a t  t h e  observa t ions  can be 
corrected t o  charted LOP'S w i t h  t h e  best p r a c t i c a l  accuracy. 
A sample propagation co r rec t ion  table is  shown as Figure 3. 

1 
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I lhTC 

1-15 J l N  

1-1U FEH 
14-7'4 F F R  
1-13 UaR 

lh-SI UIR 
1-14 AVU 

1-1s C.1 
1e-51 Y A l  
1-15 JIIN 

lh-IO JllN 
1-15 JIIL 
lh-31 JltL 
1-15 AlIG 
16-11 AlIG 
1-13 SFP 

l h - $ O  SFP 
1-14 OCT 

lh-31 OCT 
1-15  NOV 

lh-30 NOV 

lh-31 Jar4 

Ih-10 AVR 

1-15 DCC 
1-31 DFC 

-51% -hI -62 -hn -hO -61 -h2 -63 - 6 3  -5P -UQ -38 
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-61. -h7 -67 -h2 -*I -62 -h2 -60 -54 -Uh -9Il -?2 
-57 -60 -62 -hl -hl -61 -61 -5U -Ue -Ull -Sl -12 
-55 -52 -59 -ho -6n -61 -57 -UR -UY -35 -?6 -U 
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-U7 -53 -55 -53 -Ul -47 -37 -3h -29 -2U -11 -19 
-u* -511 -5u -55 -55 - Y 7  -47 -35 -29 -211 -8 -11 
- 3 ~  -u5 -5n -52 -53 -51 -45 -35 -77 -17 -8 -11 
-39 -96 -99 -53 -54 -57 -un -31) -29 -in 

-37 -ut -uu -59 -99 -u8 -uu -33 -20 71s -in -13 
-VU - U h  -50 -51 -50 -53 -Ub -3h -31 -20 -13 -16 
-UII -us -5n -S7 -53 -99 -un -33 -25 -13 -9 - io  
-Uh -5h -b7 -5h -UV -VU -U5 -3h -34 -Il l  -11 -6 
-56 -5.. -57 -5n -s3 -511 -u2 -37 -31 -27 -7 -1 
-U9 -50 -59 -60 -h? -5h -465 -41 -15 -27 -1U -2 
-u5 -53 -su -53 -51 -51 -u7 -uh - U I  -35 -?1 -4 
- u i  -u9 -sp -52 -52 -5u -57 -u9 -us -39 -?7 -9 

-33 -41 -us -49 -5fl -Ye -uu -3u -75 -1u SI:: 

-96 -Uh -53 -53 -5U -5s -55 -55 -51 -U5 -3U -10 
-9U -Uh -55 -55 -5h -57 -57 -62 -57 -53 -U1 -29 
-UC -61 -5h -56 -S5 -56 -57 -61 -67 -50 -69 -35 
4 5  -52 -58 -58 -W -58 -59 -h7 -6u -61 -52 -39 

F i g ,  3--Sample Propagation Correct ion T a b l e  

The t w o  p r i n c i p a l  sources  of error are propagat iona l  var ia -  
t i o n  and a b i l i t y  t o  p r e d i c t  propagation co r rec t ions .  The 
d i s t i n c t i o n  is  s i g n i f i c a n t .  Propagation c o r r e c t i o n s  are 
computed for  i n t e r v a l s  w e l l  i n  advance of use.  Thus, they 
cannot be expected t o  reflect p a r t i c u l a r  propagation condi- 
t i o n s  on any s i n g l e  day, b u t  only the  a n t i c i p a t e d  average 
phase-difference observa t ions  for  t h e  l o c a t i o n  and t i m e  
considered. Error with p e r f e c t  propagation co r rec t ions  
would s t i l l  exist ,  s i n c e ,  i n  gene ra l ,  phase d i f f e r e n c e  
measurements on a p a r t i c u l a r  day would n o t  exactly match 
the  a n t i c i p a t e d  normal measurements. The d i s t i n c t i o n  i s  
l a r g e l y  academic t o  the  p r a c t i c a l  naviga tor  s i n c e  he is 
constrained t o  use  published propagation co r rec t ions .  T o  
t h e  system des igner ,  however, t h e  d i s t i n c t i o n  is  real ,  
s i n c e  propagation co r rec t ion  e r r o r s  can be reduced as expe- 
r i ence  is gained and p r e d i c t i o n  techniques are refined. 

