200255 P25y SSUEYR| =28 X213 H(s)Z

Adaptation Data2| QualityE 112{gF Zlst

=)

~
)

s} 1}

Fool, ZHAME, S
St sy TR LD MAUSES

Flexible Speaker Adaptation Reflecting

the Quality of Adaptation Data

Hyun—A Pyo°, Se—Hyun Kim, Yung-Hwan Oh
Division of Computer Science

Department of Electrical Engineering & Computer Science

Korea Advanced Institute of Science and Technology

e—-mail : netty@bulsai.kaist.ac.kr

2%

A2 54 A4 A2 H5 $4E A A HS

(speaker adaptation)*} W@ 77t €3] JWH=m
ATH HMM 7]9k Q14 Al~gfe} B9 geto)E & +3
3te A Hge B¥, MAP $d3% MLLR o) of
g A7t FRE olFx2 k. F YL adaptation
data®] o) wteb] M2 g 458 Bt E =%
o4& adaptation data®) qualityE RA3stxn, o] F 7|
& F 4Re 7HFAZ ol &8 A2 HgE FYse
HEE AP AR PPE KAIST S4AT4H0)
A FEF Ao EAOF 50090 A4 Alxge A
239 J5L MMEa,

LA
4 A4 A=de dsel e dAd ol A=

2 FAEAAY, 33 @79 SUAZ At 42
359 AaE JtH A €k 83 g3 dig #G

A&7k FEE ASA HA FSE
dependent; SD) Al&Hlo| 3z %Y
independent: SI) A|A® Wt 2-3u) o4 4§ 4%
& 294 2y F8A=ge] g, ¥ A dig
253 A8E dL 4 glermz HL adaptation
data® ©| &3t A} S AN2de] e E A4
3t A Jg e 9 470 23 dYHn
At

€ =2odA ez e HMM 713 Iy Al=8)
dA He] olgHE HA T WHE A MAP
{Maximum a Posteriori) ¥ 3 MLLR (Maximum
Likelihood Linear Regression) @9 ¥ 7} Z U
of & & 9l MAP %42 adaptation datadlA #&
¥ E2E9 A0y eE AdFHEEE  adaptation
data’t S718€45 g & N2gd FI23A HY
A%ol FolAA €tk wiHo] MLLR g ulx@
E4d& Ad E@%% Z2 (class)E FHoIA 483
A $EE ARPY22A, HL adaptation datas] o
A EF4A 53E KA g 2@y adaptation

(speaker-

(speaker-—

=.37-


mailto:netty@bulsai.kaist.ac.kr

data7l Z7Hg4E 2 B2 FdG Qg A
Hog & 4% gl =,

Fl wet ¥ RA P S APE A3 PEe M

of Hgspajof g},

H =Ry adaptation data®] quality® Heidix,
g2 NgE Y o, 7)1&9 A H5 YoM 7
g gerjeld] FFELZ A qualitydl wet A2 gE
AT g Bolt g Wds At
E =29 #4e 9&d 2ok 23N E 7)E H3
g U] MAP, MLLR %ile] dis] 3n3, 373
He B m=FoA Agtsts
g ol 8% A FHg W uiE 4B o g Y
e fad HAFTE A 49 2 3 AAE 473
A R ¥ 534 28L ReTh

adaptation data®}

adaptation datag] quality

2. 3&A 3§

HZ A Hgo g dF= MA? HE I
MLLR A& @Ho| F{HE olFx ded, o2
adaptation data®] ¥ wet ZzZ A.G@L 7AAA
1L

2.1 MAP 3§ ¥

MAP A& 242 dEstna stc %3 FepvleEe
WY A2 7HgEtn B34 stetnee g dE JR
E o]g3t= HE Wyo|t}. Adaptation data X & ©)
&3 AoEd savly e 4 (D3t 2o 72 F
At

A’ =argmax p(A X) = argmax p(X A)p,(A) D)
a A

po(A) E AY e}z yei 2 S A
¥ ol g AR} State s 2 Gaussian
meangtE A (2)% ol Sl
adaptation data mean®| 7t1¥go2 38 g A(2].
. N, _ T

