F5 A7HE A 24 74 g%
F5 849 a4 3AA
QtAdFx, AT ek, L&A

s ARF e A F W AFE G
Email— {sjahn, hsko}@isplkorea.ac.kr, smkang@bukak.seokyeong.ac.kr

Efficient Speaker Verification in Noise Environment
with Noise—added Speaker Model Composition

Sungjoo Ahn*, Sunmee Kang**, Hanseok Ko*
*Department of Electronics Engineering, Korea University
=*Department of Computer Science, Seokyeong University

8 <
B =EAE Ote 87 2US TATSIZM ool ZAF AR PHe A4S
t. Non-stationary® #&€ 713 UP&4 SNRE 245 Re oAy @2, 2 3
Aol We) Feol g Wel HArde] ozl SNRl W@ FE& Rdg FRAYoEH o
g As B A7HE A BAe FARD. 221, SARUARAE o]RA 7 2 mdo
e 48 8499 likelhood® 22t 78 2% 7% 2 likelihood®g HUBT o & o)

43q AAAAL FYFY,

48 A, ALY WHL YA SNRE 22+ FFEAAA diH o stye B
d& AHgdhe AR 34 & 4% ¢ 2t

1. 48

A g e A2"g HEYE o & Aad
o] Agtd FPAANAM LY Aol wuwate O A
Tl FA%A WAl olA¥ JF P F2 ¥
F8747 4¥g879 EYX W doldd. 21 Fo
ME FEol 7H8 & 9L 9 dA Fe 74
A% AAFAE A#A, Ggeg A7/t FPHASG
olRAE BFIH HY, AR, $HZREH fH¥ez F
£l A 5L &3 Uy, 4, 24 73 9y,
AR, mdd Nze FS B4 WEE T 5 AdbEl 2
ZF 2dol 7123 &S BY Uy dEHME & A7
9} dmaglFol Aets AH?2]3][5].

2dd 712% FS 24 ¥y F, PMC(Parallel
Model Combination) ¥¥2 #7138 FE2 AHg3ies
o W 2HAA, M F geA F2 PyPeltH3]l #
ol U A% AL FAHII JdAME GFE
Feol 42 24 delHE F3AFolstE oz fol e
g, PMC W& ol &&4d & %49 Fg dolHz 3
¥+ HMME A4 Fgo 2l 4 Ede 43149
AA HestdlE 2o Lo 9A 2d g wiHEg, o
#Hu PMC W& F24%9 SNRE Uolot 3n, vheof
Z & ol non-stationary3l® A g% £ gl Ao ¢
o},

A B =EdME ol ¥ gaxA g Fe 4l

Z9| SNRE 3HZ@3y] 98 PMCHl 7|2 3 29
T4 HEE ALert

B =89 74L& 23oM PMC Wyol dis) 123
27083, 33N A2 2d 74 PPS ALIT
3R 43 AgA el iy dgsta wRHen 5
elH 2ES Bed)

2. Parallel Model Combination(PMC)

PMC %3 Fg°] g€ d9 4 Edg JF& =
A3 dAggeoez N FEo A 4 2dS = @
Holch3]l. & PMC e A7 && =2d davg
€ oj83d FEol gl 54 A9 v EH HE
I FEAE 2ASE Wt A3 FS MNEE
linear-spectrum G 9ol A additivedttt 74 stk 29
U &4 &g 2dL cepstral FGAA oo ¢v)
&)} linear spectrum Yo 2 vl A SNRel uwat
i8] Folol gt}

PMC el ot A% 4L o3 2.
FAA 1 cepstral 99 2d metolel(HF FENE
inverse DCT transformation2 ©]&3}4 log-spectral 9
dog uy et 1 #AHL gL gt
[.tl= C_I#C )

542



199941 % =3 5483 742 st E=24 Vol. 26. No. 2

3= lz(Cc™YH)T 1))
o714 C& DCTE uehl+ matrixo|t}.
AA 2 log-spectral %994 =9 HgugHE
exponential transformation® %3} linear-spectral 9494
o2 WA,
= exp(ul+ Z}/2) €))
Zi=ppexp(Z)) —1] @
#4 3 : linear-spectral FYolA Faeln e FL
4% 2= 49 24 HEnEHA HIF FEAS
A Ak}
a=ptgu, &)
S=3+42, (6)
#34 4 : 3 300 FF linear-spectral 499 2d

geo g g logarithm transformation-& 23
log-spectral o2 HFA I}
~ 5
/2=10g(ﬂf)—%log(7+l) M
57 = log( 5 +1) ®)

