
THE DECCA NAVIGATOR 
AS A N  AID TO  HYDROGRAPHIC SURVEY.

N ote  o f the H . B.

Since the publication in the International Hydrographic Review  ̂Vol. X X IV  No. 1，May, 1949, pages 13 

to 25，of an article on the above subject communicated by C. P o w e l l  of the Decca Navigator Company, 
the I .  H . B. has received a new issue of the Company’s Technical Handbook “ The Decca Navigator as 
an Aid to Survey”  issued in May, 1950，in which the Section on Error Theory has been re-written and 
new data have been included on equipment and on operating techniques.

Extracts from this new information appear hereunder and should be substituted for or added to 
tha t given in the May, 1949，L H. Review.

ERROR T H E O R Y .

The Root Mean Square E rro r.
R andom  errors g ive  rise  to  a va riab le  d isp lacem en t o f  the  p o s itio n  lin e s  about th e ir  

com pu ted  p o s itio n s , o f  a m p litu d e  dependent on  the Standard D e v ia tio n  o f  the  frequency 
d is tr ib u t io n  o f  such  errors, and  i f  the  fo rm  o f  th is  d is tr ib u t io n  is  k n o w n  the  expecta tion  
o f  an e rro r o f any g ive n  m ag n itu d e  can be p red ic ted . T h e  “ G aussian”  or N o rm a l d is tr ib u t io n  
g ives the  best genera l f i t  un d e r the re la tiv e ly  short-range d a y lig h t-o p e ra tin g  co n d itio ns , 
o b ta in in g  in  su rvey w o rk  ; the  Standard D e v ia tio n , th o u g h  se n s ib ly  constant in  d a y lig h t 
over the  w h o le  su rvey area, depends to  some extent on  te rra in  and  o ther factors a lready 
discussed.

A  co m b in a tio n  o f  the  effects o f  random  m ovem ents in  the  tw o  p o s itio n  lin e s  resu lts 
in  a spread o f  Decca p lo ts  about the  true  geograph ica l p o s itio n  o f the rece iver. T o  describe 
the l ik e ly  degree o f  u n ce rta in ty  o f  a s ing le  Decca f ix  taken  at th is  or any p o s itio n  in  the 
coverage, the  R oo t M ean Square e rro r c r ite r io n  is  used. T he  r .m .s . e rro r is  g ive n  b y

\ /  ®12 +  o22 +

where

where

drms =  cosec ß y  +  a 22 +  2 r  o x a 2 

ß is  the  ang le  o f  cu t betw een the p o s itio n  lines
t  is  the  co rre la tio n  coe ffic ien t betw een the d e v ia tio n  o f  the  R ed and  Green co­

ord ina tes fro m  th e ir  m ean values 
a 1 is  the  Standard D e v ia tio n  o f  the  R ed co -ord ina te  in  u n its  o f  d is tance, de rived  

as fo llo w s  :
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a_ is  the  Standard D e v ia tio n  o f  the  Red co -o rd ina te  in  Lanes,Jtv
W r  is  the  lane w id th  on  the  Red baseline,

is  the  ang le  subtended b y  the  Red baseline at the  p o in t o f  obse rva tion . (H ence

Yr
cosec ---------- b y  w h ic h  W r  is  m u lt ip l ie d  to  g ive  the w id th  o f the  Lane a t the

observa tion  p o in t, is  te rm ed  the  “ Lane E xpans ion  F ac to r” ). 
a 2> ac> W 。， y g s im ila r ly  fo r the  Green co -ord ina te .

T he  r.m .s . e rro r can be described as the rad ius  o f a c irc le , w h ic h  s ym m e tr ica lly  d raw n  
on the f ix  d is tr ib u tio n , inc ludes  a p p ro x im a te ly  6 ; %  o f the  p lo ts  ; in  o ther w ords the odds 
against a s in g le  Decca p lo t fa ll in g  outs ide th is  c irc le  w o u ld  be tw o  to  one. T h is  p ro b a b ility  
le ve l is  the  one g e n era lly  used in  e s tim a tin g  Decca errors fo r su rvey purposes b u t i t  is w o rth  
n o tin g  tha t a c irc le  o f  tw ice  th is  rad ius inc ludes some 95 %  o f the  p lo ts .

