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s SARRIALE WA E SACRRY 1 Ao gk JHE S
Eole= 7R A dutdo g SIAFAIE  (speaker identification)yt
SIS (speaker verification) &= UA=olZtt, o] FoflA] 3ha}A]
H 7ee L DI o) o199 R RE odHEH S A
5o 5%% Q}XF Toﬂ/ﬂ PASAS Zohf= 7)&olg = o]

7|2 ol AlgE FolAl AR R AlERE Aol Ve
= gt} 9 ]E‘—‘ P SAS 55 Y maeel v
sto] 71 oA 7Y dx[ske g AR AdEsh] wizoll SE5E A
02 9lofo] st SAS YElstolE 554 s 5o 7MY A+
ARRE AR Q1A E = TS ZHAIAL Qlek, Bhdo] SRS Ve
L 2>} ol Abdof 543 a7t AlAl(claim) ¥ 3ke 785l
e 24Jo] 1 A|AERHclaimed speaker)Q] 42|91 ek
slo] WABIA} AAEkA} QlA)e] o iE fFshe Z]golt ) et
A SRHEE 7l S 7)ol TR Qe vls SIS 24
H EAE AT 4= SlojA SAAE Aake] HIE fld A
7lE R AHgET

olefgt pAFAIHI} AT Y E = 549 WEol tigt
of webA E thA] =T (text—independent) HHAF FEAR
(text—dependent) 4]0 1«} oA A= 5}2)0]4)
oAM= Ao SR SE flgke] Wshe SA4Y £
oftf Fwoll Algto] §li= WAleltk, & 9199 Ao Lo R
AE 24e o e R sto] SEARIAE pERitE, whebA
FAIO A= SFARRIAIZIZE WSl 4 ARRloll HEL= AdEfollA]
TR 4= qlong ARAPE Qlojm ARt ot tiEke A
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> HZsxRIA 2SS @O S @ ‘

(conversational speech)& Y& o= gty olF Aol tAE =Zdl4] A dlojg e, 7HRIg},
SOl AFEARE Hop Akl g8 Al SARIAYT Alsd 25 Ao, HORIS 59 EH LR 88 wof
S ARES 4 odnh Rl S SARRIA] W Alel & ZRRIAL St ERE o] Vs iAo r A8 4l
M Aol Aafixl ko2 WAE S8S e A SA4S 7HAAL QoA AR A WA
= SPRIALS gt & A o]ty AA o et E 4= e SAS ARESE] wiioll o AAIQIA]
Zo] SRIAZ 17 WA 7hsh 2 Sl ARk 7F Alol] vls ARk v8-o] AL A, =2 AREA A
sko] T4 W8-S AP 4t Q) O3 7ML QlojA FE IT
th o] WAL ARGAPE " 7t IX[01A] 7|82 HAMO, CIX| 7o) o] wh we S
ob A W8S ARl sAlsE ZAUA SM Holg =a|, IS W ols AR 719 skt
AL 7L ol A AgsloF a7 Xsd 2X Mo, EQI0IF §9 ofct,

ujge] A8} HolHo] ol BEAE ST ZORE IIKIL ULL oo & wmo sy
TS 7RAAL glok, 1At of P B R e | R E
WAL ot Mgl theh APAIAlE Edi= 3F i ARAolA gaiet SRARolAl Aol Ayp Tiear
Aol Ao tigh FARES Huop AlRAoA 5T 2o SRI4] A kel chsto] Al It BpAk
T 7] dloll Hoh =2 sRRIA e AST = S5 F 2okl AAA A vl E Y= gt
OIE} E3F 7]*'6‘@ E'—XL% o 54 HE
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Whose voice is
this?

