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E d ito r ’s .Vo/e: T he p re sen t a r tic le  fo rm ed  p a r t  o f a  p a p e r  p re se n te d  a t  “ OC.EANEXPO” 
— th e  In te rn a tio n a l  C o llo q u iu m  on th e  E x p lo ita tio n  of th e  O ceans —  h e ld  in  B o rd eau x , 
F rance, fro m  9-12 M arch 1971.

A lth o u g h  th e  IHB’s Spec ia l P u b lica tio n  39, w h ic h  w as u p d a te d  in  J a n u a ry  1971, 
c o n ta in s  a m o re  d e ta ile d  s tu d y  of the  Omega sy s tem  we have  dec id ed  to p u b lish  th e  
p re sen t s tu d y  of th is  sy s tem  b y  M. S e r v e l  d e  C o s m i  fo r  re ad e rs  o f th e  R eview  w ho m ay  
not be f a m i l ia r  w ith  th is  p a r t ic u la r  ra d io -a id  in  o rd e r  to  f a c i li ta te  u n d e rs ta n d in g  of th e  
la s t p a r t  of h is  a r tic le  w h e re  th e  D iffe ren tia l O m ega system  is tre a te d .

Indeed , in  o u r  o p in io n  th e  D ifferen tia l O m ega system  is lik e ly  to  p rove of im m en se  
va lu e  to  h y d ro g ra p h e rs  in  th e  y e a rs  to come.

This  i>ii)>er is here  reproduced  by k in d  p e rm is s io n  o f  the  a u th o r  a n d  the Secre tar ia t  
of  “Oceanc.r/w”. The co m p le te  collection  o f  p apers  p resen ted  at th is  C o l lo q u iu m  has been  
p u b l i s h e d  by  a n d  is aua ilab le  f r o m  the  “O c ea n e x p o ” Secretaria t ,  d o  CNEXO, 39, A ve n u e  
d ’iéna ,  75-Paris (1 6 e), to w h o m  in teres ted  readers sh o u ld  a p p ly  direct.

THE OMEGA RADIONAVIGATIONAL SYSTEM

I. —  Principle

Om ega is a hyperbolic rad ionav igational system  w ith  a w orld  coverage. 
A lthough designed and  developed by the U.S. Navy, O m ega is a civil 

system  perm anen tly  available to any  w ould-be user. I t is, m oreover, m u lti
na tional since m any coun tries — F rance am ong them  —  con tribu te  to its  
setting up.

W orld  coverage is assured  by using VLF frequencies in the 10-14 kHz 
range w hich  have a very low a tten u a tio n  (*'. These frequencies w ere only

(*) 3-4 dB p er 1 000 k m . T h e  ra tio  o f th e  tw o  po w ers ex p ressed  in  decibels is d e fin ed  
bv th e  re la tio n  :

W. W.
—  d B  =  10 lo g  —  •w2 w2

3 dB co rre sp o n d s  to  a ra t io  o f tw o  b e tw een  th e  pow ers.



adopted  a fte r m any experim ents which proved th a t their p ropagation  was 
sufficiently stable and forseeable to enable them  to be used fo r a precise 
navigational system . W orld  coverage could have been obtained w ith only 
six stations, bu t for reasons of operational safety eight s ta tions will finally 
be set up.

This is a hyperbolic phase m easuring  system , and  therefo re  there is 
lane am biguity . However, it should  be noted th a t on account of the fre
quencies used the w avelength is of the order of 30 km . C onsequently, to 
resolve the am biguity  it will suffice th a t the navigator know s h is position 
to w ith in  15 km . E xperim ents have shown th a t in the m a jo rity  of cases, 
for civilian vessels in p articu la r, a special channel iden tification  system  
was not absolutely essential. T his system , however, offers the possibility 
of channel iden tification  at the price of having a slightly m ore com plicated 
onboard  receiver.

It should  also be rem em bered  th a t when the vessel’s receiver is per
m anen tly  tuned  in  a fte r leaving a know n position the v aria tio n s  in  phase 
are recorded and  therefore no am biguity  is possible, since the lane num ber 
is know n.

II. —  Technical characteristics

The basic frequency  for the system  is 10.2 kHz, and  all s ta tions in the 
w orld netw ork are synchronized. This stability  of phase is assured  by 
highly  stable atom ic cloks (10-11 phase per day, i.e. 1 j tsec  p er 10 kHz), 
and m onitoring stations close to the tran sm itte rs  enable any  phase “creep
in g ” to be ad justed .