Estim ates o f the  Standard D e v ia tio n  and co rre la tion  coe ffic ient have been made on 
the basis o f  the  resu lts  observed on opera tiona l chains. O ver an area in  w h ic h  a Decca 
cha in  is l ik e ly  to  be used fo r su rve y in g , the co rre la tion  coe ffic ien t b y  d a y lig h t is  in  general



a sm a ll po s itive  q u a n tity  a n d  can be ta k e n  as zeto w ith  n e g lig ib le  effect on  the va lue o f  the 
r .m .s . e rro r. T h e  M ea n  La n e  is  de fined  as h a v in g  a w id th  o f  500 metres measured a long  
the  base line, w h ic h  is  ro u g h ly  the  m ean o f  th e  Red and  Green lane w id th s .

T a k in g  .01 M ean Lanes as a representa tive  va lue  fo r  the  S tandard D e v ia tio n , the factors 
in  the  fo rm u la  reduce to

W „  — 0^ =  5 m etres 
R R G G ^

5 cosec ß metres

is  a fu n c t io n  o n ly  o f  the Standard D e v ia tio n  and the  angles subtended 
th e  p o in t o f  obse rva tion . T h is  fo rm u la  is  used in  c o m p u tin g  the 

accuracy contours a fte r a p p ro p ria te  convers ion  fro m  m etres to  feet, 
fo r  baselines at 1200.

and  the  t .m .s . e rro r 
b y  the  baselines at

F ig . i  shows contours

F IG . 1.
Accuracy contours in  feet for Baselines a t 120°.

T he  r.m .s . e rro r as de fined  above is  a “ conserva tive ”  c f ite r io n  in  the  sense th a t i t  
is  expressly designed to  take  no account o f  th e  d ire c tio n  in  w h ic h  the  e rro r displaces the  
Decca f ix  fro m  the  true  p o s itio n . T he  e rro r d is tr ib u t io n  is  o f  e ll ip t ic a l fo rm , the  ra tio  
o f m a jo r to  m in o r  ax is  inc reas ing  w ith  range fro m  the  cha in . A t  a g ive n  observation  
p o in t, there fore , the  e rro r m ay be cons ide rab ly  less in  a ce rta in  d ire c tio n  than  the r .m .s . va lue 
assigned to  th a t p o in t. T h is  assumes p a rtic u la r  im p o rta n ce  in  a if-su rve y  tra c k in g  b y  the



T ra c k  G raph m ethod  described hereunder. I n  the  H o m in g  m ethod  o f tra c k in g , in  w h ic h  
the sh ip  or a irc ra ft is  steered a lo n g  a Decca p o s itio n  lin e ,  p re d ic tio n  o f  t ra c k in g  accuracy 
is  g iv e n  s im p ly  b y  a x, a 2.

T h e  fig u re  b e lo w  shows the com pu ted  R ed  and  Green p o s itio n  lin e s  passing th ro u g h  
the  obse rva tion  p o in t P and the  “ e rroneous，，p o s itio n  lin e s  d isp laced  p lu s  and m in u s  ctx, 
¢72 fro m  the  com pu ted  lin e s . A s su m in g  th e  S tandard D e v ia tio n  to  correspond to  a p ro ­
b a b ility  le v e l o f  6 8 .26 % , the  p a ra lle lo g ra m  fo rm e d  b y  the  d isp laced  p o s itio n  lin e s  w o u ld  
con ta in  68.26 X 68.26 equals 46.60 %  o f  a la rge  n u m b e r o f  fixes ta ke n  at P . As a lready stated, 
the  c irc le  d ra w n  about P o f  rad ius  equa l to  the  f.m .s . e rro r w o u ld  con ta in  a p p ro x im a te ly  
6 5 %  o f  the  p lo ts , the exact percentage b e in g  dependent on the ra tio  o f  m a jo r to  
m in o r  ax is  o f  the  e llip se  (te rm ed  the  a -e llip se ) enclosed b y  the  pa ra lle lo g ra m .

