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1. — General remarks

1.1. —  Strictly  speaking, acceptance tria ls of ships do not fall under 
the category of hydrographic surveying. However, as radio position fixing 
is used for these trials, they are —  ju s t  as hydrographic surveying — a 
precision application of radio aids. Consequently th is type of tria l m ust be 
considered as of in terest to hydrographic surveyors.

1.2. —  In th is paper, the scheme of the operational procedures and 
the principles of the com putation m ethods will be described.

In ano ther paper, entitled “ Rigorous ad justm ent of Decca speed runs ”, 
an example of com putation as well as actual accuracy figures will be given.

1.3. —  In acceptance trials, use is m ade of differences between suc
cessive (Decca) fixes. From  a m athem atical analysis of these trials, it is 
therefore possible to draw  conclusions only as to relative accuracy of the 
radio  fixes; no in form ation as to absolute accuracy can be derived from 
such trials.

2. — Introduction

2.1. —  It was for the first tim e in 1952 th a t Group Captain E. F e n n e s s y , 

a d irector of the Decca Co., drew  atten tion  to the capabilities of the Decca 
N avigator System as an  aid for determ ining speed and m anoeuvrability of 
ships. In  the beginning, the m ethod —  in  its sim plest form  —  was applied 
to only a few B ritish  ships.

2.2. —  In the N etherlands, Decca speed determ inations started  in 
1953 w ith  a num ber of ships of the H olland Am erica Line. The observational 
and com putational m ethods were —  together w ith the resu lts —  published 
in references (1), (2) and (3).

2.3. —  In the course of years, the operational procedures were only



slightly changed, bu t sim pler and  speedier m ethods were developed as des
cribed in references (5) and  (6).

An ever increasing num ber of ships (m ainly B ritish, Dutch, Danish, 
Belgian, Norwegian and  German) gradually  changed over from  the m easured 
mile to the Decca m ethod, especially w hen the whole of W estern  Europe 
became covered by the Decca system . It also gradually  became standard  
practice to include tu rn in g  circles and stopways in every acceptance tria l 
program .

2.4. — F or the advantages of the Decca procedure (and, in principle, 
of any o ther radio position fixing system ) over the m easured mile, reference 
is m ade to (1), (2) and (3).

3. — Purpose and required accuracy

3.1. — Speed

3.1.1. —  Speed V through  the w ater is required , bu t th is speed cannot 
be m easured directly  w ith  sufficient accuracy.

On the m easured mile, as well as w ith  radio position fixing systems, 
only ground speed S can be m easured and  th e  effect of curren t, tidal 
stream , w ind and waves has to be elim inated from  a proper com bination 
of a num ber of runs on opposite courses.

A fter elim ination, the speed V is used for calibration of the Sal —  or 
o ther log.

3.1.2. —  To the navigator, the speed th rough  the w ater in  relation  to 
propeller revolutions is of direct p ractical im portance.

F or reasons of economy, the shipowner, the sh ipyard  and the model 
testing basin  are, however, in terested  in  V in  re lation to Shaft Horse Power 
=  S.H.P., Fuel Consum ption =  F. C., and ro tations per m inute =  r.p.m .

All these param eters can be m easured  only w ith in  certain  lim its of 
accuracy.

3.1.3.—  The general opinion is th a t S. H. P. and F. C. cannot be 
m easured w ith an accuracy of better th an  1 % (standard  erro r =  68 % 
probability) and  there are indications th a t unavoidable system atic errors 
in these m easurem ents probably exceed 1 %, even w ith  carefully  calibrated 
equipm ent. Engine revolutions (r.p.m .), on the o ther hand, can be m easured 
accurately w ith in  a fraction of a percent.

In properly p lanned and carried  out speed tria ls, it will always be 
possible to elim inate the effect of cu rren t and tidal stream  w ith an  accuracy 
considerably better th an  1 %. The accuracy w ith  w hich the effect of w ind 
and waves on the speed can be elim inated is dependent on circum stances 
and on the size of the ship, speed, course, etc., and no general figure can be 
given. Under very bad conditions, these effects cannot be elim inated w ith an 
accuracy of better th an  a few percent. Under reasonable conditions how
ever, the errors in speed due to these effects can be kept w ith in  0.2 % or 
less.



