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ABSTRACT

Telesounding is the name given to w ide swathe measurement o f 
sea-bed depths. The method described here is based on using a rela tively  
sim ple side-scan sonar system having m ultip le beams. The principles of 
operation are discussed and the main sources o f error shown to be sound 
refraction  and transducer ro ll instability. Experim ental versions have been 
built, tested and operated, examples o f the records and analyses being 
presented. A n  im m ediate and permanent record is obtained w hich can be 
interpreted topographically by eye. Depths can be measured out to ranges 
between five and ten times the w ater depth, w ith  errors genera lly  less than
2 %  o f the w ater depth. A lthough coverage o f the swathe w ith  soundings 
is not uniform  and the high data rate m ay present problems, the benefits 
include a tw enty-fo ld  saving o f ship time. The method has applications 
in m arine geology and, w ith developm ent, fo r hydrographic surveys.

INTRODUCTION

Throughout m aritim e history the production o f adequate charts 
showing the depth o f the sea has been an im portant service fo r seafarers. 
V ery  early  measurements m ay have been made by the use o f a long pole 
in shallow  w ater; later the lead and line became the universal tool. Many 
soundings on today’s charts were obtained by lead and line. In  shallow 
w ater, techniques were developed which enabled depth measurements to be 
made w hilst the vessel was under way, but the ship’s speed had to be low. 
U nfortunately when accurate measurements were required or where the 
w ater was over about 50 fathoms deep the vessel had to stop fo r each 
observation. The lead and line  is thus essentially a one d im ensiona l 
instrum en t.

( * )  Fo rm erly  the Nationa l Institute o f  Oceanography.



Th e invention o f the echo-sounder allowed the ship to take m ea­
surem ents while under way, w ith  a consequent saving o f survey ship 
time. Further, a permanent record is obtained so that the number o f depth 
readings per line m ile can be an order o f  magnitude m ore than for the 
lead and line method. A lso, the pictoria l cross-section o f the sea bed 
provided by the record can itself be a useful guide to the geological nature 
o f the sea bed. The echo-sounder is essentially a two d im ensional 
ins trum en t.

T o  contour a chart from  sounding lines requires interpretative skill 
since there are usually gaps between the lines. The degree o f uncertainty 
m ay be reduced for the cartographer by obtaining more closely spaced 
lines and by cross runs, but there is always a lim it to the time and effort 
availab le and closely spaced lines call fo r a high degree o f navigational 
precision.

R ecently  the advent o f deeper draught vessels ( C l o e t , 1970; H a i n e s , 
1970; R i t c h i e , 1970fc; van W e e l d e , 1972) has imposed on hydrographers, 
both service and civil, a fa r greater workload. Previously  it was on ly 
necessary, fo r example, to show that a channel was deep and to pinpoint 
the shallowest depths; now, depths are required over the whole w idth  
and length  o f the channel and the survey must be repeated more frequently 
to detect changes. Th e environm ental penalties o f stranded supertankers 
are obvious enough, so that the density o f soundings must be adequate 
to ensure that obstructions are located. A  great deal o f money is spent 
upon dredging operations to keep shipping channels open and this w ork  
must be surveyed. Thus, the hydrographic effort required has increased 
due to the extension o f :

( i )  areas to be surveyed;
( i i )  density o f the soundings;
( i i i )  frequency o f surveys;
( iv )  accuracy o f soundings in deeper water.

An ideal situation would be to produce blanket depth coverage to port 
and starboard out to ranges exceeding the present line spacing, thereby
increasing the data rate by an order o f magnitude again and m aking
m ore effective use o f survey ship time. The requ irem en t is fo r  a three 
dim ensiona l instrum ent.

Previous Work with Echo-sounders

Th e idea o f a swathe o f  soundings has been put fo rw ard  by a variety  
o f authors (e.g. H a i n e s , 1970; R i t c h i e , 1970a) and accompanied by a 
num ber o f paper solutions (e.g. R i t c h i e , 1970ft; T u c k e r , D.G., 1960). 
Practica l w'ork has been conducted in the main by extending existing 
techniques. The most obvious is the use o f a number o f echo-sounders 
whose transducers are arranged in a line athwartships. E n g e l m a n n  (1967) 
and van W e e l d e  (1972) describe the use o f paravanes to obtain lateral 
displacem ents o f an extra two to four transducers. A  higher density



over a  n a r r o w e r  swathe  has  been obta ined  b y  F a h r e n t h o l z  (1963) b y  the 
use o f  25 transducers  on ou tr iggers  on  each  side o f the ship.

Another approach is to use a transducer arrangem ent w hich  provides 
a number o f beams directed at d ifferen t angles from  the vertical. Th is 
was first put forw ard  by T u c k e r  D . G .  (1960) and dem onstrated by  H o w s o n  

and D u n n  (1961). Latera l ranges to both sides o f the ship and to distances 
rather less than the water depth could be obtained; one o f the difficu lties 
o f this otherw ise simple system was iden tifiy ing the beam s; by m aking 
the beam sensitivities unequal T u c k e r  M .J .  (1961) showed that beam 
identification  could be simplified. W ith in-pu lse, electronic, sector-scan 
sonars in the elevation scan mode avoid  the beam identification problem , 
but are much more complicated systems and the cathode ray tube output 
presentation is less convenient than paper echo-sounder records ( H o w s o n  

and D u n n ,  1961; M i t s o n  and C o o k ,  1970). Sector-scan sonars are un­
riva lled  fo r the obstacle and w reck location  aspect o f hydrographic w ork 
especia lly in the forw ard  search mode ( V o g l i s  and C o o k ,  1966).

H i c k l e y  (1966) and G l e n n  (1970) describe other m ultibeam  systems, 
which, though complex, are operational on U.S. ships; in these, the beam- 
fo rm in g  networks generate separate outputs which are then connected 
to an equal number o f signal processors which each gate, recognise and 
tim e the sea-bed echoes; beams w ith in  the sector ± 4 5 “ from  the vertical 
are available. A  sim ilar or sligh tly  larger sector is covered by a rather 
different system developed by M arcon i-E lliott ( C r o w t h e r ,  1973); w ide­
band, w ide-beam  sound is transm itted and the sea bed echoes are received 
on tw o parallel, line hydrophone arrays spaced horizon ta lly ; their outputs 
are cross-correlated by a special purpose d ig ita l processor, which e ffectively  
generates beams at different angles and then gates and times the sea bed 
returns fo r each beam.

A ll the above multibeam systems are w orkable in the deep ocean, 
where typ ical sectors o f ± 4 5 °  give a ve ry  useful ±  2.5 m ile swathe about 
the track. In fact there is a very  good reason in deep w ater w h y  w ider 
sectors become im practica l; this is due to the inevitable refraction  o f 
sound by the non-uniform  vertical sound speed profile.

