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Abstract

Speech is one kind of complicated non-linear signal, so traditional speech or speaker recognition
system based on the linear theory is difficult to be further improved. In this paper, a new method
based on the WTMM (wavelet transform modulus-maxima method) is proposed, which can facili-
tate the extraction of speech signals in the multifractal spectrum feature (MSF). The multifractal
spectrum feature combined with the traditional linear features can obviously enhance perfor-
mance of speaker recognition system. Experiment results show that 6-dimensional MSF combined
with 13-dimensional MFCC and 16-dimensional LPC make error rate decrease to 1.2% in short
speech speaker recognition. Then greedy algorithm is used to select 13 dimensional features from
101-dimensional features set. The experiment results show that the optimal feature selective me-
thod can eliminate disturbance of other redundant features, and obviously reduce the error rate,
and improve the computational speed. The error rate decreases to 1.6%, and computation time
decreases about 86%.
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EEREXNIELRERES, XFERETREERNAZNIEN R RGEEEUFE—PRE. £5155
R, 2T /PR KB (Wavelet Transform Modulus-Maxima Method, WTMM), RH—MiEE %
ST RFE (Multifractal Spectrum Feature, MSF)IREUA ¥, H¥EH L0 EIFE 5ESRIFIES & H
FHENRA, LRRE, FEEEZRENRANF, 64EMSF5SLPCEA, wiRFAM M FHLPCREK
T64NEK; TIMSFSMFCC. LPCAE, RREBEE12%EA . KA REERIEXTUEE R B R RHME
BATRIE, M101ZB4SMEFARIE H 13 ERHEH T-RAI, LR RBRAMIE R NS ERARFRRS
WRE, RERIEE, RARREEE1.6%, RANERD>A86%.
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1. 5|8

GG S S SR T MR, e TR MR, B4 BRI, SR RG]
DA At R Gk, (HIX Ml R 1k — g G B, SR T B ) R G rERexE DLk —
Wbt . MRS AR, B EE S AR 0, MAEE 2L, e — AN e g iR,
BRI B A0SR S R R AR LS S ik, AN Tt 2 H R S . A 2R
HRaHriEEES, NNE—EBEE LRt EEERHREEESHIA L, ET 9 EHIRK GMM
(Gaussian Mixture Model, i 8 7E G155 B0 )R 28 7 Y1 ZRoR0 R Sl B 0 75 22 78 3 O B0HE A Bk B4 i i iR i 26,
HPEATRAE R 2 M AU IE N TR, AR HE L X — 2R, A T A IR IEEE T, SR E
SR, DA R AR 70, BATIIN T 2T 40 TR BAR I U 1 NARHIE

BT E, EESERHMEC N A T A, EESE, EEANK BEmE, S
WONSETT I, A5 T AR RO . FEUTE N IR AT T, Jungpa Seo 55 N[5 70 5 BIAHR4EAE N RHIES 4L,
REA 28X 2 B AL & (U 1E N s Petry 558 N[220\ A 4877 1545 B EHE S 808 A It R E 2t
1A, B AE LS G B ——n TR S B S5 45 Gk, FIA Bhattacharyya FEESHEAT UE
WA, BGE T R ERE: TR, 0 RRHERSRIT R, 5 S5 &SRR A S T AT
VRN T, BAS—E BEE[3] [4]. HATHBE R S E R AT EAE S I TR 4R, SREGE S I R
SITCUERL. 1. Lyapunov ZEUEMENAELMERAE, TR 4ERUN SR IUT i F 2R S RGBT, R

AT, XFESRIUR) 7 R E A B A T R AR TE S A E S, RO A MARF &R S 4
SRR R

AW Z TR I ANUIE RN RS, 4561085 IR AR, BT /NP R 77 i (Wavelet

Transform Modulus- Maxima Method, WTMM) [5], $2&H —FiEH K2 o s vk 573, N H T
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T B0 1) 23 TR AEHO0T Bt e ot R R BEAEF I MR, TRk R T S5 i TS A5 2, ALt
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Figure 1. Multifractal spectrum of different Cantor sets
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HAr RS RIR %, LB R a8, (ARIBEHES R —4ES, BIHFRA ZYETr il
TR G R R TEAER, AR TR, i HATFEE & — 45 S M. EH TS E 2R R
G2 TN, BONE A IR HIEE %% A, Arneodo 25 NS H (KT /N BT /N A
BWTMM)” .

