
TEST OF THE OMEGA NAVIGATION SYSTEM 
AND OF A COMBINED LORAN A/C RECEIVER

by the Navigational and Electronics Departments 
o f the Royal Danish Navy 

and
the Royal Danish Hydrographic Office

IB H  N o te . —  This article is a slightly condensed abstract of a report received from  
the Royal Danish Navy.

The report contains a total of 64 graphs and plots but only 25 of these have been 
included in this article by  w ay  of examples of the measurements carried out.

The tests took place between 1 May and 1 October 1969 in Danish 
Home Waters, the Atlantic Ocean off the Faeroe Islands, and off the west 
coast o f Greenland.

The purpose o f the measurements was an attempt to evaluate the 
accuracy of both the Omega radio navigation system and the combined 
Loran A/C receiver when used within 15 nautical miles o f the coast line.

OMEGA NAVIGATION SYSTEM

Tw o single frequency Omega receivers ( P i c k a r d  and B u r n s )  were 
placed at the Royal Danish Navy’ s disposal from  1 May to 1 October 1969 
by the U.S. Navy’s Omega Navigation System Project Office, Washington, 
D.C.

Lane identification was not possible, but read-out o f three phase 
differences could be made simultaneously to w ithin l/100th o f a lane.

The receivers were provided with Rustrak recorders which contin­
uously recorded the three chosen phase differences.

The tests took place in three areas :
1. Danish Home W aters, with a fixed monitor in Frederikshavn 

(57°26'N - 10*32' E).
2. Davis Strait, off the west coast o f Greenland, w ith a fixed monitor

in :
a) Godthaab (64°10 'N  - 51“4 4 'W )
b) Groennedal (61-147 N - 48°07/W )



3. Atlantic Ocean, off the coast o f the Faeroe Islands, with a fixed 
monitor in Thorshavn (62°01' N - 6°46' E).

The tests included :
1. Measuring skywave correction (SW C) at the fixed monitor site, 

and a comparison of the measured with the tabulated SWC.

2. Testing the navigational positioning accuracy o f the system in the 
above areas by direct measurement with a shipborne receiver. Readings 
were corrected using the tabulated SWC.

3. Testing the navigational positioning accuracy o f the system with 
the readings in paragraph 2 above, using observed SW C at the fixed 
monitor. (The differential method).

COMBINED LORAN A/C RECEIVER

A  combined Loran A/C receiver (Furuno Loran Type LC-1, made in 
Japan) was placed at the Royal Danish Navy’s disposal by “ International 
Ship’ s Radio” , Copenhagen, between 1 June and 15 September 1969.

The tests took place in two areas :
1. Coastal waters off the west coast of Greenland;
2. Coastal waters off the coast of the Faeroe Islands.

They comprised :
1. Greenland : accuracy tests o f the receiver for both Loran A and 

Loran C.
2. Faeroe Islands : accuracy tests o f the receiver fo r Loran C.

ESTABLISHMENT AND USE OF A  FIXED MONITOR

One o f the Omega receivers was used as the fixed monitor station. 
The antenna was installed in a position previously computed in Omega 
coordinates. Readings were taken regularly at 2-hour intervals, except 
during the periods where measurements were taken for observation of the 
SWC or for checking the navigational accuracy. During these particular 
periods readings were taken at 15-minute intervals.

The readings at 2-hour intervals consisted of six signals from  each 
pair o f stations and the mean of the readings was recorded as well as GMT.

The readings at 15-minute intervals were taken continuously for over 
72 hours and consisted o f six signals from each pair o f stations. The 
readings commenced 30 seconds before and ended 30 seconds after 
H +  0"‘, H +  15"*, H +  30**> and H +  45"*, the mean of the six readings thus 
corresponded exactly to the GMT 15-minute intervals.

The observed readings were compared with the computed values and 
the difference was named Observed Skywave Correction (OBS SW C). These 
values were used in three ways :



1. They were plotted as graphs to show the observed skywave correc­
tion at the fixed monitor site.

2. The observed SWC was subtracted from the tabulated SWC and 
the result was plotted as a graph, thus showing if there was any constant 
difference.

3. The observed SWC was used on readings taken on the ship-borne 
receiver (the differential method).

INSTALLATION AND USE OF SIIIP-BORNE RECEIVERS

An Omega receiver and the combined Loran A/C receiver were installed 
in a naval ship with their antennae placed on the top o f the wheelhouse.

Readings and control positioning were carried out as follows : Simul­
taneous readings were taken on the Omega and the Loran receivers at 
H -(- 0m, H -f- 15™, H +  30"* and H -)- 45m G.M.T. A t the same time the ship 
position was established by horizontal sextant angles and/or radar range 
measurements to points ashore, the accuracy aimed at being less than 
100 metres. The ship was therefore at anchor where ever possible, or else 
steaming as slowly as possible.

