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ABSTRACT

In this paper, we studied on the phoneme
classification for Korean speech recognition.

In the case of making large vocabulary
speech recognition system, it is better to use
phoneme than syllable or word as recognition
unit. And, in order to study the difference of
speech recognition according to the number
of phoneme as recognition unit, we used the
speech toolkit of OGI in U.S.A as recognition
system.

The result showed that the performance
of diphthong being unified was better than
that of
required the better result when we used the

seperated diphthongs, and we
biphone than when using mono-phone as
recognition unit,

1. Introduction

Human-Machine Communication 1s a very
active research field and is one of the main
areas in which computer manufacturers,
telecommunications companies. The best way
to communicate between Human and Machine
1s speech. The research topics of Spoken
Language communication with machine are
speech recognition and synthesis as well as
speaker recognition.

In order to obtain good performance of
speech system, many pattern matching meth-
ods (DTWI1], VQ[2], Neural Network[3],

HMMI[4], Fuzzy theory and hybrid systems)

been And these

methods have been used in many countries

have developed. many
which have their own languages, and they
obtained some good results. But , in order to
obtain better performance, I think that each
country should be ready database of its own
statistics of its speech

language and

parameter. Speech recognition units are

classified into word, syllable, phoneme and
biphone. In generally, because of the problem
of memory and processing time, phoneme or
biphone are used in large vocabulary
recognition system and continuous speech
recognition system. And we studied Korean
fitting for speech

phonemes Korean

recognition system.

2. Recognition System and
Phonemes used in this Paper

2~1. Speech recognition system used in
this paper

In this paper, we. used OGI speech tool
kit as recognition system. Fig 1. represents
block diagram of this speech recognition. In
Fig 1,
frames as by using
Neural Network and the second step is to
match category scores to target words by
Viterbi
grammar.

the first step is to classify time

phonetic categories

using search  and  vocabulary
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Fig 1. Block diagram of speech recognition
used in this paper. { OGI speech tool kit)

In this paper, we used Neural Network and
HMM as pattern matching methods. In case
of speech recognition by using biphone, we
used phoneme model having 3 states for
vowel and 2 states for consonants. Fig 2.

represents this phone model.

Middle of
Vowel

Left of
Vowel

Right of
Vowel

(a) phoneme model of vowel

Left of
Consonant

Right of
Consonant

(b) phoneme model of consonant

Fig 2. Phoneme model used in this paper

2-2. Korean phonemes used in this paper

alphabet(Han-Gul)
forty letters. Twenty-one of these represent

Korean consists  of

vowels, such as,

F@), 16), L), Tw, —w), 10, He),
A(e), Fya), d(ya), 2(yo), T(yuw), Hye),
3l (ye), Hwa), W(we) ™(wa), Hl(wa),H(wa),
7 (wi), - (ui).

Nineteen of these represent consaonants,
such as,
T1(gk), —-(n), =(dt), =20, =(m), H(bbc),
Ast), o), =(cht), =(tS), 3 (kh), E(th),
sz (ph,bc), & (hh_v,tc), T1(kkk), to(tt), wi(pp),

2 (ss,tc), A*(cc)

Twenty-four are basic, while the others
are compounds of the basic letters.
The Korean

variety of vowels and consonants with ten

language posesses a rich
simple vowels and three series of stops and

affricates: plain, aspirated and glottalized.
This gives difficulty to foreigners who are
just starting to learn the language and also
complicates the task of Romanization.

Among the vowels, most pepole under
50's pronounce vowels("4]',)H’) as a vowel
"I’ and we used these two vowels as one
symbol. And we also used vowel "H' as 4|
', and ‘W, ‘Al as T4
diphthong as 'semi-vowel+monophthong’ but

And we did not use

as one symbol.
As a result, we assigned 17 phonemes for
Korean vowels, such as

monophthong : }F 4 +~ T — | A
diphthong : F 4 w7 31 &4 ® Y +] 4
Among consonants, ‘2  was used as

different symbols according to position (

intervocalic position or final position) which
it was placed. ‘&’ AR R T IR
‘&’ were used as one symbol when they
'3’ and "=’

when they were placed

and

were placed final position. were
used as one symbol
final position.