3.1.4. —  A lthough there  seems therefo re  to be little  p ractical need 
to determ ine S w ith  an accuracy of m uch  b etter th an  1 %, it will alw ays 
be of advantage w hen one of the m any p aram eters  —  S —  can be d e term i
ned w ith  a h igher accuracy.

P rac tical accuracy figures —  assum ing th a t a sufficient num ber of 
ru n s  has been m ade to elim inate the d istu rb ing  effects —  are 0.1 % to
0.3 % on the  m easured  mile (see references (7) and (8)), 0.1 % to 0.3 % 
for Decca speeds during  daylight and  0.2 % to 0.5 % du ring  the n ight. 
(All these figures are stan d ard  erro rs under reasonable conditions of sea, 
swell and w ind).

3.2. — Turning circles

Knowledge of the rad ius of the tu rn in g  circle to p o rt and to s ta rb o ard  
is of great p ractical im portance to the navigator for purposes of m anoeu
vring, berth ing  and  avoiding collisions. He should preferab ly  know  these 
rad ii u nder various conditions of loading, w ind and  state  of the sea. This 
in fo rm ation  canno t be obtained from  tria ls  on the m easured  mile.

It is som etim es claim ed th a t the rad ius should p referab ly  be determ ined  
w ith  an accuracy of the order of, say, 10 m etres or even a few m etres.

I do not consider such high accuracy claim s to be realistic. In  ac tua l 
practice, the only possibility for an  accurate  de term ination  occurs during  
the acceptance tria ls  and  the  rad ius deducted from  a tria l will therefo re  
be valid only u n d er the circum stances prevailing during  th a t tria l. In  the 
practice of navigation  the actual rad ius m ay —  dependent on state  of the 
sea, etc. —  differ probably as m uch as 10 % or m ore from  th a t determ ined  
during  the acceptance tria ls. There seems therefo re to be little  p ractical 
need for aim ing a t extrem e accuracies.

The effect of cu rren t and tidal stream  on the rad iu s  can easily be 
elim inated  from  Decca tu rn s  (see section 4). T he effect of w ind and waves 
cannot be elim inated  by any system , b u t certa in  properties of a p a rticu la r 
ship (such as for instance a tendency of heading in to  the  w ind) can be 
show n from  properly  p lanned  Decca tu rn s  (see section 4).

U nder reasonable conditions of w ind and  sea, D utch experience w ith  
Decca tu rn s  in  daylight has an accuracy of rad iu s  of the  order of 10 m etres, 
w hich is considered to be m ore th an  accurate  enough for the purpose. 
Decca p a tte rn  in stab ility  during  the n ight is too large to perm it m easuring  
tu rn in g  circles a t night.

3.3. — Stopways

F or m any  ships of various na tions it has become a s tan d ard  procedure 
to  determ ine stopw ays, usually  crash-stops only.

It is general p ractice to determ ine the length  of the  stopw ay from  
Decca fixes at in terva ls of 10 or 15 seconds d u ring  the  period of pred icted  
slack w ater. T hese tria ls  are usually  carried  ou t in-betw een th e  speed ru n s, 
from  the p re lim in ary  resu lts  of w hich the actual tim e of slack w ater can 
be determ ined.



In  p rincip le  it would of course be possible to elim inate cu rren t effect 
from  stopw ays on opposite courses. T his procedure w ould increase the 
accuracy, b u t w ould cost considerable tim e. It is felt th a t  th ere  is no real 
p ractica l need to increase the  accuracy  of betw een 1 and  5 % th a t is 
ob tainable from  a single stop-run , carried  out aro u n d  the  tim e of slack 
w ater.

N ight-tim e instab ility  of Decca p a tte rn s  lim its th e  determ ination  of 
stopw ays to the daylight period.