The Omega readings were corrected for SWC since both tabulated 
SWC for the area (the direct method) and observed SWC at the fixed 
monitor site (the differential method) were being used.

In the waters around the Faeroe Islands when observing with Loran C 
it proved difficult for the operator to distinguish between the groundwave 
and the skywave signals. A ll the positions were therefore computed twice: 
firstly, from the readings as if both signals had been groundwave signals, 
and secondly, after the readings had been corrected for the value given 
on the Loran C chart o f the area. The two computations were named Loran 
Groundwave and Loran Skywave.

COMPUTATION AND PLOTTING METHODS

The final computation and plotting were as follows :

1. Danish Home Waters

Control positions by Decca observations using Danish Decca charts. 

Omega positions computed at the U.S. Naval Oceanographic Office. 

Loran positions were not observed.

Differences between the control and the Omega positions were plotted 
by hand at the Navigational Department of the Royal Danish Navy (N A V ).



b) Differential  Omega

MDE =  0.5 n.m .
SD =  0.4 n.m .

T he range from  m o n ito r to  sh ip-borne receiver seem s to  have no 
b earin g  on the  accuracy . T he ap p a ren tly  co n stan t e rro r observed during  
D irect O m ega has now  d isappeared . T h is is due to the fac t th a t  the erro rs 
a t bo th  m o n ito r an d  receiver a re  equal. T his is the g rea t advan tage of 
u sing  the d ifferen tial m ethod .

T he re su lts  w ould  have been b e tte r if noise level had  been less. In 
general the  sca tte r of th e  signals w as 5 centilanes.

ç )  L QT(iri A

MDE — oA  n.m .
SD =  5.8 n .m .

The large erro r, an d  th e  fact th a t  it w as only possible to  receive signals 
for one th ird  of the  to ta l n u m b er of m easu rem en ts a ttem pted , is probably  
th e  re su lt of the  sh ip  being too close to  shore (m axim um  d is tan ce  =  6 n.m .).

W hile  the ship  w as u n d erw ay  betw een the F aeroe Islan d s and 
G reenland  sim u ltan eo u s Om ega and  L oran  A observations w ere made, 
and  differences of 3-5 n.m . w ere noted betw een the two system s.

d) Loran C

MDE =  4.8 n.m .
SD =  5.3 n.m .

The recep tion  of L oran  C signals w as better, and  m easu rem en ts  w ere 
achieved for tw o -th ird s  of th e  to ta l nu m b er attem pted . T h is, together w ith  
th e  sh o rt d is tan ce  to  shore (a m ax im um  of 6 n.m .) is p robab ly  the  reason 
fo r th e  large scatter.

W hile th e  ship  was u n d erw ay  betw een the Faeroe Islan d s and  G reen­
lan d  L oran  C observations w ere com pared  w ith  sim u ltan eo u s Omega 
observations. T he difference was observed to  be 2-3 n.m .

3. Faeroe Islands

In  the  F aeroe Islan d s a rea  observations w ere grouped in to  tim e in tervals 
to  try  to  see if  there  w ere an y  connection  betw een the accuracies for daytim e, 
n igh t-tim e, an d  the  tra n s itio n  periods.

F o r O m ega these  periods w ere tak en  from  the  g raphs of observed SWC. 
Day and  n ig h t-tim e periods w ere those w here there w as no sign ificant 
ch an g e  in  th e  SWC. T h e  rem a in in g  tim e w as m ade u p  of th e  tran sitio n  
periods.

D ay period 10 - 20 GMT
N ight period  00 - 06 GMT
T ra n s itio n  periods 06 - 10 GMT and

20 - 24 GMT



F o r L oran  th e  periods w ere d e te rm in ed  by su n rise  and  su n se t tim es 
fo r th e  a rea  :

Sunrise 0535 GMT
Sunset 1915 GMT

T h u s :
D ay period 07 - 18 GMT
N ight period  2 1 -0 4  GMT
T ran s itio n  periods 04 - 07 GMT and

1 8 -2 1  GMT
a) Direct Omega

1. Day period :
MDE =  0.7 n.m.
SD =  0.6 n.m .

2. N ight period :
MDE =  1.4 n.m.
SD =  0.3 n.m .

3. T ran s itio n  periods :
MDE =  1.0 n.m .
SD - 0.6 n.m .

T he large sca tte r in  an  N W -SE d irec tio n  is caused  by th e  large lane- 
w id th  (27 n.m .) fo r B-D. T he sca tte r a ro u n d  A-B an d  A-D is m u ch  less 
(0.5 n .m .).

