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Speaker Recognition Based on Nonparametric Independent Component Analysis
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(School of Computer, Wuhan University, Wuhan 430072)

Abstract Time-domain basis functions are obtained through nonparametric independent component analysis first, which
exhibit the main characteristics of the specific speaker, Speech signals then can be represented by the superposition of
the basis functions. Every speaker candidate has his own set of basis functions, which are different from those of others,
And,for a speech signal by a specific speaker,only his own set of basis functions can make the elements of the coeffi-
cient vectors most independent (namely, the mutud! information is minimal). To recognize a test speech signal,all sets
of basis functions are used to produe the coefficient vectors,and the mutual information among the elements of the coef-
ficient vectors are calculated, The speaker who has the minimum mutual information is thought of as the producer of the

test speech signal. Experiments show that a high recognition rate can be achieved by a small amount of data.

Keywords Nonparametric component analysis, Time-domain basts functions, Coefficient vectors, Information

EER—-REENEH., REN—BRIET, TLUARF
MEEEAEMER, MEXGEE BB EEAEE.
WEAKR BEASBEE, REARNKERBANSE T
RHE, A5 MR T RIERW, MiEF P EMAER
B,

BeiE AR R — A g PO A 3B 43 48 B - 11 4538 43 F0 ) i
oy, LIRS R A AR BE A8, B8 5 308 H XK
BIEARE], L2 NFR R 5 SUAR TR BEEARS]. t T
BRI H ARG AR FEIMFIARES, B 5304
EXRBREBNRFIERR G EAMNAME. 2 RHH
TR T 5XATXMEEAIRSIIE.

BN AR AR B S AR B AT — 5
B2, U8 A 1A (Speaker Identification) 1 i35 A #f 1A
(Speaker Verification), AU £35MIIKXFM*K A R MEEHN
WEAEAREAE N MEEL, HEHFEMN N MEEA
hHk R A IEMUEA . TIEHENEH M EESMESH
FoAHFE B ULTE A & 5 B A e ) 4 o 90 1 She YR 5 1 A AR
e , BRI AR S — A~ “FF 4B (Open-Sen) [A18 . Fi| Jfi — 4
SEMEE, T Bk,

WEARBRBERELEERL, LHRHIF L
(Voice Print), B HAEHBAE AN T ER . XERMELVQ
FEP BORR A (HMM) 739 AT # 2 M %
(ANN) Tl 8% Bar AP B ik B8, WA E

BERE EREEFEEMANIET M GRS EE
BHEHIE. PR REXCIHHRAR, RENALS
KioiE&, BT LARE MR IBIR, Fi, ARS8
TSR T P 0 IR B ¢, L B4 B W M RE O B 4
.

1 FHiEsR

Y57 43 B 43 7 (Independent Component Analysis, f& #&
ICAYRIE 20 BEXRERHRBEROEE A, B
1, ERRMAHRFTE B F R4 B 5] (Blind Source Separa-
tion, K BSS) , UG M M AL M ZE#T Y X, BArC & &

© AR EARALEE B BT\ @ RO T A SIS BB A

ICA RH#R AT S ARBRE T —F R, HEAR
BN z=As, bz fis & N 45 m8,A & NXN Kk
MR, EEEHSERES, - AR R A RNRAE
B,s ABRES. EXMERT,ICA MERERZATHALN.
EAAXRMHME RBESEF A NBEFESHE, @ 8
BAR s (i=1,2,, NDGEHIAL,

MBI AFBRBA=aa:,van ], Bl a; (i=1,2,+,

N

NI A B4 i B ICA EAMATRRS 2= 2

s XFMBRET ICA W—TEE MR A: A ICA Tk
RIS RBARAE . X0« BRI L A BB SRR

) ESTE, BFE QARSI A (10371033) W& 211 TREATMARE, B R HLHRE, BT . SR, gLRl.

