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Speaker Adaptation in CHMM Having the Subdivided
State-Dependent Observation Density
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ABSTRACT

In this paper, we proposed the method of speaker adaptation in CDHMM and ARHMM respectively. In convent-
ional CDHMM, speaker adaptation had been performed using one mixture in each state by the method of MAPE
(maximum a posteriori estimation). In this paper, we proposed the method using variable mixtures to represent pro-
perly various speech information of the speaker in each state. We determined the number of mixtures in each state
depending on the number of frames and the determinant of the variance matrix in the state. In ARHMM, because
the feature vector is used as the components of LPC vector, the MAPE method could not be used. So, we
proposed the method of ARHMM to adapt the speaker adaptation model with one mixture in one state. The input
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utterance was divided into each states by Viterbi algorithm using speaker independent model and then transformed

into a typical vector by the modified k-means algorithm. The 15 Korcan domestic name database and the ETRI

‘Samdol’ database consisted of 40 words were evaluated, the recognition rate of proposed methods were improved

higher than the conventional methods.
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Fig. 1 Block diagrams of four different speaker adaptation
setups.

CDHMM(continuous density hidden Markov model)
1315 AMgets QaZldNE HUAFRE 33
(MAPE; maximum a posteriori estimation) % =,
ujjo] A -2(Bayesian adaptation) ¥PH{10~12]& o} &%t
th. CDHMMOA o] & g W& o] &3t} 3z}
AH2d BdE wg o, 7} it st JAE
Zte B2 e ’5“"‘*}7“4 o] L ojn] YhEof

www.dbpia.co.kr



/g S5 B4 B8 Ux PR ARl CHMMeIA Y 3ixtag

A Qe R1471e EAAHe &3t 4 sixEL 3
ekt Bt FXE ASAF dolele] ApdE
X2 o]gdtcH, o] EXE & Adinict & syt
F& 71§71 dEeichk 23y 2z el st
9] 7HAE Jehid siztel ookt 4P RE A3
3] JeRfA] R3] HGo FAE ieEhA €t
# ={odAe CDHMME o] &3 s}x88-Alof 2t
o g SHFEE 2 el st Adejuict
oAl MY ZHE AHEske HE AlRkzich o)
Fddelel £71 H7] WEd] o AdejdAe oY
el 7EAE AREShE Ao] BEEkA] wE R e
ng 2t Jejea AH{ A 8 A stedof g
B =FdMe 2 Add it Zdq) ol uet
WA & geiste WEH el SAdege
BAagde] ddAgE ol &ste WS AHEsITh
A e o] 83l 15719 3 Ayor F
A8 SAddelel e} 4071e] wol2 A E ETRIS A
Eol dlojelel i) AAHEF AT} At wiol
ZERE & A AHERE dell vE e A4ES o
< 7 UAch

742 B-EE AMg-She CDHMMS) 7-9<ll= MAPE
e o83t AAHGE AT shex BXE
MY ZA 3k linear predictive coefficient)e] z}7]
FBAFE ol 88 HH3= ARHMM(auto-regressive
hidden Markov model)[14]9 A= 2hzte] M & o]EHA)
T B0 B3I oEHo|nZ wo]AHE WY& ALE
g + 9A dck gebd B = e &4 dolH
9] 7+ gefnitte]l A¥EA S Ao dEA e
o HIgTE 2 s HAgAe EE At
Frk mo] A9 FQulolE & olg3sle Aty
WEe R A LS FsH 21 &o] 50% o4

HagE gelsic
II. COHMM Ii2l0lE{@e] HXINE

MLE(maximum likelihood estimation) 33} wjo]
&<F(Bayesian learning) ¥ Ato]e] Apolx& F3¥
gejelele] A AbHE-EY e ok

Y={y, y, -, yr 7} $EUEIF P(Y)E 7}
Ae FoH #EHHolN v I FEXE FYse o
gtrield ), vk A7} miAje) et A9 ML 3
AR e 2HoE FE £ Uk

