HESHIERLE 44-10
(2002. 12. 19)

T — 5 R O 7 B A R O MR
KR &R MNE 1 mE B
T BECKZE T T 680-0945 BEUR BECH LT R 4-101

E-mail: {{seo,murakami,ikehara}@ike.tottori-u.ac.jp

HHFEL BE, BEBETFRETIIBFMNIA—FEL T A NS AMERENTWS. ¥ T A T4, KRIC
TN MERE, BRIy FHERE, TNTHEATVD, EBROTERETIE, ANINTA—FELT, 74
W= MEEAMMER TN TV, EvFHERIE, Yo FARRERE L THILT2 0020, BREHINR
Vv, UL, BRIOMIRTE y FRAEKEE-SHERICIMEEFRENS 2 ZENM5NTWS, AHETIE, EyF
HHRORDOICE—SHBEFERATACEICED 74N MBIy FORBEHBTES LIEEL, E—5
HHRAFH U THESEREET . TOHE, BLOEEICHLURSRBNMELE, £, T—SHEREFHAL
CREAE R, BHBREEEELILET N Triphone EF N ORHFBHER LD BE N, ELOIHENB LN, 20
2, T IEROFERED SNz

F-—U—-F HEEHEZH T8 T-SE HEBGER, Triphone

Takahiro SEO!, Jin'ichi MURAKAMI!, and Satoru IKEHARA

1 Faculty of Engineering, Tottori university Koyama-cho 4-101, Tottori, 680-0945 Japan
E-mail: {{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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SRBIVE-SNBEERL TER HMM EERL TR#E

L @Loie ForeBalc, BREOMET S EMHAINTVS (3], T

REOHETHERZETE, BENIA-FELTrTALS
LRANT TA T LIREMEREINTWS, ZOFTALS
Lid, ERICT7ANT 2 ME#E, BRICEy FRERETHE
NEATVS., HEOFTFBHETE, ANNTA-FELT
TANT Y MERBFERINSN, EvFE®RIE, o FRER

BeRELTHHTZOREETH S0, B, FHING

W, Fiz, F7ARITARBWT, 74N NI Y FREK
BOPBEZHOTVIENMSN TS,

LEIAT, BAEOHMETE y FREREHEEOE-FRBX
PE-FMEOMICKGEEERIEET 2 2 MM N TS,
COREMBRERATAIEICED, BRG] PEEIAN
U 2] OBFEICBWT, FORERHEENE LT &M
RINTWVS., BEESHEHOWRIIBNTD, BEOCE—

DIEMS, E-7FEREFHTEZIEICEST, 72T
MIBUIBEYFOXEERSMTESEEZ 5N, HMM O
EomEIcRIDEEL LGNS,

7z, TEROWET, BREFTFRMCB N TEHEBLUE
BHROBEEEL LT TS, DROBHBENMLETH I EN
HONTWA., LT, MiBOFTERELEZEL & Triphone
3, BEOEFRBIBWTRDAYRFEREELTHONT
W3,

FIT, AMATIHEEERZHRICBNT, T—IFHRIE
OREFNTH S0 %, FHERBEHS Triphone EF )&
BRLUTERETVWHONCITS.



2. E-SHEBIEYFER

HEEHEOBEORFIIBNT, BEOE-IRBLUE—
FBEMAREIUIE v FRAKEA, FTEFREZIEMNFSNT
W3 (1) RIE(]AS3IHLEDOT, B—#FEDFL—%
MEBLL 5 E—7HOME (MH L2, 800 HOE Y FA

WHROFYELSTERLTWD. 28, ZOEy FRERD
BEHTIZH, xwave+ [7} EHAL TS,
N |
1
: it m‘ﬁmmm
§ m— o HH

B (£ 7]

K1 5€E—582 800 #HOE yFALKKFHEESHR

Fig.1 Relation between mora information and pitch frequency
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Table 1 Examples of labels HHIE S DER
BEEF a k a s a k a
E-IHEBEER  4dal k 4a2 s 4a3 k  dad
BHGEEABREER  aa k a s a k az
Triphone a+k a-k+a k-at+s a-s+a s-at+k ak+a ka F—IEF)
. (F9190F %)
BEXREHR k i m a r i
- HEEEER 3il m 3a2 r 3i3
HEERERELEN K ia m a r iz
Triphone k+i  k-i+m i-m+a m-adr a4 r-i
HEER zh i q k e ng HETF))
E-SEREHER  2h 4i1 q k 4¢3  4ngd (265 F) .
EFGEREREMEMR zh ia q k e ngz
Triphone zh+i zh-i+q i-q+k qg-k+e k-etng eng
triphone® 7 )L @

