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Study on the Three-dimensional Target Strength of
Fish for Horizontal Sonar
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Background

The target strength (TS) of fish is a significant factor in fisheries acoustic,
especially when converting acoustic backscattering strength to fish abundance.
However, TS of fish is highly variable and it may change due to changes in fish
morphological and physiological factors, including body length, tilt angle, and
swimbladder morphology.

As for horizontal sonar applications, horizontally-oriented techniques have the
advantages of large sampling volume and has a methodology that incorporates the
three-dimensional target strength (3DTS) which can improve the precision of TS,
including TS of fish can vary with its pitch, yaw and roll angle. Since the acoustic
beam can insonify fish from many directions, it is essential to determine the TS as
average of 3DTS of the fish.

This study measured the 3DTS of fish in tank experiment. Then, the data were
compared with theoretical value using a prolate-spheroid model. Furthermore,
characteristics of the averaged 3DTS which is an important factor for estimating
the abundance of fish schools using horizontal sonar were measured and compared

to theoretically estimated TS values.

Methods

Experiments were conducted in a 3 m in depth and 4 m in diameter freshwater
tank. TS data were collected with a echosounder system connected to a 50 kHz
transducer. A transducer was mounted on the edge of the rotating arm and

suspended at mid-water depth in the tank facing horizontally toward the fish.
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Prior to the measurements, the echosounder system was calibrated using a
tungsten carbide sphere of 38.1 mm diameter.

The fish used was a defrosted horse mackerel, Trachurus japonicus and
Japanese mackerel, Scomber japonicas. Before the experiment, a soft X-ray
imaging system (PRO-TEST100) was used to obtain morphological data of the fish
including its internal organs. Outlines of the lateral and dorsal shape of the
swimbladder and the body were digitized using the image processing software
Didger (Golden software).

The fish was carefully suspended using a pair of nylon monofilament lines of
0.205 mm diameter with two small hooks. The hooks were attached to the head
and the caudal part on the dorsal side of fish to change the pitch angle. The fish
was lowered to the center of the tank at a depth of 190 cm and positioned 160 cm
from the transducer.
 The procedure for measuring the 3DTS was as follows. At first, keeping the
pitch angle of the fish at 0°, the transducer was slowly rotated in the horizontal
plane around the fish from 0° to 360° centered to the lateral aspect of the fish. The
echo amplitude from the fish was measured at one degree intervals. Next, the pitch
angle of the fish was increased to 10° and the transducer was rotated horizontally
in the same way described above. This procedure was repeated at 10° pitch angle
intervals between 0° and 90° in horizontal plane from 0° to 360°.

The orientation of the fish was kept stable. The pitch angle of the fish was
determined by reading an inclination angle of the hanger that suspended the fish.

Results and Discussions

The results of the experiments were graphically presented. It shows that the
reflectivity of several targets can widely vary. Polar diagrams are plotted for
illustrating directivity pattern in the orientation and showing fine detail of the
variation of the TS. The TS of fish is larger in broadside aspect than in the head
and tail aspect.

The largest TS were found when a fish was orientated perpendicular to the
transducer (yaw angle 0° and 180°). However, when a fish was aligned in the yaw
angle of 90° and 270°, the TS was low and small variation. This is reasonable
because this direction is the side aspect for all the pitch angles. Lastly the TS
function at pitch angle of 90° showed an Omni-directional pattern with the
maximum TS. This shows that the TS pattern of fish depends highly on the
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orientation of the fish and consistently identified as a major influence on fish TS
with respect to the acoustic transducer.

As mentioned the former studies, the sound energy (about 90%) is scattered by
the swimbladder of fish (Foote, 1980b). The amplitude of a returned echo from fish
is largely dependent on the presence of a swimbladder. Therefore, TS values are
higher when the swimbladder is present. The differences of the shapes, sizes, and
angle of the swimbladder among different fish significantly affect on the variability
of fish TS. Further, these differences will affect the variability of TS as well as on
the fish orientation.

The maximum and averaged TS values are plotted on the relationships between
the body lengths and pitch angle of fish. The target strength data of the scatter
diagram are regressed linearly on the fish body length and assumed linear
relationships between maximum or averaged TS and logarithm of fish body length.

The results show that the effects on the TS distribution of variations in body
length of fish are increase in body length results in a slight upward shift in TS.
Good relations between fish body length and maximum and average TS were
obtained at the pitch angle of 0°, 30°, and 60°. Physically, increasing fish body
length, so that a increase in target strength should be expected. The variations of
TS of smaller fish are smaller compared to the larger samples.

As for the evaluation of characteristic 3DTS using PSM model, the theoretical
TS functions were estimated by changing the pitch angle of fish from 0° to 90°.
The maximum TS were found at a horizontal incident angle of 0°, and the TS
decreased slightly with an increase of the horizontal incident angles. Meanwhile,
at a pitch angle of 90°, the TS were the same at all horizontal incident aflgles for
both of the theoretical and measured values. Because these angles correspond to
the roll patterns of the fish.

For the comparison between the theoretical and measured TS functions of fish,
the result shows that the theoretical estimation and the measurements of fish
were not in close agreement. The averaged TS in measurement were 3 to 5 dB
lower than the theoretical estimated. Plausible reasons of the discrepancies are
the influence of biological change of the swimbladder fish on the TS. The
swimbladder might have changed in shape and size. If the swimbladder is deflated
to half its volume, the TS of fish could decrease more than 3 dB.

Generally, at pitch angles <60°, the horizontally averaged TS of fish gradually
increased with an increase of the pitch angle, while at pitch angles >60°, the
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horizontally averaged TS rapidly increased with an increase of pitch angle of the
fish. Effects of pitch angle change at small pitch angles on the horizontally
averaged TS were insignificant, and errors were 1 dB at pitch angles of 0° to 55° in
measurement value and 0° to 30° in theoretical values. This result means that the
error due to the change of horizontally averaged TS caused by the change of pitch
angle of fish in small pitch angles was insignificant in estimating fish abundance
using horizontal sonar.

However, in the measurement of T'S of physical model of prolate-spheroid, the
comparison between measurement and theory were in close agreement. The
differences were small, only 0.03 to 1.3 dB. It means that the affect of near-field
effect was not found as described in the measurement of target strength of fish.
Nevertheless, these results will be strengthen the previous reéson that the

biological change of the fish affect the variation of target strength of fish
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