Figure 4 shows a typical  phase v a r i a t i o n  curve. The pre- 
dicted values  i n d i c a t e d  are derived from c a l c u l a t i o n s  and 
are available i n  the form depic ted  i n  Figure 3 .  The d i f -  
ference i n  predicted and a c t u a l  values  inc ludes  both e r r o r s  
noted above. T h i s  sample is typical  and would produce 
about one-half mi le  for  the nav iga t iona l  f i x .  
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Fig,  4--Typical Phase Var ia t ion  Curve 

LANE IDENTIFICATION - 
I f  p o s i t i o n a l  measurements are made i n  terms of carrier 
phase a t  only a s i n g l e  frequency, it is clear t h a t  t h e  phase 
observa t ions  w i l l  be i d e n t i c a l  a t  a large number o f - p o i n t s  
i n  a nea r ly  r ec t angu la r  g r i d ,  A t  10.2 kHz t h e  sepa ra t ions  
of these  ambiguous p o i n t s  would be about 8 m i l e s ,  o r  1/2 
wavelength. This  problem of ambiguity would never arise i f  
t h e  naviga tor  should s ta r t  from a known p lace  and c a r r y  his 
p o s i t i o n s  forward by making observat ions ( o r  having them 
cont inuously recorded) a t  i n t e r v a l s  smaller than  t h e  t i m e  
wi th in  which h i s  e r r o r s  of dead reckoning could reach 4 
m i l e s .  On shipboard,  t h i s  i s  t h e  chosen s o l u t i o n .  I n  an 
a i rcraf t ,  however, a 4 m i l e  unce r t a in ty  can accunulate  i n  a 
f e w  minutes,  and t h e  nav iga to r  might n o t  care t o  place h i s  
e n t i r e  r e l i a n c e  upon t n e  c o n t i n u i t y  of opera t ion  of h i s  
equipment and of t he  s i g n a l  recept ion .  
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For these  and o t h e r  reasons,  t h e  system has  been designed 
t o  provide l a n e  i d e n t i f i c a t i o n ,  i n  such a way t h a t  it may 
be used (or no t )  a t  the  ope ra to r ' s  convenience. I n  OMEGA, 
complete i d e n t i f i c a t i o n  must be  done i n  several stages. 

If  one made a second measurement of a l i n e  of p o s i t i o n  a t  a 
frequency of 3400 Hz (1/3 of 1 0 . 2  kHz) , it is clear t h a t  it 
would coincide wi th  one of each t h r e e  p o s s i b l e  10 .2  kHz 
p o s i t i o n s ,  i f  t h e  error of t h e  measurement a t  t h e  l o w e r  
frequency weresafely less than 1/2 of t h e  per iod  of t h e  
higher  frequency. Since 3.4 kHz cannot be r a d i a t e d  success- 
f u l l y  from t h e  OMEGA antenna, t h i s  comparison is  made by 
measuring t h e  phase of t h e  b e a t  between 10 .2  kHz and 13.6 
kHz. These t w o  f requencies  cannot be r a d i a t e d  simultaneous- 
l y ,  bu t  i n  e f f e c t  t h e  1 0 . 2  kHz phase i s  stored f o r  t h e  
carr ier-frequency measurement and t h i s  s t o r e d  phase can be 
compared wi th  t h e  13.6 kHz phase when it appears.  

Continuing t h e  p rocess ,  a per iod of 3400 Hz s i g n a l  can be 
i d e n t i f i e d  by a measurement a t  a frequency t h r e e  t i m e s  
lower, o r  at- 1133-1/3 Hz, 
between the 1 0 . 2  kHz carrier and t h e  11-1/3 kHz carrier. 

