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+ Aot AT = oyttt =104
Ao - M - s - e - FHEd
2 o

2 =Z9d9ME GMM(Gaussian Mixture Model)dl] 71513t AA|ZHE A =34 g Al 2E[1][2]e] A5ddS
213t Z 89 A& (Frame Selection) ¥y 7} 37 Q7152)(Weighting Model Rank)¥8-& E3$ hybridg-& A
et £ A" GMMS HehwEHE #2357 98t MLE(Maximum likelihood estimation)®3 7
2 gu]E o 2 ML(Maximum Likelihood) & 7| E4.2 2 AFR-8iTh A He hybrid < & B2 0] 70
o} AA, Az B 2E HolHE o]4dta] 2P Y2 FARE Asel, JHE £ AR g3 F iR
& AR ghel 28 A4 &, 27 BE R R £ Ty Yt A sich T ude, ddEolx my oA Asts
o] FARE gk thaloll 7HEA] g AHE-ste) A 230l 8 AN 54 sleH e AAEYH AASE
AHE-BlE oY, st HAEE 9% dojedo]laE AR o] T o HojEwe)AER TAH 3o
APL A% diolEHE Qoo dolE Aesla] A& AR E L 7|12 A AE o Ty adnty xy
Q7R , A<t Hybridh S bt 2)-8-3le] AYstaut A8 dw, e Qe vis)] BF 4%, Zd
A7 A e vig) B 1% A E AL R, B =8 HL8 hybridid e FEAS st

Hybrid Method using Frame Selection and Weighting Model Rank

improve Performance of Real-time Text-Independent Speaker
Recognition System based on GMM

M.J.Kim', S.Y.Suk™, K.S.Kim™, H.Y.Jung™ and H.Y.Chung™"

ABSTRACT

In this paper, we propose a hybrid method which is mixed with frame selection and weighting model
rank method, based on GMM(gaussian mixture model), for real-time text-independent speaker recognition
system. In the system, maximum likelihood estimation was used for GMM parameter optimization, and
maximum likelihood was used for recognition basically. Proposed hybrid method has two steps. First,
likelihood score was calculated with speaker models and test data at frame level, and the difference is calculated
between the biggest likelihood value and second. And then, the frame is selected if the difference is bigger
than threshold. The second, instead of calculated likelithood, weighting value is used for calculating total
score at each selected frame. Cepstrum coefficient and regressive coefficient were used as feature parameters,
and the database for test and training consists of several data which are collected at different time, and
data for experience are selected randomly. In experiments, we applied each method to baseline system, and
tested. In speaker recognition experiments, proposed hybrid method has an average of 4% higher recognition
accuracy than frame selection method and 1% higher than WMR method, implying the effectiveness of it.

Key words: Speaker Recognition, Frame selection, GMM, Weighting, Hybrid
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1. Introduction

slatAdold o8] g FE53A F 4R E
A g wih oje g A Zle L ]
=8 Aol frdsitte AMdS AR saL 1o
229 AUl 7]&e] WAy oEo] Hehg 9%
W R ARE w1 Ut A IA L] L
o] FHol wtet ENF S @ FUEHIAAE
2y 5 e, T 5Ysae e F 9 Bty
o] Fo} ol &3 B A77t A Folth ¥ =
Halapal ey o 2 A= A A ZHLong—term) % A o
71ukat W3], VQ(Vector — quantization)ol] 7)4+g}
B [4], HMM(Hidden Markov Model)# GMM
(Gaussian mixture model)oll 719k Wi [5] Fo]
THI ow olgd YUY E T AAS4Hs}
o B JoAXMY FARJAAE HoAM T2 AHE
el 2 e GMMel 93 o] 713 f2
g Ao A A UAT6]. oo & APl = GMM
& o] &3t wo]xEAA 28 FHEITH

EF 2 A2 e FALE ALTAlC ZH 2
ol 7FFXE Rojsle WMR(Weighting model
rank)HH T THJYDLE FASE ALt HE
g = dus MEstes T A HE 4 A
%0}@ J’%% G & F7sidod, ojnd wHE