In view of the range of VLF waves not all the stations can tran sm it 
sim ultaneously , and the eight tran sm itte rs  accordingly w ork in a p redeter
m ined sequence.

A com plete cycle lasts 10 seconds, and  each of the sta tions transm its  
on fo u r frequencies :

— The basic frequency  of 10.2 kHz m entioned above.
—  A frequency of 13.6 w hose re la tionship  to the basic frequency is :

1 0 .2  1 3 .6  „ ,
-------  =  -------  =  3 . 4  .

3 4

T hus by m eans of beats betw een these frequencies it will be possible 
to set up  a 3.4 kH z netwyork  th a t is th ree tim es w ider than  the 
10.2 kHz basic netw ork . If the moving vessel’s position  is know n 
to w ith in  45 km , we th u s obtain  a first resolution  of am biguity.

—  A frequency of 11.33 kHz w hose re la tionship  to the above two is :

1 0 .2  _  1 1 .3 3  _  1 3 .6

9 ~  10 ~~ 12

This frequency allow s a th ird  netw ork, even w ider th an  the first 
two, to be set up by m eans of beats, and for th is it will m erely be



necessary for the nav igato r to know  his position to w ith in  135 km  
in o rder to resolve the am biguity .
It w ill be seen th a t the  m easurem ent accuracy on frequencies 13.6 
and  11.33 kHz need not be very great, since in order to resolve 
am biguity  it will suffice to be able to know  the lane of the basic 
netw ork  in which the ship  is navigating. It is only w ith in  this 
basic netw ork that accuracy  of positioning will be obtained.

— F inally  the stations each tran sm it on a d istinctive frequency  w hich 
enables them  to be identified.

All frequencies in the system  are sub-m ultip les of 48 kHz. E ach of the 
th ree  frequencies 10.2, 11.33 and  13.6 kHz is tran sm itted  for a d u ra tio n  
varying betw een 0.9 and 1.2 sec according to the station . T here is an in terval 
of 0.2 second betw een each frequency  to allow  tim e for sw itching.

The diagram  below shows the signal form ats for the eight stations. 
Each distinctive frequency  is tran sm itted  for approx im ate ly  7 seconds. 
T he sequence itself, i.e. the relative d u ra tio n  of each of the  transm issions, 
also m akes identification  of the tran sm ittin g  station  possible.
STATION

11,33 13,6 10,2 10,4-62 -fe-Hi □

10,736 11,33 13, 10,2 1 0 ,7 3 6  A. Hz, >

•EZ-ü,0 2 7 11,33 13,6 10,2 11,027 -fe-Hz.

t .
11,33 13 , 6 10,2 11,333 3 -

•r 11,657 4  H t 11,33 13,6 10,2 11,657 *>

III. — Operational characteristics

Accuracy of the Omega sys tem

A radionavigational system ’s p rincipa l operational ch arac te ristic  is its 
accuracy. It should  how ever be rem em bered th a t accuracy  can only be 
defined in  te rm s of probability . To say th a t a navigational system  is accu ra te  
to w ith in  1 km  signifies n o th ing  unless the  probab ility  of ob ta in ing  th is 
degree of accuracy  is also m entioned.



The two m ost generally used  notions are the  circle of uncertain ty  
(probable erro r at n %) and  the standard  deviation a w here the law of 
probability  is know n.

If f n is the rad ius of the circle of uncerta in ty  w ith  a PE  of n % this 
this sim ply signifies th a t for a given m easurem ent to fall w ith in  a circle 
of rad iu s  rn the probability  will be n% .

For a gaussian  law, if m easured  points are to be less than  a from  the 
tru e  point the probability  is 68% .

For a gaussian  law of probab ility  —  and if the  m ean value is at the 
sam e tim e the tru e  value —  the following are the re la tions between the 
rad ii rn of the circle of uncerta in ty , PE  n % ,  and :

2 2
'so = 3  r«  =  3  r99 = 1*25 r9S = 2 .5a

The user who only m akes d iscontinuous m easurem ents will obviously 
have only scattered  points and  will find  only 50% of the points w ith in  the 
circle of 50% PE . However in  the case of perm anen t m easurem ents —  those 
for instance of rad ionavigational receivers —  a  ce rta in  sm oothing of the 
resu lts is evident, and the read in g  gives in fact a m ean value. T hus we 
m ay  say that the accuracy defined by a 50% P E  reflects a m arg in  of e rro r 
th a t a navigator can  norm ally  expect to find in  a system  th a t is perm anen tly  
in operation  (except d u ring  sizeable radioelectric d istu rbances of long 
du ra tion ). T hese then are the conditions under w hich we shall be defining 
the accuracy  of the Omega system  and also th a t of the D ifferential Omega 
system .

