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A Study on Modified Clustering Algorithm for
Text-Dependent Speaker Verification System
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In this paper, we propose medified LBG algorithm to minimize quantization errors. When we apply
conventional LBG algorithm for speaker verification system. problems that result from small amount of
training data can be generated. That is. quantization error comes from fixed-sized codebook without any
consideration for speaker characteristics and splitling vector in the wrong direction worsen performance of
speaker verification system. So, we propose modified clustering method that has variable sized codebook
according to speaker characteristics and makes right splitting direction by finding the farthest member away
from mean and then find another member from the member. Simulation results show effectiveness of the

proposed algorithm.
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Fig. 1. Codebook generation of conventional LBG algorithm.
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Table 1. Simulation results of conventional LBG algerithm.

Conventional LBG algorithm

after training after 3days after 7days
male 30 FR FA FR FA FR FA
total 24/300 36/8700 28/600 33/8700 23/600 38/8700
% 8.0 0.41 9.33 0.38 7.67 0.44
after training after 3days after 7days
female 30 FR FA FR FA R FA
total 29/300 26/8700 28/600 34/8700 30/600 21/8700
% 9.67 0.3 9.33 0.39 10.0 0.24
total error rate male FR @ 8.33%, FA : 0.41%
female FR @ 9.67%. FA @ 0.31%
£ 2. HIoEt LBG YR)EL AlBHOM Fy
Table 2. Simulation resuits of proposed LBG algorithm.
Hlotst LBG algorithm
after training after 3days after 7days
rmate 30 FR FA FR FA FR FA
tota} 14/300 30/8700 21/600 28/8700 18/600 21/8700
% 4.67 0.34 7.0 0.32 6.0 0.24
after training after 3days after 7davs
female 30 FR FA FR FA FR FA
total 16/300 27/8700 19/600 31/8700 18/600 19/8700
% 5.0 0.31 6.33 (.36 6.0 0.22
maie FR : 5,89%, FA : 0.3%

total error rate

female FR @ 5.78%. FA : 0.3%

aﬁ o3kl Qe e
e meistel 38 WaR AL ol83te) B4 2
bick SR80 Aade) QAR 8 8
54 sejulelg 2300 7ol RoRT BF RE

33

_4
Ho FA3l I5ES

2 T8 vQ HPS

B S 2o o

2ds Fod dldedd Ycodol by

(Viterbi scoring) 2 o]
Bas g

17 49} 5= o SRl o 2ER
Hgk Ao 2 ARkt LBG dmeldel 7)29] LBG &
Teguct B2 0.021% Wel et ol

A AFAES

B2 3 272 Q% 8 SE XA

——e-—Praposed LBG - <> - Conventonal LBG

N /\ . /*

A%
SEulE 24 7o) o

4% 458

L
R
=3
N

|...

0.t5
0.1
0.05

%ok%*l?:l“ & S5t

1:& 7]&8] LBG ¥iielEe A% Zaolx, & 2
7‘451 LBG ¥12)&2] A% Aatolet, & H3efA
33] W43 Q1 s dlolEld] oigh 7[2<] LBG &
SRSt HMM F2jEa Alet LBG FazajEol gt Fe)LE R A
7} QA& o)A

®1, ¥2& FRa} FAQ] A3 ZAME Uehd o2 81
2 71&9] LBGELEEL AR A | Bt 27
22 (FRRS 9.0% 24%% (FARS 0.36%S 2tz
Lelhllon g2 Aokt LBGEIEES

A% vl

2, EAskgc

2 T3S

Hat g 2 ol 3Fg 24%E (FRR)2 5835% o4%g
S AT F4el (FAR)E 0.3%F WERT F13 204 HoiFRol A
—— Proposed LBG - @ - Conventional LBG
0.45 T T
0.35
03 /\ \ ‘
Foz A
v\/ \/\/ Eoz}/\/ v

1 3 5 7

0

9 11 13 15 17 19 21 23 25 27 29 1

meke

O3 4. B4 A 2ES AL
Fig. 4. Codebook convergence rats.

3 5 7

§ 11 13 15 17 19 21 23 25 27 29

fermale

28 5. 6 HX AR PHSE
Fig. 5. Codebook convergence rate.