3 =
Tgﬁi &, o5 =9 do|E 2 AMgs)
AL o SRS SRO=M
OF EtfE ARGALRRE WE S/4S 085t
o5 S Folld 54 S AEsks 7leolt) o]
25k shapA e digk 7]sA el
Gaussian mixture model
machine (SVM) 7|#-& t#4 o8 5 4= St

O
-|a_|d

(1) GMM 7]1h sixp4)d

GMM 7[5t SpApAd 7] siAbE mdlgslr] 9|8}
o] GMMoO|eh= FAR S ARG SAAES fIgt
1+ (classification)of| A+ %= (ML: maximum
likelihood) 71"& ARE-h=d| L %42 oh5a) e},

WA AT s5E SAEE A S
= S =1{1,2,3,,S7} o] gA=e| diFsh= A

six 2014 3_217

HAS S



FRAZ AT A Ay, AT A 9ol S
H e s SAUetRRE SAFE BA
=% SAHHA Xol tisto] A&
(maximum posterior probability)e LERU= SR

= Al (1)9] wlo]2 A & (Bayes * decision
rule) 2. & ool e}
§ =argmax P(4 | X) (1)
I=s }

e AA| SR A= o] ARERE VRS
§ol7| Hrp= B 2| o] ANE el 2= o 2
L AUSE WAS ABTIT, %, S50l AT
(prior probability)®] w&H3XE o|&rtal 7Pgskal

Hlo]= g 283t v, ko] itk 5449
sAA w84 olgsto] A = 274 ]

(e]

— o
shat olol tjsl F7bdow SR TAsls S

?ﬁl

S
i
O
]I
Zi
O
(i
BC
X
z
e
é
>~
ﬂd
r&"
_q

A a0l et EASFRAL Aok 5 e

o5 $J8) WA EARLE Aolsjof Firt. o
Amae A 2T 2 GMMS %
ge) Abggit
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o J0rr p@hocdlo

21 8 _ The Magazine of the IEIE

o714 M GMMO| o Al=9] A& YRl ¢,
< miA SASE el p (e GMME] 7E
hess UGS Uitk oSENE GMMe %
A P A={Cq by 2t -2 A ER=EH 714 Pt

= ) Eabae] HuEel SRS oo
stct o] I de SHIPH A expectation—
maximization (E-M) ¢ilg]5E o]8sk= Sk
34 719e Agsiel Fel dojemiy F4us A
o oMo 71 Efgelet. et YAl ohe
= 7 or spte] FARHES AlFA Al 45
SleliA= 7N SRRttt ohge] &1 HlolErt das)
o, webA e 71Rgol ZRA= oleRt W i
of Xty #EobE s &9 WO universal
background model-maximum a posteriori (UBM—
MAP) A& dile]5s o|-83t= adapted GMM 713
o AR o] ZHellE (17 49} o] T
ARFEOIAEEY ] el S4o] U Amee
7] olstel HEH o SRR S2E Y
QV\} /3 HlolH=RE GMM SFds ML WHAle

2 F4sto] GMM-UBM= 1-dsfal, ©] GMM-UBM
of st} 54 SHeMERE WA 4 HolEHE

ML =2 GMM-UBM |
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SHAtE gl ’
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oAt W2
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Sixta ds

.gaos) [ guoe) l.gu0B A
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Agsho] (18 5)9F o] MAP "o 93] o1 s}
o] GMMOR H3AA sl ude Teto 2y g
PARAL=: A R= = o

Adapted GMMe]l 2Jgt shapdl A4
o2 Aty WA UBMolA 5
o]zl EAHE xol thet 74

& ARA

o

GMM 7|8t 3fxjel

> HZsxRIA 2SS @O S @ ‘

o W WAoIA weE AF mEsh|urks 84
el Mz Alzslhd st pesad. ofd
EololA WA

Ie] ‘E‘
(acoustic—phonetic) Eﬁﬂ ﬂ%cﬂ g} I 54 ] HJrE}
Z 3

g

o
1A e s

a=R= 55129 A ols) B 4%k S ZEL o3
B AIRARE BAY T sixt xiol et 2imie) ggemg VOO B AARSE &9
= o|RFE ZAS, B xxisi six|t sIRIE zio| xfoj2 w9 ©RIR EEehd 4 (4)
H, siilRlES E-M daes THSIX| QL= MM o] 7lsAE WHEAoR 5|
9] expectation #goj4 7§ (generative model) EZHOICE. o5 Zast Hiangos 79
2 "ol IRk 7io| xlo|=
S o] Zolo] 7|z, 4 _,OE;E_I_E:T::‘O;;}I(ZE_ '—I.__l ,x}olfa ofjA1¢e] HMHE2(discriminant
- - 1o HEax= ISCriminative -