^ ---- —o âpprod^h. ru n
»  g sp eed  run
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3.4. — General

From  the point of view of the hydrographic surveyor, the speed 
determ inations are the most in teresting because their accuracy is highest 
and can be m athem atically  proved.

4. — Programme of observations

4.1. —  The program m e in use since 1958 has been described in 
references (5) and (6). For those not disposing of th is publication, a short 
sum m ary  w ill be given.

4.2. —  The program m e of speed determ inations is illustra ted  in figure
1. A s tan d ard  speed ru n  takes 9 m inutes =  540 seconds. At in tervals of 
30 seconds, 19 photographic recordings of the decom eters and of a runn ing  
stopw atch are taken  (fig. 2). After a tu rn  w ith rudder angle of 5° and a 
new approach  ru n  of 10 m inutes, a sim ilar ru n  on opposite course is made. 
It is essential th a t the two ru n s are m ade at exactly opposite true  courses; 
any erro r there in  (for instance due to com pass errors) will in troduce cosine 
errors in  the speed (consequently sm all errors are acceptable).

F ig . 2

As the streng th  (and, to some extent, also the direction) of the tidal 
stream  is variable, these effects cannot be accurately  elim inated from  
only 2 runs. At least a th ird  run  on opposite course is required  and 
preferably  a fo u rth  one. It can be shown th a t the effect of (a not too abnor
mal) tidal stream  can be elim inated to w ithin 0.1 % of speed from  4 runs 
on opposite tru e  courses, and w ith slightly less accuracy from  3 runs. It



is essential th a t the ru n s be m ade as soon as possible one after another. 
The elim ination of the tidal stream  will of course become uncertain  w hen 
the in tervals are too long. In the Decca procedure, approach runs take 
10 m inutes, a speed ru n  9 1/2 m inutes and a tu rn in g  circle at 5° rudder 
angle 10 m inutes. A com plete set of 4 ru n s therefore occupies about 2 hours.

Some people are of the opinion th a t all ru n s  should be m ade on the 
sam e spot, like on the m easured  mile, the argum ent being th a t th is proce
dure would offer the best possible guarantee of equal tidal stream  regime. 
This argum ent will hold definitely  for tria ls on the m easured mile, because 
near the coast the tidal stream  m ay vary considerably w ith  distance from  
shore. The procedure of com ing back to the sam e place however requires 
m ore tim e for tu rn in g  circles and  approach runs (fig. la )  and, because of 
the longer in tervals between the successive runs, increases the risk  of 
incom plete elim ination of the tidal stream . Decca tria ls  however are 
carried  out in open sea, w iiere the difference in  stream  will be sm all over 
com paratively large areas. Under these conditions it seems m ore advan ta
geous to save tim e th an  to lose it by try ing to get back to the same spot.

The photographed runn ing  stopw atch enables the application of cor
rections in case the in terval occasionally differs from  30 seconds. W ith  
some experience, th is will happen  very seldom and I know of only one 
case of D utch tria ls  w here a correction had to be applied.

The num ber of 19 fixes is not essential. W e arrived a t th a t num ber 
because —  w ith  some precaution  — 38 p ictures (2 runs) can be taken  
on a norm al 36 exposure 35 m m  film. Of these 19 fixes, 17 are redundan t 
and th u s  enable an  accurate determ ination  of a m ean value.

In principle one is free in  the choice of the opposite courses. Using 
hyperbolic or circu lar radio position fixing system s, it is however advan ta
geous to steer on courses roughly in the direction  of the sm all axis of the 
error-ellipse of the system  —  because the effect of position fix errors 
on the speed will then  be as sm all as possible (the effect of fix errors 
perpendicu lar to course has a secondary effect only on speed) ; see figure 3.

4.3. — Figure 4 is an  exam ple of an actual Decca tu rn in g  circle and 
illustra tes the procedure of elim ination of the tidal stream  an d /o r  curren t.



