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SUMMARY

Evaluation tests o f the D ifferential Omega mode o f electronic navi­
gation associated w ith an original procedure for transmission and appli­
cation o f skywave corrections (SW C ) by automatic means have recently 
been conducted at land-based locations and on board ships at sea.

The procedure under review, which is capable o f an accuracy better 
than 1 centicycle (CEC) in the transmission o f SWCs by a single station is 
quite simple and cheap up to a distance o f 400 n.m. The system has been 
designed to perm it up to eight such transmitters being included in one 
frequency range (total bandwidth 1.2 kH z). W ith  the chain o f transmitters 
thus constituted up to 5 000 km o f ocean coast may be covered at little cost. 
The correction receivers are constructed to function in either the 285-315 
kHz or the 1.6-3 M Hz range.

Tests have been carried out vising a SW C transmitter with a coverage 
o f 400 n.m. and a mobile receiver unit comprised o f a conventional Omega 
receiver, a D ifferentia l Omega receiver, and a Toran radiolocation receiver 
with a position location capability better than 50 metres for calibration 
purposes. A ll these were digitized instruments and their outputs were, in 
addition, simultaneously recorded on paper tape (analog presentation) and 
punched tape (teleprinter ASR 33).

A  comprehensive program was used to translate the data thus collected 
to geographical coordinates, and to compute errors in terms o f Omega 
phase discrepancies, and also in terms o f distance and azimuth with 
respect to the reference position given by Toran readings.



Recordings have been made ashore over distances of from  5 to 300 km, 
in addition to two experimental campaigns at sea. A total o f over 10 000 
measurement points have been logged over a 3 deg X 3 deg area having 
its centre at 46°N and 3 "W .

Results have fu lly substantiated what w'as expected o f the system 
in its present configuration. Considerable improvements w ill undoubtedly 
result from  the increase in power o f station D, and when a better geometry 
is obtained w ith the additional four Omega transmitters now planned in 
operation.

INTRODUCTION

Since 1966 SERCEL has been investigating the problems connected 
with the Omega system. The outcome of this investigation has been the 
production in lim ited numbers o f two types o f receiver, M2 and RR. FX. 
2.A (* ), and the development o f a prototype whose performance and 
technology make it fit for a ircraft use.

Particulars o f these receivers are shown in table 1.

T a b l e  1

Characteristics of the SERCEL’s Omega receivers

Type M2 RR. FX. 2. A Airplane prototype

Frequencies 10.2, 11.33, 13.6 10.2, 13.6 10.2, 1 1.33, 13.6
Mode Hyperbolic Hyperbolic Hyperbolic
Readout Needles and counters Nixies L.E.D.
Syn chronization Manual Automatic Manual
Lane identification Manual Automatic Direct display
Accuracy 1 CEC 1 CEC 1 CEC
Maximum speed 50 knots 50 knots 1 500 knots
for an error o f 1 CEC extension 800 knots 1 CEC

1 CEC
Weight 15 kg 17kg 22 kg
Power supply 45 V A  ; 50 Hz 100 V A  ; 50/400 Hz H O W  ;27 V

35 W ; 12 V 85 W ; 27 V

More recently, in 1970, a feasibility study has been conducted on 
a system having capability for automatically transmitting and applying 
SWCs to Omega signals. The ultimate aim was the development at a 
later date o f a comprehensive network o f SW C transmitters for D ifferential 
Omega navigation. One objective o f this work was maximum simplification 
o f the additional equipment (SW C receiver) necessary for automatic 
reception and application o f the corrections to conventional shipboard 
Omega receivers. It is expected that this system w ill, at very low  cost, 
completely relieve navigators o f the thankless task o f applying corrections

(*) M ode l accepted b y  the French N avy .



taken from tallies when the ship is hugging the coast, while at tlie same 
time materially improving position location accuracy as compared with 
conventional Omega navigation using SW C values given by USNOO tables, 
or alternatively a computer associated with the receiver.

F ig . 1. —  Dual- frequency receiver, model RR.FX.2.A, w ith  automatic  lane identif ication,
as accepted by the French Navy.

As interest in this project was being shown by French governmental 
circles, development work was started on models and prototypes for 
at-sea tests. A  first series o f  tests was completed between June and 
October 1971, and further test series are planned to take place in 1972. 
As all results have been recorded in digital form, the analysis is materially 
facilitated by using a computer.

PRINCIPLES OF SWC AUTOMATIC TRANSMISSION AND APPLICATION

The heart o f  the system is an Omega receiver located in a position 
whose geographical coordinates are known. Th is makes it possible lo 
accurately determine the theoretical phase values corresponding to the 
signals from the respective Omega transmitters received at that position. 
The receiver actually reads, for each station, phase values which are 
in error with respect to the theoretical value by a quantity vary ing with 
time according to ionospheric fluctuations and to physical phenomena 
which affect wave propagation velocity all along the path from the Omega 
transmitter lo the receiver.

The phase values corresponding to the Omega stations capable of 
being used at the chosen position are compared with the calculated 
theoretical values. The differences, variable with time, constitute the
correction values.

In other words, there are as many correction values to he retransmitted 
to the mobile receivers as there are usable Omega signals at the chosen 
position. In the system under review the number o f corrections has been



lim ited to four, and in the tests discussed in this paper they apply to the 
Om ega stations now in operation, i.e. A, B, C, and D.

In fact, the phase measurements effected by the receiver are referred 
to the phase o f its local oscillator. As, however, the phase difference 
is the same for all stations its effect is cancelled by subtraction in the 
correction receiver o f the mobile unit. Incidentally, the phase reference 
o f this local oscillator is also transmitted by the system, which makes it 
possible to use the Omega receivers in the mobile units in either the 
circular or hyperbolic mode.

As transmission o f the phase correction values fo r the respective 
stations is by an analog process, this results in a very simple receiver 
construction. Phase correction signals fo r the respective stations are 
continuous 1 kHz sine waves, the value o f the phase correction to be 
transmitted being in the form  o f a phase difference w ith  the 1 kHz internal 
reference, the latter in turn being phase coherent w ith the local oscillator.

In effect, the analog transmission contains a total o f five signals : 
four phase signals plus the reference signal. In order to m inim ize the 
transmission band width all the signals are first reduced to a conveniently 
low  (20 Hz) frequency, which constitutes a satisfactory compromise 
between the fu ll transmission w idth  and the effect o f transmission defects 
lik e ly  to result from  transmission speed and signal fading.