T he new  s ta tio n  D in  M innesota w ill im prove th e  geom etric co n fig u ra ­
tion. The new lanew id th  is expected to  be less th a n  h a lf  th e  p re sen t B-D 
w id th . T he fu tu re  site for a  s ta tio n  in  J a p a n  will a lso  give m ore possib ility  
of choice of phase  difference com binations.

b) Differential  Omega
1. D ay period  :

MDE =  0.4 n.m.
SD =  0.3 n.m .

2. N ight period :
MDE =  0.9 n.m.
SD =  0.4 n.m .

3. T ran s itio n  periods :
MDE =  0.4 n.m.
SD =  0.2 n.m .

The increase in  MDE d u rin g  th e  n ig h t period is  due to  th e  “n igh t 
efTect”.

The large sca tte r in  the  N W -SE d irec tio n  is caused  by th e  la rg e  B-D 
lanew idth , and  by a h igh  noise level a t the m o n ito r s ta tion  (abou t 5 cen- 
tilanes).

c) Loran C

T he o p era to rs  w ere u n tra in e d  and  d id  not find  it possib le to ob tain  
an  exact c lassification  of th e  m easu red  signal, an d  so in  view  of the



u n ce rta in ty  as to w h a t co rrec tio n  to  apply, co m p u ta tio n s for bo th  sky 
an d  g round  w aves w ere m ade.

1. G roundw ave
a) D ay period  :

MDE =  1.1 n.m .
SD — 0.7 n.m .

b) N ight period  :
MDE =  3.8 n.m .
SD =  1.3 n.m .

c) T ra n s itio n  periods :
MDE =  2.1 n.m .
SD =  1.4 n.m .

2. Sky wave
a) D ay period  :

MDE =  2.8 n.m .
SD =  0.7 n.m .

b) N igh t period  :
MDE =  2.3 n.m .
SD =  1.3 n.m .

c) T ra n s itio n  periods :
MDE =  2.3 n.m .
SD =  0.8 n.m .

It is assu m ed  th a t th e  signal fro m  th e  M aster s ta tio n  is a groundw ave 
signal. T he ran g e  to the  M aster is less th a n  60 n.m . T he classification  of 
the  Slave signal is m ore difficult, b u t we have w orked  on th e  assum ption  
th a t a  g roundw ave signal is m easu red  in  the  day tim e, an d  a skyw ave 
signal a t n igh t-tim e, w h ile  d u rin g  th e  tran s itio n  periods b o th  signals were 
m easured .

O n th is  basis  th e  follow ing accu racy  has been achieved for L oran  C 
in  the  Faeroe Islands area  :

a) D ay period  :
MDE — 1.1 n.m .
SD =  0.7 n.m .

b) N ight period  :
MDE =  2.3 n.m .
SD =  1.3 n.m .

c) T ran s itio n  periods :
MDE =  2.2 n.m .
SD =  1.2 n.m .



CONCLUSION

Direct  Omega

T he tests  show ed th a t  the system  can  be used  in  th e  N orth  A tlan tic  
region an d  in the  D avis S tra it fo r b o th  oceanic an d  coasta l nav igation , 
since w hen  passing  the  G reenland  icecap th ere  ap p eared  to  be no adverse 
effect on  signals. An accu racy  of 1 n .m . (day) an d  2 n.m . (n igh t) can  be 
assum ed .

T he m oving of s ta tion  D and  the  estab lish m en t of a s ta tio n  in  J a p a n  
will im prove the  system  in  these a reas . A fu r th e r  im provem en t w ill be 
Om ega lane ch a rts  a t la rg er scale, since the p resen t 1 /2  188 800 c h a rts  
are  no t sufficiently accu ra te  for n av ig a tio n  in  coastal w aters .

Differential  Omega

By the estab lishm en t of a fixed m o n ito r  site ash o re  a g rea t im provem en t 
in  accu racy  can  be achieved in ce rta in  a reas  for special purposes.

T he accuracy  of 0.5 n.m . d u rin g  th e  day tim e up to  a  range  of 200 n.m . 
can be im proved to abou t 0.25 n.m ., a f te r  s ta tion  D h as  been m oved an d  is 
tra n sm ittin g  w ith  m ax im um  pow er, by  im proving  th e  fixed m o n ito r s ta tio n  
in sta lla tio n , by b e tte r in s tru m en ta tio n  an d  by using  la rg e r scale ch a rts .

Loran A /C

T he com bined receiver can  be used  in  the  N orth  A tlan tic  region an d  in  
the Davis S tra it w here th e re  is L o ran  coverage prov ided  th e  position  is 
m ore th a n  20 n.m . from  th e  coast. T he accuracy  of 1-2 n .m . ob ta ined  w ith  
L o ran  C off the coast of th e  Faeroe Is lan d s  is likely to  decrease as th e  ran g e  
to th e  M aster s ta tio n  increases.

