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ABSTRACT: Based on the wavelet transform, an efficient method for recognizing Vietnamese
speech has been developed. The continuous wavelet transform (CWT) is used to examine and
extract important features of the Vietnamese speech. The formant information is successfully
extracted from the local modulus maxima of transformed speech signals (CWT) by the
proposed algorithms. In addition, the pitch period which characterizes the voiced sound of
speech is also exactly obtained by a simple proposed algorithm based on the phase of CWT of
speech. Using the proposed algorithms, a speaker recognition system for the Vietnamese speech

has been developed. This system has successfully been experimented with a small dictionary in
isolated word mode.

Keywords: Speech Recognition, Continuous Wavelet Transform, Local Modulus Maxima,
Phase of Wavelet Transform, Formant, Pitch Period, Vietnamese Speech.

Introduction

Making a machine having capability to listen and speak to human has been attracted by many
researchers, particularly it can be addressed to various intelligent systems for robot
telecommunications, information technology, production, education, etc. However, building a
system having ability of recognizing exactly speech is extremely difficult because the research
object, speech, is too complicated. Very wide acoustic variations occur when the same phoneme
is spoken by different people, because of differences in the vocal organ [4]. Another probiem is
the fact that there are no identifiable boundaries between sounds and words. Even the relatively
simple task of determining where an utterance begins and ends (called end-point detection) also
presents problems and is error-prone, particularly in noisy operating conditions [4]. In addition,
the speech signal itself cannot always convey all of the acoustic-phonetic information required
to recognize it. Besides, speech also depends on dialect and age of speaker particularly the
speech of Northern, Southern and Center people of Vietnam have different features [5] and the

influence of six tones of Vietnamese language complicates the process of recognizing speech as
well.

In the study on speech recognition methods, many different approaches have been used such as
acoustic-phonetic approach, the pattern-matching approach, the artificial intelligence approach
[8] such as the waveform processing, the correlation processing and spectral processing
approach based on the Fourier Transform [5] are also applied. However, because of the
complicated

accent of the Vietnamese speech, these techniques are not effective [9]. Therefore, many
researches on the Vietnamese speech recognition have not yet reached satisfactory results.

This research proposes and experiments a new efficient approach to solve this problem. It uses a
strong tool that has been developed recently but it has been applied in many fields of research,
the wavelet transform, to investigate and recognize the Vietnamese speech. Important features
of speech such as formants and pitch periods are extracted by the continuous wavelet transform
(CWT) to build a database for speech recognition. From this feature database, the speech
recognition is processed by comparing the speech features of the unknown word with the
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features in the database and choosing the corresponding word to identify the suitable one. The
correct words after recognizing can be presented on the screen of a computer used for the signal
processing. We also applied successfully the result to control for robots through wireless
communications. However due to the limit of the page number, we only address on the method
to recognizing the Vietnamese speech with some results of word recognition.

Formant-Extraction method based on CWT

A speech signal is generally a non-stationary signal comprised of many frequency components.
A segment of a speech can mathematically be represented to a high accuracy in the Hilbert
space as the sum of exponential functions as follows,

x(0) =Y X, (1)
i=1

where Xi(r) and ¢(f) are instantaneous amplitude and instantaneous phase, respectively, of the
i™ frequency component, which i=1, 2,..., N (suppose that there are N frequency components).
Then the instantaneous frequency is defined as follows,

ag,(t)
d

w,(t) = (2)

The continous wavelet transform (CWT) [1,5] of speech signal x(t) can be written as follows,
€)

Applying the linear property of CWT, we have

CWT, (a,b) = J' z Tx, (l)e (t}'tw*(‘_‘_de[ 4)
ai=l —= a

The wavelet function, W( .

a

) , limits the speech signal in a short time interval At around the

time-point t=b. Because speech is a signal varying slowly in time, we can assume that it this

time interval. the instantaneous amplitude Xi(f) and the instantaneous frequency ai(r) are
constants [5,11,12],

X, (1) = X, (b), 0;(t) = ;(b)

So eq. (4) can be written again as follows

CWT.(a,b)= %i\’,{b)xj [ } jo bt

X , ! (5) (5)
AL [u{ ) ’“’f“’"’] d
a =1
=J%‘Z_|:X,(b)[jw[ ] e, ] |
“ (+£bY -jaoyb).e . :
We can see that Iw(—)e 7 dr itself is the Fourier transform of the wavelet function,
— a

w{(t-b)/ ), at instantaneous frequency e(b) can be expressed as,

44



TAP CHi PHAT TRIEN KuCN, TAP 4, S0 182/2001

W(%) s a.‘F(aw)e’jmb (6)

where (o) is the Fourier transform of the mother wavelet y(r). Substitute (6) into (5) gives