WTMM A DRI E R L — 455 5 1 2 4 TR 45 . 7EIEE RUE o B, W5 SR N, 53]
INEEREW, (x,a), FE x FIERIHA, %75|W/(xo,a)|>|Wf(x,a) o TUFR x, H—A “JRERKRE” 2L K
(E R REL R MR [(a) 7 o & L7y PR

Z(g.a)= 3 (7, (waf )=a”

xel(a

(M

B, (x,a) FERKHELE [ (a) BSRAL, 33 g 51(q) KR, ©(q) WTEAM Z(g,a) F1 a FIROR 2k
Rt FIHZ BT )% A X RELZ 73 T it
D(k) = min[gh~z(g)]
or
o
Hort n, D () BIBALAH 24 TR a, f(a) AL
DL EJE WTMM SRELZ 7 TEAS 171k, AR SCEE BB S5 S s, M T — MB35 5 2 20 TER-E(MSF)
MU %. N T MSF S5AEGRHEAERFIER 4SS &, MSF #2507 S0t F i, S ybises, 78
BEAT MSF HITHE, 15 & WK R A IR B, an RS Wi R, SR MSF AN K HER, 1
WRE R UK K, S8 MSF EFHEEAE /D, 1T GMM B ZRA1R 5 75 B KB R EdE, X298 GMM
BRI A UHER, 276 DL BRER, RSO MSF BUR £ T GURE S, (HR P M A S, taia
MSF it 5 & —FEE, MEGFENIEES, XS E MSF MEGHENKEAME, EFE
REAESEAT R A
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Figure 2. Extraction process of the MSF
2. B TEFHERBURTE

D) BIsRA BB WHEEE S A x(i), i=12,-, N, i AF5, N, FIFH AR s(n) = ix(i)

WHEE Bk, Kb NFEE, 5t ’
2) b FIFAR s(n)=s(n)/s(N), % s(n) . Frbt s(N) RIEEES x(7) BRI 11—
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8) Ko 5 f(a). FHEMHIIEARQRIGLE T B MSF,
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Figure 3. The multifractal spectrum feature of Male and Female
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Figure 4. Flow chart of speaker recognition

B 4. HiE NRARIEE

Table 1. False acceptance rate of different parameters combinations

F 1. TRFESH R AAEHIRIAR

FFAESH (40 RAEE TE

MSF (6) 3 71.2%

MFCC (13) 7 9.2%

LPC (16) 7 9.6%

MFCC + LPC (29) 13 2.8%
MFCC + MFCC —FrZ 4 (26) 13 13.2%
MSF + MFCC (19) 10 8.0%

MSF + LPC (22) 12 3.2%

MSF + MFCC + LPC (35) 15 1.2%

# 1 RAFRFHESH LS FAAE TRIRE, B3 1 B, FMEH MSF #1750, BERIFAL,
RINEIA E] 71.2%, JE F & MSF A2 £ 01l NIRRT, PTREEL & 7 K& 5 300 NRFIE TSRS 2,
teanis E S, AT FECRIAEH MSF B0 30E AR X 3 MEReAN i (H2& MSF S53UE 1E S RHEH
G, AERIESR SR, XU MSF 5EMERHEA REF I BEAME, MSF a8 TAESRHIE R R IE
B, & MSF 5 LPC (Linear Prediction Coefficient, ZRVETHN REOS AW, RINETRET 6.4 4
P> H. MK MSF 5 MFCC. LPC A& H T, WA 1.2%. 54hhidk 1| Maf AL, FFA R
IR S0 — 78 7 AR R ISR, 7T LUK I, MFCC 5 MFCC — B 22 430 AH 45 A 78 B & o ild N,
PR L U MFCC ST BT o
5. FHEMIE

WINFFE 4RSS, AE— R ERRAR T IRIRE, (HR WG T R M E 4, MSF RHEF 30
4, AT U, 2 SEORMIR R, ToiESRILsEr A, BAARIHX 2 0 R RS, ¥ MSF
IR D 2 T 6 48, (HanFhn EHEASRRHE, 45U R S .

Har, & HAESRMEA IS, L3R, LPC & LPCC (Linear Prediction Cepstrum Coefficient, 2k
TH{E] 3% 2 %7), MFCC, PLP (Perceptual Linear Predictive, EAIZEVETINNEES . ¥FL SCHR[9] [10] [11]
[12]@ ZRAIE - sy G557, BT ZRFHIERR I, fE—efEE Lis 7 R4 inltEge, (H
FEMEZ TR S RGEFE. Foh, A SCERE T8, B AT [13]. ZRPERD b 14]. B
KWy MR E T IRIERR RN RHIES B G . (B2 UL B ETE R IIRHE4E SRR =, (RS
8 SRR J7 TH 32 3500
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RFAEE R 1S1PEREIR A IR AR 2, WRFIESE B A SR - 32 BT 3 P9 2% (Filter) /7 i A0\ 50
(Wrapper) /7%, IX P [ X BIAE TR R PPAN HE U2 75 DAy SR A PERE N HAE ], an 5 DL 2y S a1t B v U
A& Wrapper /515, T ILIE T Filter J5i%. AT Wrapper J77%, KA A A U 2 5600E H (1)) 41 i [7)
1%4% 77 1% (Sequential Forward Selection SFS), HHAEFEL, $hikth 13 4EA G RHE, A BEHINERR
RIHTHRE T, WKIEE T REMRAIER.

