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A Study on the Spoken Korean-Digit Recognition
Using the Neural Network
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ABSTRACT

Taking advantage of the property that Korean digit is a mono-syllable word. we proposed a spoken Korean-digit
recognition scheme using the multi-layer perceptron. The spoken Korean-digtt is divided into three segments (initial
sound, media) vowel, and final consonant) based on the voice starting /ending points and a peak peint in the middle
of vowel sound. The feature vectors such as cepstrum, reflection coefficients, Acepstrum and Zenergy are
extracted from each segment. [t has been shown that cepstrum, as an input vector to the neural network, gives
higher recognition rate than reflection coefficients., Regression coefficients of cepstrum did not affect as much as we
expected on the recognition rate. That is because, it is believed, we extracted features from the selected stattonary
segments of the input speech signal, With 150 ceptral coefficients obtained from each spoken digit, we achieved cor-

rect recognition rate of 97.8%
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Fig. 5. The total error versus the number of iteration
No. of nodes in the input layer : 150{Cepstrum
in 5 frames)
No. of nodes in the hidden layer : 16
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Table 1. The resuits using cepsirum or reflection
coefficients,

(a)Learning speed for the number of nodes in the hidden

layer(No, of iteration)

REFLECTION
Feature

No. CEPSTRUM 1 4ERpRICIENT

ofnodes™_ 1 | - W oW - 1 . 0 W
AR
16 130 | 356 | 1879 | @ | 214 | -

06 | 244 | 1355 | 103 | 248
82| 287 | 875 | o | 145
74| 226 | 739 | 94 | 137
66| 212 | 634 65 | 107

BIR| RS

{b)Recognition rate for the number of nodes in the
hidden layer(%:}

| REFLECTION

No. Jeatare| - CEPSTRUM ' COEFFICIENT
of nodes I 0 lom 1 71 I'T

16 597,82 96.73 | 93.82 193.64 93.45;

2{,\"_“_ __%_9?_09 96.91 94.?1;1. 93.82 92.?315

2] 97.64| 97.45 | 93.10 [ 93.27 | 95.45 |

28 197.82| 96.73 | 95.29 | $4.00 | 96.18 _

i2 __+g?.45 97.64 | 95.82 | 94.91 5)4..’5!-};

AVG. 97.56| 97.00 | 94.55 | 92,93} 99.43 |
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No. of nodes in the hidden layer

(a)learning speed for the numbe of nodes 1 the fud
den laver {No,of iteration}
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Fig. 6. Learnlng speed and recognition rate for the
« number of nodes in the hidden fayer.
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Table 2. The results using cepstrum and Acepstrum,
etc.
{a)Learning speed for the number of nodes in the hid-
den layer(No. of iteration)

Fealure! ‘ 0 | 0 l I o v W
6f0i'10des i | i i
| 16 130 | 933 |1062 | %6 1662 1879 |
20 66 | 440 | 764 © 588 | 675 | 1355
24 1 82 i 341 | 682 | 544 | T2 | 875
T
28 - 74 | 301 | 638 ;532 1007 | 739
32 |66 [ 373 |40 |7 | 719 | 634

{(biRecognition rate for the number of nodes in the
hidden layer(%)

Feature
No,
of nodes
16 97.82 95,4r|9., w2 196,18 | 93.45 | o3.82
2 97.00 | 96.00 | 96,18 9500&00'94 73
94 197,64|96.?”) 96.30 9745 %(;qlqsm

|

2% 97.82 196,73 | 96.36 | 97.27 Ifh 45 | 95.29

J97 45 Qﬁ,?d!%.?d 96. %h|q4 91 ; 95.82

_L___.I,. -

AVG. | 97.56 | 96.33 | 96.30 | 96.65 | 44.53 ; 94.56
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Table 3. The error distribution for each speaker and digit

{a)The number of errors for each speaier.

J Test Digit - Total

0 1 2 3 4 5 6 7 & Y ¥ Emors

All 3 4 83 161 1 5 8 3 154
EIBIL 23 m 3 WA 0l oo %) B0
slclir sl 2 0 3 #1821 10 2|18
SIpl1 4 0 6 1 7 91601 1% 20 200
El6 8 ¢ 14 ¢ 515 06 9 19! 16

{b) The number of errors for each digit,

} Test Digit . Total
001 2 3 4 5 6 7 8 9 &|Ermors
olowm w0 04 0 2N 3
115 015 0 0 0 514 4 0 01 4
it 0 0 0 0 0 0 0 1 0 d
o0 0 0% 06 105 0| 4
1400 010 0 6 o0 1 1 0 0] R
1500 0000000 0 0® 7| WM
E63 000 0 0 0 0 0 1 0 0. M
S 70T 00 0 0 0 0 8 0 0] 15
Slsl0 00 2 4 0 0 3 0 1 2 R
o 0 0 8 06 3 0 1 0 6B W
E o0 BT 0% 9 01T 0
g’rﬁl 6B 40 5L 2 19 MR 8T 106
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Table 4. The error distribution for each speaker and chgit,

No. of nodes in the input laver
150 (Cepstrum i 5 trames)
No. of nodes in the hiddent layer : It

{a) The number of errors for each speaker.

Test Digit | Total
01 2 3 4 5 6 7 83 8 TikKrors
T ¢ e e 0 1t 2 A - .__J!___.._
FAIO 0 0 0 0 6 0 0 ¢ b 0 i o
S(Blo o 0 0 0 0 1 00 4 1]
S R I R
S0 D [000 00 000 v o3 05
f| E | ¢ 0 0 0 0 0 0 0 0O 1 0 | 1
(b)The number of errors for each digit.
1 Test Digit Total
01 2 3 4 5 6 7 8 9 &|Erors
lolo o 000 01 000 0! 1
’ 1 | o0 0 0 0 0 0 0 0 4 0 ()
Zi20lo 0 06 0 000 0 0 0 0 0 0
ol , |
= S0 0 0 oy 00 o uouoouo0 U
=410 0 0 0 0 0 0 0 0 0 0| 0
stslo 0 00 00 0o o0 1 oo 1
Slglo o000 00 00 0 0l 0
o
? Toig " i i 3l i f 1
;: X n [ ) [ 5] 1 I Al Al ) 0t : 0
l9lo 0 0 0 0 0 0 0 o0 0 1| I
5 F10 0 0 0 0 0 0 0 U Yy 0 | 9
Lo e t
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Errors | 0 0 ¢ 0 0 1 0 0 W 1}
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Table 5. The error distribution for each speaker and
gt cexchuded < gong )
No. of nodes in the mput layer 150
{Cepstrum in § frames)
No. of nodes in the hiddent layer . 16

(4} The number of errors for each speaker.

L Test  Digit J Total
01 2 3 45 6 7 8 QiErrors
I 1
A0 0 00000000 0
/B0 O 1 0 0010 0 1’ 3
H I
SC0 0 00 00 0 0 0
SIDlo 0 0 0 1 00 0 o! 1
[EJ00 0 0 000000 0
(b1 The number of errors for vach digit.
Test Digit } Total
L e ;
01 203 4 5 6 7 8 Q}Errors
000100010000 2 |
o L0 000000000 0
512;0 00 0 0 0 ooooi' 0
S 3000000001l
¢ 40 00 0000000 0
Zistoo 00000000 0
S 610000000000 0
SI1 740000000000 0
é%giouooooo 0 0] o0
‘9i() 000010000 1
Total Errors oo 100 1 1 001 4
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