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Abstract:
processing. The text combined Gammatone filter and Meddis model to simulate processing mechanism of cochlear, and modified pa-

The theory and model of auditory peripheral has made great progress, and has been widely used in speech signal

rameters of Meddis model according to the characteristics of underwater acoustic signals. Based on the Gammatone-Meddis auditory
peripheral model, an approach to extract features from underwater target signal was presented. Then a twenty-three dimension feature
vectors were obtained . With the feature vectors, the training and recognition processes was performed. The real sea experiments show
that the features can classify effectively and the recognition ratio may arrive 94% above, that the features are robust and the capabil-

ity of recognition does not decline when convolution noises are added to original signals. Finally, the experiments prove that both

nonlinear selecting frequency by basement membrance and inner hair cells can restrain noise.

Key words:

1 358§

AR, 7K E AR 23 TR 7K P s ) — 4 X
RN B W 58 HAT 0 S 04 P S P BRI RE D, Toie
X T NIRRT b A I A7, i 2
) ERREREHEAT = BE v A PR3, TP AN A A X 75 D
P H AR . 2253 ZAEBETE, AN DXE T W sg A1 J 3
W5 R AR A T 0 3 B Y 45 R L 2R T HEAIE R
AR, A e B 2 30K T 202 O JE R T B A
JE NAVTAE A B S8 e O 5 T B 17 AR 24 ) L)
BR . HR, 5T U s B B 75 £ S R SR 20 28 AR

Wk H 3 :2010-12-16; & 19 H 3 . 2011-10-18

underwater acoustic signal processing; auditory model; target recognition; feature extraction

) EFA AR S A AR R T
B H oK b H AR R0 . B o 2 A B H-
PGS AL PR AR (Y CeGC I I e 21 468 R0 Ok 12 UK 75 15
SHRHE JERSE T HAX FAL G0 R M3 %
A O IR SR H AR T 43 SR 5 I S 4R
LT IR A TN AR SR £ RO P {5 5 6 R R Y
) B 5 AR S R R AIAIT 5 LT B A
B T TR IEA T AR SR R AE SR IRk SR 5 AR
AR W i AU B W 58 2R SR R BOK P (5 5 AL
HRBERS ARATBLUF 1Y9 73 FSRBIROR , IEJE N At , A 3¢
S A T I IS AT A3 R PE ) Gammatone' ™)



200 H +

2 2012 4F:

TS 2 04 e A 901 P 6 20 M 305 AR5 P 1) Medldis ™1 45
RN N H W i A SR, IF A4l K75 5 5 1 4
S I RX] Meddis B8 S H0HAT 1B IE L SR HUER
H T T Gammatone-Meddis Wt 3¢ 41 JE 2 BY i) 7K /7 H R
TSROy ¥ . S50 3 W 3o % 5 v HR U R AIE 23 26
PUNRCRAF PO AR A B8 7 o, X T H AR 23 28R 5 A
FHEA—ENSEME.