5

= +
Hs NS+':)M’r N, +7

s

mixture mean®

H, (2)

where ﬁs - adaptation data mean

-38-

i, : SImean

N, : adaptation datas] #% &&

T - weight
Ay (29 R viegl Ze] MAP 92 adaptation
datag] %ol F7M@sE, N, ol AAA HEE SD
F3sA = F7kgg, a8y
adaptation data®] &o] ¥} ZAfole fFEFE Zahw
T48A =0 HE adaptation datacl WsiME 23
& 5ol A

mean®) %ol

2.2MLLR 3§ ¥4

MLLR A-$ @& adaptation data7}t B& 3% #
FHA gt B UevE AL 293 FAE 2
W42 Y22 FoA A 7 2& 48 HEE §

8 2 3§E FPste Pl

p,=Ap, +b=WE (3

where W : transformation matrix

g extended mean vector
Hg 48 wE Tl g8 4 s 2e =23
+E A8y}, B4 F4E adaptation datadll 23
B2y 2o $5& HAy ¥9. 23 4§ TIt
7l A8H Bz H4E A Gk Bol Hesm, u=
48 Agssts we A ©F 2o T¥ F AT
(3).
F(X{A)=) F(X,0|11) @

ve®

Q(A,27) = 3 F(X,0| Dlog(F(X,0]2)

8O

7 T
> ¥ (OC 0,48, =Dy (OC W, ()
=1 =1

where y (t) ‘time t o state § of /P& B&F
C;' :inverse covariance matrix
MLLR 22 & adaptation data®] dsix = &3
o] 2| gk, adaptation data®] %o} F7ste B¢ %4 &
W2 B2 FYF A Y wE HESA HEE 2
38 4% A%E 7tHA 89



2.3 Implement issues

} £Y Nadd dsA #A Hee vYIe 2
S, 9F 02 adaptation datad] Fol wmebd MAPS}
MLLR ¥3 & QdstA 89. £, adaptation datas]
%ol wow MAP o] Ad#oln|, How MLLR
o] vl &34 olt}, 22y} adaptation datad] ¥¥
ul ol ]z}, Fo]3 adaptation data®l qualityol] uhebry
Asel A #$Erh. WAHLE adaptation datal
o)l FIkslEgs EA Y di JHRHE
adaptation data’t F7HCE, MAP WHRUE
MLLR Weo] © E#Helrk AL A2®e] A¥
adaptation data®) W@el’t 2= E, HA FHF PHE
olg] Z2AsE RE& EAFAHA Rdd WM HA
g BPE vig 2A%A &2 dYSH = adaptation
dataol webd SI, MAP, MLLROIA @i Ha)n)g
Eo FARE FAE ¥, 29 HE MR YE A
€ FYFoEN AAT H3 AN2g9E FAEE B
Bo] 2ol

3. Adaptation data®] quality

3.1 Adaptation data®] quality

Adaptation data®] Rl djg o) metr 3}
58 A9 &3 A=t gekdvh wekA adaptat-
ion datasl 2@l @ REE qualityZ Fs,
adaptation data®] %3 $A 3 HgAd Fo] 17
ot gk B =FoME adaptation data X 9
quality& ¢, ,(v,,p,) 2 B9 2479 sejrE s
g3 go] BgPd

v, = Ziys(r) 0

xeX t=1

2V

SES

Py = |S| (8

v, = BE adaptation datacl B3jA state s AF
7, (9 o2 Jehde 2y, @ state s

€ &8
¥ 2458 vehid, o, & EE stated] WY H

L

@ v, @2, adaptation data X 7} 2E state® #
23138 10]44¢] 2k, adaptation data’t FoW 1HT}
ate Zt& 7FA 9, adaptation data®l & & standard
gamma distribution f(x;¢,) & &¥3A AT v,
t ¢, 2 42 adaptation data®lX Z stated] HE
#& A& Jedd.

