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Introduction

In recent years there has been an increasing interest in acoustic
techniques for the estimation of fish abundance. The literature, some
of which is listed at the end of this paper, gives evidence of
this. It is clear that there is a need for improved accuracy of the
methods. The problem may be divided into two main areas:-
1. The reliasility of the acoustic measurements in the estimation

of bico-mass
2. The difficulty in obtaining reliable divis}on of the estimated

bio-mass into the abundance of the species of interest.

This report concentrates on the first of these problems‘and describes
an.attempt to establish a computer model of an echo sounder. The use of
the computer model.is, of coursé, like a mathematical model - limited by
" the accuracy with which the model represents the practical system.
Severallauthors - in particular Ehrenburg - have developed mathematical
models and used these to deteriine the accuracy of estimation of bio-mass.
‘However, it is the authors' contention that much of the physical understanding
is lost in a matﬁematical model and that the computer model offers a better.

approach, allowing interaction between the user and the model.

The Model

Referring to Fig. 1 let the acoustic pulse transmitted in the direction

of the acoustic axis be x(t) cos wt, x{t) being the pulse envelape shape

"and w the carrier fregquency.

23




The signal reaching the target will be delayed in time due to the
finite acoustic velocity and in addition its amplitude will be dependent on
(a) the angular position of the target relative to the
acoustic axis
{b) on square law spreading, and

(¢) the attenuation of the acoustic wave in the medium.

A proportion of this incident signal will be re-radiated by the target and
the strength (and phase) of the re-radiated wave will depend on the size,
shape and construction of the target. This wave will then be subject to the

same loases and delay on the return path as on the forward path.

Thu$ the signal received from a single point target at a position R, .
Bi. ¢1 relative to the transmitter can be represented by the following
expression

2Ri 2Ri
Vi -'-‘-Ai ﬁ(ei, ¢'i.) x({t - T) cos wit - —C—) Cimtmersenan eevaasas (1)

‘ Ai 1s a factor which will depend on the square law spreading loss, the
attenuation of the medium, the sensitivity of the receivér and the target
stréngth. B{Bi, ¢i) takes into accountrthe directivity both on transmission

and reception.

"It is convenient to use range (depth) rather than time as the variable,

this is how the signal is normally displayed in echo-sounders,

Putting R = E%— we get

2 2u
v, = Ai s(ei, ¢i) xﬁE(R—Ri)} cos == (RR,) tivieneenn rerrernans (2}

Eguation (2) can be expressed as the convolution'of two functions

_ 2R 2uR
h(R) = x(E—d cos(—zr-)
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and A, Ble,, ¢,) 6(R - Ri)
= Ti é(R-Ri)
Thus v, = h(R) * 'I'i G(R-Ril ..... sresenans Cessesr ettt anaanann vesses (3)

When we consider a number of targets

= = * -
v f vi h(R) z Ti § (R Ri) tirararevensanana Crearaasrenens veanvea (4}

Thus we can represent the behaviour of the echo sounder system as a
linear systeﬁ having an impulse response h(R}) and fed with a series of

impulses of strength 'I'i occurring at ranges Ri as shown in Fig. 2.

A digital'computer does not deal with continuous functions and hence
we need to divide the range up into a large number of small intervals each of
6§ units. In displaying the ocutput however we can linearly interpolate

between the samples to obtain a continuous display.

Arbitrarily we normalise the unit of range such that in the above
expressions §-= 1, and in addition we choose the angular frequency such that
1h these units w = 1. These decisions affect only the range scale of the final

output.

In Fig. 3a we see a photograph of the ocutput of‘the computer for a single
point target for a particular set of conditions. The pulse shape used in terms
of the normalised range units was x(R) = §(1 - cos 2%34 and the carrier
frequency @ is unity. '

This is a typical received scnar waveform from a single taréet but of

course can be changed at will in the program if required.

A perfect envelope detector would plot the modulus of this waveform

which is seen in Fig., 3ib.

Any appropriate curve can be fed intc the computer for the angular




sensitivity R{®, ¢). However, it was convenient to use a Gaussian shape

for the initial trials since in addition to being easily generated and

mathematically simple, it represents a fairly close approximation to the
practical situation. Hence it was assumed that

2 2
B(9,¢) =e O o ¢
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Generation of a suitable target distribution

We imagine the space with which we are concerned to be divided by a
gset of spherical shells centrxed on the location of the echo soundexr and

spaced by the range increment 6.

We use a Poisson distribution to determine on a random basis which
of these shells contain a target assuming'that § 1s small enough so that
there is not more than one target in each interval. The average value of the
Polsson distribution determines the average number of targets and hence the
target density in range. Two points should be noted here.
.{1) It would be guite easy to extend the analysis to have more
than one target per range interval. ‘
' (2) The targets are assumed to be point sources at this stage.
Later the simulation will be developed tc take into account

thé various properties of the target other than its 'target

strength', e.g. length, directivity, etc.

Having decided that there is_a target at a particular range Ri we
choose at random a valﬁe for 91 and ¢i from a uniform distribution extending
befween given angular limits which could if required be +w. However, if
we are dealing with relative narrow beamwidths it is not necessary to extend
the angular range much beyond the beamwidth. Increase of the angular range
for a given beam patterﬁ B(0,4) obviously reduces the average target strength

which, of course, ties up with the fact that the volume target density is

reduced (See Appendix l}.
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The amplitudes Ai are range dependent as well as being dependent on

the target strengths but in practice by the use of T.V.G., in the receiver,

this range dependence can be compensated. Ai can then be given a suitable
distribution, e.g. Gaussian and it is convenient to norpalise the mean to

unity.