S 4V fetd F A S
A hybrid‘ﬂ"ﬁt% g5tk XA AH, W
o] 2g}Rlo) Zhzte] Wys 283k 7Kt hybrid
YHE TR H LT BT =L ANES
UeEld o2 A AlQke Be FEAS 9T A
At

27o A= Gaussian mixture modelo] thslA] A
HE 3, 3o B Al 2"l FHE3 5wy
S A9sta, 4% AH = A EEA WMREH
o A AFE F, o] &3 hybrid¥iiel o
34 %“‘“5“3} 5o A e 4 A4E 2 Aol i)
AN AES F 6ol S 2=E o

o
oo
Z,

te 2
0..u Ohl

A

2. Gaussian mixture model

GMM(Gaussian mixture mode)< 884 %
7t 7HA1 9 2 & E3HGaussian density mixture)
Q1 1719 Ao g2 A" CHMM(Continuous

HMM)®| 3 Fejojrt.

31A1Q1 A ol GMM & A8l ol Fr & F 71X &
+ Jt AR Z, GMM2 S33HA &2 2 (Acoustic
class)9 AL 2d 3 & 4 ke Aot} siAte
Ergd hgEHe 8 %’“Z_?_ 2ot vlg, 2t
= et Fej 2o JY
oz ®dE F e, o STFHH g2

Bahed o] &5 gate] dxol kA

BE 7AX3 QoH7]. RA 338 ez 29
Ed et A component =9 B 4,02
BdHS, B 2HEF Y 9 Wl FEAYE
>z }E@%E}. g5 2 H2
94 7] W), $FeHH Foj 25 hiddeno 2 B
F k. SHEAYHE 7145, )8 $ hidden
Sty Fe228E 29 SA9HY #54
=7} Gaussian mixture®]t}.

T WA 2 Gaussian basis §9 A@xFE A
B ¥ (Sample distribution)?] F: =& TIEE
th= Ao|tHEl GMMe] 4A F dturt ¥ 9j9
Fe & A UEE Ry HE A=
Zolth. unimodal 7}$-A1¢t FHAEE-LS HaHE
(Mean vector) 9} &2 AHCovariance) 2.2 3t=x}9] &

ARTE RH3, VQ- distortion -2 549
9] o)A o 2 AR TS FHI. ofe} L& H
< 13t FAE GMME 7H-AIQE g9 )4t
AS AHS3ka, 242ty Fag ) FEAE THAA &
o2X ol F Ede 5A& £ FeHoltH9l

7F¢-Aet £8 ¥ 5= M component D=9 7HE
A o1H, theo] Ao ols) dojZTHs5]

AE 01\40 aﬂ]

NLooft O
i

HAD = eNCs s Z) M

a71M, x= a-AFAGHE oI, b4(x),i=1, ..., M
£ component BxEol3, ¢, i=1,..., M€ mixture
weighto] T},

UeE BT 0 FRA 2,87
A= a-variate Gaussian 3FFo|th

7z} component

Ny, 25)=

ﬁl—jexp{ 2(x—;z,-)’ 2,'1(:6—/1,-)}
2m 2 2

2
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o 71l M| mixture weight®

Sici=1 @3

2 A3,
Gaussian mixture 2=+ EE component™ = 2
mixture weight®} FE 2, FFH e 2 7AHE

A={cop, 2} i=1,..., M (4)
AR stgE Folzl G HoTRE T
1Bl o] £ X9 71 & g GMM, 4wt
A= Aotk GMMY HAnHE FH 3=
e o) 7EAZE o, 74 2 g 9y
= MLE(maximum likelihood estimation)”7} $1
-MLEE F013 &gl olel oAl GMMS] A E
Hostste 249 muEE ided A ET
T S8 X=x,x,...,279 FAAM, GMM
AR thed 21,

o

o i m
i

¥

o oE

gt £ (o

AxID= 1 pCrdd) )

o2 2agd N THHE G 3t 2ot
LD = 3108 #xd) ®)

