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4.1. 49 dol¥

<Abstract>

Speaker Adaptation using ICA-based Feature
Transformation

Mansoo Park, Hoi-Rin Kim

The speaker adaptation technique is generally used to reduce the speaker difference in
speech recognition. In this work, we focus on the features fitted to a linear
regression-based speaker adaptation. These are obtained by feature transformation based on
independent component analysis (ICA), and the transformation matrix is learned from a
speaker independent training data. When the amount of data is small, however, it is
necessary to adjust the ICA-based transformation matrix estimated from a new speaker
utterance. To cope with this problem, we propose a smoothing method through a linear
interpolation between the speaker-independent (SI) feature transformation matrix and the
speaker-dependent (SD) feature transformation matrix. We observed that the proposed
technique is effective to adaptation performance.

* FA0}: ICA, 54 E#, 3213 E
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1. A4 &

L

244 A2dolN A Ex 879 Wol4 EAE SAsy] sk H8]
gol #8aA A4EYG. Yvdoz sael woly EAEZ s AdA
MAP(Maximum A Posteriori) ®4]3} MLLR(Maximum Likelihood Linear Regression)[1,2,3]
WS B2 HZo] gy o] &3t vk ol WPEL Ed HIvEE HA
E a9 EA {AEHA ®WolAl Al FHE&S i) —_—,-zs], HMM(Hidden Markov
Model) stateo]) 4] 2] Gaussian HFZE dis] JR-E A o} dwrxgo = MAP
FAe A8 HolEs 323 Be Bl ALY MLIR ¥4& A% doles)
He At AHgET B =&dAe FHSALES 133t MLLR #2& 7]9te
2 39t} Leggetter?} Woodlandol] ©]3] A|¢tEl MLLR[4] W42 HMM u}e}ulg
S HYUBE Svoz P

B =12 ICA(Independent Component Analysis){5] 7]qte] E7gﬂi§} 7 j& o] linear
regressiong ©]-§-3t= 3tAHHE 7]€0 MLLRY F o {3 5AE FF3=d
&8-S et F, ICA 7]‘%’_}91 EAEE 7]¢S MLLRAA 32 FHS$L 9
3 2d ¥ regression matrixE FA sl A3 B

B =5Fe 027 22 e 7|8t 23 M= ICAE $3} infomax learning
ries] 2@ 2709k ICAS o149 SAuBel wal sledch 3PINE 3
34%°ﬂ A3 54 A o s Vit 4FM s 249 2T dE &

gl olAgte 2 sFME Y AAE wgos ALY Wy HEaY B
sz Q7 e AN

2. ICA 7ldte] §A4wgt

AlAlZ o2 ICA= BSSBlind Souce Separation)[7] £ A& | Asl+ ¥ & 3l
2 594 22 HEEe MAdes sl e A9l 3 YA Us
£ BANUE F12olth A7 A blinds] GojE A4 NEEF A2 AEE
M2 EEHE channelE ¢ & glohe ZAolth. 3A|T ICAE FIFo=ZN #SF
Y UEES FAMCE A2 SUNc] JES YYUBE FUHA 22 AFE
£ 548 + Utk

2.1. Infomax &pa|H

Infomax AT} Z[8]S EHHY L2258 By st Huage] HAEES
0] §-81= leaming 32| ZolT}, o] ¢ & 2823559 joint entropy A2

e
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o
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HYsE 29 A5 59 mutual information®] A3} 3= A FLFES HATHE]
19 1¢ infomax leaming rule®] AwrE<Ql AL Yeldoh o7]|A &2 ASE
Jehie s HZ Sddold A4 A% ME E¥PE Ade Yeue
matrix AE blindo|t}. Z2Hog B2H A% x,2REH EYFHA U3 5,5 £H
371 93 deconvolution 'd matrix W7} matrix A2l inverset E F UEF

infomax ¢neZ&L FHL3e Aol

<21y 1> ICAZ 3%t infomax learning rule

28N ITEY joint entropye 2 (1)F 2o] veEld F U
) H (Yo ) = Hp) + -+ H(yy) = L3150 Yy

o 7oA A e 232359 marginal entropyE VEMAIL /(i i) B A
59 mutual informationg Uebdth. Joint entropy H (i yy) & HUIBFO 2N

marginal entropyS-& HWEEF 4 AT mutual information FE HAFT Siget
[8]. o] ¥xE]&9 learnmg rule[8]& 4 Q)&+ Zl

OH(Y) _ (yy7y~ +(ap(u)/aujxr
@2 oW

joint entropy® W3 37198 & o 284U WHOEZHN ‘natural’ gradient*d
Ho] ArgErh 4 Gz o] WIWg 4 @9 gdd FHESEZM natural
gradient A o2 HMEFL 5 i8]
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AW x oHy) w'w =[I +(§g(mu)!??u]ux 1EW
aw pw) )|

