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Vowel Recognition Using the Fractal Dimension

Chul Young Choi*, Hyung Soon Kim* Jae Ho Kim®*,
Kyung Sik Son* Regular Members

2 %

B =fdiMe 34405y 98 Y S o] &3ld haro] w59y HEE sty de e
Minkowski-Boulignad *-1-& A}8-8ld o, &efst* #3¥)  (morphological covering) W& o] &3}
o PRt ZY" 2P dEO] vEA 53 4 A4 selelg 2w s LPC AR

(cepstrum) & &7 AHg-sted AN U ES shgor, Tag elol SNl F &4 o8 2Atste
S TG AFRANN 2R QG LPC ARG 08 g G5 3 maw A
LPC A 2E 8 87 Agahis 259) 5.8 .24 &0l 247 5.6% % 3.2%: Yotk ol LPC A~

Ego)] g 230g Frhge 56&1 2145 3= dle] et} 40% ©] *c} ansle Hutolny, szalg ajslo]
A4l Aol 783 54 et B Y Bt

ABSTRACT

In this paper, we carried out some experiments on the Korean vowel recognition using the fractal
dimension of the speech signals. We chose the Minkowski-Bouligand dimenison as the fractal
dimension, and computed it using the morphological covering method. For our experiments, we
used both the fractal dimension and the LPC cepstrum which is conventionally known to be one of
the best parameters for speech recognition, and examined the usefulness of the fractal dimension.
From the vowel recognition experiments under various consonant contexts, we achieved the vowel
recognition error rates of 5.6% and 3.2% for the case with only LPC cepstrum and that with both
LPC cepstrum and the fractal dimension, respectively. The results indicate that the incorporation
of the fractal dimension with LPC cepstrum gives more than 40% reduction in recognition errors,
and indicates‘that the fractal dimension is a useful feature parameter for speech recognition,
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Fig 1. Example of envelopes(dashed line) for the
speech signal ‘a’(solid line).
(a)e==10. (b)e=30.
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Fig 2. Example of calculating the fractal dimension by
line fitting(In case of €, = 1 and m == 2())
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Table 1. Vowel recognition error rate using LPC cepstrum according to
various codebook sizes and LPC cepstrum orders. (average of
two speakers)
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Ereyn /] 16 18 20 22 24 26
1 | 14.7% | 12.3% | 13.5%  12.7% | 13.5%
2 14.3% | 12.3% * 13.5% | 1L 9” 11.5%
4 ]l.lq/a 12.8% Y.49%, 5.6% 8.7%
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16 u 70 | 1157% 877 | 75% | 710% | 87%

. i S P W
32 9.9% | 10.7% ‘1 8.7"0 7.9% | 7.5% | 7.5%
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Table 2. Vowel recognition error rate using fractal di-
mension according to various codebook sizes
and mLFD. (average of two speakers)

mLFD

B H7] 10LFD 20LFD 30LFD
1 44.0% 35.3% 44.4%

2 47.6% 56.0% 51.6%

4 51.6% 51.6% 50.0%

8 58.3% 44.8% 57.9%

16 60.7% 49.2% 57.1%

32 52.0% 45.6% 54.8%

E 3«9 ¥zl & 23 2ANE (LPC F2EY 2
=8 A7]=¢4, 20LFD =¥ A7 =1, LPC #x
EQ 24 =22)
Table 3. Vowel recognition error rate as a function of
a. (LPC cepstrum codebook size =4, 20LFD
codebook size = 1, cepstrum order = 22).

———

. e HHI PCK A
1.0 4.8% 6.4% 5.6%
0.9 4.0% 5.6% 4.8%
0.8 4.0% 4.8% 4.4%
0.7 4.8% 4.8% 4.8%
0.6 4.0% 3.2% 3.6%
0.5 3.2% 3.2% 3.2%
0.4 7.1% 3.2% 5.2%
0.3 7.9% 5.6% 6.8%
0.2 11.9% 7.9% 9.9%
0.1 22.2% 11.9% 17.1%
0.0 40.5% 30.2% 35.3%

¢lA)go vla] B E=Eolie] 5g A2 go] ¥
R ole RE 24AE BN 2EA4,
ol =& (context independent)<l2] HEd 7]
Ao Hag)

r& -41)1 _lk‘.

¢

ro

v.d g

B o=oMe ey My wyom 43
Minkowski-Bouligand 21918 T g 3902 Al
A ghato] =39 1A AHE FPsATh F AL
ol shxtoll sl LPC 2B Teg 498 2
o] ALg-gk slxt F4 AN HYS g A, W WS
9 LPC HA~EYH Az ¢ =g 39 AHele 2§
of thaf <14 &o] Fristct 1811 LPC A 2EH
v Zag 2o g Yarshe HER7F U A
9 b S A 4FE vy, § *}%’«1
gatoll et Wit e A&l 5.6%1M 3.2%
2 7raEd o224 Zdd 2Ye 5] 1
AolA] shte] f&3 54 gelvelrt 2 AL S
), do g Bl g AlgEe] A gt
A4 AE 2 slr; Y Q14 Aoz Fgo] ol F
olzol & Aoy wolw, Ty e FAHQ
md s o] 23l Hidden Markov Model(HMM)
o 2]§ ¢oiqla] Myolx &8 AFe|rh

Z20(A MEOI AIBEH SN HO[EHE SRNALE
%-‘r**—i AEES AT FASt0 HBE 20|

of, O XM WOl B4 HOIEHE ALRBIES ST X}
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