3. Baseline A|ARIOIAMQ| SiX}A|2HHY

A A Y A48 2 Bayese] AT
of @}, NB9 g F AFETSE PUYX), 1<i<N
< Hdigtste 29 4,9 A & 2 Aok

_ K XIAIP(A)
P(AIX) = 10:9) (7

A7IANA, AP B} Q7] wj &oll, AL EE P4
 oew 2ol 5388 £ ok

P(A,-)=%, 1<i<N (8)

T N XA R AHFSES Aot Ha, 2ast

e ooz ZAgdn

r=arg T p(XIA) ©

ol2gt ARkl A E Y-S 19
W 28 19 2o dgE AL AAE
WM G X2 JEHa, 7 Al d g3
E7F AGE AR L, AE FAES 7HE =2 A
=& 7 e A7) A3 E 2R

3.2 malRlcke] RAME W

gAAZA =AM E FAAR FHEIHE A
SgozM A2FHe 45 FAAE F AATD
[101[111[12]. B4 %<] durAE] Wy & 244 3}
At 2d 25 o] 83 JYEA X=ux,45 ..., x7
o) A= H]( Likelihood Ratio ) BIZE & 3H A o]
o8]

__KAdX)

o 7]l Bayese] Hel& &3, AHHEEo| T
dstttn ZH g, 23 A Y AR H¥E
o2 XEY & AUk
A(X) = log A(XIA) — log (XA ) (1n
71N, A= BE UE 7He e A E JEdth
psy
v

HHls

X ={x,K,5.0, X7}

Y- (2]
L(X|4) L(X|Ay)
| argmax L(X |1,) |
v
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FAE PAXI)E HEOZFH,

log A(X1A,) = LT 2‘1 log p(xdd.) (12)

2 ANE & g

FAE AXADE BIHLE HFASY 2L
AFgshel Ao AR, BAY WA E HAR
Ae (4,..., A BT Y, WAL= FAS
27 §AEE oo 2ol AV £ AT

log A(XIA) = log | 5 gp(xub)} (13)

Wagtee mdd g fFAE Fise TAHE
ge] vigte] e WslE Ha3 & 5 7] dEd
AR 45 FEAZE 5 ATHI0L

71E89 99rAd FAEA2HolM e 4Es
A5 ARsted 9 TAHALZRE FAEE AT
3t7) W&ol et #g o) 8 IATHIO0) £ A=
ol Zgded FAEE AHSst2e Bd
Hgo] Doy, ol2 @ FA1E A e 2
of A& & Sl

pnnm(xA/li) = _1__12@@_ (14)
L 3wy

BEEMHEY 5, t=1,2,..., 7904, A% %
AxY AX FAE FadE 4 A 2d ol A
AEe 2307} AE 1,

SeAXA) = 2108 Pl 15)

QA= 7P ES 2309 Sc{XA)E 7HAE
3= A Ar.

2R-2E YRt s e T ey A}
5 A83 e 1802 Jepd etk ¢Ee
SA4L AAEE AXNE HEHYE X2 REHI B
EHARDETHY FALE p(xid), i=1,2,..., N7}
zhzt AAE R & AME FAEE O 9 &
Ale 2 2Fo)A MM t=1,2,..., T A3 72+
o] FA7} | RAXH AHZA S«(XANE 87
o QA A E g B 239 So(XI)E THAE
2 APt

JEF-E=

M2l

X ={x,,K,500s X1 }

[ ]

A R AT
AT FR3/AB0 A J

Se(X | 4,) [Sc (X | Ay)
arg max Sc(X |4y)