W h en  w ide-swathe sounding on the continental shelf is considered, 
especially the estuarine and inshore areas, sectors o f ± 4 5 “ give com ­
plete ly  inadequate swathe widths o f on iy  tens o f metres, whereas ranges 
out to about ten times the depth are required. The latter coverage is the 
same as that provided by side-scan sonar and it is natural to look to that 
method fo r alternatives. Indeed, the side-lobes in the vertical plane o f 
such sonars have at times been used to calculate the depths o f features 
to one side o f the track, and have frequ en tly  been used to provide a 
qualitative picture o f the topography ( B e l d e r s o n  et al., 1972). Another 
effect which has occasionally been observed during calm  weather on side- 
scan sonographs is the m odulation o f the pictures in alternate light and 
dark bands, orientated substantially paralle l to the track. These bands 
are parallel to one another when received from  a flat sea floor, but, when 
topographic features are present, deviate in sym pathy w ith  their rise and 
fa ll. Investigations ( H a i n e s ,  1963) indicated that an interference effect was 
tak ing place as a result o f the reflection o f sound from  the sea surface.



Th is  became known as the L loyd -M irror effect due to its sim ilarity  to the 
optical phenomenon. C h e s t e r m a n  et al. (1967), and H e a t o n  and H a s l e t t  

(1971) have shown how  depth profiles m ay be extracted from  L loyd  M irror 
fringes on sonographs and indicate some o f their lim itations. G r e i s c h a r  

and C l a y  (1972) extended the method and produced a contour chart, 
tak ing account o f ray path distortion due to non-isotherm al water.

The main disadvantage o f  the natural L loyd  M irror effect, for any 
practical survey system, is that it does not occur often because the sea 
surface is too rough and the reflected sound is incoherent. One possible 
solution is to provide a plane acoustic reflector over the transducer to 
produce the L loyd  M irror effect independently o f sea state and, therefore, 
o f season and location. Calculations by the present authors showed that 
w ith  m inor lim itations this was feasible. Further, a roll stabilised, ship- 
mounted, side-can transducer already existed on R.R.S. Discovery  which 
could be used as a convenient test p latform . The project was put in hand 
and given the name “ Telesounder ” , im p ly ing depth measurement at a 
distance from  the ship. An  alternative solution investigated by the authors 
is to rem ove the plane reflector and use another line transducer located 
in the position o f the ‘ im age ’ transducer. Th is arrangem ent m ay now  
be considered to be a two-elem ent array w ith  the w ell known multiple- 
beam  diffraction  or in terferom eter pattern. In this fo rm  the telesounder 
is ve ry  sim ilar to the in terferom eter o f H o w s o n  and D u n n  (1961), but 
turned to w ork  sideways instead o f downwards. A ny o f the other systems 
m entioned above, which operate over ±  45°, m ay in principle be tilted 
to cover 0° to 90° on one side, and sector-scan records o f sea bed profiles 
have been obtained in this way.

Our reason for w ork ing  on the telesounder as reported in this paper 
is our be lie f in the s im p lic ity  o f this m ultip le beam, side-scan sonar method 
and its econom y o f transducers. Further the advantages o f this system 
are that all the beams are recorded perm anently on the same paper chart, 
are separable by virtue o f the geom etry, present an im m ediately recog­
nisable picture o f re lie f and m ay be converted to contour plots in a 
re la tive ly  straightforw ard way.

PRINCIPLES OF OPERATION

Production of Lloyd Mirror Fringes

Th e principle is illustrated in fig. 1 where the pressure release 
reflector, length L, is used. Th e point F  on the sea floor receives sound 
from  tw o directions, the first, direct from  the transducer, along T F  and 
the second along T M F  after reflection. The reflected path m ay be replaced 
by T 'M F , since TM  =  T 'M . w here T ' is an image transducer. A t M the 
soundwaves experience a 180" phase change so that when the path length 
difference at F  equals an odd number o f ha lf wavelengths re-inforcem ent



o f the sound takes place, and conversely, cancellation occurs for path 
differences equal to even ha lf wavelengths. Thus as the pulses o f sound 
travel out over the sea floor insonification takes place in hands. These 
bands g ive rise to echoes and from  F  one pair w ill be returned to the 
transducer along the routes F T  and F M T  and, since these have an odd 
half wavelength difference, the echoes w ill re-inforce on the transducer. 
The pressure amplitude o f the phase coherent sound is thus double that 
received by normal echo-ranging. The loci o f points having constant path 
length differences g iving cancellation or re-inforcem ent are a series of 
hyperbolae w ith  the transducers T  and T ' as their foci. Negligib le error 
is introduced in practice by taking the asymptotes o f the hyperbolae as 
loci; this is equivalent to a ‘ far-field ’ approximation, fo r which F T  and F T ' 
are parallel rays. The condition for the point F to be in an enhanced 
beam is

(  n — — = d sin 6 =  d Z /R
\ 2  /  n n ‘ n

where n is an integer assigned to that beam, ~k is the wavelength o f sound 
at the operating frequency and the other parameters are defined in fig. 1.

N-------  L ------- H

F ig. 1. —  The Lloyd M irror principle applied to a reflector and transducer,
or to two transducers.



Let N be the number o f beams in a quadrant and 0N =  90" so that

(N  - I ) = d / A  (1 )

N  is a constant fo r any transducer but need not be an integer, since d need 
not be an odd number o f lia If wavelengths. Then we can write

sin0B = ( n - y ) / ( N - | )  ( 2)

°°Sdn =| 1 ~ \ ) t (N - y l l  (3)

Z« = R « W

y -  = r . ! > - ( » - { / / (n - | ) T  ‘5>
The reflector length, L, is fin ite and so the lowest angle beam that 

is form ed, numbered m, is given approxim ately by

( " » - } )  - | ) / 2 = d a/2X (6 )

Th is lim itation does not occur when a reflector is not used and a real 
transducer placed at T '. W ith  this arrangement the transducer outputs 
m ay be subtracted (antiphase) or added (inphase); in the antiphase case 
the form u lae (1 )-(5 ) apply again; in the inphase case, w hich also applies 
fo r a reflector that is acoustically ‘ h a r d ’, the terms (n —  1/2), ( N — 1/2), 
(m  —  1/2) in all the form ulae are replaced by n, N and m  respectively.

Directivity Functions

W h atever system is used to obtain the interference efTect it m ay be 
converted to a two transducer acoustic equivalent. The far field amplitude 
response as a function o f angle is given by the d irectiv ity  o f one transducer 
m ultip lied by  a function derived from  the spacing between the two 
transducers —  see, fo r example, A l b e r s  (1965).

For antiphase systems

sin T sin 2S
A  = -------  . ----------  (7 )

T  2 cos S y ’

and fo r inphase systems 

where

T '=

sin T sm 2S
A  = ------- . ---------  (7a)

p T  2 sin S

7r q sin Ô it d sin d

and a is the transducer width.



Pig. 2 is a computer plot derived from equation (7) for the two 
transducer array shown in fig. 4. The envelope containing the beam 
maxima is produced by the first term, the transducer directivity, and the

80 60 40 20

I-io. 2. —  D i r e c t i v i t y  p a t t e rn  o f  the  tw o  tran sd uce r  a r ra y  d ra w n  on a l in e a r
a m p l i tu d e  scale.

I'>o. .i. - 1 he re f lec tor  sys tem  w i th  tw o  transducers.  T h e  l o w e r  transducer  is TY 
R e f lec to r  leng th  1 m, tran sduce r  leng ths  65 cm.



