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Length

Takahiro SEOT, Jin’ichi MURAKAMI', and Satoru IKEHARAT

1 Faculty of Engineering, Tottori university Koyama-cho 4-101, Tottori, 680-0945 Japan
E-mail: f{seo,murakami,ikehara}@ike.tottori-u.ac.jp

Abstract Recently, in word speech recognition, cepstram is normally used as parameters. And, pitch information
is not normally used because it is difficult to extract pitch frequency steady. However, in recent reserches, it is
known that there is a relation between pitch frequency and mora information. Then in this paper, we performed
word speech recognition using mora information in stead of pitch and examined its validity. In the results, by using
mora information, error rate of word speech recognition could decrease for many speeker. And comparing the results
of word speech recognition using mora infomation with using begining and ending of a word or using triphone , the
recognition rate using mora infomation was higher . And the efficiency of this way was confirmed.
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Fig.1 Relation between mora information and pitch frequency
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Fig.2 The procedure creation of Pheneme HMM
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Table 2 The conditions of the acoustic analysis
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Table 3 Experimental conditions
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Table 4 The results of the experiment of word speech
recognition(Diagonal-covarience)
gooo ooooo goooooo | oooooo

oo oo 0ooo |00o0 |Oo0 (ooo (ooo jooo
mau 2620 100 | 3.92% 84 3.21% 81 3.09%
mmy 2620 153 | 5.84% | 144 | 5.50% | 131 | 5.00%
mnm 2620 159 | 6.07% | 155 |5.92% | 125 |4.77%
faf 2620 157 | 5.99% | 151 |5.76% | 130 | 4.96%
fms 2620 156 | 5.95% | 123 | 4.69% | 126 | 4.81%
ftk 2620 132 | 5.04% | 119 | 4.54% | 102 | 3.89%
oo 5.45% 4.94% 4.42%

4.5 0 00ODO

0000 ()ooooUooOoooOoooUooooUooo
goboooobooooooobooooooboooobooooonooo
oUo0ooooUoooOo(?)uoooooooooUooooooo
goboooooooooooobobooobobooo

ooo

ol = —————
gooogo

x 100 (1)

00Qg = oono add_info — 000 normat % 100 (2)
000 normat

U000 O000aadunfe DOOOOOOOOODOOOOOOOO
oo0ooo0oob00b0d0n.mg OOO0ODO0OOOOOOO
ood

4.6 0 0O0ODO

4.6.1 00OO0O0O0OO0OOOOOCOOOOOOOOO

0O 40 Diagonal 0 HMM OODOOOOODOOOOOOOO
00050 FulO HMMOOOOOODOOOOOOODDOO
goooboooooooboobooooboboobooooDboo
goboooobooooooobooooooboooooooooo
O00000O0000o0oOooOodDbDiagonal O FullO HMM O
goboocooooooooooboooooboooboooooboooo
010 Diagonal 0 HMM OODODOOOOOCOOD
Diagonal 0 HMM OOOOOO0O0OOOOOO0O0OOOCOOO
goooboooooooobeb0bOoOoOoOooooOoonOd
00000000 545%00 442%00000000000
oo0o00o00oOooooooo494%000000ooooon
ooooooebO0O0000000OO0ODOODOOOODODOOO
189%0000000000000DODO0ULODOOOOOOO
0000945%0000000

020 RO HMMOOOOOOOOOOO

FullOD HMMOOOOOOO0OO0O0O0OO00O0OO0O00D0O0O
gobooooooooboebboOoOobOOOoObOOOOODOO
00000 3.36%00 2.30%000000000000000
Oooo0oos.02%0000000000000000O0OO
060000000000D00000O0DOODOO0O31.6%0
0000000000000 000O00DDO0O0DO0D10.2%0
gooodgg




05 00000000 (Full-covarience)

Table 5 The results of the experiment of word speech
recognition(Full-covarience)
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mau 2620 98 3.74% 72 2.75% 55 2.10%
mmy 2620 100 | 3.82% | 108 | 4.12% 76 2.90%
mnm 2620 89 3.40% 89 3.40% 65 2.48%
faf 2620 75 2.86% 63 2.40% 56 2.14%
fms 2620 71 2.711% 54 2.06% 46 1.76%
ftk 2620 95 3.63% 88 3.36% 63 2.40%
oo 3.36% 3.02% 2.30%
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Table 6 The results of word speech recognition using Triphone
Model
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faf 2620 123 4.69% 98 3.74%

fms 2618 97 3.08% 76 2.90%

ftk 2619 80 3.05% 69 2.63%

0o 3.30% 2.57%

4.6.2 TriphoneOOOOOOOO

Triphone 000 O0O0O0DOOOOOOCOOCOCOO60C0CCOCO

0000000 OTriphoneOODOOOOOO0OO0OOCOOD
6000000Diagonal 0 HMM OO0 00000 3.30%0 Full
OHMMOOOOOOO 2.57%00000 Triphone 0000
gobooooooooooooboooboboooobooooooo
goboooooooboooooon

gobooboooooooboooobodobobooooood
0600000000000Diagonal0 HMM OODOODO
Triphone 000000000 O HMMOOOOOOOO
oobooooooooo