-gj P(y, 30, y7lA) =0 )]

A7V APREESS P(A)E A= BEA ol
M A9 MAP(maximum a posteriori) &% X& t}-&
9] Zzo g 7T}

T%— P(Alyy, yo,  y7) =0 @

el g2l & o83, P(AIY)e the A3 2ok

P(YIA)PLA)
TR ®

P(AY) =

A BellMel a9 BXFE P(4)E A g3
Sdofof Fhct,

E =EdAE 99 MAPE(maximum a posteriori
estimation) P& segmental k-means &m]Ed] 2
EA1A ARG

N7l AElE 7}A]+= 13} Markov chainolA], AFel
ol s= (s, 81, , spE FoiX 1, 27 EEgo)
=[xy, 1, -, ay], AEHolEEY U] A= [g;],
i, j=1,2, -, Nolgtx sl Jejd s7} @549 &
& thed g

P(sln, A) = x,, ]III as,.s @

A714 x, A, B={b}L 9 A sFulEge
HMMe] HelgtEeln A=(x, A, B)2 EAIRTL A
HE s& /e v7F #59 82 0oy 2o

P(YIA) = g P(Y, sl ) 5

4714 (st RE Jhed JUES 9uidth =
d 19 B EE FYske A 7] Y Sl
M, & =2dMe 4 63 #e wiEd ez 3
e #Ede rHe 2dg FR 0.

2571

www.dbpia.co.kr



HELRESER LI 98-9 Vol.23 No.9

A = arg max [ max P(Y, s|A)] (6)
A s

9714 HMM &3 "oz 2 dal7 segmental
k-means 41 elE& AlEF} segmental k-means &

2 EE 2438k MAPE Hhio) Hgsld Ay

& ¥3she MAP FAXE )23} o] 3 4= 9

2 P(AsIY) =0 @

el gl g Algsted 9 A9l joint BEE O3 4o
2 7%+ 3ok

P(Y, sl P

P(A,slY) =
4714 P(Ae FemlE] A9) APdEFo|th oA
7 dd -3 segmental k-means A EL

o] F AR g

gjo o{o

o Bd Ao 2AsS HA yeyde ot
Aoz Fe

djo —{)l

5= argmax P(Y, s|A)P(A) )
s

2) 9olM e Y Yud ol AN MAP
A& e Yoz P,

A = argmax P(Y, 3|A)P,(A) 10
P

A7bolE gkl £UY WX o § UAE wa
FRQT WL FAG @ 2L dolE vel wslA
£ 4 O3 109 AREERE P 7 2T &
Aololelg WA RS gn R A Fe 1
Fo2 WElM @ WMol ¥ Y AN FE 3
o olm & Aol EAulely 1go) ALY wojc
AHBEGS PN 7E HebA Bk ole s

Ao, ¥ =BANE FAYClEHS B of

gote= S A g

2.1 39z melolege| HolXe

off HelMe= BEWE BT AFEEE 7=
CDHMM®] stejnlE{ol) )3l o) 2 g o%‘o!l A
Z1EEH3). e 1y 29 e wd Heoegpm
HMMel| tiste] sy, 2eAd stenje] 58
Fraal717] Sle) 7 HMMe] Al alo) ghaghe sla)
50 2 g +<ﬂ e AHgRTE Teing A
L gt Ee] HEnh Bt AT o) 01*“?}
¥ tﬂ?}*év‘i‘ak‘aka zhe B HE e e A
Foll diafMur n2ig ook g BRI} Fabo]
el Feinit SR os ojfolxnmz Fae

2

shibel ejol sl g,

ay oz a5 Ay Ags Aes
@ 2, @ Ay ; 834 ; Ay ; 855 ;
St Sz Ss Sa Ss Se

a8 2. ¥ 29T HMM
Fig. 2 Simple left-to-right HMM,

2.1.1 #+9] Bayes 3%
B @b AEE P ()& NMAE E5H 0]
3, B ol Aed W, P(p)7} BE v B
7 7HE AtEEsn s
A= ohg3 Ak