W E =z = R O FEO AEl A Sl A
= 1'4 1;(]'9]‘ 2X]’ 7]EHX]E & mOdel) EEE‘; M-‘a-ﬁf':"i EEI‘ fUHCUOD)E ARSI EH

E =A% (sufficient statistics)©- SIRIQIAl =S ol A& 9Ir} 7|8re] k=g A o)l o] 7}
=2 %&DP. o|25E UBM =¥ LA}, o|@iE] sl ot
oA NEIA} FEFrd =43 HoE = o EF AL
X:{C;,H/;,Zm}e o Zo)9] 7|tiA] 9] g2 HWE  (misclassification measure) T2 5E FEH

3}s}o] (smoothing) +&HcH”

(2) FrEF2 71

olefgt GMM 7|4t 2FA1A] W2 7 ShA} ARA| o
ek 2[4o) SFnds A s SAE 1H
aolE alfsiA] = ALY (generative model) F
Holet, o]F Hetste] SakE 7He] AfolE sk
HH W (discriminative model) S AR5 3}
AR e = Hrh =Y 4= Qltt, olef uwhet T2l
HEEE Mol HAaRgFes (MCE! minimum
classification error) 7|'H& GMM WAlof| 4-88}= 1
He e = Qo ol Wy or A (2)04]
o Zro] GMM WHAlo= i eolupct SEAAE A
5 Z|Q) Aztojo] HEAR] 715
Al sz lsol thet 2 251019
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S = arg max Zw log P(x, | A,) (4)

|<5<8§

o714 Wi sulA] B ¢ uA) Szl
w9 15A S Uehir,

o412
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sigmoid Al¥ 4% (loss function) Lol
generalized probabilistic descent (GPD) ¢ale]5&
Agoro ) Faffd A Qlek, o I oA W 7S
ARA Iwg=1, W > 09] 5= 7HA] 240S whEsfjof o)
7o) GPDell A3 85| 94l v Al o] gk
e Rt

(5)

w {grrr+l}_ ln'.'(nj fv:‘fl (wﬂ]

o714 Wy =logwe® Fo] %Itk 2] (4)2 A i
W 7} werh Beb S me|ele] Eduigoln
CMMORRE ok Zalolyl 21 w7t shaje &
ﬁgﬂﬁﬂEH%%%@OE7%EWE%N$4ﬁEﬁ

O O oF A
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Use a KL-based

Project each utterance
into a high-dimensional kernel
space - stack mean
vectors from GMM

m
4 5
I
MAP SVM
Adaptation Scoring

(O 6) SVM ZHAl9] SfXtAE

i,

Detection score

u, |

Mo
M

a
1o
>
=1

2

dHEES By A4

AT &, F=4E GMMe| ¥
(concatenation)gt GMM <=3 1 E(supervector)&
kil o] FHUEHZERE e 2EW
(maximum margin hyperpalne)& G-43k= support
vectorss SVME| sk dale|ES Foff oke] At
Hdal=S st Ed383, 8% support
vectorsE ©|&5to] lul WUstEAE fol|A 7wt
Ao R Aoz ii‘f’i‘,E = SVMe A9 (kernel) #
Lol dgsto] sAHHSE ek Al o R A
T,

ol&fgk SVM 7]%E 3}
Hel= o 2t

L

48 7)ol AHgERE SVMS

I
-)((th) = Z aiya'K(Xiu 2 XJ) 7t d i
<

i=l

o o
o A

A7IA X = A

support vectorg &JR[shH | yi= o] ARl EFEEk, S
go]2 AR= oujsh=d X7} x4 (target

speaker) Ao+ 1S, HEs7) obd (nontarget
speaker) 74-ol= —19] 4FS Zh=r}. SVM Tt E
a9k di= Xok A =4 2ay=03a> 0°f wef &
A A FEsiRIet, Al (6)ollALl o] 724”1 SVM
H37]+= o]# &5+ (binary classification) 7] &
ygtet, o] SVMo| SAPAEI; e HapSefas
(multi—class) w57 7Ie= T 4ol 71242
SVM2E WA ARE-sfioF gt} o5 Il ofd] 7k<