¢ 167


http://www.cqvip.com

—MEIE R, s WIFIE R R. WRYERITHMAERE, [
s HEHME,

KT 8B TCA 7 vk FR T 32 BUE SRR AE  JRATTN 3 43
FRFFENTAE. EENREL, LN IRE, Bl
ME S RAEFEF) R N AR SRAE &, 418 i — 1 T
fE, —HTLBDE T-N+1 AWM mE., SN0 maER
FNBE . BT R BT S BRI 43 A et e 2 pR R 4
AARE--FIRFTFH— ol E B FEBHEARS
R, R BT A 2 S () B o 0 o AL, TR v
R P R e i Bt o B BV S

EEW=A"ICAERBERY s=Wz, 7EHEA Y
AR0Es] 3o B o B0 £R B T UL T, WO S it g 3 8 3 A% 4 ( Time-
Domain Basis Filters), %% Wi & «, H3 5K & B0n
BAH y=Wa . BW=[w,up, e wn ] CLH w (=
L2y, DR W BATHE), W war RERBME y WE
M. B ICARERBERTE, N FL2ERNmE X=
{z® [k=1,2,, T-N+1}, WHZEHNE y HEFTRZ[T
(Rl gitihr. MEERRKHEABER A, MILERZ

D 0 0 0 http://wivw.cqvip.com|

EHEMT N FENZ M EEE R o, 7 ICA A
T EHER y WA BZARESEIT M SN T y %
SEZEEE SR/ B W=arg rr‘lﬂ'}nl(y) YEp IG)=I(y,
¥ ."nyw)%l‘ﬁmrﬂﬁ y E‘J%ﬁiﬁzrﬁlﬂﬁﬁﬁ?ﬁw

SHE AL B’ =) 222 an ] W EER (21,
xz,u-.zN):iH(z.-)—H(az) JHoH Hz) =— [ pi () logpy
() dai  H@) =—[p() logp () dz, T FRMTMH y= 3
Wa & J(ono30 0000 o) = SHGO —H(») = R HG) =
H(x)—log|detW |7, B3F H()ARBE W 24k, BT RIBI
AR~ 0= 3 Hp0) ~ log| detW | 0 W BU/MERHE F T

(312 yn) BIB/ME, ‘

EFUAESN, o AB T A 1 RRR MR
AHERMEEARS T, EPBERENKIRERES
1 (Bl R A S ) B A R AT AR I R
#.

ICA R

—

1

v y Y.
[ wwam F>{lsnsgnusay]| [swasansav).. |sztusv|
i | 1

¥ Y
B e e
L |

-

¥

[ jmarg 2inQ,; (i=1,2, ..., K) ]

M1 #T ICA B¥EE ARSIy kR

2 mEBERERENITR

B A B AR BT H R RS ARSIV GRER > . X
B ERBEBLE A #RE A R GRBEE T AR R R
BREEUE B ARG .

Efﬂj:"f'fﬁ'iﬁﬂ'ﬁﬂ nQ ﬂ'b‘lﬁ?ﬁ I(yl sV2 et UN ) H‘Jﬁﬁ?’é‘

. QR W SEKCTTR LOD &), T8 LW =2 H

(50)—log|detW | = — 3: E{logp, (3}~ log|detW | . #ill%h
FLEEA % X= (2 [k=1,2,, M}, i1 F E{logh,, (30}~

M M N
Ai,hgllogpy,. (ya)= Ai,hgllogpy,. (wiz™® ), H L(W)=— 1\%1.2

él]l logp,, (wix®)—log|detW| ,

e LW, RPN B M & BREOBEEE »,, ()
MR — K. X p, ) BARETHIE R T AR &
ICAMUB TR, BREXUR, ERWHFR . SHRUFRMESH
HHR. BEATRIAER T 2L MR E A,
M TeWon Lee ZE AL HE T X B B A7 (Generalized
Gaussian Prior)(® , i BEHLAE B AL R85 M p(x)ocexp

(= lale). Forb g NS, WM o B, 7T AR —
* 168 -

Rt B AR w3 4 A B9 B LR £ (40 Gaussian, Platykur-
tic, Leptokurtic 3 %) . BRUHT RMBAMARIT AR
e, BRI T xR E R RE A Rt
8. EXE BLIE fth 5 28R (Real-World Data) 7 — & |
L ESBA NG ES AMERIIESH. R Cardoso KR
5 XG5 MR E KR, TR ICA
R RKE . B, RITRAESBAL RS BT, W
MBAEA ST REE.
By RIRES s BAETHE, B M A TLREEE (R i) »

B 5, GOTRAMTOER 5, GO = 35 3 6
(L;&) JEH b RFTB B %7 (Kernel Bandwidth) , ¢ 2

“E%&”(Gaussian Kernel) ,¢(u)éﬁe--u2/2 9Y'm E“&E :

£>" (Kernel Centroid), X 4~2 Bk & & % B A 3T (Kernel:
Density Estimation) BB L85 100, B Eal B h=1.
06MV,Hoh M BRA SR, & L) =3 3§

