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Speaker Identification Using Score-based Confidence in Noisy Environments
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ABSTRACT

The performance of speaker identification is severely degraded in noisy environments.
Recently probability weighting method based on observation membership was proposed for
overcoming the noise problem[1]. In the paper{l] the observation confidence was calculated
from SNR with sigmoid function. However, estimating SNR needs additive calculation amount
and estimated SNR is corrupted in dynamic noisy environments.

In this paper we propose estimation methods of the observation confidence based on
score-based reliabilities (SBR) of entropy and dispersion measures. Generally SBRs are
obtained from speaker models’ probabilities. The proposed methods are evaluated with ETRI
speaker recognition DB. We compared the performances of the proposed methods with those in
[11(8]. The experimental results show that the proposed methods can be successfully applied
for the case where SNR is not available.

Keywords: Speaker identification, GMM, Score-based reliability, Observation Confidence

1.4 =

AU 2 A 2e gAY Eokld @A @usA d7HI e Eoke 294
ol g FEd Zled Fell AAd QA7 eold1]-[7]. 53] FHlAH 7lE ] A
ol whe}, 2ot i JEY S A AFspaid Al dgig @77 FoiE gy, FHlAEHA
AN 8L 4A FH FLo] xE "

oA d FAHE FEE] A% e, AT dRE =RES AHEY, A A A E Udd.
AR = CMS(cepstrum mean subtraction)(2] 2 RASTA(relative spectra)[319} 22 o A%
gerelE FE3te Wy, A A R4S Agol 2RE H3Ae 2 A3l

A

TH4J5) 282 A Al A e B3E A5 RAREE FA5t ol& FEAMA T
Fo 2 ARgshs ol o] WY




146 SR A4 A4E (2007. 12)

GMM)dl| A &3t FxpAd g geA] 1 AFo] F83] dFHUTH

a3 B2 A FA % (Observation Confidence) 719+ &8 71593
o, hde] o7t Bon & Aotk 53 =F [1[8JAM #&FHHE
A1 & g & & v](signal-to-noise ratio, SNR)ZHE AAE =), SNRE #&2 o SYuFE A}
£t do 2 7kA] o3 Aol ok

A, SNRE& A&3 F40] 42 ¥& ¥ oy}, SNRE 437 9 s 82 F7HHA A
Aol B a3 oH9)[10].

A, Azl 4 Rrbdgo] dalR F$ole SNRY 4] B ogx, 1 2xx F7HE

3 A" EAT oh
=% ¢4 BH4 FrE

2 Jahe AL ulg Qe A7t 8 stk
BEAE Aol B AHE3lE Roke RH RS muli-modal) $HHE Folelh. =

)
o, A3 JhEs F37] Astd S =t *}%5‘4[11]
: x AFEE F 7 oz AN e, it Ad AF EAYgoz o &
342129 SNRE ZA3te] SNRoll w2 #3035 E Atsle As7 A8 zela, o =
AE59] BEF EX2HE P TS (reliability) E AA3IL o] GFEEN 2
230} (score) 7]¥F A F = o|tH11].

B3 N30 pAREE $ohed s BARgonz 152 YY 4H SNRE T A4
A 3

o
i
A
2

|

g A Aol a8y 3ol s AF 5 A AeREE e
W, SNRE 5437 oJeE A4 {834 He8 & Atk
= v 3AA 3424 JdEZT HY(entropy measure)t ©
(dispersion measure)& AME3t T e FZANAT FARE S AA s A48
sk £ =79 74L&ty 2o 23 GMMY #3AZE 7|uke] A A
ddted oFa, 3o 2530718 AEFAF R FAYY et GEC 472 A
Wiel tist HEA S A E ¥ B8 H5 3k

2
E
f

o]r
hiles
ol B
Hm

1l
J
>
st}
2

>
L

2. GMM# #ZAZE 7] A4 A 26

We WS 8 GMM RRI1E A §ETh GMMS deldl uhsh
Bol BYNE FUL B A REe AFTOE EFSHE Aoz UeF ge How

I
fxl@)= D wNz;w, ;) (1)



BEUAEE o1§T FLVAS A 147

o7 wie AbEg, N(- )e AFRE, 1 04 ArE¥e 47 283 I (A A
X9 @Al n [ A 23 sfgelth 9 4 ()9 GMM 23 sevlgES EM
g Foll ojste] g&so] Ak

=i [UEIAA AAE #5Ad8E 7S 2 GEAN SgstA Hed 4 ()9 o] AHE-

Py( sz (,| M) @)

n=1

§ Aol P (X)E Fol7 #= Aol we kAl st #8, p,(2,/M) e kis Az
M, R niA SA9E gol1, p, e niA B e RS EolH
Ne AA Zeglgolrh #2AAED Foi BEdeujge] A%, & dvht P34 4