I t  can also be show n th a t the  d istance co rre sp o n d ing  to  the  r .m .s . e rro r is equa l to  the 
hypotenuse o f  the  tr ia n g le  fo rm e d  b y  the  ha lf-axes a9 b o f  the  a -e llip se .

drm s  =

System atic E rro rs .
I f  the  m ean observed 

va lue fo r  th a t p o in t,  and 
erro r

Decca co -o rd ina te  
the  d iffe rence re rr

at g iv e n  p o in t d iffe rs  fro m  the  com pu ted  
una lte red  w ith  the  t im e , a system atic  

the  pa tte rn  is  sa id  to  ex is t at th a t p o in t.  N o  satis factory th e o ry  so fa r has been 
g ive n  to  account fu l ly  fo r  errors o f  th is  ty p e , w h ic h  resu lt a lm os t e n tire ly  fro m  effects 
ta k in g  p lace a lo n g  the paths be tw een the  tra n sm itte rs  and the  receivers.

A n  o ve ra ll system atic  e rro r w o u ld  re s u lt fro m  an in co rre c t assum p tion  o f  the  m ean 
v e lo c ity  o f  wave p ropaga tion  in  c o m p u tin g  the  basic  h y p e rb o lic  pa tte rn .

F ro m  tr ia ls  ca rried  ou t w ith  exp e rim e n ta l tran sm itte rs  and subsequent theo re tica l studies» 
three e m e rg in g  p o in ts  sho u ld  be borne  in  m in d  :

⑷  F ro m  a b road  kn o w le d g e  o f  the  cha racte ris tics  o f  the  te rra in  to  be covered b y  a 
proposed cha in , v e lo c ity  va lues can be chosen fo r  d iffe ren t areas in  the  coverage 
w ith  a re s u lt in g  re d u c tio n  o f  the  l ik e lih o o d  and  the  values o f  system atic  e rro rs. 

(¢) I t  is  poss ib le  to  reduce the  lik e l ih o o d  o f  system atic  errors over m u c h  o f  the  
coverage b y  m a k in g  e m p ir ic a l d e te rm in a tion s  o f  the  e ffective  v e lo c ity  o f  p ropa - 
g á tio n  a lo n g  each base line.



(c) O ne v isu a l ch e c k -fix  m ay serve to  reduce system atic errors to  a n e g lig ib le  
le ve l over an area o f hundreds o f  square m iles  a round  the p o in t at w h ic h  
the  observa tion  is m ade. I t  is , o f course, assumed as a genera l p r in c ip le  tha t 
some degree o f v isu a l co n tro l w i l l  be exercised in  any tad io-assis ted survey, even 
th o u g h  th is  o ften  am ounts in  p ractice  o n ly  to  a s in g le  observa tion  at the start o f 
each d ay ’s w o rk in g .

I t  sh o u ld  be noted th a t the d e fin it io n  o f errors as system atic  in  t im e  is  fu l ly  
v a lid . T he re  is , in  fac t, no set o f co n d itio n s  va riab le  w ith  t im e  tha t can affect g ro u n d  
c o n d u c tiv ity  to  a su ffic ie n t dep th  o ther th a n  a large-scale in u n d a tio n  o f several feet. N o  
change in  fixe d  errors in  the E n g lis h  ch a in  has been detected u nder any weather 
co n d itio n s . T h is  p o in t assumes p a rticu la r im portance  in  geophysica l su rve y in g , in  w h ic h  
i t  m ay be necessary to  re tu rn  on  successive occasions to  a spot whose Decca co-ord inates 
have been p re v io u s ly  observed and recorded.

T H E  SURVEY EQ UJPM ENT.
T w o  a lte rna tive  types o f tra n s m itt in g  s ta tion  are ava ilab le  fo r su rve y in g , designated 

Transportable and Lightweight. Receivers are the same fo r each type .
T he  Transportable Survey Chain (F ig . 3) i s 〔constitu ted  by : three Transmitting Stations 

(each one b e in g  s im ila r  in  co n s tru c tio n ), c o m p ris in g  the fo llo w in g  u n its  :

! C rysta l O sc illa to r (M aste r o n ly ).
Phase C o n tro l U n it  (Slaves o n ly ).

