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<Abstract>

Performance improvement of text—dependent
speaker verification system
using blind speech segmentation and energy weight

Jung—-Gon Kim, Hyung Soon Kim

We propose a new method of generating client models for HMM based text-dependent
speaker verification system with only a small amount of training data. To make a client
model, statistical methods such as segmental K-means algorithm are widely used, but they
do not guarantee the quality or reliability of a model when only limited data are avaliable.
In this paper, we propose a blind speech segmentation based on level building DTW
algorithm as an alternative method to make a client model with limited data. In addition,
considering the fact that voiced sounds have much more speaker-specific information than
unvoiced sounds and energy of the former is higher than that of the latter, we also
propose a new score evaluation method using the observation probability raised to the
power of weighting factor estimated from the normalized log energy. Our experiment
shows that the proposed methods are superior to conventional HMM based speaker
verification system.

* Keywords: Text dependent speaker verification, blind speech segmentation



132 @A A473

1.4 £
gt oz FHAAJ A2RS AGATE AT TH =T GO ASET
T4 53 A2 W&o Ao gle X S3E A2"ez FEIU]
B 489 ZAS vd ZAR B dsiAT AAge FASE HER F
2 A dolHE ol&3AM £ 4% S Uehdth W) 2R 5§ Al2we 7
T 49 S40 Aol e wE AL Be FE HolH Aadts —‘:Xﬂ
i, kAR AF Aol 2 FEHEIF WA HojAe dFo A

dutd o FF FHY AU AgEs WHoRE WY A
Hidden Markov Model (HMM)%-°] Sith A WAZ, #iE A 3 (template matching)
2 dynamic time warping (DTW)¥ &8l &[2] T& AME3le o8 AL vlg A3
7 Fz= ) ¥(reference pattern)¥ Bl st FAKRE S Bests Wyolrh o] Wye
Zol7t & F ARl S vAdZH o2 HFee Yol 23y e Holg
T&Y 7 Ae Fx Ay FAAo] oA, ASAY Az sH HFse §
A gEvleE 25 AR Jojok e Dol Uk F HAZ, HMMS o] &
g o] JAT3] o WEE &E ZdEEA X SAJYAA R AFEA @
Hog g en, FAJHAMNE F& ZFAE Roln Utk HMM2 &
71% € o83ty AL ¥olE F4T 4 Aon, 4Y Hue My ZAFE
T3 EAdol Utk o] Y 2do 74 FHA wat FF FEH5YoY X
ZHY FAAY A= FHo| s, FER e A8 °]%°] 7He3ttk
d A4 de AREAR 2l Aol 7bestAY, 1¥8A #L AS E-E AA
A A e 2dY Aol FETe @Ol Utk wEkA 3‘-]'?‘}"""7—4 A=
A FEE Al FES Fo gg ARE AREE Aol FAT, AR
HolA FhAE AR A HL &Y g AEE 273 Aol uiEA st

2 =2dAe AR HoE 1EstY A2 ¥ g§F ARUES A8
HMM 7)) 24 243 304718 A9 A8 mde A4sE BHe A
A} olg} FA FIHHA HF FAAE At dHA EAEe B F
e ZS ALY BEYe] "HojRle TFRRT Ao HYRE @Wo] X3

J-l

dE FAS REL FES] 5] BE BB AFHD log YA e 7
%—i}% FE PEe ¥ ALBTH

£E) F4E T3 Utk 2AIME AgA 2 FAE A 84 2T
P ARA AFHD, 3FAAE B FBA AUA AFAE F= BEA O
A4 ARED AL JIEY PP AL PEel 4Y AAE 4HRD, 5

HolA A8 2T



Blind speech segmentation¥} U2 7}5AE ol &8 T4 F5F FAAY/9 A% & 133

A ASET Y URrEe 24 B4, 24 94 293 BAAY AsdE
o 24 ol A% 492 hreld 995D 9 HEd $4 LTS 0B
Azdg FESREH BFEHOE ATHE APtk 24 ¥ ARIEo 3
A SAYOE BE WEel 1 FE A Mol YAW ol A xol
gol 285E Aolold tFe) g4 HolHE 2V Ut FYHA @k

O &o] FAJAAY Aee ARAY FTE 4L viE FHAA AFA Fe
A7t gEEolold FAYE T &4
SAJA T AU Ax"o e &
Ak ol AF A4 BT LnYgEEL %"301 2 e FeE 28 2 A
JAAE me] AAslok st=l, 53] A&V ¢35 E Agdte
A A"l AeAE 24 HEE €A RIte
M & blind speech segmentation®] 2} FHT}H4].