1 M X (k) — . (m)
logp,, (wix®), B py, (wix™®) = b)) 55(@-&—%)) ,

hm=1
.


http://www.cqvip.com

Ly(W)=— 2 2 log(lwl,ﬁl:]?S
=—Ly(W)—log|detW|,

F U, ICA #sR MR MBARRIT S A W A RIRERR
R, BAREh L(W) ., o] B 14 #i (Quasi-New-
ton) J7 kX%t B AR R B TR AL, BRI S W11,

Xt FE mMEEANE W, R SF R KSR E
orsh, =ER T RSB E A MIGRE. ASTROHER,
FATH A e B A 0 33 BB I R B 1l MO
ARG MM B4 et A ESA. XMW
BRAENE i/ F IRk il ghrm B3, iR E T
JEYI v B 2e e = B W S M . BARABRANTF .

O HErR MG EE T—1 PR KES,

@ Hi LBG KR0S 00 54 M B — 4 S =, HEe A A4 e
Bom2.

@ 7EFTE Ml p ket & I E BB B ML, B LBG
FEKHE— R, BHREE 1.

@ if BHERCED M Qelse 5O

® fori=1toM

TR MR, Pl R B RO BOR W i BAE R
mding.

3 EHEBEENITH

AN B MRS R AT ARER y=W 5,
HENEREHRZANERE, BV RURME - f5
W RER) 2=V RAME) U y=Wx=WV7'2, [(y)=1
WV-12) =;N)1H(y,-)— H(y) =i§1H(y,-)“—H(z)—log[
detWV-1 |, 76V BEREE T HOMMT W BE R,
TS 0= 2 Hy0 —log| detWV" | {5 515 8 49 I 1
7.

4 TWERMITE

TR PIV-1. 2G AT EH LR, BERG N Win-
dows 2000 Professional R, 317 #2 F6 7F Matlab 6. 0 Fi Mi-
crosoft Visual C*76. 0 REETF 4 M. LW pPkik T 15 MK
EAHpat s B 74, BMREAA 30 BUIGE
. H kA H L 11025 Hz2, 16 {8 WAV 304, 54 B
PREH R F—/ N F AR LB P N=24, BN EHRIGSE

40

35
30

(wi (I(k)h_ﬁ_l,(m) ) ) ) ,I‘(W)

Q =36.4347
4 04=34.6189

1Q4=30.4935

i 000 http://www.cqvip.coml

FHE S 1/11025X 24X 1000=2. 18ms,

H2BrMRS - i@ ANMEBERE. B3
RS — T BHERE AWBISE R, S MEEAXRF
24 Aﬁﬁﬁﬁﬁﬁ EEP ﬁkﬁTﬁf# SAﬁﬁi/T

J

.,_/-A‘\/ //‘\ //\- TN
v \/

\/\

PARVANVIRAN //
A /

Vi

/

/
/

Bl 2 Stk UiiE AR A ok $Uw i

A
v
B3 B A R R

WP —FERA T 135 AT BV E AN IS A
Pk 0 BB AT (BB AISEE 9 B4 . B 4 BURKY
RE M HREANRRE S H R0 B8/ T HAt
Q. XAMRSHHEE | &, B 5 BROEE 15
HEBLIE A R SRR B, 0 SRR /DT H A Q 15, R
MR EFMBIEE o K. MTERPHE T AHEBREAHE
B8 M tREAZE, & o HIAE - H iR
A

Q1=36.8283
1Q14=32.5846 ]

Q |=27.4945
9=27.4098

I

0,=293019
25
20

10
5

|

I

Q 13=30.3067
IQ 1R 12=27.9039 I |Q 15=28.4645

Q5=32.4412
Q ¢=30.4700
Q,=26.0764 Q,=26.7399
: I | I
0
W1 W2 W3 W4 Wb W6

W8 W9 W10 W11 W12 W13 W14 Wib

S g AT AT PN - b N ]

+ 169 -


http://www.cqvip.com

40
35
30
25
20
15
10

Q4=35.8726

Q4=34.4005
0Q4=33.036
24269739 5—30 9138

0,=26.7344

D 000 http://www.cqvip.com]