It gives a good idea of the accuracy norm ally  a tta ined  un d er reasonable 
conditions of sea and  wind.

l  i t e  t u r n :

F ig . 4

Figure 5 (com pleted by figure 5a) is an  exam ple of a ship w ith a 
tendency of heading into the direction of a strong w ind, resu lting  in a 
fla ttened  tu rn in g  “ circle ”.

4.4. —  F igure 6 is an exam ple of a crash-stop, tak en  in-betw een 
speed ru n s  from  w hich the tim e of slack w ater could be determ ined.

4.5. —  It is absolutely essential th a t specially calibrated  Decca recei
vers be used for the purpose of these trials.

N avigational receivers have sm all erro rs, th a t are perfectly  acceptable 
for navigation, bu t unacceptably large for any sort of precision application . 
In addition , on navigational receivers, kicks of a few h u n d red th s  of a lane 
are produced by the MK 5 and still m ore by the MK 10 lane-identification  
tran sm issio n s and  consequently  the photographed  decom eters m ight be 
several h u n d red th s  of a lane out of their p roper position.



The in s tru m en ta l accuracy of these specially calib rated  and kick-free 
receivers is 0.01 of a lane.

F ig . 5 a

4.6. —  Indirectly , the yard-stick  of m easuring  the sh ip ’s speed is 
the propagation  speed of the rad io  waves. T his speed is know n w ith  an 
accuracy of the order of 1 p art in 10 000 and in m ost cases considerably 
better. Any system atic errors in  sh ip ’s speed because of uncerta in ties in 
propagation  speed are therefore of com pletely negligible m agnitude.
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4.7. —  “F ixed e r ro rs ” as applied for navigation  (and given in the 
Decca D ata Sheets) need not be applied for the purpose of acceptance 
tria ls, because only d ifferen ces  in position  are used.

S trictly  speaking, th ey  should —  because of the  changing  w id th  of 
lanes —  be applied, b u t the  fixed corrections are sm all enough to perm it 
the neglect of th is effect in  com parison w ith  o ther un certa in ties  of larger 
m agnitude.

4.8. —  A program m e of a large tan k e r is usually  as follows.
a) 4 ru n s a t fu ll S. H. P. 1
b) 4 ru n s a t 3 /4  S. H. P. v m axim um  d rau g h t

Note. In order to save tim e, the num ber of ru n s  for half-loaded and 
em pty ship is som etim es reduced to 3 or even to 2, accepting the reduced 
accuracy.

j) 2 com plete tu rn in g  circles to port and to sta rb o ard
k) 2 crash-stop  ru n s
1) 1 ru n  for determ in ing  steering capacity
Including a few add itional tria ls, the to tal num ber of ru n s of large 

tan k ers  often am ounts to as m any  as 50. The m ore im p o rtan t ones are 
taken  during  the day and for the o thers the reduced n ight-tim e accuracy 
(0.5 % of speed, or better) is accepted.

4.9. —  P lots of speed aga inst S.H.P., against F.C. and  against r.p.m . 
give a good im pression of over-all accuracy. In  a num ber p f cases it has 
been possible from  these plots to detect system atic e rro rs  in  e ither S.H.P. 
or F.C., for w hich erro rs the m ethod of speed de term ina tion  had  originally  
been blam ed. An exam ple is given in  figure 7.

4.10. —  A part from  o ther lim itations, m any m easured  m iles have 
become increasingly  unsu itab le  for speed tria ls  because of insufficient depth  
of w ater for the large d rau g h t of present-day  big tankers.

The num ber of areas w here Decca tria ls  can be carried  out is however 
also lim ited, in the firs t place to those covered by the  Decca navigation 
chains. In  addition, for the purpose of accura te  acceptance tria ls, the 
areas should sim ultaneously  fu lfil the  following conditions.

a) Depth of w a te r in  re la tion  to d rau g h t of ship and  speed should 
be large enough. In references (5) and  (6) a d iagram  is given to  determ ine 
the lim ita tions; th is d iagram  is annexed to th is paper as figure 8.

b) The area fu lfilling  condition a) should have a “good” Decca 
coverage in  the sense th a t the p ropagation  conditions betw een tran sm itte rs  
and ship (especially for n ight tria ls) are reasonable, th a t the lanes are not

c) 4 ru n s a t 1/2 S. H. P.
d)
e)
f) 

g) 
h) 
i)

program m e, half-loaded

program m e, em pty  ship
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excessively wide and the angle of cut of the hyperbolae does not fall below, 
say, 30°.

c) T hat the area is w ith in  reasonable d istance from  as m any 
shipyards as possible.