A ll five signals are then m ultiplexed over time w ith a form at corres­
ponding to the original Omega form at : this results in a synchronized 
dem ultiplexing form at being available at reception point. Phase correction 
in form ation  for all four stations is then routed via a single channel and 
can be used for phase modulation o f a 100-watt transmitter in the 2 MHz 
or 300 kHz range.

Shipboard installations include a correction receiver which accepts 
and handles the phase correction signals. The receiver is connected via 
a single cable w ith the standard Omega receiver. The correction receiver 
contains a double superheterodyne section, the second frequency converter 
being driven by a small frequency synthesizer : this o ffers a choice of 
four frequencies above and four below  the reception frequency, the interval 
between any two frequencies being 160 Hz. The second channel has a 
bandwidth o f 50 Hz adapted to the frequency spectrum o f one transmitter. 
Th e receiving system is thus capable o f receiving the signals from  eight 
correction transmitters capable o f being used in chain form ation. In fact 
any frequency may be chosen.

Selection o f a station m ay be effected by sim ply selecting the frequency 
o f the second local oscillator in the receiver. A  discrim inator and a filter 
p laced a fter the second frequency converter are used to separate the 20 Hz 
signals. The Omega segments corresponding to the four stations used 
are taken from  the ship’s Omega receiver and used by the correction 
receiver as dem ultiplexing commands fo r the 20 Hz signals. The four 20 Hz 
dem ultiplexed signals are then demodulated according to two quadrantal 
components bv a 20 Hz signal generated locally in the correction receiver. 
Th e demodulated signals are routed through a narrow-band filter and the 
resulting voltages appear across four pairs o f leads (one pair per station).



These voltages are proportional to the sines and cosines o f the angles 
corresponding to the corrections.

The ship’s Omega receiver receives the Omega signals carried by as 
many L F  signals as there are stations being received. In conventional 
Omega operation these signals are applied to the meters which show the 
phase differences between the respective stations : in hyperbolic mode 
each meter receives the signals from  two stations; in circular mode it 
receives the signal from  one station and a signal from  a high-stability 
standard.

In D ifferen tia l Omega navigation, all four L F  signals which carry the 
phases from  the four stations used by the receiver are taken from  the 
Omega receiver and routed over a cable to the correction receiver which 
contains four electronic phase-shifters. Each o f these is driven by voltages 
equal to the sines and cosines of the correction angles. Each o f the L F  
signals from  the Omega receiver goes through one o f the phase shifters 
where it is subjected to a phase shift equal to the correction angle prior to 
being returned to the Omega receiver meter input.

It is apparent from  the above that the corrections effected by the 
correction transmitter are received and decoded by the correction receiver, 
and autom atically applied to the ship’s Omega receiver.

TECHNICAL CHARACTERISTICS OF CORRECTION TRANSMISSION SYSTEM
USED DURING THE TRIALS

—  Omega receiver, land-based, used as correction transmitter.
Th is is a model M2 unit w ith  a phase comparator pass band o f 
.003 Hz. A  1-metre antenna is fitted. Accuracy o f the phase compa­
rators is better than ±  .5 CEC for a 0 dB S/N ratio over a 40 Hz band.

—  Correction encoder :
—  Accuracy o f theoretical phase d ifference settings better than .5 CEC.
—  Carrier frequency : m ay be anywhere between 1.6 and 3 MHz 

(1607.5 kHz was used in these tests).
—  Phase modulation index : never exceeds .8. M odulation linearity 

better than 1 per cent.
—  Crystal stability : better than 1 x  10-6 per month from  —  10° C 

to +  60“ C.
—  Transm itter :

A  100-watt fu lly  transistorized unit w ith a frequency range o f 1.6 to 3 
MHz was used w ith a 20-metre antenna. E ffective  coverage, night or 
day, 350 n.m.

—  Transm ission Spectrum :
A  single station covers a spectral w idth o f less than 50 Hz. Up to 
eight correction transmitters might, therefore, be used in chain fo rm a­
tion at 160 Hz intervals fo r a m aximum total bandwidth o f 1200 Hz. 
Thus a single frequency allocation (band) is su fficient fo r an 8-station 
chain.



F ig .  2. —  Marine Omega M2 receiver.

F ig. 3. —  Phase corrections receiver (engineering model).

—  Correction receiver :

—  Frequency range, 1.6 to 3 MHz. Double frequency converter, with 
second local oscillator pretuned to eight frequencies.
Hand pass, 2nd IF frequency, 00 Hz/7.2 kHz; demodulator/phase 
shifter, .0() Hz.
Phase correction accuracy : better than ±  CEC for a 0 dB S/N 
ratio at input, over a 5 kHz bandwidth.
Power supply and consumption ; 12 V DC, 12 \Y, or 110/220 V. 
18 VA.



F ig. 4. —  Mobile s t a t io n  fo r  D i f f e re n t ia l  Omega recording.

DESCRIPTION OF EQUIPMENT USED DURING THE TRIALS

Correction transmitter (See figure 5).

This is com prised of :
■— An Omega receiving an tenna  including a 1-metre whip and  its tun ing  

box m ounted  atop a 8-metre braced m ast erected over a spider-type 
wire netw ork  on the ground. A coaxial cable approxim ate ly  100 metres 
long is used to connect the an ten n a  tun ing  box w ith  the Omega receiver.

— An Omega receiver, model M2.
T he LF signals representing  the phases from the four Omega stations 
A th rough  D are taken from this receiver and  applied to the encoder via 
a cable. Model M2 dim ensions are three 19-inch s tandard  units.

— An encoder unit.
Here the LF signals taken  from the receiver and corresponding to 
actual phases (as read) are phase shifted by a quan tity  equal to the 
theoretical Omega phase values calculated from the geographical posi­
tion of the receiving an tenna  (theoretical phase values). Phase shifting 
is obtained by m eans of phase shifters  at front panel of encoder unit. 
The signals thus  phase shifted ca rry  the phase correction : tp cor =  
tp read —  <p theor. for each of the stations.
Segments A, B, C, I) and H, also taken from the internal sequencer



o f  4  P h a M  lo c k  lo o p

F ki. 5. —  Om ega c o r re c t io n s  t r a n s m i t t i n g  s t a t io n .

in the  receiver, a re  used  to control a m u ltip lexer w h ich  thus  segregates 
in  a s ingle o u tp u t  all fo u r  correc tion  signals fo r  s ta tions  A, B, C and  
D, an d  th e  in te rn a l  1 kHz signal selected by segm ent H. At th is  point, 
th e  s ignals  re p resen t in g  the respective correc tion  values  ap p ear  a t  the 
sam e ra te  as the Om ega fo rm a t : they  are  then reduced  to 20 Hz by 
a  s im ple f req u en cy  converting  process.
T he  1607.5 Hz signal from  a crysta l  s tan d a rd  is phase  m odu la ted  by 
the  m ultip lexed  ‘20 H z  signal. The phase  m o d u la to r  is o f  special 
design  : it p e rm its  a .8 m odula tion  index being ob ta ined  w ith  excellent 
l inearity . T he  phase  m odu la ted  signal is then ro u ted  to the t r a n sm it te r  
via a coaxial cable.
T h is  en c o d e r /m o d u la to r  un it  has  d im ensions of four 19-inch units.

