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A PCA-based MFDWC Feature Parameter for Speaker Verification
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ot A2 G2 e ZA HER, 39 53E o F vedls MFDWCE 4% + v EEe
Gaussian Mixture Model (GMM) 7§19} wiaelec we)nt 3 mulslo] A5E v)2dh= oA 2A (hinary
decision) H'HE 0| &3la Universal W2ahe S 29 (UBM)T} 2} 312t 2dle] Zte TS vt o4t
o] pE/ AR g AR WS QY3 SA getoleo] TE Hxt AF A5uiE 895 A5t
o ALE FAFE g 0§ MFDWCE 5% WojHE 0|83t 499t Mel-Frequency Cepstral
Coefficients {(MFCC), Linear Predictive Cepstral Coefficients (LPCC), 7|&2| MFDWCE £7 uj2lo|g 2 o] &
2 900 thsio] ASUTARE 2T B3k 22 0,805, 5.14%, 6.69%9] Y 452 vehe] Aleke P
FraGE U £ gtk
BBl A 7F, F4E ¥4, folER ¥, Universal WI2keE 29
Fagek 2493 Hok (2.5
A principal component analysis (PCA)-based Mel-Frequency Discrete Wavelet Coefficients {MFDWC)
feature parameters for speaker verification system is presented in this paper. In this method, we used the
1st-eigenvector obtained from PCA to calculate the energy of each node of level that was approximated by
mel-scale. This eigenvector satisfies the constraint of general weighting function that the squared sum of
each component of weighting function is unity and is considered to represent speakers characteristic
closely because the 1st-eigenvector of each speaker is fairly different from the others. For verification, we
used Universal Background Model (UBM) approach that compares claimed speakers model with UBM on
frame-level. We performed experiments to test the effectiveness of PCA-based parameter and found that
our proposed parameters could obtain improved average performance of 0.80% compared to MFCC. 5.14%
to LPCC and 6.69 to existing MFDWC.
Keywords: Speaker Verification, Principal Component Analysis, Wavelet Transform, Universal Background
Model

ASK subject classification. Speech Signal Processing (2.5)

zHAXA}L: ML (hychung@yu.ac ke)
712-749 HASST AMA| OF 214-1 Julhsin AR SE
(3t 053-810-2496. YA 053-810-4742)


mailto:hychung@yu.ac.kr

LXE

Mel-Frequency Cepstral Coefficients (MFCC):= &
A U4 9 A A 74 de] 2ol Euletalg
SA MFCC Hetule g o] g3 Siajelajo] B3k 2ty
A 270 Gish, H.9} Schmidt, M,[1)9] B4 Zo}
& YUt

2L} MFCColA A% 27 Be{u T (Mel-scaled
log filter bank} ofLJx]o}] Discrete Cosine Transform
(DCDYE #she MRCCE B 714 23S AdTi2]. &,
DCT7} BE Fate digo] X pxog g9 9
& Fulg Qo) ghato] BE MPCCO) PFE n)E 7}
B30 3tk o)} EAE 4] AsA
subband {14] ¥PHo| SAQIA oA U AgEje] fe}
(3. ol} clEo] B} 3RYE JHANL % B3 2
FHe 24 ol B3l MY (Wavelet Transform; WT)
= o8¢ Hejule 259y A7} £PEn Qe
o ol@ A7 A= YojEd HEL A3l
subband 7%k Q1A)7|9] GEE IEE + Y= 7H5A
& 2ol glth, 2 ol golEsl wEkg o) g3t 1t
2ta|E|7} DCTOf B)8)) A7kt Fub Bafsol Fof 9
A AT FAIE A2Y & Sl 7hsdol 27) g
o|tHs],

22 fPelad AES o183t 71E9 MFDWCE
MFCCE o} &%t NAg R} ¥ e vehyg A2}
S 2@ ol A6l &V Uitk o= A
e FolpEg wet Bajd 4 =50 WZE9 Y7
< Al meh AZ-Fake JEES 71 AEY AT
HEE LI R3IBZ 7122 Fabg= 718 MFCCY)
slal e %S Uepickn Wzt

S BF LAWY e ABEAY Wold] W
A e Borg b 7he] ¥olg A 4
Bt ol Bo] ol§Elm (7, 8, 9], £ =3
A g4l o2 e S B4 wolo] XHF) 8x}
HFE HAA £ S Jehiin Q= GMMo] 93t
Aol FES10], o123t AR 71 WolE R
25t7] i st 3y 2 78S 2E 3] glojg
€ ol8% shte] waeleE ZYE o)fsh=
Universal ¥22}-5 29 (UBM)2 o|£3}F vhio} A
5 Aol 4% 4E WM fEsittn deA g
[11].