7 ——-‘ ’ ’ —‘—‘ 14

and were used as one symbol

when they were placed final position.
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3. Experiments

3-1. Experimental Conditions

452 words were selected as database for
recognition experiment. Nine persons( 5
men and 3 women) participated in recording.
The data were recorded two times per word
8136 word data.
persons’s (2 men and 2 women) first data
data. Other 5

persons’s(dmen and 1 women) data and four

and we got total Four

were used as training

persons’s (participated for training data)
second data were used as test data. Analog
speech signal is sampled with 16KHz and
converted to 16bit. The digitized speech is

then end-pointed and analyzed with 13-th

order Mel scale cepstral coefficients and
added the first and second order time
deritives to the base cepstral coefficients.

This resulted in a total 39 values for every
10ms time slice.

HMM model
states, an entry and exit state) left-to-right

was 5S-state(3 observation
models for each of the phoneme models. And
HMM model used in hybrid system was 3
states( 1 observation state, an entry and exit
state) and Neural Network had 1 hidden

layer.

3-2. Simulation Results

In this made  recognition

experiments

paper, we
according to the number of
phonemes and speech recognition unit. The
recognition result according to the number of
Table 1. This
experiment was used HMM and mono-phone.
Table 1 shows that the result by using 41

phonemes is better than that by using 45

phonemes represents in

phonemes regardless of speakers participated
in training or not. According to these results,
we used 41 phonemes in hybrid system.
Table 2 shows recognition result by using

mono-phoneme and biphone as recognition

unit.
Table 1. recognition results (HMM,mono-
phoneme)
(a) training speaker
phon‘: . | man 1 | man 2 \womanl|woman2
45 92.7 75.4 93.8 65.3
41 94.0 80.1 94.0 72.6
(b) Non-training speaker
phonf man3 | mand | man5 [man6|womana3
45 78.1 | 57.1 527 | 659 | 478
41 834 | 666 | 604 |74.1 52.0

Table 2 Recognition result according to
recognition unit
(U1l: mono-phone, U2: biphone,
M: man, W: Woman )

M1 |M2 (M3 M4 M5 M6 (W1 |[W2 W3

U1}89.6(73.9173.960.8 |50.4|70.6 |77.7 75.9 |66.6

U2(97.6(97.3|91.6(79.4|76.3|81.6 |88.3 |89.8|72.3

In Table2, we that the
variation according to speakers was great(Ul:
60.895-89.6%, U2: 723%-976%). But the
result by using biphone is better than that

found result

by using mono-phone regardless of speakers.
These variation was shown speaker A's
6.79%-23.3%, speaker B’s 10%-23.3%, speaker
C's 3.3%-10% and speaker D’'s 4.8%-5.8%.
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4. Conclusion

study the
difference of recognition result according to

In this paper, in order to

the number of Korean phonemes, we
performed speech recognition by using OGI
speech tool kit( HMM Neural Network and
hybrid system)

We made a experiment by using 45
phonemes (which were made by classifing
the diphthongs and 41

phonemes(which were by unifyng

seperately)
made
similar pronounced vowels). When we used
HMM as recognition tool, the result by using
45 phonemes was 47.8%-78.1% and the result
by using 41 phonemes was 52-83.4%. And,
in the hybrid system, the result of using
mono-phone was 60.8%-89.6% and the result
of using biphone was 72.3%-97.6%. At the
above result, we knew that performance of
using 41 phonemes was better than the
result of using 45 phonemes and the result
of using biphone was better than that of
using mono-phone.

In this paper, we showed the speech
recognition result according to the number of
Korean vowel phonemes, but we will study
Korean

the another transformation of

phonemes which can be used in Korean

speech synthesis as well as recognition

systems.
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