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Abstract

In this paper, we present an improved grammatical structure of the finite state network(FSN) for constructing
useful recognizer of practical Korean price sentences. The grammar constraints of Korean price sentences in the
existing method are necessary to modify grammar constraint and grammatical structure for the recognition of
practical Korean price sentences. The grammar constraints are improved in the third and the fourth grammar
constraint of Korean price sentences for the practical point. In this paper, we improve the grammar constraints
and make up for the weak point in the grammatical structure of the FSN[1]. Three kinds of experiments were
performed to evaluate the improved grammatical structures; FSNO, FSN-1, FSN-2. As the recognition results for
price sentences, the word recognition rates were 81.37%, 83.92%, and 85.49%, for FSNO, FSN-1, and FSN-2.
Also, the sentence recognition rates were 35%, 45%, and 52%, respectively.
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I . Introduction

The price sentences as a recognition target task won(Korean monetary unit) amount recognition.
are one of the useful tasks in lots of practical areas. They implemented a grammatical structure of the
In restricted domain sentence recognition, the FSN FSN for the recognition of Korean price sentences.
is the most popular method for grammatical The grammatical structure used the grammar

structures. J.-P. constraints of Korean price sentences. However, it is



2 /@30 714 EFA4S AP FSN9 /9 £943 7%

not well suited for practical Korean price sentences,
especially, the third and the fourth grammar
constraint of Korean price sentences in [1].

All Korean digits are composed of a syllable. Ten
Korean digits are such as; 1-/il/, 2-/i:/, 3-/sam/,
4-/sa/, 5-/o/, 6-/yuk/, T-/chil/, 8-/pal/, 9-/ku/,
0-/kong/. Frequent error patterns in a Korean
connected digit recognizer are founded that two digits
(1" and ‘o) are involved in most insertion and
deletion errors [2]. Also, Korean digit recognizer has
many inexplicit boundaries of the digit and may
happen to pronounce the same phone differently by
coarticulation effects[3]. In [1], several strict grammar
constraints of Korean price sentences are applied. In
this reason, the grammatical structure of J.-P. Ham
et al. will be showed performance better than
practical Korean price sentences.

In this paper, we focus on the grammar constraints
of practical Korean price sentences. We have
arranged the nodes and the arcs of the FSN properly
for practical Korean price sentences. Also, we have
make up for the weak points in the grammatical
structure of the FSN[1]. Two improved grammatical
structures, FSN-1 and FSN-2, are presented and the
recognition performances are compared with those of

non- grammatical structure FSNO.

II. Improved Grammar Constraints of
Korean Price Sentences

The grammar constraints of Korean price sentences
are summarized in [1] as follows;

The basic group is composed of 4 digits.

The units of the basic group are /sip/( 101,
/baek/( 10%), and /chun/( 10%) BG = d,
/chun/ ds /baek/ ds /sip/ d4, where d,,

n=1, + + -, 4, means digit.
The meta-units are /man/( 10%), /uk/( 10%), and
etc. * + + BG /uk/ BG /man/ BG.

When ‘1’ is followed by the basic group units, it
is not pronounced. Only the unit after it is
pronounced.

Any conjunction such as and is not used.

The variations of the digits such as -ty and

~teen are not appeared.

+ It ends with /won/.

However, for the practical use, it is necessary to
make up for the practical point in the third and the
fourth grammar constraint of Korean price sentences.
There are two differences;

The meta-units are /man/( 10%), /uk/( 10%), and

BG /uk/ BG /man/ BG.
in case 10000, it is pronounced

/il/ /man/.
- When ‘1’ is followed by the basic group units, it

ete.: L
However,
/man/ as well as

is pronounced or not. It is pronounced or only
the unit after it is pronounced.

In the first difference, an exceptional case 10000 is
considered. Also, in the second difference, a practice
of utterance for ‘1’ in front of basic group units is
considered.

IMl. Improved Grammatical Structure of FSN

Non-grammatically structured FSN noted as FSNO
is depicted in Fig.l. It i1s equal to the one pass
algorithm without grammar. The arcs of FSN are
HMM and represent words to be recognized. The
nodes correspond to boundaries of words. Silence
model is added to allow silence period within a

sentence.
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Figure 1. The structure of FSNO in [1].

For practice Korean price sentence, sub-FSN noted
as Digit is designed and substituted it for Digitl in
Fig.2 and Digit2 in Fig.3. Two sub-FSN’s noted as
Digitl and Digit2 were designed to cover special
rules as mentioned in [1]. Another sub-FSN noted as
Unit for the units of the basic group is designed.
Two sub-FSN’s, noted as Digit and Unit, are shown
in Fig.4 and Figb.
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Figure 2. The structure of sub-FSN
Digitl in [1].
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Figure 3. The structure of
sub-FSN Digit2 in [1].
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Figure 4. The structure of
sub-FSN Digit.

/sipf | baekl .| chun/

Figure 5. The structure of
sub~-FSN Unit.