2.1.4° A= blind speech segmentationg IgF B8 /49 F4 wyo] thsjA
AW B, 2240 M 7]&o] HMMOIA ALLE T Qe 24 BT 9RQl segmental
K means €] F[515% FAUAAES AT HMM 2d A4 A9 EAF tls)A
AT F, 23800 & =894 A8 & level building DTW 7%t} &
4 Y WM deis Y

0 ki lo

21. 24 =28 N FF
B =RdMe 54 29ER-Y d3E FHste 2YEY ¥o] ¥ (Spectral

Variation Function) &2 A 4 (1) 3 22 delta cepstrume] FEFE A AgE AL
v a=g

172

SVFascep (1) = E:,L [ACH(m)] ]

~~
R
v

714 ne& ZHY dYzoln AC,(m)e nHA ZHEHAL] mHA
A ME) Q) delta cepstrume WEFATH Cepstrum©] 3+ =@ oA 2] log
ARE m@st=H visiA 2R AA &< delta cepstrum Al ZHo
4 2HEY WHEE RFIA HER AHNEYY Wy & 3 F %7}7
ste FA dUFeE & gg VA3 ~dEH Wy e
e e 7HAA e S40] Utk B =RdAME 2HER ¥ 217:}’1‘-4
d AH JFE B F 7309 2 AL

fo
oX

) .

Ei_j!

rl i

&8
2 ® do o Jn

r_,d
-{mi“‘



134 wag Ae7%

2.2. segmental K means 2

o

Segmental K means &1 &]|%&& HMM 7]wte) SAAAE 3 sub word T
o md AL YA 24 dolHE B¥sted d AdHe Hygolth,

o] We xv)d BE TS0l FYF BolE JHAEF 4 HlHE £3
s Oe 7 B2E ARE o854 HMM g A4TT o1FA TbEo{zl HMM
& o] L34 Viterbi decodingg F3FI VA HFH (backtracking) #4348 A
AA 578 A2 AA ARE L & Utk 1FA oW BA BRE o] ¢

AA Axe wsN o ¢4 EAE FAY ZadECl e & ol F
A = webd HMM 292 A4 3} Viterbi decoding 344 A& HESHA =Y
24 Exo] UG ZPUSol sh}e] Fhsegmen)E oA At

[

o] Wge HMMOlZHE EAAEQ Wil Nwe T YoM $4AAe Ae
A9 doIEsE we A% AW T §4 EUo) A HEel, 484 Ye
HMM 24-$& +

nSo] @ 4 Ut} AT B 343 HA4UA A2"e] A
Agarel HWeojAde st 5 A e 78° 3-43) AT BAEFGEE g—?

HE o] gERBo|NA dojE BFOE UsiA =Y A3} Viterbi decoding 3

S A& uwBstas 244 FRs £RAA AU, 3 A A !
A Bk ot#e <2 1>& 374el FA dloleE ©]83A segmental K
means W OE &4 ETS Y& fo ARE IP2R HAFI 3

o [T

<713 1> Segmental K means P& ©1 8% &4 2 23



Blind speech segmentation® V12| 7}EAE ol 8¢ BR FEY FARAAN7I A5 FY 135

2.3. Level building DTW 2|dtel S4 28t Y

HI

Level building DTW7Iuke] 24 B Wy SAAHA o 7we
segmental K means ¥i8]EHE 28 4 AAY A2HEY EHS o] LA
Ag BEste ot gL e 2o

HA LE& HA MINEY , & AIYE FHeH, T8E =49 AA

zd Fetn 3 4,(4, n)S [ HA HBAA U _3531]"‘“51 n WA Zg
AE Alole] ZRAQ Ae)(local distance), D;(n)S [ WA WA » HH g
AR el HA A 72)(minimum accumulated distance), B,(n)S 1 W7} & 73
21 P& o, A HA =1 A E 4 @2 78

D,(ny=d,(1,n) n=1to (N-L+1)

B/(n) =1 (2)
T ¥z =2 @ dAIRE /=L-1% SAAE ofzlle} o] FAIA.

