
DETERMINATION OF FIXED ERRORS IN NAVIGATIONAL
(AND HYDROGRAPHIC) DECCA CHAINS

by P. O. F a g e r h o l m  and  A. T h u n b e r g  
Swedish H ydrographic D epartm ent

A rticle received in Decem ber 1963

Due to varia tions in  electrical ground conductivity, w hich causes 
varia tion s in  phase propagation  velocity, the Decca p a tte rn s  show som e 
irreg u larities . This is especially the case w hen conductiv ity  over land  is 
bad and differs substan tia lly  from  th a t over w ater, as in  Sweden and o ther 
countries w ith  m oraine and surface rock geology.

W hen  the Swedish H ydrographic Office s ta rted  its f irs t Decca surveys 
w ith  its own hyperbolic survey chain  these unforeseen d istu rbances caused 
a great deal of trouble. W ith  the assistance of Mr. Hugo L a r s s o n  as consu l
ta n t to the H.O., a m ethod of surveying and  in terpo la tion  of the fixed e rro r 
curves w as developed. (See In te rna tion a l H ydrographic Review, Novem ber 
1949 and May 1956).

The sam e system  in  principle was used in  the  next two positions of the 
survey chain, and  also for the B altic nav igational chain  w hen it w as 
estab lished in  1957.

T here was m uch discussion in Sweden, and  there  still is in  o ther 
countries, as to w hether Decca lattices on navigational charts  should be 
corrected for the constan t fixed  error or land corrections, as we call them , 
by a lte ring  th e ir  sign. In spite of the fact th a t considerable survey resources 
(sh ip’s tim e) have to be used for the field w ork, and  the  fa ir draw ing of 
the  la ttices becom es som ew hat m ore com plicated, the N ational Board of 
S hipping and  N avigation has found it advisable to raise the quality  of the 
system  in  o rder to assist the navigator, as well as to elim inate the risk  of 
add ing corrections w hen they  should be sub trac ted  or vice versa. Conse
quently  we do no t accept the halfw ay idea of m aking  sparsely  d istribu ted  
fixed e rro r determ inations, and of p resen ting  them  in  tables.

T he nex t (and last) position of our survey chain  (1959-60) w as in  the 
Bay of B o thn ia w here, as usual, the F in n ish  and  Swedish survey ships 
cooperated very closely, using the sam e chain  and  the sam e control station . 
A fter estab lish ing the Decca stations the  firs t ta sk  w as to determ ine the



land  corrections —  in  th is  case w ith  the  following som ew hat modified 
procedure for the  calcu lations. T he m ethod w as w orked  out by Mr. 
A. T h u n b e r g , head  of the R esearch and  D evelopm ent Section of the H. O. 
T he en tire  operation  w as superv ised  from  the  survey po in t of view by 
Mr. F. W e s t e r b e r g . The k in d  asistance of Mr. Hugo L a r s s o n  in  the  
in te rp re ta tio n  of the resu lts  w as m ost beneficial to th e ir  h igh quality.

T he sex tan t angles (and the  trig , s ta tion  num bers) w ere sent by radio 
every evening from  the F in n ish  and  Swedish ships to the control station , 
and  w ritten -up  as records. T he records w ere b rou gh t to a nearby telex- 
station , punched in to  a telex-tape and  sent by w ire to Stockholm . In a 
data-processing centre a big electronic com puter (Facit EDB) was fed w ith  
a special program m e —  coord inates for all trig , sta tions in  the area and  
the  telex data. The figures in the colum n to the righ t (fig. 2a and  2b) in  
every data  group w ere check sum s, com puted on board  the  ships in order 
to verify correct d a ta  tran sm iss io n  by radio and telex. T he ou tp u t (on 
telex-code) was the  theoretica l Decca values for the  checking po in ts as 
well as the half axes of an  “e rro r para lle log ram ”, assum ing a u n it e rro r 
in  each sex tan t angle of 1 m in u te  of arc. T his was certa in ly  too low a 
value ! The telex-tape was tran sm itted  by telephone line to the telex 
sta tion  near the control sta tion  and  th e  resu lts sent the  last p a rt of the 
w ay by radio to the ships. In the  ships, in  th is m anner, the values could, 
w hen needed, be available w ith in  a few hours and be com pared w ith  the 
decom eter readings. The need for ex tra  checking poin ts could consequently  
be analysed before the ship proceeded along the coast.

W hen, together w ith  F in land , two new navigational Decca chains 
w ere established in  1961-62, covering the Gulf and Bay of Bothnia, it was 
decided to continue w ith  the  p rincip le of determ in ing  fixed erro rs and  
p rin tin g  charts  w ith  corrected  Decca lattices. In  o rder to assist the 
nav igators w hen passing the  narrow s betw een the Gulf of B othnia and the  
Bay of B othnia, it w as also decided to  produce a new ch a rt (scale 1/125 000) 
over th a t F innish-Sw edish area, b u t only  a Decca chart. T his ch a rt (D 515) 
has been produced jo in tly  by the  H. O.’s of the  two countries. As it 
con ta ins specific cartographic  details it has been separately  produced.