3

I= identity matrix§ Vel vld84 93 F52H 4 (9 o] Fogich

__p(u)/ bu
@ P == W

gebd 4 3 4 G)9 2o Y 4 Utk

AW o [I - p(w)u” W
®)

A7) M Pi)o] 2289 21 B¥ My oz vehd 4 AW o
dnelFe FPL BASA FoHSl ©1HF olfz MY P& ¢() g 2tanh(u)
2 Fo@thd leaming rule 4 (6)F Zol Ued 4 Aok

AW o [I- 2 tanh(u)u” W
©

22 ICA 7|8t9| EXItz}

ICA= 7HgfiA ¢} o] homomorphic A&l Mg 2 go] 71531cH5,6]. =4
EAoZ AdEHeE HA2EH HyEHe 21 2HEY FJY99 M glottal pulse, vocal
tract, mouth radiation, Z12]Z A4 A9 T Frs59 YA Foz Jeb @
T UATS] & A ALEH HREL o] UHEY §A4 50 Az EF8He 2

& Y37 WEd A FHE BAE UL ¢ ofFA wED A2EH HE
ICAE FH&Hozn 2 HEEY 54E AHE SHFHSE & F QU7 W& 9
o] EAE 123 HAY + de AY FAH kolz A4 2 EIAI W
ol4e AAY F AA dh AREHL orhogonal 7] HES EPHA
projectionof] A iAo 2 A& Aot C'=W-Cx 99 W§g F2422 veld
Rolth. d7leA C'& projectiond EAHWEE Uelgjz Cx B SAUEHE
Jetdt. a8ln WE ICA 7o) 53 matrixelth. 1Y 2& ICAE ol &%
7182 EFEE A4S vepdth oA A EY AQA 2N FHH
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B2XE 23 g2 59 SN matix WaE o] &3 RAojt}.

g@ dog

gsEsEH P SaHE e B & 8

<3y 2> 7]&FHY ICA 7|¢te] EWUE 33

3. 3ApA goll AYY SHWY

A2EY 499 ICAZ AZHFozN SHHY 53 dHE 78 + Ao I
A EAYEHE HE BF dAX BdHolo) =F, EFWE A
he]l F4FHA IF jlol $3F QeSS FHHoz gdEFeEA sAY
53X EAd & v AfF22 o|8€ F Ut F, full regression
matrixE AHE-3t= MLLR Wyollx EFE¢ 3t43 3 diolH Eﬂ—r“’ﬂ AEE 79
2% BAE Yt off-diagonal JEE0] EAXAsHA FAHHE EAE HEE
T Utk 53], EAYEY AEE Y SHHA 54 9 Ed dlagonal regression
matrixE& A}§3t= MLLR WA & wj$ &Aoot} full regression matrix& A}
43l= MLLR¥} H| w3+ diagonal regression matrixE A}-83}& MLLR W2 o
HQ EAHEE AFEE AR 47 W& AFE BoAT AN FE& £Y
F UE ZAHol Y. AP ICA 71wte] =P 4 #WE)lE diagonal regression
o MRS HEF £ Y3 FHE HolEHY HL dE T3 28 FHI AlE
el AT RAolth
28 39XMXE F HZE YA ARL siate] HGuolHERE FAHE
E% ¥W# matrix Weo7} Zo3ch 28y 32 FHZ HolHZRE o3 Weoe
4 87 HFE F oA ARY &Ho] wAsY] Wl 3 AT £
Aot o] EAE Hdsty] HaM AT A4 HAFeNA o EFHH marixF
Z3E 27t Utk B =&dXe A3 44 FAdAM g S AE matrix
z74 dHogn A (N} 2ol Wadt Wwo] PRI 714 & F3l smoothing &
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AE Attt AFED AF S AZSZH F8 FH &AL 28 & U
) Woor =(1—a)Wg, +aW, 0<a<xl

41, A8 of|o|g

AP A8 080dRk 385, Axk 29 HA7 olf Wgol e 452 TY
£ 4 B X ¢o(Phonetically Balanced Words, PBW)S 23]4 %A 3 do|Eldjol &S
AHEBIATH A4S 16kHzE AEY Hola 16bitZ FAst Holgloh £
S f3 A A S48 2A 8kHzE A EH IS ALEsAG. FA&
8] 31z} 63%F ¥ Fe DBE A& UM A TH(EAL 4%, Azb: 39) %
Agdole g H2EE Y3l A& 7HY A 135 4g EFE F
Hole2 UnAE HAEE 93l AHE3tHTh At 53 53 HE matrix Wae
Fd dolE2RE Z At 100 Doy F 6,300 B E st FHIA
. 32 F&5 SAHE matrix WeooE FA37] 8] 2 HAE 3xte] A E t)o]
BHE AH&3tsoh

