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Abstract

This paper proposes a method to determine the most
suitable string of syllable candidates using 2nd-order
Markov model of accent information added to syllable
characters, assuming that the correct positions of ac-
cents can be obtained from speech by acoustic process-
ing. '

From the experiment which uses the statiscal data for
5 issues of a daily Japanese newspaper, the accuracy rate
that the first candidate of syllable strings are correct was
shown to be improved by 6.4 %,

1.Introduction

There are two main speech recognition methods in
acoustic processing. The first is the method used in
isolated word recognition systems, where each isolated
spoken word is idntified by DP-matching with stored
standard syllable string patterns [1]. This method has
a high recognition rate, but the number of recognizable
words(i.e., the vocabulary) is generally limited to sev-
eral hundred. Therefore, this method is not suitable for
spoken word recognition for a large vocabulary.

The second is the method to partition continuous
speech into segments and to classify each segment ac-
cording to a set of phonemes or syllables [2] [3] [4]. This
method is thought to be suitable for speech recogni-
tion of all spoken(i.e.,natural) Japanese sentences, how-
ever several problems in mis-segmentation (which leads
to insertion and deletion errors) and misclassification
(which leads to substitution errors) must be solved. In
the speech recognition systems, insertion and deletion
probabilities are generally quite small corpared to sub-
stitution probabilities. Therefore, only substitution er-
rors are discussed in this paper, assuming that the seg-
menting process is perfect(that is, insertion and deletion
errors are excluded).

In speech recognition systems for naturally spoken
Japanese sentences, phonological, morphological, syn-
tactic, and semantic properties are generally considered
useful in reducing ambiguities (sustitution, insertion and
deletion errors). Natural language processing has been
applied to the syllable candidate lattice obtained by the
recognition algorithm based on acoustic characteristics.
Up to now, 2nd-order Markov model of syllable char-
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acters is known to be useful to solve this ambiguity of
syllable candidates [7] [8].

This paper proposes a method to determine the most
suitable string of syllable candidates using 2nd-order
Markov model of accent information added to syllable
characters, assuming that the correct positions of ac-
cents can be obtained from speech by acoustic process-
ing. The effectiveness of this method is evaluated by the
experiment which uses the statiscal data for 5 issues of
a daily Japanese newspaper.

2. Basic Definitions and the method to
determine the correct string of syllable
candidates

The Japanese speech input system model shown in
Fig.1, is used to evaluate the effectiveness of the method
to determine the correct string of syllable cadidates
(called syllable lattce )} output from speech recogvnition
device (accoustic processing ) [2] using Markov models.

Japanese sentence can be separated into syntactic
units called “bunsetsu”, where a “bunsetsu” is composed
of one independent word and a sequence of n (equal to or
more than 0) dependent words. Thus, “bunsetsu = (in-
dependen word)(dependent word)®, where independent
word = noun, verb, adverb, adjective, verbal adjective,
attributive, conjunction, or interjection,etc., and
dependent word = auxiliary verb or post positional word.

Furthermore, it is known that strings of phoneme
and informations of accent and pause can be ob-
tained through a Japanese text to speech system [6] for
Japanese “kanji-kana” sentences input to it .

First, two types of Markov models for syllable charac-
ters are defined.
(Definition 1) A syllable string is deboted by
X=8182-+5,. When the accent is added to the syl-
lable s; in the syllable string X , the syllable s; is called
syllable with accent ( denoted by §), and when the ac-
cent is not added to syllable s;, s; denotes bare syllable.

Furthermore when all syllables in a syllable string
X are bare syllables, X is called a syllable string
whitout accent and when syllables with accent are in-
cluded in a string X, X is called a syllable string with
accent. Then Markov chain probability obtained us-
ing syllable strings without accent are called Markov
probability WithOut Accent (denotes MWOA)), and
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that of syllable strings with accent are called Markov
probability With Accent (denotes MW A). 1

In this paper 2nd-order Markov chain probability are
used.

Next, two types of syllable lattices with accent are
presented:
(Definition 2) A syllable lattice L is called a Syllable
Lattice with Accent located Correctly (denotes SLAC)
when the location of accent are correctly indicated in
L. L is also called Syllable Lattice with Accent located
Ambiously (denotes SLAA) when the location of accent
are not correctly indicated in L. Here it is assumed that
accent for syllable string obtained from L are all located
at the same position. X

An example of SLAC is shown in Fig.3.

Finally, the methods to determine the correct string

of syllable candidates from a syllable lattice using two
types of Markov models described abve are presented as
follows:
(Definition 3) The most suitable string of syllable can-
didates obtained from a syllable lattice L=s;55--- 3,
is defined to be a string which has the smallest value
of folowing equation computed using 2nd-order Markov
probanbility corresponding to each string:

n+
- Z log, P(fvi|$;—2$i—1)

=1

Here z; denotes a space symbol bif j <0 or j > n.