D r iv e  u n its .
P ow et a m p lifie rs .
T a n k  u n it .

I n  a d d it io n  to  the basic item s lis te d  above, a com pfehensive  set o f test e q u ip m e n t is 
s u p p lie d  w ith  each sta tion  and is n o rm a lly  housed in  the  tra n sm itte r h u t.

Aerial Loading Coil.

Transmitting Aerial w ith  an Alternative Aerial System.

Generator (2 genera ting  sets o f  3 k ilo w a tts ) .
E ach  s ta tio n  can be ru n  b y  tw o  m en  pe r w atch .

F IG . 3



M aster C rys ta l O sc illa to r 

Slave Phase C o n tro l U n it

T ra n s m itte r  U n it  ..............

A e r ia l L o a d in g  C o il ........

A e r ia l/E a r th  System  .........

io  1/2 * X 14”  X 13 
27 X 36 X 34 cm ,
14 1 /2 ”  X 30”  X i 8 ” .
37 X 77 X 46 cm .
56”  X 14 1 /2” X 22".
143 X 37 X 56 cm .
41”  X 32”  X 24 1 / 2 '
105 X 82 X 62 cm .
70 feet h ig h , 70 feet rad ius* 
21.4 m etres, 21.4 m etres.

T he  fig u re  o f  one to n  (1000 k )  m ay be ta ke n  as fepiresentative fo i  the  o ve ra ll w e ig h t 
o f  each s ta tion . T h e  s ta tion  can be b ro u g h t in to  ac tion  w ith in  a fe w  hours  o f  a rr iv a l

T he  Survey rece iver is  ava ilab le  in  versions su itab le  fo r m arine  and  a irbo rne  opera tions. 
For geophys ica l and other types o f  te rre s tr ia l reconnaissance, a specia l b a tte ry -po rtab le  
rece iver has been in tro d u ce d .

T w o  pa irs  o f  Decometers can be d rive n  b y  the rece iver i f  re q u ire d  and each p a ir  can 
be in s ta lle d  at any conven ien t p o in t in  the sh ip  or a irc ra ft.

T h e  co n tro ls  are d iv id e d  betw een the rece iver u n it  i ts e lf  and the D ecom eters. T he  
pow er c o n su m p tio n  o f the  rece iver is a p p ro x im a te ly  100 w atts . T he  h yd ro g ra p h ic  survey 
set operates at 230 vo lts  50 cycles and is  adapted to  D  C supp lies  o f va rious voltages 
b y  a su itab le  ro ta ry  converter. F o r a irc ra ft operations the va lve  heaters are w ire d  in  series 
pa ra lle l and  the  H  T  voltage is  p roduced  b y  a l ig h t-w e ig h t ro ta ry  converter w ith  associated 
vo ltage s ta b ilize r and f i lte r in g  ; in  th is  fo rm  the  rece iver is  su itab le  fo r  operations in  sm a ll 
boats and  veh ic les  as w e ll as in  a irc ra ft.

O PERATIN G  T E C H N IQ U E S .
I. - A e ria l Survey.

One o f  the  p r in c ip a l fu n c tion s  o f  Decca a id  to  survey is  th a t o f  trackings or 
c o n tro llin g  s tra ig h t and p a ra lle l f lig h t lin e s . T w o  m ethods o f  Decca tra c k in g  are used 
under a w id e  range o f  w o rk in g  c o n d itio n s . (F ig . 4 ).

S tra igh t-L ine  tra c k in g  by the T ra c k  G raph M ethod.
T he  procedure  is  one o f  compass course f ly in g  w ith  con tinuous  Decca "m o n ito r in g "  

o f the  tra c k  m ade good. A  s im p lif ie d  la ttic e d  chart is  em p loyed  ca lled  “ R oute G raph" 
o r “ T ra c k  G rap h ” . I t  is based on  the  re -p lo tt in g  o f  p a rt o f  the Decca g r id  as a 
re c tilin e a r g r id .  Part o f a ty p ic a l T ra c k  G raph fo r survey f ly in g  is show n  in  F ig .  5.