F ig . 4. —  T h e  tw o  transducer  a r ra y  m ounted  on the back o f  the side-scan assembly .
T ran sdu ce r  separa t ion  20 cm.

number and spacing o f the beams is determined by the second term, 
the spacing function. It will be noticed that in addition to the minima 
between the beams there is a wide minimum on each side o f  the main 
envelope. These are present because the width of each transducer is 
greater than a wavelength; this is not a desirable characteristic, but was 
tolerated in the absence of more suitable transducers.

Rotat ion of  the transducers.

The main set o f beams in fig. 2 has its envelope maximum angled 
down; this is produced by rotating the individual transducers relative 
to the line T T '  by an angle y, in this case equal to 20". In equations (7) 
and (7a), T  becomes ;

7ra sin ( 0 — 7 )

”  ST”

Rotation enables maximum sensitivity to he employed at maximum range 
and y must he a compromise depending on the range of depths to be 
surveyed. I f  the individual transducers have almost omnidirectional 
patterns the narrow beams will have nearly equal amplitudes and rotation 
will have almost no effect. In this case a will have to be 0.25 X or less, 
which at high frequencies is mechanically difficult to achieve.



It  should be noted that rotation cannot be used w ith  reflectors. Here 
the d irectiv ity  pattern must be sym m etrica l about an axis parallel to the 
reflector face because the sensitivity o f  the transducers in the directions 
o f T F  and T M  must be equal or nearly equal.

T ilt in g  o f the array.

Th is is an operation w hereby the transducer array is revolved about 
an axis at C so that the reflector or a rray  normal is at an angle a to the 
horizontal.

It would appear at first sight that tilting is the same as rotation. 
H ow ever rotation changes the am plitude o f a given beam w ithout changing 
the position w h ile tiltin g  has the opposite effect. T ilt in g  is used to vary  
the spacing over a given portion o f sea floor, since the angular spacing 
o f the beams increases w ith the beam number. In equations (2 ) and (3 ) 
above, 0„ becomes (0„ +  w ith tilting and equations (4) and (5 ) 
become :

R

2 \ 2
n — •— ]

R ]
The expressions in square brackets are calibration factors fo r each beam 
which only need to be re-calculated i f  a is changed.

Beam Identification

T h e expressions for calcu lating Z„ and Y „ involve the range R „ o f 
the particular point on the sea floor and n the number o f the beam 
producing the fringe. Now  n  is an in teger and an error in this param eter 
w ill g ive a gross error in depth, so correct identification is essential. There 
are various methods for achieving this depending on the array em ployed. 
H aving determ ined the value o f n fo r  one beam the values for the others 
fo llow  sequentially.

K now n depth.

This is a fa ir ly  obvious method, the value o f the depth at the known 
feature being entered into equation (4 ) together w ith  the corresponding 
range and the number o f the beam producing the echo is obtained. Th is



m ethod is most sensitive fo r  small values o f n and an echo-sounder run 
at right angles to a telesounder run is a convenient tactic.

F la t sea f lo o r .

C h e s t e r m a n  et al. (1967) have dem onstrated that when the sea floor 
is substantially flat, by p lotting 1/R„ versus an arb itrary fringe number 
sequence, a straight line is obtained, from  w hich the complete calibration 
factor can be determ ined, even in  the case o f  a towed transducer at an 
unknown depth from  the reflecting surface.

M in im u m  nu m ber beam o f re fle c to r  array.

The record beyond the m th fr in ge w ith  a reflector array reverts to a 
norm al side-scan picture. Thus i f  this region  can be displayed and 
recognised, as in shallow  water, or by tilting, beam num bering fo llows.

A lte rn a tive  frequencies  or spacings.

The total number o f beams, N, is dictated by the spacing, d, and 
by  X, the w avelength. Thus an array can be made to have m ore than one 
set o f beams by  changing the frequency o f transmission or by having 
a lternative spacings. In the fo rm er case from  equations (1) and (4 ) :

Z
—  . d =  n , X =  m X„ for the inphase conditionD 1 1 2  2 r

F o r  exam ple i f  10 fringes o f frequency f l occupy the same space as 
9 fringes o f frequency f., then X, == 0.9 X2 and f 2 —  0.9 f 1; so for 
f l =  250 kHz, f.2 would be 225 kHz. Th is frequency difference is feasible 
w ith in  norm al transducer bandwidths.

On the other hand if X is fixed and two pairs o f spacings d, and d., 
are available,

Z IX R  =  n j d .  =  n j d „n n 1 ' 1 2 2

Th e spacings are on ly lim ited  by the space available, and a w ider variation 
than fo r  frequency is practical. By sw itch ing from  one pattern to the 
other an inspection of the record w ill indicate the required co-incidence, 
as dem onstrated later fo r fig. 6.

A n  alternative method is to use both transducers together, thereby 
generating a com pletely d ifferent but characteristic directional pattern. 
Th is  is dem onstrated also in fig. 6 fo r a short strip in the centre. A t a 
range o f 150 m a beam strikes the sea floor fo r  all three transducer 
arrangem ents, a llow ing an unambiguous determ ination o f fringe numbers.

Beam pattern  irregu la rities .

For a p erfec tly  designed array the amplitude o f the individual beams 
w ill vary  sm oothly according to the function sin T/T . However, it w ill



be seen in fig. 12, fo r example, that this is not quite so in practice, certa in  
fringes being m ore dominant. The darkest fringe at the shorter range 
was established to be No. 22 by the fla t sea floor technique, and from  
then on it was on ly necessary to pick out this darker fr inge to establish 
the complete pattern. (Th is was confirm ed later by obtain ing a m easured 
d irectiv ity  pattern.) Th is variation o f in tensity from  beam to beam is due 
to additional reflections onto the transducer from  the base plate. These 
w ill va ry  w ith  angle o f incidence both to the plate and also to the back 
o f the transducer. The effect is small because the backward d irec tiv ity  
o f the transducer is low.

Pulse Length

Th e m inim um  pulse length must be long enough to produce at least
1 cycle overlap on the last beam when n =  N.

The m inim um  pulse duration x,„ >  NX/c.

N ow  N =  rf/X or N =  rf/X -j- 1/2 and N »  1/2.

There fore  t ,„ 5= d/c (10)

w here c is the velocity  o f sound.

Thus the pulse length in w ater must exceed the transducer spacing. 
Usually, to obtain a good coherent output, at least 10 cycles overlap  is 
required.

The m axim um  pulse length condition  also occurs at n =  N  and is 
a function o f water depth. Th e pulse should idea lly  be short enough 
to separate the echo returns from  the Nth and the (N  —  l ) t h  beams. 
L e t t m be the maximum  pulse length, then

c r M <  R n_, -  Rn

N
<  Z.. , . --------------Z., , for the inphase condition

(N  — 1) N

Normally : ZN =  Z N_,

Therefore : c r „  <  Z ( ------------1 )  =  Z „  /(N — 1 )=
m N V N — 1 ' N N

But : N =  d/X

Z „  X
Therefore : t m <  —  . — (11 )

c d

It is apparent that at shallow  depths there is a conflict between these 
tw o lim its and an em pirical com prom ise must be adopted. In any event 
it is the angular region near the vertica l which is affected one w ay  or 
the other, w hilst it m ay be noted that the m ajor proportion  o f the 
swathe w idth  is provided by angles Qn < 4 5 ° .