***

W hen the Omega system  becomes globally operational in  1973 the 
accuracy  (50% PE) will always be to w ith in  2 km . By day it will be even 
better, of the o rder of 1 km.

T his accuracy  can however only be achieved by using annua lly  edited 
correction  tables which give the corrections to be m ade to the phasem eters 
in re la tion  to th e ir position and  bo th  the date and  the time. The tables are 
com puter ca lcu lated  from  a wave propagation  m athem atic  model. The model 
was d raw n up from  wave phase m easurem ents carried  out over a num ber 
of years by m any  countries. F ran ce  has been collaborating w ith  the U.S.A. 
since 1965.

In point of fact the system ’s accuracy is restric ted  by the accuracy of 
the predictions of fluctua tions in  propagation conditions. It is precisely 
by using accu ra te  predictions th a t in the d ifferential Omega system  the 
positioning accuracy  in certain  a reas can be very considerably im proved.

It should also be noted th a t in the hyperbolic system  the accuracy 
varies w ith in  the coverage. F irs tly , the  hyperbola w hich are very close 
together on the baseline diverge when the navigator moves aw ay from  it. 
T hus, for one and  the sam e re la tive degree of accuracy of phase the 
abso lu te accuracy  is less in the field  itself. Secondly, for purely  geom etric



reasons the area of best accuracy  is found w here th e  two hyperbolic 
netw orks req u ired  for fixing a position in tersec t roughly  orthogonally .

These questions have very little  im portance in  the O m ega system  : the 
divergence of the hyperbola rem ain s in point of fact sm all in  view of the 
length  of the baselines (of the order of 8  000 km ). M oreover, w hereas six 
s ta tions w ould have been sufficient for obtain ing  w orld  coverage, the  eight 
stations of the  pro jected  system  w ill allow the best choice to be m ade 
for the two pairs of sta tions th a t are  needed for positioning. In th is 
way, it is alw ays possible to be in an op tim um  position , both as regards 
the spacing of the hyperbolae as well as fo r their angle of in tersection , and 
the accuracy obtained is a lm ost iden tica l for any poin t on the globe.

F inally , it should be noted th a t these a rran g em en ts  m ean th a t the 
system  rem ains fu lly  usable even in the  case of a b reakdow n of one or 
even two of the tran sm ittin g  stations. In  the form er case there will only 
be about a 15% loss in  accuracy : in the  la tte r about 50% .

IV. —  Equipment

T ran sm itte rs

Omega sta tions are essentially  V LF tran sm ittin g  stations, and  are 
therefore charac terised  by the size of th e ir aerials. At the  very low fre
quencies used, i.e. 10 kHz for a w avelength  of 30 km , the aeria ls m u st have 
a height of several h u n d red  m etres in o rd er to obtain sa tisfac to ry  rad ia tion .

Even in  these conditions efficiency is only abou t 10% , and  the 
tran sm itte r power m ust therefo re  be 100 kW  for rad ia tin g  the 10 kW  
required .

There is special equ ipm ent fo r w ork ing  out the signals accord ing  to 
the scheme m entioned earlier, as well as for phase an d  frequency  control, 
and  th is is trip licated  at each sta tion  to  perm it in tercom parison  an d  to 
allow for breakdow ns.

The sta tions are fu ndam en ta lly  d istingu ished  by th e ir  type of aerial, 
and  this also has a very large bearing  on their cost.

The m ost economical s ta tions — costing about 50 000 000 F ran cs  — 
are those benefiting  from  a n a tu ra l geographic position, i.e. a deep, narrow  
valley, a fjo rd , etc., w here the aerial cables can be hun g  a t a sufficient 
d istance from  the ground, th a t is a t about 700 to 1 000 m  in th is p a r ticu la r 
case.

If th is possibility  does not exist it is then  necessary  to erect pylons 
of m ore th an  300 m in height. The cost of a station  is then  of the o rder 
of 80 000 000 F rancs.

