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INTRODUCTION

An earlier paper‘l) described the computer modelling of a simple echo-
sounder system and the use of this model to estimate the performance of the
system in such applications as fish abundance measurement. The results were
sufficiently encouraging to justify the extension of the model to simulate an
electronically scanned sonar system similar to those developed at Loughborough
University and elsewhere(2),

DESCRIPTION OF MODEL

In reference (1) it is shown that the output of a simple echo sounder
can be represented by the convolution of two functions viz:-

v(R} = h(R) * E T.i‘ (R ~ Ri)

where h(R) is the transmitted pulse shape, R, is the range of the :I.th target
and Ty is its amplitude taking into -account all the factors which would
control its amplitude including its position in the beam. The cutput waveform
of the echo sounder receiver i1s, of course, a function of time but since the
display 1s calibrated in range it is convenient to express the output as a
function of range. A typical shape for the transmitted pulse is a sine wave
with a raised-cosine envelope which in normalised units would be

h(R) =':(l-cos-g-TA—rE)cosR O<R <A
= 0 elsewhare

4 1s thus the pulse length in range units.

The beam pattern of the echo sounder transducer array is assumed
Gaussian for convenience but it would be a relatively trivial alteration to
introduce any other practical beam shape.

It would lengthen this paper considerably to reproduce a description of
the operation of an electronically scanned sonar system and there are many
papers containing such details, references (2) - (5).

The beam pattern of an array of N elements is given by D(y§) . Dotw)
where . .

sin Ny/2

D(y) sin /2
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N number of elemants

¢=£;—g-sin0

d = spacing between centres of elements

Do(lp) beam pattern of an individual element

In an electronically scanned system the cutput of the array for a plane
wave arriving at angle 0 is proportional to

v(t) = D(¥ - pt) D_(P

where p is the scanning frequency (rads/sec)}. An example of this waveform is
shown in Figure 1.

The time variable can be expressed in units of range by substituting

_ R o= 3
= p(y -~ &
50 u(R) = by - ZER) D (¥

and in the normalised systen % =1 so that

U(R} = D(y - pR) D, (¢

The output for a target at normalised range R, , of strength 'I.' and
angle in the scanned direction of 9 + will be given by:

viR) = {h(r) * T, S(R - ni)} . D(¥; - pR)
T, ean absorb the factor Dowil

A typical curve for a single target is shown in Figure 2 and a typical
output for a number of targets is shown in a pseudo three-dimensional form in
Figure 3. Figure 4 shows & ring of targets which is simulating a situation
reported by Dr. Cook in Reference (g),

RESULTS

The possible use of the system in fish abundance measurement was tested
in the same way as outlined in Reference (1l). A random number of targets
were generated with random strengths, ranges .and angles and the output energy
determined. The calculation allowed the number of targets to be estimated
and then compared with the actual number. Results for a number of cases are

4.2
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shown in Figures 5 - 7.

system is well illustrated.
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For comparison a curve for the single echo sounder
is given and the significant improvement by the use of the electronic scanning
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