This freqGency- is  t h e  d i f f e r e n c e  

These mul t ip l e  f requencies  are employed as noted t o  create 
lanes  which are l a r g e r  than  t n e  b a s i c  8 nm ha l f -cyc le  wave- 
length.  U s e  of t h e  3400 Hz frequency gene ra t e s  a 24 nm lane 
and 1133-1/3 Hz genera tes  a lane  width of 72 nm. U s e  of 
t hese  f requencies  reduces t h e  problem of l a n e  ambiguity 
comensura te ly .  Very few receivers should need t o  resolve 
ambigui t ies  of 72 nm unless an i n t e r m i t t e n t  ope ra t ion  i s  
expected. F igure  5 shows t h e  r e l a t i o n s h i p  of t h e s e  lanes. 
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Fig. 5--Lane Resolution Relat ionships  

SYNCHRONIZATION - 
As noted previous ly ,  t h e  d e f i n i t i o n  of synchronizat ion i n  
OMEGA is  tha t  a l l  antenna c u r r e n t s  s h a l l  be  i n  absolu te  
phase whatever t h e  l o c a t i o n s  of t h e  antenna. This d e f i n i -  
t i o n  obviously neg lec t s  t h e  fact t h a t  the  var ious  s t a t i o n s  
a c t u a l l y  radiate their common f requencies  a t  d i f f e r e n t  
epochs. The sources of frequency are, however, continuous 
and i n  phase. This  cond i t ion  i s  achieved and maintained as 
follows * 

Each s t a t i o n  i s  c o n t r o l l e d  by t h e  mean of t h e  frequencies  
of four  s t anda rds ,  each locked to an atomic resonance bu t  
adjustable over a t  least  a f e w  parts i n  IO1’. All needed 
frequencies  are der ived from t h i s  combined source ,  and are 
i n t e r n a l l y  checked and maintained t o  achieve very high 
r e l i a b i l i t y  of phase. The p r e c i s i o n  of frequency is  s u m  
t h a t  each phase can be t r u s t e d  t o  1 micro-second p e r  day. 
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T h i s  frequency source i s  used t o  provide a l l  radiated s igna ls  
and also t o  drive a clock. A t  each s t a t i o n ,  this clock is 
used t o  record the  t i m e  of a r r i v a l  of every signal from 
every other  s t a t i o n .  Once each day these observed t i m e s  of 
arrival are reduced t o  a s ingle  number f o r  each s t a t ion .  
By appropriate  ca lcu la t ions ,  these numbers are i n t e  
t o  each o the r  and t o  standard t i m e ,  such as f r o m  the Naval 
Observatory, t o  compensate f o r  any offset  t h a t  may occur 
between the atomic clocks of the var ious s t a t i o n s .  

TRANSMITTING STATION IMPLEMENTATION 

The OMEGA system, when completed, w i l l  cons i s t  of e i g h t  
s t a t i o n s  as discussed earlier. For ease i n  iden t i f i ca t ion ,  
,these s t a t i o n s  have been assigned fetter designations of 
A through H. T a b l e  I iden t i f i e s  t h e  s t a t i o n  by letter 
designat ion,  loca t ion ,  and antenna type. 

TABLE I 

STATION LOCATION ANTENNA TYPE 

A 
B 
C 
D 
E 

F 
G 
H 

Bratland, Norway 
Trinidad/Liberia 
Haiku, H a w a i i  
L a  Moure, North Dakota 
L a  Reunion I s l and ,  

Indian Ocean 
Golfo Nuevo, Argentina 
South E a s t  Austral ia  
Tsushima Is land,  Japan 

Valley Span 
Valley Span/Grounded Tower  
V a l l e y  Span 
Insulated Tower 

Grounded Tower  
I n s u l a t e d  Tower 
Ground-Tower (Proposed) 
Insulated Tower 

Except f o r  t he  commutation pa t t e rn  depicted i n  Figure 2 ,  t he  
e lec t ronics  characteristics of t h e  s t a t i o n  are ali-ke.  The 
pr inc ipa l  difference is associated w i t h  the  antenna type 
which has s o m e  effect on the  bandwidth, and thus on the rise and 
decay times of the  waveform. These minor differences have 
no p r a c t i c a l  impact on the  navigator.  The se l ec t ion  of the  
antenna type w a s  based on s i te  characteristics and cost 
associated trade-offs. 