—  A 100-watt t ran sm it te r .
T his is the  type com m only  used in T o ran  rad io location  chains. It is 
housed  in the sam e room  w ith  the Om ega receiver an d  the correc tion  
encoder, an d  co n ta in s  all necessary  a d ju s tm e n t  m ean s  for tu n in g  and 
ad a p ta t io n  to the  t r a n s m i t te r  an ten n a .  Its d im ensions are  five 19-inch 
s ta n d a rd  units .

—  A t ra n s m i t te r  an ten n a ,  20-m etres h igh, w ith  a te rm in a l  capacitance 
f i tted  to its u p p e r  braces. Total w eight of the assem bly  : 70 kg.

—  24-volt ba t te r ie s  charged  from  the 22 V, 50-cycle line supply  power 
to the station . T o ta l  pow er consum ption  is 300 YA.

Experimental mobile receiver station.

T his  was cons t i tu ted  by the eq u ip m en t to be tested, i.e., the Omega 
receiver, the  correc tion  receiver, and  all the in s t ru m en ts  necessary  for 
m e a su rem en t  ca lib ra t ion  and  recording.

F ig u re  0 shows the a r ran g e m e n t  of the Omega and  correction units.



, corTnTTSTcTWTËuR
| Df cMOOULATEUF
■ c o r r e c t i o n s ____  1

F i g . 6. —  Mobile s t a t i o n  f o r  D i f f e r e n t ia l  Om ega  recep tio n .

—  The Omega receiver also is a model M2. The LF  signals co rrespond ing  
to the four sta tions  used, an d  the segm ents corresponding  to the in ternal 
s tandard ,  are  taken  f ro m  this receiver and carried  over a cable 
connecting w ith  the correc tion  receiver. This sam e cable ca rr ies  the 
LF  signals back  to the  O m ega un it  a f te r  phase  sh ift ing  by a value 
equal to the correction.

—  The correction  receiver is housed  in a cabinet hav ing  d im ensions  of 
four 19-inch s tan d a rd  units .  It con ta ins  :
—  A double superhe te rodyne  section ;
—  A local osc i l la to r /syn thes ize r ;
—  A d isc r im ina to r  an d  a 20 Hz f i l te r;
—  F o u r  dem o d u la to rs /p h ase -sh if te rs .

—  Two an ten n as  a re  fi t ted  :
—  One for the Omega signals consti tu ted  by a 1-metre w hip  with 

coaxial cable ad ap to r ;
—  One for correc tion  signals, also com prised  of a 1-m etre w h ip  w ith  

adap to r  box Cl00 m m  X 80 m m  x  50 mm).

Both an ten n as  are m o u n ted  atop an  8-m etre b raced  m a s t  w h e n  the 
station is used for experim en ts  at a land  position. T hey  are  p re ferab ly  
erected clear of power t ran sm iss io n  lines a n d /o r  large metallic s truc tu res .  
By the same token  a n ten n a s  used aboard  ships should  be erected clear of 
obstructions, preferab ly  at or n ea r  the top of a m ast.

Monitoring and recording instruments.

F o r  best resu lts  in phase  in fo rm atio n  acquis ition  an d  calibration  
the following equ ipm en t w as used d u r in g  the tests (see f igure 7).



F i g . 7 . - -  M obile  s t a t i o n  f o r  O m ega  a n d  D i f f e r e n t ia l  O m ega  d a t a  reco rd ing .

—  A fu r th e r  model M2 Om ega receiver for record ing  conventional O m ega 
readings. T h is  un it  was connected to the sam e a n te n n a  as the  differ­
ential O m ega receiver.

—  A digitizer for the  Om ega phases, contain ing :
—  F o u r  num erica l  p h asem ete rs  w ith  associa ted  con tinuous  hyperbolic  

lane  co u n te rs  ;
—  A dual in p u t  section for the corrections to be applied to the 

conventional O m ega receiver readings (in the com puter  p ro g ram ) ;
—  A seria lizer a r ran g ed  to hand le  all Omega in fo rm ation ,  both conven­

tional a n d  d iffe ren tia l ;
—  A T oran  rad io location  receiver used for accu ra te  ca lib ra tion  of the 

m easu rem en ts .  T h is  was m ade  up of two un its  : a  receiver un i t  and  a 
disp lay  u n i t  (w ith  e lec trom echanical phasem ete rs  an d  m on ito r ing  
scopes). This T o ran  receiver h ad  its own an ten n a .

—  A digitizer for  the  phases an d  hyperbolic  lane coun ters  p icked up  by 
the  T o ran  receiver. This u n i t  con ta ined  buffer m em ories  and  serializers.

—  A digital clock, also fitted w ith  serializers, was used  for giving hours  
and  m inutes .

—  Recorders. These  w ere of th ree  d iffe ren t types, viz. :
—  A track  plotter,  model T5, d irectly  connected  w ith  the T o ran  

receiver, for con tinuous  m onito r ing  of the sh ip ’s course. T he  scale 
was 1 m m  on the  p lo t for approx. 10 m etres  trave lled  by the ship. 
T h is  un i t  th u s  m akes  it possible to detect any  loss of continu ity  in 
holding the posit ion  given by  the T o ran  receiver;

—  Graphic reco rd e rs  for d iffe ren tia l  O m ega p h ases  and, if applicable, 
conventional O m ega phases. These recorders,  ca lib ra ted  from  0 to 
100 CEC, w ere each connected  w ith  a pot coupled w ith  the shaft  
of a p h ase m e te r  in the O m ega receiver. These  recorders  were 
m ostly  used  w h e n  opera t ing  at a land-based  location;

—  A nu m erica l  recorder.  T h is  was an  ASR 33 te lep r in te r  used to s im ul­
taneously  p r in t  ou t re su lts  and  to p re p a re  a perfo ra ted  band  for



la ter processing in a com puter .  This  te leprin ter  was associated 
with a da ta  logger capable of scanning  each u n i t  at one-m inu te  
intervals (the scanning  ra te  could have been faster. However, this 
w ould have been of little in te re s t  as the in fo rm atio n  f ro m  the 
Omega receivers was corre la ted  over a period of time close to one 
m inute).