Receivers

The com plexity of the fo rm at of the  Omega signals m akes it possible 
to construc t various types of receivers adapted  to  the  needs of a great



num ber of users. The equ ipm ent is p rim arily  m ade up of a device for 
reco n stitu tin g  the fo rm at of the Om ega signals and  of a VLF un it for 
receiving the tran sm itted  waves.

The firs t operation  consists of synchronising the receiver’s tim e base 
w ith  the fo rm at of the tran sm itted  signal, and  secondly to recognize 
the p airs  of tran sm ittin g  sta tions w hich the user has chosen in  relation to 
his position.

Once these operations have been carried  ou t the m easurem ents of the 
phase differences can be started . As the stations tran sm it sequentially  the 
receiver m ust be able to re ta in  th e  phase of one s ta tion  in m em ory while 
w aiting for the second.

T he m easurem ents of the phase  difference having been done in this 
way, the re su lts  can be shown on e ither an oscilloscope or on dials since 
the  processing of th is in fo rm ation  m ay be done by e ither analogue or digital 
m ethods. The la tte r m ethod allows o ther equipm ent, such as com puters 
for tran sfo rm in g  the coordinates, to be linked in. It will, however, be sim pler 
if the  in fo rm ation  for the track  p lo tte r is tran sm itted  in  analogue form.

Resolving the am biguity  is a process done in  the sam e w ay as a phase 
com parison a t 10.2 kHz, bu t w ith  less accuracy, and  th u s  the receiver should 
be capable of receiving a frequency  of 13.6 kHz and  even possibly 11.33 kHz.

F or m arine navigational uses the receiver need only be of one frequency 
as the reso lu tion  of am biguity  is not an  absolute necessity. It should be 
au tom atically  synchronized and  it m ust be possible to read  the phase 
differences d irec t on dials. The price, as one of a series, w ould be about 
20 000 F ran cs  p lus Tax.

To m ake his fix w ith  these resu lts  the  operator m ust first use correction 
tables and then  en ter the correc ted  values on a special chart overprin ted  
w ith  the Om ega hyperbolae.

It w ould take too long to list the possible form s of receiver. It will, 
how ever, be of in te rest to note th a t  it will also be possible for a irc ra ft to 
use the Omega system , although  a p lane’s speed poses special problem s 
because the a irc ra f t flies a considerable d istance d u ring  the seconds th a t 
the m easu rem en t sequence lasts.

Before carry in g  out a phase com parison it will therefore be necessary 
to reduce all the  m easurem ents artific ia lly  to the sam e point. Thus the 
receiver for an  u ltra -rap id  c ra ft m u st take  account of the  d istance run , and 
will n a tu ra lly  be a little  m ore com plex, b u t the idea is sound and  experim ents 
have proved the valid ity  of th is navigational m ethod.

THE DIFFERENTIAL OMEGA SYSTEM 

I. —  Principle

W ith  the Om ega system  it is possible to fix a c ra ft’s position by 
m easuring  the difference of phase between two signals. F rom  an analysis



of the causes of inaccuracy in this phase m easurem ent we shall see th a t it 
will be qu ite  easy to devise a sub-system  w hich in a lim ited  area will give 
considerably  better perform ances th an  the  basic system .

T here are two causes of inaccuracy  —  the wave propagation , and  the 
in s tru m en ts  themselves.

Inaccuracies due to the in stru m en ts  are  actually  very sm all. The station  
synchronization  charac teristics have been noted above, and  now adays it is 
possible to m easure phase differences w ith  extrem ely good accuracy. It is
n n f  tv, p rpfn rp  f a  tVloco tViof « to cV»r\nl^ 1a a 1/ if ira  iiricV» tnV »  U* v m  tuvuv vv tt tpu i iv i t tu  vxiut »i v vji i u u iu  a w  11 »1. » * n  lO A i  tv/

increase the system ’s perform ance considerably.
On the o ther hand  in  radio-electric waves the speed of propagation  

and  the phase vary considerably. A range of 10-14 kHz was adopted for the 
Om ega system  because both the propagation  and the phase of these fre 
quencies are  sufficiently stable for them  to be used for rad ionavigational 
purposes. However, as we have noted, it is necessary to m ake corrections 
for the varia tions in charac teristics th a t  are due to geographic reasons 
(wave p a th s  over land or over sea) as well as for the radioelectric conditions 
in the atm osphere (height and  density  of the ionized layers).