7HE JEE #teld £ BN X SNRY @42 g Ed AR Z(sigmoid) T4~
€ " ¥(mapping) F5F o] EattHil8]l &, BZAEE 4 3)7 o] Hodr}
(t) = ! @)
H L4 ot SNE() 1)

A AlA as 2AY skekvlE ol b o] % stebrelolth 43 A 0, Hulg 124 o
Aolgel W4 Pz dNE 5 ook

a=—0.51¢l1 b=11.191 A$o weigd g2 <28 1> JdetdAt =& (1AM &

% g¢ selstarh o o A

1 . S
0.9 e

08

0.7+

0.6

0.5+

weighting value

0.4k

0.3

0.2+

0.1

i
o eem . . . -
5 0 5 10 15 20 25 30

a7 1 9y 849 of (a=-051 b=11.1)



148 S8t 147 A43 (2007, 12)

J

22 BEAE 7 gAY 72

<ag 2>& =% [1E1eA A #5AF5 Mg st FAHS BT Qv 1A
AW gAY AA L gE3 2o

D 9834 SAgegre g F23h B =M E ASAA M 78 45E ZUdtn
2 WA~ EH(Mel-Cepstrum) & AHE3H )
A~EY v g sl CMSE $33ith. CMSE g o& Hsts AfEddde
Astz Zed 93 FFujE odS 4B AASE AEE ARzT Qo
=Y CMS A stetolel g o] g3tel GMM o4& Aok Shadshe shade A4d

2)
3 %

4

~

B9 A QA2 H G Hed DA BEA
B WABES AN MY B BES

<2Y Dol WACR BAR FEL BRUHEE AN o] AZAZH FEAL W5
S8 @A HAoloh

e

o)
<
=
Lo

>

vy
ot
T
X
R

1PN IR . o=

a3 2. 3 2 aeEG=E1D)

HERY QIR v BRE TF37) 8, BEE A R AHEE FAsA F
AT NMFRES AdST S48 AR AEEe F A AW o8 Axd & ded, A
AE AZ 7w AR Eoln, ERE &30 7wk Al et A% 7y AHEE #5E Agey
B HAE3 AALS EBd dojx&= AR EZ A, SNR £ 2334 (harmonic index)”} ¥ AH&E
ot 230 7uke 1A RdgRE ALy FEELE AHEEY AFEE FHE YHoEA, A



s30f V) BEAAEE o83 FeBAe A4 149

E 29 (entropy) &%, o]AH(dispersion) ¥ % 18] 22 Aol (difference) HE Fo] UrHI1] B Aol A
T 230 7|9 A4 g idte LA8la, o] & BEAE Nk SR A Ao A 857
A% WEE gty Ay

31 2:0) 719 #44 B4
B oA AN AFH 23:o) A FUY F4F B =R HESnA e AL
5o o4 HEo| thate] AR@c Y, T Ao ARG AAAF
$59907] Wl

1 &
H(t):—"[‘{‘EP(

k=1

O\ Nog P(O,I\,) )

71, K& A4 sae] =, O Az tolA %2 54 see, At kdA 339 GMM
2dolth Aol o] WY Axd 54 e 0,8 md3ANAM P(ON)Y gEe) &
A RES ZA B 2FRHom dE=S &Fo] AALE UM HEE JERT
H(t)e 139 294ES sopats A e Aed & vk

L

—EE}L
fu
>~

&

Solat A%

22-#AHE (log-likelihood) &5 ] o4 A= the 4 (G)sh o] Ao Hch

ol 2k e AHEE YEhE, & o4 e e AANEF v @k @A, Y A

%%101 1%“12] K—1/¢ nas 2ol Wste] AgAoz 2
= F gled], o3 ono ARG oAt HEE BT £ gt} o
L2188 F M 2 gy T oA 2 38 ey o] Hosial

1o
T

Sheat (8) = _max_[log P(ON,) (6)
1<k< K
Kpest (8) = _arg max llog P(OIN ]
1< k < K
‘S'second best ( ) max “OgP(Otl)‘k)]’ k= kbest (t)
1< k < K



150 S48 A48 A43 (2007, 12)
S99 ol AR g Ro) Ao
D2 (t) = a(t)lsbest (t) - S.;econdA best (t)l @
AN alt) ge Dy(t) & Aolst7] A8 deinlg A, duAos 2 2dss 2adgs

o BEGEE AETh EE Sieopniepent () Sporpt () F AHET W D, ()7} 10] HES G2
43} o) Helget,

1

O ) ®

¥ eRoAE reE A4S B ANEE A ©) 2 (D9 ol MHES Agsdch

AF7A HE R SYRNN o) RaE) FRL A ASHE 230] V) Y ¥
8 20T O BN E 99 F44 G5 AL ATt B2 57 el U B
ZNHEF YA FAY RAA tjate] Hjstat o,