CHI@h) :\/E'-i)ﬂ (4 (aa),.(b))gf“’i{b)b @
3 i=l

If the bandpass interval of wavelet function ‘P(aa)) is narrow enough to contain only the

frequency component aj , only this component will influences in result CWTy(a,b) and the
modulus of CWT(a,b) reaches the maximum value at aw, = @y, which @y is the central
frequency of wavelet function using in the transform (e.g. Morlet wavelet). Therefore, each
instantaneous fregiiency component @ at time-point =b in the speech signal influences in the
result analysis [CWT(a,b)| in the neighborhood of scale a;, which relates to the instantaneous
frequency @ as follows,

g =28 (&)

i
@

From the localization properties of mother wavelet in Fourier domain, the modulus [CWT(a,b)|
is essentially maximum in the neighborhood of scale a;, called ridges of the CWT. If the Morlet
wavelet is used to analyze speech signal, the peaks of ridges in CWT will be the position of
scales a;, respectively with frequency component @ at analyzing time. If each frequency

component is considered as a formant, peaks of ridges will correspond to formants in speech
signal [5,7].

In the analyzed result, CWT(a,b), of speech signal, x(t), peaks of ridges can be obtained by
local modulus maxima of |CWTx(a,b)| in scale direction [7,12]. Therefore, just computing the
local modulus maxima of CWT in the scale direction, we can obtain a picture which represents
formants of the speech signal. Combining all of above parts, a proposed method for extracting
formant features of speech signals is represented generally in Figure 1.

, Computing —
Speech, [Computing| | jocat modulus | [EXtracting| formants

signal CWT maxima ]C\JNFI"Fb Jormants [F\. Fs,"

Figurel: Method for extracting formants using CWT

.

First of all, the analyzed speech signal is transformed in time-frequency domain by the CWT to
obtained the ridges corresponding to its formants. Then the analyzed result is computed the local
modulus maxima in the scale direction to locate exactly the position of formants. At this step,
we obtain a picture of formants which are shown by dark horizontal line (figure 1). Finally, a
suitable algorithm is used to extract time-dependent amplitudes of these formants from the local
maxima [7].
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Method for extracting pitch periods
When analyzing a speech signal by CWT by the equation (7), we obtained the result as follows,

CWT,(a,b) =\/—E.i X, (0¥ (ao, (b))ejw,-(b]b o
i=]

=iler i X, (0¥ (aw,(0))e’

where X;(r) and ¢(1) are instantaneous amplitude and instantaneous phase, respectively, of the
frequency component @ of the analyzed speech signal.

The smallest frequency component in the speech signal, @y, is the fundamental frequency or
pitch frequency. At the scale value a; corresponding to this frequency (equation 8), the
bandpass interval of the wavelet function y(a;m) is very narrow because the frequency
localization of the wavelet function at low frequency is very good [L,5]. This bandpass interval
is narrow enough to contain only the fundamental @; So only this frequency component have
the influence on the analyzed result CWT. Therefore, only the components corresponding to the
frequency @, are kept in the sum of equation (9). It can be expressed as

CWT(a,b)=Ja X, (au,®)*®  (10)

Module and phase of the transform are determined as follows
ICWT(a,,b)|=\a,.X,(0)¥" (a,@, (b)) (11)

AL CWT (a,,b)= ¢,(b) (12)
Thus with a fixed scale a; corresponding to the fundamental frequency of speech signal; phase

of the transform CWT\(a;,b), with b changes in existent time interval of signal, is the phase of
pitch frequency

L CWT (a,,1)= ¢,(1) (13)

The fundamental frequency ay itself is a periodic signal with the period T=2n/w; , so the phase
angle (1) is also periodic with period T and have value changing in an interval [-n, n] (Figure
2). Therefore, phase of CWTi(a,!) is also a periodic signal, with the same period as pitch period
(1/pitch frequency). We can use points where the phase angle changes suddently from = to -n to
mark periodic points of pitch frequency or pitch period of the analyzed speech signal.
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Figure 3: Method for extracting
pitch period using phase of CWT

From the above discuss, an efficient approach for extracting pitch periods from speech signals is
proposed based on phase of the CWT (Figure 3). The first step is determining the scale value a;
from the value of pitch frequency of the speech (equation 8). Then the wavelet transform of
speech signal is taken at only one scale value a; (1 line in CWT result). Phase of the result will
be periodic with the same cycle as pitch period of speech. In practice, points where have
suddenly changes in phase always correspond to each main valley of speech waveform. This
points are considered as start point of each basis period of speech signal. We just need to make a
fine turning to correct this point by the main negative peaks - start point - of speech. The
obtained result is speech signal plus point marking start of each period. Now we can extract any

pitch period according to the need for recognition between start-point and end-point (next start-
point) of this period.