QIst LBG €185 A1) AlAdd Hg3iele 3
2 3.165%2] £AK& (FRR) et 0,06%9 24
& (FAR)7} 722 L BRIEIc)

2ol Ag A, ARG ¢RHEe 44 S8 okl
A 71 Sy dolele] BFEoR Q¥ 3 g
QFEE B 2 ¢+ 9k 29 62 AIRISELBG
S EHEE A3 SR QL XA A H7t v
2ATNE el Aol

V.3e

2 =R2oME 239 sgdoleE AN 3} 8
QA 2RolA AN 25 garelZo) 07 QI
QA M) H3tE FE3l7] AN Y A 27
RTEL A48 Y3 A€ LBG ¢elE-e Aist
Aok, &, AREAl HolAdS 2EFE SARRIAAR A
£ Fagte] 2202 HH HrdS SIS
Azl B dFdME olE@ 20 UEIEE

ISR @ 22 AT AQAH S P AL 3
3] wiE3lo] SEIAS et of A& 3 oEe
zYig dole 1338 VFHLE d=$E ols A+
ARg-Apatet oF 80~130 XY A= 244, wtA
o|F 33 HkE3lo] P2 A BT YL oF 320 2
o A=zt gog 7)29] LBGY K-meand} 22 A
3} H2le B3 VQ/HMM QAA7[oi e B Ads} @
Foll o3t A AstEAE HA A He

AY A 7129 LBG ¥12EE AM & 9 3
Such ALt LBG LEES ASR 97t AR
& (FRR)}Z 3.165%, 24Y& (FAR)= 0.06%% 2z}
A Bk E3 Y SEHYAE Ao Ao

Recognition Rate

” . e TR

e

100

98]

96|
94

92

90

88

86+

1-FRR R

0O Convertional LBG _ 91 R 99.64
(JProoosed LBG . 94.165 ) 997

Jg 6. M LBG relEe] 45 Hlnx
Fig. 6. Performance chart of the proposed algorithm.

RS S0l AAHS 2B RME TE UDATON Bt HF BB3

712 WAz vlag o BF 00212 A SUBE
& % 9oirt 3 LBG ¢naAEe #% doler)
Ao ) Bl AAgolN A%t ANE SRl =
5 949 A58 Uehigich

Ml 2

2 =22 20039 % FediEn aistedry) A
o8 FYES

g12=2¥

1. F. K. Soong, A. E. Rosenberg, L. R. Rabiner, and B. H.
Juang, "A vector quantization approach to speaker recog-
nition”, Proc. ICASSP'85, pp.387-390, March 1985,

2. Yoseph Linde. Andrés Buzo. Robert M. Gray, "An Algorithm
for Vector Quantizer Design”, |EEE Trans. Communications,
vol. COM-28, pp. 84 - 95, January 1980

3. Allen Gersho and Robert M. Gray, Vector Quantization and
Signai Commpression, Kluwer Academic Publishers, 1992,

4. M. R. Anderberg, Cluster Analysis for Applications,
Academic, New York, 1873.

5. ZhEE O[Rfa), TEE, “SXRlol AlAEIS St HSH 2 HMal A
o mEX| ZHol w2, AT SYE(X), 19(5), pp.20-26,
2000 734,

XX} o

o A 3] 4 (Hee-Suk Jeong)
; 19964 8% J20HER HAEASE D} (SHAD
19984 S MeciHm AsIiStH HXSLZHY
(BE}4AD
1999 32~ pIAl: BPCHYD TRFMEE Y
ShAt2pE
20024 19~#AL: (F)2TE0|A HEOIA
HEQLEMNSOR 24014 X0l HEMZTAe|

o 7 @ ¥ (Chul-Ho Kang)

o l 19764 28. iz HARYY ZY (SHAD

i \ | 19794 2% NSUED DI BXBHY FY
‘ - (BEAAD
i 19884 28 MSTISHE LBt MBS FY
R (B2
Ve 19774 38~19824 29 JYMHYTL TR
L f.:‘*-u 19914 18~199214 121 DI Ql2lolchitn
o AY PS5
= 12000 33~200141 28 B oy HTIRCiStE
el mE
196834 3A~EAl: YSOYD RSB Ha
HEQRAISOL SMASHE| HSASHa| SAXEA2