T UKD, BEETF—FEN-ETH2EE, 10H
ZDDEFRHMM O%EF— 0L, HMM T A—%
DEFEENKTT 2. IEHTDICERETIE, HIZH
%% HMM ICH WL THGEIC U $ 3650 HMM [5) 28/
T3,
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Table 2 The conditions of the acoustic analysis

%4 BEETHERMERE (Diagonal-covarience)
Table 4 The results of the experiment of word speech

recognition(Diagonal-covarience)

RAFBH | 16kHz
SR Hamming &
SAEE | 20ms
7L —LAM | 5ms
KA ML | 16 KR MFCC+
16 X AMFCC+
T —+
A XTI — (Bt 34 Kk)
FEETT | 3N—T Ak
AR 5 4 B
FHATH Diagonal-covarience, Full-covarience
Y HMM @ | Diagonl BE, 8% HF Omixture
RE TOMDOEHE 4mixture
Full BE, BE ET 10mixture
TOMOER 4mixture
FEHE HMM O
B 256mixture
%3 £8B%&H

Table 3 Experimental conditions
F—HX—R ATR HERFET— Y N—Z Aset
BEE 6 3EE (B3 EE, K3 #EHE)
FET—F  HEK #2620 BE/EE
HEHFH #9 15500
BEHR #8000
HET—5  HEEK 92620 BEE/EE
EHFK 15500
EE #8000

DOHFE 5240 BEOEFRBT —FHgEhTws. &z, T
DEFEHT— I3, AR THEINEERERLE
HHRESELTHD. ERICF, TOF—IR—2A&FHKEL
BRI, FREFET -4, BEREFHET YL THE
A5,

THF HMM OREA Y AH5MOIEKS#ITFNICIE, Diagonal-
covariance(EAF, Diagonal) & Full-covariance(EA T, Full) @
2EHEEHEALERETS. EHRE HMM ORESMKI,
Diagonal ® HNM 2356, &%, 8%, EE% 10mixture &
L, ZOMOEFHEE dmixture & T 5. F7z, Full @ HMM O
BEIETE, B#E, BE% I0mixture L L, EFEDb, g w, z,
zh % 2mixture & U, HH p & Imixture £ L, TOMDEE
% dmixture &9 3. FEMFE HMM ORESHEIE, WTh
DHFE D 256mixture & T 5.

B4 3 5% (mau, mmy, mnm) &M 3 EF (faf, fms, ftk)
DEF 6 FEEICH LBEFFRRETY, T 7HEROFINEE
FETS.
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PREERER S EOFREFER I EIck o THEI N
MODEEWELT, (2 RIORTHUBERLERATS. b, &

T [wmwm| AAtoUl | BEBRETFL| T-5E50
BE | pw [Eom | #0% | B0K|E0F | BOK | BOR
mau 2620 100 3.92% 84 3.21% 81 3.00%
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%
¥y 5.45% 4.94% 4.42%
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NTNOEBIIDNT, BOEBIVRBRIIDNWTHRAS.
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F—FN—R 6 FEETET, T—IHEREEHT D &I0LD,
18.9%DMOMNKRE N, /-, BHEREHREAEHA LS
BT, 945% 0 kEI N

(2) Full ® HMM iZBIF28B0% - {ER

Full ® HMM 2 AW HEBESEREBORVEL, ZOER
THEALET—IRX—R6FEEFHT, - 7BWEHEATS
TR XD 3.36%0 5 2.30% M Ui, BRI L A
Lgaid, 3.02%icmd L. i ®ERE, F—yX—
A 6HBELHT, E—IWBMEFATZILICLD, 31.6%0D
MmONEEINL. HEEREREEALZHAE, 10.2%8
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%5 BHEFFRBHEE (Full-covarience)

Table 5 The results of the experiment of word speech
recognition(Full-covarience)

~ RauiE | H2FxEF) | BHEBERTTIN| T-IETN
BH | pm MoK BOE | B0K|B0E | BOK | B0
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 |340% | 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%
iy 3.36% 3.02% 2.30%

# 6 Triphone IZH 2 BB E

Table 6 The results of word speech recognition using Triphone
Model
A Diagonal Full
BE | em WOk | mo® |EOK| EO®
mau | 2620 39 1.49% 44 1.68%
mmy | 2620 89 3.40% 65 2.48%
mnm | 2619 91 3.47% 53 2.02%
faf 2620 123 | 4.69% 98 3.74%
fms | 2618 97 3.08% 76 2.90%
ftk 2619 80 3.05% 69 2.63%
iy 3.30% 2.57%
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5.1 HRORONI/HE
RETFNORBHELUGTSE, T—IBBEERTS
CEN Lo TREBTELLS >R BEOS L, EERE
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EE-SHETRLIERL L TRRTHI LA TESLSIC
Mol L EMKERERTSHDEEASNS.
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Table 7 The improved examples of words

