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Efficient Continuous Vocabulary Clustering Modeling for
Tying Model Recognition Performance Improvement
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Abstract

In continuous vocabulary recognition system by statistical method vocabulary recognition to be performed
using probability distribution it also modeling using phoneme clustering for based sample probability parameter
presume. When vocabulary search that low recognition rate problem happened in express vocabulary result from
presumed probability parameter by not defined phoneme and insert phoneme and it has it’s bad points of
gaussian model the accuracy unsecure for one clustering modeling. To improve suggested probability
distribution mixed gaussian model to optimized for based resemble Euclidean and Bhattacharyya distance
measurement method mixed clustering modeling that system modeling for be searching phoneme probability
model in clustered model. System performance as a result of represent vocabulary dependence recognition rate of

98.63%, vocabulary independence recognition rate of 97.91%.

» Keyword : &8} BEEl(clustering modeling), 24 222(phoneme modeling), E&! ZF(tying model),
7FRAleE 2@ (gaussian model), 03] 214l(vocabulary recognition)

SRR C oHEAl MAMA : 2M
S 1 2009. 11. 18, A : 2009. 11. 26, AlXMEHEL © 2010. 01. 26.
Feistn AFETAI g AAUGE THe AR ol eke 24
% 2 e 20109% Adrietn Adlel ol@ Azl



178 B FE e #HoCGE(2010. 1)

.M E

24
=

4 AR B ANEE D] A B
KRRt O EERCS
SrepIEER QI vlele] #5 BAZE 4
delele] 47} FUaA e B9

wT ‘o
22 CHMM(Continuous Hidden Markov Models) 71
o]

9
e ot
Of

e
o
rlot
s
N

—
(-

1 s2

e rlo

FE:‘.L

e
iy

e }'ﬂ

Mok A%

25
re Y

=)

B

ta =

I
or
2 1

3 A Az"lE A9 EEE vlolH el 7Hg

R

9

L i

4 Aolel FEE #4018 5 9t WHe T

HEH(2)

o,
>~
op

;

=

oA o
i
tlo
=
o
s
ol
2
=
i
o
i
o
of
Ho
1k

o o
e i rlo
u o g

o)

oy 3o o
o

[Sul.

N ox
_o‘h
B
o,
i)
o
Y,
%
i
o
N
&
oo
o
=

RS fr o
W)

r

ﬁlg RUREH
o

oX o
ok

N,

=)

ol

2

N
o
&

AN
N
iz
I
>,
e,
ko
o,
&
)
[
v
<
ofl
Ho
& ofy
o
<
ful

2}

B dlo

i

O

(e}
>

oo g
g = o

1% @ oo @

ek, g vl g ejEA]

= A

L,

L
o &

9
v
ok

Xy >hj
o

re

4 FTF
y
o,
o)

o, X

r &
1>
5y
N,
ok
td
1<,

.

)

hl bl
o= & gl Aol AT sl ogt WElE
& Al & gho] "ojX& ol Stk
Bhattacharyya A2l 288 o7& =3d] 7|4 a1 H)

S 7VAE 2 TReAIRe] 28] L olRe] ZheAlqE
=

Ty
%

ol

3

2

b

= M

¥ 12

oo (S 1

Y

lo
>~
&
_O‘_I{

Rl o

= 0—‘
HEAE 2 AeAIRke] 23] A3 3l Fhealele
e PYS AHgEle] R FPB] B

= =)
R

i
)

v
3%.1&

B ol A Al Al2slS 285 A ofF]
52 98.63%, ©13] 51 E2 97.91%9] AHES

of BEn F& Q9SS delsdr

ARG AT W FE QYL BT Aol
2 #Hge) 71 EPEE AYan, AP B erad
ARG 2|25l dlele] ATk A4l ARk Al
of Ay At vste] Ageln Aol BES F1%d,

2.1 HMM o3| 2l A
HMM=2 #5385 gl
“hidden” Z3¢] Al =
#A= g oz PdHEY. HMMoH = B35 4+ ¢l
o 3

fu
Jo fir
1l
ﬂ, .
rr
dlo
odk
_?il‘
2
£
n)

a1, dejel =7t 62l HMM
ig. 1. HMM with 6 states

a3 149} o] HMM 2
JEido] e 4,9 7 AdEelAe] B B &Y

A==}
B, 7] & o2 FHZ 5 9ler v (D)3 2] He
.

lo e

A= (4, B ) (1
A={ay}, ay=plg=jla=1i]

B={bfk)}, blk)=p[o,=vlq =j]

a=A{m}, m=ple=1]

(t=0)°] el i9] FE x,=Pr(s,=1),
ol & o, =Pr(s, =i s, =5), FH j

HMME 271
B oAl =]



