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The Underwater Respiratory Sound and the Forward Looking Sonar Images Generated
from the Diver Equipped with the Self-Contained Underwater Breathing Apparatus

Kazuoki Kuramoto
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Abstract
When we support the underwater search and rescue activity of Japan Coast Guard (JCG) divers from behind

a surface ship by utilizing the Forward Looking Sonar (FLS), strong interference lines from the sonar head toward

the divers occasionally appear on the sonar image in response to the breathing of divers.

It is considered that a

high-frequency component is included in the underwater respiratory sound of divers and is overlapped with the

carrier signal from the sonar projector and has been observed all together by the receiver consequently.

In this study, we measured the underwater respiratory sound when the diver uses the self-contained underwater

breathing apparatus (SCUBA) in the pool or in the real sea and examined what kind of frequency elements were

included in this respiratory sound. Furthermore, we discussed the mechanism how the strong interference line

comes into the sonar image and considered a method of utilization and possibility to the field services of JCG.
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Figure 1  Strong interference lines (denoted by < and <*@) on the sonar image derived from the un-
derwater respiratory sound of divers during the cyclic search training in the front sea area of Japan Coast Guard
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Figure 2 Measurement conditions of underwater
respiratory sound from the diver with SCUBA in the
diving pool of JCGA.
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Figure3 Time dependence of the underwater respiratory
sound of a diver in the case of slow breathing. (Vertical
axis: 1 [V/DIV], horizontal axis: 1 [sec/DIV])
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Figure 4 Results of frequency analysis up to
200 kHz in the case of slow breathing. ((a): ex-
hale, (b): inhale)
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Figure 5 Time dependence of the underwater respiratory
sound of a diver in the case of rapid breathing. (Vertical axis:
2 [V/DIV], horizontal axis: 200 [msec/DIV])
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Figure 6 Results of frequency analysis up to 200 kHz
in the case of rapid breathing. ((a): exhale, (b): inhale)
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Figure 7 The summary of frequency analysis up to 200
kHz in the case of rapid inhale. ((a): student K, (b): stu-
dent B, (c): instructor I, (d): instructor Y)
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Figure 8 Time dependence of the underwater respiratory
sound from a training diver in the actual sea. (Vertical axis:
500 [mV/DIV], horizontal axis: 200 [msec/DIV])
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Figure 9 Results of frequency analysis up to 200 kHz
from a training diver in the actual sea. ((a): exhale, (b):
inhale)
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Figure 10 Results of frequency analysis up to 500 kHz
in the case of rapid inhale. ((a): student K, (b): instructor
I, (¢): instructor Y). It is proven that higher harmonic
components were occasionally generated in the higher

frequency region in addition to the main respiratory sound.
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Figure A-1 Results of frequency analysis up to 500 kHz
for the simulation signals in the water tank. Frequency of
the sine wave is (a) 90 kHz (@ 160 dB), (b) 150 kHz (@
150 dB) and (c) 250 kHz (@120 dB).
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