2 WrstshEHEARE

Wr st S TR R, 2 BE B A R . B & 7E 50
PR ) o A B DA R W O 32 S I A 5 A it 1
NI YR, TR T i - E B A KU
U b PR B () A L 5 R ) S B AR DR AR, AR S
SR 5 PG FEE R PA) =6 4 19 1 5 ke 1 I 235 A >R A 400 H-
I AL B fE
2.1 AEEREER
FEIR R W v JR G0 A 5 5 5 A 38 G B O
NI FE IR K 24 35mm), 5 )5S JR 17 I A 45
B, AN ) PR 5 %k IO A [] ) e PR A 32, BT T A [ 431 232 )
FH B BRI IO 5 IS RS [R] A0 A2 R 41k 3, DA T 58 J8 %) 7
TS5 R A R T BE . 3% BT Gammatone! "% JE i1k #8
ZH R ASEHUL B F) A0 238 0 ik e P . HG e i 197y
G(t) = t"'_lexp( = 2mb,t)cos(2mf,t + go) U(t)
lsm<M (1)
Hrb UCe) i B R ek 5L, @ AR, MRy i8I s 38
EE n R GCo) UBTE AT BTEL, £, U8 a4 1 rh o0 A3
F, 280 b, = by (24.7 + 0.108f,,) , U &5 O f,
FE Bark A5 1R B 40 A, 5 Bark BU % 0 M52
X
£,/100, £, < S00Hz
- {9+4><1g(f,,,/1000), £ > 500Hz 2)
Gammatone {8 % #5 21 1) 38 18 05 0 0 R 255 &
FILAT LA R (1) NH- AT W 75 5 (9 43 3230 [l 20Hz
~ 20kHz; (2) AR 59 M s A Ta] 18 3 5, OB 338
P MRS 1) 735 450 5 (3) 5% 56 % H50 40 SR A 000 % Ol 25k Hz;
(4) B AR IV RO 11 i 368 08 U6 4 2L SR FH 6 22 53 7R JEOKS 24
{H—J7 1T, B EORS 20, BRSO A — 4, 55— 5 1,
B TRENE SRR SR AU E&
2R, R SCW T 0 38 B 4% 41 o0 B8 % A S0Hz ~
10500Hz, X} Jif {1 Bark 7 '
s 1~ 23, [HfE A 1.
B 14t 17X 234
Gammatone JE I %% 75 5
R EM g, B
A LA H 8 s 20 vh g

WilE/dB

%2000 4000 6000 800010000 1200¢
B

7
Bl G(r)JEE: & it 4538 wi B

— USRS I AN ), A U Rk I U A Y e
2.2 EBEREHMPEEE

PR B I 2 B A PR O AR R v A e
3 O A R, U35 S AR Bl 4 AL BE 5% Ak R T 2
R W 28 e TR N T i A JE ) W 7 R T
FHEAT TG, XS EREE AT T A & N — Rl s
FEFRn. BT THEERSHNZAE R, KN )
(B AT 2 I AL BRARAG A . B A
AT RIAT 22 Fh , A% SR ) Meddis|® 10 5 20 S 512 B Iy o 28
KR

K )_{gdt[x(t)+A]/[x(t)+A+B], x(t) +A=0

Ve 0, x(1) +4<0

3

el) (12 (D) - KD g(0) 4 xu() (@)

9D (g~ (D) =) (9)

d0lt) o) = a0) (6)
URiiEzyoe) & SNVE VSR

p(t) = he(t)de (7)

Hrp g, de,y,x,l,r,h, A, B HE RS, x (1) NI
Py B s

Meddis 575 () 25502 M 4l © 15 21 1 A PRS2 060 505
I R N, PH I B e P Ak A A 0 7S R
P PR DU . AR SCIH 2 SE5G, 1) FF A A i S e 7 i
KA IE Meddis BRI SH. i T P9 B 40 2 AT - B3 0
TP SE SR (40 5 1, T AR O 3 B R A T A 4% 1R B
F 5 R . BRI T AR Meddis 5678y it BT ot 22 2K
A DEMON 33543 B . {H 2, P9 76 20 Jfd iy {15 3 7 1k 01 %
WHAE VkHz 2247 . 7 DR T 4 28 2 i o5 3 o — A~k
IRk 30Hz (14 fFG 300 08 i L B UL Sk f 2%, 7 X fu 2%
K FFT AR 1] 435k , B AT 4845 H: DEMON. #¢ )5 i i DE-
MON % AR R PR 4 2 BRI (1 S50

FE Meddis 1575 2 8505 1 S50 v, 1 56 F B0 0 1)
TSRO A UK BN R 2 L Tl B W
R AR 1 L 1 S AR S R Meddis A5
RIS PR IUX 215 5 10 8 335 , 38 2o ol A8 A5 70 2 50k
JH3& DEMON 3% B4 V8 i 55 5 i 1k 22 IR S 3643 W % B
i) DEMON % i it (1 E 2B H0UE A MOME, I 3RA E 2
XFAESAT TIEIE, KB S 500 BUE T 2 2% S0k (9,
10] . 76 J5 Meddis BT o A BUE Ry 5, (H 20} KB HA
TS FAAEAE 5 10T & B0 A BUE N 5 BH5 5 7 DEMON
TEARE I, M AE A BUE R 0.01 B, ¥ 75 2 B & 1Y)
DEMON i , RIILAEAS S 2410 A BUEH 0.01.