The factors for the geographic correction  are fixed, and  only a cali
b ra tion  is needed to determ ine them . On the o ther h and  ionospheric 
propagation  conditions are essentially  variable. They depend on the am oun t 
of atm ospheric  ionization and  thus on the su n ’s activity, the season and  the 
tim e of day. They are, however, to som e extent forecastable and are  the 
sub ject of correction tables which are issued  annually  as predictions.

Long term  forecasting only gives the  general aspect of the phenom ena 
and  is obviously lacking in refinem ent. Certain “acc id en ta l” occurrences, 
such as solar eruption , canno t in any case be predicted.

If the varia tions in propagational conditions were perfectly  know n the 
system ’s accuracy w ould m erely be a function  of the q u ality  of its com 
ponent instrum en ts. A receiver having a phase difference sensitiv ity  of one 
degree would thus lead to an  accuracy of about 50 m on the baseline.

A ccurate knowledge of such v aria tio n s is possible if, for a po in t of 
know n coordinates, the phase differences are  com pared w ith  th e ir theoretical 
difference and  if this in form ation is im m ediately  tran sm itted  to all nav i
gators in the  neighbourhood.

Two receivers placed in  the sam e position th u s give identical Omega 
ind ications, instrum en tal e rro rs  ap art, and  the corrections to  be m ade to 
them  in o rder to obtain tru e  values are at all tim es equal. If the two 
receivers are placed slightly  ap a rt it is seen th a t the  differences in p ropaga
tion betw een two neighbouring points are  sim ilar in  a p a rticu la r area, and  
th a t by correcting the mobile receiver B (close to receiver A) for the d is
crepancy betw een the theoretic and the in s tru m en ta l value we should  obtain  
a m uch im proved accuracy of positioning for mobile B.

It is thus possible to set up a sub-system , provided of course th a t the 
gain in  accuracy is appreciable and th a t the area (w here the re la tive v a ria 
tions in propagation  conditions are of the second order in  re la tion  to the 
absolute varia tions) is large enough to ju s tify  the setting  up of the  necessary 
additional equipm ent.



The num erous tria ls  u n d ertak en  have dem onstra ted  the soundness of 
this m ethod —  one in  w hich  the accuracy  can be im proved by a factor of at 
least four w ith in  a rad iu s  of about 500 km  of the reference point.

II. —  Technical characteristics

L et A be a fixed po in t w ith  know n coordinates, and for w hich the 
theoretic  value of the phase difference in  an  Om ega netw ork  is p a. At tim e t, 
the value read  on the receiver’s phasem eter will in fact be p'a.

The correction given by the m onthly  tables is ca, and  th is gives the 
vaiue p"a =  p'a — ca for po in t A, w hich is no t the sam e as p„. The accuracy 
(50% PE) for this co rrection  is such th a t 50% of the fixes lie w ilh in  a 
rad ius of 2 km  around  po in t A.

T he in stan tan eo u s correction  to be m ade to m easurem ent p'a to cancel 
the e rro r is da =  p'a — p„ . If the sam e correction  is applied to ano ther 
receiver located in the sam e place the tru e  position, in stru m en ta l errors 
apart, is ob tained  w ith  an  accuracy  of several tens of m etres.

Let B be a point, close to A, a t w hich is placed an Omega receiver 
which will give the phase  difference p'h fo r the sam e netw ork, w hereas the 
theoretic value is p b.

T he correction  cb can be applied to p b. In the tables p'b =  //,, — c b, 
and th u s  a positioning accuracy  of w ith in  2 km  is found for m obile B.

If the correction da =  p ’a — p a is th en  applied p'b =  p \  — da is 
obtained. If B is less th an  500 km  from  A the position given by p"b' is 
accura te  w ith in  approxim ately  500 in.

It w ould have been possible to th in k  of applying the correction d 'a =  
p'!, — p a to the already  corrected  p ” b to ob tain  the point p"b =  p" b — d ’a 
but experience has show n th a t h a rd ly  an y  gain in  accuracy resulted, and it 
seemed sim pler m erely to apply the correction  da w hich can be done 
au tom atically  in  the receiver, w hereas it w ould be difficult to m ake the cb 
correction  unless there  w ere a com puter on board.

Possible  applica tions

T he sole m eans of tran sm ittin g  the corrections th a t m ake it possible 
for users everyw here to benefit from  the  D ifferential O m ega’s accuracy  is 
to b roadcast th is  in fo rm ation  con tinuously  over the radio. M any countries 
have given m uch th ough t to th is problem . In F rance, a t the M inistry  of 
Defence the “D irection des Recherches et Moyens d ’E ssa is” has requested 
SERCEL <*> to study  the p ractical applications of a D ifferential Omega 
system .

