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Estimation of Mixture Numbers of GMM for Speaker Identification
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ABSTRACT

In general, Gaussian mixture model(GMM) is used to estimate the speaker model for speaker
identification. The parameter estimates of the GMM are obtained by using the expectation-
maximization(EM) algorithm for the maximum likelihood(ML) estimation. However, if the
number of mixtures isn't defined well in the GMM, those parameters are obtained inappropriately.
The problem to find the number of components is significant to estimate the optimal para
meter in mixture model. In this paper, to estimate the optimal number of mixtures, we propose
the method that starts from the sufficient mixtures, after, the number is reduced by investigating
the mutual information between mixtures for GMM. In result, we can estimate the optimal number
of mixtures. The effectiveness of the proposed method is shown by the experiment using artificial
data. Also, we performed the speaker identification applying the proposed method comparing
with other approaches.
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48 Jebd = JdE A EF 2dE& F2 A€ (Reynolds and Rose. 1995). o] of,
ZEEAIRE £ 2dE oY sl & 9% ¥52 FAEY Fold EAHEAA FR 9 dle]
BE #2437 9aME Fd A (Maximum Likelihood: ML)E zt7] €18t Expectation-
Maximization(EM) € 1glFo] ALgdrt 4oz EM <d1dgdFe £ =¥ AFE v
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22 FAE e TX Hdgs sRdn ¢ Jdoh (Kehtarnavaz and Nakamura., 1998).
dolezt 32 Afode 22 AR #99 I8 Hdigke 7HAE devige 2840 dA
o dolE 7 e ASoe AV EASA "€ £, FoiA ERAAHAAN 2" EF A
Y Jae A sevgE FAsted UF gAY, 238 derigE FAs7 2%
g 7 Avk wEA, T 2l sl HEE NS EgFoR AHEM V)2 FEURY
o 4% 37 93 Fasith HHY EF AR MFE 737 A8 Schwarz FHE, Wo]A|
AE HE(BIC) Fol AHEHo] itk o] WHEL & 59 AR F9 o o)
FolA Q. 23y, EF AES At SR, &F §49 FAR F§5E go| FUhst
FA7F Aot (Kehtarnavaz and Nakamura. 1998, Fraley and Raftery. 1998, Mclachlan and Peel.
1998 and Paclik and Novovicova. 1998).
2 =M E Fo4R 49 FANEY E4E fdto 27]0 FE3I] B £ md=ER
, TR EY RYY A3 AEFE o83t A3 FRFe] B
A A A7l HdE AL Foiz EFHE M dF A3 A
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2dSE AA3Y FHe &3 de HA¥sle], A AEe A%
Mg Z2AFE Afdes F A9 &3 A HE s e
ol BE HEFo] 71 & FAEEL AASE HH L HL439 3 (Yong and Zwolinski. 2001).

2. 7F-AI¢ £ 2E(GMM)
Aed N o) EAMEE X = {x,,.. x,}, xR 7 F2 GMM FAHEE

p(X|/1>=f_jp(x,M) (1)

2 3% + p(x,|j,)% 7Fe-Alet T HE WUkolu, 3 AE(mixture)d & T
#oZ 713" FoltH(Reynolds and Rose. 1995).
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olx, = WoWEell, T BAgZeld EFAERY HFAE Z,P.~=1% nEgY, 3
ARdS A vy Av 2 beAG EF AR AR J1EA, gddE, A P82
TAE

ﬂ':{pi’/'lﬂzi}’ i=1,--~,M 3)

GMM9 && g& A= 37 s AAFAE dugdFS AHE3te gard sy
A& #ed MLE A% dAgtvlHe EME w502 Atete 78 5 gl getvg 33
< W5 EM €nEFE A8ty 28 & Utk dg e AFHFHLE GMME A A =
49 FARE 9x F/HAZG ’

o AE-9) 7}Z X (mixture weight)

B =3 pli1,2) (42)

t=1
e HH WE](mean vector)

5 = ZapUlx.d) (ab)
© XLp(]x,4)

o A 3 (variance matrix):

5 = ZapUlxAx =, (4)
L XLl x,A)

AR &% 29 AFFHE(A posterior probability)-&
s ibi 1
i 2)=22 ) ®
Y. pb(x)
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3. T¥ AEET AS B

A5 AR olge N2ddA AdEZYE Histated 5ol glu, ¥ /N9 I} RS
Abolo] FHE BEIFE A A AEHI, 45 ARE 27 £ (uncertainty)#
z271 BHAA Aole AolzRE oA EF AR FVE O stn, u b, yclg
BEHE F A EF AP EATETR ZHREAL qUAM, pe 4 A A FE e
Aodd. u, b K8 dE BAE