Lt o UrESNE TR K o B AR 2R Y g A 201
- 1
|I !I;I Iﬂl f
I\ |I u||||.ir =08
|I|||||I | 'l.up,{ EO'S"‘ !I |
I} U IR 'II A @ Foal h H | ' |
AR LT Eoﬁ” ML
- Ll L o "“l",‘ll' IU\JF JSLN
10 15 20 25 30 15 20 5 10 15 20 25 30 C0 5 10 15 20 25 30
Fi# Hz S #Hz Hi#/He Hi#/Hz

(a) A=5HDEMON# (b) A=11 DEMON

Pl 2 Sy S5 v — A o S I R {5 5 4 iR A = 5
1.0.1.0.01 ¥ DEMON % 73t 25 2 . NS5 3 mT LLE
24 A B 0.01 B} DEMON & 4
ROR b 3 W — 1 oot
53 e GE O R BRI Sosf | ;
DEMON # 4 1518 2( ) Lo MW Al
XL AT DUE 3l Med-
dis BT $2 B DEMON A HiH/Hz
(L e R T mas, 3 AZDEMONM
I LA F A5 05 2, Rl s Em &, s 17—
SIBUR s W Re e Rl LRSI {OE =5

3 FHERENR LI

FHEHR B R SL IR 30 iiF
FHESEBGATE N A 4 PR A5 5 AT R 2 EIH —
AL 38 1 T S SR SRR SR A G W 2 K
BRI RE i, 75 2 —2H 23 4ERRAE )
FEAEA R S 05 B «

0 5 10 15 20 25 ac

3.1

P
AT AIE R I [ A || [ BEModds
(P CNER TR R TL S e— -
S5 B 0t 5 % i g e || [IERAE
FETIE T ILR B IL | ommaes | | |
| I

A E bR, B B AR A 2 Fl
T BB B 1s, 2R
RN 25kHz, (5 LR T 6dB. 244K MR AR MAEAS O
(A RE IR S, DU 1) b P i A, A5 E R U AR
SHUE 5 0 BLC PIE HARARAHIE 7] 58 [, T LA X
PIZE B ) AR 1) o P AN ) X3 BEAR

B4 FERIMER

(B) CK H BRAFAE it

(a) B H ARHFE 1 ik P4
Es

B A FETSERYY 9 38 7 4R 43 25 2% (FART) 124y
WINZRAII R 265, 47 5 A R A i A 28 0047 B30,

() A=0.11f DEMON i (d)A=0.01IHDEMON

I 4187 MEHEFEA, HARME 5 848 43 S U1 25 4 Al i
WIS N GRAEAR 5N FEA B L oy 126, 4%
AN 1 iR, AVE R iR 515

F1 5EBRAGE

Hhn | IIGLE T \
#90 |4 A | B ] ¢ | D i
A 300 290 7 3 0 0 96.67 %
B 1059 1 1043 14 0 98.49%
C 2251 3 24 2201 1 22 97.78%
D 80 0 0 0 77 3 96.25%
E 497 0 25 0 471 | 94.77%
AVE 97.49%

F 1 WX AB.C. D Al E 3L 5 28 HER, I EHIE
FITHBI R IR 1K 94% D) I, A R A7 7E R AE P 51 %
i T [ 850, - R 30T AR B 97 9% . i b AT HLAR SC
PRI LT W58 S 1 SRR Y (1 R i & — i n] LR AE
UL A S e 75 55 A AR AR
3.2 $FEISTRREE LIGI0IE

ST B UEAR SC AT SR RHAIE 1 T A R R R BE T, 7E
EE A T B RN IR KR R 500
RS 5 R R S s B, BRI AR ) i 4 S
B 6k 525 b o e iy 0000 Mt S 10 4305 o L AR
A & T W R AR