The Norwegian S ta t ion  construct ion w a s  completed i n  December 
1973 by t h e  Norwegian Telecommunications Administration. 
This s t a t i o n  i s  cur ren t ly  broadcasting the  OMEGA s igna l s  a t  
an e f f e c t i v e  radiated power of s i x  t o  seven kilowatts.  
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The Trinidad OMEGA s t a t i o n ,  i n  ex i s t ence  as an ope ra t iona l  
eva lua t ion  s t a t i o n  s i n c e  1966,  w i l l  be replaced by a new 
s t a t i o n  i n  Liberia.  Pelocat ion of t h i s  mid-equatorial  
A t l a n t i c  s t a t i o n  t o  the African C o a s t  w i l l  improve t h e  
OMEGA coverage a v a i l a b l e  t o  t h e  major shipping and t r a d e  
routes  f r o m  Europe around Cape of Good Hope. L ibe r i a ,  i n  
cooperat ion w i t h  the United States, has made f i n a l  t h e  s i te  
s e l e c t i o n  and survey. Construction is i n  progress  wi th  a 
scneduled completion d a t e  of September 1975. 

The Haiku, H a w a i i ,  OMEGA s t a t i o n  renovat ion and upgrading 
has  been completed. A new v a l l e y  span antenna complex and 
ground system has  been i n s t a l l e d .  I n t e r i o r  b u i l d i n g  reno- 
va t ion  t o  accommodate a new e l e c t r o n i c  s u i t e  i s  included, 
Construction has been completed. 

The La  Moure, N o r t h  Dakota, OMEGA s t a t i o n  w a s  the  f i r s t  
permanent OMEGA s t a t i o n .  T h i s  s t a t i o n  has  been providing 
ope ra t iona l  s i g n a l s  s i n c e  October 1972.  

The La  Reunion I s l and  OMEGA s t a t i o n  is  under cons t ruc t ion  
by t h e  French Navy on a s i te  near  P o r t  des  Galets. This 
s i t e  is  located i n  t h e  Indian Ocean cyclone a r e a  which has 
s i g n i f i c a n t  impact on cons t ruc t ion  schedules ,  i n  p a r t i c u l a r  
the schedule f o r  e r e c t i o n  of t h e  1,400' tower. Tower  
f a b r i c a t i o n  and e r e c t i o n  schedules c u r r e n t l y  support  an 
on-air  d a t e  of no earlier than December 1975. 

The Argentine OKEGA s t a t i o n  a t  Golfo Nuevo, l oca t ed  i n  t h e  
c o a s t a l  area of c e n t r a l  Argentina,  i s  approximately 600 
m i l e s  south of Buenos A i r e s .  This region of t h e  country is  
comparable t o  the southwestern United States, and i t s  f l a t  
t e r r a i n  provides an e x c e l l e n t  platform for a tower antenna 
system. The t o w e r  f o r  OMEGA Argentina i s  on s i t e  with 
cons t ruc t ion  i n  progress  under supervis ion of t h e  Argentine 
N a v y .  Scheduled on-air  d a t e  is J u l y  1975. 

