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High Resolution Fan-beam Echo Sounder

Kohji I'ba* and Tsuneyoshi Svzukr*

Abstract

Counting fish and measuring target strength acoustically requires resolving power high
enough to identify an individual echoes. In general, bearing resolution is improved by
increasing the aperture of the transducer, and ranging resolution is proportional to pulse
width of the transmitted acoustic wave.

High resolution decreases the area where fish are detectable and it is difficult to realize
a short acoustic pulse because of the high @ of a single element transducer.

The newly developed Fan-beam echo sounder system enables both high resolution and
wide area of detection using transducer array techniques. The transducer has a long
rectangular shape with a very sharp beam pattern along the long side and broader on the
other side. Arraying hundreds of elements, consequently disperses the resonant frequencies
and lowers @ of the transducer which results in a high resolution.

By setting this transducer’s long-side parallel to the vessel’s keel, the fan-shaped
detectable cross section scans ahead and detects fishes widely while cruising.

Furthermore, by setting a secondary transducer at the other side of the vessel, it is
possible to measure the time difference of the echo between these two transducers and to
define the target direction and to estimate the target strength of fish by removing the beam
pattern factor.

In experiments with the system at Lake Kuttara, numerous individual echoes from
kokanees were detected with high resolution and the mode of the PDF of target strength
(—44 dB) estimated in situ was in agreement with the mean size of kokanee (14 cm) caught.
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Fig. 1. Basic conception of fish detection with
high resolution by a Fan-beam echo
sounder.

Small ¢z/2 and @ result in high resolution
and large #; enables the beam to detect
fishes widely.
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Fig. 2. Amplitude distribution of sound pres-
sure on the arrayed transducer.
a: without shading b: with shading
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Fig. 3. Suppression of side-lobes by shading.
The effects of side-lobe suppression by
shading are 11 dB for 6, and 5dB for 4.
a: Theoretical beam pattern in fore-aft
aspect (6,), without shading. b: Mea-
sured beam pattern in fore-aft aspect (4,),
with shading. c: Theoretical beam pat-
tern (solid line) in port-starboard aspect
(&), without shading and measured (dots)
with shading.
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Fig. 4. Detectable cross section and resolvable
critical density. Fan-beam (solid line) is
more resolvable and has wider detectable
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Fig.5. Echograms of Fan-beam and conical beam by computer simulation.
Simulation condition are : fish density 1.0 x10-* ind/m®, ship speed 1 m/s, ping rate 4 Hz,
TS of fish -40 dB at 50 KHz. Using fan-beam transducer (600 mmx60 mm), 3-
dimensional display (a) and binary display (c), also conical-beam transducer (60 mmg ),
3-dimensional display (b) and binary display (d).
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Fig. 6. The Fan-beam transducer. Fig. 7. Beam pattern of the Fan-beam trans-
The transducer was setting with the long ducer. Both angles of half power points
side parallel to the vessel’s keel. are 4.4 degrees in wide aspect and 33

degrees in narrow aspect.

Fig. 8. Echograms obtained by the Fan-beam
echo sounder in field experiments.
Numerous individual echoes of kokanee in
Lake Kuttara were recorded (photograph
of the color CRT display).
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Fig. 9. Principles of on situ TS estimation by S | o " .
measuring the time difference of the echo. ar=0.30
a: Between the fan-beam transducer (R,) Time ( msec )
and the secondary transducer (R,) with Fig. 10. Envelope waveforms of the individ-
distance !, the time difference At from the ual echo received by two transducers.
target with bearing 4, will be measured. The echo of the fan-beam gains 0.3 msec
b: knowing the echo bearing will correct against the secondary transducer, so the
the beam pattern factor, then the target bearing of the echo is estimated as +18
strength of fish can be estimated. degrees (refer to figure 9. b).
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Fig. 11. Running cross correlation function of Fig. 12. PDF of the target strength estimated
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