F ig . 8

The depth of w ater is the m ain  lim itation  in N.W. Europe and still- 
existing m inefields pose other lim itations. Nevertheless, a sufficiently large 
num ber of areas fulfils all the conditions for the largest and fastest ships, 
and a m uch larger num ber of areas is suitable for sm aller ships.

4.11. —  It is som etim es claim ed th a t the u ltim ate ly  sought speed 
V through the w ater can be m easured in a m uch m ore sim ple way by 
throw ing a float overboard and m easuring the tim e it requires to pass 
along a certain  know n distance on the deck of the ship. The m ethod is 
indeed very sim ple, but in a separate paper, to be published later, it will 
be shown th a t the accuracy of th is m ethod can never be better than  5 % 
of speed and m ay easily be as m uch as 7 % in error.

4.12 —  In principle, speed th rough the w ater can also be m easured 
directly by using a floating buoy, equipped w ith a transponder beacon, 
to which the distance is continuously m easured by the travelling ship by 
m eans of suitable radio distance m easuring equipm ent. This m ethod has 
been used in the U nited S tates; reference is m ade to it in (9).



F or various reasons (among them  th a t the varia tion  in  w ind  and 
cu rren t d rift of ship and floating buoy w ill be variable under different 
conditions of w ind, etc.), I do not believe very m uch in the absolute 
accuracy of speed determ ination by this m ethod.

T his m ethod will be the subject of a separate paper, to be published 
later.

5. — Analysis of results

5.1. —  In the very beginning, Decca fixes of acceptance tria ls  were 
p lotted on large scale nautical charts or photographic enlargem ents of them . 
The m ethod soon proved to be far less accurate  th an  the inheren t accuracy 
of the position fixing system.

P lotting  was from  then on carried ou t on large scale charts, specially 
com puted and plotted on dim ensionally stable p lastic m aterial. In order to 
keep m anageable dim ensions of the ch a rts  of the tria l areas, the scale 
was usually  between 1 to 25 000 and to 20 000 and in some cases larger. 
In a few cases, th is m ethod is still in use.

Its inconvenience is th a t the accurate plotting of a large num ber of fixes 
is quite tim e-consum ing and th a t the accuracy is lim ited. P erhaps a m ore 
serious lim itation  of the plotting m ethod for the determ ination of speed, 
is th a t there are no graphical m ethods to determ ine its m ost probable value 
accurately  from  the 19 available fixes; in o ther w ords : there is no graphical 
m ethod to m ake the most profitable use of the 17 redu n d an t fixes in 
each run ;  any decision from a plot as to  the final m ean speed is no m ore 
th an  a reasonable guess, of w hich the accuracy rem ains unknow n.

5.2. —  It is for these reasons th a t the analysis of the first N etherlands 
tria ls  (1953) w as based on a least square ad justm en t of the 19 fixes in 
each run . Such a least square ad justm en t is in fact a m athem atical model 
of the speed run , from  w hich the m ost probable speed S as well as its 
s tandard  erro r can be computed. A description and example of th is method 
is given in a separate paper entitled “Rigorous least square ad justm en t 
of Decca speed ru n s ”.

At th a t tim e (1953) the least square ad justm en t had to be carried  
out on an  electric desk com puter and proved to be im practical as it took 
fa r too m uch tim e (1 1/2 hours for 1 ru n ).