SANZEE 8ms @99 ZH A vl F 39z EAMEE BRI 7|HE Al
oA 2] 3921 EAHE = 122 MFCC(Mel Frequency Cepstral Coefficients)?} 2 1
AgA], delta L delta-deltaZ FAHAJT. HIF8ZF Y FFE Fol7] H3lo

o >

f oo o
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CMN(Cepstral Mean Normalization)S <=3} 6}93}:]— 32 HLE A% EAWEE 12
2 MFCC-CMNZEE ICAZ $33le 9L 123} ICA 7)¥te] EAo] 101X
9} delta ¥ delta-delta®] Q& Cd F 397‘<} E4& &34 £ Ay
2 d& triphone ©$ 2] 1 Gaussian mixtureE A}-23}a] 3 stateo] left-to-right ¥4 2]
A% U= HMM(Hidden Markove Model) 7|¥to. 2 &} gt}

4.2. Matched case?| 3tA}&Z: Clean Speech

A71AME kolz7}t gle &4 thal 37kA] & S EE marixo] wE 3
AH g9 Feg vndtr] 9§ Aotk vlmE A3 393 MFCC S4L& AHS
& AR 45 7o At FEAAANE Wod AHSSte] SAAH
< FYP34AL SR HEEE A8t 37kA(Wso, Ws, Weneow) B8 S E
matrixE A &3t A HE S Wz

<HE 1> Matched cased|Ad ME }E EAHE matrixE &3 3%9 ERR

57 W@ matrix 3y ERR
Baseline -
Wsi 179 %
Wsp 120 %
Wamoor 354 %

E 19X & smoothing 54 WE matrix7} 713 £& A% JeldS Hth
5 " E $3lo ERR(Emor Reduction Rate)® T H3Eh 7)o A Wanooms
2 84 sioh Ad 45 JEle of HEse Qoi7 marixolth 1Y 4%
2 At SAHe Fo 94 A5e JED Utk 29 404 Yehizo)
At wHol hRE At dsl Hluy Y& 45g Holx ok AT
g3 A =olZ7t fle 4L 7FA I matched cased] HEF B¢ A AT
ol %3 57 WEel AulHez Y 45E RADT Tk ook

3

4.3. Mismatched case2| 5}x}=&: Clean vs. Noisy Speech (SNR: 15dB)

oyl Ade 9 At FAHATL g vlolE|sh BAE ulo|Ejo] SNR 15dB
°] AWGN(Additive White Gaussian Noise)Z H7}3F Zub tl=c) o] AL ZHL

olz7t gle 4822 sy FHgH H2ZE 7ol SNR 15dBe] ko|=7)
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4% ¥ mismatched caseo]t}.

Word Recognition Accuracy

100.0% e
99.8% - ~
P5E AN

99.6% )&A_-_Jr%\ﬁf,’" ; \\\'n | —e—Baseline |
99.4% =7 =g S
99.2% e ;‘/ i——‘/——W_smoothE
99.0%

/
98.8% : : : :

1 2 3 4 5 6 7

Speaker

<21% 4> Matched caseol| ] 2z} 3}x}of] wE AL A

<¥ 2> Mismatched casedll 4] A2 & EAWF matrixS 83 799 ERR

57 ¥§ matrix Y3 ERR
Baseline -
Wi 19.1 %
Wso : 0.0 %
Weamoon 359 %

Word Recognition Accuracy

100% i -
98% ! N~ ‘_/.—’Q"‘“'—QA
T e e .

9 T e N Y4 Nt - , —e*—Baseline
6% e NG S
94% TS e S = = W.SD

0 / - 4 -— = —W_smooth
92%
90%

1 2 3 4 5 6 7
Speaker

<% 5> Mismatched caseoll 4] 2} 3}z}le]] @& a1z S Ax
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ADE E 24 YUl ¥ 17 FA8L G7)AME ot 7+ At F
19 A%E Jehie @S AFSIET 19 SE EE At disiA & =&
A AL wol o ERAHYS e Aok B =R A9 d4HSE
A EAHEFE WY matched casedH tiAFHoE U AR(E HIJR
cased| A= U] E&3FHA AH/E By

(=N

mismatche

5. 4 &

2 eRdA B & o EAHA 4L D7) A5t ICA 7% 53
# 71ee AdAYT FAEY 2L HAFE ZY2 WolAsE AL
ANE A2 A 5L wgdse Aol ERHY Aotk AL S

N

o do (B

o] EFHE marixE AFE HE vlolHZE 7317 WE 5 FH BFHe
7457t wAstd HE EAdol AT & k. olAFd EAE A3 A 4
Ao M FA4F JAEH SHUY marixd}t HSH|HEREH FAY FAFH
S5AHE matrix Atolo] A¥F RBIE St HFH A AN ALEE FA
HE matrixE F3H ol2H AL ¥ FHSF Holy wEd LA Jed 3
Hel £48 Zd 4 vt 53] mismatched casedl e ZE 3Ato] dis] At
Wjo] 3l21& A ATEHo|AL. .

FFole e oz FHAA A W A& diaA
Attt A5 detle 0@t 23RS AT duFY 97 S
o] 83t B Aotk
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s
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