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Wavelet Analysis and the Neural Network of Particle Swarm
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Abstract; In order to improve the adaptability and robustness of speech endpoint detection, this paper proposes a
speech endpoint detection method base on WA-PSO-BP. Firstly, the feature of speech signals are extracted by
wavelet analysis; then the features are input to BP neural network to build the speech endpoints detection model in
which the BP neural network’s parameters are optimized by particle swarm optimization algorithm. The experiments
results show that the proposed method has improved the detection rate, and it has better adaptability and
robustness, WA-PSO-BP has high reliability makes it suitable for application in different kinds of environments.

Key words: wavelet analysis; neural network; speech endpoints; particle swarm optimization algorithm; feature se-

September 2013

lection

1 5]

EE AR BB RERRMAHINET,
MESHHF AP HIETFESHIRERRES, FHE
EERSHFREER. SAESRNEREIESR
AR IR I B R A N R R
S T R AR AT R BT
KRR ELIR R T 5k 25 T 1R A, A REEAT IE B O 316
R , 4R W7 S Bl S A I 4 A  TRMERAIE 2
BRI ARMR LL , XA ISR 7 B 2 5 R R P R S
BRS. SR I B BE A EE 5 S AU

¥mAM: 2012—11—08; #EIAM: 2012—12—14

it

FH SRR G B B KA T W LRGBS
AR RS BB L IR T, 2 o R I o
BYERIRE. S TIRECE LR IE & s s RCR
FEMNRE THEHSHRARNERE, BERS
AR IR HG RS B 2540 Y & FP IR T i o AR T
PRES . (ERIE TN AR A Y ERETARME
BT, W AR A B S , BRI
RUER.

HRE T EE A I E R AR, A SR —
NS KT (wavelet analysis, WA) b FREEAL B

(particle swarm optimization algorithm, PSO) Fi

EEWE: BRARBEEE (2000927001) s RIET R RBHBHLARHERI E (2011108102016)



woM

BT /N BT RORL T REVR Ao A 2 W 48 938 5 v SR 95

BP £ M #& (BP neural network, BPNN) #8454 B3R
MR R IS W AR (WA-PSO-BP).

2 WA-PSO-BP fyim R & Il R 4 4544

/NS BT (wavelet analysis, WA) 7& B 358 F1 45
BARRERILE S RFFE, MES RS F
BT RO BT () 3, MRS ER 7 A AT W SRR 43 B
R, BB EESESAEAER. BIAT LR/
B HRBUES 5 5 WIFER. BP HEMB AR MR
SRR AR AT BN SRR MEEIERE S, F itk
FIF BP $2 W 45 15 R 15 5 O =R I 2%, X /AR
BAR BB BB F R B T Y 45, BBy SR RTRL 7 7%
B ¥k (particle swarm optimization algorithm, PSO)
%} BP 28047 RAL » B 7 B 1B & o sl R U A A,
#F WA—PSO—BP W15 b ALK U R S5 45 4

A 1 Fr7s.
1
B

1 WA—PSO—BPRiEZHAKRMERS
3 EFmAEER

3.1 EBEEESHRALE

EEESR—MIERES AREEATR
BARLE, X REIFEHETHITHA R, IR
“eat” AL FLE R LA 2.

&
(i}
m

H

#mmh

T
FEp
R

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

pilia):e o
]

HFE

2 EXHHE"eat” HIFLE

3.2 EEHAERREN
R Mallat BIEXMBOUES f(0) #1T 5 B/
e, B .
f(n) = a,(n) — ax(n)
NN N ¢))
di(m) dy(n) ds(n) + ds(n)

WRIE/D P X 5 PR 5 B R B AT Hdy () ~

> e a5 (n)

ds(n) a5 (n) I RIEFE S A MARES, iTE
B 2/NETH R AR .
_1x
E; _N; |s: () | (2)

K, s, () RFE di (n) ~ ds () vas (n) /NETFR
RN /INE R BT N /N R B0
HE 6 NNEFHEHEERIYE E, M E

