A 7%

5035 % 56 W Vol. 35, No.6
2016 £ 11 H Journal of Applied Acoustics November, 2016

o RIS ©

K TEEASER MM S F 5

RERNV 9 WD g B ZReR' B OE!

(1 EREEBE AT LR 100190)

(2 PEAFRERY  JLR 100049)

TE 970 I IR AR 1K R N AT BRI, AR SR DU AN 7K T 5 2Ll 1 1 S i 7 e K 3 x 7K
PR NBEAT T BRI I 1] S o 45 W e N R AT R SRR, FL R T e N R R A
AR FIAh, e NI A G e B B2 A, O ELU 5 e A5 Y (R R A OC o AR e N\ B S e 7 ) B
FATHT R R IPE AR AL, YerH5 5 A B S5 L T s e N B 0 75 2 R R A o A P ELAR G T V2 Ak B X K
SRS T, R AR R e AR 75, (R AR BG83 tH I — /M7 2 6 BE B o B0 K W 25 54 0 e
2P QUReE s YNNG E A

xggin PN, TR, BARSG

hE 5 3S: TB566 SCERFRIRES: A XEHRS: 1000-310X(2016)06-0547-06

DOI: 10.11684/j.iss1.1000-310X.2016.06.011

The passive direction finding experimental research for underwater swimmers
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Abstract The purpose of this work is to detect and localize underwater swimmers. This paper presented
a four-hydrophone array to detect underwater swimmers carrying open breathing apparatus. The detection
and location experiments of underwater swimmers are carried out in shallow sea. The experimental results
indicate that the radiation noise of divers has cyclical characteristics, and its period depends on the divers
breathing frequency. In addition, the radiated noise of underwater divers has significant frequency band, and
the frequency band is related to the breathing apparatus. According to periodic characteristics of radiated noise
and significant frequency band, a signal processing algorithm was designed to detect and identify underwater
divers. Using cross-correlation method for processing the received acoustic signals of a pair of hydrophones can
determine the position of underwater divers, but there will be a false orientation based on theoretical analysis.
Fusion two lateral results from the cross array can determine the exact location of underwater divers.

Key words Frogman equipped with an open circuit scuba, Cross array, Cross correlation

2016-01-13 Witfi; 2016-04-19 5E

*E X BRFIEEEETH (Y154061221)

TEH i/ REMR (1988-), F, WG LA, LA, BRFN: 5555805,
@ WHSEH E-mail: songhongjian2011@163.com



20 7%

2016 £ 11 A

][l

1 3|

P B g T AR R, K A B S L A
KEK EE S X L R 5 E 20 7 B 1% 52 1) 7K
B, e e 545 (i Lk DER %), ek
( F A S RINVFIF R SR T &) PR
AEVESE B EAEOG. HE T DR R A5 7K it i 22
2 PR B R AT 2 32 B FEAL, 6 K B R ) 22 A
FOARKYF, —DiEZER MK E T/K TN 335
T N H b 52 A2 H AT 7K T a4 A0 g 3 2
F B (B 32 3h 25 i 7 BT I v S A A A
SRR 48, T HL2S 5 1 A 30 i R BRI ke, A B
WM 5, W30 78 Wy BT DARAIG S BRI 2 4 e A
A B e N IR0 AR B A B A

FE] AN BIF T AT AL of ek N W A S W 75 T T K
B LAE . 2005 4 Stevens # T 2% 5 1] Stolkin 55
B SN BT SIS A FU I NAE KR 4R S I s,
S5 T KT IR AR S R S S T AR AE R R T
NI 73 2, 245, Stevens B T2 B (OB 72
N GO FT T 485 T 2P R 2 0 ek N KT o 5 e
RVRFAE . 2007 S5 AHAT) A 2 1R R SR 3 B ek N 11 26 o
Mg 7 R T S R A8 K — 2 Sk B4 2008 4
Dalberg S5 #fF 78 N\ 51 (1) S 56 SE L 1 o6f dek N B 43 26
W Pl Stevens B T2 B M4 2 42 K /N H bR 1)
WAL, Wl 7K N KIS B bRk 3R 0 &
i 24 : Stevens passive acoustic detection system
(SPACES)!®l, % it Lennartsson ZEAF 75 A G tH 57K
ARSI BEAT A SR A AR, A AT

TR AR, I ROC 2 43 Hr R i 25 1
it LA S M P o kel 2 Frg s (7

%I N sl A 22 7 T AORIE T AR AT BR,
W ZRVEE T R 2 A — 265G T e N A 5 e 7 A 11
FIIE 7E , AELASC PR fi7 S AL 0L B A AE KT BRI
P81, Hr R BT R 2 BT o ik A KR REIRCRR M RE T
WEFE AR, XK e NEAT T 48 5 22 K i s 4
AN b SE8G, B AIE T 7K S N S 168 75 0 ] S
AiE 1. S ZR P8 1 SR 4R H 1K I 2 AR
AR 10,

W FEZTAR W ER 7y, — 20 Fe I 30
I 5% £ ek N 7K IR i S T 75 )R 42 5 5
RIVU T RSB 1 XK T N H AR sl .

2 SCI§

FT IR LLAT I A, KR sis 2 58IE 1
ZKC el NI R A S T 7 A 2 R e IR R A Y A
) — 22k (i R 1) A 2%k (1K 1) 51 A, 380 1
SE56 U B 1 ek SR R () JEL SRR AE B Bt
BEUCHE ESCIG ) H R — N T AT R AR A
28 R L /KT U b N AR S IR A R s RN T
A /N ROBE R S BIUx e N R 1] o DAy SEERRTE g A
P 5l 7 2 7 AR AR i NN AR B8 R A A BOR JE
fitho SIEH8 P A I BE T A 5 R B e N\ A S 1 P 5
o AR AR R G RE AT DA 2 @i R AR A
F1 5 S W 75 155 DADT e e N PO A0 W P 2 s (T
DN ES B ERIEC R ESE R USESIVe W/ SPN L
SE [ o

(a) SCHBL

(b) S ATL

K1 seiRism s R Kl N7 hrn =2

Fig. 1 Experimental scene photograph and the location of array and swimmer
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Fig. 2 The process of envelope feature extraction
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Fig. 3 Direction finding signal processing process
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Fig. 4 Hydrophone array and the target position
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Fig. 5 The ambiguous bearing of the line array
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Fig. 6 The time-frequency diagram of frogman

radiation noise signal
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Fig. 8 The envelope of frogman signal
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frogman radiation noise signal
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Fig. 10 Local displaying of envelope spectral
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Fig. 11 The direction finding results of frogman
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