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Word-based Approach to Large-vocabulary
Continuous Speech Recognition for Japanese

MASAFUMI NISHIMURA," NOBUYASU ITOH!
and KAZUTAKA YAMASAKIt

In this paper, we discuss a word-based continuous dictation system for Japanese. We pre-
viously proposed a statistical method for segmenting a text into words on the basis of human
intuition, and developed an isolated-word-based Japanese dictation system. By comparing the
word units used for the isolated word recognition with grammatical units, we show that the
former are also very useful for continuous speech recognition. Evaluation of the performance
of this continuous dictation system showed that the character error rate was 3.0%, and that
the word error rate was 4.3%. We also present a method for inserting punctuation marks in
spoken texts automatically, and a method for segmenting Japanese text into words by using
an N-gram model, focusing on the handling of unknown words.
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Fig.1 Relation between vocabulary size of each
recognition unit and coverage.
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Table 1 Comparison of the LM capabilities of each
recognition unit.

Fr7 RHABR AL HIE REE
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BREATR PPrior 51.9  53.3
YRR b= XHr Y OTHEMNE | 242 30.2
PPror 445 427

F#2 FREMNDLHOFHE-FEBIVHADREL VE
Table 2 Average number of morae and pronunciations in
each recognition unit.
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Fig.2 Block diagram of a speech recognizer.
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Table 3 Sample corpora and their approximate sizes.
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Table 4 Accuracy of extracting unknown words.
FH¥ A b BHE #EEeg
HAEHTB 86.5% 84.5%
EREEH | 85.6% 79.2%
BETFR&FEZ | 70.6%  80.7%
BHHM | 927% 19.7%
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Table 5 Coverage and perplexity for each task: Compari-
son of continuous and discrete speech recognition.

¥ 2y Coverage Perplexity
Disc. Cont. Disc. Cont.
H #5575 98.0 99.5 92.2 77.4
sl 95.5 97.6 | 166.7 191.9
BT R#E 95.2 97.3 | 246.8 258.2
5 H 96.1 98.0 | 138.6 150.6
¥YVRAbM—2 | 975 98.7 | 1224 118.1
MR 94.6 96.7 | 196.4 217.2

A+ =7 BEUOARIIEEEF VOFFHCITHNT
BLY, EFEBNOF -5 TH 5.

FHO Cont. 13 5.2 Hi TR FETHIHEESL
TRHGERFICHT AR ERLTBY, SFEFLVE
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DVTIRBBURRBIFLZERFBORTEY, HH,
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R 6 THEFEEFTHEAMEREE (Error Rate | %)
Table 6 Experimental results of speaker-independent
speech recognition.

e gleeriity Error Rate (%)
Sub. Ins. Del. CER | WER
B 1 168.5 | 2.89 0.52 0.26 3.68 5.6
ik 2 125.6 | 1.34 0.36 048 2.19 | 3.44
%3 126.7 | 2.53 0 0.8 3.33 | 3.64
Bt 4 124.1 | 1.95 0.12 0.24 2.32 | 2.91
B 5 218.9 | 0.87 0.12 05 1.50 | 1.23
B 6 168.5 | 1.97 0.52 0.13 2.63 | 4.14
BT 125.6 1.7 0.6 024 256 | 4.58
Bt 8 126.7 | 3.46 0.4 0.13 4.0 5.58
B9 124.1 | 1.95  0.12 0.36 2.44 3.4
B 10 | 2189 | 1.37 0.25 0.37 2.0 2.21
BHPH | 1483 | 1.98 03 0.35 2.64 | 3.68
Tt 1 168.5 1.3 0 026 158 | 2.68
ot 2 125.6 | 2.56 0.12 0.36 3.04 | 4.81
7t 3 126.7 | 773 2.26 0.13 10.1 | 12.6
ot 4 124.1 | 1.46 0.12 0.24 1.83 | 4.13
g 218.9 | 0.50 0.12 0.25 0.87 | 0.24
Lt 6 168.5 | 3.29 0.26 1.05 4.61 | 6.34
T 125.6 1.7 024 024 219 | 3.89
otk 8 126.7 | 2.13 0.66 0.93 3.73 | 4.61
9 124.1 | 1.96 0.36 0.61 293 | 4.62
P10 | 2189 | 2.25 05 0.75 3.5 4.18
THFH | 148.3 | 245 0.45 0.48 3.39 | 4.81
a2 148.3 | 2.22 0.38 0.42 3.02 | 4.25
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Table 7 Character error rate (CER) of the test sentences
within the range of perplexity.

N—=7L X7 1 OB | FLUXHK | CER (%)
40~80 88 2.20
81~120 140 2.02

121~160 108 2.97
161~200 72 3.57
201~240 72 3.64

241~ 120 4.21

T8 FHF- I RBLUNTG A— ¥ BOLFED BAOHBE
Table 8 Effect of the training data size and parameter
size on the CER.

e ERAH#RE | OER (%)
Set-25 K 30K 50
60 K 4.9
Set-25 K + Set-100 K S0K 32
60K 3.0
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