D,(n)=min{d,i+1Ln)+D_ ()} (i<n, n=I[to (N-L+I))
B, (n) =argmin, {d, (i +1,n)+ D, (1)} 3)

ot 2t =L GA A=

D,(n)=min{d, (i +1n)+ D_, ()} (i<N)
B,(n) =argmin{d,(i +1,n)+ D, (i)}

o AAHE AR F B(wE ol&dMAM I WA HAH HZE AFHNAH £
ARE 4A "o

3% vt} o] level building DTWE ©] &% 4 8 U A¢
EA A ") 7]‘%‘}% & segmental K means €12 = 28 /M2 S4EY

ik A T AAE &7 WEA &4 HolHE &3
AAA BAR FAHEL AT dolg BEFHog QUd B AP A EA= &L
Al ket x| 2L A ygolgt stoigts ANE A4 2HEH EF
2 BYEA %] Wi <aF 2>0A BE AAE A4 S48 Y AR 4X
H3A EA sk dHol Ut

i
tlo
«?6



136 A #4735

0., 82000sec 0.00000 0.86800 B 0.8200 Freq: . 0.86800 R: 0.86800 (H

Time: 0.86800sec 0: 0.00000 L: 0.86800 R: 0.86800 (H

: e
0.00000 0.66800 R: i 3 . . 0.86800 R: 0.86800 (

i,
%

R : Dy TE

2 =& level building DTWZ1¥e]l 4 8 PPA YeEUE 55
A4 B AR EYA BAHEE S5V HA 54 £ oldd DTWE
AA FPstd FF SAHAE Aole] ZHYE g BAk HE AYUE AUNT F
TE 34 T o8 T5 S4EFH HE A9 7P AR 1789 S8 diE)
ARt FA4E 83, UoA F4E tsiAE DTWE FallA €2 ZddE
-3 BAE ' e A83an

Time: 0.82000sec D: 0.00000 L: 0.85600 R: 0.85 " [rime: 0.8200 Freq:

0: 0.00000 L: 0.86600 R: . :  0.8680 Freq:




Blind speech segmentation®} o|U7] 7} & o] &8¢ B T4 AU47Y e 38 137

<29 3¢ <329 1>, <2Y 2>9 vlEs) Beke W ALE PHol BT Y
4 e o4 B¥ol Fs¥e RAFD Yo

3. YA 7tFXE o] &% #F HE

ARiH o g  AgAe] BE SA4dde gAY AR e 5 A
fASol vlslA 3tz he] B ol “5011]-— FAE 3ol EAFY. Viterbi
decoding®] 3% 5}7\P el BEgo] "olx = B85 7N FE
Eo] A o) EEYol & 74 -E—"ﬂ/ﬂ-»] FEUETY T BEY I
g JHA A 5‘4 3Rk & g A1 E Ay SAdo] 7HA
ﬁlt A LH%EE}‘“ b 2 9e A e vL Fa%¢E

o
W g

N

(2 A1zke] | WA AEolMe B3 BE B;(0)3T ¥ W J1FANE A8 4
e

B {0,)= B;(0,)" 5)

1 E/>0.5
G714 w'e Wi ={0_5 E, <05 o1 Ef£ AR A 0, 1) A2 A
782 log oA ojrh.

o] e #AZ FEJ AF$Y JFANE F7 WEA 2 HFEAE FHE
= Z 4ud 33 g5 vAE I g2A "ot oA B (0)7F A A
2% gohyzithE BAS A o gald #% 8§ B(0)= AH A=RE

=4 AHESta, AA H2E AN AL 2Fole B(0)E AEA <&
A Bk At A FHHE log AUATE AHRIA JMFAE FEE HL
Adgnoz U7l & FA4S RE ERFHoT JFXNE € 5 U= FH



138 T4 A473

4.1. Database

E =2dAEe 3 $58 A Aa"le HrrE s Il FEAEY
FZo] 43 <A A4 dolEuola FolA A4 21" A4 1989 AR
AL-EHTHE]. He2 W F20)4 Senhéizer HMD224XE At&3t =35
o, A/D ¥gdlE KAY CSL 4300B7F A&E Ut 181 16 kHzZ *g%% o
16 Bis2 ¥A3 ook B oA AR R A& A9y AR F
Adslo] ot sAEQd AdE Yl o] 34 diolHE 8KHzE Ty MEHID
AAAE o] &3l AFoz EHE HAEH F AHLsIAT

AP ARF dolE = A7t 20709 49 £AE 454 2AE SA dlolH
ZH Z1Zte] 4d sAtel st siAE S 2de WEZ Y 339 4 dolHe
Fdo AT YoA] 139 4 dHolE & 3zl AL E=E ok