Two grammatically structured FSN's noted as
FSN1 and FSN2 were designed to cover grammar
constraints[1]. The structure of FSN1 in Fig.6 has
weak points. FSN1 does not connect /sip/ with /uk/,
/baek/ with /uk/, /chun/ with /uk/, /sip/ with /mar/,
/baek/ with /man/ and /chur/ with /man/, and does
not finish with /sip won/, /baek won/ and /chun
won/. Also, the structure of FSNZ in Fig.7 and Fig.8
We have to
correct these weak points for common use.

has the same weak points in FSNI.
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Digit2 /beakt, Dig ?beak! Digit2 fpeaks,
\ Jehund \ jchury j schun/

'z"Digin fukf Drgm {man/ ; Digitt  fwon/

Figure 6. The structure of FSNI in [1].

Digit2 lchuni  Digit2  fbeakl Digit2 isipf  Uigit1  meta-units

Figure 7. The structure of sub-FSN BG (meta-unit)
in [1].

BG{iurt) BG{/man) ~ BG{iwon/}

Figure 8. The structure of FSN-2(the same as
FSN2 in [1D).

In this paper, two kinds of improved grammatical
structure of FSN are presented, which will be
denoted by FSN-1 and FSN-2. An
grammatically structured FSN-1 with sub-FSN's is
designed as given in Fig.9. FSN-1 has made up for

improved

the weak points in the grammatical structures of the
FSNi1[1]. FSN1 and FSN-1 are not allow that lots of
grammatically illegal sentences contain a combination
of ‘digit+digit’, ‘unit+unit’ or ordered
meta-units. However, FSN1 and FSN-1 are allow
grammatically illegal sentences contain a combination

reverse

of reverse ordered units of the basic group. Another
improved grammatically structured FSN-2  with
sub-FSN’s is designed as given in Fig.8 and Fig.10.
FSN-2 has made up for the weak points in the



grammatical structures of the FSN2[1]. In FSN-2,
another sub-FSN denoted by BG (meta-unit) is used.
The improved structure of BG (meta-unit) is depicted
in Fig.10. FSN-2 covers all of the improved grammar
constraints in practical Korean price sentences as

/)

mentioned before.

Digit Unit  Digit Unit Digit Unit
tukl <", jwonf

Figure 9. The structure of FSN-1.

Digit fehun!  Digit ibeak!  Digit Isipi Digit  meta-units

Figure 10. The structure of sub~-FSN BG (meta-unit).

IV. Experiments and Results

Three kinds of experiments were performed to
evaluate the improved grammatical structures; FSNO,

FSN-1, FSN-2. The recognizer of practical Korean -

price sentences was implemented using vocabulary
In [4],
recognition system uses CV(consonant vowel), VCCV,
VC recognition unit that was trained using very

independent speech recognition system(4].

large speech corpus including semi-syllable,
continuous digit, name, PBW/(phonetically balanced
word), etc.

To evaluate the recognition performance of
practical Korean price sentences, the

speaker-independent price sentence database for test
consisted of 10 talkers (5 male, 5 female). Each
talker
phonetically balanced and in which all the possible

recorded 20 ©price sentences, which are

combination of digits and units are included. The

speech signal was sampled at 11.025kHz and applied
pre—emphasis with the filter 1—0.95 z "to complement

the energy decrease in the high frequencies of human
speech and analyzed every 10ms with Hamming
window of 20ms. A 16th order MFCC analysis was

performed.

Table 1. Recognition results [%]
FSNO FSN-1 FSN-2
Word
81.37 83.92 85.49
accuracy
Sent
enrenee 35 45 52
accuracy
The recognition results for non-grammatically

structured FSNO and two improved grammatically
structured FSN-1 and FSN-2 are shown in Table 1.
For FSNO, FSN-1, and FSN-2, the word recognition
rates were 81.37%, 83.92%, and 85.49%, respectively.
Also, the sentence recognition rates were 35%, 45%,
and 52%, respectively. In FSNO, a lot of digits and
units were substituted in
FSN-1,
of the basic group were appeared. In FSN-2, all of

inappropriate places. In
a few combination of reverse ordered units

the recognized sentences are grammatically valid
sentences. Therefore, as showed in table 1, as the
strict applied, the better

maore grammar was

performance was achieved.

V. Conclusion

In this paper, an improved grammatical structure of
the FSN
recognizer of practical Korean price sentences. The

is proposed for constructing an useful

improved grammatical structures were designed
according to the grammar of practical Korean price
sentences. Also, it is implemented by arranging the
nodes and the arcs of the FSN.

The system was tested in three modes, namely,
FSNO, FSN-1, FSN-2, and speaker independent. As
the recognition results for Korean price sentences, the
word recognition rates were 81.37%6-85.49%, and the
These

results are encouraging because no special speech

sentence recognition rates were 35%-52%.
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data for training HMM used for price sentence
recognizer. With training data for price sentences we
expect better performance. Therefore prospective
future research areas include training model using
speech data for practical Korean price sentences.
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