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Large-Vocabulary Continuous Speech Recognition Using a Japanese Business-Newspaper

Corpus

Tatsuo MATSUOKA', Katsutoshi OHTSUKI'. Takeshi MORI'™", Sadaoki FURUI"™™".

and Katsuhiko SHIRAI"

HoEL 1&ﬂ: Auu‘/ Lﬁ:ﬂ u?;ﬂﬁa)ﬁﬁ‘

AYHBEE LX) RWIE, 7T RFE, AU, ASIUT

&t%ﬂ&c-xﬁﬁﬁuﬁ*mwfwm nhzm\a L Lade, HEBEHEE L7o, S RICET BHig
ovuﬂﬁ*b Zu I, EID BABESHEMIIAR-ALEDT) 1 EBLILR{HEINBLDH, K
BESS RSB TEELGHE R THEN gam FOBHETVOBANER TRV L ERLR

L. et NAGERERELZHRE LTREV-ERE
THwAL®, FX¥AMEBEERIITLILICL

DEER (WMEE) Wby AyTF—ar Lk

ARMONEE HOTV S, HIEN-gram% .:.un{‘T'ﬂ/c‘: L
R YR L

EEL, WS5EGOHBFEELHG THBEN-gramSEE TV EMELL. Eé’a&?yxi‘h’%é'?ﬂﬁ?‘étb, BT -

7/\ AEHEL, SABRDOFEEDORINLTODH
MV TREE S RO TR 1T o 7.

FF— xR L. ZOFEF— 5 ZORADI0HDE
7TkDFEGH A XX LT, no-grammarFHE 7N, FELIRH

HFHWEFLE GBI EER ) 8% Th -7, HilbigamBHE-E TN EFRLRKTTHET L E

fﬂwé Lilk ~)qé.,m.&P)imoo‘%.ﬂ(ﬁ*ﬂf_.
B —FN— A, FEEETI, Ngram, HHLH

X7 — K KBRS ERR

. ¥$ANH0 2%

¥i%, Wall Street Journal, Le Monde, Frankfurter
Rundschau, Sole 24 Ore%e EOFHTEEFEZ HWT, 72
JhRE, AFYARGE, 7T o AE, FAURE A
) TR &R GISRGEV RS A RO
AATORTVAB[~[9]. Lo L& s, Bﬁ;ﬁﬁ
Bl IhollHTAEIEIETRE
w.:ﬂd,fﬁ,”&h@x%#iﬁwwba<%
PNTEY, ZheEBMICEEICXYS 2 EVES
Tit v :kti&k%i%ﬂ% Thbb, I1KGE
OB, KiBVERE AR VW TEE 2 &AEZ R
7o HEEN-gram? & ) A FIEE TV OEANES T
Hw, o, HHEEOL I L REVOFEFT -4

* NTTka—2y 4 %7 RAFFRR, KW
NTT Human Interface l.aboratories, Musashino-shi. Tokyo, 180 Japan
Tt RREE RS, W
Waseda University, Shinjuku-ku. Tokyo, 169 Japan
trt RELEKRE, €7
Tokyo Institute of Technology, Meguro-ku. Tokya, 152 Japan

N=AH HAFEIL DWW THAFEL TV EY, 22T,

ﬁku HARERM e HeTHiMidsRLyEs
— FN—ARWREIAEEL, AFREEERLE LACKGE

‘I’h'_h'lLllgw\.mla)ﬁﬂ: EA D TV A[10]~[13].

F3, 680 3 h HEOTFED HFEHHRE ) A b & {FMk
L, ZOHEHE) A MV, WSIF X7 D5k,
20k, 64kE TIZEEDHNNL— &b L 9Tk, 30k,
150kDFEVY A AEWELL, BET-INX—ADHF
PSR DAV EFI003LF o5 L7

IOEIICLTHELALEHT—IN—REHVT
HAFRE VBT A TR0 LOOFRET L, T
EFMICOVWTHRF 2T 272 AR LT, %ﬁr—
¥ N—ZADUFIE, FEITRKTFFEET N, HiE
gramSREE TN DI ROV TS,

2. F—aN—-2Z20HEt

BERESETOI S, 4FIDHTEFHAL.
Wb 3 HEFHER & L

TFERBIEFLER/UFE DIl Vol. J79-D-Il No.12 pp. 2125-2131 19965128 2125




BT EHEEFERRLEE 196/12 Vol. J79-D-11 No. 12

21 FX X MR

CREHIRNT % T AR T £ A MK L THLIE %
L7, Zhid, LBEOGARLTEF LB L -HE,
BELZBITOHMEL SO, FHLSETTILOMEE
BHTHOTHD, TADHWITRE VRS A
mﬁ%'fﬁ) lﬂ#’)@%f{ sF—arCithuvo
c, ﬁmﬂ)n dda3iazh—ariiBunTEE
%éh&wm%¢mﬂum0%mt.
(HOGOOLMAAVYHAAO - #@——1 | -
SV PR, LHFIIBTARARSTTH Y BEEH
—BEILRT o TV AEVOTHIERLZ:.