An im provem ent in  the L oran  system  can be achieved th ro u g h  th e  
p u b lica tion  of SWC tab les as is a lre ad y  the  case w ith  th e  O m ega system . 
An im provem en t in  ch a rts  is also necessary .



OBS SWC 1* 12
A-B

14 1 (  IS  2* 22 24 «NT

1 10 O U  s o i m
JOT 19 6 9 , i I m h  OMT -  l6 « 7 o o  0*0

LOP 6 6 7 .6 7
TAB FT 56,»*V -1»,**K

TAB-OBS SWC A-B

XBO0LP M i n i
JU I 1969? • ! • • • • - 01H -  l6 o 7 « «  OUT

LOP 66 7 .6 7  
TAB FT 5« ,

Note.  —  F o r  th e  f i r s t  te n  p a ir s  o f g ra p h s , th e  u p p e r  show s th e  o b se rv ed  sk y  w ave 
c o rre c tio n  in  h u n d r e th s  o f la n e  o v e r 24 h o u rs , a n d  th e  lo w e r  th e  d iffe re n c e  b e tw een  
th e  ta b u la te d  a n d  th e  o b se rv ed  sky  w av e  c o rre c tio n  a t  th e  sam e  p lace  an d  fo r  th e  sam e 
p e rio d .



OBS SWC B-D

IIOOLF OOK0B
jm i 1969» o u t  -  u « 7 « «  om

LOP 9 6 7 .n  
TAB n  5*.

TAB-OBS SWC B-D

. 1*,* 
a,* 
6»« 
4.« 

2»* 
e

-  2, .

- 4t •
• 6,*

IVOOLP DOK0SI
jm r 1969,  t i M N  o m  .  16*1—  o r*

LOP 9 6 7 .7 1
«AS FT 5 6 » e * V -l« ,» al



OBS SWC A-D
1* 12 14 16 l a  2* 22 24

IVOOU DOE0EI
j ï ï i  1969» •!— —  a m  -  161900 o n

LOP 735 .5«  
TAB FT 5 6 ,• '

TAB-OBS SWC A-D

XIOOIT DOKflSW
JD I 1969» o lo o » o  OUT -  16oT»« SKY

M ?  735 .5«  
T i l  FT 56,



OBS SWC B-D

rSDKBIKSSATI
JD I 1969* 0)0900  c m  -  160700 o n

TAB-OBS SWC B-D

m s n z n i i T i
JW 1969» 090900 o n  - 160700 OHf

LOF 971*10
TAB PT 56»0*V -10t 0*K



OBS SWC A-B

OODTKll LOf 7 9 5 .3 »
m  M 22 m  0 »  .  AM 0314m  M B 1969

TAB-OBS SWC A-B

eO M lll 1*0? 795« jo
JVL 2 6 2 2 m  OR* -  ADO o314oo OUT 19*9 TAB ft 64*1 -  )2*V



OBS SWC B-C

TAB-OBS SWC B-C

GODTEiB
JOL 2B22M 0 0  -  100 an 1969

LOF 8 1 « .2 J
M B R  64*V -  92>«*V



OBS SWC A-D

OODTals top 9o5.54
J U l  2 6 2 2 * 0  O f f  -  AOB »3 1 4 o o  O f f  1 969

TAB-OBS SWC A-D

GODTElB LOP 905.54

J V L  2 6 2 2 0 0  -  AO8  » 3 1 4 » «  O f f  1 9 * 9  TA B  P T  6 4 * 1  -  52**



SMIVEDAl.
A00 1969» !•«<

LOF 7 9 » .56
<HtT -  ONT

TAB-OBS SWC B-C

ATO 19*9 t !« •« •©  CW -  14ee«o O R
LOP 7 9 « .56
TAB FT 62*1 -  $ • ,* • ¥



THQftSHATI
sip  1969* •ru—  our -  1524** <

lop 692.9e

TAB-OBS SWC A-B

TBOSSHATV
S I P  19 6 9 .  o 71 2 o o  OW -  l ) 2 4 o «  o n

LOP 692 . 9 «

TAJ FT 62*1 -  7*W



OBS SWC A-D

n o n u n  lo p  774.42
u r  1969, o r  -  i ; 24m  a n

TAB-OBS SWC A-D

n e u u T v

S ir  1969» «712** tm -  1924M o r
LOP 774 .4 2
TAB TT 62*1 -  T*W



OMEGA. DIRECT N GREENLAND



OMEGA. DIRECT THE FAROFS

OMEGA, DIFFERENTIAL n THE FAROES
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