T he  tra n s m itt in g  stations b reak  d o w n  in to  a nu m b e r o f  item s o f sm a ll size and  w e ig h t, 
none o f  th e m  b e in g  m ore than  450 lb s  (200 k g ). E ach  s ta tion  com prises about 
90 ite m s . T he  rad io  e q u ipm en t fo r a s ta tion  w e ighs some 1.7 tons. T he  rem a in d e r 
con s is tin g  o f aeria ls , etc. w e ighs some 10 tons.

T h is  T ranspo rtab le  Survey C ha in  is  designed to  g ive  lo n g  w o rk in g  ranges and  to  
m a in ta in  c o n t in u ity  o f service under e xce p tio n a lly  severe w eather and ope ra ting  c o n d itio n s . 
Range ensured is  at least 150 m ile s  in  areas o f the h ighes t reg io n a l “ a tm o sp h e ric ”  
noise le ve l.

The L igh tw e igh t Survey Chain.
Its  basic u n its  are the same as those o f  the  T ranspo rtab le  typ e , w ith  the  excep tion  

th a t the  ae ria l system  is  ve ry  m u ch  sm a lle r and l ig h te r  and the tra n sm itte r is  o f 
lo w e r pow er. A  com ple te  l ig h tw e ig h t s ta tion  can be operated in  one veh ic le  p laced 
a longs ide  the  ae ria l /earth  system , the  la tte r b re a k in g  d o w n  in to  sm a ll com ponents that 
can be easily  accom m odated in  or on  the  veh ic le  fo r transport.

T he  app rox im a te  w e igh ts  and d im en s io n s  o f the  m a in  item s o f rad io  e q u ip m e n t are 
as fo llo w s  :
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FIG . 4

The two complementary methods of Decca tracking.
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The H om ing  method o f tra c k in g .
I f  the  tra c k  o f  an a irc ra ft co inc ides  w ith  a h y p e rb o lic  p o s itio n  lin e ,  the  associated 

D ecom eter fra c tio n  p o in te r w i l l  re m a in  s ta tiona ry , and m ay be used b y  the  p ilo t  as a le ft-  
r ig h t  in d ic a to r. I t  is  thus poss ib le  to  hom e the  a irc ra ft a lo n g  any selected w ho le -n u m b er 
o r fra c tio n a l hype rbo la .

T h is  m ethod  is  m ore accurate th a n  the  T ra c k  G raph at a g ive n  range, since i t  
in vo lves  o n ly  one co -o rd ina te , and i t  can be used at cons ide rab ly  greater ranges fro m  the 
cha in  fo r a g ive n  to lerance o ff-tra ck . R esu lts  have been p a rtic u la r ly  va luab le  at the pho to ­
g ra p h ic  scale o f  1/2 500 w h ic h  ca lls  fo r  a f l ig h t- l in e  separation o f  220 yards w ith  a to lerance 
o ff tra c k  o f  o n ly  p lu s /m in u s  20 yards.

T he  Decca co-ord inates o f the  a irc ra f t^  p o s itio n  at the  in s ta n t o f each exposure o f  the 
survey camera can re a d ily  be recorded p h o to g ra p h ic a lly . A  ty p ic a l reco rd in g  u n it ,  com ple te  
w ith  16 m m  camera, D ecom eters, c o n tro l box  and  syn ch ro n iz in g  re lays, w e ighs 58 lbs  (26 k .)

I I.  - G round W o rk in g .
In  ce rta in  branches o f reconnaissance su rve y in g  and e xp lo ra tio n , the  p o s itio n  f ix in g  

requ irem en ts  can be satisfied b y  the Decca system  in  its  present fo rm  and its  s u b s titu tio n  
fo r  v isua l m ethods can b r in g  about ve ry  great sav ing  in  t im e  and m an  pow er.

T he  fo u r exam ples g ive n  b e lo w  illu s tra te  the  scope o f  the  Decca System as an a id  to  
reconnaissance and show  th a t i t  m akes poss ib le  a v ir tu a lly  new  type  o f  ope ra tion  in  th is  
category.