3

ARG 8 NE T FHRER E, ~ E,—1 E,
M—"Ao®, ENTHBRNRERER

X(n) = [E\,EyEsEEsE,vd® 17 4
3.3 BP#HZMEZURSHML

BP HZMER—FESRMAR RS EME L
BRI ZREAIREIRN Y, KELRIEH =Z2EHEMN %
REAE LUE RO B AT i JE et R %, BP BN
KEEMIINE 3 R

BAE S, Xr

BEE  §,XS,

B3 BP#EZMELEN

BP # 2 P2 T HERE L 4 5 H M 48 HEAUE
FUHR RS BIEREREEUREB LR
R B HAUE , (P48 22 S B/, A R B EEE
Bt R BB AR/ ME R, B BOE T o S R DU IE R BRI R
Tk BP # 2 M B FTEMXER, R S R ILIL1E
R E—RLTF R IR R 0 M 48 % Be AUE AT IR
b, RIS HEREEILH BP a4, AAmB A 4
FR7R.
3.4 BP HEZNENIEFRNIR

Stepl : W44k BP #14 M 4, /N4 H7 F0 PSO
MRS



96 W FESTHRN

2013 &

| nresumm |

FEER TR

| sroumrmmmn |
I

| 25 m e B0 E |——|
I

| EsnTRARaE |

BB

2
| saRpRFaR |

| Bosrremssy |

4 BPHERNZBHMMRULRE

Step2:FEPLIERE 1 BEF R FBMRERGES,
/NS TR IR E B AE Y BP MM &AL AL
h/n WU E 5150 BP M mgi it » 52 AL BP #
ZMBY G AR

Step3 . ¥l i BE A 4 A BP # & R 4% #17
%, i THEYL E BP LMK 2 R IBHR
MR GLIRGRE £ 7B, HEE PSO Xt
BP M MR AL, (F BP 4 2 R 44 5 5 BRAR A
EIRBI B ER , AT 5E AL BP #4142 M 451 4%

Step4 : I GREF B BP o 42 I 45 X JROR VI Sh
FHATHE, R MEE R, (TRER 0.5,
ZERRT 0. 5, AN HRIWUAIE T BT, BRI IEES
07, R )5 HF SRR i 5 R 5 AR S 5 518 3 it
1T, IR E MBI GRBORAL » T B EH N M
Z M HITYIG.

StepS : FATIE T i A, B—BIEEES &
BOHARAE R , 4R 5 R VISR B9 BP #4228 X
HEATRLIN | Bt Hh 3 i AR AU A5 R

4 (HR3XW

4.1 {HHEIFE

H T # 5 WA-PSO-BP B 5% 5 S s A
¢, 7E CPU P4 3. 0GMHZ, J 7 2GB, Windows
XP ¥ &F R A Matlab 2007 4 L5 H LK.
R T WA-PSO-BP B 2 i # l 45 R F B A ULk
F1, ¥ % 5 0f BE B 45 1E + PSO — BP ¥ £ W 4
(BPNND) , /Mg 4387 +BP #2 M 45 (BPNN2) /N
AHT+ R AR (WA —LINER) #1730 HL 3256 SR
FIERA% A 8 IR SRR T o B A S B R
RN AR U

4.2 HB\KIR

LE I MREE R H auroral. 0 IBEFEFH
130 A~F ¥ 75 3 F Noisex 92 AR FErf iy 7 Fh s
RBETHR wav WA E, BT HIEEIHRE
destroyerengine B 55 | pink M7 | volvo M7 | white
Wi 7S  bueeaneer? MR 4 5 PR, A F BUNLE K
128kbPs, B HRAER/NA 16 4, SIE N B H , &
BRI RAER A 8kHz, F A X PCM.

4.3 HRESH
4.3.1 FREEF B ke mn ke ad

ANEMEHR R AT X H &R iE & o S i
BT EZERTLIEE.