A & =RoliE 7|89 MFDWCE 3838k &

S5 AS AR 2B PCA 712 MFDWC RE| TRIBE 37

A Z admissible gojE8 7] E] (Wavelet Packet
Treed) 2 =) ol AUSH] SI2 PUoA
Tl A|Zkef w2 dloje BEZE o S5 4
2E FAAE 2A2)E o188 HAES TIEHSE o
£319 2zt gxie] 5L o & A= 5L &3
£ WS A, UBME o] 83t oY) 9] H4
T olgstel B AF A2He] 45E PR
gick, 230N AR dhE B R o)29 AR
4T Yol E3 M3 tha) 7ieksta 7)&9] MFDWC
F& Yol Biall Lot F, 3%oM = UBM 7|4t 3zt

& B, 4%oliale AIRME FA4E B4 718 MFDWC
S35 3] gt s Aage 2
3 % HY Za] da) 7lgsta, ox|ztez e3oA
q2E B

II. g% BMut glojgs] wHat e o
MFDWC

9 A& pl, p2, -, pn Fdhe Rojot,

FRE A9 712 5HL Fo4 dlojge Xl
Eole Aol 2HE 240l 3t dlo)g) 29 #¥
< B¢ Az (BADe] WA 2F 43 A ey
°| 238 + Ut 183 A B4 F93 o)Fe
ATt 28 45 A2 AP ANFe 2
2 AL, AZ nAfY Rl F3 3 wae
dlolEl7} 2FE A %& 7Fsd0] 27] wze] F2AA
EIE ¢S 4 Utk E¥ 2317} 22 o) e 9l
9 & 94229 AM} (projection) HlolEE A2+
L2 g3y W F83

2.2. HolE3 wg

FlolE3l HgE D nt GAfi gzt A=2E A}
&3t Aol 7He3la, o33t B4 A g3t ot
T Y BF Baso] £2 A3 BAL 7Ms3HA i)
(13]. Qo83 gt HER 7HE 4= ik, go]
B3 YA scaling T Foldl 43 FHE ¢t



38 BERSEAEX| H25H H|1£ (2006)

25he) By AN 1)3)7) $J8) o]fHnh o8
$ 0|83t A 841} scaling P45 o] R85l FolA
scale7}A] 4% H@Eo] 7158 A2 AP A E
2o] Al golad A H2 S S ¥ =
et

2.3. MFDWC

MFDWCE 34 232 913 A2e EXojeinlez
A goiEsl m7l BiE (Wavelet Packet Transform;
WPT)S 283t F88 4= ok Q7o) HAee 2
29| 7)o thsle] 2AH R R Q) 53 ey
o Pt B85 1kHzo)31e] W Fulegdos
Aol 2 o)ie] FatpPRadds Al B
& (Mel-scale) A& 713c}, of2jdt WA =ef F £
vk 242 4340 fEd For geA o),
MFDWCOlA #olE3] HiR Efj9 F2&= MFCCA
o|$-5L BHEO} FARRE FAPE e H2E EHY
2 2] admissible Fo]BH M7 E2|2A Farooq
& Datta[4]ol] &J3f A=t 7|4 admissible E
2l § 2Bt BRERA gAY B8E 279 A4
LTE Zhe Eg| F2E Wt} ZARME AT U
W39 FukeE I 1o YERSITE o ERE 7]4E
o2 dfoj PR nR 7|2 WHE M= A7k A}
o|§ Helrt,

— Mel Scale (MFCQ)
3500} | —©— Approximate Mel (WP)

o8

2 4 6 8 10 2 W 16 & 20
Indce of bands spacing

3 1. 7132 met-scalel SARE mel-scale TEIWST Fille

Figure 1. Partitioning of the frequency axis of Me! scale using

MFCC and its approximation using MFOWC.

——I 1g Average H log ]——v
& o
Speech .ag g E s andaversge | g
L ?E ™ Eg . : &
EEl |23 }
« E § 12 features
—{  2navemge o g |

23] 2. 7122 MFOWC S&343
Figure 2. Procedure for extracting MFDWC.