EXPERIMENTAL EQUIPMENT

Th e side-scan transducer used on R.R.S. D iscovery  is bu ilt into a 
casting held on trunions between two fore and a ft legs attached to the 
underside o f a horizontal plate w hich becomes part o f the ship’ s hull 
when installed. Th e transducer is then 1 m below  the ship and about 6 m 
below  the sea surface. The a rray m ay be tilted  in the ro ll d irection by 
means o f a m otor inside the ship via a shaft inside the a fter leg ; roll 
servo-stabilization is also achieved w ith the same m otor drive. The trans­
ducer is single sided and so the back o f the casting is an ideal p la tform  
upon which to mount experim ental ielesounder assemblies.

Th e reflector assem bly is shown in fig. 3. A  thick metal plate is 
bolted to the back o f the casting and on this is mounted the reflector and 
tw o transducers. T w o  transducers are used to obtain tw o sets o f beams 
to aid beam identification. Th e reflector is a hollow  bronze casting w ith  
fa irin gs on the leading and tra ilin g  edges, and unicellu lar rubber is glued 
to the underside to provide the pressure release surface. O n ly  one ha lf 
the length o f each transducer is covered by the reflector because there 
are two separate sets o f transducer elements in each housing which allows 
the other halves to be used fo r  ord inary side-scan w ork.

For the tw o transducer system  the metal plate o f fig. 3 has been 
replaced by a tu fnol plate in fig. 4 and the low er transducer o f  fig. 3 
has been m oved up to occupy the position o f the v irtua l transducer. 
A lso, both transducers have been rotated dow nw ard about their axes, 
as discussed above.

Transducer/Reflector Assembly

Two-Transducer Assembly-

Operating Parameters

Frequency o f transm ission 
W ave len g th  X 
H orizontal beam w idth  
V ertica l beam w idth  
To ta l output power 
Pu lse length -z

250 kH z 
0.6 cm
1°

35"
70 W atts 

0.4 ms



R e fle c to r  assembly :

Reflector length L 92 cm 
30 cm 
10 cm  
33.8

Reflector w idth
Upper transducer —  reflector distance d/2 

M axim um  number o f beams N 
M in im um  beam number rn 5

L ow er transducer —  reflector distance d/2 
M axim um  number o f beams N  
M in im um  beam num ber m

18 cm 
60.5
13

Tw o transducer assembly :

Transducer separation d
M axim um  number o f beams N 

Rotation angle y

20 cm
33.8
20 °

Electronics and Display

The signal circuits are en tire ly  conventional side-scan circu its in­
cluding the provision  o f tim e varied gain  on reception. Th e output is 
displayed on an 11" M ufax wet paper recorder having a sweep rate o f
3 per second g iv ing a recorder range o f 250 m.

The telesounder system is an extension o f side-scan sonar and so 
it is not surprising to find the two displays have sim ilar form ats. For 
exam ple in fig. 5 the ship’s track is from  le ft to right along the top o f 
the record and the undulating dark line im m ediately  below  is the sea bed 
profile d irectly  under the ship. Further, echoes from  features out to the 
side o f the ship’s track are displayed at the appropriate ranges as fo r  
conventional side-scan sonographs. The difference between the tw o being 
that whereas fo r ord inary side-scan systems the m ain beam  provides a 
continuous picture over the m ajor portion o f the record, the telesounder 
display is broken up into a series o f bands or fringes w hich increase 
in w idth  and spacing as the range increases. These fringes change range 
in sym pathy w ith  the topography, an increase in range s ign ify in g  an 
increase in depth and vice versa. The general appearance o f such sono­
graphs is to give a three dim ensional im pression o f the topography even 
before any quantitative analysis is undertaken. The p ictoria l effect m ay 
be enhanced by tilting the top edge aw ay  and view ing the sonograph 
ob liquely at a shallow  angle.

SONOGRAPH INTERPRETATION



F ig . 5 was obtained by  using the reflector and upper transducer o f 
fig. 3. Features longer than the fringe spacing can be fo llow ed  across the 
record, for exam ple the w h ite shadows on the righ t hand side, due to 
steps in the sea floor; also features sm aller than a fr in ge w idth, usually 
textural changes, are easily observed, fo r exam ple w ith in  the w ide fringe 
tow ard m axim um  range. The overall change o f slope along the record 
is easily detected but it should be noted that this is not so fo r  slope 
across the record. Th e saw tooth type perturbations o f the fringes which 
are coherent across the record fo r  all beams are caused by the unstabilised 
state o f the array w h ile this record was being recorded. The regular 
series o f dashes on the low er part o f the record is in terference from  an 
echo-sounder.

F ig . 6 was also obtained using the unstabilised reflector array over 
a fa ir ly  flat sea floor and shows the effect produced by sw itching trans­
ducers. On the left, transducer T i  is used alone, and likew ise transducer 
T 2 on the right. Th e band in the m iddle is the result o f using the two 
transducers together to produce a secondary in terference pattern. By 
noting coincident beams, and w ith  the knowledge o f the array parameters, 
the beam  num ber m ay be allocated w ith certainty. For this array the 
possible coincident pairs o f beams occur as fo llow s :

n i 5 14 23 32 41 50 59

n2 3 8 13 18 23 28 33

The first pair do not exist due to the fin ite length o f the reflector so the 
first useable pair are numbers 8 and 14 and these occur coincident w ith  
the first dom inant fringe o f (T , -4- T . )  w ork ing in from  extrem e range. 
Reducing the range fu rther fo r (T , -f- T 2) a pair o f equally dom inant 
fringes can be seen. H ow ever these do not coincide exactly  w ith  a 
fr in ge  o f T j or T 2, but the next dom inant fr in ge o f (T , -f- T , )  m ay be 
used to check that nT =  23 when n., =  13.

Th e rem ain ing sonographs in this section, figs. 7-11, w ere obtained 
using the two transducer array, fig. 4.

F ig . 7 dem onstrates very  c learly  the pictoria l effect m entioned above 
as the beams m ove over the undulations o f two large sand waves. Beam 
num ber allocation is carried out by noting the dom inant fringe, produced 
by beam  22, and counting each way. The rough sea experienced at the 
tim e is evidenced in three ways. F irstly , by the numerous sea wave 
echoes at short range (the absence o f a reflector w ill a llow  a greater 
number o f these echoes to be received ) ; secondly, the short period per­
turbations o f the fringes caused by incom plete stabilisation and heave 
effects and finally, by the continuous trace on the lower part o f the 
record. Th is thin sinuous line is a measure o f the heave o f the trans­
ducer fo r this record, and the m axim um  vertical displacem ent is 1.2 metres.

F ig . 8 shows a scries o f asym m etric sand waves recorded in fa ir ly  
calm weather as suggested by the heave meter record. Fringe 22 is not 
so dom inant but is still apparent. The m inute perturbations o f the fringes 
could be assumed to be due to ship m otion ; however, it w ill be noted there 
are increases o f am plitude occurring on the upper regions o f the large



sand waves. It is concluded that these are due to small sand waves 
about 1.4 metres high whose crests are substantially parallel to the main 
crests. It w ill be noted also that there is evidence o f ve ry  sm all sand 
waves in the trough on the extrem e left. F rom  this record it is not 
possible to obtain the heights o f these ve ry  small sand waves except to say 
they must be less than 30 cm  high.

