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Experimental research of passive and active
detection for underwater diver
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Abstract: To counter ‘asymmetric’ threats from underwater small target, the diver carrying with open-circuit SCUBA is
conducted as research target. The simulation and experimental researches on the target strengths of lung tissue of diver,
oxygen tanks and breathing bubbles have been carried out. The tank and lake experiments are conducted and the results
of the tests are given. Target strengths of diver in different poses are measured in lake experiment. The time-frequency
characteristics of the frogman breathing and the pressure reducing valve noise are analyzed, and the experimental results
of diver radiated noise in different movement rhythms are obtained.
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H bRy )% 7S/dB

0

-20

40t §

H bR )2 7S/dB

-60 [ 7

-80 |~

|—0—[°—D—5°—1—[0°]

20 30 40 50 60
NGBS /kHz
P2 [ NI A BT bR o B AR A A 2
Fig.2 Polar diagram of target strength versus incident angle under
fixed-frequency

Ko NS0 5°F0 1000,  H bRomERAR AR H
HERHER . 1EBIX TGS : A8 H AR R
SPRE AT, NS B VEZE T, H AR
SRS 55 NS A O S S B e R, DAL R S
BRI A AR, HFRmEEA
SN B KA R, ERMANFMAHERL, H(Q)
AIER,  EHAROT NS B IR S R E A B
RIRG -
1.3 BiEENE

b S Rl B — R PR ELE M
PR HBE R AR HEZK W 2882 M0 Bk 75 5 5 1
HAREIEAS 5 B A A, AR P8 KT (0 AL R PR gt
e

T5=201g 2

d+d)dyrd) o U
rd a2y @
Kol U, Ferit AT 5 R, U, %
LIS R AR o 27 e e 5 A
TR 2880 B0 dbh e/ bRiE K W 2 S5 N I E
TR BRI ) bR 4 10

T$M=201g%%M+ISb 4)
0



302 o2

Kt Uy o HARBIE A E; U AbRUEER
[E 305 () i R AT 0 {E s TS A bRHEBRIG H ARoi g, w]
R (D5

1.4 BFrEE K FRIRE R

1.4.1 J& il H brom Rl &

FH 78 S8 ISR N AR B8, 7E Kb P LA
FIE I H bR, bRvE B AR Ri=
5.65 cm, R,=7.95 em(W.K& 3), HxX(4)nl 1515 2
BT HARIREE 4353 h-30.98 dB f1-28.01 dB. K
SRR A RE AR I, FRBOKIT 2% A bR HEZK T
7 B&K8104, RESEH-207 dB.

3 ARAERKRIE M
Fig.3 Standard ball and pig lung
PUE 5 B DA, BT A 5 kHz iy 98 3E4T
HOEENE, EBE AR 7 By ARy T g A5
FH B A U A5 i 1 AR 9t 2 Bt A AR A ) il 26
W 4 Pios . AEREAHIPRBE A S ) H br i
I H-30.3 dB, L HAE-26.5 dB BHLIT

0
[—Q—J\f}[\-}ﬂ}‘
| —e— i FLA |
o -10
3
<
= 20
H
= i Lo oogoocciibes
230 W W e
40 . .
20 30 40 50 60

% [kHz
B4 RN L ARIR I BT AL I 2
Fig.4 Target strength of pig lung versus frequency

1.4.2 FEARLACSORT H s o 5 0 o
S MEX/ABC4. BRI 243 3 A
14 cm F1 47 em (18 KK AR, 27K
TSEES o WIS K KA B Aro FE B A A Ak 2 1]
5 JiR, {EEEANBIGH N T EN-16.6 dB, &
SRR N ES ANl b /S B O N Y S S B g
BEAT AR A o ER T S0 I NI P I AN A
FEAEVELR B, DAL [ g0 it R (1 A 2 T kAR

ES A N 2015 4F
0
o -10
=
? -
= 20
=
@ 30
—— I
—— i ELAE
-40
20 30 40 50 60
Hi % [kHz

5 KK FbR T BE R AR K fh £k
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Fig.8 Power spectrum density of simulated bubbles in pool test
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Fig.10 Power spectrum densities of diver breathing sound and back-
ground noise in lake trial
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Table 1 Diver breathing sound levels measured in lake trial

FEAS DPR A0 Y /dB
s W F/Hz PSD g MSS i%ilg
1 13 59.2 96.3 104.9
2 10 75.4 98.1 106.7
3 9 64.6 99.3 107.9
3m 4 7 75.4 99.0 107.7
w5 7 64.6 99.2 107.9
wER 6 8 64.6 98.5 107.1
7 8 64.6 98.2 106.8
8 10 64.6 96.8 106.4
9 11 64.6 98.1 106.7
10 13 64.6 95.8 104.5
11 4 48.4 99.5 108.2
12 14 48.4 99.0 107.6
13 13 48.4 98.4 107.0
10m | 14 7 48.4 98.8 107.4
w15 7 48.4 98.8 107.4
AR 16 7 48.4 99.0 107.6
17 12 48.4 99.3 108.0
18 13 48.4 98.4 107.1
19 4 80.7 100.8 109.4
20 6 48.4 99.9 108.5
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