Before m aking  any  arran g em en ts  for such broadcasts it is essential to

(*) “ Société d’E tudes ,  R eche rches  et C o n s t ru c t io n s  E le c t r i q u e s ” . A su b s id ia ry  of the  
“ C om pagn ie  G énéra le  de  G é o p h y s iq u e ” w h ich  w o rk e d  o u t  the  T o ra n  ra d io n a v ig a t io n a l  
sys tem  a n d  w h ic h  b u i ld s  Omega receivers .



know  the ex ten t of the area  to be covered and  the am oun t of in fo rm ation  
to be tran sm itted . An investigation a t p resen t being u n d ertak en  has reveal
ed th a t a relatively  sm all am ount of in fo rm ation  is concerned, of the o rder 
of 1 0  bauds only, since propagation conditions change fa irly  slowly w ith  
tim e. It th u s  appears possible to build  up a  system  using th a t p a r t of the 
H F range reserved for radionavigation (i.e. around 1.6 MHz) for re tra n s 
m ission of the necessary corrections and by using a very n arro w  spectrum  
of frequencies of less th an  100 Hz.

use the sam e frequency at points m ore th a n  2 000 km  ap art. M oreover, as 
the spec trum  for each station  is very narrow , a single frequency m ay be 
used for about ten stations in any one area. As the frequency is the sam e 
for all sta tions the w orld over the D ifferential Omega receiver can be very 
simple. O nly one H F term inal is therefo re  necessary, as sim ple sw itchable 
filters can  be used for channel separation  a t each station.

In order that the users m ay find the system  still m ore advantageous 
it w ould seem desirable th a t the corrections be made au tom atically  w ith in  
the receiver and th a t the corrected value be the one show n on the phase
m eters.

For a reasonable price such a possib ility  exists, and  m odels on th is 
basis are  to be constructed  as part of the study  m entioned above. T hese 
will perm it a full operational evaluation of the principle of the D ifferential 
Omega system .

As the  o rd inary  Omega system  is a w orld  system  it seems m ost desirable 
th a t D ifferential Oinega should also be determ ined a t w orld  level, so th a t 
the sam e receiver can be used in  any  of the world oceans. The research  
carried  out in F rance is only at the exp lo ra to ry  stage, and  we shall need 
to rely on a system  of in te rna tional cooperation to define the exact details 
of th is sub-system .

III. — Operational characteristics

The accuracy of the D ifferential O m ega system  is know n as a re su lt 
of the m any experim ents carried  ou t by various countries. By its very
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princip le  the accuracy  should  be to  some ex ten t proportional to the d istance 
to the point w here the corrections are being transm itted .

T he resu lts  confirm  this. Up to 200 km  th e  accuracy is proportional 
to the d istance, but a t g reater d istances rem ains nearly  constant. Beyond 
500 km  the gain in accuracy  as com pared w ith  the o rd in ary  Omega rap id ly  
d im inishes.

T hus in  re la tion  to the basic Omega system  at 100 km  the D ifferential 
Om ega system  is 10 tim es m ore accurate, an d  at the a rea ’s ou ter lim its, 
i.e. a t 500 km , it is still four tim es as accurate .

T h u s over 24 ho u rs  the accuracy is :
2 0 0  m  at 1 0 0  km  
400 m  a t 200 km  
500 m  at 500 km

As in the case of the  basic Omega system , the daylight accuracy is 
about tw ice as good.

It should  also be noted  th a t the accuracy  of the D ifferential Omega 
system  is b etter in the N-S direction  th an  in the E-W  direction w hich is 
norm al because all po in ts of the ionosphere on the sam e m erid ian  have the 
sam e degree of ion isation  since all a re  equally  affected by the photons 
rad ia ted  by the sun.

IV. —  Equipment

Shore S ta tion

A D ifferential Om ega sta tion  for tran sm ittin g  the necessary  corrections 
to the Om ega in fo rm ation  for a given area  is m ade up as follows :

—  An Om ega receiver.
—  A phase com parator.
—  A coder.
—  An HF tran sm itte r  of abou t 100 W .

None of th is  equ ipm ent is very costly, and  the price of such a station, 
w ith  all the equ ipm ent dup lica ted  so as to en su re  u n in te rru p ted  service on 
a 24 h o u r basis, will am o u n t to  about 300 000 F rancs.

