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Experimental study of frogman breathing features
ZHANG Jia-rong', QIAO Gang', XING Tian-an’

(1. National Laboratory of Underwater Acoustic Technology, Harbin Engineering University, Harbin 150001, Heilongjiang, China;
2. China State Shipbuilding Corporation, Beijing 100036, China)

Abstract: In order to study the sound radiation features of frogman, as well as to provide data and experimental supports
to passive detection, a frogman equipped with an open-circuit scuba was selected as a study object for lake trail.
Breathing signals of the frogman were acquired during the trail, and the time and frequency domain features were ana-
lyzed by utilizing power spectrum, time domain waveform envelop, and waveform envelop spectrum. The results show
that power spectrum of the breathing signal is fluctuated much heavier in low frequency band than that in high frequency
band, while the periodicity of the time domain waveform envelop in high frequency band is more obvious (the duration
is about 3s). The time domain waveform envelop spectrum has a distinct peak between 0.3Hz and 0.4Hz, this feature can
be used as one of the important bases to identify frogman. When use the waveform envelop spectrum method to extract
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the signal features, high frequency band and more than 10 signal cycles are better choices.
Key words: frogman; sound radiation feature; passive detection; envelop spectrum

0 51 5

P e AR RS T RS, T L A
S T it A ™ T, AR A IR T
XF T SOK R A A A A& AR R RN T R
(90 e AP S I 75 Y Sk ER A PRI 7, o T4
W T I R RIEEN B RIS (5 5 A A
RRAESS AN A AT i, N AR R A
. Stevens HFFUHLIA T L N 7R 4 S AT T4 2 0
FU°N, WRHEAE Hudson JiTi K4E 1 S B, ok

U5 BHR: 2012-09-11; &M@ HHEA: 2012-12-05

HEETIH: FHX 863 i1%I(2009AA093601-2). [E B FERERMIT %I
(B2420110007) 7K 42 AR B R T A 5250 % Fe 4
(9140C200801110C2004) % B i H o

TEFE N Sg2(1983—), T, WHTHBA, MLUIFTE, BIFT Y
K P AT P 2%

BIEE: 7740, E-mail: qiaogang@hrbeu.edu.cn

NHIRPIR A8 B FFT Ji, 8 0.3Hz BHaf— ]
S RIREA, SR RIS IL 2 180 m. SCHR[B] i
Y N PR PSR 2 g RERD 3 U [l AR5 TR
I EDTE

AT LA 5 T AP s PR N TSRS 5, %
B N (R o A 5 R L A T S SR 9 5 o i, D
N S 5 e N R 8 1) 3 S e A3 s 26 Kol
LA SO

1 B NWPIRRF AR SR 5T

11 SEEOHtR

SIS AEIEWIBEAT, IR RAURE R, X T
e AE M, AT PR As, KR
OREFAIRT AL, BEATIEH S0P, I 5 48 Sk
PEN GRS, 7RSS SR B A s 1
Ry BEAALT KR 3m, AKWFESAL KT 6m, PIE



14

A AIPIRRFAIE SR BT

10m

B 1 AR S S S L
Fig.1 Experimental layout and scene photograph
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Fig.2 Power spectrums of the frogman breathing signal and
background noise
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Fig.3 Time domain waveform envelops of the original and
filtered signals
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Fig.4 Target features under different conditions
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