1 1

gn.s ﬁﬂ.ﬁ
Eos o6l |
= ¥

104 0.4
=02 Lo

500 1000 1500 2000 2500 3000
% /Hz S /Hz

00 500 1000 1500 2000 25003000

(@) IR dAAE 5 it (b) Imeds 5 St

e

7 g B A B
5 FRREFGE ) P g
S 5 (a) % He, TR =080
U A B 75 5, B 2% Sos| WY
LB 9 1 22705 e R 98 3 ol
5 oM 7 A
5%

02
0

20

. He
T JET 4 5 45 Y E7 neREEEBS EHARRE R RE



202 H +

2 2012 4F:

FAAEAE U REE g K dfs i BB iy 5 e A S 5, VIl
AR S MR A B LU 126, MRS Rk 2 Br
e

®2 SEBWRANE

R | W BUIZ;

A 300 260 25 8 2 5 86.67%
B 1059 31 909 87 8 24 |85.84%
C 2251 57 121 2016 10 47 189.56%
D 80 1 1 3 70 5 87.50%
E 497 5 16 71 0 399 |80.28%
AVE 87.27%

FE 2 AT U A B LS, % 5 26 H
PRI AR RERS 15 2 80% L) |, SEX iR B R K 87% ,
LA AR B 43 28 TR 3 355 SR L 3k 10 B A SR B R AE R
BB ARGy g 410 41 26 e s

4 FFEADHIRRFS 534

T TR P18 52 56 0 7 45 SR 6 B, A SO 2 IR R AL AN
A ARGF A 43 8RR, T BB A AR 58 B e 4 B 75 11
AT . BRAE I TV I B W 5 A 28 ) I e g 4100 sl AL 3L,
A LA 3ok S5 A 3 A S R 118 454 3 o MR s g 4+ 2
R BB TRSy 5 S SR IBCT W2 ARRAE , (1) % )5 4R
BeE 7 M 33 23 4~ Gammatone JE I 75 , A IR A
50 ~ 10500Hz 4 5] 73 A5 , 3K 45 A 36 38 % I 4% vt 79 fig
LM 23 ERYRFIE M L TE O 1 # R (2) 51 #
FROE A SEEUTT A oL, AN 2o 08 O 4% v O MR 7E Brak
B S B4, SR IR R AR 0 R 2 # R AE . A SC TR
{3 T W o S0 R TSR (AR TC Sy 3 # AL

3 IR = ZH 7 AR XTI 2 5080 R M S i 1 TR
MO’ Fom 1 # FRIERIRBIE, Yo f O i3k
7N 2 # FROEFN 3 # RRAE AR 25 1 40 8.9 K s .

1 —) 1

09— __-—ii;.'.:_"__‘:':;.»-:\-\_:;.";;fI P
» 08k £ 08R
= o7t §o_? Y
" ost " o6l
0.5 A — 05 P
A B C D E AE A B C D E AE
H¥r3: 5 Hbrd
B8 RERBIESKE R B9 meRsEsHK H IR
A5 N} RBI 3

H11& 8.9 AT LA, X T I AR 5000E , 1 # FRAE A3
PR K 90.55%, 2 # $51E N 93.38%, 3 # FFfE K
97.49% X Ut W Gammatone JE i #§ X 451 2R 119 9F 28 1k
fift 5 Meddis PN 7 201 10 32) ] % 400 1) g 1 PR 45 e R % 1
TR 1 # FRAE AR 3 72.57% ,2 # FRAEH
77.26% ,3 # $FAEN 87.27% , vl L& Y, Meddis PN B4l
JRUR Y R A% AR g 1) 400 ) 45 BRI 7 e 73 28 U0 B4R 15

FIAR AR vy, B N5 XoF 4 R 7t A — 5 19 410 7 2
R LR BT AT LA AT A58 - I IR 4
A e e O A 6 20 AR RE A AR Fr) 0 1 R

5 g

FEF W SERHIE B 75 15 5 Ak B AR kB 15 5 Ak
P X — DN 2, IR B UG T B 1 4
SRRL2 130 AR S i A ST RE S AR I BT S AN
RS FFARAE 7K 75 15 5 B RS LI 45 R R AL =
BOHEAT THEIE 481 7T Gammatone-Meddis Wr 5 #5274
H 7K o HFRRFAE SR O 7 S 0T — A~ 23 ZERRRAE )
i S A R R R R AN A S 2R B RO B T
R G FR M A EL A Ao i B A 1 . i i a0 S 3R 3 B
75 25« R I TR OX AT 23 1) = 4 M 3 BBCRT P B 2 R R
2K L