The in sta lla tion  is not bu lky , and the tran sm itte r aerial itself can be 
a sim ple w hip. The sta tions m ight therefore be set up  in signal stations 
or in  lighthouses. T hus it w ould seem th a t conditions for setting  up shore 
sta tions will be very satisfactory .

O nboard  eq u ip m en t

D ifferential Omega receivers can qu ite  easily be adapted  from  an 
o rd in ary  Omega receiver by the addition  of an  u n it th a t includes :

—  a single frequency  H F receiver;
—  a signal decoder.



The H F received corrections are then  applied to  the  Omega receiver’s 
phase m easurem ents and  the corrected values are shown directly  on the 
phasem eters.

An o rd in ary  Omega receiver costs about 20 000 F rancs, an d  it is 
estim ated th a t the price of a D ifferential Omega will be around  30 000 
F rancs.

F or areas outside the D ifferential Om ega coverage the receiver can 
n a tu ra lly  be used as an o rd inary  Omega receiver. T hus a single set can 
cover aii navigational needs.

The phasem eter in form ation  can be rou ted  to a track  p lotter, and  th is 
will m ake it possible to follow a predeterm ined  course as well as to m onitor 
the a rea  around . The cost of a track  p lo tte r is of the o rder of 30 000 F rancs.

V. —  Planned developments

As has already  been said, it seems very desirable th a t the D ifferential 
O m ega’s signal fo rm at be in terna tionally  approved so th a t one and  the 
sam e receiver can be used everyw here in  the w orld ’s oceans. T h u s a 
universal rad io  navigation system  will have been set up.

M any users were quick  to realize rig h t from  the ou tse t of the Omega 
system ’s developm ent the possibilities afforded by d ifferential m easurem ents.

The firs t application envisaged w as for the case w here two vessels 
have to m eet. W hen both vessels have the Omega coord inates of the m eeting 
place, if the system ’s absolute erro r is 2  km  (probably som ew hat larger 
w ithou t correction tables), then  both have the  certitude of find ing  them selves 
in close proxim ity  to one another. T his application will n a tu ra lly  always 
be possible, and  it enables two fishing vessels, for exam ple, to fix th e ir 
rendezvous in a very sim ple m anner.

A lm ost at the sam e tim e a s ta rt w as m ade — firs t by the A m ericans, 
followed fa irly  closely by the B ritish  and  the F rench  —  on evaluating  the 
differential errors. A lthough a t th a t tim e the accuracy  of the basic system  
had not yet reached the expected values, the resu lts ac tu a lly  obtained w ith  
differential m easurem ents w ere proving very in teresting . It w as seen, for 
instance, th a t up  to  a d istance of about 300 km  only very little  gain in  
accuracy resu lts  from  the use of correction tables.

The princip le of the D ifferential Om ega system  w as th u s  established. 
To date, however, there have to m y know ledge been no developm ents in 
equipm ent. T here is nothing unusual in  this, since the Omega system  will 
not become operational until 1973. It should, however, be noted th a t the 
svstem  could be p u t into operation  in  the  N orth A tlan tic as earlv  as the 
end of 1971.

Thus it m ight be envisaged to set up the D ifferential Om ega system  
on E urope’s W est Coasts as from  th a t date, a lthough the geom etry of the 
hyperbolic netw ork  would not be optim al in this zone u n til the In d ian  Ocean 
station  is pu t into operation.



For several years now the au tho rities  in  F rance have been seeking a 
solution to both navigation and  positioning problem s on the con tinen tal 
m argin . A CNEXO-inspired <*> W ork ing  Group com posed of m any  operato rs 
has been seeking the best m eans of resolving this problem . T he setting  up 
of the D ifferential Om ega system  m ight supply  a very satisfacto ry  solution 
from  both  an  operational as well as a financial point of view for certain  
of these problem s, and in  p a r tic u la r  for fish ing  vessels.

In F ran ce  the M inistry of Defence has in itia ted  a s tudy  on both  the 
Omega and  the D ifferential O m ega system s. The prospects of th e ir civil 
uses have encouraged  the M inistry  of E qu ipm ent and  H ousing (L ighthouse 
and  Beaconage Service) and the M inistry  of T ran sp o rt (the General Secre
ta r ia t of the  M erchant M arine) to  take an in te re st in  these stud ies and  to 
p artic ipa te  in  the developm ent of the D ifferential Omega.

