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A Study on Korean 4—connected Digit Recognition Using
Demi—syllable Context—dependent Models
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Because a word of Korean digits is a syllable and deeply coarticulatied in connected digits, some recognition modeis
based on demisyllables have been proposed by researchers, Howevr;r, they could not show an excellent recognition
results yet. This paper proposes a recognition model based on extended and context—dependent demisyliabies, such
as a tri—demisyllable like a tri~phone, for the Korean 4—connected digits recognition, For experiments, we use a
toolkit of HTK 3.0 for building this model of comtinuous HMMs using training Korean connected digits from SiTEC
database and for recognizing unknown ones, The results show that the recognition rate is 92% and this model has
an ability to improve the recognition performance of Korean connected digits.
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Table 1. Recognition units for two demisyllables of Korean

digits.
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Fig. 1. Demisyllabte-segmented waveform of “&l°,
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Table 2. Context-dependent model of extended demisyllable for two digits.

Slo} silence-iil i-il+y il-y+yy y-yy+silence
*At silence-sa+am $a-am+s am-s+a s-a+silence
2F silence-0+00 0-00+U 00-U+uk u-uk+silence
Training
HMM
Speech estimation for Acoustic Vocabulary
database extended model dictionary
demisyliable T =
Network
: construction
Input Feature Digit
speech " extraction Search sequence

J§ 2. iE3 RNE4 OUS o/R% HYxlE UMY
Fig. 2. Recognition procedure using demisyllable context-dependent model.

2.2, P S BUFL oY

71E9] S RoA RIS AP E S QA G
A=A BAE 128 st WA g
Ao} RS EE 2HAH o2 ARG, 2 w7
A A3t she e EUFS US 2Y: &
N SEE TR AR FEO G HES 25 29
sto] RS- ARG E A9 BuEs Y
ol TAFeE 47 AT A& B L2 47
F5 (silence)—BHEE+05740 S-S B+ES
O QRS P, T 99 F3 2AZ W
A QAT AF WSl 71 A -NEHHES
Aol AHRYS FAstoaN S} A4S e
T UEF T EHFTS 2o}, H o BE SARSS
FPENSEY 2345 RYE EH S Roln It

€ =RoME B 29 Zo] TS - E ik E e
AAEAE Ao, A28 2243 A== I3
2 18 29) BolX vk WA 24 wlo|HE ARSSl
53& Fa% o WO P e E 2NF
£02 2EYSY FHH SYEAR AL 018
st HEZE 7T 942 AR A4 NEAM
/8 A7 APl w71 BB ¥ & HRER
A "

E3 10708 2AES0l 94 AR AZE
AT & 9de 2E I3 Y 2934 =Y

e 24 2ARSF 22700tk D 10719 RARSS A4
AL RR BE AN EUES BY A
B 220740l

m. &8 % 24

B =29 928 2345 A AHM= HIK 3.09
A HMM7, 812 o183t T4 7)Nte] Reisy =Y
o 2L 2Y, 22Ty Zite) RUEY =Y
B AGE HSE Y BHES 2E disiA 244 AP S
3192, stateol) ThE AAEQ| LS vl 23}
g

1) NS A - A+ 2] REoA A WAel = i) v
o] sjite RAGE 0|8 A, XY ¢ Y= A WA P
RE 224 10789 YRR hEHo| A Rgolng 2Y rlie
£ 17f o}, B3 S AT EANSEY EelM A
¢ A WA 2 el she] ALY AS, 2% ¢+ de
AU R EE ZE A3 10709) PR RS Ho)AY B g
ol22 Bd i 1A ol whekA ZH A3l uet 2G4
& e NSE-ASEHISE 299 T 2270,



¥ 3. WY HolE S&
Tadle 3. List of spoken data.

¢ISY FUSS O 018D 2IK0] 4 HURXIS SlAlo) BB T 178

. R

e d-connacted digits (35 words)

9176

0287 8 0712 15 8877 22 29 0316
T 5732 9 5267 16 3510 23 3045 30 7083
B 9601 10 6633 17 8065 24 8500 3 8194
A 4156 T 2409 18 2934 25 5500 32 9205
I 1199 12 7954 19 7480 2% 5972 33 1427
Tt 1308 13 1823 20 2244 27 5861 34 2538
T 6843 t4 6378 21 4621 28 3649 35 4750

A 4, \I3E Di2lafe Al
~.ible 4. Parameter coefficients,

Pre ~emphasis Constants 097
T Window type Hamming
Window Size 25 ms
" Frame Rate 10 ms
NuFilterbank Channels 26
tnergy + 12 MFCC 13
" Delta coefficients 13
" “Acleration coefficients 13

[, tJOE] HlolA
Agio] AMH 24 diolElE 16 KHz2 Y Est 16
b s2 A3I% SITRCY] HojelHjo| A8 ANS3 o
2 7039 g3tz uhAlolA 35719] 4973 Ak
< Zh 434 4 dlofE (709*3570%43]=98007))
i dEQ T AR 20t} 30T} < 87%E o] 2
M ¢ R

Aol A A3 shgH ofel = 944 8ix} 22Tt FHd
iz 8P O R 0]20]7] F 508 o 4AE wASA djel
b 503*3571%43]=70007/) 8 AMEEHleH, <1A4Y
= §J2t 214 dlole] 2= 912 509-& A%t 207 (84
2k 0 A5k 109)Y] 488 <S4 diolE
(.Y 35 *43)=280071) & AMR-3F4ic,

1478 A i3t 24 doly E52 Z 27t
&34 ‘G REY AR e ¢ Qe REFSE
LSt AosM B 37

L)

©2. $% 28
7h 53 HEl =&
EZ) g 16 KHz2 A S3$L1L 16 Bits2 %A}3}

¢ 2 Aol A ¥ SITBC AA2AE Hlole] Wolae] st
T o4l 9259, AN B8olo) AR e Hsh 1940
19474 RE|o| et

b2() ba() Da()

37 3. 541¢ Left-Right 2
Fig. 3. Left-to-right model for 5 states.
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Fig. 4, Accuracy comparison of each digit.
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Table 5. Recognition accuracy of each digit.
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Fig. 5. Accuracy comparison of whole digits.
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Table 6. Recognition accuracy of whole digits.
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