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Abstract

In this paper we deal with a method of discrimination between Japanese vowels
pronounced separately by means of spectral distributions. It is said that it is necessary to
process a large amount of data for the recognition of vowels by means of spectral distribution,
but the amount of data processed are so large that it is impossible to execute real-time
operations. According to decrease processing data, we have attempted a metod of discrimina-
tion using about ten maximum values of time-varying amplitudes of the outputs from each
band pass filter. We could determine any type of Japanese vowels in this manner, with
the aid of a digital computer in a very short time.

In this experiment we used average values of vowels pronounced separately by several
speakers as reference patterns, and recognized an input vowel by comparing its pattern
against these references.

The results obtained in this study are as follows.

1. Vowels could be discriminated from others sufficiently by this method.

9. There is a correlation between the results of this experiment and Kullback’s divergence.

3. Tt seems to be suitable to introduce this method in processing on real time.
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Fig. 3 Energy density spectra of Japanese vowels.
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Fig. 4 Energy density spectra of Japanese vowels.
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Table 1 Variance for vowels in each points

pattern vowel | 315Hz | 400Hz | 600Hz eson)xoOHz’momz 1280 H) 1600 Lz 2000 L] 250 H 3050 000 Elz
a 125 72 60l 61 31 225 189 179 207 180 174 160
i 51 238 193 185 135 123 20 63 87 402 350 390
pattern 1 u 43 207 219 194 121 237 231 283 152 357 268 582
e 196 149 72 316 248 211 130 203 204 243 303 315
0 1320 83 75 154 319 336 216 206 342 420 437 551
a 39 62 126 44 02 166 179 55 98 39 67 191
i 169 113 170 287 205 352/ 149 332 130, 70| 7.3 143
pattern 2 u 183 09 105 83 96 93 133 184 235 107 108 165
e 99 353 18 214 172 379 387 231 90 64 94 o2
0 153 211 50 97 103 102 402 684 628 108 121 187
a 266 386 146 200 182 155 217 212 188 201 131 221
i a1 447 239 362 179 47 24 60 160 547 540 416
pattern 3 u 244 416 184 262 169 185 255 107 70 216 153 237
e %62 350 185 303 231 79 121 130 119 164 86 111
o 146 555 159 353 163 218 177 79 83 106 95 123
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Table 2 Results of experiment for 16 males Table 3 Results of experimet for 9 females
number of judgment number of judgment
o . total . i ' . total
a ‘ i u e (¢} ire)ect a i u i e | o ‘reject
L, oa 123 A ‘ a a2 o 43
A 119 4 2 125 2 f a4 ‘ 44
E 1 2115 5, 3 126 = f u 46 | 46
é e § 122 2 122 E| e 2| 44 | 46
o | 4122 126 | o l 46 46
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MHANMERE R T L ADI 0, A2 —vOfERO L & 800 Hz TOL AR DEETH
St TH B, Table 4~6 L hH, A 2~V 1iZh-TUIEHE7—H, v—=, U—F, =—
AMOHESHEL L, Fo 2 - V20 k0 TEREA—Y, 41—=, v—d, =—FHTHD
LD By Tk Table 2 L N3 & Kullback’s divergence 1= k A ¥[ED S8 & Table
2DFMEERPIEFEC L —H LT B b h 2 ikle s Lo 4 — v 30dE 1, Table
3 & Table6 X huz Z)o =ttt Kullback’s divergence DA E- 2 = & 2VEFE M O 5
1 e P ads B R ZEERLT D,

%18 ‘(;Z?&'ZOL\’CCZI, & — v 1Tk, 315 Hz, 3500 Hz, 4000 Hz 7%, -3 % — v 2 -Ci1 315 Hz,
1600 Hz 7%, ~% % — v 3-Ci% 315 Hz, 400 Hz, 500 Hz, 4000 Hz 3% & 0 FIE0E 45 Ly o
ENbHi B, 11{7? Z Kullback’s divergence & HIBROAGRMN KL BN T ADTE ¥ L L C
Fig. 7 1239,