All the above eq u ipm en t was powered from  batteries, w ith  or w ithou t  
in te rm edia te  voltage converters, so th a t  line fluctua tions, if any, could 
no t  im pair  the quali ty  of the m easu rem en ts .

DETAIL OF TEST PROGRAM

After a com prehensive series of shop tests aim ed at ascerta in ing  
in h eren t  equipm ent accuracy, field tes ting  could be envisaged w ith  a degree 
of confidence.

P re l im ina ry  tests were f irs t  conduc ted  by locating the t ra n sm it te r  
quite  close (50 m etres) to the receiver, w ith  a very low tran sm iss io n  pow er 
being used. These tes ts  have shown th a t  the whole eq u ip m en t was o p e ra t­
ing satisfactorily, w ith  d iscrepancies consistently  less th a n  .5 CEC at any  
time of day or night, u n d e r  all sorts of receiving conditions.

A com prehensive series of land  tests  w ith  the receiving eq u ip m en t  
installed  in an autom obile  has subsequen tly  been ca rried  out. These tests, 
u sua lly  of 48 h o u rs ’ du ra tion  at each position, were conducted w ith  the car 
a t  a s tandstill.  A 6-metre an ten n a  w as erected clear of obstructions, power 
being supplied by batteries. O nly  analog recordings on paper  tape  were 
m ad e  as digital record ing  eq u ip m en t  has  an  excessively h igh  power 
consum ption  im plying considerable com plexity  of operation.

L an d  tests have been conducted  over t ransm itte r- to-rece iver d istances 
of 10, 50, 100 and  200 km. F o r  the  10 km  tests a very low (3-watt) 
rad ia ted  power was used. F o r  all o ther  tests  t ransm iss ion  was at 100 w atts ,  
w i th  the correction t ra n sm it te r  ins ta lled  on the  lie d ’Yeu in  the  Bay of 
Biscay (position : 46° 4 3 'N — 2° 2 3 'W ) .

At-sea tests w ere carried  out using  the p e rm anen t  Biscay T o ran  chain  
for calibration. This  cha in  com prises two s tation pairs ,  each genera ting  a 
sepa ra te  hyperbolic grid.

The first pa ir  has  a 240 k m  baseline, the tran sm it te rs  being located 
as follows :

— A : 46° 41' 30" N —  2 “ 17' 10" W ;
— A' : 44“ 40' 35" N —  1 “ 15' 17" W .

The second pa ir  has  a 295 km  baseline, the t r an sm it te rs  being located 
as follows :

— B : 46° 2' 48" N —  1“ 24' 34" W ;
— B' : 43° 2 3 '2 8 "  N —  1” 41' 54" W.

Practical coverage w ith  this cha in  reaches fro m  1" to 7 “ W  and 
43° 30' to 46° 30' N. Average position location accu racy  is 10 to 50 
m etre s  rms.



Two series of tests  have been conducted  a t  sea :
1. W ith  the  l igh t convoy escort vessel Le S a v o y a r d  from  21-25 Septem ber 

1971;
2. W ith  the  m issile  recovery vessel H enr i  P o in c a ré  from  18-23 October 

1971.
In both  cases, the ships have been s team ing  a t  d istances of 50 to 

300 k m  from  th e  re ference s ta tion  on the lie d ’Yeu. D u rin g  bo th  tr ips  a 
great n u m b er  of digita l reco rd in g s  was m ad e  at the ra te  of one every 
m inu te .  SW C correc tions ta k e n  from  USNOO tables were in troduced  
m an u a l ly  every 15th m in u te  by m eans  of the figure  wheels. In addition  
they were recorded  by the te leprin ter .

Digital reco rds  on p e r fo ra te d  tape, therefore , con tain  the following 
in fo rm atio n  (see figure 12).

■ Toran pair AA'
• Toran pair BB'
• Time, hours
- Time, minutes
• Conventional Omega and 

USNOO SWC corrections, 
phases A — D

• Conventional Omega and USNOO 
SWC corrections, Corr. 
phases A -  D with sign

• Phases B — D
■ Corrections, phases B — D 

with sign
• Differential Omega, phases A — D
• Differential Omega, phases B — D

Record ing  tim e to talled  approx . 5 seconds every m inute .

ANALYSIS OF RESULTS

Analog recordings, lan d  positions. R eferring  to the tabu la ted  results
show n below :
—  Co lu m n 1 : RMS value of abso lu te  phase  error,  pa ir  A-D
—  Column 2 : RMS value of abso lu te  phase  erro r,  p a ir  B-D
—  Column 3 : RMS value of position e r ro r  in  m etres  for p resent-day  

geom etry  on w este rn  coast  o f  F rance, i.e. a lane  w id th  of 23 km  for 
A-D an d  44 km  for B-D, w ith  a crossing angle of 60°.

—  C olum n 4 : RMS value of position  e r ro r  in m etres  th a t  w ould  be 
ob ta ined  w ith  the final O m ega system  configuration . L ane  width 
25 km . Crossing angle 80".

C haracters

6
6
2
2

6

3
6

3
6
6

Total 46 characters



In all the  re su lts  show n  in these  tabu la t ions ,  w h e th e r  from  ana log  
o r  d ig ita l  records, the RMS values lis ted  include not on ly  the observed 
var ia tions ,  b u t  also local d is to r t ions  w h e re  applicable, co n s tan t  e r ro rs  in 
in s t ru m e n t  calibration , etc. The re su lts  p resen ted  in  th is  m a n n e r  a re  th u s  
s im ila r  to  w h a t  the com m ercia l  u se r  w o u ld  observe in practice.

First Land Test, t ran sm iss io n  d is tance 11 k m ,  2 J u ly  1971 (see figure 8).
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F il-.. 8. — Differential Omega at 11 km. (July  2/71). — La Guilinière-Beausoleil
(land path).

T h e  11 km  p a th  is en tire ly  over land .  T ra n sm iss io n  pow er is on ly  
3 w a tls  an d  the t ra n s m it te r  a n te n n a  on ly  7 m etres  high.

T h e  noise level observed w as var iab le  : r a th e r  h ig h  from  1500 to 
2300 h o u rs  GMT on the f irs t  day, low f ro m  2300 h o u rs  on the f irs t  day  
to 1100 h o u rs  on the second day, an d  m ed iu m  a f te rw ard s .  T h is  re co rd  
gives a good idea of the deter io ra t ion  in  per fo rm an ce  due to the w eak n ess  
of the  D (Forestport)  signal. M easu rem en t f lu c tu a t io n s  in  D ifferential 
O m ega m ode show  an  am p li tu d e  th a t  su b s tan tia l ly  corre la tes  w ith  th e  
d iu rn a l  a t ten u a tio n  of s ignals received f ro m  F o res tp o r t .