F ig. 9 is a sonograph o f almost sym m etrical sand waves w ith  sharp 
crests and an area o f variable gra in  size as indicated by the patchy varia-» 
tion o f texture. Fringe 22 is weak in places, but can be checked by 
fo llow in g  along from  adjacent areas. Th e other interesting features on 
this sonograph are the dark bands displayed across the record and asso­
ciated w ith  the crests o f the sand waves. These are the result o f noise 
produced on the sea floor by the m ovem ent o f particles on the peaks o f 
the sand waves ( V o g l i s  and C o o k , 1970). In the m iddle o f the record 
the telesounder transmissions w ere switched off but the transducers were 
still in use as receivers; the two noise bands that appeared occurred sim ul­
taneously w ith  tw o peaks on the ship’s echo-sounder. Note also that the 
bifurcated sand wave on the right has two noise bands em anating from  
points w hich are not under the ship but aL least 100 m away. Th e noise, 
being continuous, does not produce fr in ge patterns on the record.

F ig. 10 m ight at first sight appear to be a conventional side-scan 
sonograph o f a complex sand w ave region  in shallow  w ater. Closer 
inspection, however, reveals that fringes are present and that the heave 
o f the ship, o f up to 1 ’ in, adds lo their displacement. Th e picture is 
made more com plex by the variety o f sand w ave sizes present and by 
their variable trends. A t short ranges the spacing o f the beams on the 
ground is sm aller than the sand w ave spacing, at longer ranges the reverse 
is true and at some interm ediate range the two are o f equal size and it is 
impossible to resolve them. Beam  identification and num bering are not 
easy to carry out but it is estimated, nevertheless, that about 40 % of the 
record could be analysed w ith  care and patience. Some noise bands are 
present on the right side o f the sonograph, w hile the series o f dashes along 
the m iddle o f the record is due to in terference from  an echo-sounder.

Fig. 11 was obtained during bad weather over a flat sea floor in deeper 
water. Fringe 22 is easily picked out right along the record and detection 
o f other fringes on ly presents d ifficu lty  in  some o f the ligh ter toned areas. 
These light toned areas are probably sand, the adjacent ve ry  dark patches 
are possibly gravel and the striated regions between are areas o f  small 
sand waves. The boundaries between the areas were exam ined carefu lly  
in an attem pt to detect steps. H ow ever none were found ind icating that 
any height differences are less than 30 cm. A  fish shoal on the right o f 
the sonograph casts a long shadow on to the sea floor. Calculations 
indicate the shoal is about 20 m across, ly ing 60 m deep and 60 m  away 
from  the ship. The fish shoal does not exhibit a fr in ge  pattern because 
its fron t face is too steep.



THE PRODUCTION OF DEPTH CONTOURS

To  produce contoured plots from  a sonograph the fo llow in g  stages o f 
analysis were perform ed, a portion  o f fig. 12 being used as an example 
and fig. 13 the final product.

First, a traced overlay  o f the record was produced in which the trans­
m ission zero, and the best estim ate o f the centre o f  each recognisable 
fr in ge  was traced between tw o times, in this case from  2037^ to 2039. 
F rom  the navigational data the distance travelled in this 1 }  m inute period 
was found and then the distance a long the record equ iva lent to 10 metres 
o f track calculated. Th e tracings o f the fringes w ere labelled w ith  the 
appropriate beam number.

Second, the traced overlay was placed upon a trace reader, in this case 
a DM ac System I I ;  the transm ission mark was lined up along one co­
ordinate, X, o f the trace reader and the other co-ordinate, Y, proportional 
to R„, set to zero. Th e trace reader was set to sample the Y  value fo r 
each increm ent in X, equivalent to the 10 metre spacings as calculated 
above. Each fringe was carefu lly  fo llow ed whilst the punched paper tape 
output logged the regu lar series o f R„ values. Th is was repeated fo r every 
fringe, each tape sequence being preceded by its defin ing value, n. The 
paper tape was edited to include the fixed parameters a, d, X, sam pling 
in terval and the start and finish times.

Th ird , the edited paper tape was fed into a computer, which in itia lly  
calculated the calibration  factors fo r  the first beam, as given by the square 
brackets in equations (8 ) and (9 ) ; the depth Z„ and horizontal position 
Y „ w ere then com puted; fina lly  a three digit figure o f the depth in deci­
m etres was w ritten  centra lly  at the position (X , Y „), fo r  each increm ent in 
X, on a drum p lotter to a true X, Y  scale o f 1 cm to 10 metres (i.e. 
1/1000 scale). Th e other fringes in turn were treated sim ilarly.

Th e final operation o f contouring the depths at one metre intervals 
was done m anually, to produce fig. 13, representing an area 550 m by 
200 m.

O bviously this w hole analysis procedure took considerably longer than 
the 1 } minutes requ ired to obtain the record at sea, though perhaps no 
longer than the analysis o f a conventional echo-sounder survey provid ing 
the same number o f depth samples, but using perhaps tw enty times as 
much ship time. The analysis could be speeded up considerably, for 
exam ple by using a small dedicated computer whose input is linked d irectly  
to the trace reader and whose output is coupled d irectly  to a fast visual 
d isplay device. Th e d ig itiz ing m ight possibly be taken d irectly  from  
the record in m any cases, e lim inating the tracing sheet. However, it is 
believed that this stage can be useful as it separates the detection and 
measurement. A lso  it m ight be possible to produce the tracing so that 
subsequent optical or m agnetic d ig itis ing could be automatic.



Simple Method for Limited Analysis

For some applications the full analysis procedure m ay not be required, 
it being sufficient to use only a proportion o f the total num ber o f beams, 
or else on ly the depths o f the peaks need be determined. Sim ple scales 
were produced and overlayed on the record for each point in turn and 
the values o f Z „ and Y „ read off directly. Th is system was sligh tly  tedious, 
but plastic scales in a purpose built fram e can provide a practical method 
o f manual analysis.

ERRORS

The use o f telesounder is based on calculations which give the total 
water depth in the form

D =  Dt  ± h H— — sin 6 
T 2 n

where D is the total w ater depth, h is the instantaneous value o f the 
ship’s heave and tn is the travel time along the nth beam. Th e sources 
o f error in the system m ay thus conveniently be placed into three inde­
pendent groups, nam ely ship motions la rge ly  affecting 6,, and h, the 
recording and analysis system  affecting t„, and environm ental data, affecting 
knowledge o f c and 0.

Errors due to Ship Motions

A ny uncompensated ro ll can introduce errors because the reference 
fo r 0„ is no longer the true horizontal. A ll the beams are rotated sim ilarly, 
but depth errors w ill be more serious at low  values o f 0„, that is at long 
range, whilst errors in horizontal position w ill be most serious when 
0„ =  90", at close range. I f  fo r the m om ent we assume that the m axim um  
range Y  is about ten times the w ater depth we require a m in im um  0,, =  5.7°, 
so this angle and 90“ are used as lim iting values in the tables below. The 
first table shows the errors 6Z# and 5Ye in depth and latera l range res­
pectively, due to using the nominal beam angle 0„ instead o f (0„ +  80).