The Government of A u s t r a l i a  is cu r ren t ly  reviewing a pro- 
posa l  f r o m  t h e  Government of the United States t h a t  
A u s t r a l i a  c o n s t r u c t  and ope ra t e  an OMEGA naviga t ion  s t a t i o n  
on t h e i r  sovereign so i l .  It is a n t i c i p a t e d  t h i s  s t a t i o n  
might be loca ted  i n  southeas te rn  Aus t r a l i a .  I n  a l l  l i k e l i -  
hood, it w i l l  use a t o w e r  antenna system. U n t i l  diplomatic  
procedures have been completed, no e s t ima te  of an on-air 
d a t e  can be made, but p a s t  experience has ind ica t ed  about 
t h i r t y - s i x  months i s  requi red  from f i n a l  s i te  s e l e c t i o n  t o  
on-air . 
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Japan has undertaken t o  cons t ruc t  an OMEGA s t a t i o n  on 
Tsushima I s l and  i n  t h e  Sea of  Japan. This  venture  repre-  
s e n t s  t h e  first major OMEGA cons t ruc t ion  program t o  be 
t o t a l l y  d i r e c t e d  by a p a r t n e r  na t ion .  Design has been 
completed and cons t ruc t ion  i s  i n  progress .  This s t a t i o n  
w i l l  f e a t u r e  a 1,500' c y l i n d r i c a l  tower antenna s t r u c t u r e .  
I t  is  now broadcas t ing  and it is  expected t h a t  t h e  s t a t i o n  
w i l l  be o p e r a t i o n a l  by Apr i l  1975. I t  w i l l  provide t h e  
first expansion t o  system coverage s i n c e  1966.  

SYSTEM MANAGEMENT 

Overall system implementation is cont inuing  under the 
d i r e c t i o n  of t h e  U. S ,  Navy OMEtiA P r o j e c t  Manager1. 
Agencies of t h e  o t h e r  p a r t i c i p a t i n g  na t ions  are coord ina t ing  
t h e i r  programs w i t h  t h e  United States. The U. S.  Coast 
Guard ope ra t e s  t h e  U. S .  stations.  

The Coast Guard OMEGA Navigation System Operations Detail2 
was e s t a b l i s h e d  i n  J u l y  1971.  Tnis organiza t ion  has  
r ecen t ly  assumed ope ra t iona l  r e s p o n s i b i l i t y  for t h e  OMEGA 
system. It i s  intended t h a t  the  Coast Guard Operations 
D e t a i l  ope ra t e  the system for the Navy pending total  imple- 
mentation or when mutual agreement is reached for  the Coast 
tiuard t o  assume f u l l  U. S.  r e s p o n s i b i l i t y  for the  OMEGA 
system. 

OMEGA s t a t i o n s  on fo re ign  s o i l  w i l l  be opera ted  by host 
na t ion  agencies who w i l l  be respons ib le  f o r  maintaining t h e  
OMEGA s i g n a l  without  i n t e r r u p t i o n  and i n  phase with the  
worldwide OMEGA naviga t ion  system. These agencies  are 
listed i n  T a b l e  11. 
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TABLE 11 

A. 

B. 

c. 
D. 

E. 

F. 

G. 

H. 

STATION AGENCY 

Norway 

Liberia 

H a w a i i  

North Dakota 

La Reunion 

Argentina 

A u s t r a l i a  

Japan 

The Norwegian Telecommunicatiom 
Adminis t ra t ion 

Department of Commerce, Indus t ry ,  
and Transpor ta t ion  

U. S. Coast Guard 

U. S.  Coast Guard 

French Navy 

Argent ine Navy 

Department of Transport  Coastal 

Japanese Maritime Sa fe ty  Agency 

Serv ices  Division 

Commander N e a l  F. Herbert, USCG 
OMEGA P r o j e c t  Of f i ce  (PME-119) 
Naval E lec t ron ic  Systems Command 
Washington, Do e., 20360 

1 

(202) 692-8777 

Commander Thomas P. Nolan, USCG 
Commanding O f f i c e r  
USCG OMEGA Navigation Operations D e t a i l  
U. S. Coast Guard Headquarters (G-ONSOD/43) 
Washington, D. C.,  20590 

2 

(202) 245-0837 
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