Q2 14=33.1247

1
0,,=32.7429 Q4=31.9143 |

L1 | -l |

W1 W6 W7

W8

W9 W10 W11 W12 W13 W14 W15

B 5 BHEEAKMATHITERG

ERERBR EMAFTHEEKRT 308 5HaEXRIR
FERHAMERC>80%0) T HRIAFT HKE KT 6 LA LA, R
AL 85%.,

Mg RS T —FE TSR0 A B T s
NRBIF ., B EERTFRHEMRSERBEANETNES
TR A EE R R, IR AT — BE S e axX s
BEBINTAL, W A g BB Z RS (B EE R
WER . RRILEA R R Y B R R, X257
FREAREBOE B OB EEIRSESELH
B, SHE—RR 550, 05— 41 AR B of 3 5 2 “ DU B 18 | i
(HERB/N JEEF AN B — MR AT &

HEARNREANRINTEML, A XRBBIFEAHE
SR B3R E SR My AR, XY R LA B R R A
T A B LA e 0o " BERY, T 2 B BB A U SR B A & i
B OAMAARESHYTEEARBHENE. EHFETHER
BHE A ERBA NI SRR, AR, LfFEE
FRAG AN R A, FRAR 2 B9 W I 08 kBB A EI R 5 A9 IR 5
%,

$ x x W

1 Reynolds D A. An Overview of Automatic Speaker Recognition
Technology. In: Proc, of the IEEE International Conference on A-
coustics, Speech and Signal Processing, Orlando, Florida, 2002,
300~304

2 BEMEEN. KERAEARRNA. Jba B R, 2002

3 CheC W, Yuk Q G. An HMM Approach to Text-Prompted

10

12

Speaker Verification. In; Proc, of the IEEE Intl, Conf, on Acous-
tics, Speech and Signal Processing. Atlanta, Georgia, 1996, 7
(10): 673~676 ‘

Fakotakis N, Sirigos J. A High-Performance Text-Independent
Speaker Recognition System Based on Vowel Spotting and Neural
Nets, In: Proc, of the IEEE Intl. Conf. on Acoustics, Speech and
Signal Processing, Atlanta, Georgia,1996,2;: 661~-664
BLEAL, BRI, BB 4, 3F HMM/MLFNN B & &M 6935 A
PHABISE, W e £ EAVUE B RADGE X4, 1995, 185~
189 :
Barlow H B, Unsupervised Learning, Neural Computation, 1989,
1,295~311 ‘
Cover T M, Thomas ] A, Elements of Information Theory. New
York: Wiley, 1991 :
Lee T W, Lewicki M S, The Generalized Gaussian Mixture Mod- '
el Using ICA. In; Proc. of the Intl. Workshop on Independent .
Component Analysis(ICA’00), Helsinki, 2000, 239~244
Cardoso ] F. Blind Signal Separation;
Proc. of the IEEE Special Issue on Blind Identification and Esti-
mation, 1998,9;2009~2025

Silverman B W. Density Estimation for Statistics and Data Analy-
sis. New York: Chapman and Hall, 1985

Boscolo R, Pan H. Independent Component Analysis Based on

Statistical Principles,

Nonparametric Density Estimation. IEEE Transactions on Neural
Networks, 2004,15(1):55~64

Linde Y, Buzo A, Gray R M. An Algorithm for Vector Quantizer

Design. IEEE Transactions on Communications, 1980, 28(1): §4
~95

(L## 146 T)
AURHAH AR

$ X X

1 Pawlak Z, Rough Sets, International J of Information and Com-
puter Sciences, 1982,11(5):341~356

2 Pawlak Z. Rough Sets-Theoretical Aspects of Reasoning about
Data, Dordrecht; Kluwer Academic,1991

3 HER HEHERLHNHA-XTRERBNE T E BITHR
Bk ER K2 M IR, 1998

4 Skowron A,Rauszer C. The discernibility matrices and functions
in information systems. In; Slowinski R,ed. Intelligent Decision

Support-Handbook of Applications and Advances of the Rough

« 170 -

Sets Theory. Dordrecht, Kluwer:
331~362

NG R, AR R S B AR N TR, it
HHUEIS,2004,31(1); 95~97

B BFHE. MIRBRAREN ISR ENR/DNFEAD, i
HHBHEE,2004,31(2); 9~~10

BEOA, /N ERMCE AL B R EPE T AR IR
#,1983

=B, A s, ARRERENH LS EENR/NTROD. i
HEAHLFL2E, 2008, 3003) :54~56

B RS RRERFEREQEL. EPREREERE
SRPL2RD, 2003, 31(8); 85~87

Academic Publishers, 1992,


http://www.cqvip.com