P h ase  e r ro rs  due to system  t ra n sm iss io n  noise a re  not observed 
because  of the very high  signal-to-noise ra tio  over th is  sh o r t  distance.

T h e  table below gives the e r ro rs  observed for the  11 k m  sep a ra t io n  
d is tance . Note th a t  the f irs t  p a r t  of th e  record ing  re flects  d is tu rb an ces  
due to s to rm y  conditions.

Period
o(A - D )  

CEC
o(B -  D) 

CEC

ad,  with 
Lane A — D =  23 km 
Lane B — D = 44 km 

and crossing angle = 60°

ad,  with 
Lane 1 = 25 km 
Lane 2 =  25 km 

and crossing angle =  80°

1500 to 2300 3.2 2.8 1 450 metres 1 050 metres
2300 to 1100 1.0 0.8 420 metres 300 metres
1100 to 1900 2.3 2.0 1 050 metres 650 metres



Second Land Test, t r an sm iss io n  dis tance 50 km , 8-9 A ugust 1971 (see 
f igure 9).

T he  re fe ren ce  s ta t ion  is on th e  lie d ’Yeu an d  the receiving un it  50 k m  

off th a t  is land  to the N orth -N orthw est.  O versea path . Noise was m ore  
un ifo rm , a l th o u g h  some increase  was observed betw een 1600 an d  2300 
hours .  T ra n sm is s io n  pow er w as 100 w a tts  a n d  the  tran sm iss io n  signal- 
to-noise ra t io  w as  large enough  to p rec lude  p h ase  d is tu rbances  (if t r a n s ­
m ission  noise h a d  been p re sen t  it w ould  show  ra th e r  conspicuously  on 
th e  reco rds  since its p seudo-period  is ap p ro x im a te ly  20 t im es th a t  of the 
O m ega receiver in te rn a l  noise ow ing to the  difference in bandw id th ) .  
D iscrepanc ies  in  RMS values likely to be caused  by poor corre la tion  of

j : __, - . ~j   ̂ ^ fl u u u a p n c i  i t  u i s i u i u d i i v c a  i m p u â c u .  u±± w m c g a  u p t i a i i i > n  u u  n o t

on th a t  co m para t ive ly  sh o r t  d is tance.

C|) T h e o r .  
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' 1 1  16 2 3  4  8  11

F ig . 9. —  D i f f e re n t ia l  O m ega  a t  50 k m .  (Aug. 8 -9 /7 1 ) .  —  Y eu-S t .  G i ld as  (sea p a th ) .

RMS re su lts  a re  given below :

Period o(A  -  D) 
CEC

o(B -  D) 
CEC

od , with 
Lane A — D =  23 km 
Lane B — D =  44 km 

& crossing angle = 60°

od, with 
Lane 1 =  25 km 
Lane 2 =  25 km 

& crossing angle =  80°

Round the clock 2.2 1.5 850 metres 580 metres

Third Test, t ra n sm is s io n  d is tance  95 km  (see f igure  10).

T he  t r a n s m i t te r  is ag a in  on  the  lie d ’Yeu an d  the receiving u n i t  at 
N antes,  95 k m  to th e  N o r th -E as t  of th a t  island. The tran sm iss io n  path  
is 30 k m  oversea  a n d  65 k m  overland . In th is  figure 10 is also shown 
a reco rd  of A-D in conventional O m ega m ode;  th is  o ffers  the possibility 
o f  co m p ar in g  th e  resu lts .
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F i g . 10. —  O m e g a  A-D a n d  D i f f e re n t ia l  Om ega A-D a n d  B-D a t  95 km. (Y eu-C iirquefou) .  
30 k m  sea a n d  65 k m  l a n d  p a t h  (Aug. 20/71).

W hile  the A-D trace exhibits a 60 CEC excursion  in conventional 
mode, the varia tion  observed in d iffe ren tia l  m ode for th e  sam e p a ir  
reduces  to ap p rox im a te ly  3 CEC, RMS value, over the  sam e per iod  of time. 
T h is  v a r ia t io n  w hich  is chiefly observed between 2400 an d  0600 h o u rs  
GMT corresponds  to the loss of co rre la t ion  in ionospheric  varia tions .  
T h is  lack of corre la tion  is less a p p a re n t  for  B-D w h e re  th e  var ia t ion  is 
on ly  1 to 2 CEC.

A defin ite  d r if t  in RMS value, w h ich  reaches 2 CEC for A-D an d  
a lm ost 3 CEC for B-D is a p p a ren t  f ro m  these  records . T h is  m ay  be due 
to local d is tort ions , as the tes t was conduc ted  in an  in d u s tr ia l iz ed  a rea  
w ith  very large metallic  s tru c tu res .  No sh o r t  period noise can  be observed 
th a t  could be ascribed to the tran sm iss io n  system.

T ab u la ted  resu lts  are  as follows :

Period
o (A -  D) 

CEC
a(B -  D) 

CEC

ad,
with lane A — D =  23 km 

lane B — D =  44 km 
and crossing angle =  60°

ad,
with lane 1 =  25 km 

d, lane 2 =  25 km 
and crossing angle =  80°

36 hrs 3.5 2.8 1 700 metres 1 050 metres

Fourth test, d is tance 260 km  (refer to figure  No. 11).

G M T

T ra n s m i t te r  again  on lie d ’Yeu; receiver unit a t  Cap F e r re t ,  260 k m  
to the sou th -sou th -east.  T ran sm iss io n  p a th  en tire ly  oversea, w ith  the
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F ig. 11. —  D i f f e r e n t i a l  O m e g a  a t  260 k m .  (Aug. 10/71) .  — Y eu-C ap  F e r r e t  (sea p a th ) .

last p a r t  of it a tan g en t  to the coastline. Receiving eq u ip m en t insta lled  
on san d  d u n es  on the  o u tsk i r t s  of a p ine w ood in an  a rea  well k now n  for 
its p o o r  rad io  wave p ro p ag a t io n  conditions. This  re co rd  was m ade over 
a p e r io d  of 30 h o u rs  in  s to rm y  w e a th e r  w h ich  caused  a m ark e d  de te­
r io ra t io n  of O m ega signal reception , in  p a r t ic u la r  f ro m  sta tion  D, as 
show n by  th e  c lear noise co rre la t ion  in the  two records.