YEIN/CBE BB TWAHEE
Bigh Bl B BHEY
i ‘kootsuu — I totsu
A% shiireru — H#d shireru
B8 shootai ~— P# shotai
#HR sooshiki — & soshiki
¥l hoodoo — #3E hodoo
FH5 yuukai — @R yukai

5.2 MRORAShizho -8R

BEAETFNORMERELKTDE, E-IHBEEALT
HUBSNLN S LHFEOHERSITRT. &EINLMo
HEOZY, THEORBETH . AT, BELE
EOHICE—IHMEEAL, THIEREHINTWIHD
ERIUTHDIED, TNODHERRBESNLASLEERS
n5s.
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Table 8 The exam;les of words which have not been improved

ELWHEE EEh AUl
B FFH HiE  EHE
—# iqshyoo — %¥ ishyoo
KL% ouzhiru — BL% tozhiru
E% kairang — BME: kaidang
T8 gyoosei — #H kyoosei
#¥I shiryoo — i shizhyoo
#W  taiho - KB taiko
#D hikari  — ZA hutari
%% roodoo — X% doodoo

5.3 E-SHILISHELAERER
1E-SEP2E—TEIR, MOPHBALEDIDIZ,
CROMBIZEL> TEUDNRERZZBONELEETS. 20/
®, 1E—JEP2E-—IFBBR1IIIRENS LD, EuF
BB EE—TRBLUVE—-SHBOBBRMKD LD LIRS
2, FIT, 3E-SEULOBEDOBRDRIIDVTREIL
. RIEBET—IRIIBILHEBEBORVEERL TS, &
B, ROBOFIRBRBRTHEALL 6 EEOEYEERL T
w5,

£9MS, TIFMOCEFHERFERICL T3 T—T8E
4E-JEOHBEBTRIRBORERBIVRE SN, Zhig,
3E—JEULOEETE, 772 FIZLST, EvFN
= PRRELTNWEEDEEZLSNS. 3E—FLLORD
BT, HEEFTINMN 4.66%, T—TETINH 3.54%, ZEFHEE
BEFNMN342%&72 0, BEERETNVI—BLVREEE
RUE.

¥, BEERETNVICBVLT, 1 E—IEQED EHNEM
L, 2EORBROBETL TS, Zhud, SEEEHE &
BERTHBELEEEI, 1E—-J@0BERENCBBI AL
ZENRERTHZEEZOND.

5.4 E-SHEROFAHNE
E-IHEROAEDEE, EEXEF), BEERTTILBLY
Triphone EF )V OERER LB L TERTS. #1013, #
RET), HBEFEREETIN, T—IFTFNBLU Triphone &
FNOF=FR—=2 6 EEFHORORERLTWD
FI0DEBRERENS, SEOERT-BLWHERERLE
D3, Full @ HMM Z2HWEBEOET—-FET N TH-o%Z. &
L, 1k, FITHBEE VbR TS Triphone EF VLD
b, FWERETH-Z. ZOZENS, T TFEHMIT, HES
FRRMICBWVWT, Full ® HNM & B WEH4E, Triphone &0
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Table 9 The error rate of each mora length of words

1l T-SREEFBREERL - BEER
Table 11 The results of word speech recognition using mora
length and begining and ending of a word

-8 | BiEARK | #EEF) | BEERTTN| BT * Diagonal Full

WO BOE | BOK | BOE | BoK | ®o® | | BF | BERE e e e w THo R | B0 E
1 £~ 58 156 12 7.1% 84 54% 12 7.7% mau 2620 75 2.86% 53 2.02%
2 £—F3k 2460 204 8.29% | 222 9.02% 196 | 8.29% mmy 2620 130 4.96% 76 2.90%
3 E—Ji | 5793 350 |6.04% | 274 |4.73% | 325 |5.61% mnm | 2620 124 | 4.73% | 63 |2.40%
4 -3 6577 291 14.42% | 195 |2.96% | 157 | 2.39% faf 2620 129 | 4.92% 50 1.91%
5 t— i 584 0 0.0% 1 0.17% 5 0.86% fms 2620 113 4.31% 43 1.64%
6 758 138 0 0.0% 0 0.0% 0 0.0% ftk 2620 94 3.59% | 64 2.44%
7E—JE 12 0 0.0% 0 0.0% 0 0.0% Es=] 4.23% 2.22%

# 10 & HMM EFNICBTH80%R
Table 10 The error rate of the each HMM models

- B
HMM &5y Diagonal Full
BEETI 5.45% 3.36%
EBRERTTIN | 4.94% 3.02%
E—-FEFIN 4.42% 2.30%
Triphone €51 | 3.30% 2.57%

LHUTHR I EMBD SN

£, B-IEFIINOREBRIXFET I EEEERTT )
DERBFRIVBEL ALY, E-I7FHROFHEMNRD SN

5.5 E-ZEWERETINV

5.5.1 E—SEFINEBHEBERETNOPEIET L ORE

E—-SEHRIE, BETFEERCBLT, ROEERLIES
OIZH#HRERTHZ I LERL. EHERERIL, 3 £
SENDFOBEICHLT, E-IHBBIVAENTHL I EER
LT&ER. £IT, ZDOBEROBKEENL, ISIRDE
ZHIE IV 22010, BT EEHBERTTIINOPMEE
REFIVERITS.