It w as decided to carry  ou t a F innish-Sw edish  de term ination  of land 
corrections according to a com m on plan , and w ith  the  calcu lations (electron
ically) perform ed in  Sweden. F in lan d  used the trad itio nal resection system  
w ith  sex tan t angles tak en  from  the ships. Sweden planned  to use th a t 
system  to a certa in  extent, b u t also to use H ydrodist and  shore-based 
theodolites.

There w ere two shore groups, each one w ith  one H ydrodist rem ote, 
one theodolite and one VHF set. W ith  th is  set-up red u n d an t observations 
could norm ally be taken, w hich is ra th e r  seldom the  case in  hydrog raphic  
surveys, in  con trast to geodetic and  topographic surveys. F u rth erm ore  
th is  set-up gave a good safety m arg in  for in s tru m en t trouble, bad visibility, 
m oving tim e for shore groups, etc. The m ajo r benefit of H ydrodist was its 
h igh accuracy (±  1 m ), w hich could be obtained very fa r  out (m axim um  
abou t 70 km ) w here, even if lan d  m ark s  and  shore fixes had  been visible,



INPUT DATA SENT FROM THE SURVEY SHIPS BY RADIO AND TELEX TO THE COMPUTER 
CENTER IN STOCKHOLM. RESECTION WITH SEXTANT ANGLES.

U/ /F ô lje r  data till uppdragsnummer 0885. Matningarna 
utfôrda av Nautilus den 25.6 1962 inom omrâde 1 
och avse deccakedja 5. Rod blankett. / /

U/ + 1731® + 10® + 46©  + 59® + 48®  + 78©  + 51® + 3 3®  + 984® + 779 © + 166® / -  3985® /

U/ + 1800 + 46 + 65 + 27 + 32 + 55 + 28 + 58 + 368 + 113 + 759 / -  3351 /

U/ + 1821 + 46 + 70 + 21 + 32 + 69 + 58 + 58 + 970 + 005 + 237 /-3 3 8 7  /

(Information about 
sship, date, 
(D ecca-chain , etc.

Data from one 
sextant-observ. and 
^corresponding 
D ecca-readings

®  Observation-time

Number of the three 
fix-points used

©  Measured angles 
(degrees)

®  Measured angles 
(minutes)

©  Decimals in the D ecca-readings 
(red, green, purple)

®  Check-sum

OUTPUT DATA FROM THE ELECTRONIC COMPUTER

F ô lje r  data t i l l  uppdragsnum m er 0885. M atningarna
utfôrda av N autilus den 25.,6 1962 inom om rade 1 och
avse deccak ed ja 5. Rod blankett.

1731 © 1 4 0 ,8 9 1 ® 1 6 4 ,732  © 4 ,3 3 8  ©
- 0 ,9 8 4 © -0 ,7 7 9  © 0 ,1 6 6  ©
- 0 ,0 9 3 © -0 ,0 4 7  © 0 ,1 7 2  ©

6 , 5 ©  5 5 ,9 © 5 ,1 ©  3 8 3 ,8  ©

1800 1 4 3 ,3 1 4 163,061 4 ,9 2 0
0 ,3 6 8 0 ,113 0 ,7 5 9

-0 ,0 5 4 -0 ,0 5 2 0 ,1 6 1
5 ,3  378 ,1 4 ,5 6 8 ,0

1821 1 4 4 ,945 160 ,972 5 ,4 2 4
0 ,9 7 0 0 ,0 0 5 0 ,2 3 7

-0 ,0 2 5 -0 ,0 3 3 0 ,1 8 7
4 ,5  3 6 2 ,7 2 ,7 6 2 ,0

! Inform ation about sh ip , date, 
D ecca -ch a in , e tc .
Repeated on the output data sh ee t.

/"Results for one 
S sex ta n t-fix  with  
(correspon ding  
\ D e cca -rea d in g s.

®  O bservation  tim e  
®  Com puted hyperbola - 

num bers  
®  D ec im a ls  in the 

D e c ca -rea d in g s

(1¾ n 11Sr L a n d -co rrectio n s
©  H a lf-a x es  of the " erro r -

p a ra lle llo g ra m " .
^  The d irec tio n s (cen tigrad es)

of the h a lf -a x e s .

F ig . l a .



INPUT DATA SENT FROM THE SURVEY SHIPS BY RADIO AND TELEX TO THE COMPUTER 
CENTER IN STOCKHOLM. POSITION DETERMINATION WITH HYDRODIST, 

THEODOLITES OR HYDRODIST + THEODOLITE.

