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Recognition of Spoken Sequences of Japanese Isolated Vowels Based on Structural

Representation of Speech
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a phoneme is a class of phonetically-similar sounds
and (2) a phoneme is one element in the sound sys-
tem of a language having a characteristic set of in-
terrelations with each of the other elements in that
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Fig.1 Consonant and vowel triangles proposed by
Jakobson.
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Fig.2 Jakobson’s geometrical structure of French.
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Fig.3 Spectrum distortions caused by A and b.
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Fig.5 Structuralization of a single utterance.
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Fig.6 Structure-based acoustic matching.
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Fig.7 Recognition of spoken sequences of Japanese
isolated vowels using the structure.
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Fig.8 MAP-based estimation of distributions of
speech events.
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Fig.9 Spectral envelopes of /a/ of 5 speakers.
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Table 1 Acoustic conditions in the recognition
experiments in the clean environment.
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Table 2 Recognition results of spoken sequences of
Japanese isolated vowels in the clean envi-
ronment.
ooo\Noo full-band 4kHz 2kHz
ML 24.7 %  47.9% 86.8%

MAP (n=10) 42.9 %  62.7% 100.0%
MAP(n=1) 42.6 % 62.1% 100.0%
MAP(n=0.1) 45.7 %  60.8% 99.9%
MAP(n=0.01) | 70.3 % 65.4% 96.7%
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Table 3 The effect caused by normalization of the
size of the structure.
gooo=rQoO
full-band 4kHz 2kHz
29.4%  35.6% 83.9%
35.6%  43.2% 82.2%
MAPOn=140000000 43.3%  70.4% 99.8%
MAPOn=140000000 41.1%  63.7% 99.8%
oooob=10
full-band 4kHz 2kHz
11.6%  26.0% 68.8%
24.7%  47.9% 86.8%
41.5%  47.9% 99.4%
43.0%  62.8% 100.0%
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Table 4 Recognition performance of the four
methods in the clean environment.

0o \ooooooo full-band 4kHz 2kHz
full band HMM (260) 100.0% 93.8% 72.3%
full band HMM (4,130) 100.0% 95.2% 87.5%
limited band HMM (1) 88.8% 88.8% 88.8%
Proposed (1) 100.0%  100.0% 100.0%
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Fig. 10 Tree diagrams of 5 vowels of a male speaker.
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Table 5 Acoustic conditions in the analysis experi-
ments.
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Table 6 Acoustic conditions in the recognition ex-
periments in the noisy environment.
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O 00 25msO00000 10ms
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000000 120000000000000000
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SNR ool clean[T] 20, 10, 0 [dB]
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Table 7 Recognition results using the statistical
structure models trained in the clean envi-
ronment.

w/o SS with SS
SNR ML MAP ML MAP
oS 86.8% 100.0% - -
20 [dB] | 49.2% 95.6% | 64.8% 99.8%
10[dB] | 25.9% 33.0% | 48.9% 43.0%
0[dB] | 5.4% 97% | 8.0% 9.3%
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Table 8 Recognition results using the statistical
structure models trained in the noisy envi-
ronment.

full-band 2kHz
SNR ML MAP ML MAP
oo 24.7% 70.3% | 86.8% 100.0%
20 [dB] | 73.9% 92.9% | 67.9% 99.8%
10 [dB] | 77.4% 99.1% | 68.1% 86.7%
0[dB] | 73.9% 87.0% | 71.1% 85.1%
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Table 9 Recognition performance of the three meth-
ods in the noisy environment.

SNR | HMM (260) HMM (4,130) Proposed (1)
00 100.0% 100.0% 100.0%
20 [dB] 100.0% 98.8% 99.8%
10 [dB] 94.3% 97.2% 99.1%
0[dB] 83.0% 86.8% 87.0%
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