
 
3. Results and Discussion 

Two remarkable attenuation characteristics 
are found with the spectrum analysis, as shown in 
Fig. 2 (A). One is rapid reduction of amplitude 
spectrum components in a region of 1 < ka (k: 
wavenumber, a: diameter), mainly caused by the 
multiple scattering attenuation. The other is gentle 
reduction in a region of ka < 1, mainly caused by 
the viscous attenuation. The result indicates the 
amplitude component greatly changes in the range 
of transition from ka < 1 to 1 < ka. In terms of 
phase spectrum, in contrast to the linear phase 
component of GB0.046, that of GB0.428 is curved 
like a FM signal, as shown in Fig. 2 (B). The pulse 
wave without dispersion usually has linear phase 
component. However, in high-frequency region, it 
is shown that phase spectrum is curved due to 
velocity dispersion, and that causes elongated 
waveform. Figure 3 shows that the BPF removes 
weak amplitude spectrum components and keeps 
strong ones, resulting in emphasis of strong 
reflection from the target. Furthermore, velocity 
dispersion was corrected by phase correction, as 
shown in Fig. 3. It’s clear that the phase correction 
improves the sharpness of acoustic image. This 
signal processing enables us to visualize a shellfish 

clearly in sediment while reducing the influence of 
velocity dispersion. 
 
4. Future work 

This study indicates that proposed signal 
processing methods can contribute to an efficient 
shellfish visualization system. However, sediment 
usually consists of various grains with different 
sizes, densities, and shapes. In addition, the porosity 
of sediment also changes. This various and 
changeable property makes it difficult to visualize 
shellfish clearly. Thus, we are going to develop a 
robust visualization system by combining signal 
processing, image processing, and with 
three-dimensional visualization. The system would 
be greatly useful in the field of fishery and 
hydrobiology. 
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Fig. 2 (A) Amplitude spectra as a function of ka 
and peak frequencies. (B) Phase spectra of 
reflected waves from an aluminum square pillar 
in water-saturated glass beads. (A) shows results 
of eight types of glass beads. (B) shows two types 
of the glass beads (GB0.428, GB0.046) and 
corrected phase spectrum of GB0.428. 

 

 
 

Fig. 3 (A) Reflected-waveforms from an 
aluminum square pillar and (B) acoustic images 
of a shellfish in water-saturated glass beads 
(GB0.428) at each stage of signal processing.  
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1. Introduction 

In recent years, in order to identify of fish 
species using echo sounder, there is a tendency that 
higher frequency sound wave is applied at echo 
sounder using the identify of fish species. In the 
identification of fish species in the ocean, it has 
been considered that bone of the fish is almost no 
influence to scattering wave from a fish.  If sound 
wave at higher frequency is used in echo sounder, 
the influence of the detailed shape of fish with the 
bone on the scattered wave is considered. Therefore, 
it is necessary to take into consideration bone of the 
fish, which is a strong scatterer, due to high 
frequency of acoustic waves. We have been 
analyzed the influence of scattering waves on 
characteristic of tilt angle - amplitude by bone of 
the fish in the time domain[1]. From the results, it 
was confirmed that interference of scattering waves 
from bones and swimbladder affects the amplitude 
of scattering wave at the receive point. 

In this report, in order to investigate the 
influence on the scattered wave due to the bone of 
the fish, we analyze the scattered wave with respect 
to the tile angle of the fish, when the sound source 
frequency is changed. The variation at amplitude of 
scattered waves are obtained using 38 kHz, which is 
a common frequency of split beam techinices, and 
100 kHz, which is a higher frequency against a 
common echo sounder. 
 