= T o= T L
WSl A= L FollA tiaEARl Ao

>
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S5 Atolel 23t 7HsRl K= ];ﬂ i 7
SVMOR 38kl o] SVMe| 2~
2 (threshold) 2.t} 2 797} JJE‘rO
2 AASH= max—wins W419] one-versus—one &
JglEoly 53] one—versus—remaining
gl o]HMEFE SVMOR F&slal o] 59| A0
25 winner—takes—all ®d2]of oJgf AHsIAE A
5 4 g

A8}l= one—versus—all ¥ilg|ES

2. 3XtAE 4

1E

(1) Ags
GMM} MCE ¥¥ A30] 715 719t GMM (DSW—
GMM), ¥ SVM 7|H& o] 83t 3ipAld 7490 A5
7S 9ol 20099 spabEe] ZzE 109H WA
3t 2,000 HalER FAE TIMITYSA dloleHo]
= ARSI, o] TIMITS ARgSl AldoA: &
o ETH Apekel 73Rt TIMIT &4 dlolgo] car,

zl0 =
Ho =

& AT di3H] (SNR) 20dB, 10dB, 0dB7} H=&

restaurant, subway, street®] 4714 Aurora

wpste] AFAoR ofe Jb SYRAS e
26,000709] £4 248t dlolelS AT, ol
S dlofg] FollAl Wi Eelo] Agaha Lix] 2

(R

= H7toll ARE-SFRIT
GMM 7]t SpApAE A28 GMM-UBM O 27 E
adapted GMM 7|'H& #8ato] 55|t EdHolA
© 5709 M= v TIMIT S/dUsl=ol thiste] 742t
5 o) 2744 19744¢] Zl-_(loﬂ $0ly] o3 slAEL
vlolals & 5709 SAuskE A shpmdle] T
| AFgSl= ozl &9 (mu1t1 condition training)
71 Aottt EHOoRE 10mso 7H4ubct
20ms Zolo] ZQo 2R E 5 122 MFCC (mel
frequency cepstral coefficient) A<=} Z&|d oy #]
= ARSI, GMMollA S = e] o= 5128
4okl SVMOA 9] o E o] 2p2 13X
512=655622 A5l A1E 7'd& ARSI,
oF&t] 500 SpAF ] AREA 21 Fharo] 54

2

tlo



oz s S A )
o A= GMM @ SVM 7|8Fe] BARgLg) HAkE e
A 9] sapAlE 7S fiste] 5,00

o =dSSelA= e oAke] 55

oS o
. =k
. (
Lo~
£ %
go Ot
ox ¥2 oL o2t

R A Wil 628 AgH. ¢
AELo e 520 1202, B7l0] 102 Aojo) &
e AREIIATY,

(2) B5%7t 4 A&

CLEl T2 A (4)ollA gojsl Faiwe5 7|6t
4 Ado] Tk 7el AgEE MY VRS
(5)°] GPD atejgos 3k & 2
Hl Z24°& Aurora &2
H A51o] 7RSS A AE SAlolnt, (1 T()
oA Hi= Hpel o] AAISFARSI Xé@rx}(tme speaker)
9} 71 AR (most competing speaker)2] 7]%7\]
F 578 ol whet A= SslsH oes o
. Ol SAEAIYe] &3 SAaY 5 5 %ok'%

et shapd e oHDF GMM 271 $&=
O 7 715 H)

\I

2 Zefzeof
5)

g > ox ;9

_(,34
SRIEE SRR 2R

982 Slulgie

il
g

ik

ox Rl ok _Q

e 2

ot

|||||

0
5 1)

(a)

|— True speaker —Most competing speaker > Q
s T

(b)

(a3 7> 20 dB ANSHESEH|Z Aurora &S0 2= S48
(a)of cHet HEHE AT 7HEXIQ AAE 824 (b)

> > EZ SRR T ST

GE 1S thoFst Aurora #1280 49) SAHAIE
J5H7F Aoty AF dlolE AEES 713 54
glojelel Al 7FA] Al S e Rl-EH]

=]