E-SE®RIE, T-SMNEEEELTVWSLY, BHERE
HBLPEEL TVWBEEXDIENTES. £IT, RETHF
MEFIVE, E—SEFNLOLI, E-IFMNBRIVE—T
BEEELUTERTZOTIIARL, T 7REBHEEREER
LTHERTS. UTF, ZOFMEFIEE-FBEERET I
EL, ZOEFNEFERL THEBEEFIR LT, fIOEF
IORBSER L, T TBEBRET N ORI ERE
L7,

5.5.2 RHEBROBREER

HESFARERIIAABTRULRE T T, £8
DHREE1LITRT

EROBENS, T IREEFEREERTHILIILD,
Diagonal ® HMM %W/ HE, T—FN—2 6 s6#H DT
T, MORT 4% THD, LEEII233%TH-. Full D
HMM Z2HWEEE, F—FRX—-X 6 @EEDOTHT, HEOEID
2.22%THD, RERILIBINTH 7.

LOERNS, T FEHEBERT TV OREBMRL, -7
EFINDREBHER LG LT, BERZOERTHLLERD.

# 12 Triphone £— JE7 )L ORBAER
Table 12 The results of word speech recognition using Triphone
Model and Mora position and length

) fre T Diagonal Full

BE | aw [BoR| Ho® |B0K| EOE
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%
fins 2618 140 5.35% 96 3.67%
ftk 2619 89 3.40% 89 3.40%
iy 4.16% 3.01%

5.6 Triphone LE—SHEMEZELICETLORMY

RiZ, Triphone EFINIZE—SEHREZR L ZHEITDON
TEHE%E{T/2 5. Triphone K E—FHEREEE L €7V,
PTFOFMEIZE > THERLZ.

5.6.1 Triphone E— &7 OHERFIE

Triphone IZE— T EREEE L L ET N OB ET I,
4.3.2 THERLEE—FEFNEBERT DL &ICL > THERT
5. LT, Triphone KE—FEHMEZERZL LETFIVE, #Y
F—%1Z, Triphone S NIVZE—~SHEREER LI T 7
AINERBT 7 AVEERLT, ERFEERTARII &L
THRTS. BT, Z0OFHHMM %, Triphome E—JE7F
2

5.6.2 BHMEROHKRLER

HMETHEREBII4LAETRUEEBET T A2 . EROK
BELRI12IIFRT.

# 12 /5., Triphone £—FEF)VDFE D L, Triphone
EFNOBORLD, B Aok, g, fTBROETERIEIC
E-IREMBERIANDZET, I5ICEH HMM QN
6800 MEIZIMNT 2. TOHR, FF HMM OFEE & FHEE
13, EBICETTS. 2Dz, Triphone I E—FHEHEER
TEHERBENETLEZEEASND. :

6. #& E

EPRETH, EvFNRY - 2BBOE-FEBLUE—T
METRRTESELREL, BEOE-IRBIVE— I
BEERLETFINEEYEL, BBEEFERET L. TOH



B, T-SHEROBBLERI, EEOREFINELBRLELE
%, Diagonal-covariance @ HMM {23 WT, 8D HE%E 542%Mn
5 43274 Wb /B T EMTE ., £/ Full-covariance @
HMM IZBWTid, B0R% 3.36%05 2.30%ICMPb a5
EMTEE, RBEBRIITNTN203%E 31.6%THo7. L
T, = I EFIVORFEIL, Full-covariance ® HMM IZH
WT, R, BHRFHEELTERAETNS Triphone 7 )V &
DbEMo k. i, BHEEREMEEALCETNERSIC
FRLESESE, EREF N LD, RBERIRLTZH, £—
FTREBMEEALLETINEDBEN S .

LEDOHRENS, T-I8HIT, BESHFRRIBVT, &
DEBLDIBZIENTERILFRTHD ZLMRBDSN
F.o Ef, E-oMEEHOLETERBROREBRL, Ful
covariance ® HMM % Fl\W 288, Triphone 5L &0 b &
NI ENRDH N, FFEOFHENREI NI

SHOBELL T, TRHREFEDHOCUTTICBIIDHE
FEERBIIMLTE-IHEREERL, TOHUEEHETD
GHENRHS.
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