2. Analysis condition 

The external shape of the fish model was 
imitating an ellipsoid, overall, the length of the 
head to toe (x axis) 96 mm, the length from the 
back to the belly (y axis) 20 mm, the width (z axis) 
16 mm. Swimbladder was a spheroid with 38 mm 
in the x-axis direction, 4 mm in the y-axis direction 
and 4 mm in the z-axis direction, and the center of 
the swim bladder in a place close to 4 mm belly 
from the center of the fish body. Regarding the bone, 
a dome-shaped model with a size of 16 mm in the 
x-axis, 12 mm in the y-axis and 10 mm in the z-axis 
was set in the portion hitting the skull. In the part 
hitting the vertebrae, a cylindrical model with a 
diameter of 2 mm in the x and y axis was set from 
the end of the skull model to the tail. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Model diagram of the area used  
in this simulation 

 
Figure 1 shows a model diagram of the 

simulation area. In this simulation, three- 
dimensional analysis was carried out, and the 
region was set to be 1.6 m in the x, z plane and 1.2 
mm in the y plane, in each axis direction. The area 
is filled undamped water with sound speed of 1500 
m/s, density of 1000 kg/m3. In addition, the 
acoustic parameters of each part of the fish were set 
to a sound speed of 1570 m/s and a density of 1070 
kg/m3 for the fish part, and a sound speed of 2020 
m/s and a density of 1090 kg/m3 for the fish bone 
part2, 3). The center position of the fish model was 
set at 1.0 m from the sound source and the position 
in the x, y coordinates is the same as the sound 
source. The amplitude of scattering wave from the 
fish model was analyzed by changing the tilt angle 
θ, when the sound wave was perpendicularly 
incident on the spine, with the tilt angle ±50˚ from 
θ = 0˚. The condition of sound source was used a 
pulse wave with a center frequency of 38 kHz, a 
pulse width of 40 μs. Another condition of sound 
source was used a pulse wave with a center 
frequency of 100 kHz, and a pulse width of 50 μs. 
The receive point of the scattered wave is 0.5 m 
away from the center of the object.  

 
3. Result 

Figure 2 (a), (b) show the difference of the 
characteristic of the tilt angle - maximum amplitude 
of scattering wave by bone of the fish. and the 
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changed of the center frequency (38, 100 kHz).  
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(a) 38 kHz 

 
 
 
 
 
 
 
 
 
 

(b) 100 kHz 
Fig. 2  Characteristic of the tilt angle – 

 maximum amplitude 
 
As shown in the Fig. 2(a), when the frequency is 38 
kHz, the scattering wave amplitude characteristic 
becomes symmetric in the model with and without 
bone. As shown in the Fig. 2(b), when the 
frequency is 100 kHz, the scattering wave 
amplitude characteristic becomes asymmetric in the 
model without bone. In order to investigate the 
scattering wave amplitude characteristics 
influenced by tilt angle of fish, the received 
waveform is analyzed by FFT algorism. Figure 
3(a) - (c) show tilt angle characteristics of scattered 
waves of each frequency component. From As 
shown in the Fig. 3(b), it is seen that the model 
with bone becomes asymmetric characteristics 
when the tile angle is around 5°. In Fig. 3(c), the 
dip was suppressed near the tile angle at 30°, and 
the amplitude of scattering wave changed by tile 
angle became gentle. From these results, it is found 
that the higher frequency components of sound 
wave as 70 kHz, 100 kHz have asymmetric 
characteristics by bone of the fish. It is assumed 
that the detailed structure at bone of the fish 
influenced the scattering amplitude characteristic by 
the frequency resolution was improved. 

 
4. Conclusion 

In this report, we investigate that the 

amplitude of scattered waves are influenced by the 
difference of sound source frequency and bone of 
the fish. If the fish model has considering bone of 
the fish, it was confirmed that the detailed structure 
at bone of fish influence the scattered wave as the 
higher frequency. In future work, subjects will 
further analyze scattered waves directivity 
influenced by the tilt angle at bone of the fish using 
higher frequency sound waves. 
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(a) 38 kHz 
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(b) 70 kHz 
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(c) 100 kHz 

Fig. 3  Tilt angle characteristics of scattered waves 
by the existence of bone 
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