5.1. $FERIEEE

BBRRFESE S P W EARIE, A SCHRIERFAEIEA RG22 R i M RHE SR A P 3R 3 — 4 i
RGN R FFAE, IEAE N — 50 SRS TR e ERIRA S, THRRRE, S-RE81M Rk
R ZH A AR SR RN e A HORRAE S HoH AR 5 Fis. %l N MUIEA, S BIEAN GMM KBRS
BH AR, k=12, N o BEEAH TRR, T={1,0y,.1;,ty }» Frbe R—UpSERE,
J=L2 Wty RN ke AN ULE AR RIS j YRR E SR PR RRHESR A S = {s,,5,,--} TR, H
G S NE .

1) ¥itatk, 2i=0, SA%, FUEERIRIREN R, U HHERENEE N K

2) WRUKEL j=1,2,-, W, RO T, 5 S 484, MR RIRHE ¢, AR BEE A RRFIE
Mz, o

3) FIH ¢, WZRRIGEAVE AR GMM S804, FFMRRISEE, 38 ¢ SRR, ;

4) JRUE L E W, FE AR . Si=i+], BUR/NIIR R min {r, | 0k RLEORE ¢, At
POEIAEIE s, , Bis, =¢,, s, MANSH, BIS=S+s,, HETHERE,, IT=T-¢ .

5) W min{r,|>RIMHi<K, BAFEBFEQL, LG, WRmin{r} <REHKizK, N
Hith S.

RERE
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THEIRIRE

Y

P RARR |
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Figure 5. Flow chart of feature selection method
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5.2. SEROLER

SEEGATYIE H TIMIT £ . H£ 500 A1iE 3, 1%k GMM IR 18 & 250 ), HrpghiksiEmit /A 125
A, MRALIEFFAE R Al 2 ik F 5340 ) 125 4, ARG B R AR 10 280 2 5 IR AE I B s SR AN ]
PAPRIUEZE SR A5

YRR IESE A AL FE: 30 4 MSF, 13 48 MFCC, 13 48 MFCC — %4y, 13 4 MFCC —Mr %43, 16
4k LPC 1 16 4 LPCC, 3t 101 4, {K /X : MSF1...MSF30; MFCC1...MFCC13, MFCC_DI... MFCC_D13;
MFCC_ DDI1...MFCC _DD13; LPCI...LPC16; LPCCl... LPCC16 £, HARRIREHEN 0%, HAHk
RS S AEHON 13 ZPTLARGE RN 13, &N T T 5 HERHER R IR RT I, HAMRRIEL, %
PO R EE RO I 13 4E0S, R IR MPRCTE AT R .

Table 2. False acceptance rate of the selection features from 101 dimensional features set

2. M 101 4EFRE R ROR B I% BV HFHE R IRIR R

HE LPC6 LPCC9 MSF17 LPC3 MEFCCI12 MFCCl11 LPCI15
RN 84% 57.6% 43.2% 30.4% 18.4% 11.2% 7.2%
FHE LPC9 MSFI11 MFCC_DD10 LPCClI LPCI2 MFCC_D8
RIAF 5.6% 4.8% 4.0% 3.2% 2.4% 1.6%

2 iTLLEH, BRERSFIET, LPC4$1EF 5 48, MFCC, LPCC, MSF 73 31F 2 4k, HARFFIES
14k, i AT 7 4ERFAERT, RIAF OIS T BMATH 13 48 MFCC 81 16 4 LPC HJwRIRE, A3 7.2%:;
M ET 12 4EFAER, RIRFR(ET 29 4k MFCC F1 LPC $¥FIEAL A IR IRE, 55 2.4%; T 13 4e4F
FERS, RINFRIEE] 1.6%, WEET 35 4 MSF+MFCC+LPC & HiRIHE.

M 101 ERFE Rkt 13 4ERFAETIIR T #E0S, WSPRIERHER 704, R M MSF, MFCC, LPC =
RRIE, 3% 59 4ERHEPILIEHRFE, HARRINEIEN 0%, S KPIEREE A4S 13,

Table 3. False acceptance rate of the selection features from 59 dimensional features set

3. M 59 4EFHE R AORBRIE H R4 RIRIRER

i LPC6 LPC3 LPC10 MSF13 LPC15 LPCS LPC4
LIV 84% 59.2% 40% 24.8% 19.2% 13.6% 9.6%
HAE MSF27 MFCC7 LPCI13 MFCC10 MSF2 MFCC12
PR 5.6% 4.0% 3.2% 3.2% 2.4% 2.4%

HI72 3 ATLLEH, M 59 4ERFAESR & i PRI IUHRE, LPC #F1EF 7 48, MFCC, MSF 735 3 4t. 5
2 B, BB IR A BT AR, (EX N ZERH R A ZE AR, e TR RIS AR T 2.