] J
#A 5 vlAH 02 log-spectral A2 =d FHavlE
€ DCT transformation® o] cepstral 99o
"y,
B=Ccu ©)
(10)

3. A By

PMCE o|&3l9 ndg& 7437 e 498 &
de] SNRE ¢ "arst gk ek Fgo| computer
room A =28 RAY power FHoA stationary &
OH, g NZel SNRE 98 439 powerst F&9
powerE ©o|§35o T £ gl 2 Fgol M R
24 gZ@ole A %L&® AAH non-stationary s}
O & powere AZHHog w7 Ay $7o)
o3 vt A P o] F$ SNRE TilE Re oYy}
kA ozl gt &R A W& SNRE EAE 7237
A3, £ =FAM= PMCol 7128 th4e g mdg
TAste By Ak

Ak wyel gy AL a9 19 g} FLol &
T AN 588 S48 0839 ZF gAd UiF &
4g wEG 283 24 HE4E SR04 558 Fe
AZE ol&3y AL 2dL TWEL oFA VE =y
< ellA A9t PMC ol 7)&std 2z 33w o
2] 7} SNRe| #2ete &g H71E 3z 2dL 9=
o o] Rd& e w 2%elM Hu$ PMC wyel 7)
23t thg A& ol gste) 2 SNRo| g 2 =g
€ e

=+ g(SNR)u, )

T=3+g(SNR)? %, (12)

p R
g(SNR)=A_[=10 , 0<A<l
where P,
Noise-added new
___ speskes model

a9 1 82 29 3y Ay

A% HFdAME, dF Aol FolxdA oY
SNRl W@ & Hstd 32 mdd g&, zze
likelihood Zko] A4tgth z8lm o]¥ A T3 o SNR
o] i@ likelihood # FoNA 714 & likelihood & 4t
gt o] 7+ 2 likelihood &g thresholds} W] e
A EAE ¥k 2 AANAHA B3P a9 29 2o

Calculate ikelhood
of the modet

¥ 2 A8 %A

4. 49 2 4%

4.1 4339 &3

2 dFdAE B 24 38 Aadge n@Eg
30l dol DBE F&3ch A¥e] AHLE SAldo)
B 9o we&d 3o dolz FAHIHUY sy
AN HEHAL, 8kHzE AEY =YY ¢4 E
Ao2Z+ 123te] MFCCE AM4dth aela xrde
5 state, Bmixture®] CDHMM/(Continuous Density
Hidden Markov Mode)& Al&#l3, e =mde |
state, 1 mixture?l CDHMM<E A&t AYo} Alasg
&2 AWGN(Additive White Gaussian Noise)9} # 3}
e Aol

42 71% 449

PMC #4¥9 4%& 23357 & Agd d3e 2
gat7] Aol 7izx dgo| olFojHTt. oW ALLH test
datat AR SHNEY FLo] Hrid SHAE
0] H7/tE 84 AEE FSE ARG 244 e 4
(13)3% Zo] dgoz iy At 5 10, 20, 30 dB2] SNR
g 7HAE FEol AHE 24N HAYe ALLEHY
k. Z SNRO| th& test data: 2430(30%9+9)7] o) &4

543



19994 = A E A3 7Fe SEUEEFH Vol 26. No. 2

HolElZ TRE AL

X ()=x"(@)+k(SNR)x"(t,), 1<isN (13)
SNR
k(SNR) = LT
where P,
Ay A g8 13 H 29 ok
¥ 1. AWGNSY 3x1&2) error&(%)
Test data 36dB | 20dB | 10dB | 5dB
Cleanh noisy | noisy | noisy | noisy
Trained Mo speec speech | speech | speech | speech
Clean speech
HMM 1.56 193 2.31 738 9.51
PMC with
- . .21
each dB noise 1.52 2.35 6.00 8.2
B 2 ALY A2 errorE(%)
Test data Clean 30dB { 20dB | 10dB | 5dB
S h noisy | noisy | noisy | noisy
Trained M peec speech | speech | speech | speech
Clean speech
HMM 1.56 8.19 831 8.60 9.14
PMC with
each dB noise - 6.09 6.13 6.30 7.08

