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INTRODUCTION

The safe navigation of a ship depends p rim arily  on the re liab ility  of 
the ch a rts  used. A ch a rt should, am ong o th er things, give a m ost accurate 
p icture of the sea bed configuration , so th a t an y  steep or sm ooth ris ing  or 
sloping of the  sea bed, i.e., the resu lting  shoals, can  be identified  w ithou t 
difficulty. It is the task  of hydrograph ic surveying to conduct the soundings 
required . T he objective of th is paper is to  d iscuss the problem s of accurate 
sounding and  to report on a new m ethod w hich perm its obtain ing accurate  
values.

T here a re  different m ethods of determ in ing  ocean d ep ths: d irect and 
ind irect ones. I include am ong the d irect m ethods all those in  the course 
of w hich a w eight, a sounding lead, secured to  a w ire or a line is lowered 
from  the vessel to the bottom  of the sea. F rom  the respective m ark s  on 
these lines or the m etering w heels on the d rum s of the  line w inches the 
depth  can be established. H and leads and  sounding m achines belong to 
th is category. The echo sounder belongs to the category of ind irec t m ethods. 
W ith  the echo sounder, the tim e requ ired  for the sound to travel from  
the ship to the sea bed and back to the ship  is reg istered  and ind icated  as 
depth.

Nowadays, the d irect m ethod is not likely to be used any longer because 
it takes too m uch tim e and, a fte r all, does not yield accu ra te  values. Let 
me ju s t  m ention  the term  of line angle. So, the echo sounder has for m any 
years now v irtu a lly  been the only m ethod used. C om pared w ith  o ther 
m ethods, its  great advantage is th a t soundings can be taken  while the ship 
is u n d er way.



A m odern echo sounder w orks by m eans of u ltra  sound. The sequence 
of soundings is so fa s t th a t continuous lines appear on the echogram  thus 
show ing the profile of the sea bed covered by the ship. But even w ith  
the m ost m odern echo sounders it is no t possible to  register the accurate  
absolute depth for, from  the  technical point of view, an echo sounder is 
a  short-tim e probe, a short-tim e chronom eter w ith  plotter.

The m athem atic  function  according to w hich an  echo sounder w orks 
can  be seen from  the following exp lana tion :

T he path  of the sty lus on the  paper tape— the echogram — has to  be 
corre la ted  to the p a th  of the sound betw een the ship and the bottom  of the 
sea. F or better und erstan d in g  let me add th a t all echo sounders w ork by 
m eans of sho rt sound pulses.

THE ECHO SOUNDER

The m ethod of m easuring  dep ths by m eans of the echo sounder 
com prises two processes : the  process on the paper tape : D istance zero-line 
— depth-line according to the fo rm ula:

l =  V - t  ( 1 )
w here :

I =  length  between pulse em ission (zero-line) and pulse reception 
(depth-line) on the sound ing  tape;

V =  velocity of the sty lus; 
t =  travel tim e of the sty lus;

an d  the process in the w ater:
v ' tA = —  (2)

w here:
A =  d istance to the bottom  of the sea; 
v =  sound velocity in  the w a te r;
t  =  travel tim e of the sound (vessel —» sea bed —» vessel).
Both t are equal, for the  d istance to  the sea bed or the depth  under 

the ship should be a function  of the  ind ications of the echo sounder.
By inserting  t from  (2) t =  2 h / v  in (1) I =  V • t, the form ula for 

the echo sounder

A - 2V/  =  -------------
v

is ob tained in a general form

I = rtf (A) ■
7 ) includes both the velocity of the sty lus and of sound pulses in the w ater. 
T he sound velocity in sea w ater is a n a tu ra l phenom enon and is dependent



on the tem p era tu re , the salin ity , and  the density  of seaw ater. I t canno t 
be changed, it can only be m easured.

In o rder to  obtain  an  exact ind ication  of the depth  on the sounding 
tape, the sty lus velocity has to be adap ted  in  such  a w ay th a t the correct 
depths are reg istered  on the echogram . These echo sounder conditions 
are  show n in  fig. 1 .

F ig . 1. —  P rin c ip le  o f th e  echo so u n d er.

THE METHODS OF CORRECTING DEPTH DATA

The evaluation  of echogram s can be m ade by various m ethods: One 
of these is to ad ju s t the echo sounder to the sound velocity of 1500 m /s , 
which is in te rn a tio n ally  know n, and to reduce, la te r on, the m easured 
depths by m eans of Tables. (Best know n are the  Tables by  D .J. M atthew s). 
A nother m ethod would be to  reduce, d u rin g  sounding operations, the 
echo sounder values to the values of a ba thy therm ograph . Both these



m ethods are very com plicated and  inexact. The M atthews Tables are only 
of use under certain  conditions, because the areas covered are too large.

B athytherm ograph  m easurem ents, however, take too m uch tim e and  
do not indicate directly  the value of the sound velocity w hich has firs t 
to be calculated from  the respective form ulae. It is therefore preferable 
to calib rate the echo sounder during  the survey, i.e., by direct ad ju stm en t 
of th e  exact sound velocity.