(DX+TF white BFIEF(F S HTRI , £ R0
BRe T R B AR ISR I IE B R
BE. Y MR I8 estroyerengine Mi 5 | pink M
75 .volvo 7 | bueeaneer? M 75, £ 18 T 41 H5 &
MBI RELI A BT T B, JUHR WA—LINER TR
+4r B8, i E T BP #1 &M% N K IERENR
B, ULE BP M &M 4 BAA RIR M B & M. 31T
BB, XE S I R TE B LA,

(2) 8%} F BPNNI1, WA-PSO-BP ## il 4 fE
FAR. WA-PSO-BP F| F/ME 4 Hr 1 BP #4458 48
g BB THBTH, RAEFROTRYE, BR
TR I SRS 1E 8 S B[R] B 5 B R T 0 R TR R
EHER .

(3) #x+F BPNN2 & 3, WA-PSO-BP # il 4:
REt L. X ULEAR A PSO Xt BP M4 M4 KIS 5
#ATRAL, 7T AR (9 75 AR BP # 4 F 48 S 4%
FBAR MRS, f BP MZMERNHEEAR 2
g, #E—RE T AR R
4.3.2 FEAwiEE R

R FRIE 47 I B] R A5 B3 o A R B L T
Matlab2007 & F , F| A Tic f1 Toc fip4-ic 5 MM
BERY i | 2k 70 T B[R], WA-PSO-BP, BPNN1,
BPNN2 F1 WA-LINER gt iajingz 1 s,

F1 ESWMAENKRREESTE

Bk YIZRI 8] (s) WK ] ()
WA-LINER 10,55 1.15
BPNN1 9.177 0. 66
BPNN2 7.685 0.58
WA-PSO-BP 4.10 0. 45

MR 1 AR, AR T X LR » TEaB RN S [E]
WA B 18], WA-PSO-BP 3 2 548 19, X BB SR
FA/NBE 53 2 BUE B R AL, LI ZD BP & 4K



5 9M

BRE 5 /DB A AT RURLF RO AL 22 P 2% )78 3 it R 97

WMAZREE,BRTITEERE, R KA PSO
SRR SBGHATRAL IR T 22 IR, X AR R
B, WA-PSO-BP B3 & T 3L i B R LU B R 975
B SR

5 HXIE

AR I R F RA PR A E RN —TEOR,
HUER X R RE R A R KR W, 72 {5 Wk L
NIRRT A GE R T B 0 XE LA X8 3 s s R AT IE 7
R, AR —Fh IR RS R T 8978 o A AR
By LREGRERYW, Y THEERME L, WA-
PSO-BP #2751 &5 i U D MERR R, JTMR 4 . B 1
Y GF , B A B SERR L .

S WK

[1] WuBFY, Wang K C. Roust endpoint detection algo-
rithm based on the adaptive band-partitioning spectral
entropy in adverse environments[ J]. IEEE Transac-
tions on Speech and Audio Processing, 2005,13(5);
762-775.

[2] Cpyril Plapous, Claude Marro, Pascal Scalart. Reliable a
posteriori signal to- noise ratio features selection{ C1//
2005 IEEE Workshop on Applications of Signal Pro-
cessing to Audio and Acoustics October, New Paltz,
NY.IEEE, 2005;: 16-19.

(3] Frif, KB —FETHEEEHHLEMEHES W
AR (T KIRE T KR%¥#R, 2007,12(38):
145-147.

[4] BingFei Wu, KunChing Wang. Robust endpoint detec-
tion algorithm based on the adaptive band- partitioning
spectral entropy in adverseenvironments [ J]. IEEE
Transactions on Speech and Audio Processing,2005,13
(5): 762- 74,

[5] #ME®R, SEHE, B FRES SR T Em R
(0. HEHLRF,2006,26(1) : 2685-2686.

(6] FKERBR. E:T /DT 5 H 2 P48 1 15 5 S SR BF
FE[D]. Ki% . KEE T K%¥,2008.

EE®IT:
BRE¥ %, (1978—) WL, PRI BFTI7 1R R i F A B
FEGLES.