TR A4 A% FA4E A 2849 A% o9 A 2dy 179
A AE 15 B5E BE b (k)=Pr(z, = ks, = j) 2 THF
o} delo] 24 EAWES] #ZE 0= (0,0 ..., 04) 0] A
2918 71g 3 v Fo)7 N-states HMM 2ol o] A}
dol q=(qyap ... .qn BFH BT BZL9] 5L v 4
(2)¢} o] F471t}.(6)
P(01g, N)=T1P(o,] - (2 a8 2. 7teAe U5 B%
“ H (ocla A) @ Fig. 2. Gaussians Cluster tied- state
- Zﬂ—q,bq; 01)8yyq, q( ) Ty, ;qrbqr(OT)
=% Mo, o gele] ST HMM Aesel 93ele H 1) & sl
log likelihood2t & 33} Sl 9le RE AgjSo] E9lrt
27] e 1 =101 &E o (r,) 2 HOIZFAREN, B = b slel] 39 dlolEe] ZedSe] I FellA A4
Z ot 28 &5 ,(0)2A Aol Aok 27 B s, ol "o s, 3% HE w9 @ B () E s =
A 3E s, 20 Hole Hol & o & o|FoAH, tlgE ok Ed B JEEe] e W Ze|glo] FHo] uiA] o
£ A 50N B2 0,8 448 B8 i (0)7h B BOE AR ne)dl mel T A(3)F e A
olgigt g el 5, oA ﬂ} H’E}EH si2a, O FE T A1)
2 Hol=le] 713 0,8 Y FE b, (09 E AT uq{w}x]
AL oHE HHS @401] oJsto] 2 AN L(S):;::F;ql (Pr(opu(9))) (3)
AZE £ =1,2,-, TAXE 28 7158 A LNﬂﬂﬂﬁ (& G=1(0)))
Antel Bgwe o(viel Bk (7) SR E R U
1Hﬂ2@ﬂ&%%@:HMM%4“ﬂﬂﬂ$§H%
o2 Zykle A 42 2] wjid {47 AdE 5 gl T SAE 2k HMME| 7FAIE BEES BobA sl
Aol AR A WA mz Wk, FaF %}mﬂﬁé ol o A EL s 7} EffolEe] REIEL 3
3] HVM 2de] #H&del e 343t (8) o &8k 7F9AIEE AMgEtaL 7HEAI S thEAl Bl EglelE
o S EAS Bt} BEY THAIHE FAske
22 2E 2R WL 2o TASAE ZHe 34 SHYEHE 2ol w3
TH T2E ool sk Fo BAE Ao By W02
o golHe E4E B3she dwkaQl S ofgA
LikslE Aolth 26 722 AMesto i Z7lsl= ggn] 2.3 Euclideant Bhattacharyya 72l S ditH
HE =Y 4 &’101 A9 YL FUZ + x, =g ol3] 914], #Al = U Qldle 2 e Aol Ag
gl £ SUCZH A e AMFE 2L+ 9 Ade HdE] 5 TN AR drht "olA 9l
Ak 3 °*;ﬂfWﬂE%%%:%ﬂ%%u%E%%:%@% A5 Bl HEE Alol9 Hl&g HEE Ss] S
F FEOR E § Uth(9) 7o ® ARt B4 Bl wlg- 23 Al 9l
AREL 710 FETH 5 Bl B o] & & F HEe A9 593 5L B 2 RS 2
g SAAQ A4 4T Hul FE /1Yol wet 2d o) olejgh Ar] 2% WelE Euclidean A2], Bhattacharyya

Ag] Fol AHgE3 $Avt.(13)

Euclidean 7g] 342 WHE F4sto] 72| Atel=
%% Wo]n Bhattacharyya 72] 42 27-&2 243}
o AgE Axteles Wioltt. ¥ Al Ake Fdste W
Holmg AAITHE e7ste I E YW oR F
# 232 7]42] Viterbi decoding WS o]-&-3lo] Ael7
29| Wlojo} HAe] muls F3le Q14 gt} (14)

F



180 B FE e #HoCGE(2010. 1)

N
)
D
X
i,
=
=
o
c:
Q.
@
S
=
®
o
o,
o
™
o
o
o
z

o

o

a8 38 Fojzl HMM 2dolA Viterbi dae]Eol o]t
—

Final state

Initial state

0 1 2 3 4 5 6 Time
J8 3. S Z2efU o= Ao HIEH| BT
Fig. 3. Viterbi beam searching as the dynamic programming

ol

P 2EE

i

o

27

o

n. 252l o

3.1 A|2ED 2E

Euclidean Az 242 715x)ol 23 HE1E 248 A] &
& grol HolA = @7} Bhattacharyya A%l $%8-& o7&
& ZH3lo] Albo] BRI Bo] 9

olg]e S Hekslr| Qe T A UL sl

o

O
sk
ekl 4AE mde A A% Sauel 28 2y
& AN AN A2HE ADSY PES el 2Y
FAPEE A95t] 27 Bl o) B4 A9E vepact
3} g

SYSTEM FUNCTIONS

Clustered Modeling
o Phoneme likelihood
Al r/ Model
\_5 ;fi taice Distance
e Measurement
User —
Decision Tree
Management
32 4. 2Rst 2H Ay TN
Fig. 4. Cluster modeling system architecture

w 7 User

\| [ +— Inter +=—

Vocabulary
Recognition
DataBase

g JheA o 28 2 UE S 2he A ¢ o4
e 2] Fghe et THI o oao A 2 B
¥ Baum-Welch Al 348 AM38le] $HE Egjo|E 29
A 271gap] S8l ARt 53 7 AR &
TH Eglo|ZE9 7 gl tig] teHE FHES wHE
et Zh A% ol dlEAQ et e RE Y
uie] eSS vl JElE FolAl Bt 7 dele] £ a4
o] 5 WA AFH Rdo HUxE FPARI

Initialize the DistanceSearch
. Find Nearest pair of gaussians
If remain element then
Get two element and calculate distance
for if check list then
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else next
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Job2 : Nearest pair of gaussians
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goto job3

Job3 : If convergence then
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else goto jobl
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Table 1. Gaussians Recognition Rated

QI41E (%)
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