S 30k

(1] F @, R B T0I0Lh i s 5 g 2H iy T o FRAE SR B vk
WFE[I]. B ¥4, 2010,38(3) : 525 - 528.
WANG Yue, QIAN Zhi-hong. An auditory feature extraction
algorithm based on 7y-tone filter-banks [ J]. Acta Electronica
Sinica,2010,38(3) :525 — 528. (in Chinese)

(2] A5, 5 a4 . 1 & 15 5 19 Bark I8 4 S HAE TR & iR
SR L] #2741, 2000, 28(10) : 102 - 105
FU Qiang, YI Ke-chu. Bark wavelet transform of speech and its
application in speech recognition[ J]. Acta Electronica Sinica,
2000,28(10) : 102 — 105. (in Chinese)

(3] Shool, B2 W se A At R RRAEE A H AR U P Y
NI R 222441,2009,34(2) 1 142 - 150.
MA Yuan-feng, CHEN Ke-an. Application of auditory spec-
trum-based features into acoustic target recognition J] . Acta A-
custica,2009,34(2) : 142 — 150. (in Chinese)

(4] 8. T AH: 305N A W 5 4 ik S HEAE H AR )
T R D] BRPT PG 2 - PH AL Tl %, 2006.

[5] ZF, Tk BRI AEK T BRI 28 i 0 HIRESE
[J]. 22441, 2006,31(2) : 146 - 150.
PENG Yuan, WANG Sheng. A study on underwater target clas-
sification applying perception linear prediction method[ J] . Acta
Acustica, 2006,31(2) : 146 — 150. (in Chinese)

(6] BHfE, A . e o BB 2R 0 B Je A HR 1) S W o 7 A 00 A
SRR RFIE SR P g BT (3] P 2 HOR 2004, 23(1) 2 11
- 13.
YANG Xiong, CHENG Yu-sheng. Extraction of ship-radiated
noise characteristics based on analysis of short-term energy and
subjective hearing[J] . Technical Acustica,2004,23(1):11 -
13. (in Chinese)

[7] Patterson R, Holdsworth J. An efficient auditory filterbank

based on the gammatone functions| R]. Annex B of the Svos



%1 o F WA K F AR SR A N 203

Final Report: The autitory filter bank, APU Report No.2341. localization and auditory masking effect[ J]. Acta Electronica
1988. Sinica,2005,33(1) : 158 - 160. (in Chinese)
[8] Slaney M. An efficient implementation of the Patterson-
Holdsworth auditory filterbank[ R ] . Apple Computer Technical fEEEN
Report # 35,1993.

[9] Meddis R. Simulations of mechanical to neural transduction in

T F J, 1984 E A TRV IE R, B

+ NGRS 505 BAL BT 0 B 5T

the auditory receptor[ J]. Journal of the Acoustical Society of E-mail: wanglef721127 @ yahoo. com. en

America, 1986,79(3) : 702 - 711.

[10] Meddis R. Implementation details of a computer model of the
inner hair-cell/auditory-nerve synapse[ J]. Journal of the A-
coustical Society of America, 1990,87(4):1813 - 1818.

[11] Filip Mulier. Vapnik-Chervonenkis ( VC) learning theory and
its application[]]. IEEE Transactions on Neural Networks,
1999,10(5) :340 — 356.

[12] Vapnik V. The Nature of Statistical Learning Theory[ M].
NewYork: Springer- Verlag, 1995

(137 BRSNS 5 R BT A 5 5 o7 AT 06 48 R0 s ) 38 5 40
BT[] AL P24z, 2005,33(1) £ 158 - 160.

ZHAO He-ming, GE Liang. Speech separation based on sound

-7 21972 AF AR TR IT, T
RO T KRR 55 515 B b
F1aF5E . E-mail : Pengyuan067 @ tom. com