P 8)
¢’(/uiuuj) =D log—*

i£j

2 239 99 A& oj83ld, EF 2EdEY FHE I #AE 24 5 Ut
A7) A, p)e FAA EFHYE] & @goln, pllhe EFHE ;79 2% FE(oint
probability) Fteld, Wl EFAHE /g ETFAME /7 FAAHLEZ % YH(independent)o| H,
o(u,p)=0 olm, SAHoZ 9ZEH(dependent)old @(y,4;)>0 A Fg& Zeoh et
o, p;) <0 01, EFAE /9 jE WS HA JdEHAYE vebdth(Yang, and Zwaliuski.
2001). o2 H, £ 2do FHY PR A5 HuFo) Ay, 49 F& YEFgo F
g3 IS FX Fnx 3 AES AAY 5 Ak vE, F A EF HAEE Aol TR

" Ayt Hod, F e AES ARAA SYHA EAclnR, F, EF 2l H3 AHY
go] A& Age EF 2l b2 EF 2l ddtoq FAHCE EHoluz, o] RS A
29 & 4-@o T8 9E€S g AA @€ F ok wHAM, BE EF AEEY 9
E ER AR U EF AL 25 ARF o(u,u)<00) B WA EF AR AFE H

R} gaAsEA BRe) Y 4Ed AFE e & Aok
ERARE AT 22AIE Aol B =EANE ofgle) ¥ A Bde 27 Aes
ek,

A gy

T EY AR AE WAV $o @S JHE A AA ER AR FAN MY 2 2z @
AE 2t Aol oy, uy) ek, ast fFAA g AAS L, ¢ EF A2EZ EM ¢2
d5E AHgete) ¥E % BAE AFF
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i = PiH,+ p i, (11.a)
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5. = P, +p;X, (11.b)
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A3 BRFE ol&sto HAH EF HE AFE F

O - F&83 & £ 489 NFE 44T t&, Fo)A HolHe &8 U= F+E A
71 fiste, 7H-AIG £ 2EY 27] 7MFA], FTHEH, $EA B S ANEG

@ 7HAt £F Edo] Hd fAIRHE ZEE JevE S 82 WA EM €1y
FE ol&dte whE FPgh o] AAAM FEHARFE AN A p(y), ply)
ghol @At

Q@ ANade BF ABES FANL e /M 2 FF @S 3= EF HEE AAG
o 3 A& AFE s FaANT

@ o(u,p;)<001d, EF AE NFE F2AE RE AAS T, 439 &F HE A
T7F 2R,

® e HoE shhe) EF AR FBAATE o(u,4,)>0019, M 2 5 43 A
BFE RE Y YRS AAVE HAERe] £3Y WX Q-6 HP¢ v
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a8 12 AAE dolEHaA 27 EF AL A4 10 A2 AFAEY JEREIS ZH Y
T3 AE AT E ZAAA FHY ANFE 7T Aol or)dM, EFHES AAT HHH
W3 A7l e HHEe A ddy HEH A9 Y Y A F AN EFAHE
£9 4% BuZE ¥ 1o Yehidch

o2 200 F(dA 100 B, A7 100 B A7 B4 BFo) B F4 A% S 9
ek @ &4 deleolth +¥E ¢4 ¥ HAT 1 §M 594 A H, 1 F uAe
AE AAD 3 Fol AAA PG ALY AA GHY HolH S 15 x4 7

29} 10 A L& saFAel, UeA 1,000 /Hel o wHoHE H5E A%t AHEE AT 16
kHzZ WS, &4 B4 ddte gl AEAUNT, & ZHYL 50% THE 256
MES ALY SEAEEREE 12 A MFCC A2EYH 12 2 98 A2EJH dg 9y
g XTF3te] AA 25 A2 ALY 29 28 GMMOA E}AEEY A e sz 4
HEF AGE WRHAAY A AEES YEbd Zolt. dYlA GMM WY 4R
9 Feo Ao EF AR At FEE ° o4 4o FHA weH, ol F
dlel87t F&8kA Z7] W) vehd dZelet T & At GMM ERioAM, HHe] &
AEANFE 16 HY W 7P L A 4EEc] dojzth AdE WHdAME 29 29
EF ABE Nae AAT ¥ 3T 17 74, B A BF BT 19 A= HH}HUAS
HeolHolAE AA WEs W3 feX e e Aozt B, A7]dA s
A W, EFPEES HT & ol d FL2 AAE Y. o B, GMMeIA o
o szt HHEF ¥2E 4TS 2+ A
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