AolER ! HEL AEE Fuled: oA B
€ golEsl Hzlg ol8sly] Y AgHrt MFDWC
oAl glojEal W7l HEL 0|83t Fuked £YS F
o] scaledr Z& F7|9 F o8 FulpE L
= conjugate mirror YE}E HEZ 02 A {slo] A&
7 UcH13), felE3 HAR EoA Z scaled depth
¢} subspace pE o183l Lrehlict, Z} E2 (parent)
xC (,p)ollA F AL 7|4 (orthogonal base)= HY
T4 Zelet ngEa Y2 YoHri4],

MFDWCE 19 19 WH=E AR admissible
flo1Esl W7l Erle] Z kE (,p)RFH &
olE8l o7l Eejo] Zt k& (j,p)¢] F& 232 yA
DCTE #3o2H 2FE MFDWCE A 4= ¢t} o] 7}
AL a3 2] YeRiSict

III, UBM 76t -3x} 35 W

71&e] 37} HE AAFeME B 58 PN
ulg] 24% ZEAE o)g3kch1s). Tt o] AL, A
22 S TEY ot A2 BHAES Aol
FHoE AR ALY FAo) Qo] themt Ze 2R
& 7Ptk A, oo S iRt 24 PRt
7hgEfof BHE2 AlAHE BE 3Rte] SRS
7R3 glolok e}, B, 7 BiRte] mAlw} oIS =
E 319} S4S HIAESte] HHsE SEX|E Ak
ok gt} ol ANTE XATY BWajeh A4gof Aol B
$ SUPL F= 222 REAT} ojo) B kB
7122 UBM (7h§3 RE 3iaje] 84 ARE o] g3l
Qe she) mei s Yo =Y SAERRS
¥ ZSks 0)2) AR (binary decision) $HE ©145Ho]
zyQ Y992 Yt AEE 2% R F4B
AAKSIgIc), UBMES) SALE0L §f 2 A -1, 3 =2
o) $ALE7} o & A% +19] ZEd ASE 2ot

ool it 542 ofel e,

S(X) = ZT:[S X)) )

1 pAX 4020 (X (I A )
S r(X r){ -1 P :(X:' A UBM));’ t(}%!l"{ 0) @

A7 s x)e AFAT AR A4E YeiH T



= 98349 F =YY 5, 2, d5E 2T g
B A UBM, s(x, e Zd Y 992 A48
e}, of H4-g wAste] 3 He st 0R 2
W S0k Ao A} 7Med Y] 4 x 2
(SREd 3 HAsEE 7 327 4 5 s Al
Aot €2, olufe) BExE sXje} 7Hedt =g o
o BAgle] 022 TP, mtd N2 AE F
8 of EHAE ] AN oot 91, e 2E
2te] &4 BEE AlA”o} ZRA R glojof sh= &4
T 83 7Fsslct, ERF 7129 A2goMe B4 =g
A9 {7} SRl 4ld R AAel & P
oAe A7t LA, o] shfdiMe 2y 7iE
A& e BtE2 T3 JATE oh& 4 Uk

IV, XiQFel PCA [t MFDWC

71&2] MFDWC F28004= 4 B9 o1& FHg
AE B AL, o] o, FFAE 3] A%
el Z 22 BERY A2 A BE L9 3R}
of th3iA FL3Ic, o] HFEA HolER Wt o &gt
k) A THE HRE o] 83| Rl AeA3te) €A
o] 3 4 glct. mEA o3t = Y AIFIRE off
37] f13 2 g 7 k= fUYRE AL Y
Fe 24E Ag3o AR A WA eigenvectorE
EREE 7HERR 0|83l o) eigenvector?] AT
9] 2 124 715 ¥4 (weighting function)2] R
& WE3t, E3 2 sxjojct o2 ghe ZHA Soe,
3o £4E o 4 Jehi= MFDWCE &% 4 9
o Aok SREL VIS S8 3L oS
o 2,

L Y34 dAe +3
2, 2AYE Mel-scale WPTol] W2 wavelet W3 43
8. 7 B A4F AHE 4

Speech

—

12 features

Pre-emphasis
& Hamming Window
13
wavelet packet tree
T

WPT wth admissible

I8 3. HRES MFOWC ME5aE _
Figure 3. Procedure for extracting speaker dependent MEDWC,