Mz

#9 MAP 3

ox

- - &
- azinzz y+ F+nt v an

714 nd FHdIEY Zisoln, y& ME dlo|
Be] fgoltt

#9 MAP 332 AbdEEe] 3d vo HE 94
T yo g ged§ Yok o] HEHRLS x
o} 0o RrbaQl FauojEle] Algglol vo] &3
R 12 BEA Hol 7|E9] WHgke auE Alg
e o] gtk FAdelEle] 71 FolAW, ne

www.dbpia.co.kr



e
[

H T4 85 88 Ux g AP CHMMAINY sixe

MAP #3A& ML 389 Ael 2A fd AR

¥ B o] @/niTh A B A% 4o

MAP 3783 ML 3335t A9 24 9o
AAEES] W vo BN Pe e gol F

3 €t
= mgl Wy Vom (12)
7= ’ﬁl W (V= v)* (13

ANA v, weS 27 SAEHEEe] miA
74 el BFH 7HFA o]k,

e T At o) 7 A shEE BALE A
&3tad 7 4 gk

&= mﬁ;l Wy O (14)

AA71A ¢i e m¥lA skRlel BAlo)t).
AL Fo] AFEX P(ulV)E T& IFEE
V=

~

2 Jepdr} o] AE oA HE # map ©l
o RS ohe AT 2o
S (15)

AFEEY #4 T e e fud g4 24 ¥
o AES nol Z7HW AFEIE AE ¥7 3
A= gl ok Wb £A4H Hgolgd of A¥
$E7h AREEL YA se] 34 L Bl He

2.1.2 242] Bayes ¥%

B p7t vixe grola, ¥-Ake] AR
A7 goE, B4 Fol MAP F33R)&
ZHozXE 4 (18)7 o] 7 F Urh

P¥} o
4 (1ne

constant, &>
P(d) = (16)

0 0. w.

max (=% log o’ ~ -k 31 (3~3)?) a7

~2 Sy2 Sy2 2Ozmin

g Mmap = ‘oz (18)
min o, w.

A71M, ok, &S HASHRYRRE FHE, =
Hito] et AHARE glomz AE BWE y&
Bt pE F4HIT A4FY BAL deide S0E
= SR R gl g

; (3.~ y)*

2
S22 =
¥ n

of W FhuolEst FEA e Bfelx

ix
Ab geelel € sl u)$- B3 o))

dr

2.1.3 #H73 F4e] Bayes H%

B B4 5 od AHAEEE e BE5F
oletn 7Hg3tn HEd 2dE& FF 4 Uk o]
o Eihe] APHERXE A (16)3 Fol 7HHA ki
Barel A4t precision( § = 1/67)& AvlE¥R 7}
Aote] A12E 4 ok

B precision FE}rleiz} EEFHgoln ARHE
¥ Py, )% b 22 22 joint normal-gamma
Bz 713 %,

Py, 6) =
v — Q"
7—-‘5’5 e * a) g e 88 (20)

71 g7 FoiHE W ko ZUF HEEI= H
#F v B P =1/ & 7R FTEE|T, 6
9] marginal EX & HEVE o, S(O0E e I
uhi ¥ ojr}.

Joint AMFEEREE normal-gamma B¥7} gk
a#AM, 0% ME diolEizt Fold Y& o, po =
A% ZEEIE 9 FFEXolm HiF Ve A
7'e og 43 2o

2573

www.dbpia.co.kr



SEBE S AR 98-9 Vol.23 No.9

~ __ _wyt n_y

V= T ot n @b
~2 o1

T % (wt+tn)d @2

aeln AE deler)t Fold & o §9 marginal
P gepeEeln, oo shepulel ast g v
o3 e

a=a+y 23)
n o2 nw{}—ﬂz
B=B+4 Si+75005 0 4)

