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ABSTRACT

Chinese is not an alphabetic language, and there is no

~ convenient input method. Inputting by speech is one of

the best ways to solve this problem. In this paper, we
introduced our Chinese dictation machine, the JANET
system, which is a very large vocabulary isolated
speech recognition system. It could recognize all 1254
Chinese syllables as well as convert syllable strings
into texts. The syllable recognition rate is 89% and the
word accuracy is more than 95%. The. system is
implemented on PC and is commercially available
now.

1. INTRODUCTION

It is very difficult to input Chinese characters into
computer by keyboard because Chinese is not an
alphabetic language, and this has greatly hindered the
computerization in China. Inputting Chinese by speech
is one of the best ways to solve this problem, so
developing a Chinese dictation machine ( a voice
actuated "typewriter" ) is more useful and important
than for any alphabetic language.

A dictation machine should be an automatic-speech
recognition system (ASR) system that:

" 1. has a very large (if not limited ) vocabulary,

2. is implemented on a user affordable computer in real
time mode, and

3. is user friendly. .

. The JANET system, which is a all-syllabled, speaker
dependent and isolated Chinese speech recognition
system, has met all these requirements.

Since Chinese is a mono-syllabic language, where
each character can be mapped to a syllable, a natural
way to build a dictation machine is to recognize all
isolated syllables, This approach can lead to an
unlimited-vocabulary speech recognition system and
can overcome the following disadvantages of the
approach based on multi-syllable word recognition[1].
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1. Chinese has only 1,254 syllables and 6,700
ideographic characters, but has more than 300,000
Chinese words among which 56,000 are frequently
used[2]. Furthermore, there are a lot of new words
introduced every day. Therefore, the approach based on
word recognition cannot solved the problem of
unrestricted Chinese text recognition while the one
based on syllable recognition can.

2. There is not any space between two Chinese words
in Chinese text, and the boundaries between words
vary with different speakers. For an example, Chinese
character string "i%%iﬂ%ﬂf{;éﬁ" (speech recognition
system) could be regarded as 1. a single word, 2.
“EXRT] / RSE" (speech recognition/system), 3.
"B/ TRBIZESE" (speech / recognition -system) or
4. “EE 1 BB /1 RS (speech -/
recognition/system). The user do not know which
segmentation is the valid one in the system. So, the
approach based on word recognition is theoretically but
not practically feasible.

3. The mono-syllable words, which cover at least 1/3
Chinese text, are poorly recognized in the system based
on word recognition. )

Therefore, we built the JANET system based on
mono-syllable  recognition and overcame the
vocabulary restraint. The system provided a vocabulary
of 60,000 words for users, and the user can also add his
own vocabulary to the system without any restriction.
Although it is more difficult to recognize a mono-
syllable than a multi-syllable word, we have already got
very high syllable accuracy, and can further improve it
by utilizing our language model[3 ,4]. The syllable
recognition accuracy rate of the JANET is about 90%,
and character accuracy rate is more than 95% for
unrestricted Chinese text.

The acoustic model of the JANET system .is the
DDBHMM presented by Wang[5], and the language
model is the two-stage bigram model presented by
Wu[4]. These models improve both the accuracy and
the speed of the system, making it possible to
implement JANET system on PC.

Sub-syllable technology is applied to the system to
reduce the amount of training data. Although it is a
speaker dependent system, the users are required to
record only a text of 1,300 syllables before using the
system.
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The JANET system is implemented on 80X86 PC
with a DSP (TMS320C25) board and can meet the
requirement of real time processing. The character
input speed is more than 80 cpm.

The JANET system has higher accuracy, larger
vocabulary and needs less training data, less system
resources than the systems introduced in[1,6,7].

2. ACOUSTIC MODEL
2.1 DDBHMM

The acoustic model is the Duration Distribution Based
Hidden Markov Model (DDBHMM) proposed by
Wang in 1988[5]. It is deduced from the fact that the
duration of the state residence (maps a speech event) in
HMM is stable. So the parameters of the model are the
function of the duration of states.