SRt EE AlNHE $I8 PCA 28t MFDWC &%) JRI0E] 39

4, 7t =S¥ PCA H& 2, 3 ¥A eigenvector® 13
5. 7817 eigenvector?] 2 AEE A I3 3RE

& 1FUrE 98

A9 kE INE e} 51, =EQ YEHL
43S BESE wetn S, 99 59AE AH
VL EL 7IFHSE o3l 2 =ToA) B
A (3% olg3te Akt

Et=(CH() = Wh(D) 3

A7) w level, £ XE, = k=9 BES Y
ehdict,

RFd MFDWC A4 54 58 33 28 39 U
ERdich, $19} FHsdeel e o) 23] Yt 1t
3L 39 39 AW W 889 3Pt 54 229y
A LT o & T3] Yt e Astm 7)1E
o] MFDWC #& 37 FYsich

V. ALAR Y QMY Zat

5.1. Gioj&{HjolA (DB) ¥ HM2)

GMMe]| 7[5kt UBM 7idt 342} S Bh L o] g-3}od
2z} wieto|g o i3l SAHFTAEES YAEAT. Ao
= KLE452 DB2} ETRI445 DB, ETRI 8l4}4%% DBE
ol-g3igict, ol APFTHPLS ETRI44S DB 20
o KLE452 DB 389, ETRI 3134758 DB 10059 3
A5 0183t 1584 disiA = giek, 2} DB HiA}
= BF g3 ol83i9ith. UBME 7t sjAlmelg sk53)
<4l o83t 2E A€ dolgE o8-8t a3kt

GMM 29 352 HEide = ouyx 294
2000& |x 1000, 1500, 2000 ZHYE& LPCC,
MFCC, MFDWC, A|QtE MFDWC Ztzhe] ijo @ =&
3t ERujin|EE o| &8}t MFDWCE F&317]
A3 flolSsl ¥E AL vizly Heo] BA4L
20, AgFa el Aert 9, nYF EY A
+ 7% Daubechies 9/7 HEE o|83}ALt HAEES
A= ghgoll AMSEA) 9 o) T B304 300
ZE Y& 2E519 o|$3%ct Z gnde e
2, 42 7pd, UBME] =, 1628 STt A4



40 SITSRRIBR| H25H M1 (2006)

B 1, 95 $ES ofs Hr2ICHL| T
Table 1. Analysis conditions for extracling feature parameter.
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Table 2. Correct Acceptance Rate of each feature extraction method

Feature Extraction Method | LPCC | MFCC | MFDWC %).
Sampling Rate 16kHz 16kHz 18kHz s Zud
Pre-emphasis coefficient 0.97 0.97 0.97 j}ij B 1000 1500 2000
Hamming Window yes yes yes 2 4 2 4 2 4
Frame length {samples) 512 512 512 LPCC 8544 | 78.48 | 91.14 | 9241 | 9557 | 98.10
Frame Shift (samples) 256 256 256 MFCC 89.87 | 85.44 | 97.47 | 9747 | 9873 | 98.73
Cepstrum vecter dimension 12 12 12 MFDWC || 79.75 | 77.85 | 89.24 | 93.67 | 93.67 | 97.47
Cepstral Mean Normalization yes “yes Aqekglary || 91.77 | 9241 | 9557 | 96,84 | 98.73 | 99.37
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Figure 4. Block diagram of speaker verification system.
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Table 3. Correct Rejection Rate of each feature extraction method
{%).

g 2

=3 1 1500 2000
sebotel 000 0

2 4
LPCC 99.72 | 99.94 | 99.51 | 99.80 | 99.36 | 99.65
MFCC 99.74 | 9993 | 99.33 | 99.70 | 99.16 | 99.55

MFDWC || 92.82 | 99.94 | 99.59 | 99.76 | 99.47 | 99.56

Hereg || 99.54 | 99.83 | 98.94 | 99.36 | 98.65 | 98.94
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Table 4. Performance of each feature extraction method (%),

2 4 2 4

se mygal
qf}:&i , 1000 1500 2000
2 4 2 4 2 4
LPCC 85.16 | 7842 | 90.65 | 92.21 | 94.93 | 87.75
MFCC 89.61.| 85.37 | 96.80 | 97.17 | 97.90 | 98.29
MFDWC 79.57 + 77.79 | 88.83 | 9343 | 93.14 | 97.02
ActEledd] | 91.31 | 92.23 | 94.51 | 96.20 | 97.39 | 98.30
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