A p p a re n t  from  these  reco rds  is a m ore  m ark e d  loss of corre la tion  
of io n o sp h e r ic  v a r ia t io n s  re su lt in g  in  a slow d r if t  of the RMS value 
sy nch ron ized  w ith  th e  large peaks  in conventional O m ega var ia t ion  (in 
p a r t ic u la r  be tw een  2400 an d  0600 h o u rs  GMT). T hese  varia tions  reached  
10 CEC, a r a th e r  u n u s u a l  value, at 0200 GMT for A-D an d  5 CEC for B-D.

F u r th e r ,  a qu ick  noise exhib it ing  a a ~  4 CEC w ill be observed 
be tw een  0000 an d  0600 GMT. T h is  noise is due to a decrease in the  
s ig n a l- to - t ran sm iss io n  noise ra tio  w hich  begins to ap p ea r  in th is  record.

If  the  r a th e r  m a rk e d  corre la tion  loss w hich  ap p e a rs  betw een 2400 
and  0600 h o u rs  on A-D an d  betw een 2200 and  0200 h o u rs  on B-D is 
taken  in to  acco u n t  it becomes easy to desc ry  th e  day tim e  e r ro r  f rom  
0600 to 2200 h o u rs  an d  the n ig h tt im e  e r ro r  from  2200 to 0600 hours.

T ab u la te d r e s u l t s a re  as fo llo w s  :

Period n
*

8 
i o o(B -  D) 

CEC

ad,
with lane A — D =  23 km 

lane B — D =  44 km 
and crossing angle =  60°

crd,
w ith lane 1 = 25 km 

lane 2 = 25 km 
and crossing angle = 80°

0600  to 2 200 
2200 to 0600

2.6
5.8

2.4
3.5

1 500 metres
2 200 metres

900 metres 
1 450 metres

At-sea tests aboard “ Le Savoyard

T h e  f irs t  p a r t  o f  th is  tes t  series w as ser iously  d is tu rbed  by heavy  
storm s, S ep tem ber 21, 22. O n th is  occasion (as a lread y  observed elsew here)

G M T



w ith  a poor signal-to-noise ra tio  the accu racy  n o rm al ly  ob ta ined  in 
Differential O m ega mode de ter io ra tes  m a te r ia l ly  and  tends  to w ard  th a t  
ob ta ined  in  conventional O m ega mode, an d  m ay  even become infer ior  
w h en  ap p ro ach in g  the reception limit. This ,  incidentally , is in  accordance 
w ith  theory . T hese  d raw backs  w h ich  a re  now  p resen t  over an  average 
5-10 per cent o f the tim e will d isap p ea r  com plete ly  w hen  the t ra n s m it te r s  
rad ia te  th e ir  final operational power.

As cond itions  practica lly  re tu rn e d  to n o rm a l  S eptem ber 23-24 it 
becam e possible to m ake  use of the m e asu rem en ts  tak en  an d  recorded 
over 30 consecutive h o u rs  in an  area  loca ted  betw een  200 an d  300 km  
to the sou th -sou th -w est  of the  t ra n sm it te r ,  i.e., ap p ro x im a te ly  44" N and  
4° W, in open  sea w ith  100 per cent over w a te r  paths .

T he  d a ta  recorded u n d e r  these cond it ions  w ere in accordance w ith  
the fo rm a t  show n in figure 12 (reference posit ion  given by T o ra n  phases, 
t ime, p h ase s  an d  corrections in conventional O m ega mode, a n d  phases  
in  Differential O m ega mode). T hese  resu lts  w ere  ana lysed  using  an EMR 
6135 com puter .

TORAN TEMPS OMEGA NORMA L E T  COR. D E L  'USN0 OMEGA D IFF.
I-------------------------1 i------- 1 i----------------------------------------11--------------------------1
COUPLE A A ■ COUPLE BB1 H Ml r--------------- 1

' Cor. "  
AD

i---------------- 1 r
Cor. ' 
BO 

- t

I---------------- H------------ -i
r -----1 r ■ -----1 1— 1 1 ' AO B □ A-D B-D

403 6.99 3451 .90 18 04 0792. 12 008 0943.40 105 0792.01 0943.39
403 6.4 6 3452 .41 18 05 0792. 14 008 0943.42 105 0792.03 0943.41
4035.94 3452 . 69 18 06 0792. 1 5 008 0943.42 105 0792.03 0943.41
4035.01 3453 .14 18 07 0792. 1 5 009 0943.41 105 0792.03 0943.40
4033 .80 3453 .46 18 08 0792. 1 6 009 0943.41 105 0792.03 0943.40
4032 .36 34 53 .76 18 09 0792. 17 009 0943.42 105 0792.03 0943.40
4030.99 34 53 . 60 18 10 0792. 19 010 0943.43 105 0792.03 0943.40
4030.02 3453 .70 18 1 1 0792. 19 010 0943.43 105 0792.03 0943.40
4029 . 51 3453 . 18 18 12 0792. 20 010 0943.4  5 105 0792.04 0943.41
4029.39 3452 .80 18 13 0792. 20 010 0943 .46 105 0792.04 0943.42
4029.74 3452 .44 18 14 0792. 19 011 0943 .46 105 0792.04 0943.42
4030 .30 3451 .90 18 1 5 0792. 18 01 1 0943 .4  6 105 0792.04 0943.43
4030.85 3451 .67 18 1 6 0792. 18 011 0943.4  6 105 0792.04 0943.43
4031 . 59 3451 .12 18 17 0792. 17 01 1 0943.4  6 105 0792.04 0943.43
4032 .05 3450 .52 18 18 0792. 17 011 0943 .46 105 0792.04 0943.43
4032.94 3450 .15 18 19 0792. 1 6 O i l 0943 .46 105 0792.03 0943.43
4034 .05 3449 .91 18 20 0792. 14 012 0943.45 105 0792.01 0943.43
4035 .30 3449 . 62 18 21 0792. 12 013 0943.43 105 079 1 .99 0943.43
4036. 61 3449 .45 18 22 0792. 13 014 0943.43 105 079 1 .99 0943.44
403 7.49 3449 . 62 18 23 0792. 12 014 0943.41 105 079 1 .98 0943.44
4037.9  5 3450 .03 18 24 0792. 13 014 0943.43 105 0791 .99 0943 .45
4037.91 3450 .08 18 25 0792. 15 015 0943 .45 105 079 1 .99 0943.4  5
4037.45 3450 . 63 18 26 0792. 1 6 01 5 0943.45 105 0791.99 0943.44
4036.81 3450 .77 18 27 0792. 18 01 6 0943 .46 105 0791.99 0943.44
403 6.15 3451 .05 18 28 0792. 20 01 6 0943 .46 105 0791.99 0943.43
403 5.57 3451 .38 18 29 0792. 21 01 6 0943 .46 105 0792.00 0943.41
4034.97 3451 .74 18 30 0792. 21 017 0943 .45 104 0792.00 0943.39

F ig . 12. —  S a m p le  o f  t e l e p r i n t e r  reco rd .