60 ± 2° ± 1° ± 30' ± 15' ± 7.5'

S Z J Z  ( a t0 =  5.7°)6 ' n n

6Ye/Zn (at dn =  90°)

+  0.26 
-  0.54

+ 0.035

+  0.15 
-  0.21

± 0.017

+  0.080 
-  0.096

± 0.0087

+  0.042 
-  0.046

± 0.0044

+  0.022 
-  0.022

± 0.0022

Roll, therefore, has a fa r m ore serious effect on the accuracy o f depth





than o f position. W ith  a towed body ro ll stabilities w ith in  ±  1“ m ay be 
possible, but anything better wTould probably be quite d ifficu lt. For a 
ship-mounted system, stabilisation to w ith in  ±  1 " is not too d ifficu lt to 
obtain, to achieve ±  15' would need considerable care w h ilst to achieve 
±  7.5', though feasible, would require a very  expensive gyro  system. 
To  ensure exact and continuous recognition o f the beams some degree 
of r o ll  s tab ilisation  is essential fo r  a ll quantita tive  w ork.

Uncompensated deviations in pitch angle, 80, cause errors in all three 
co-ordinates 5Zp, and 5Xp, where X  is the co-ordinate along the track 
o f the ship, as shown in the next table.

60 ± 10° ± 5° + 2° ± 1°

5Z /Z p' «
SY fz  (at 0 =  5.7°)p' n v n
s x  /z  p «

0.015

0.15

±0.17

0.0038 

0.038 

± 0.087

0.00061

0.0061

±0.035

0.00015 

0.0015 

± 0.017

Errors in lateral position are worse at long range and, as the table ind i­
cates, positional errors are greater than depth errors.

Vertica l displacement o f the transducer due to ship heave and pitch 
shifts the reference depth DT. Th is is probably d ifficu lt to compensate 
m echanically, and unlike an echosounder cannot be compensated by 
delaying the pulse transmission relative to the recorder sweep, because 
the change in travel tim e is different for each beam. By integrating tw ice 
the output o f a vertical accelerometer, the vertical displacem ent m ay be 
logged or, as m our experiments, displayed on the records. Th e résultant 
displacement trace, which can be seen on figs. 7, 8, 9, 10 and 12, m ay be 
digitised and stored at the same time as the beam traces.

Deviations in the heading o f the ship from  the course made good, due 
to set and yaw , do not introduce depth errors but do cause positional 
errors. Th is has been considered and corrected by H o p k i n s  (1970) fo r  the 
purposes o f producing a mosaic o f side-scan sonographs. Corrections fo r 
set, yawT and sw ay are dependent upon having good navigational data, but 
can be straightforw ard to apply at the plotting stage. The achievement 
o f accurate navigation, though vita l to surveys using telesounder type 
equipment, is considered to be beyond the scope o f this paper.

The ship motions and resultant errors have been sim plified by separa­
tion above so that a feel may be obtained for the magnitudes o f the errors. 
In practice all motions w ill be present sim ultaneously and, depending 
upon the particular ship and the sea, there m ay be coherence between these 
motions.

It is evident from  the records that in m any cases the spatial scale o f  
the sea bed features are larger than the perturbations due to ship m otion ; 
it is then tem pting to smooth out the perturbations by eye when the 
operator digitises the traces. Th is m ay be perm issible fo r small motions, 
but because the errors are non-linear and asym m etric can lead to biased 
readings.



Errors due to Recording and Analysis

Th e tw o-w ay travel time, o f the nth beam is measured as a length 
from  the record and any errors in it introduce proportionate errors in 
Z n and Y„. Because the w idth  o f  each beam trace on the record is finite, 
there is a choice between tak ing the centre o f the trace or the position 
o f m axim um  intensity fo r Th e form er m ay be preferred  since the 
m axim um  is flat topped and w ith  m any recorders d ifficu lt to discern; 
how ever the edges o f the beam trace are not sharp and the m arks w ill 
be asym m etrical about. 0„, due to the sin 0„ dependence o f the d irectiv ity  
function argum ent. Taking, fo r algebraic convenience, an inphase, tw7o- 
transducer system it can be shown that over a flat sea floor the half 
am plitude points o f the /i"“ beam strike the sea bed at times tn— tn/(3n  —  1) 
and #„ -J- #m./(3/i +  1)- Let A #„ be the difference in travel times o f the half 
am plitude points o f the beam, and 6#„ be the o ffset from  t„ o f the m id­
point o f the half am plitude points. Then

A t j t n =  6 n / { 9 n 2 -  1 )
and

5 t I t  =  l / ( 9 n 2 -  1 )n‘ n 1v '

F o r  the low er values o f n, that is the longer ranges, one m ight reason­
ably expect to ju dge the centre o f  the beam to w ith in  about ±  0.1 A tn, 
and from  the table below  it can be seen that this w ill generally  exceed the 
o ffset or bias due to asym m etry.

n l 2 5 10

St /tn ' n
0.1 A t ( t (=  5Z /Z )n n v t n

0.125

0.075

0.029

0.034

0.0045

0.013

0.0011

0.0067

F o r  h igher n  values, that is the close range beams, the resolution of 
the trace reading process, includ ing any interm ediate line tracing stage if 
used, becomes the lim iting factor. A  resolution o f 1 /500th fu ll scale 
recorder w id th  is feasible and generally  the w ater depth w ill be about 
1/10th o f ful l  scale so that in this region 5Z ,/ Z n should not exceed 0.02.

O ther causes o f asym m etry in the fringes on the record could be varia ­
tions in spreading loss and backscattering across the beam. It is assumed 
that the d ifference in spreading loss across the beam due to range differences 
is counteracted by the time varied gain. The variation o f backscattering 
w ith angle fo r m any sea bed types is rather small especially in the range 
0 <  70" ( M c K i n n e y  C.M. and A n d e r s o n  C.D., 1964), and so it too m ay be 
disregarded as a source o f asym m etry.

These idealised error calcu lations assume that the sea bed reverber­
ation levels exceed the noise level. Ideally  too, they apply to each pulse 
transmission, though accuracy o f measurement is im proved i f  there is 
high coherence from  pulse to pulse, that is i f the spatial scale o f sea bed



features are la rger than the beam spacings and pulse in terva l distance 
along the track. Records become d ifficu lt to read when spatial scales are 
com parable w ith  beam spacings as in fig. 10. H ow ever when the scale 
is ve ry  much sm aller than the spacings, the beams w ill be recognisable 
again and it is apparent that the m easurem ents w ill represent an average 
over the area o f a resolution cell, given approx im ately  by :

AR . cp . R„ . cos 0tt>

w here q> is the horizontal beam width in radians, and i f  i  is the pulse 
length,

AR =  c t /2  at long ranges, 
and AR =  cAt„/2 at short ranges.

A s range increases the density o f soundings reduces, the sam pling 
area fo r each independent sounding increases and genera lly  the errors 
increase.

A  m ajor source o f systematic error is uncertainty in the tilt angle a. 
I f  this is unknown, but stable, it m ay be determ ined as part o f the 
calibration process as described later fo r the Dodm an Po in t Survey. O ther­
w ise the calcu lations fo r uncompensated roll, 50, apply also to tilt devia ­
tions, 5a.

