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Abstract :

Dolphins detect, pursuit, and prey fish as their food by using their excellent sonar ability. If some advan-
tages of their sonar such as object identification ability are introduced to our fisheries echo sounder,
improvement should be possible because the purposes are similar. We focus on the wideband characteristics
of dolphin's sonar in this study. We measured the frequency characteristics of the scattering amplitude of
metal spheres and goldfish using the dolphin's sonar signal. We measured the absolute scattering amplitude
of the metal spheres by the incident wave and the reflected wave by using sonar signals of bottlenose dol-
phin and finless porpoise. The measured scattering amplitudes agreed fairly well with the theoretical values
in wideband. The scattering amplitudes of goldfish obtained in wideband were almost reasonable. These
observations suggested that the dolphin possibly use the wideband scattering amplitude, which exhibits fea-
tures of objects clearer than the echo spectrum, for the object identification.

b RE L OKPEEE NAF T A= ATAY Y

F—T— R AV, &EEk, HELIRIE

1. ¥&8 ANLOY—F =S HTEIUL, MEH R L

AN, BEkEHwWzza—ar—art
EN BV —F—BNEH LTV 5. AubDFEER
WCENE, N RIAVID Y —F—REIX, BEEE
7.6 cm O & B EROAFAE % 100 m Ll L o B & 32
WTE, RESVRE U THE DR 5 2MBDEk %,
BWIERTHNTETH L V2. ZokrI ki %

DO EALFE T E, EEKEZIRET A O R EL
REIRWEE R L IZETLEHEZOND. £2T,
ANADFEOE IR 2L EEH &
L, AVIOY —F—FHE2HWT, &ERLALD
Z—y NANL V7 A(TS) F 72 13 HRELIRIE o J5 9k
Bt ORI 247 9.

M easur ement of the Frequency Characteristics of the Scattering Amplitude Using the Dolphin's Sonar Signal

* 1 Tomohito IMAIZUMI, Masahiko FURUSAWA (Tokyo University of Marine Science and Technology)

* 2 Tomonari AKAMATSU (National Research Institute of Fisheries Engineering)



144

)R RO BEELIRIE O B 1 Faran 12 X > CTRE X
Nn7-3. Hicklingix, /N—X M2 v THEEMIC
SREOTI—L NP, ZOFGHII KT AHILE
BGELT WA Y, B OE VA% W &R Bk
DL RO WL % KD, Blae & I3 2058 D,
WO ThNTEZY 9,

ANVHDINAF ) —F—THVWON LY —F—F&
b, 100 psHEE LAY, — ISR IR TH
BV FITIOV—F—FITLY, WG oL
B2 R D ZEDBTRETH S, Auld, /v
DV —F—HIIoTERKDOZI—DAXRI MV %
Rozv, Larl, Ta—DAXRIZMVICIE, HEDOF
BRORBEBEEL & Eh, d g+ cn
WeEz2bih b,

RIFFETI, AV DY —F —F DRI
HL, AVAIDY—F—EDOF R EHLMITT 5.
AW Fr 55k G Rk A % b B D BAAKAT B BREL ARG
DORRW B OE NS FH L TITo T 5 & g
L, MBI 72 28 DA N H DY —F =T, Kl
(2B TR RO L T L RIE O Ak 1 72 il &
RN A, &EERE LTI, BRI B e
VM THLELLIMEDO DS, 72, 1
WD 725N — A WA X B BELIRIE O 51 b AT
5. EHT2IER N Y AT — g, %TEYE
LT, MImEEbZEIZX)G~D ARG DS M E
L, BIE 2 UC IR AL R IR 0 A 1 22 il %15 5
NBIHNTT 5.

2. MBETE
2.1 BRELIRIE

FIFig. 1O L) BT, x5 o BRELRIE % H
ETHHETDVTIRARS 398,

BN T VAT 2= 0O DEWE VA, Mk
12 B RTFICAEEp, (1) (TR ELTHET S
L85, TP EE ERDHEN—ANEEEH
THEAIE, SOAFEIZF ) T W T ORI
RIFZETF 7 OPRVHELE LS. L, 50
BRI T 2 IRIDT, ZIW T VAT L—HI
B B, )IE XKD 7 —) AW TEREIN .

10

J. Marine Acoust. Soc. Jpn. Vol. 33 No. 3 Jul. 2006

Power Wave
Amplifier Synthesizer
’-V Oscilloscope [ Personal
Computer
Transducers
Sphere
A
O
P C— r-05m ............... »

Fig. 1 Measurement system of scattering amplitude.
Two transducers are set parallel to each other.
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Fig. 2 Simulation for measurement of frequency charac-
teristic of scattering amplitude. The scattering
amplitude (c) is obtained as the ratio of the Fouri-
er transformation (b) of an incident wave (&) and
the Fourier transformation (d) of the reflected
wave (€e).
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Table1 Physical parameters of metal spheres to calcu-
late scattering amplitude.

Parameters Material

Steel  Copper WC
Sound speed ¢ [m/s] 1500 1500 1500
Longitudinal wave speed ¢, [m/s] 5764.5 4760 6867
Transverse wave speed ¢, [m/s] 3230.8 22885 4161.2
Medium density p[kg/m?] 1027 1027 1027
Target density o, [kg/m?] 7830 8947 14900
Poisson'sratio o 0271 0350 0.210
Diameter a [mm] 4140 3205 3810
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Table 2 Characteristics of sonar signals.

Bottlenose Finless

Short burst wave  dolphin  porpoise
type type
Cycle 1 3 b5 — —
Peak freq. [kHz] 100 100 100 107 120
3dB bandwidth [kHz] 35 23 16 51 19
Duration [ us] 10 30 50 30 50
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Fig. 3 Click waveforms and spectrums of bottlenose
dolphin and finless porpoise: signals received at
target position. (a) click of bottlenose dolphin,
(b) its spectrum, (c) click of finless porpoise, and
(d) its spectrum.
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Fig. 5 Normalized scattering amplitudes of tungsten carbide (WC), steel,
and copper spheres measured by 1 cycle, 3 cycle, and 5 cycle burst
waves. The thin lines show measurements, the bold lines show the-
ory, and dotted lines show 3 dB bandwidth of incident waves.
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Fig. 6 Normalized scattering amplitude of tungsten carbide (WC), steel, and copper
spheres measured by click of bottlenose dolphin type (upper) and finless por-
poise type (lower). The thin lines show measurements, the bold lines show the-
ory, and dotted lines show 3 dB bandwidth of incident waves.
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and theory. The bold line shows 3 dB bandwidth.
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two targets. The bold line shows 3 dB bandwidth.
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