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INTRODUCTION

An earlier paper“) 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 IDDEL

In reference (_1) it is shown that the output ofa simple echo sounder

can be represented by the convolution of two functions viz:

V(R) = 110!) "’ E '1‘3L 5(R — R1)

where h(R) is the transmitted pulse shape, R1 is the range of the 1th target

and T1 is its amplitude taking into-account all the factors which would

control its amplitude including its position in the beam. The output waveform
of the echo sounder receiver is, of course, a function of time but since the

display is 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

ME) =k(l-oos-2%R)cosn O<R<A

= O elsewhere

A is thus the pulse length in range units.

The beam pattern of die echo somder transducer array is .asumed

Gaussian for convenience but it would be a relatively trivial alteration to
introduce any other practicalbeam 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 DW) . DOW)
where . .

sin [‘1ng
sin Ill/2

DW) =
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N = number-of elements

21rd
W = Tsine

d = spacing between centres of elements

DOW) = beam pattern of an individual element

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

vm = my - pt) now»

where p is the seeming frequency (lads/sec) . An example of this waveform is
shown in Figure l.

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

a = 22“-
: ‘ - 32.so um) w c R) new

and in the normalised system % = 1 so that

mm = aw - pa) DOW)
The output for a target at normalised range R1, of strength T1 and

angle in the scanned direction of 01, will be given by:

NR) = {h(R) * T1 602 - 31)} . owl - pk)

Ti can absorb the factor Dowi)

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 a ring of targets which is simulating a situation
reported by Dr. cook in Reference (5)_

RESULTS

The possible use of the system in fish abundance measurement was tested
in the same way as outlined in Reference (1) . A random number of targets
were generatedwith random strengths, ranges and angles and the output energy
determined.‘ The calculation allowedthe number of targets to be estimated
and then compared with the actual number. Results for a number of cases are
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shown in Figures 5 - 7. For mmparison a curve for the single echo sounder

is given and the significant improvement by the use of the electronic scanning

system is well illustrated.
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Figure 4
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NO. OF TARGETS ESTXHATED NO. OF TARGEIS ESTIHAYED
1 DELTA = 580.08 LAHDA = 330.00 ‘ DELTA a 900.69 LAHDA = 170.88
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POINTS = 196 ' POXNTS = ‘28
Y = |.BS|85 X + ( -1.|8952 ) _ Y = 1.83782 X + ( .43577 J .

s VAR!ANCE = 25.19724 5 VARXANCE 3 3].IGISB l
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NO. OF TARGETS ESTIHATED ' no. 0F TARGETS ESTIHATED
‘ DELTA = sea.aa LAHDA = 618.30 ‘ DELTA = 330.99 LAHSA = 730.68
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Figure 6
NB. OF TARGETS ESTIHATED NO. SE TARGETS ESTIHATED

DELTA = __ 588.08 LAHDA = ‘ DELTA = 520.88 LAHDA 2

OFFusckN DYNAHIE RANGE [S .56 RADIANS ‘93 OFF SCAN DTNAH!C RANGF IS .50 RADIANS

PO!NTS = 158 PolNTS H 129

Y = .5966: X + ( -.l3005 ) Y L 1.901SE X + t -.29448 )

VARIANCE u 3.98314 VAR!ANCE H 3.26873
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NO. OF TARGETS ESTIMATED NO. OF TARGETS ESTIHATED

‘ DELTA = 999.99 LAflDA = 919.99 1 DELTA = 399.99 LAHDA = 1979.99
Xs'a OFF-SEAN ommxc RANGE 15 .59 RADIANS "5'9 OFF-SCAN DYNAHH’.‘ RANGE Is .59 RADIANS

POINTS = 199 ' chNTs = 199
r = 1.99122 x + ( -.|9ess ) Y = .sssss x * c -.11993 a . ll.
VARIANCE 3 3.79326 VARIANCE = 3(63I48
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Figure 7
N0. 9F TARGETS ESTIHATED - no. OF TARGETS ESTIMATED

, DELTA = 599.99 LAHDA = 1399.99 . DELTA = 599.99 LAnnA = 1799.99
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.5942: x + t .46541T = .59996 X + ( -.l9906 ) '

VARIANCE = 3.49788    VAR!ANCE = 3 53396
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