The method to determine the correct string of sylla-
ble candidates obtained from SLCA and SLAA using
MW A is called Method by MW A (denotes M MW A),
and that of MWOA is called Method by MWOA (de-
notes M MW OA). 1

Each column of the syllable lattice consists of ten can-
didates and a correct syllable is included in these can-
didates. In our experiment, 110 syllables are used for
the complete set of Japanese syllables, including nasal
sounds, long vowels and contacted sounds. Each sylla-
ble lattice is produced by a confusion matrix(a list of
possible substitution errors for each syllable) [5] based
on the characteristics of syllable recognition candidates
output from typical speech recognition devices with the
following restrictions. (1) Substitution errors can arise
only amiong syllables which have the same vowel as the
correct syllable (e.g., ”a” can substitute for ”ta” or ”pa”
but not to ”i” or "ku” etc.), (2) A double consonant, "n”
and a log vowel in Japanese are never substitution er-
rors. Also substitution errors involving nasal sounds are
the same as for their repective “k” sounds (“ka”, “ki”,
“ku”, “ke” and “ko”), (3) Average accuracy syllable se-
lection from candidates is abut 89-percent.

Especially, the segmentation process in acoustic pro-
cessing is assumed to be perfect (insertion or deletion
errors), and each syllable lattice is assumed to always
contain the correct sylable string. An example of sylla-
ble lattice is shown in Fig.2. From this fugure, it is seen
that a lot of syllable string candidates may be derived

from a syllable lattice. (e.g., “ni-hon-wa”, “i-kon-wa” or
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“pi-ho-na” etc.)
3. Experimental Results

3.1 Experimental Conditions

(1) The type of sentences: Japanese newspaper articles.
(2) The number of “bunsetstu”: 52,642 “bunsetstu”
(3) The total number of syllables:353,065 syllables

(4) The type of 2nd-order Markov probability: MWOA
and MW A

(5) The type of 2nd-order Markov probability: MWOA
and MW A

(6) The type of input phrases: “bunsetsu” strings and
strings partitioned by pauses.

3.2 Experimental Results

The accuracy ratio of determining correct string of syl-
lable candidates obtained from SY AA and SY AC using
MW A and MWOA are obtained in the following two
casees:

(i)case of “bunsetsu” syllable strings for closed data
(shwon in Fig.4) and open data (shown in Fig.5)

(ii) case of syllable strings partitioned by pauses for
closed data (shown in Fig.6) and open data (shown in
Fig.7).

(1) The entropy of MWOA and MW A

2nd-order Markov probability are obtained using the
statistical data for 5 issues of a daily Japanese newspa-
per. The saturation curves of 2nd-order Markov prob-
ability using statistical data of syllables are shown in
Fig.2. From this figure, it is seen that 80 % of rules,
which denote the set of three tupples (z;,,z;_, z;) that
2nd-order Markov probability p(z; | %;-12:—2) is not
equql to 0, are saturated. The percentage of rules satu-
rated improves as the statistical data increases, the sat-
uration degree of 2nd-Markov probability. The sdmaller
the entropy of Markov probability is, the more effective
the decision of correct candidates using Markov prob-
ability is expected. The entropy of 2nd-order Markov
probability MW A and that of MWOA are 2.96 and
2.98 respectively.
(2)The effect of the methods MMWA and
MMWOA to determine correct syllable strings

Compared to the method MMWOA, the accuracy
rate that the first candidate of syllable stings are cor-
rect was improved by 6.4 % by the method MMW A.
The accumulative accuracy rate for first ten candidates
in case of M MW O A can be obtained by that of first four
candidates in case of M MW A. Especially the method
MMWA is effective to determine the correct syllable
strings for closed data, but the value of accuracy rate
obtained using the method M MW A applied to open
data can be also expected to be improved if the statis-
tical data for 30 issues of a daily Japanese newspaper
obtains.

From these results, it is seen that the method M MW A
is effective to determine the correct syllable strings.
(3)The Effect of M MW A applied to the syllable
strings partitioned by pause information
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From Fig.5 and Fig.7, it is seen that the 1st accu-
racy rate for the strings partitioned by pause is inferior
to that of “bunsetsu” strings, but the 10th accumula-
tive accuracy rate for the strings partioned by pause
approach to that of “bunsetsu” strings.

The examples of correct or wrong ( means that the
first candidats are correct or wrong ) “bunsetsu” strings
determined by MMW A and MMWOA are shown in
Table 1.

5. Conclusion

This paper proposes a method to determine the most
suitable string of syllable candidates using 2nd-order
Markov model for accent information added to sylla-
ble characters, assuming that the correct positions of
accents can be obtained from speech by acoustic pro-
cessing.

From the experiment which uses the statiscal data for
5 issues of a daily Japanese newspaper, the value of ac-
curacy rate that the first candidate of syllable stings are
correct was shown to be improded by 6.4 %.

It is a further subject to develop the method to deter-
mine the correct string of syllable candidates obtained
from the actual syllable lattices, which include the syl-
lables substituted, inserted and deleted wrongly, using
accent information.
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Correct | nihonwa., sanjyuu.,
Syllable | sekiyukikio. kaigaidewa
String

MMWOA
Wrong  [ima. sengo. keizaikikio norikoe.
Syllable |[baneni . sugata. sanaka,
String wasureruna
Correct ?ma\ niﬁjgnwa\ sAanyuu\A sekiyukAikio
Syllable | ., keizaikikio., norikoe., sugata.
String sAanaka\ wasurerﬁna

MMWA D = D
Wrong sengo., baneni, kaigaideha
Syllable
String

Table.1 Example of Correct and Wrong
Strings of Syllable Obtained by
MMWA and MMWOA
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