In the standard HMM, the transition probability. a,

is irrclevant to the duration of state i, so the probability
distribution of the duration of state i is an exponent
function:

Pi(T):aiir.(]'_aii) (1)
where 7 isthe duration. This conclusion contradicts to
the physical characteristics of speech signal. Although
several improvements have been made in recent
years[8,9], they have mot solve this problem
completely. We suggest that a perfect way of estimating
the HMM parameters is to deduce transition probability

a, from F,(7):
a,(ky=P(rzk/t2zk-1)

_B((r2k)~(r2k=1))
- P(r=k-1)

__ P2k ®
P(rzk-1

and

a,(k)=P(z2k/12k~1)-P, (z=0)-- P, (z=0)-P(r=1)

=(1-a,(k)- B, (=0)+- B, (r=0)- £, (1) for j>i. (3)
From equaﬁbn (2) and (3), it is obvious that «, (k) and

a, (k) are the functions of k. So the model mentioned

above is a non-homogeneous left-to-right hidden
Markov model that is based on the distribution of state
duration. We call it Duration Distribution Based
HMM. By utilizing the DDBHMM, the syllable errors
are reduced by 1/4 [5] in comparison with the standard
HMM. The computation complexity and space needed
are also reduced tremendously.

2.2 Sub-syllable Units
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HMM requires a large amount of training data to get
robust parameters. If syllable units are used, at least
three times of tfaining data are needed. Fortunately, all
Chinese syllables have C/V structure, and the numbers
of consonants and vowels are only 22 and 38
respectively. Although the pronunciation of each

- consonant in a syllable is affected by the vowel

following it, the number of combinations of
consonants and the first phoneme in the following
vowels is yet limited. We define this combination as
the initial sub-syllable unit of a syllable, and the vowel
as its final unit. It needs only 103 initial units and 47
final units to cover all Chinese speech uttered. Only
onc third of training data are required when the sub-
syllable (instead of syllable) model is wtilized.
Furthermore, the sub-syllable model can be used in
continuous speech recognition, thus gives the JANET
system a possibility of upgrade to continuous speech
recognition system.- :

2.3 Speech Processing

The speech is sampled at 10KHz, and preemphasized

with a filter whose transform function is 1-0.98z7".
Each frame spans 20ms and is multiplied by a
Hamming window with a width of 20ms. Consecutive
frames overlap by 10ms. LPC coefficients are
computed by using the autocorrelation method[10].
The codebook of JANET system contains: (1) 14 LPC
cepstrum coefficients; (2) 14 differenced LPC cepstrum
coefficients; (3) power, differenced power and the
second-order differenced power.

3. LANGUAGE MODEL

The language model is much more important to
Chinese speech rtecognition than to any alphabetic
language. Because each Chinese syllable maps 5.87
Chinese GB characters on an average, the Chinese
language model must not only eliminate acoustic
recognition etrors as the English language model does
in English speech recognition, but also be useful in
translating syllables into Chinese characters.

In Chinese speech understanding, the basic unit of
the N-Gram model could be spelling, character or even
word. All the three models are very efficient in
eliminating acoustic recognition errors, but the model
based on spelling needs the least computation and
memory space, arnd it works hundreds of times faster
than the word-based model[3]. Unfortunately it can not
accomplish the translation from spellings to characters,
so, when spelling-character translation is concerned,
the character-based model or the word-based model
must be used. The word-based model is better than the
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character-based one in accuracy, although it requires
more computation and space.

Several Chinese language models, which were
simply based on characters or words, have been
presented in recent years[1,6,7]. They can eliminate
syllable recognition errors and translate spellings into
characters simultancously, but do not perform well on
both accuracy and speed. The character-based model is
fast but not very effective, while the word-based one is
cffective but very slow, so they are not practical in a
commercial system. '

We proposed here a two-stage language model[4]
which is the hybrid of a syllable-based bigram model
and a word-based bigram model. The syllable based
model filters most of the unlikely hypotheses of syllable
from all acoustic recognition results and then the latter
model, whose vocabulary size is 56,000, gives out the
sentence from the remaining hypotheses. This model
has been applied in the JANET system and is effective
in terms of both speed and accuracy.