U / /GK L den 2 1 .6 . Kedja 5 GrOn b la n k e t t ./ /

U /  + 9 51®  + 202 ©  + 0 8 4 8 ,9 6 0 ®  + 0 ©  + 0 ®  + 0 ®  + 0 ®
+ 010©  + 3 12©  + 584©  + 2 0 2 ®  + 18437 ©  + 0 ©  + 0 © /- 8 6 9 6 5 8 © /

U / + 1017 + 202 + 0551 ,9 2 0 + 0 + 0 + 0 + 0
+ 870 + 662 + 522 + 202 + 19112 + 19 + 24298 /-5 9 8 8 2 4 /

U / + 1117 + 0 + 0 + 0 + 0 + 0 + 0
+ 294 + 027 + 665 + 202 + 24726 + 19 + 2 6186 /-5 3 2 3 6 /

U / + 1144 + 0 + 0 + 19 + 1 4 5 2 ,2 9 9  + 0 + 0
+ 445 + 466 + 587 + 202 + 22387 + 19 + 2 0 1 9 5 /-1 4 9 7 7 6 3 /

U / + 1231 + 0 + 0 + 0 + 0 + 0 + 0
+ 226 + 125 + 900 + 202 + 33593 + 19 + 27216 /-6 3 5 1 2 /

U / + 1453 + 36 + 0479 ,971  + 58 + 0292 ,6 2 0  + 0 + 0
+ 341 + 827 + 0 + 0 + 0 + 0 + 0 /-7 7 5 3 0 6 /

Inform ation about
sh ip , date, D ecca-chain ,
e tc .

Data from  one 
theodolite + H ydrodist 
ob servation

®  O bservation tim e  
©  T rig -p o in t num ber

(th eod o lite-sta tion  ash ore)  
©  T rig -p o in t num ber

(H ydrodist-station  ash ore)

®  G eodetic azim uth  
ob served  tow ards 
the ship  

®  D istan ce  to the 
ship

©  D ec im a ls in the D ecca -rea d in g s  
(red , g reen , purple) 

©  C h eck -su m .

OUTPUT DATA FROM THE ELECTRONIC COMPUTER

951© 10010 ® 44.897 © 56.227 © 0.090 ©
10 © 312 © 584 ©

- 113 © - 85 © - 494 © - ©
1017 10011 39.760 60.598 0.137

870 662 522
- 110 -  64 - 385 2 .6 5

1144 01011 35.454 67.431 1.225
445 466 587

9 - 35 - 362 0 .9 8
1231 00011 0.261 32.065 38.081

226 125 900
35 - 60 181 -

1453 11000 21.326 29.894
341 827

- 15 67
O  O bservation tim e  
©  F iv e  ch a ra cters  

ind icating the 
com bination of 
theodolite  and 
H yd rod ist-ob servation s

©  Com puted
hyp erb ola  num bers  

©  D e c im a ls  in  the 
D ecca -rea d in g s  

©  " L an d -correction s"

©  The d istan ce in 
m e tre s  betw een  
X - and Y - coord in ates  
com puted two d ifferent  
w a y s, if redundant 
ob servation s are  taken.
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the position accuracy of the sex tan t resection w ould be fairly  low. The 
high accuracy is obviously not needed for safe navigation but  is of great 
value for the in te rp re ta tion  of the erro rs and in terpo lation  of the correction 
curves.

The operation  proceeded according to p lan  under the operational 
leadersh ip  of Captain S t a r e , head of the Survey Section, and w as quite 
successful. The num ber of check points (in groups of 3 or 5) was 595 
Swedish and 591 F inn ish . About 400 H ydrodist distances were m easured 
and 360 theodolite readings (angles) taken. The operation  lasted  from  
28/V  to 24/V II in  1962, and the following ships were engaged :

From  the Swedish H. O. :
Gustav af Klint, (650 tons), w ith  H ydrodist (15 /V I-24 /V II),
Nils Strômcrona, (150 tons), w ith  sex tan ts only (28/V -24/V II) ; 
Tam an ,  (60 tons), m ainly as a tran sp o rt ship.

From  the F innish  H. O. :
Nautilus, (30/V -19/V II) ;
H yôky,  (31/V -19/V H );
Airisto, as extra control station  (1/V I-19/V II).

The plotting and in terpre ta tion  of the resu lts (F inn ish  and Swedish) 
were m ade in the Swedish H. O. in Stockholm , and not on board. The ships 
were given orders by radio w hen to proceed, or w hen to repeat a check 
m easurem ent, etc.

Fig. 1 a and lb  show the resu lts from  electronic com putation  of land 
corrections.

Fig. 2a and 2b show the form s used.
Fig. 3a-e show the final resu lts of the operation  —  the correction  

curves for the two chains.
As consu ltan t in the analysis Mr. Hugo L a r s s o n  has been an in d i

spensable help. He has been assisted by Captain S t a r e  and cartographer 
S j ô l i n .

As th is fixed-error survey m ay be one of the m ajo r ones, it has been 
though t to be of in terest to o ther H.O.’s, as well as to o ther in stitu tio ns 
and persons. Of course, the resu lts of th is survey, as well as its practical 
accom plishm ent, contain a lot m ore experience and details w hich m ight 
be of in te rest to others, b u t tim e and personal resources do not perm it the 
production  of an extensive report.
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GULF OF BOTHNIA
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GULF OF BOTHNIA
NORTHERN PART
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DECCACHAIN No. 5 F

GULF OF BOTHNIA
NORTHERN PART
Fixed errors (1/100 of lane)
Green pattern



DECCACHAIN No. 5 F

GULF OF BOTHNIA

fixed errors (1/100 of tone);
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