MR AE RO THEE S P SRR AR SR B I VR R 0 o0, B0, THEREINN R, AT iR Ja et —
FPRFIECE T8, R ESR & — 0 =, ik il — AR AE, R JE A G REAT I . A SCSRI R
K 59 YERFIEHE A 73 B 30 4E MSF 4R F1 29 ELLMERHIE SR &, I s HI 50 3E SR 23 73 DL e 3 A1E 3 4B A 10 4,
SR 4, %5 PR, SREEG R 13 gERFERHT IR, BRI 3.2%.

Table 4. False acceptance rate of the selection features from 30 dimensional MSF
4. M 30 4 MSF s Bi% H HFE RIRIRE
FEAE MSF19 MSF11 MSF13
RIRE 88.8% 76% 74.4%
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Table 5. False acceptance rate of the selection features from 29 dimensional MFCC+LPC
5. M 29 4 MFCCH+LPC s iR #ki% tH OHFIE R IRIR 3

REAE LPC6 LPC3 LPC10 MFCC3 MFCC9
RIHE 84% 59.2% 40% 28% 20%

REAE MFCC4 MEFCC12 LPCI13 MFCC6 LPC9
IR 16% 11.2% 10.4% 6.4% 6.4%

5.3. HREES4H

FEINZEH B, GMM Wi REME, W 2R, IR, IR ARG,
YiiatemE M, EM SR EA R ATRE SRS HEE, HRE RN
O(L*d*)+0(d*)+O(d*M)+O(I*L*d*M)+O(1*L*M’)

Hep, d RHESEIAER, M OSREHEL 172 EM EREFIEREL L2515 KEEMKKNEL
FEVUNET B, GMM it B SRR — D NI RAG 7, TR
O(N*L*d*)+O(N*L*d*M)

Hrp N oY B R R N

OIMTRIRR, RHEYER d X T IRSER A AR AR K. BRI, 5 L4E R 2B L ERRHIE S U L,
ARSI 13 YEAFAES BOmT LURS NSRRI s B2 R St vt (AL R0/ 54 B 5 N GMIML AR ) 77
Ao SR FR{E MATLAB & L, H] 13 4ERAEYIZRAR] — Ul NP TR 2008 10 #, T
1 35 4 MSF + MFCC + LPC R ZRAIR — N 16 N B R R 2008 72 70 BRIE, AL A4 IEAE
AN R IR IR AR L, BRI e T B

6. &t

BEESREAEZ A, nTUEZ SEGREA S, d—DiRmiRsR. AR WTIMM, 44
WHEE SRR, S — MRS 2 TRRHER U732, IR T 3E NN 5858, tHskie st T LLE
¥ MSF 5465 A MERFEA &, 7] DI ERE R SR 2, SEEe k3, MSF 5 LPC HAMEM, P&
HAE AL LPC RIRZEFK T 6.4 NES AL TMH MSF 5 MFCC. LPC A T, RiR%
FEAR T 1.6 MED A, 1BE] 1.2%.

FRAE R AEBBOM VSRR TR 52 AR O, R MSF S2MERHEAL &, AR AT DLE BIR d R 2, (HIH5
), AN SN R . ARSCIE ARG, MWREMFRIET, Pk o T 4R KRIE S 2
B ABARTEYR AR 25 (R AN S R B (RIS, IR B RRE S R SE Bk . SR R, XN
KABIUIE NS, LR 13 4ERHESE, HRIREN 1.6%, HAIEEIAHEL 35 4ERFIERCD T4 86%.
FHNAR SR — B TR G B AR IR SRR, SeIe TN FERFIESE A R RRIERRIE, IR
RS, DL BANRHIEEE S I AER, AT RURAC T R BRIE 1) S R AR

MSF i 2 B LG, /N AR BRI R 43 bR R U MSF 3B I% A LB PRI 525, XK

SO T RRAE SR IV S ), PN — P A AR R VR R R, TR R PR L.

AL RIS IR Z A, ASCH &K MSF S4EGURHEERHER LRI A S, T PF R T8 RHE
ANFIBUE, LA 5N PCALDA SERHEMR I 77553 — D4 SR A 4 & (R 8CR , B 1T DA% RETE A B3
Yo F T RS
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TR T R s, N — B RO NS G B AE  R M RE AR R L, AR IE AL B o B
[ 5 /b A AE R B

E&WE
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