Any typical trace can be displayed on the C.R.T. ocutput from the

computer, and an example is shown in Fig., 4.

Estimation of target number

In Appendix 2 it is shown that the energy of the pulse envelope for

the particular pulse shape chosen is g% .

We have standardized the target strength A, as having a mean of unity

i

and in Appendix 1 we have determined the mean square value for B({6,¢) as

n
50,4, erf(Jibl) erf(/f}l)

From this information it is thus pessible to calculate the expected average

energy of a single pulse.

By dividing the mg?sured energy from the particular trace by this
quantity we can then estimate the number of targets. The program is designed
to carry out this calculation and the result may then be compared with the

actual number of targets which is, of course, known.

i

The program is arranged to go through this proéedure a number of times
50 that a set of results are cbtained. These results can be plotted by the
computer in the form of a graph representing a plot of the estimated number
of targets against the actuai target number, and in addition the computer can
calcﬁlate and plot the bgst fitting straight 1iﬁe to the results. This line
|

should, of course, have A slope of unity and pass through the origin.
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Discussion of Results

Some typical results are shown in Fig.> and Fig.6. The values of
91 and ¢l were chosen as 1.5 since this takes into account any target of

reasonable size within the beam of the system (see Appendix 1).

R plét of the slopes for a number of cases showed that the model
exhibits some ancmaly for very closely spaced targets. 1t is probable,
however, that this is an artifice of thé particular example chosen. When
the average target spacing is 3 units this is equivalent to about half a
wavelength of the acoustic pulse, Thué there will be a tendency for
‘adjacent pulses to cancel ocut and so decrease the measured energy. This

is, of course, a real effect and should targets be as close as this the

Y

same result could occur.

For most of the results the measurement of energy provided a
reascnable estimate of the number of targets provided sufficient results
are averaged. However, the large variance of the results shows clearly

that on any individual trace the measurement of energy could give a very

misleading result.

The results so far show that the model is very promising but
requires some further validation before too much weijht is pﬁt on these

conclusions. Further the model requires to be extended to approach more

nearly the practical situation. .
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hggendix 1

Mean Square of Directional Pattern

\
. 'I
1f the direction pattexn is B{(8,9) then the mean square is given by

0. = I J 82(0,4) p(6,4) aods

where p{0,$) is the joint probability density for 8 & ¢.

Since @ and $ are choseh independently and are uniformally distributed

over the ranges + el and iqbl respectively then

a ' S8, < B <8
p(8,4) = p(8). pld) 5% i 5% 1 1
.- : ) 1

-4, <9 <4

bi

O elsewhere

L 0, (¢
e B = o j ! ] 8%(6,¢4) aoas
yh )
174

we have assumed in the text that
2 2

SR I
CICH R B, (0). B) (4)

Thus the double integral is separable into two single integrations viz:

: (0 02 b .2
B, = g J P T J 1o g

1/, 24, )
- 1 . ¢1
: 0 2 0 2
2; 1 -20% _;_ Jleze a
N 170 .
1 -
. 28, 2 .
= 752— J 1 e X @ax where x = ¥20
1

fr

= W—OI erf (Eﬂl)

%]
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N 2
1 1 -2¢ o
similarly 2¢1 I as 575;;
. '#1 .
. 2 T
T BT, ¢) 56,3, erf(v26,) exf(v2¢,)
n 2
= —5 erf (/20,) if ©
82 1 '

1

For large values of 81_

e BRe

801 :

erf(n/z_el] + ),

1 = 4

2.3

e.g. it will be seen that for 91 = 2 this-éxpression gives the value 0.09818

whereas the exact value is 0.09816.

)

0.5
l.0
1.5

2.0

Table 2

82(0,4)

0.73195
0.35775

0.17354

0.09816
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Appendix 2

Integrated Mean Square of pulse envelope (pulse energy)

= |xw}?

A
==I 'z(l-cosle-E)zdR

A
O

if the pulse was a continuous function of range

= l;'j{l-zcosz—ZR-+cosz-g-z—R]dR
4 " omR R '
= 'zj {1-2cos—A——+’z+HCOS.-A—]dR
o .
_3
8

In the computer model the calculation will be carried out using a summation

rather than integration as R = né, § being the range increment.

~

L

Lat A = N6
. ———— N .
S @2 = E ok - cos 2082
‘ n=o )
N
= I k(1 - cos %?-l )2
n=o
- N 27n 41n
=&Z(1-2cosT+H+5cosT)'
n=o )
-for n = 0 this expression is zero.
2 aw N 21 4n
e lx{R)I == 4+ £ (2 cos—+1:cos—'l)
8 s N . N
. n=1 .
3N 34 )
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Echo Sounder
Transducer

A\

Fig. 1. Showing the axes of measurement.
"~ A
Bt —— hiR} |—&
1‘1 s I '
R hiRI= x(2R) cos (20R,

Fig. 2. Rebresentation as Linear System

\ | Yy




r
b
- 2
- : d
.
-
o . . o ) . . P .- b e L e
TR PR LY TN SRR ¥ T LTI Ll % 2 o Tl AT

grox s e ""‘q";rwr- T TR e A " o TS AT A Aoy v .
) -

"-'F'ig". 4..- Multipre target &ut, ut ' ) o

.




A =47
6 =¢ =1.5

A =11 -

Yy = 0.98l6x - 0.1489
var. = 68.539

100 points
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b

$ = 1.5
0.9207x + 0.4u66
20 points

. = 209.17
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