3-P-9

Jdooooooooooooog:
0000000000000 000000D0 (D0D)oooDoO (boboooo)

1 0odn

00000000000000000000000
000000000000000000000000
000000 [1]0000000000000000
00000 200000000000000000
00000000000000000000000
0 [3]0
0000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000 [400000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000
0000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000300000000
000000000000000000000000
00000000000001)00002) 0000
0003)00004) 0000005 00006) 0
00000000000000
0000000000000000000000
00000000000000000000000
0000 10015%000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
000000000000000000000000
0000000000000
00000000000000000000000

0 MFCC (Mel-Frequency Cepstrum Coefficient) O
goooo0ooOoOoOO0O0OoOoooooooooooo
000000 DCT (Discrete Cosine Transform0 [
0000000)00000000o0ooooooo
Oo0000DOo0oooooooooooonOo AMFEFCC
O AAMFCCOOODOODOOOOODOOOOOOO
doooooobobbdoooooooooooo
O000o0oo0o0oooooUooooDoooooo
Oo00o0oDooooooooooooogooooogog
dddddoooooooobobooono 20000
0000000000000 O000PCA (Principal
Component Analysis) 0000000000000
000000000000 0U0oOoO p)ooooo
()| 000000000000 (NMF:Non-negative
Matrix Factorization) 0000000000000
O00000o0o0oooooUooooDoooooo
goooOoOoOoOoOoOoOoOOODOO0OO0OO0OOO0ODODODOO
goooood
O0o0o0oooooooooooooooogo
gooooOoOoOoOoOoDODOOOO0OO0OO0OOOoDOoO
Oo00o0o0oDoOOoOoOoooOooooooooooog
goodoboobooooobboooooooooo
go0o0ooooOoooooOooooogooooogog

2 Jogoobooood

oooboboooooboooooboobooboogoo
00000000000 ATROOOOOOOO (216
O00)ooz2000000000000000000
obooooboboboboobooboboboooboon
gboobooooooooooboooobooooon
oooboooobooooobooooooooooon
0000 (Fig. )OODOOOOOODOOO /000
obooooboo noboboooon

Fig. 1 Example of recorded speech data
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3 Uoooan

3.1 0O0O0O0O

0000000000000000000000
0000000000000000000030 (0
00 ADODDODO BOOOO COO0)000000
00000000000000000000000

0000000000 16kHz0 00O 16bit 0000
000000 Hamming 00O ODOO000000D0
0000000000000 32ms016ms 0000

0000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000000000000
0000D0000000000 1,0500000000
00 (closed00)000000000 HMMOOO
HMM OOOOO 50000000000000 14
0000000000001200 MFCC+AMFCC
024000000000000000000000
0 HTK 700000

3.2 000O0OOO0OOO0OOOOO
obooOooobooobooooooooooo

O0O0O0O0O00000 HTKO HParseODODDODOOO

gbobOobooooboooooboomoobooooon
5300 000000000000000000 (pau)
goboboobooooooboooboooboobooboon
gobobbobOo0oobooooooboooooon
ooooooooooboobooooboooobooo
gooooboo0oooobobooooooooooooo
gboooobobooobooboboooboboon
gbooooOooooooboooobooon
000000 /iede/000000O0OO040000
ooooboobooooobooog

$all_phonemes = a |i|u|--- | z | pau;
1. ( (pau)($all_phonemes)(e)(d)(e)(pau) )
2. ( (pau)(i)($all_phonemes)(d)(e)(pau) )

3. ( (pau)(i)(e)($all_phonemes)(e)(pau) )

4. ( (pau)(i)(e)(d)($all_phonemes)(pau) )

3.3 Oodaod

gooooooo3boooboooboooboooooo

0000000000000000 (Phone Correct)
O0000ooobbbbOo00o0o0oUUgd Tablel
gbobooboobooobooooob 3boobooboon
0000 Table2 00O D0OO
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Table 1 phoneme rules

ooo a, a — aa
oooo ai— ai
0o0+00 (O) || a,N—aN
00 (000O00) || sh,a—sh,a- (0DDO-00D0)
ooooo fuk—fu,k(ODOOD+000)
0o kku—Qku(O'0QOO0O)

Table2 00030 00000000000O0DO0OOO
goboooboooooboooooooooooon
0000000000000 /a/,/i/,/u/,/e/,/o/ O
00000 /ut/0000 Ju/,/i/O0000000
Jou/00000000000000000 /h/,/k/O
oo /g/,/r/O000 /n/,/m/O000+400 /aN/,/oN/
obooobooooobooboooog

Table 2 Phone correct rate (%)