A sam ple  o u tp u t  listing for th is  spec ia lly  p ro g ram m e d  co m p u te r  is 
show n in  f igure  13.

C om puta tion  procedure  was as follows :
—  C om pute position in longitude an d  la t i tu d e  from  T o ra n  read ings 

(accuracy  b e t te r  th a n  1 second of g rea t  circle arc) ;
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—  C om pute  theore tica l  Om ega phase  values from  the  re ference  la t i tudes  
an d  long itudes  given by the T o ra n  (su b p ro g ram  Omega, F is h e r ’s 
ellipsoid) ;

—  C om pute  correc ted  conventional O m ega phase  values, an d  conventional 
O m ega e r ro rs  m in u s  reference, and  Differential O m ega m in u s  re ference;

—  C om pute  position , in  longitude an d  la ti tude , conventional O m ega;
—  C om pute position , in  longitude an d  la ti tude , Differential O m ega;
—  C om pute m ag n i tu d e  an d  d irec tion  of vectorial e r ro r  between conven tiona l  

O m ega posi t ion  an d  reference position, and  betw een  Differential O m ega 
position  an d  re ference  position.

A to tal of 1508 positions d e te rm ined  at one m in u te  in terva ls  w ere  
th u s  processed an d  the list of resu lts  su b seq u en tly  so rted  fo r  co m p u tin g  
the  rm s  values of th e  absolute  phase  e r ro rs  for A-D a n d  B-D in  D ifferential 
O m ega m ode, as well as the rm s values  of the vectorial e r ro r  in bo th  
conven tiona l an d  Differential O m ega modes. A tab u la t io n  of th e  re su lts  
ob ta ined  from  these  1508 positions is given below.

Time Oi/^A— D) o^j(B — D) od, Differential 
Omega

ad,Conventional 
Omega

For 1 508 positions 
from 0500 hrs on 
9.23.71 to 0800 
hrs on 9.24.71

2.8 2.15 1 340 4 900

If the above phase  m easu rem en ts  h a d  been m ad e  w ith  a hyperbo lic  
grid  geom etry  such  th a t  a u n ifo rm  lane  w id th  of 25 k m  an d  a crossing  
angle of 80" obtained, th en  the a d  values w ould  have been as follows:

<t d  — 700 m e tre s  in  D ifferen tia l  O m ega m ode
and

<y d  =  2600 m etre s  in Conventional O m ega mode.

The re su lts  f ro m  the  m easu rem en ts  tak en  on b o a rd  th e  H e n r i  P oi nc ar é  
have not been processed  in  tim e fo r  th e  au th o r  to use them  in  th is  paper .  
F u r th e r  series of land  an d  at-sea tes ts  a re  p lan n ed  so th a t  a b e t te r  
know ledge of the sys tem  m ay  be acqu ired .

BEHAVIOUR OF DIFFERENTIAL OMEGA UNDER EFFECT OF SUDDEN
IONOSPHERIC DISTURBANCES

O m ega s ignal t ransm iss ion  is som etim es adversely  affected by 
sudden  ionospheric  d is tu rbances  (S.I.D.). T hese  S.l.D.s a re  caused  by 
r a p id  increases  in  solar ac tiv ity  w h ich  have very  ra p id  rep ercu ss io n s  on 
the ionization  of the  u p p e r  a tm o sp h ere  and, consequently , on the speed 
w ith  w hich  O m ega waves are  p ropagated .  T hese  d is tu rb an ces  m ay  arise  
abou t once every  two m o n th s  in ca lm  periods, b u t  several t im es per  m o n th  
d u r in g  a period of so lar activity.



In practice  these S.I.D.s lead to sharp  varia tions of phase  in the 
Omega receiver. T h is  var ia tion  in am pli tude  often am o u n ts  over several 
seconds to fro m  50 to 60 %. T h e  phase  then  re tu rn s  to its n o rm al value 
in  an  in terva l th a t  can vary  from  some tens of m inu tes  up to th ree  hours .

These unfo recastab le  p h en o m en a  th u s  have a d is t inc tly  adverse effect 
on the accu racy  of Om ega w h en  it is used in its conventional form.

Over long d istances the effects of these d is tu rbances  are very  fo r tu ­
na te ly  s trongly  corre la ted  in space. Consequently  the S.I.D. effect is e i ther 
cancelled out or considerably  reduced  in D ifferential Omega.

F ig .  14b. —  A-D D if fe ren t ia l .  At N an tes ,  r e t r a n s m i t t i n g  s t a t i o n  a t  Yeu.

This is well b ro u g h t  o u t  in  figures 14A and  14B w here  the  A-D 
sta t ion  couple phase  record ings p lo tted  aga ins t  t im e are  shown. T he  time 
scale is 1 cm p e r  hour. On the  u p p er  recording, w hich  is of conventional 
Omega, th e re  is a large var ia t ion  in phase . The lower recording, w hich 
is of D ifferen tia l  Omega, shows a residual abou t 8 times less, an d  of very 
sh o r t  du ra tio n .  T h is  m easu rem en t  w as effected a t  Nantes, the re t r a n s ­
m itt in g  s ta t ion  being on the lie d ’Yeu ab o u t  90 k m  away.

T h is  very in teresting  tr ia l  show ed very clearly how  reliable Differ­
ential O m ega can be for accu ra te  coasta l navigation  in com parison  w ith  
resu lts  ob ta ined  w ith  conventional Oinega alone.



CONCLUSION

It can  be said  th a t  the  w hole system  developed fo r  phase  correc tion  
t ran sm iss io n  in assoc ia tion  w ith  O m ega receiving e q u ip m e n t  has  opera ted  
accord ing  to expecta tions . As fa r  as D ifferential O m ega re su lts  are  concern ­
ed th e  conclusions to  be drawrn are  as follows :

1. Omega signal to VLF noise ratio.

If sa t is fac to ry  re su lts  are  to be ob ta ined  in D ifferential O m ega m ode 
it is essen tia l  th a t  th e  signal-to-VLF noise ra tio  be h ig h  for all O m ega 
s ta tions  received, bo th  at the  correc tion  t ra n s m it te r  receiver a n d  a t  the 
mobile receivers o p era t in g  a ro u n d  th a t  t ran sm it te r .