Bl . QECH#E% W 0] B CEU H 27

@ 2 [ &, EEDOHEC
Mo Teh oI L.

Bl 24w oMara—&—nFHRIT [o] »
M) »TcEPEN L.

3 00 0O OOz #LOGETFOR
A, PEOBHWAREH L ZECHVLERTEY, F&

ZEHIBEL TH XML RN D0,
EHHIBEL 7.

Bl R®bodE0ZLYFEEST P YA (KREHK
V2R

BT ELLLRAIIL WO L. CHOMKE
&W%ﬁ&mﬁﬁﬁkWELt.M1u.%$xb
F= g R—REEKINT 5, 1 XFOHEERTH -
KORSOGHTHA. 1 LFOEHHERIL, #Y
o b, Rty M B256HET, MlERETEY
+ v PETIH13.8, ity PT35S THo L X
DEZHALH BB L 26AD b O % HEEHIE ) A b
DVER L N-gramSEEE T IV OFEMIZH 7. 3t
M, GO R XTSI HIBR L 72,

LR - gy

HIE (BREFR) | 3ty MI34F2F L, 980/ HiE
(EHEE) kot

22 TEERMRAR
H$%M$%ﬁuzN_z&Em?U59%an
RSN D OEEERIMIA TS HELSH I O
7&%ﬁﬁ%tétbkuiT.I%%$m¥ML
TR T arTHLENHL, ZOLT A,
FT—rarDOIREMLBEERNFLEET
B, RADPHOCTEEEBTESHEELOHE >
L, HEMERH ST L BTEEIL95%TH 5, K
R TIICOBEEMTIC RS S LEErEE L%
+5.

JEEFMBAT ORI, WROTREIES
mE LTI E Nz,

L TR
ﬁ%kfzwﬁléﬁﬁ H)Fiil" &

DIFWIBER I - T S nHGE (BREE) ko
300000
§ 200000
8
g
-
°
2
g
3 100000 -
0 —— T ——r——

0 20 40 60 80 100 120

Number of words in a sentence

1 1 THOHEEK T 7. XDRS DA

F & A bETALBEGE, o P IX680TT L, 1188000 Flg. 1 Distribution of sentence length in terms of the number of
words in a sentence.
#1 BEBEOHEVH AL XL N L— IO
Table |  Comparison of lexica and LM training corpora for different languages.
Nikkei WSJ Le Monde g::gsfi'{l l;f Sole 24
(Japanese) (English) {French) (German) (Italian)
Training text size 180 M 372M 377 M 36 M 257 M
Distinct words 623k 165 k 280k 650 k 200 k
5 k coverage 88.0 % 90.6 % 85.2 % 829 % 88.3 %
7 k coverage 90.3 % - - - -
20 k coverage 96.2 % 975 % 94.7 % 90.0 % 96.3 %
30 k coverage 975 % - - - -
40 k coverage 98.2 % 99.2 % 97.6 % - 98.8 %
65 k coverage 99.0 % 99.6 % 98.3 % 95.1 % 99.0 %
20 k OOV rate 3.8 % 25% 53% 10.0 % 3.7 %
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Table 2 Entry itcms corresponding to the number of
homophone classes.

Rate in Homophone class size
Lexicon 1 2 3 >4
Nikkei (30k)| 20% |[241k 2438 716 565
BREF(10k) | 35% | 6686 1329 215 73
BREF(40k) | 45% |[237k 5361 1264 1039
WSI (9k) 6 % 8453 237 22 1
WSI(65k) | 13% | 604k 3689 890 291
FR (64 k) 10% | 581k 2769 221 57
S024 (10k) | 1.7% | 9872 85 3 0

Corpus

£ FH 7ty roLE
Table 3 Description of subsets.

Subset Description

7k |Sentences composed solely from 7k vocabulary

K+ Sentences composed from 7k vocabulary and
up to two OOV words

30k |Sentences composed solely from 30k
vocabulary

Sentence composed from 30K vocabulary and

up to two OOV words

0K+ Sentences composed from 30K vocabulary and
- more than two OOV words

30k+

K4 BT Xy POEGTREINDIADHE

Table 4 Percentage of complete sentences made by each subset.