Oodoo |00 | 00000A|00000B |0000CDC | 00000
300 T 76 82 91.67 83
365 u 79.73 80.82 89.32 83.29
515 a 78.64 85.44 93.01 85.70
345 i 85.80 85.22 92.75 87.92
380 o 85.79 87.63 90.79 88.07
325 e 83.38 90.77 92.62 88.92
35 iN 80 85.71 100 89
190 uu 88.42 86.32 95.26 90.00
145 n 91.03 88.28 91.03 90.11
170 ut 90.59 86.47 95.88 90.98
135 g 87.41 92.59 93.33 91.11
60 u 93.33 86.67 96.67 92.22
85 h 89.41 94.12 95.29 92.94
245 ou 91.02 91.02 97.14 93.06
45 i 86.67 95.56 97.78 93.33
180 m 94.44 92.22 95 93.89
85 y 90.59 95.29 97.65 94.51
380 k 92.63 96.32 95.79 94.91
70 Q 95.71 94.29 95.71 95.24
115 j 90.43 99.13 97.39 95.65
155 B 90.97 98.06 98.06 95.70
55 oN 94.55 98.18 94.55 95.76
75 o~ 94.67 94.67 98.67 96.00
55 it 98.18 94.55 96.36 96.36
85 z 98.82 96.47 95.29 96.86
50 N 96 96 100 97
155 t 94.84 98.06 98.71 97.20
135 b 94.81 97.78 99.26 97.28
115 sh 94.78 99.13 98.26 97.39
95 d 96.84 97.89 97.89 97.54
5 aN 96 98.67 98.67 98
50 my 100 94 100 98
50 eN 94 100 100 98
70 p 100 95.71 98.57 98
35 gy 97.14 97.14 100 98.10
40 ts 97.50 100 97.50 98.33
110 ch 98.18 98.18 99.09 98.48
45 ei 95.56 100 100 98.52
50 hy 98 100 98 99
25 ee 100 100 96 99
50 Ty 98 98 100 99
40 aa 100 100 97.50 99
65 ky 100 100 98.46 99
5 ai 98.67 98.67 100 99.11
40 Py 97.50 100 100 99.17
115 a~ 98.26 100 100 99.42
65 w 98.46 100 100 99.49
45 by 100 100 100 100
20 ui 100 100 100 100
15 ao 100 100 100 100
20 f 100 100 100 100
50 ny 100 100 100 100

2012479 A



3.4 0O0OO0O0OOODOO

Table 3 Tendencies of phone recognition errors (ar-

ticulation disorder A)

oo ooo 0oooo (/oo/ooo)
a | 78.64% | /e/401% | /i/2.14% | Jr/2.14%
i | 85.8% | Je/Ass% | t/114% | Ja/1.45%
u | 79.73% | /o/4.38% /a/3.01% | /uu/2.47%
e | 83.38% | /i/554% | /a/3.69% | /r/2.46%
o | 85.79% | /a/3.16% /u/3.16% | /ou/1.58%
ut | 90.59% | /pau/2.94% | /u/2.35% | /uu/1.18%
uu | 88.42% | /u/1.58% /r/1.58% | /a/1.58%
i | 86.67% | /i/ad4% | Je/add% | Jr/2.22%
ou | 91.02% | /uu/2.86% | /u/1.63% | /o/1.22%
ho | 89.41% | Jo/2.35% | /1/2.35% | /i/1.18%
6% | Jo/4% Ja/3.33% | /i/2%
k| 92.63% | /g/1.58% | /ky/0.79% | /pau/0.79%
g | 87.41% | /0/2.96% /u/2.96% | /r/1.48%
m | 94.44% | /u/1.67% Jou/1.67% | /uu/0.56%
n | 91.03% | /a/1.38% Ju/1.38% | /e/1.38%
aN 96% | /a/4%
oN | 9455% | /o/3.64% | Ju/1.82%

Table 4 Tendencies of phone recognition errors (ar-

ticulation disorder B)

[0o0 [ooo | 00000 (Joo/ooo) |

a | 85.44% | /e/3.11% /0/2.33% | /u/1.36%

i 85.22% | /r/2.32% /n/1.45% | Juu/1.45%
u | 80.82% | /r/3.56% /i/2.19% | /uu/1.64%
e | 90.77% | /r/216% | /i/1.54% | /a0.92%

o | 87.63% | Jou/a21% | /u/2.11% | [a/1.84%
ut | 86.47% | /pau/3.53% | /u/2.35% | /s/1.76%
w | 86.32% | /r/2.63% | ju/2.11% | /i/1.58%

i | 95.56% | /pau/4.44%

ou | 91.02% | /u/3.27% Juu/1.22% | [o0/1.22%

ho | 94.12% | /pau/2.35% | /k/1.18% | Jo/1.18%

T 82% | /u/2.33% /e/2.33% | /n/2%

k| 96.32% | /t/1.05% | /ky/0.79% | /pau/0.79%
g | 9259% | /k/2.22% | Jr/2.22% | /1/0.74%

m | 92.22% | /u/1.67% /b/111% | Jou/0.56%
n | 88.28% | /r/483% | /i/3.45% | /m/1.38%
aN | 98.67% | /a/1.33%
oN | 98.18% | /pau/1.82%