A m ethod w hich is used very often is to lower a plate or an iron 
bar secured to m arked  lines. W ith  th is  m ethod, the  calibration-plate (or 
bar) is left a t ce rta in  depths u nder the vessel while at the echo sounder 
the sound velocity is ad justed  so th a t the sounder registers the correct 
know n depth  of the plate, or bar, und er the vessel. This is a very sim ple 
m ethod w hich also yields good resu lts. But it has one big draw back: it is 
no t suitable for depths exceeding 15 m etres. For, at greater depths, a 
p la te  or a bar cannot be kept in a perpend icu lar position under the vessel 
as, due to cu rren ts  in  the open sea, it will d rift and  then be at a different 
dep th  th an  indicated by the line m ark s; som etimes it m ight even d rift out 
of the  sea area covered by the sounding beam.

The safest m ethod, however, and  the sim plest at that, is to m easure 
the  ac tua l sound velocity in the survey area and to feed the data  for sound 
velocity into the sounder during  the  survey operations.

Before going into the p articu la rs  of th is procedure, I w ant to explain 
the  principle of sound velocity m easurem ent. As I have already given a 
com prehensive descrip tion in m y paper read on 7 Septem ber 1968 in 
L ondon, a short recapitu lation  w ill now do.

Of all sound velocity m eters, the  sim plest, and economically the m ost 
app ropria te  are those w hich w ork according to the feedback m ethod or 
“s in g -aro u n d ”.

THE “SING-AROUND” SOUND VELOCITY METER

Let us look a t fig. 2. The tran sm itte r-tran sd u cer receives an electric 
pulse from  the generator and  converts it in its crysta l lattice into a sound 
pulse. This sound pulse travels th rough  an exactly defined path  length 
(base) w ith in  the w ater and, afte r a certain  tim e, reaches the receiver- 
tran sd u cer, in the crystal lattice of w hich the sound pulse is reconverted 
in to  an electric pulse. A fter am plification, the generator will be “triggered” 
by th is electric pulse and th u s caused to give a new electric pulse to the 
tran sm itte r-tran sd u cer.

T hus a frequency is created, the height of w hich— w ith constan t 
conditions (base length and  electronics are constan t)— then only depends 
upon the travel lim e of sound between the transducers.

E lcctrical and  m echanical pulses are being interchanged w ithin a ring 
a t a frequency w hich is a direct m easure for the travel tim e of sound. 
The loss of energy thus arising  is com pensated in  the “sem i-circle” of



Umwandlungs-(Ring)- Prinzip

F ig. 2. —  The “ s in g -a ro u n d ” ve loc im eter p rin c ip le .

electrical energy. The frequency corresponding to the sound velocity can 
be m easured w ith any frequency m eter.

These “sing-around” probes are very exact and  indicate the sound 
velocities w ith  an accuracy of a few d m /s . W ith  a base of exactly 10 cm, 
the correct num erical value of the sound velocity is obtained in d m /s . 
F rom  the technical point of view, however, it is very difficult to establish 
such an exact base length. W ith  th e  appropriate  tim e-presetting, the 
correct num erical value of sound velocity can be obtained by m eans of 
a preset counter.

PRINCIPLES OF USE OF SOUND VELOCITY METERS IN SEA AREAS

F or survey work it is essential to find the m ean sound velocity w ith in  
each particu la r area of the survey, and to ad ju st the echo sounder accord­
ingly, so th a t the correct depths are registered on the  echogram .

In order to obtain the m ean sound velocity it is necessary to m easure 
the sound velocity profile from  the surface of the w ater down to the bottom  
of the sea. For this purpose, the base sound velocity m eter m entioned 
above is lowered from  the surface of the w ater to the sea bottom  by winch. 
The values of sound velocity are then read and  registered at constant 
intervals. F rom  these values, the m ean sound velocity has to be calculated.

The m ean sound velocity is obtained by adding all m easured sound 
velocities and dividing the resu lting  value by the num ber of m easurem ents. 
The m ean sound velocity thus obtained is, theoretically, not quite exact. 
The difference from  the exact actual m ean value is so sm all th a t an 
ad justm ent of the sounder would not be possible. In  m ost cases, echo 
sounders have tuned reed frequency m eters (calibrated according to sound



velocity); the d istance betw een the single tuned reeds is 10 m /s . If two 
tuned  reeds are oscillating sim ultaneously , differences of 5 m /s  can still 
be read.

D uring the last three years, the research  and survey vessel Gauss  
operated  according to this m ethod. The figures 3-7 show ex tracts of the 
Gauss  log.

F i g .  3  an d  4 . —  N o rth  Sea so u n d  ve lo c ity  p ro files.