Io Sketch m apping by vehicle.
A  standard 24V Decca N a v ig a to r  was e m p lo ye d , in s ta lle d  in  a car w ith  D ecom eters 

fitte d  to  the  dashboard. T h e  d riv e r  selected the observa tion  p o in ts , to o k  a series 
o f  successive Decca fixes and p lo tte d  these on  a h y p e rb o lic  g r id . A l l  fixes were corrected 
fo r  system atic errors, and  the  corrected fixes were p lo tte d  on  a la ttic e  g r id  at a scale 
o f  1/10 560. S uperim pos ing  the  g r id  on a to p o g ra p h ica l m ap o f  the  same scale i t  appeared 
tha t 10 o f  the  51 fixes were ly in g  ou ts ide  the  d ra w n  b o unda ry  o f  the  road . O f these 
ten  the  m a x im u m  d istance fro m  the  bo u nd a ry  is  less than  150 feet.

2° Vehicle reconnaissance a t longer range.
T he  above procedure was repeated at do u b le  range fro m  the  M aster s ta tion , us in g  

the  same techn ique .

3° Boundary reconnaissance by a ir .
T he  use o f  an a irc ra ft in  place o f  a veh ic le  does no t affect the  accuracy ob ta inab le  

fro m  the p o in t o f  v ie w  o f  Decca e q u ip m e n t, a lth o u g h  errors arise in  a tte m p tin g  to  p o s itio n  
the  a irc ra ft over the  desired lin e  unless a ve ry  s lo w  and m anœ uvrable m ach ine  is  em p loyed .

T he  ru n  to o k  the  fo rm  o f a ske tch -m ap  o f  the  Is le  o f W ig h t coastline- T he  approx im a te  
distance o f  the  stations fro m  the  centre o f  the  Is la n d  are 65， 105，and 100 m ile s .

T he  a irc ra ft was flo w n  a lo n g  the coastline  at an a ltitu d e  ave rag ing  about 400 feet te rra in  
clearance. A n  observer in  the  a irc ra ft recorded  the values o f the  tw o  Decca co-ord inates 
co n tin u o u s ly  th ro u g h o u t the  f l ig h t .  A fte r  the  f l ig h t  the  fixes were p lo tte d  on a h yp e rb o lic  
g r id  cove ring  the area, toge the r w ith  the  tracks  o f the a irc ra ft app roach ing  the coastline 
and reced ing  fro m  i t .  T h e  average d isp lacem en t o f the  p lo ts  fro m  the true  coastline 
is  in  the  order o f 400 yards w ith  a m a x im u m  o f  about tw ice  th is  d istance at some po in ts .

4° Reconnaissance in heavily W ooded country.
T he  ob ject was to  de te rm ine  the accuracy o f  f ix in g  in  w ooded areas, u s in g  the tree -e rro r- 

co rrection  techn ique  and ta k in g  the fixes at p o in ts  chosen fo r  heavy de n s ity  o f trees and 
fo liage . T he  observations were m ade in  E p p in g  Forest.

T he  tree -e rro r-co rrec tion  te chn ique  is  a te ch n iqu e  in  w h ic h  the  e rro r in tro d u ce d  b y  
a tree th ro u g h  capacity  and  o ther effects can be m easured and d isp la ye d  to  the  observer 
d ire c tly  in  hundred ths o f a Lane.

A  12-v o lt A ir  type rece iver was used, m o d if ie d  as a m an p a ck  po rtab le  e q u ip m e n t. 
O bservations were m ade a longs ide  p o in ts  m a rke d  b y  w ooden pegs, p re v io u s ly  surveyed. 
T he  Decca fixes were p lo tte d  on a h y p e rb o lic  g r id  ove rp rin te d  on  a 1/10 560 O rdnance Survey 
m ap o f the  area. T he  k n o w n  po in ts  were p lo tte d  on  the  same m ap- T he  m ean 
error o f the  Decca fixes is  less than  120 fee t, and the  m a x im u m  e tro r a p p ro x im a te ly  
200 feet. T he  M aster Red and Green tra n s m itt in g  stations are about 15, 85 and 50 m ile s  
fro m  the area respective ly .