Table 20 0030000000000 0O0O0O0OO
0d0d00odoo0DoOoUoooUoooooooo
0 O Table 30 Table 40 Table 5 OO OO O OOOO
OO0 AODDODODODO B,0000OO0 COOOOOOO
000300000 0ooo0oooooooooon
000000 300000o0boooooooogan

gdbodooououoooboooouoooboao
ocoooood

1. 00000000000000000000
(0000 /a/0 /e/0 Jo/O /u/0000)

2. 000000 /pau/000
(0000 /ut/0 /paw/O00O0O0O)

3.0000000000
(0000 /un/0 /u/0 /ii/0 /i/0000)
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Table 5 Tendencies of phone recognition errors (ar-

ticulation disorder C)

[0o0 [ooo | 00000 (/JOO/oo0) |
a | 93.01% | /o/2.14% /a-/1.96% /aN/0.78%
i 92.75% | /e/1.16% /pau/1.16% | /ii/0.87%

u | 89.32% | /i/2.80% | /o/1.64% | Jut/1.64%
o | 92.62% | /i/3.69% | /r/1.85% | /a-/0.31%
o |90.79% | /u/3.68% /a/1.05% /ou/0.79%
ut | 95.88% | /u/1.18% /ts/1.18% /pau/0.59%
uu | 95.26% | /u+/1.58% | /u/0.53% /1/0.53%

i | 9T8% | /i/2.22%

ou | 97.14% | /0/1.63% /u/0.41% Juu/0.41%
b | 95.29% | Jo/1.18% | /u/118% | /r/1.18%

v | 9167% | /i/1.33% | /b/133% | Je/1%

k| 95.79% | /b/0.79% | /i/0.79% | /g/0.53%
¢ | 93.33% | /k/1.48% | /i/1.48% | /i/0.74%
m 95% | /0/2.22% /n/1.11% /b/0.56%
n | 91.03% | /pau/2.07% | /u/1.38% /m/0.69%
aN | 98.67% | /a/1.33%

oN | 94.55% | Ju+/3.64% | Ju/1.82%

4. 00000000000
(0000 Jou/0 Jo/,/u/0O0O0)

5.00/r/000000
(0000 /r/0 /o/,/u/0000)

6. 00000000
(0000 /m/0/u/0000)

7. 00+00000000000000
(0000 /aN/O/a/0000)

000000000000 0ooooo0O /ue/O
Ju/0/ii/0/i/000000000000000000
goooboooboboobuoobouoboboon
gboboobooooobooboooobooboon
ooo

000 /r/000000000000O0DOO000OO
O000/r/0000000000000000000O0
000000000000O00O0oOoooood/ro/
O/ry/000/r/+000000000000000
ggooobooobo

00+00000/aN/000000000O0ODOO
O0000UO0O0O00Fig. 200000 /k aN by ou/
O0000000000OFig. 3000000 AO /kaN
byou/OODUO0OOD0O0OO0O0U0OOOFg 300000
0000000000000 00o/N/oOoooooo
0000000000 /a/00000000000OO0
good

googuoobobbboooooooooboo
000000000000O0O0000000O0Og/n
eage/0000000O/neege/000000OO
O00000000o0ooUoUn/a/00000o0n
0O0/e/000000000/a/000000000
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00000O0OFig 400000/neage/000
O000000Fig 5000000 AO/neage/
0000000000 O000Fig 4,5000000
000000000000/e/0/a/0000000
00000000000000000000000
000/e/000000000000/a/000000
000000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
0oooooooo

Fig. 2 Example of a spectrogram spoken by a phys-
ically unimpaired person /k aN by ou/

Fig. 3 Example of a spectrogram spoken by a per-

son with articulation disorders /k aN by ou/

Fig. 4 Example of a spectrogram spoken by a phys-

ically unimpaired person /n e a g e/

4 0000

oboobooobobooobooooboobon
gooobooboooobobooooobooogn
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Fig. 5 Example of a spectrogram spoken by a per-

son with articulation disorders /ne a g e/
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