919 A#E BYE clean speech HMMS 339l
error8& AWGNHZ #3 &AL 5 A 25 F$9
SNRo| #old42 Z718E ¥ F o 28y PMC
WS AL o BN I errorgo] FiAslE AL EF
ok mEtA oj# s die PMC ¥yl A AS
#Hol EAHolEle RS HAFEC

43 Ay Hye Ay

B AYaA, Mg Fe At 32 2 e
A 3N ddFd RAAH PMC ol 2138t 4
(D (12)8 AFEHR. £ AFA AHL£8 Z SNRO
e 2de 4244 A48 PMC 293 o 424
ANy AYPo] ALRF test dataZ ¥ 5, 10, 15, 20, 25,
30 dBel #3 /Y V39 ARG SAHANIE ALER
th. AA test data 9792(120x9x0)7he] &A HolE R

FAHUAY, A¥" A= ® 37 2o
3 AL By e A errord(%) ¥l
Jrrained Proposed| Clean SOQB ZOFIB lofiB qu
odel ethod | speech | POISY | noisy | noisy | noisy
Test da m peec speech | speech |speech|[speech
AWGN 6.00 658 | 712 | 863 |17.95123.62
Telephone | o s | 652 | 852 | 941 | 1088|1257
noise v

E 39 AzRE ALY & HAF oo AL A8
st Pdel & HAF shid 2de AgaE ARy
H #& 45¢ dsdt: Ag ¢ + AN 2 olF

£ test data’} oj® SNRE 71Xz J&A ¢ + &
Ao, o= F SNRolT HJF 3o 2dE AL
sl X o2 SNRel dis] ZZte] 2dE AE34A
AW F& A5V BolgdE o FE M3 HGH =
do] A"l AFoies 2 9L xR Fr) o]
ok, 2 AL Be) el 2l AlRde WY
2o ujg 2 A% 4L BAFEAE Eila g, o
o} fr& o2 SNRel wid Ztzbe] slap 29| likelihood
& FA Hgge Mdgsid FRFYL FPIE,
1 test dataol HZg E 9 likelihood g Al o}
249 likelihood ol N8 E + U] W&o, «97)
A error7t HAstE o) FAPE Rolrt.

a5y AY Az8Y, AL Uil 98 49
SNRE& Z2& A3z AfHoZeE 24E ¢4 + UA
o},

5.4

2 =RdMe 2d 74 9y o9 Fg9 T
3AEQ Wy Adstn k. 49 Zdd, AL w4y
o] Z gAF st mdg Agde And & A%
< YeEldYE AL BoFErh £3 AGT WP FS
of 3l R2& oA sxp&edd Aryoelct

geog F o Asol ¥$4¥E AAFUALS A A
likelihood & ABaE W9 o}o] likelihood 3ol ¢
%} thresholdd] ZAo 9§ A3t "8 =3 7
3Ad mde £ F715el gl 42lE memoryst Al
A g Foje W g AUt e,

Axe 2

2 =ge @3dgre Bokd 98U S/W 71&7)
AL (I A HE 98-NS-01-08-A-25)2] A Yeg AF
L.

A32EY

(11 G. R. Doddington, "Speaker Recognition -
Identifying People by their Voice,” Proc. IEEE, Vol.
73, pp. 1651-1664, Nov. 1985.

[2] F. Martin, K. Shikano, Y. Minami, "Recognition of
noisy speech by composition of hidden Markov
models, Proc. Eurospeech-93, pp. 1031-1034, Berlin,
1993.

[3] Gales, M. J. F. & S.J. "HMM recognition in noise
using parallel model combination,” Proc.
Eurospeech93, pp. 837-840, 1993.

[4] D. A. Reynolds, "Experimental evaluation of
features for robust speaker identification,” IEEE
trans. Speech and Audic Processing, Vol 2,
pp.639-643, 1994.

[5] R. C. Rose, EM. Hofstetter and D. A. Reynolds,
"Iterated models of signal and background with
application to speaker identification in noise,” IEEE
Trans. Speech and Audio Processing, pp. 245-257,
1994.

544