1 (AHA L) @ HolA Aoy BAHY F4EL Zui

t} ok, HR|oj 2o W4 e Hg 1, HAzt
o, 2 (6)~(8)& A& o]at HEx ol A A g
wt)=D,(t) )

2 godth B3 AERNE ASSE F9E 2 PHoz AT 8T 5 Utk

S 2 (SNR #74) F ¥l 3 dERY HE L o4t AR Re SNRE 248 /)&
S

SNR(t) = f(H(t), D, (t)) (10)

9 o] £30] 7|k AHNEREZRE SNRE HH 2 FHst] 4 ADF o] B4 &
N
T



2zl 7w BENARE ol 43 FL8A A4 151
~ 1
M(t) - 1+ea(57\7]f(t,)7b) (11)
N 3 (AW 5 F) A UA e dERY B ot AxgiE 5N 58
A FAst= Aoz g3 o] Holdn
(t) = g(H(t),D,(t)) (12)

W 29wy 39 34 §4EM A2 AHgSaEY A o) ¥ gt o

g(H@t),D,(t)) = c+a,H(t) + ayH*(t) + b, D, (t) + by D3(t) (13)

4. AEYold 2 A3 %

41 34914 DB % #9545 S AWAR

¥ =8N E AgE T 4%S #lsr] fste ETRIONA 2HE d5o] shail 44 Fuj
Z &7 DBE Abgdte] £AFE A AP sgivh Sl H Y AEY Fo 8 kHzol
o, 8 ME p-law PCM WAooz Idsoe] Azl 283 DBA AA B2y S FE 2F
49 Boli, 34 & FAHYL ZF 20 AR o]F 10 AN S %J% AP ELE o] AHEEA
th FuEs oA Adde AFES SAYolEE B Azte] k3 2 AR xiud sdo) A EH
SAHCIHE 3 10 HE 2 FF 30 2 A= EReltt

AN 48 SAgulelE e & Zejqle 40

& msE 393, 20 ms¥ FHHA MHHEE 3}

ek 5—%“1‘3‘51% 12 i} %‘ﬂéﬁ—%’i Ager 22 AUAE st er, Ad 455 BAgsr
o] T3E Gaussian N5 10 e}z, EM ¢aL

o2 Fste] patch o] HANAM FEAL g2 full

covarianceE A3l 1, EaEY Z71#H}AQoM = fuzzy C-means clustering B8 & AHE3

thoolel tiE g the <E 1>3 gk



)

152 S47et A14A A4z (2007, 12)

[+

¥ ¥ i |
+7 DB ETRI #E& 3tx1Q148 &4 DB
EREDVEES 8kHz/8 bits p-law PCM
32 4= 49
g s SAAHdY A 10
g HAE SAdaAY s 10
zH o)/ A 40 ms/20 ms
A EAAE 122 8 FAEHT 217
Ad 1A Cepstral Mean Subtraction
Gaussian Mixture 7| 10
GMM =¥ EM €33 %, full covariance

42 292% 2 23
9 328X 23] 7] ¢

8.2
i1
o,
ns')i!‘
4>
i
o
ojo
oh
R
s

2 FAAEE #4517 AT A A S
293 vk 3ok & HolMe 7 wie 498 8 vustn s I
ETRI 5}1}‘34% FAHE 54 DBE 750 4olAl ¥ ART LE2 T4 H0 Ak w
AR ETdAE S8 BAATY Aetd 9 S48 A B S-S Tk dunh
A 1)E AR FHZRH #3 348 e S FHE 2EE Rt
S,,(n) s(n)+ Bnn) (14)

9 AN s(n)e Feol 4olx Fe ARG Ao, n(n)e FFAH] 1 A 7H9AT B
A Feoldh B3 S JRbEHE #39] & ZAs e e oy % A
g qu gk

<GE 2> S wE A dee RaFa ok Hel B uheh Ze] o] YE
ZH(B=0) Hu AHE 949%E Rolm ot 2 Fgo] Sl wEkM sapAE A5 ol

3]

A ASHD gk SNR 71 FEUHEEG A$3E AP olv] =2 BIA AFHYF) ®L
HEPHE B Y 5 Yok BB £30] )Y BSAHEES AGEE 4B SWEE, P 19
A 450 A ANHA Yot RPEY AZo) AEHE FIY FFE U VPEFOE 4
g3k R AdeA) wgol BYIAG

T U 20 B 38 MW A% ANE RolAW, Ao B



zzmo] V)W BEANARE o8¢ LB A4 153

¥ 2. Ar® we] vlw (3x thakal o] AHWE v %)

5 Tt € GE1%

8 SNR Sy SNR
=2 3=2] 3]

(dB) /L(t) =1 7]?} [8] Hc}' 1:11 Bo 52 Ho t:l3
0 94.90 - - - -
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0.025 61.22 60.20 60.20
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