It was for th is reason th a t a set of tables was com puted by me for 
each of the tria l areas w hich very m uch facilitated and speeded-up the 
conversion of the hyperbolic Decca coordinates into rectangu lar coordinates 
X, Y. W ith  a hand-operated  double B runsviga com puter th is conversion 
could be carried  out on board the tria l sh ip ; the conversion of each Decca 
fix into X, Y took less th an  a m inute. The m ethod has been described 
in  detail in references (5) and (6). T he com putational accuracy was 1 
m etre and plotting  sheets were no longer needed.

At the sam e tim e a m uch faster m ethod of approximate least square 
ad ju stm en t w as developed; see examples in  references (5) and (6). The 
resu lts of th is  approxim ate m ethod w ere com pared against a rigorous 
ad ju stm en t of 10 ru n s and proved to be very nearly  the same.



L ater it was discovered th a t the  approxim ate m ethod offered sufficient 
accuracy only for daytim e ru n s (sm all spread of Decca fixes). For night 
ru n s the final speed proved to be still sufficiently accurate, bu t the standard  
errors, in  a num ber of cases, proved to be too large.

At the tim e w hen th is was discovered (1960), an ever increasing 
num ber of large tankers w ere m aking  the ir acceptance tria ls  on Decca 
and  m any of them  w anted to m ake as m any as 50 tria l runs, usually  half 
of them  during the night. Even the  approxim ate ad justm en t was beginning 
to take m ore tim e th an  seemed desirable, and in addition it now became 
desirable in  any case to use a rigorous least square ad justm en t for the 
n ight ru n s; altogether, this w ould increase the to tal tim e required  for the 
com putations to an undesirably  large num ber of days.

5.3. —  The question w as therefore raised w hether it w ould be possible 
to change over com pletely to electronic com putation. The m ain  advantages 
would be :

a) Computing tim e w ould be reduced from  m any days to a few hours 
(assum ing th a t an arrangem ent could be m ade for negligible com puter 
w aiting time).

b) Conversion of hyperbolic Decca readings into rectangu lar coordi
nates, a rigorous least square ad ju stm en t of all speed runs and the com pu
ta tion  of standard  errors could be carried  out to any desired degree of 
com putational accuracy.

c) Allowing for tim e requ ired  for typing out the resu lts and the 
report, the final results of the acceptance tria ls  could be m ade available 
to the ship, shipyard, shipowner, etc., w ith in  a few days.

d) The location of the tria ls  would no longer be stric tly  lim ited to 
the relatively small areas for w hich either large scale charts or tables had 
been prepared.

e) The people charged w ith  the task  of com putation on an electric 
desk calculator, could use the m any  days required  for th is w ork for m ore 
profitable tasks.

Form ulae suitable for program m ing the electronic com putation had 
to be developed. The derivation of these form ulae and an example of a 
rigorous least square ad justm en t of a speed ru n  (in a form  suitable for 
com putation on an electric desk calculator) are given in a separate paper : 
“Rigorous least square ad ju stm en t of Decca speed ru n s ”. The conversion 
of hyperbolic coordinates in a form  suitable for electronic com putation is 
discussed in another separate paper : “(Electronic) conversion of hyperbolic 
into rectangular coordinates”.

The actual program m ing of the com puter depends on the type, and 
is not given in  these papers, being of little direct in terest to the surveyor. 
For those who are interested, re fer to (10) and (11).

5.4. —  Since 1961, all N etherlands, and some foreign, Decca acceptance 
tria ls are electronically com puted on the X 1 com puter of the Ship Model 
Testing Basin at W ageningen, in th e  N etherlands. The typed-out com puta
tional results can always be m ade available in 1 day (com puting tim e for 
each run , including standard  erro r, is about 3 m inutes).



6. — Closing remark

Provided proper procedures and receivers are used, the accuracy of 
the Decca m ethod is very m uch higher th an  one m ight expect from  a 
navigational aid. Actual figures will be given in  the paper “ (Electronic) 
rigorous least square ad justm ent of Decca speed ru n s”.

Because of the accurate capabilities of the m ethod, it is essential that 
accurate com putational methods be used.
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