Ao A3 54 5 FAPEEE 103 LPC cepstrum™ A 73H8 log
NARE e & AHETh

3218kel A¥o] AHR-E HMMWH L whole word & ALgslgy =d
JEl o BEXE AHE BEEXE AV AT 4 £ 2-94 A9 U
AHgE R SAE]] i oF F 39y EH HolE TS AlEste BAR B
FAo] & A govg ZF A E4& wE I F1 d4Y F4 HAe
AL FEOT ALY T <E 1>E segmental K means HH I B =FA AL
43 level building DTWol| 7]Rtgt &4 £ WHE AMR3td Q7 AHEA =
98 AL23lH¥-E w o Equal Error Rate (EER)¥# ZtZbe] Alga 2dg o] &3}
Viterbi decoding® & wl AL&A 242 HF log likelihoodE YERH Z o]t

<¥ 1> HMM 7]3+e} 32181 A) ~¥le) EER(%)

|| 2R
B 7+ log likelihood
HMM (Segmental K means A-&) 1.92 -16.14
HMM (Level Building DTWA}&) 2.20 -16.29
HMM (Level Building DTW, DTWALE) 1.44 -15.98
HMM (LB DTW, DTW, oz 7133 ALE) 1.35 N/A

<E 1>ol4 B vlel 2] segmental K means ¢ 2]EFS ol 8% HMM U
BriE B =FojA ALL3F level building DTW €318 EE ©o]-£3 HMM H4io]



Blind speech segmentation®} ofl\1%] 7F5X)E o] &% B4 T4 dAA49 45 F4 139

O & A%5S 29 ol 7 AH&al 249 BT log likelihood ZtollAl BE
I 8 FAdA ATE dHolHAUE ALY die FAHAJ] W& ol83l=
segmental K means ¢ FEHTHE JHE %”9] E ¥WHE o]&3t £ Wl
F o A8 A4S F B F F AL E RYET uAReg #E 3
o olqA] Zjyke] ]'25‘]—2‘ AL-g38) 2zt "—H‘?& AR} gol EAs= #FA
oA FERE AR FoEA A e BEEL 2T 9 59 5 U4

[+

5. 2 &

B =EdMes A2 Y dHoHE: & AHsE €& #
building DTW 7]%ke] 3pately) dugFE ALstA. o8 HAF5E A3 I394F
StlE o] =0l 4 A &4 DBE AM&E HF &
o, 32 T HolHTE o] & 3AFL RdS BEN H2ESFHTH HE

A1)
>

E4 dHol”HE AR3tE 45 HMM 2do JA4E 93k 24 £ WHe= )
Z£9] segmental K means %'ﬂzﬂéy_lﬂ- level building DTWE o] &% &4 Ego
o ARAYE AL, AFEE AUAE o83l sixte] HRIF B §4
5 TUE Ao EH 5}7]' Zke] B¥go) 22 o FA4HAY Joz By Yy
S Aes 47 HalA A4 BE A HFHY 73 NFE FAHse e U
A9 E‘]%Oi"i YA e BEE AT A"l FH T dig 77 a3t
oha agErh



140 @A A47E

33

u

d

3
Ma

{1] S. Furui, “An overview of speaker recognition technology”, ESCA Workshop on Automatic

2]

[3]

(4]

(3]

(6]

A%

Speaker Recognition, ldentification and Verification, pp.1-9, Apr. 1994,

H. Sakoe, S. Chiba, “Dynamic programming algorithm optimization for spoken word
recognition”, IEEE, Trans. Acoust, Speech, Signal Processing, Vol. ASSP-26, No. 1,
PP.91-97, Feb. 1978.

L. R. Rabiner, B. H. Juang et al, “Recognition of isolated digits using hidden markov
models with continuous mixture densities”, AT & T Technical Journal, Vol. 64, No. 6,
pp.1211-1234, July-August 1985.

M. Sharma, R. Mammone, “Blind speech segmentation: automatic segmentation of speech
without linguistic knowledge,” Proc. ICSLP, Vol. 2, 1996.

L. Rabiner, B. H. Juang, Fundamentals of Speech Recognition, New Jersey: Prentice-Hall
International Inc., 1993.

Korean speech data base CD-ROM, =o}ZE-41E, 1998.

2zt 2003 8¥ 259

AANAA: 20033 9¥ 17¢

V

A4 E’-(Jung Gon Kim)

Fa: 609735 FARAA BT AAF A 3087 2avm
A% 2AstD AU AAZER 45 A7
23} 051) 510-1704

E-mail: gnome@ pusan.ac.kr

V

718 <{=(Hyung Soon Kim)

F2 609-735 FAFHA AT BAE A 30UA Fidism
&4 By AU AR FAFAN 74

A3} 051) 510-2452

E-mail: kimhs@pusan.ac.kr