T he  req u ired  signal-to-noise ra tio  is dependen t  u p o n  the  degree of 
corre la tion  of the VLF noise a t  the  var ious  receivers. It can  be said  that,  
on an  average, a s ignal-to-noise ra t io  of a t least 20 to 25 dB should  obtain  
a t  the p o in t  of p h ase  m e a s u re m e n t  in the receivers. T h is  is generally  t ru e  
a t  p re sen t  on w este rn  E u ro p e  coasts  for s ta tions  A an d  B, b u t  th is  figure  
is fa r  from  being reach ed  for s ta tions  C an d  D.

The accu racy  de te r io ra t io n  cu r re n t ly  due to the  low signal-to-noise 
ra tio  for  s ta t ion  D is in  the  o rd e r  of 200-1000 m etres .  T h is  loss should , 
however, be reduced  to 50-250 m etres  w h e n  s ta t ions  A, B and  D opera te  
a t  th e ir  u l t im a te  pow er, an d  even to 50-150 m etres  w h e n  all s ta t ions  a re  
in opera tion  at full power.

2. Equipment calibration.

E q u ip m e n t  ca lib ra t ion  erro rs ,  for a com plete  t r a n sm is s io n  chain , will 
no t be m ark e d ly  lower th a n  ±  0.5 CEC, w h ich  co rresp o n d s  w ith  p resen t-  
day  geom etry  o ff  w e s te rn  E u ro p e an  coas ts  to 250 m etres .  T h is  will be 
reduced  to approx . 150 m etre s  w ith  th e  u lt im ate  con f igu ra t ion .

3. Accuracy deterioration due to transm ission system.

A p art  from  th e  ca lib ra t ion  e r ro rs  m en tioned  above, the signal-to- 
noise ra t io  of th e  t ran sm iss io n  sys tem  p rope r  re su lts  in  an  accu racy  
de te r io ra t ion  w h ich  varies  w ith  t r an sm iss io n  d is tance .  T h is  loss of 
accu racy  re su lts  in m e a n  values  as show n in  the tab le  below.

Correction transm itter to 
receiver distance 0 to 250 km 250-400 km 400-800 km

Present geometry 0 30-50 m 50-200 m
Ultimate geometry 0 20-30 m 30-150 m



4. Errors due to loss of correlation of ionospheric effects.

T h e  loss of accu racy  due to  th is  cause is dependen t  upo n  dis tance 
an d  tim e of day. This e r ro r  will be p red o m in an t  w h en  the O m ega system  
is fu lly  operational,  for a user d e te rm in ed  to do aw ay com pletely  w ith  the 
boresom e task  of en ter ing  correc tions tak en  from  tables.

It is difficult a t p re sen t  to state  w i th  any  degree of precis ion  the  
final values th a t  will be ob tained, as th is  implies t h a t  resu lts  from  
Differential O m ega record ings m ad e  over a t least one to tw o yea rs  at 
several posit ions  located a t d iffe ren t  d is tances  and  o rien ta tion  t ra n s m it te r  
be available.

However, the ob;>ei vulioiis m ade  over ihe Iasi few in o n ln s  inaKe il 
possible to pu t  fo rw ard  figures th a t  shou ld  no t  be too fa r  o ff  the  m ark ,  
p rov ided  due reg a rd  be given to factors  likely to affect the  e r ro r  values, 
viz., d istance , n ight or day, p re sen t  versus  fu tu re  configuration . This  
w ould  give the  following tabu la tion .

Distance from correction transm itter 0-250 km 250-400 km 400-800 km

Present configuration Daytime 0 0 200-500 km
Nighttime 800-1 200 m 1 200-2 000 m

Ultimate configuration Daytime 0 0 100-250 m
Nighttime 0 500-700 m 700-1 100 m

T h e  m ain  facts of in te re s t  to the fu tu re  user of D ifferen tia l  O m ega 
off  w este rn  E u ro p e an  coasts  a re  the p re sen t  m ean  accuracy  reached  w ith  
th is  nav iga tional mode a n d  the  tren d  to be expected from  the  two im p o r ­
tan t  s teps  p lan n ed  in O m ega sys tem  operation.
- -  S tep 1 : P re se n t  s ta tu s ,  f igure  15.

S ta tion  A, A ld ra  : 2 k W ;  S ta tion  B, T r in id ad  : 1 k W ;  S tation 
D, F o re s tp o r t  : 200 W .

—  Step 2 : D u r in g  1973, f igure  16.
S ta tion  A, A ld ra  : 10 k W  ; S ta tion  B, T r in id ad  : 10 k W  ; S tation 
D, N orth  D ak o ta  : 10 kW .

—  Step 3 : 1974-1975 s ta tus ,  f ig u re  17.
All O m ega s ta tions  : 10 kW.

D ifferen tia l  O m ega could be found of in te re st  as ea rly  as the la tte r  
p a r t  o f  1973 off w este rn  E u ro p e a n  coasts. T h is  could be ex tended  all over 
the  w o rld  at little cost f rom  1974-75.

As ea r ly  as 1973 the use of a correc tion  t ran sm it te r  co n s tru c ted  along 
the  above described lines, i.e., l igh t in w eight and  low in opera t ing  costs, 
capable  of being  ins ta lled  in a few h o u rs  by two m en only, could be of 
g rea t  value, in some a reas  lack ing  even m ed ium  accu racy  navigation  
system s, to solve the p rob lem s assoc ia ted  w ith  the  opera tion  of research  
a n d / o r  exp lo ra t ion  p ar tie s  w o rk in g  on a sh o r t  t ime basis. T h is  applies to 
f ish ing  vessels, geophysical exp lo ra tion , an d  various reconna issance  w ork.



F i g .  1 5 .  —  A ccu racy  o f  D i f f e r e n t i a l  
Om ega  v e r su s  d is t a n c e ,  a t  p r e s e n t  
t im e  (Oct. 7 1 )  (W es t  E u r o p e a n  co as ts ) .

F i g .  16. —  A c cu racy  o f  D i f f e r e n t ia l  
O m ega,  e x p ec ted  f o r  t h e  e n d  o f  1973, 
on  W e s t  E u r o p e a n  c o a s t s  (A, B a n d  D 

s t a t i o n s  a t  fu l l  p o w e r ) .

F i g .  17. —  Accuracy  o f  D i f f e r e n t ia l  
O m ega ,  ex p ec te d  f o r  1974-1975, f o r  a ll  
t h e  w o r ld  (A to H s t a t i o n s  a t  fu l l  

pow er) .
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