Table 4 Kullback’s divergence for individual test points in the pattern 1

test pomts

135H

l 300 Hd §30Hz ’ 800 Hz | 1000 H7‘ 1250 H7‘ 1600 Hz 2000 H/ 2500 Hz‘ 3150 H/ 4000 H7 11 points
DaiF) | 199 12 o8 808 1772 45.5“ 2113 19.9} 0.7‘ 07 26 10 1,383.9
Dau(F ) 282 66 14 476 1020 137 61 31 17 99 22 31 574.7
Dae(F) | 21| 91 184 23 475 110 126 33 84 12 04 03 2744
Dao(F) 19 235 168 56/ 126 65 103 07 17 50 17 31 215.1
Diu(F) 00 47 60 21 44 53 751 38 50 38 67 26 329.3
DieF) | 69 73 389 263 1.7 85 542 472 122 22 08 02 434.9
Dio(F) 70/ 205 360 249 282 110 499 104 60 14 44 27 4719
Due(F) 73 02 81 143 30 03 06 110 195 139 29 19 205.0
Duo(F) 85 30, 71 1.7 141 08 04 08 04 05 02 00 159.4
Deo(F) 01 L8 00 1z 28 03 01 56 134 81 18 19 149.3
Table 5 Kullback’s divergence for individual test points in the pattern 2
test points B
315 H | 400 Hs | 50 Hz | 6300 |00 Hz | o0V L] 1250 Fle] 1600 L7 300 H 3500 L] 80 0 Fl2| 11 poin
Dai(F) 150 198 7.1 68321900 17.3] 303 1100 02 62 112 40 3,469.5
Dau(F) 164 1495 00 4561,2822] 98 19 7.0 50 359 76 31 2,569.5
Dae(F) 29 98 570 3311309 72 75 14 141 21 22 41 2,035.4
DaolF) = 88 185 214 54/ 1885 10 521 63 23 28 09 15 530.2
Diu(F) 00 102 29 39 35 64 202 03 53 451 319 155 274.8
Die(F) 27 14| 1174 145 30 14 42 42 94 08 28 02 270,4
Dio(F) 04 15 445 201 268 175 64 11 17 331 255 1Ll 396.1
Due(F) 320 406 587 121 03 14 38 37 294 368 140 172 339.1
Duo(F) 05 137 228 126 188 56/ 22 15 22 01 02 02 189.2
Deo(F) 10 07 08 06 116 62 01 13 116 259 103 123 1716

Table 6 Kullback’s divergence for individual test points in the pattern 3

test points

315Hz1400 Hz } 500 Hz \ 83 Hz | 300 Hz | 1000 Hz 1250 Hz, 1600 ELz 2000 Hz 3150 H7 B0 Hz, J00HZ 11 points

05 01 20 73 454 1825 2724 1043 209 03 12 11 864.7

Dai(F)



9 SRR A P SRR I o — ik 83
Dau(F") 0.6 0.3] 0.1 57 26.6] 537 21.0 183 232 4.1 8.1 1.9 4417
Dae(F') 0.0 0.3] 1.8 0.5 1.4, 337 317 253 0.9 2.6 2.1 0.3 332.5
Dao(F") 0.2 1.0 2.9 0.3 0.5 1.7y 10.7) 47.6] 266/ 101} 122 0.8 141.7
Diu(F') 0.1 0.7 24 0.3 2.8 6.0] 361 298 1.9 2.6 6.6 4.7 303.0
Die(F) 0.4 0.7 59 112 272 51.6] 36.5 150 179 4,1 3.0 2.0 320.9
Dio(F') 1.3 1.5 8.2 9.5 386 1236/ 941 8.9 0.5 76 117 4.4 415.2
Due(F) 0.4 0.0 0.9 9.6 138 120 0.3 1.5, 158 16.0, 210 4.1 267.7
Duo(F') 1.0 0.2] 1.7 83 209 303 3.0 5.9 0.7 0.6 0.2 1.0 221.3
Deo(F') 0.2 0.3 0.1 0.0 0.3 157 4.3 1.2 20.00 293 286 1.5 3234
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