Our corpus is made up of one-year news dispatches
from Xinhua News Agency, which represent about
20,000,000 words. The reason that we selected this
kind of corpus is that news dispatches cover all kinds
of domains, and have all kinds of sentence patterns and
writing styles. We used a half of it as training data, and
the other half as testing data. We also applied Deleted-
Interpolation method[11] in smoothing the model.

' The data flow chart of the JANET system is:

Acoustic evidence
of a sound uttered

[ Acoustic Recognizor ]
B
]
1

1 10-20 Spelling hypotheses

i
Spelling Understanding Unit
Based on Spelling
4 Most likely spelling
hypotheses

[ Spelling-Word Translator |

Recognition result
----characters

Figure 1. Data flowchart of JANET-919

4. EXPERIMENTAL RESULTS AND
CONCLUSIONS
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4.1. Acoustic Recognition

Four speakers (2 males and 2 females) were
participated in the experiment, and each person
recorded speech data of all 1254 syllable eight times.
For each person, one time data was used as the training
data, and data of the other seven times were used as
testing data. The syllable - recognition rate is from
85.7% to 90.5% (See Table 1).

Speaker M1 M2 F1 F2  |Average
Top 1 91.5% | 85.7% | 88.4% | 90.3% | 89.0%
Top12 199.1% | 97.9% | 98.3% | 99.2% | 98.6%

Table 1. Syllable recognition rate
4.2. Language Model and Speech Understanding

The testing corpora, which consist of about 1,500,000
words and cover many areas including economy,
politics, diplomacy, education, science, commerce,
athletics and daily life etc., were selected randomly
from corpora not included in the training set. The texts
were translated into spelling sequences first -and then
spelling sequences were translated back into words by
using our word-based bigram model.” The results are
listed in the following table:

Unit Total Num. |Correct Num.|Accuracy Rate
word 1,524,324 | 1,518,987 98.48%
sentence 87,934 77,927 88.62%

Table 2. Accuracy of Speech Understanding

If the input of speech understanding unit is the result
of speech recognition, which has a syllable accuracy
rate of about 85%, the syllable and word accuracy are
97.5% and 95.1% respectively after understanding by
two-staged bigram model. It shows that the language
model have eliminated 85% acoustic recognition
ITOTS.

4.3 Overall performance of the system

8 speakers (5 males and 3 females) tested the JANET
system. The inputted texts were selected from recent
newspapers and had a size of 17662 character. The
character correction rate is from 87% to 98.9% and has
an average of 95.2%.

The system is implemented on PC with a
TMS320C25 board. The recognition speed is very fast
(See Table 3). But if we simply use the word-based
bigram model instead of the two-staged bigram model,
the understanding speed is reduced to only 1/8 of that
of the latter so that the real-time processing is
impossible.
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Computer 80386/33 without 387| 80486/50
Recognition Speed >120 >150
Understanding Speed 105 490
System Speed >80 >110

Table 3. System Speeds of the JANET system on
80X86 PCs (characters / minute.).

4.4 Conclusions and future works

The experimental results show that it is a natural and
practical way to build a Chinese dictation machine by
recognizing isolate syllables, so this method can
actually lead to an unlimited-vocabulary system. The
recognition accuracy and speed have met the practical
need when we applied DDBHMM and the two-staged
bigram model.

It is obvious that inputting Chinese character by
continuous speech is more convenient than by isolated
speech, so we are now putting most of our efforts to
develop a continuous speech recognition system in the
future. Most of the approach of this paper can be used
in continuous Chinese speech recognition.

Because the acoustic recognition rate of continuous
speech will greatly reduce in comparison with that -of
isolated speech, the language model must be improved
to maintain the character accuracy. We will apply a
trigram model based on spelling to our two staged
model, since it is more effective and is also fast enough
to meet the requirement of real time recognition[3].
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