5. U g

5.1 000000000

gobooooobooooooobooooobooooboooooo
gobooooooooooobooobooooobooooooo
gobooooooooooooooobooboooboooooog
goboooooooooooboooboocoobooooooo
gobooooooooooooboooboooboooooog
ooboooooooooooboooooooon

O70o0o0oooooooooooooo

5.2 0000O000O000DOO

gobodooooooooooboooooooooboooooo
gobooooboooobobooobosoooooooooooo
goboooooooooooboooobooooobooooooo
goboooooboooooooboooboobooobooooooo

07 ODOOOOOCOO

Table 7 The improved examples of words
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Table 8 The exam;les of words which have not been improved
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Table 9 The error rate of each mora length of words
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Table 11 The results of word speech recognition using mora

length and begining and ending of a word
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10000 | 156 12 | 77% | 84 | 4% | 12 | 7.7% mau | 2620 75 | 2.86% | 53 | 2.02%
20000 | 2460 | 204 |8.29% | 222 |9.02% | 196 | 8.20% mmy | 2620 | 130 | 4.96% | 76 | 2.90%
30000 | 5793 | 350 |6.04% | 274 |4.73% | 325 | 5.61% mnm | 2620 | 124 | 4.73% | 63 | 2.40%
40000 | 6577 | 291 | 4.42% | 195 |2.96% | 157 |2.39% faf | 2620 | 129 | 4.92% | 50 | 1.91%
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70000 12 0.0% 0.0% 0.0% oo 1.23% 2.22%
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Table 10 The error rate of the each HMM models
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Table 12 The results of word speech recognition using Triphone

Model and Mora position and length
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mau 2620 63 2.40% 64 2.44%
mmy 2620 118 4.50% 74 2.82%
mnm 2619 110 4.20% 65 2.48%
faf 2620 135 5.15% 85 3.24%
fms 2618 140 5.35% 96 3.67%
ftk 2619 89 3.40% 89 3.40%
oo 4.16% 3.01%

000000 415%00000000 23.3%00000FullO
HMMOOOOOOOOOODODOD eOOOOOOOOOOO
2.22%00000000 33.9%00000
000000o0ooooooooooooooooooooo
00000000000000000000000000o0o0g
5.6 TriphoneOOODOOOOOOOOOCOOOOOO
O00OTriphone 000000000 0ODODOOOOODOO
00000000 Triphone 0000000 OOOODOOOOO
000ooooooooooo

5.6.1 TriphoneOOOOOOOOOOO

Triphone 0 0000000000000 ODODODODODODOO
4.3.20000000000000O0O0C00ODOODOOODO
OO000OOOTriphone DO 0ODOOOOOOOOOCOODODOODO
O00000Triphone OO OO00OD0OOOOOOODOOOOOOO
00000ooooooooooooUoUoooooooooo
0000000oo0oooo HMM O d Triphome OO0 OO0
oooogd

5.6.2 0J00ODOOODOOOO

goo0o0OoCo 4400000000000 ODODODDOO
000 120000

012000 Triphone OO O DOODODODO OO OO Triphone
000000000 oboooooooooooooboooo
0000000000000 00o00o0oooo HMMOOOO
630000 000D00OCOOUUODDO HMMOODOOOOO
O00000O000D0O0O0OoOO0Triphone0 00000000
0000oooooooooooooo



6. U g

0000000000000 oooooooooooooon
O0odooooooooooooooooooooood
000000000oooooooooooooooooon
ooooUooOoo0ooOooUoUoooodDooooooo
0 ODiagonal-covariance 1 HMM OO OO 00000 5.42%0
0432%000000000000000 Full-covariance O
HMMOOOOOOOOOO 3.36%00 230%0000000
O0o0oO0ooOooooooo 20.3%0 31.6%0000000
0000000000000 DO0OFull-covariance 0 HMM 0O O
0000000000 00DoOooOoOo0n Triphone OO OO
00000000oooooooooooooooooooon
0000000o0ooooooooooooooooooooon
O0o0o0oooooooooooooooo

000000000oooooooooooooooooon
ooodDoo0ooUooOoOooUoodooOooooooooo
0000000000000 0000000000O0dFull-
covariance 0 HMM OO OO0 OO 0O Triphone OO OO0 OO
00000ooooooooooooooooo

00000000ooooooooooooooooooo
00000000oooooooooooooooooooon
oooood

O O

[1] bOoOooOoOooO0Oo“C00000OU0o0oDOooOD” OO0
0 O SP99-2(1999-05)

2] OODODOOOO “0000000000DO000OD0O00
Oo0O0” 0000000D00O0O0DOoOSP2001-53 pp.25-
30(2001-8)

[3] ODOO0DOOOODOO0O00 “00000000000000000
07000000000000000SP2001-45 pp.1-5(2001-8)

[4) DOODOOOOO “O00O0000000O0ODOO0OOOOooOO”
0000000000000 0OOSP2002-25 pp.7-12(2002-05)

[5] X.D.HUANG,Y.ARIKI,M.A.JACK “HIDDEN MARKOV
MODELS FOR SPEECH RECOGNITION”

[6] HTK Ver2.2 reference manuall 1997 Cambridge University

[7] Introducing ESPS/waves+ with EnSigTM Entropic Re-
search Laboratory, Inc.