2204 Y 7HA
Aurora &(car, restaurant, subway, street)s 5

Thstel WA o] ogdsl oA doleEe T4
. of 38 el AR 24 WA SV
HlA

SHARAE As YE
A

e Aol

R I I P L IR B
oF 5= gik. A SAHA A S5E S A
o[t o 7ol ST BRIt Hek HE

GE 2= 500 3} qFRO] AREA $H gheto] &
3 dlofeof thgt skxpAE Aot} EE 2
s WA ARloll A Skp ) Bl Fofle =t
51 GMMI} SVM 2% ARLAL 317 o] Sxulslof) of
aff w93k oS UEPES SRl 4= oot o
& AJOoRE BRI T Aol G5 Hrte] AL
5 9k do7) thEA oSS 5T 2
Q7 Qv & dEHY A Ak S ARget
7] ol T= Brtoll ARSE= HEke] dojrp FAl
Ztolzl 4= 9tk GMMIF SVME) A% 719 H]

ARE 2HEEY] A5 SEoIM sl ARt

r2odlo > md
Q‘L

U ox

- c .
1) Aurore B8 BT OOW ZISASE SR o) ol elstel support vectors7t 424
SNR GMM DSW-GMM SW
o 090 550 %0 (B 2) 20| SN0 CfE SARAE 2RE ()
20 dB 17.70 15.80 256,43 SIRHAE 24 GMM SW
10 dB 30.02 26.45 42.45 2854 0.14 0.26
0 dB 7213 59.22 69.53 == 0.14 0.16

45

sxtzsts|x| 2014, 3_ 22 1



2l

[

‘ Q8@ »»» Mz s

ol 4 glglon] o] alsto] ol Sre] SVM A
o] o580l o 7 vehuit,

(1) GMM 74t 3AEF
SRS 71 S SHA 7Rl viel ol g
HSA7E AASHAE s 3ESHAL

Agoltt, ) A%
A 7|8 S Ss

7 Eﬂ°1E1% A18-3to] GMM-UBMC. 25 7
ShAe] SRFREE ol H|o]= ShGoll 7Rk
adapted GMM 7]s=0|t}, Adapted GMM ol A 2}
AfeS A (N 22 =
Algl (LRT: likelihood ratio
test) 7|We &&ot=dl, o] W

o (12 gyat Zo] SAo] 9]
HuH, 3] SEFr o

N oox

4o o o

M mE dot ok

%o 1o qle
-
il
r oY
o]N
QL
= rlr

LI A =)

Likelihood S came from target speaker model

- Likelihood S came from nontarget speaker model

H,
_PX 4,0 > ()
PX [ Ay) ;f

4714 Hoe= ﬂ%%@@ﬂ Eﬁﬂx}o‘ B-Ag7H
= gl ekt
F E= APAK 1mposter)°‘ 39 HE7rd
LB, e o pied]
HrERCE, SRS AfH] 204
N AH] 2] SAdof what el
=]l ﬁ?Lﬂh wopfA e 25l
& AR 8] ffste] o] %
A2 mekdo] | ftw]

(null hypothesiS)O]
ojd 74
(alternatlve hypothesis)<
Al oA o] EEAE
el e e
=d =
(false acceptance) HE&S

= s e Aol it
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GMM2| ZHE X2

o 27t 4 E o CHaH
GMM2| =eAlet iz SELHY
8= 123tx|2t 0] S0l
ds ST
| HetE|CtaE = 4 §ich

2 ESHE D) Asp el

HE2E (b | 5

adg 8 sAES 7lg9 7=k

A

—_)

AR ditete s om Al of dA =
W7p T oo A= 975 (false rejection) H]E

7] glste] o] gk WA At

Mo rr &

AT fob

&

(2) SVM 7]5t 33

s olxl HE«] Ao BE SVM 7]R oA
= SVMe] el A (6)% 1= H8g 4= ok
= SVM 7|4t —EcwETL A9 e} support vectors
7k AY AYAHE (distance metric) W42
B9l o]Fol A AYL E-g{Hinput space)S 1A}

A EAFHfeature space) =

Bl E

[¢]
—||_0'“A-I GMM }\}}})]'/\]7]35_-13] E A5} 7.]1:]5]_Ae
SHUE ME7LS HTEH 25 gl MPHEY

(linearly nonseparable) FEf<]
g5-ollt= Aty FHel 54+
rog WAl 4= Qluf, whebA
SVM 7[8el ojd &7 ZAI7F
FolRe W HHEg A
d7go] 71 w0 Aekweo] 2 dFe wixth Sk
o wAolA= 2710 GMME] HHE Tre
 uE o] Ao HEE AgAE
a
[e)
O =