Errors due to Refraction

Sound rays are refracted towards regions o f low er sound speed, w hich 
is m ain ly dependent upon tem perature, sa lin ity  and depth. Though  abso­
lute variations in  sound speed are qu ite small, generally  less than 2 % , 
the small angles o f refraction  have proportiona lly  a large effect because 
o f the small grazing angles in use w ith  telesounders. Tem pora l and 
spatial variations in the environm ental param eters due to seasonal heating, 
tidal flow  and internal waves fo r exam ple a ll affect sound propagation , but 
m ay need different methods o f handling due to the differences in scale. 
Internal waves do on occasions cause severe refraction  distorsion on side- 
scan sonars, analogous to look ing through a bottle glass w indow7; te le­
sounding in these conditions is impossible. Seasonal changes in mean 
sound speed m ay be handled sim ply by changing the recorder sweep speed 
or calibration  factor. In between these two extrem es it is apparent that 
continuous m on itoring o f the environm ental param eters m ay be required. 
Then, depending upon the m agnitude o f the variations, it m ay be necessary 
to make corrections fo r refraction, or lim it the swathe w idth, or u ltim ate ly  
abandon the survey until conditions im prove.

It is genera lly  assumed that horizontal stratification applies when ray 
paths are com puted using sound speed profiles. I f  this assum ption is not 
va lid  in practice then correction fo r re fraction  w ould be im practical. 
There are several ways o f approxim ating the profiles including m u lti-layer 
models w ith  constant speeds or constant gradients. Th e m ethod fo r 
illustrating re fraction  here is based upon theory developed by D a i n t i t h  

(1970); the sound speed c (Z ) is known and characterised by c, its mean



va lu e to depth Z n, and by its standard deviation, a,., to the same depth. 
Th en  to second order in (<t,./c ) 2 :

=  y  [c ] [sin 9n ] [  1 +  ( a j c )2 . f (9 n )]

where : /(0 ) =  (  1 — — cot2 6 +  — cot4 6 )
«  V 2 ” 2 "/

and 0n, the mean angle o f the n tl' beam is related by Snell’s law  to the 
in it ia l p ro jection  angle 0„ and the sound speed, cT, at the transducer, by

cos d /c =  cos 8 \c-n' n ' T

Since c and are the mean and standard deviation to depth Z„, which 
is the dependent variabie, an iterative process m ay be required. The three 
fa ctors  fo r  Z „  in square brackets indicate that the sound travels at a 
d ifferen t mean speed, a different mean angle and over a longer curved 
path  than the straight ray in itia lly  projected. W ith  full know ledge o f cT, 
c and ac, the values o f 0„, f(Qn) and sin dn could be calculated fo r  each o f 
the 0„ values, thereby generating the calibration factor for each beam. 
H ow ever it is w orth  considering the errors introduced by further sim pli­
fications.

F irstly , neglecting the last term  due to variance, the depth errors 
5 Z r fo r  a range o f (er,./c ) values are shown in the next table.

(ac l5) 5 x 10-4 i o - 3 2 x IO "3 5 x IO "3

ÔZ
— - ( a t e  = 5 . 7 ° )  
Z "n

0.0038 0.015 0.060 0.38

These errors reduce very  quickly as 0,, increases, becom ing one tenth of 
the above at 0n =  10“ fo r exam ple.

Secondly, the d ifference between 0„ and 0„ when the latter is 5.7”, and 
the effect o f ignoring this difference on the depth error 5Z r, is shown in 
the next table, fo r a range o f (c T/c).

cT/c 0.998 0.999 0.9995 1.0005 1.001 1.002 1.005

B (at 0 = 5.7°)n  v n J

— - (at Q =5.7°)
Z  n 

n

4.402°

-0.29

5.093°

-0.12

5.405°

-0.054

5.980°

0.047

6.247°

0.087

6.749°

0.15

8.067°

0.39

cT must be w ith in  0.29 m/s o f c to prevent errors m ore than 0.2 Z „ at 
m axim um  range.

F ina lly , as w ith  a norm al echo sounder, errors in calibration speed 
introduce proportional errors in depth.

In  order to obtain some idea o f howr frequ en tly  refraction  would be 
a problem , 365 sound speed profiles from  m ain ly inshore and estuarine 
stations around the east coast o f  Britain  w ere exam ined and c and ac 
calculated. Values o f c varied from  below  1460 m/s to above 1490 m/s, 
about 45 % o f the profiles had standard deviations less than 0.2 m/s, about 
90 % less than 3 m/s and the m axim um  standard deviation was 10 m/s.



Th is data is not necessarily tru ly representative either geograph ically  or 
seasonally, but does indicate that often  the variance term  m ay be ignored, 
the mean angle correction less frequently, and the mean speed never.

R efraction  w ill also cause errors in lateral position, and l ike errors in 
ro ll angle these w ill be worse at short ranges.

Repeatability of Telesounder Experiments

In order to obtain an estim ate o f the actual errors in practical situa­
tions, surveys w ere planned which included covering the same area o f 
ground w ith  crossing tracks. For these experim ents it was necessary to 
have good navigation  and H i-F ix  was hired fo r  this purpose, using existing 
chains. On the first occasion the weather conditions prevented the ship 
entering the chosen estuarine survey area fo r which tidal measurements 
were available. Instead, the experim ent wras perform ed in rather deeper 
w ater (58 m ) at 50 °14 'N , 4 "4 5 'W  near Dodman Po in t over a nearly  flat 
sandy sea floor, but tidal differences had to be estimated from  tables. By 
choosing a flat sea-bed the demands placed on the navigation are not 
quite so severe, and in deepish water the angular range is not so great. 
A  second survey was made in much shallow er w ater (20 m ) at 51 °48 'N , 
l^ 'iB 'E , in the outer Tham es estuary at Lon g  Sand Head, in an area o f 
sand waves about 6 m high from  peak to trough and w ith  a crest-to-crest 
w avelength  around 100 metres. For this second survey tidal m easure­
ments w ere availab le and a sound speed profile was taken.

For both surveys the data was analysed as described above and true 
scale charts o f depth readings in decim eters produced w ith  a sam pling 
in terval along the track o f 10 metres, and iden tify in g  the beams by  the 
darker fringe, number 22. The charts were then overlapped according 
to the navigational data and plots made o f the differences in soundings 
between runs at all positions co-incident w ith in  about ±  2 m.

Dodm an P o in t  Survey.

It was evident by looking at the differences on one plot between the 
echo-sounding lobe o f one run and the soundings w ith range o f the other 
that there w ere range dependent errors. These were believed to be due 
to errors in tilt angle, a, rather than range R„. These errors are 5Za, 
where :

6Zot/Zn =  6a . cot ( 6n +  a )

so by tak ing the echo-sounder readings as Z„ and the nom inal values o f 
(0„ +  a ) fo r the beams on the crossing track, graphs o f 5Z «/Z „ versus cot 
(0„ -f- a ) should be a straight line w ith  gradient 5a. Th is gave 5a =  18' in 
one case and 5a =  —  33' in the other. N ow  these angular errors are 
too small to be due to incorrect choice o f n, and this w ould not g ive a 
linear d istribution  anyway, nor w ould an error in N. H ow ever there 
are several ways in practice fo r an error to occur in a. F o r the 
gyro used errors w ith in  ±  15' can occur in the reference, the ro ll angle



control m ay only be read to w ith in  about ±  15', it is estim ated that 
backlash can contribute up to ±  20', and Anally an error o f —  11' was 
subsequently measured between the gyro p la tform  and the transducer 
p la tfo rm  when the ship was stationary. Between the two crossing runs
2 hrs 28 m ins elapsed, adequate time fo r the value o f a to change through 
the above range. No sound speed data were available for this survey, made 
a fte r  a period o f storm , which m ay have helped to reduce near surface 
gradients. E rrors due to refraction  how ever would not tend to g ive linear 
plots, nor w ou ld  the po larity  o f the error be like ly  to change so quickly, 
though it is possible that refraction  contributes part o f the mean error 
o f  —  15'.