The experim ents on m odels —  m aking it possible to investigate the 
operational possibilities of an  au tom atic  differential system  on the te rra in  
itself —  will thus be u n d ertak en  in  a fa r w ider context th an  its  m ilitary  
uses. As p a r t  of the S ixth P lan , the  civil M inistries concerned have requested  
the necessary  funds for p erfec ting  these developm ents and  for setting  up 
shore stations. The need in the B ay of Biscay is in fact pressing.

CONCLUSIONS

A com parison  of the ch arac te ris tic s  of the basic Om ega and  the 
D ifferential Om ega system s w ith  those of an  ideal navigational aid shows 
th a t considerab le advance has been m ade tow ards the creation of a universal 
system .

The system  is available a t a ll points on the globe, th an k s to the use 
of VLF waves. M oreover, the D ifferential Om ega stations w hen set up  will 
increase position ing  accuracy  in ce rta in  zones w here the navigational need 
is felt. T he accuracies expected of these tw o com plem entary  system s are 
en tire ly  com patib le w ith  nav igational needs and the requ irem en ts of the 
m ajo rity  of operato rs.

O ther expressed w ishes of th e  operators regard ing  bulk, cost, ease of 
use, etc., ap p ear to have been ca te red  for satisfactorily . The basic Omega 
and  the D ifferential Om ega th u s  ap p ear to be the system s of the fu tu re  for 
all k in d s of m arine navigation, an d  their use can even be foreseen in  other 
dom ains, for a ir navigation in p articu la r.

The system s are in the developm ent stage : it is only in  1972 th a t the 
Om ega system  will come in to  operational use, and  we m ay an tic ip a te  th a t 
the D ifferential Om ega system  will follow hot on its heels, a t least in  certain  
specified areas.

(*) CNEXO —  F r a n c e ’s “ C entre  n a t i o n a l  p o u r  l’E x p lo i ta t io n  des O c éa n s”



All the ch arac te ris tic s  claim ed are  therefore  m erely  p ru d e n t estim ates. 
It should  however be noted th a t from  a m ass of in fo rm atio n  gathered over 
m ore th an  10 years it is possible to affirm  th a t the basic O m ega’s p erfo rm 
ances will be of the stan d ard  expected of it. C ertain operato rs are already  
using the system . In  the neighbourhood of the F ren ch  coasts, however, in  
view of the p resen t s ta tu s of operational stations an d  the low power they 
rad ia te  the accu racy  ac tua lly  obtained som etim es differs considerably  from  
the expected value. These passing difficulties, w hich are  in h eren t in  the 
system ’s sta te  of advancem ent, m ust no t be allowed to discourage these 
p ioneers w ho have fa ith  —  and righ tly  so —  in  th is  new navigational 
system .

In the case of D ifferential Omega m uch  add itiona l evaluation  rem ains 
necessary, for up to the presen t no cam paign  of o perational evaluation  has 
been undertaken .

In view of the system ’s advantages —  for D ifferential Omega is a 
n a tu ra l and very in teresting  com plem ent to the basic O m ega system  —  the 
F rench  au th o rities  have decided to p u rsue  R esearch and  D evelopm ent in  
this field. T h u s we m ay envisage seeing D ifferential O m ega stations set up  
in the very n ea r fu tu re  all along the coasts of F ran ce  in  o rder to resolve 
the num erous navigational problem s encountered  there .

To speak of a system  in its developm ent stage risk s  leading to m isin ter
preta tions. A lthough it is necessary to announce the ch a rac te ris tic s  expected 
of a system  fa irly  early  in its developm ent, there is a risk  the firs t users 
m ay d raw  h asty  conclusions about a still incom plete and  therefo re im p er
fectly realised  system . T heir experiences are how ever essential, for it is 
th an k s to th e ir  observations and critic ism s th a t the system  can be perfected  
in the m ost com plete and  quickest possible way.

The object of the present artic le  is no t to convince poten tial users bu t 
ra th e r to  call th e ir  a tten tio n  to the im p o rtan t possib ilities of this un iversal 
rad ionav igational system  which w ith a single receiver m eets m ost naviga
tional needs the w orld over.

The p resen t evolution a lready  seem s irreversib le. In  several years we 
shall no longer im agine a ship w ithout an  Omega receiver, ju s t  as today 
there is no sizeable ship  w hich is no t rad io-equipped.

Let us therefo re  hope th a t the O m ega and the  D ifferential Om ega 
system s can be fu lly  and  finally  developed in the very  near fu tu re .