Subset Training set Testing set
7k 107 T
7k, Tk+ 40.8 41.8
30k 42.0 429
30k, 30k+ 62.0 62.2
30k, 30k+, 30k++ 64.2 639

£s 1 XOFHHERE L TGN

Table 5 Average number of words and duration for each sentence.

Subset Number of words Duration [s]
7k 20.9 6.3
Tk+ 233 7.0
30k 234 7.1
30k+ 25.7 79
30k++ 274 8.6

5.
SABRDOFEED, BTy b 5200, FHO0X
FToxERFLL, 8Ly b MLy PIWT S
RRVBEDO D L SEEET VOB 20T 57
O, 503CIEFEHE v Mo, T S0EEFEtY v b A
LEAL. G, HEETA 7 (€A F—HMD-
410) &, Ny rFIY=A Ly (Z 5% 2PCC-160) /T
WTRIF 2 chidF LA, DTOERTIITTER
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Table 6 Phonemes.

Vowels a4.¢ 1,0 U

owels aa, ee, ei. ii, 00. ou,uu
b.d.g.p.tk

Consonants ch.j,sh.ts. f. h.s, z
N.m,n,r, wy
by. gy. hy, ky. my, ny. py. ry
Double consonant Q
Silence #

K7 BHRTMEBHR  HETEWHE@G)

Table 7 Phoneme recognition accuracy. (%)

CI  Di2000 Dil000 Di700 Dis00 Di300 Dil00
Cl 492 580 584 582 579 572 567

Tri600 | 584 604 606 606 579 60.1 -

TriS00 | 594 610 609 610 605 606

Tri400 | 589 610 609 612 611 608

Tri300| 60.6 615 612 6l6 615 613
Tri200 | 604 609 606 609 609 608

Trilo0| 609 613 608 610 611 609
Tri50 | 60.9
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) 100,
N

Accuracy = (l -

ZZT. S D I, FhFEhid % HAED
Td 4. Di2000id, diphone-context-dependentE 7 b
T, FEFEA T NA2000M80 T -y B E
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L L S - EFALDE Y PR BT A, DiTO0L
Tri300 & LIRMY EF N HAEDLETH /L &I
RHBOFERIBON. 61.6%DEHEMBECTH L

4. SEBETIN

VR EF AR CTREEEFTALLLURTH
. BHETMELTE, Ay 770, URA
HI3CHE, N-gramZ ED5 2 b AD, KiBWOBEIZ
EERL2OEHEL S v b7 — 2 kR XRBHRCEE
AFTELILRFEEAERTHRTHAE. —F, N-
gramSiEETINMIE, REDTF XA M F—7hdbhiflt
B ES AN ET A LA TEH LD, KiE
VIR R L (Hw ST WS,

&I, FEEy PPICBIW SR/ unigram,
bigram, trigram O HEE L FHINFEFE % RT.
bigram, trigramid, FDIEL A EDERTF X MALL

1a 720 U8l & 714 vsingleton T o 72, bigram,
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#8 FEL v RO NgramDFEHH (L E)
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Table 8 Number of N-grams in the training sct (upper), and average
number of occurences of each N-grams. (lower)

Unigram Bigram Trigram

7k 7000 21M 171 M
24388.0 65.1 72

30000 49M 305M
30k 61219 33.8 5.1




B/ FMEET — ¥ R—= A% A KR R

Y FRAMEY pA=TLELT A
Table 9 Test-set perplexity.

Nikkei WSJ
. Test-set . Test-set perplexity
Vocabulary size | Language model . Vocabulary size | Language model

w guag perplexity v Bl VP NVP

Unigram 597 Unigram - -
7k Bigram 82 Sk Bigram 80 118
Trigram 38 Trigram 44 68

Unigram 693 Unigram - -
30k Bigram 124 20k Bigram 158 236
Trigram Trigram 101 155

R0 KFEGHEBFFREBRER
Table 10 Large-vocabulary continuous-speech recognition experimental result.
Acoustic model Training set Test set
Language model
HMM Features % Correct Accuracy % Correct Accuracy
Cl NG 19.6 18.0 18.1 17.2
CD cepstrum NG 245 23.0 23.1 22.1
Cl delta cesptrum BG 67.0 65.0 65.8 63.7
CD BG 77.2 73.5 76.0 725
cl + log-energy BG 75.3 73.4 73.2 71.5
CcD delta log-energy BG 82.4 80.3 823 80.0
Viterbi £ — A% —F 2 RH L, FRESRL GEDLE
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Fig. 2 Test-set perplexity and word-error rate for each speaker.
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Fig. 3 Relation between perplexity and word-error rate.
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