~

-

o7t of7]o] GMM & Aot thizhd E-2At
SHsh= A (8) FEfS GMM =uulE] A7

1l
= =
A=A 71 A7 el vlsl N e HEr
e oz ®Bugdey
K Ut{a‘uttb E(’m .u':u mlﬂ":’n (8)

o714 U} Uy 22 SASH aok b Lehdic,
(3) H2EFOF 715D SVM 7 425

SVM W4 shSollde gt Aol 24
AR FaFs vA7] wigol GMMell 7|9k & SVMO)
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A9 GMMY B4E sl AUTsE Hgshy
uoh &2 A 7lhE 4 lch GMMe] A AR
Znlol 4 MM 43iale] HEARL A of 7
g7k ssulElo] Ys) GMMe] EakAse) diA
FEAYRES WAL o] FEol SuF A
Zeloll 4 HAste glckt 4 glek, heby S
Blo] A Aol e Hake b Aaaichd 5

s dee iAol 7R ﬁﬂi ot o

olrollA 4 (9)9} 7“’] R

E(]:::( 'IH nu'fii 42?” !"Hf (9)
A71A dne ERAIRl diRt A=A 24 Jay
1, a7y =05 UEsfoF shal thzhd Ak Al ozt
R E @% ]‘?X] ag,0<d<D}ZA Yag'=1,

Seljof sfn] o]7]4 D= S

(1) A3y

SRS 719 A SR AY
3 tlofElell thate] e, HAaEF o5 T
g ARl SVM W4 sbS AdolAd= 2008
NIST speaker recognition evaluation (SRE)” ©o]
EjH|o] A5 ARESlGl=l Ay 22 8 tie} 11
i3} AlE (8 conversation training — 1 conversation
test) TFoFS A85HTh o] 2712 635 HIEIA} B
o sl 7oAl 5080 7He] ik Uk} Ald oA
1870 7§9] =3k Wsket 14700 7H9) vt Wske
TEHE, EAWERE 192 MFCCsb 12 Ze <l
o &2} ofe] Tzt 'E} AreE= s

o]} B0l SAAI Addol|Aef o] 500 SHA} 4f

o) AR B ol S4E Ao B A

L Segsielk, GMM % SVM 7IRFe] g4t
BAEY Ao S40% WS Solo] B o

HEE T A S

N

> » p FZEACIA V= S8 @@@0 ‘

vl E3Eskate] Hlgo] 1:308 2AE 20,000 W3R
% HlolE AlE ARSIl HAESOME 55
Y] B 182® Al Wt 628 A
sttt wEHolAE s5olA 12022 AskglaL
Hrlo| A= 1022 Akt

Q) 1\4_1—_-_%7]_ 1 A
(g 9= 2008 NIST SRE IHAol|lA ZAEFo
F 7EsAe] 7|hksk SVM 7He| oigt RS A

AT detection error tradeoff (DET) 24102 “1
gl zlolth. 7|29 GMM ZH#E A¥EAE (MM
super linear kernel) Ht} ZARF Q7o 7]H e =
i 711 7H A, S SR R ‘E%
A, o] 2% Wt 7eAde] Hrp %t A

He o 4 Qo
GE 3)2 500 A} R AEA

37 Aol o

Speaker Detection Performance

Miss probability (in %)

— GMM Super Linear Kemel

g ] e Mean Vector Weighted Kernel —— “q =
------- Mixture Component Weighted Kernel|
02 b...| —Jointly Weighted Kernel I ]_\:

0.1 . M B : i i i _
01 02 0.5 1 2 5 10 20 40

False Alarm probability (in %)

ag 9) 2008 NIST SRE MH|OIM GMM 4~IHHIE] S

2t FARRRF JIEEE AtEet SVM 7|t
SIS 7le2 DET 24
(& 3) =01 S0l et SIS LFE (%)
SRS U4 GMM SVM
=dE45 0.20 0.28
2= 0.2 0.42
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g dlolgo] wigt sAAE AdAadtelnt, e HY] A 78 SY ke rRE ] Aol
miss probability ¢} false alarm probability7} 72> ZHEEo]of gt} o] gl 5ol Z3R1et AdS W
WA e] 2 78S YEY = equal error rate® LE} S 2= probabilistic linear discriminant analysis
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