ol Al 3} Xt
a3 2. Saigleryl SR EY

4. QINMESEMS Q8 HEE WHE

4.1 RAIT RHE o|8F =2 MEYUY

Al 25 o183 =
H1 Qe H2ESA o] A4 nz} sk A A
BE Wol £F31 At /M AT, Hl=ESA
3 QA uAde AL FAEE GE 3
ARDEFH FAZETE A F HolH, Wit 2
A HnAstE shate] 548 wol XFER A
gohd, o A s frAR S 3 Aol 7k v
A & Aotk 2 BE, 08 FAEH AR
A7k & Ze ek dg e, JA =24 s 3
2e) Hajo] go] Lol e ZHYES HAY
F A& Aotk frALE 24 E o) &3 T AT
e 2 zadeld 7t & fAEE 7HAE stAabg
FoulAR 2 FAES JHAE SAke fALE ghol
4 gt oo Zolrk e el g AT ZH Yol
Aol 7t BAEY FAEE FA 230je Al
ARESEEL, 97 & olEte] #E vEhile ZH9e
Al M ANz, DA R, PA 2310
€ ANE W 3R] JRE Bol TSI A=, F,
WEge) 2 e Pk AH8she Zolth ol 2 H
Ae Ade 53 €2 g22M, Ha THA @l
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ARE Q7 G0 E ZAAA 1 B A4E
of hor grez HysAn.

FNE AE o8 Y ZAYADPY L e 3}
oz o)t H(IHLERH Pojzl ZalY
FAES 1Y 2 gt F AAE 2 ge e
WEE thed 2o) 2,

(2
)

d
d

w
r

wtml = arg maX( pnarm(xtl/il) ) pnorm(xtmz) ’
cvay pnorm(xtMN)) (16)

wtm2: arg max(pnorm(xt'Ml) » pnom(xt!/iz) )
PP pnam(xAAm1~l) » Abnorm(xtljmli-l) s
ceny pnorm(xtl/iN)) (17)

5o Hez g & g /IXe =Ygy
HAE & &8 7IXe 2 d e AR A 28
F A

W= w'm— w'p (18)

Aol HoRE Qojd ghe AARLE ] f4}
£ Wolg e g 2o, B8 495t BY
Aut 2 % JEE Zade 4158 230
AN AT, FRARTE AL e AHAE =
Ae AN HejB,

4.2 Weighting Model Rank(WMR) Method

WMREH & AN HAE AP 23018 A4
o HrELAT SHRASH) HAEE A4S
37 w7 T Qo] AV FAZE Fo0A
Aol mret A28 Rd5a, ol B AFAE Q
4R BRFE 2308 AN Agde
ROIBH13]. oA Foza, ZYagoln ge

FAE P& e BARYL O 5o e, 2L
FALE G2 7HAE SR e o e ke Hola)

o BAE 29 WEAL o £Y F7 ok

WMR¥HE R #A2, 4 1) olg31e za
QBN FAEE AV, 0T ez HIS
% 714 2 2HY FAEE AR Bande
Aol ANFT, 7Py de TAY FAEE 71
£ sude Ha9d 9x3A g g1e 4 =
AP AR 295t HFH o] BAES 1}
Ehd Aolnh,

E 1. sxizde| N-best RAIL list

Rank » | A= Weight Model
w(7)
¢ Model A4,
1 b w(l) (max. likelihood)
2 P! w(2) Model 4,
m Pk w(m) model A,
¢ MOde] /1,,
N by “N | (in. likelihood)

soz 7zt 90 sgete 2l ZHY &
AMEg JHEA e g YR o, 7tFAE A
FEeE ARFoEA MYFFRG SAAE Alo]
o WEgg o FUoHi3)

w(r)=exp(A—Br,),r,=1,..., N (19)

A7l A, A B w(l)= Aol H=E A3
o 38 tE A &9 9 BAE VERE Zlojth
FHAZ 4 2d A9 9 we T I A=
p(xdr) didlel g AZA w(r,)E AHE3HY
A 230l SAXA)E ARG HAA 2Fo
Se(XIR)E t=1,..., TAM ZE 7AEXE O
EA ds F Ut

log Sl XA )= 2 w7, (20)
AZINA, w (r e AR OIH 9 7,2 2
sl 7Vg A o)k,

a8 3. 7t5x|et RAT =9
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4.3 Hybrid Method