9l Byaiy 73 Yin #ite] MAP FHAE

2‘ MAP — w;iz (25)
272 MAP = % (26)

o 2ol AFEE ShejnlElE e et 2ok

v= 3 w0 @
1 1

a=—-5=—g (28)
4 ,g\ W O
_ & _
- 29
v g wm(um_V)

A=1 30)
M ve ZF A6 EERE Yodte] F7 B
] at precision FeEpvlElolt}t. o 7 7Hx €]

ey 5‘3 @ela] Fek grEk 2 7ix|e] WS 2NEH

73 BAbze] v¥]&S vehdth ge 12 FAC

2.2 MERE el 35 D5 2B YT HYE T
sy
ol Awl HE ol8sie] CDHMMelA]

siatel Hew wdg wE o, 7 dejuict i

i

2574

A2 A RdE grgo] AeAch 2y A
gupct shitel ZRlge ZgA7 s kel ogdd
SAYEE ’“751’5] Yehhzx] 23E7] diiel] i
c1 Eabel] A eAF)=d HAE JPAA "o oleld
& 61123.6}/ dsted Aeivid o] sHe) HAE
sk e Agtele] AEEE du $% ES
g Ux Feg Felvh s ehddA e
P L 1 S R I R R
W& Mgtk o]k oA ofjn| whEolA Sle
o14171e] EAAE Sk zh sIREe Hian
Ratzre]l By E HeAl ulolele] AMERR ol &
shzd), o] BXE 2zt At g Al 7+ F7)
171w o)t

BAgES o] A A7)y WlolA e AP EEEA
wabe] 3ghgiete o] &8br] wie] Adeinict o
el 7kR1E A she whE g A48z &eoldith

41

2.2.1 Aud Zagd Foll ukd 7kA) & 2R
gy M ARE A s 9ddte] g wEE
Y& k-means ¥nelEE At B e & 1*
El(clusten 2 §-2]% 3 o] Zfztel]l gk dojel E4t
S%.8 ale] AMgah o] b ¥ate) dERE o

n.‘l

(‘ ©

o olgsla] 2t vizje] XS BALG g 43 #
o] Fgic}.
. S);")n, Svfn 2 Ozmin
o MAP, m = R 3D
O min 0. w.
el Tl vl 2o AeielMe oE A9 g}
A AHgshe whio] HREAE ZHY 71 A
gejelxe ael Ale) A% ALg® 47t Qich &
A}

&) A GolaE FHUolE v Hr] Wil
gol sahe sl b A A9 wel Aok
oA Ao ke ZHY gl wet ] e

Selshs WHE AL b S8 Agehs &
e st eeh

N x n;
S— MeF (32)

zlzn)k

www.dbpia.co.kr



WL B 89S 88 4R S8 AEsh CHMMAA 9] 83 ¢

A7NN, me e jelAel A FE, n,e kW
A FASAe Ad jolre Zyd $E Jehdch
a8lm N, ME A7 mde g $ B R F

Z vehdch o7|A 3 [ ' £EE P

oligt o2 A &te ;z.a]e} F7b B
Ao 7FA £8 Bl st dEHd St ZHY
7} He A= skl 8 AA s s 8
dEHog 3 M2 & drEot T 5 Bl B

v Adide £¥X8 F o AEd Jekd £ 4

1 W&ol A-gA7anzt sk #ztel A4S & JE
‘é £ A "ok

el &k If'c’ﬂad F7b gtka g BRE ¥
& A E AMEdE AL TRV gon Zy ol
uel A AAHI 7kK FF e Ro] Fadich
%, 2] (32)0lal AMET #Hw kR & Mo HAEd
g golof Fhrl.