I said th a t from  the single sound velocity m easurem ents the m ean 
sound velocity is obtained by adding  the single velocities and  dividing the 
sum  by the num ber of m easurem ents, i.e., to calculate the arithm etica l 
m ean. This w ay of averaging the velocities is not qu ite  correct from  the 
physical po in t of view; it m ight even be wrong. Let me give you an 
exam ple: the car. W ith  a velocity of 150 k m /h  suppose th a t a car is 
driving a d istance of 150 km . On the w ay back its speed is 50 k m /h . 
The arithm etica l m ean would th en  be 100 km . In fact, the m ean velocity 
is 75 k m /h , for the car needs one hour for the way out, and  th ree  hours 
for the w ay back. In four hours, it covers a distance of 300 km ; so, the 
ac tua l m ean velocity is 75 k m /h . E xactly  the sam e applies to sound 
velocities in w ater. It is therefore correct to divide the total of distances 
by the total of time. The high differences between arithm etical m ean 
values and  correct m ean values occuronly if the single velocities are  in a 
m ultip le  ra tio  to cach other. The closer the single values are  to each 
other, then the sm aller are the differences between the two m ethods of 
averaging.
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T he form ulae fo r the calculation of the m ean velocities a re :

S V
Formula 1

V =  arithmetical mean
a r ith

v„ =  single values of the velocities 

n =  number of measurements



and
2  S„ Z S „

Formula 2 VL
S /„  r, 

V„
V„, =  correct m ean

" ‘corr
S„ =  single paths of th e  sound
V„ =  single values of velocities
t„ =  single travel tim es
Stf =  to tal d istance (depth  dow n to which soundings are m ade)
tg =  to tal time.
By m eans of concrete exam ples given by the figures shown I w an t to  prove 
th a t for the calculation  of th e  m ean  sound velocity arithm etical averaging 
will be en tire ly  sufficient.

Curve  7 North Sen:
W ater depth  42 m, 21 m easurem ents
Sum  of the 21 m easu rem en ts =  I  V„ =  31444

I V ,  31444
V = ----- -  = --------- = 1 4 97 .33

' " a r i t h  f j  2 1

I S „  S, 2 + 2 + .................+ 2
V  = ---------"  =  - 2 -  =  -----------------------------------------------------------------------  =

•"c o rr  S .  t„ 2 2  . , 2
Srf- * + 7TTT + ........... +

= 1497.33

V„ 1503 1503 1492

42
0.0280497733

In both cases the sam e value of 1497.3 m /s  is obtained for the m ean 
sound velocity.

Curve 6 Baltic Sea:
W ater depth  52 m, 26 m easurem ents 
Sum  of the 26 m easurem ents =  38521

38521
Vm = -------- = 1481.57 (m/s)

a r i th  2 6

52
Vm = -----------------= 1481.57 (m/s)

c°rr 0.03509785

Curve 10 Baltic Sea:

W ate r depth  14 m, 7 m easurem ents 
Sum  of the 7 m easu rem en ts =  10421

10421
V-  = - ^ - =  1 4 8 8 ' 7 1  (IT1/S) a r i th  /

V = -------- —----- = 1488.65 (m/s)
corr 0.00940447



These th ree  exam ples w ere taken  from  coastal surveys, i.e., a t depths 
of less th an  100 m etres. I w an t to give a fu r th e r exam ple of a sound 
velocity profile, sim ilar to fig. 8 , from  the  deep sea.

w w _______________ism  wo» $c*»//gesdhr /-7*/

F i g . 8 . Deep sea  so u n d  velocity  p ro f i le  f ro m  the  Bav of  Biscay 
(1967, R /V  M eteor).

W ater dep th  4 500 m, 46 m easurem ents (every 100 m etres). 
Sum of the 46 m easurem ents =  69048.

69048
Vma r i th 46

= 1501.04 (m/s)

4500
2.9983298

= 1500.83 (m/s)

In th is case, too, the difference is not essential.
From  these exam ples it can be seen th a t in some cases there is no 

difference, o r only a difference which is so sm all th a t it can  be neglected 
for surveying. For, as I s tated  in one of the previous p arag rap h s, sound 
velocity differences of less th an  5 (m /s) canno t be com pensated by ad ju stin g  
the echo sounders. Nor do evaluations of o ther curves yield b e tte r resu lts. 
The m ean sound velocity obtained  by the sim ple m ethod  w ill alw ays differ 
only so slightly  from  the  m ean sound velocity ob tained  by the correct 
m ethod th a t it is beyond the  possibility  of com pensation  [of the 5 (m /s)] 
by ad ju s tm en t of the echo sounders.

If the echo sounder is coupled electronically  to the sound velocity 
m eter, one w ill have to ad ju s t the electronics so th a t the  com puter can



calculate the value V„ , as such an  autom atic  calculation does not cause
m COtT

any  difficulties.
I w anted to prove in this paper also th a t by m eans of the sim ple m ethod 

the m ean sound velocities can in practice be obtained w ith  sufficient 
exactitude, in order to get exact depth  da ta  on the echogram .
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