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A Codeword Tying Algorithm in Speech Recognition
based on Discrete Hidden Markov Model
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ABSTRACT

In this paper, we propose a2 new codeword tying algorithm based on a tree structured classfier, The proposed al-
gorithm which can be viewed as a kind of soft decision using statistical properties between codewords and states has
an advantage of fast construction, and guarantees a unique optimal solution, Also, it can easily be applied to any
speech recognition system based on discrete hidden Markov model(HMM). Experimental results on speaker-inde-
pendent isolated word recognition show error reduction of 6% for the codebook of size 256 and 9% for 512 size and
also HMM parameter reduction of about 20%.
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Fig 2. Iterative Growing and Pruning.

(a) Te—y, (B)Ta-1, ()T
A — , p(sle;)
Duaa(ci, ¢;) g pisla) log “psley (5)
Daics, ¢} =Y [p(slc) = plse;)] log 21D
. pisley)
(6)

FEE 2 o] EAZe L8 REYEEE 27
o ZHP2(5lY wo)2 BRIV ACR F 3c=ge
T T MR At M E F g Zohdo] 2
7N HEEER 3 ¥ FAE k-means 157 2
ol yiB Aoz BH3le WS Algdc)

T8 972 209 AL 58 T AR P
B Ed, A, x50 3t ZEN=9] £} 1)
$d A%, A, e BYE A Y =59
Boorl 84 wxe B 23S ASdes 2E
o] Fgtdrl, $EA ZAL oA F go| Jehd
F itk

BEZTRREE £13¢ £3W(1994)

HOEHOR
%ﬁi)‘:’ i(r(t))-f-% i) |.

(7)

A AN Ai(6) 7} 0L B S RS Y3, oluf »(4)
ditye 47 weto] 3, $ 819 ==& el

olzR o2 wro Byt 43 ofy B¢
o £&& FUE & oy, drdAae AL
&g,

Egle] AL o9} gol £E, Y 59, 10
FY oo g Sl 2 NPog o] Fo] A, o
7lel M SelA AP L g Y2 g U
& g3d & otk da TEYdert 29 e
H49 =258 AlFste BE Q) 23S AH,
8 59 730 JFEE k=50 AR T2 =
2ot 5 43e ¢ggrey.

B. RESIE tying YRIE
FE9E tyingS Y8 FYIZE BFUY 2L
O3 e GAE AX Fydrt,

1. EEHlElS E2 Uy Zzto] &l mlc, s)

&} pi(sloyg +8eh (=1, 2)

k=1.

. Bi(slc) & o] &3t Er)g FA g},

Kt E501H k=2, I} Aol k=12 3jFu}.

. FAE B pulslo)E qiYstza, AA ok

cold B Al 7|9} B =] Ay TiEd @
A32g 7l 2od 9o

= S O AR

e 3 240 7bed ol AxARE AY
olfe YPHPel AP wER F8 AZ A3y
& el ohua), WA} AAz Y AZE B
=22 RE AFstY 971 d#oln, CART 244
vlal ¢ BES Aol FAo) Theste12] £,
CART #4lo) RZ E2lg o] 43 EI43¥A AY
8 ) gdol vla) A5 4, A APo) Wy
B2 Y HF 42 F Aot

WA A& dgd 2o, T 2% =29 3%
& vehiinl, A58l = oA 2 ARsta 29
e h o PP},



S| Z HMM £ ol & & 44 AM9 REHE Tying Y22 S 67

g4 tlolElE
27/ Rz
Uyn 2pzbe]
pl(slc). (sle) &
A= 2

Y

=1

'

pk(S lc) &
g |

tree A%

Y

o]
1

k
k

e

2
1

1 k
2™ k

'

pilsic) €
o] &3t

tree AA

]

Y 3 Z=EYE tyingS HE FETR /719 723,
Fig 3. Construction of tree-structured classfier for code-
word tying,

AAAR :T=T
For t=#,, -, 4
{Ift€ T then
{S(t) =it}
Ift€ 7T then

1
Y cernlc)

+ T cenn nlc) i(i(£))]

{S{H= [Zeeriy nlc)i(r(£))

If {(#) < §() then
{T=T—(T1n U Trs),
{(£) =0, r(t)=0}}}
TO:T

FHA Egle 2 29 x=o ¥sd A 43
2 M R=EHEE EAEA HA, olEF 0%
3t HMM st e| &8 238 ¢ § Z=Y
£ G, ¢, albtEE 2 =22 EFHEUAD, ol
NzE BEYE fZa 3, tying BF L I
FEEZE YilFe AR 7153,

p(c18) =pleils) +pleils) + pleclsy for ¥s (8)

o)}e] AL thE o rd, e Ltz ¢
3 938 Z0]7) 218 soft decision?] Yo} &
F= Jdo2](14). &,

plx|s) =¥ w; plcils) (9}

o o] Yehd = 1o, SAYE wilojd 2=
=2 ozlaEu ey, 1 = =9 tyingd 2=9)
=9 e 7R wiE 12 AF 1, oA ol
Ae 022 = A3 2k 71E9 soft decision
A S0l o Yol luhd, 718kekEg] Aed o &
A 7HEA 7t AR o] olle}t 2=
EAF 430 2ASgE 2 € F UL

V. olA 4 22t

E 19 94 49 ALgd 75709 R e &
¢ Yehidh gEode AE o 539 348
A7} 184 25 375702 do{r} o] 85, <
A ARde el F713kA g 29 8l At 12
Y E58 216709 dolg A& 759 @
ole A FAEagdR vehlelals, 2t g
7t FEE o] BU}ES 3 o} SPYHUHEZ
€ Q¥ A B4 7ne 123} A AEY AeE o)
S3en, HE Itz 4L A k-means &
) &E AHEshAch

HMME &2 8] Jeig 7HAES 8t
A, zZt g9E Hol, WA, Hoje] 7tA Fel2 7



68

g} Left-toright 2d& 71208 sgo, ¢
olpdle 2§ 49} ol FAEue P2 FAL
t}. 27] £ AW hand-labelingl 23] Fox)=
Aeo] ohvjet, Zt @olE FUsA E¥gsie P4
Mg e, st AHE o83y HrEHoZ I
&3 dct

E 1. A2 9ol AHeE Gof RE,
Table 1. Word list for isolated word recognition,
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Table 2. Recognition Results of 256 size Codebook. (a)

Raseline System, (b) Using Symmetric Discri-
minant Function, (¢}Using Asymmetric Discri-
minant Function,
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Table 3. Recognition Results of 512 size Codebook. {a)
Baseline System, (b) Using Symmetric Discri-
minant Function, {¢)Using Asymmetric Discri-
minant Function.
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