2.2.2 Ao =g 712 & 2
A HAEE ZHY o wE 7 ¢ AA
ghHe B3 ddabye] Wa glenz Fyayoe]
stk gy, deidiel =Y & weg v
T& A7) gEd 49 BASH S54E 74
grhe ©ao] Slh. CDHMMelM F4de] FAIgH
-‘5—"3% szt 4ol ela ey 58] gate] F
H 92 oA Aok mhepd #Agke] e R
J&Ol é deldl A Hoh @2 JpAl & A

GIREULE Fe LURAE AAE FALE
of cheHE mel® © wAMElS) 74 eeldel ¥

viw =% 3 (e —un)? ES)

j=1,2,"',N, k=1,2,"',P

Q71 T A jo) &5k 29 Folu ¢
2e jelAel s Zadel FA2ER groln e
Ae) jolAe] wagteltt. N3 Py 27 dHsest
HA2EY A4 Yepdth Fu jelxel BitsE e
3% 2] gh(determinant)-2 2] (34)8} Lo] HHEY 4 gl
o},

=1 vi(» (34

gy aglo] e Bl g gio] 2 Ao
714 Bx7F WA HzAYn B 4 gleng Y
Hgto] & el W Ko Be Jlx] #& AxEE 3
Aok Hdle) FHAZE zh= Aol e 7]
FE 2 stn e AedMe Y PP pize
AiAel vigm 7R £& APE Bk
g2z o kA £F APste £ ol
Zrh

(35)

A Dy 9 M€ Hel ARG Ho A 5
g Ve H2@ mot Lo HER F Ha% 1
Aol AN REE 2 gueldel AN £2 AR
Ak,

23 4% 2% % D

2 AFlAE F A SHUelHE Akt
AR SAUelElE 10904t 59, i 59)9) 3
A7 15 8% AGYE 1084 BEF QOB T
¥ {99 Sdolelolth Fs S4ulelEE ETRI
o HEo] S4rolElR 409(dAt 209, A7} 20
o A7} 407he] BolF awH e Rolch WE
o Holele BEe] LA nYUWIER T4
of 9t BYMERE 12318 LPC WAEAS AR
o HMMS] FedE A9 4ulelEE 671,
ETRI 4%o] S4ulolElE 4702 shgich

WA Ty ol et b 48 ARske Y
o el Agsh natch

2.3.1 9™ FAdlely

BE A¥dA g #387F HMME AMEIR 2
o, Adelde)gg] Wshe JAHEd EOE I
Folx siargynde] &Eg-E a2 AMgstgrt

7} shApd SlAlERUAES B 1-4 Zou|, ol

A4H¥E-E H2EstnA st 1HE Ae ynx
AFFER FHEAIZ F AHHRES Eh‘f round-robin
e & AMgElth SAlE 421 ER B 13 Zon,

2575

www.dbpia.co.kr



SEEHESERIGEE '98-9 Vol.23 No.9

FABY @ AAEEAY T AT BF VRS S

g AHglalch

1 osEd 9 ogaEsQd el siahd s (%)
Table 1. The recognition rate of speaker independent and
speaker dependent recognizer (%).

At Gy A<
MI 78.7 100.0
M2 70.7 93.3
M3 89.3 100.0
M4 87.3 100.0
M5 833 100.0
F1 87.3 100.0
F2 88.0 98.7
F3 92.7 920
F4 87.3 100.0
F5 67.3 100.0

B A E 83.2 98.4

109¢] ghatel] sl 67kxle] WHoz A 7
o Wi ANEL E 20 eyt

E 2 3AARSTE @& HF A4 E%)
Table 2. The average recognition rate of cach speaker
adaptation method (%).

Tokens | EXP1 | EXP2 | EXP3 | EXP4 | EXP5 | EXP6
1 84.1 933 | 92.1 934 923 | 95.2
2 96.0 | 96.1 955 | 963 | 958 | 983
3 986 | 97.0 | 96.6 | 985 97.6 | 99.2

EXP1 : MLE ¥

EXP2 : ¥ddolele]l Hax FAEYTAZYE 7§ §F
A g A 14) AE

EXP3 : 3x}AS@ WA 117} B4 2 (A 14) A

EXP4 : ¥avolele] B3} 53 -¢8 BAHA 18) AE

EXPS : 3At3gd H(4 253 £4HA 26) AL

EXP6 : 7}Ajujcte]l Fdloly] Had #x1E-Sd 4k
31 AR, A7 " R ¢ ME 22 |k

E 29 ARE By g Wl wiElA ARtd
EXP6 Whjol EZ o] Adglel 7 gt
EXP6 Whog #S u v uhyd ujg EE 57}
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Table 3. The recognition rate according to M in EXP6
method (%).