3.2 Weight class

@y @0l AEFF AMNFLZ MLLR ¥4 9@ 2
Be AYHE} AW, v, T ZFS o 2E A
$9 AHEI} W A4E nHof B, o, @l o
34 v, g9 AFex dead g&A Sl meand 3
A%, MAPS} MLLR mean®l 7}% A%9} 7% 37
AEE 28l weight class& 4¥H2E Ao,
@y ol Aeg
weight classtol A v gte2 weight vector @, & A
g

93 weight class® 23z,

3.3 Adapted mean

A 53 Al299 state § 9 mean vector
sl F017 adaptation data® ol &84 Z+z MAP
S5 MLIR W¥o2 p/%, 4™ g dgn. & =8
AM AR g v,.0,) #FE CIEHAA weight
vector @, ={(a,,fB,.y,) € A4%L, 78 mean¥
o M3 geE 4 (99 2L MELE adapted means
T}

by =a g+ Boul” +y pu" O

4. 49 % 2%

2 =Fo4 Alf¥ DBE KAIST 4 dT4ddA
T ol EACF 50090 DBelt). @A
349, 4352 149 & 9 22 26, 109 ¢ &
AdA Argstgzn, <14 2 H$IAE d 77 8,
4938 A3k SR MEE MFCC 1238} AvA&
IEHq 2T 3938 AHEH3, HMM 29

=39~



single mixture2 3702 states®2 FANET. FAS
¥ ALY 2 MAP, MLLR 2 HTH(E AH¢8 4
Y3t Act(4]). Adaptation data set2 2t a5 20, 40,
60, 80, 100, 120, 140742 Golg ¥ 779 seto®
48R

(238 112 Z adaptation data setof wlslA 1279
Bapo] dig e A Hye HFL WY Y
olth, B &M AL WL SI A2mdl oisty
H 8.63%, MLLR 2§ A2gef disiie 3.99%,
MAP H3 Mafd halXE 74%9 AANE $4¢
B

100

20 a6 & 82 109 120 140
adaptation data 5=

{0 proposed ~@- MAP & MLER —x— 5|

(2% 1] 44 d¥ ¥

Adaptation data®] 7} AL ZH-9o= MLLR o]
MAP 2B Q4 &} 32, IR aiaptation data
g F77 B& Fods MAP Wge] AdNgol ¥&8
5 otk 2¢ B =AM Agd $del MAPY
MLLR ¥R 84 Q4] 8¢ 8 & At 4
B ERE T 2 =FolA AU stare D FAF Ao}
wel 7 A e §9 J9 JeuE & At
wiiol AntAYde ¢ 4 ok

5 4&

¥ =EAME HMM 719 3t %9 Alagadr §
A x| adaptation data® o} M %A M5 ¥
A 7E MAP 933 MLLR B9 %, ol s
A 4Bt Adaptation data? quality® state 3

-40—.

2d NEY ZERYR Ysy, 7iEY 5 ¥
Moz 42 adyng 32t 58 Mg stehag
#e JhEgoesn seue g Aot WEs Ao
vt 48 2d 71&2 FHE g s FHxn
74% A4 E ¥4 RAG I3 Hgd 2 FFHE
oJF3 v F 7hA el A state B2 g
BEe 2YYLRMA, adaptation datad] qualitye] w
g #dst sl E AdFse Aol AWEYES
L T AU VAL weight classZ BFHo U=
weight vector? € FAHoR Adsie F8d4 o
B A7E 9 Fold

FnEy

f1] P.C. Woodland, “Speaker adaptation: techniques
and challenges”, ASRU, 1999.

[2] J1. Gauvain and CH. Lee, “Maximum A-
Posteriori Estimation for Multivariate Gaussian
Mixture Observations of Markov Chains.”, IEEE
Trans. SAP, Vol. 2, pp.291-208, 1994.

{3] C.J. Leggetter and P.C. Woodland, “Maximum
Likelitood Linear Regression for Speaker Adaptation
of Continuous Density Hidden Markov Models”,
Computer Speech and Language, Vol. 9, pp.171-185,
1995.

[4] S. Young, D. Kershaw, J. Odeli, D. Ollason, V.
Valtchev, and P.C. Woodland, “The HTK Book { for
HTK version 3.0)", Microsoft Corporation, 2001.



