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Estimation of the Distribution Density of a Model
Fish School Using an Echo Sounder

Dae-Jae Lee* and Tsuneyoshi Suzuki*

Abstract

This paper describes an attempt to verify the echo integration method of determining
fish density by the use of steel spheres in a laboratory tank. The spheres were randomly
distributed throughout the insonified volume to produce ultrasonic echoes similar to those
scattered from real fish schools. The backscattered echoes were measured as a function of
target density at two frequencies; ie., 50 kHz and 200 kHz.

The results obtained are as follows : :

1) The mean losses in echo energy caused by a collection of 30 targets/m? lying in the
shadow region behind another collection of 5 targets/m® were about —0.4 dB at 50 kHz and
about —0.2 dB at 200 kHz.

2) The frequency histograms or Probability Density Function (PDFs) of the echo peak
values were very close to the generalized Gamma PDF rather than the theoretical PDF, and
they gradually shifted over from the Rayleigh PDF to the Gaussian PDF with an increase
in the number of targets in the insonified volume.

3) The relationship between mean volume backscattering strength (SV : dB) and
target density (p : no./m®) was expressed by the equations: SV =—46.2+13.7 - Log(p) at
50 kHz and SV =—43.9+13.4 - Log(p) at 200 kHz.

4) The difference between the experimentally derived number and the actual number of
targets gradually decreased with an increase in the target density and was within 20%, when
the density was 30 targets/m?.

From these results, we concluded that when the number of targets in the insonified
volume is large, the validity of the echo integration method could be expected.
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Fig. 7. Measured echo envelopes for the lower target as a function of spacing between the upper
targets when a target is positioned in the shadow region behind the two targets which are
symmetrically placed in a line perpendicular to the beam axis at 200 kHz : (L0) without
upper targets, (L1)-(U4) with upper targets.
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Fig. 8. Fluctuations in backscattered echoes from the lower targets caused by changing the
positions of the upper targets when a collection of 30" targets/m? lie in the shadow region
behind another collection of 5 targets/m3: (A) 50 kHz, (B) 200 kHz. The (V,/V,)?
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Fig. 9. Measured echo peak PDFs superimposed with the theoretical PDF and the generalized
Gamma PDF at 50 kHz.
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Fig. 11. The relationship between echo peak level and rms echo level of echoes backscattered
from arrays of targets at 50 kHz (A) and 200 kHz (B).
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