In  each case the values o f (0„ -f- a ) were corrected by 8a and the 
telesoundings re-computed and cross compared as before. There was now  
no system atic pattern in the difference apart from  the mean difference 
o f  1.85 metres, compared w ith an estimated tidal difference o f 2.2 metres. 
Th e d istribution  o f the 211 differences from  an area covering 130 metres 
by  170 m etres is shown in fig. 14 and the standard deviation is 0.4 metre. 
Since the mean depth wTas 52 metres below  the transducer the telesounder 
appeared to be repeatable on fhis occasion w ithin the range 5Z/Z  =  ±  .023 
( ±  three standard deviations).

L o n g  Sand Head Survey.

Th e sound speed profile gave (c —  cT) less than 0.2 m/s and 
ff,. =  0.07 m/s so that errors due to refraction  were small. Determ ination 
o f 5a fo r the tw o crossing profiles gave +  6' and -)- 42', but w ith  much 
poorer correlation  than fo r the Dodman Point survey. The reason fo r 
this is probably that navigational errors, and the subsequent m isalignm ent 
o f  the plots, introduced apparent depth differences over this uneven sea bed. 
L in in g  the plots up by the trend o f a sand wave peak suggested errors 
in position o f the order o f ±  5 m, which in the steepest region could give 
a 0.5 m  depth difference. Th e distribution o f 121 differences from  positions 
spread over an area o f 70 m by 90 m is shown in fig. 15. The standard 
deviation  in this case is 0.13 m and the mean value also is 0.13 m and 
probab ly  not significant. The tidal d ifference between the two runs was 
sm all since they were on ly 14 minutes apart. In the overlap area the 
depth varied from  12 to 16 metres below  the transducer, so that on this 
occasion the repeatability (to  three standard deviations) was in the range 
5Z/Z =  ±  0.028.

Both surveys give sim ilar results in these tests o f repeatability. The 
absolute errors fo r any one run would depend upon knowledge o f the 
m ean sound speed, but this w ould be known accurately enough; it seems 
reasonable then to d ivide the variance measured above between the two 
crossing runs, ind icating peak errors o f the order o f ±  2 %  o f the depth. 
Th e m in im um  angles 0 used in the surveys were 13“ and 8.8° respectively, 
and it is clear that larger errors can be expected when using sm aller 
angles to achieve ranges out to ten times the depth. T o  do better would 
requ ire  much tigh ter control o f a and careful m onitoring o f the sound 
pro file  fo r refraction .



Fie .  14. —  H is to g ra m  o f  dep th  d if ferences  f o r  the  D odm an  P o in t  Survey .
211 samples ,  m ean  e r ro r  —  1 .8 »tn , standard  d e v ia t io n  0.40 m, t ida l  co r rec t io n  — 2.2 m.

DEPTH DIFFERENCES IN METRES

I'lG. 15. —  H istogram of depth difle'Ycnccs fo r  the Long Sand Head survey.
121 samples , m ean  e r ro r  — O.Kl m, standard d e v ia t io n  0 .13m , t ida l  co r rec t io n  nit.



SUMMARY

The use of an acoustic method to obtain wide swathe depth coverage 
from  a survey ship is a logical extension o f the echo-sounder and the term 
“ Telesounder ” is suggested for this type of instrument. In addition to 
the echo travel time it is essential to know the angle at which the sound 
is conveyed to and from the sea-bed, whose position is then available in 
polar co-ordinates from the transducer. The polar co-ordinates are 
converted to cartcsian and related to the navigational data to produce 
a chart suitable for contouring. It is inevitable that the need for an 
extra co-ordinate should lead to further sources o f error compared with 
an echo-sounder, and in practice the telesounder depth accuracy is 
determined by the angular accuracy one can achieve. Thus the discussion 
on errors due to ship motions and sound refraction will apply whatever 
method is chosen to implement the telesounder principle.

The telesounder system described in this paper is based upon a 
multiple beam side-scan sonar and has been operated at sea under 
realistic, if not exhaustive, conditions. The records reproduced here 
represent less than 0.5 c/( o f the total obtained during two short cruises. 
The errors in depth over the sw'athe were generally less than 2 %  but this 
figure should be regarded as ‘ typical ’ rather than necessarily the best 
one might achieve or the wrorst one might expect under some conditions.

The important parameters in designing this type of system are the 
frequency f, and hence wavelength, ~k, transducer spacing, d, and a, the 
tilt angle.

The frequency w ill normally be as high as possible consistent with 
achieving the maximum range in order to restrict the transducer 
dimensions. The 250 kHz equipment described here was designed to 
measure to 200 metres range in typically 20 m water depth. Some longer 
range records have also been obtained at 36 kHz, for example fig. 16, 
by using the outer transducer rows of a side-scan sonar, for which 
d /X  =  8.23. Normally the length of the transducer w ill be about 40 X, 
to give good resolution in the horizontal plane, and the width about 3 X/4 
to provide a reasonable envelope for the beam sensitivity.

The transducer spacing, d, in wavelengths determines the number of 
beams, N, and the beam angles, 0,,, and hence the number and interval 
o f lateral samples. It also determines the beamwidths, which, for low 
N values, limit the depth accuracy; with higher values of N, errors in 
the tilt and roll angles tend Lo limit the depth accuracy, and also cause 
the near vertical beams to be lost with practical pulse lengths. This can be 
seen on many o f the records and causes a gap in short range coverage, 
Fig. 12. though this is made much wTorse by the particularly weak 
sensitivity envelope, fig. 2, over this sector. N values between 25 and 50 
are realistic.
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For quantitative work the angle, a, must be known accurately and 
this probably rules out telesounders in towed bodies, and calls for a ship 
mounted, roll stabilized platform. The only occasion on which a tele­
sounder could be used without a stabiliser would be during absolute flat 
calm conditions but refraction could then be a greater problem. The period 
following a water m ixing storm may be a good time to carry out 
telesounder surveys, so roll servomechanisms could be called upon to 
control within ± 1 0 ' as the ship rolls ± 1 0 ° .  If a roll gyro is not 
available for other purposes, its cost is liable to exceed that of the rest 
of the system.

The full analysis of records can be performed with general purpose 
data processing machines for short or occasional surveys. For longer or 
routine use some development o f specialised data handling equipment 
may be necessary. W ith  a telesounder on each side o f the ship, and at 
the rate demonstrated in fig. 13, continuous surveying would produce over 
a million depth readings per day covering 100  square kilometres.

Telesounding could be useful in harbour, estuarine and inshore 
surveying. Its usefulness in general marine depth survey work depends 
upon how hydrographers trade off savings in ship time (or a greater 
coverage per working day) against the data handling problem and reduced 
quality o f depth readings compared w ith the traditional echo-sounder. 
Scientific applications o f telesounding within the lim its described here 
already exist in marine geological studies on the continental shelf.
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