M
Tokens
1 1.5 2 25
I 94.7 94.4 95.2 94.8
2 97.8 98.1 98.3 98.1
3 99.1 99.2 99.2 99.1
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A Agel AW Myl "k B Aol e
¥ 5 sl
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Table 4. The average recognition rate of each speaker
adaptation method (%).

Tokens | EXP1 | EXP2 | EXP3 | EXP4 | EXPS | EXP6
1 67.1 89.5 | 895 89.1 89.9 | 903
2 86.7 | 926 | 928 | 933 | 935 | 943
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& 73 AU 7 FE A (58 o8 4
2 e A kA £ M2 322 3o Ay
A3E 7129 e JHAE Abgate Weh =9
o ol wmet 7bAl #£8 FAste THe due &
A & 5ol JehAdrt

B 5. FAHGHHol @E HFE ANE (%)
Table 5. The average recognition rate of each speaker
adaptation method (%).

Tokens Method 1 Method 2 Method 3
1 67.1 90.3 88.4
2 86.7 94.3 92.5
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A7NM, mye B jAM] JHEAFE nuE k¥
A - —8—3«1 B jolAe) Zee) FE Vet

Seln N, Me 2z mde] AR, 47 bSE
Jepdch ofe) sle) 7E ARE wEel A

EELE 1% 33 gt

Adaptation Feature
Token > .
Extraction
File Box
Speaker State Segmentution
b (Viterbi Algorithm)
Model

Y

Mixture Number
Determination

]

Mixture Clustering
(Modified k-means
Algorithm)

v

Speaker
Adaptation
Model

a8 3. o e ARAE e S dueEe] EEE
Fig. 3 The block diagram of speaker adaptation algorithm
with variable mixturcs.
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Uelidth SRS 2 FaEacA T A BT
s70e] 7kAE ALgstsch
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1089 g5l el AJAPAM ] HF A4 eg
F 79 VEhRiTh

E 7S ans v ae el el EXP2
Io] 714 $48S B 4 Utk MLEE A4
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Table 6. The recognition rate of speaker independent &
dependent system (%).

2zt A Ed AES
Mt 77.33 100.00
M2 77.33 100.00
M3 75.33 97.33
M4 87.33 96.00
M5 84.67 94.67
Fl 82.00 100.00
F2 89.33 92.00
F3 82.00 98.65
F4 88.67 100.00
ES 56.00 89.23
Hit Q1A & 80.00 98.80

B 7 AR bl G shaEel W A4 &%)
Table 7. The recognition rate of speaker adaptation sys-

tem (%).
Tokens EXP1 EXP2 EXP3
1 65.41 90.89 90.96
2 86.00 92.75 91.67
3 89.90 94.29 93.52

EXP! : MLE(maximum likelihood cstimation)¥Y] (Speaker
Dependent Model)

EXP2 : §F /o] 7HAE zbes v

EXP3 : 2] 78] 7}7] AbE, oA7|A HFARGF M-S 48
st

Fahe MEEAS G& Az F3%8 + 3171 uf
#olrk. 2] 7He ZRAE e EXP3 MPEL
271 170 A8 Algjstae EXP2 Hdl v F=
glxl Q1A %o S JERIAE %Eltlh. ARHMM
e 7Hs BEE MYCASAFE ol 83t
Hoz yehly] Wit FH dvieleirt 15 o

FN

£ b9 REES AHE Jeizlsh At meb
I SIS Pz oAl A& de
whgo] FEe %e] P4L tehtH Qgteh
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