Hybrid 82 Qo4 AHE F IS TR
RAole}, o]2) 8 Hybrid HH 2 ZH IS FolA 3t
1

©:

g4 o 9 F dve FHel Aok
Hybriddhg-& 84, H(14)2 28 oA =
HAdEH FALRAA 7HE 2 FAE @S A e
kel AR &3t 7 HAE B2 AR &2 7
A& A9 FALE ghel Aol & 4(18)F ©] 88t
ZAT £, o] go] ZEAE FolMe Zd TS
Ao Hed), ol EHAE £
FE A% @ S7HAIANE 7 28 A4 E0]
HeE #ez dyaqart gFes, A9 i
dA SAEY FAE G H1F o] IFE F
7HEAE FALE & tAlel o] 83t AXSAE 2
Aahe dA 23 A Lol AbS-she Zolnt. old, 7}
FXE AAsE A19M A B g T5HA B
Be VFEoR RS AY, A=3.7.B=0.15 ¥
o 7bt 22 AHES YeHigley, o] dELS T
F3pa19) 7t 2ebd Bl v A2 o) Aits
oo} gttt wretA, B =&AM s F53AV 2
A& BE Ak Big 34 5o vl siA ALdste
7YeAE 2R3

[8)]

oINNE ¥ A}

QA A o A GMM2] Mixture?] 5 AGHS
#ste 1602 st e, EAggvEE 3
EY Ao IAAS FTS AHEE e, A
T AMS-E EAzZPe #2909 2TH

3
2
2

E 2. MA2| 2M=H

Sampling Rate 16 kHz
Pre-emphasis coefficient 0.98
Hamming Windows yes
Frame length 256 points
Frame Shift 120 points
Cepstrum vector dimension 10

AES 9 tolgulo]Aa2E 10t A 5007t
28] Gisart 59 dolEuo]laEZ A A
A7k, BB Z0) o2 HolE o] A5 S A5
At SARdEAAL 93 golHuol e 29
2 F2E o2, 21 dol= 4000 d A
£ 9 80¢o], 10000Z 3] Jol M E oF 2002 H =7}
AEE Ao HAES A% do] A FAYRE F
29 GolE A oF 3749 Tol7} ALEEH AT HAE
gAE 10293 3169 o) A E e E AFIA
onj AL wo)aAA2H, He]2eelA
28] TP JHENYHE AL A, Hlol 2]
A2 WMRHH S &8-3 29, 283 wolx
FAA AH o] T 74A WY 25 ARS8 Hybrid'
He HE3 Ao gaid AALRLS Ak

AXAF A, wolzeield =g
S A8 AT WMREH TS A 83 35 27,
AAE gito] AAAI T, wjo]2e}kQlel Hybrid¥
< A7t M g A4 ES U o2
e FEALS AT 7 AR

H37 184, 29 5% st 2o 5o o
Zhzke] WS A §35te] QA HEe AHE v
Aot E3olM = YA Y H A hybrid¥H ol A

23 Qo) £E £YAE ouj@nh

¥ 3. BlAaEsiAgel U FH =l ol o2 2wy

clAME
j= R
ﬁf} E—;ﬂ%} Baseline SI;lr:chgn WMR Hybrid
T 2 (Threshold) (Threshold)
4000 | 8529 | 85.29(05) | 412 | 95.1(0.35)
102 10000 | 97.06 08.03(1.1) | 99.02 | 100(1.1)
316 4000 | 87.66 8766(0.5) | 89.97 | 90.82(0.17)
10000 | 9335 | 93.35(05) | 97.78 | 97.78(0.5)
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wEAAE YNHY FANLPET 2
P, WMRNPH 7 AISHe hybrid 8 0.2 214
& sUsgen, JNLEBE, WMREET
Bty =F Quds sAdpe
7
&

ol Aslen, At "“ﬁ V&
£ veidjo] Akt e
ARk Zd hybrid g &

B8] A4 BARE gol E‘?ﬁb—
S sk =z Jdeng z g RS
NEAE fli)ﬂ BApE Aol ] B Yo
HdolMs & WEYE & 5 Jof, TAE 1Y
€S 24 5 UKtk AR, A2 S d
288 Fojobt He Ao 4AE2R o]F o] Aot
SobE ol 7] gE 1, FF 2y FA0e g

duAEH 1&dE AFE APt

o D ix Ak ook S jH dx rx
e N - At T
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