Vietnamese speech recognition system model
Based on the established tools for extracting important features of speech as above, a complete

speech recognition system has been built. General block diagram of this system is shown in
Figure 4.
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Figure 4: Block diagram of a épeech recognition system

This is an isolated word system, dependent-speaker with small vocabulary. In order to
recognizing speech, each speaker must train the system by speaking words in recognized
vocabulary. Then the recognizing process can be executed. In this system, both proposed
methods for extracting formants and pitch periods of speech are used. After speech of speaker
has been recorded. a process called end-point detection is done to extract only speech signal in
the recorded signal (contain silence and noise). After that, depending on which the training
method or recognizing base is selected, the speech is analyzed in respectively way. If the
selected recognizing base is addressed to formants, the speech will be analyzed in time-
frequency domain by CWT and its formants will be extracted. Otherwise, the recognizing base
is addressed to pitch periods, the obtained result will be a period having largest amplitude that
corresponds to the position of vowel in speech. In training process, the speaker must pronounce
all of words in the dictionary. Each word is analyzed in the same way as above and the obtained
features are stored as feature templates in a suitable database. To solve the varying of speech
between pronouncing of the same word, each word in the dictionary can be spoken in many
times. Then the collected features are used to compute an average feature of each word. After
the training process is completed, the system has ability of recognizing speech. To do this task,
the speaker needs to pronounce a word in the trained dictionary. The system will analyze the
recorded speech and extract important features by the similar way as in the training process. The
obtained feature will be compared with all feature templates of trained words in database.
Finally, base on the comparing score, the recognizing decision block will select a corresponding
word which has the likely feature with the unknown word.

Experimental results

5.1. Extracted formant results

The result of extracting formant based on CWT is represented in Figure 5. Speech is sampled at
8 kHz. The mother wavelet is chosen to be the Morlet wavelet with a=2 and the modulated
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frequency wo = 2m. Fisrt, speech signal of a word (e.g. word 'toui' -‘come’) is analyzed by CWT
to express formants of speech signal (Figure 5(a)). Local maxima modulus of CWT is computed
to locate exactly the position of formants (Figure 5(b)). From the local maxima, the values and
amplitudes of three formants are extracted by a suitable algorithm [7] (algorithm for extracting
formants from local maxima of its CWT). In Figure 5(c), the trajectory of values of each
extracted formant is similar to the line of respective formant on the local maxima. Besides,
amplitude of each obtained formant is correlative with each ridge in CWT, respectively (Figure

5(d)).

5.2. Extracted pitch period results

The result of method based on phase of CWT for extracting pitch period of speech is
represented in Figure 6. In this figure, amplitude of signal and phase angle are normalized in
interval [-1, 1]. We can see that the phase of CWT is saw-tooth waveform whose falling edges
exactly locate main negative peaks (main valleys) on the waveform of speech (Figure 6(a)).
Therefore, points marking period which base on down edges of phase CWT are also the exact
positions of main valleys. These points which are considered as start-point of each period are
shown by vertical lines in Figure 6(b).
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Figure 5: Results of extracting 3 formants from CWT @ of word 'téi'

d)

Speech signal & phase of CWT(a1.b)

“'o7 200 400 600 800 1000 1200 1400 1600 1800 2000
(8) Time (sample)

Figure 6: Result of method for extracting
pitch periods using phase of CWT (word 'a')

5.3. Speech recognizing results

The established speech recognition system can not only recognize whole syllables but also can
distinguish between Vietnamese phonemes such as vowels and tones. The base of evaluating the
exactness of recognizing is the relative difference between recognized word and other trained
words in dictionary. The larger this difference is, the more exact the recognizing process is.

5.3.1. Recognizing the Vietnamese vowels based on pitch periods
To test the reconizing vowels of the system, words whose scripts contain only vowels such as

~

a','e’, '€, '0', ' 6, 'd', 'u' and 'y’ are chosen to experiment. In the training process, largest periods
in speech signal of these words are extracted by the pitch period method. A 1.5kHz lowpass
filter was used to remove high frequency harmonics in the speech signal (to smooth the
waveform). Figure 7 show the difference in waveforms of these periods.
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The speech recognizing results based on pitch period are represented in Table 1. The recognized
word is the one having smallest compared value (AMDF), which is normalized by 0%. So the
relative difference between this word with other words is larger than 0%. Table 2 shows how
~ difference in period waveform with respect to this expected value.

5.3.2. Recognizing Vietnamese tones based on formant F1 extracted from the CWT.

In this part, words which contain different tones such as 'ma’, 'md’, 'ma’, 'ma’', mi' and 'ma’ are
used to experiment the recognizing Vietnamese tones. In Figure 8, the difference of these tones
is shown by the formant F1 of the corresponding speech signals obtained in the training process.
Therefore, to recognize these tones, only the formant F1 is used. The results are shown in Table
2. For words whose difference in formant F1 are large such as 'ma’, 'ma’ and 'mae'; the relative
difference between the recognized word with other words are quite large (above 70%). In
contrast, for words whose formant F1 are less so different such as ‘ma’ and ‘ma’, ‘ma’ and
‘ma’; the relative difference in the recognized results are not large.

5.3.3 Recognizing Vietnamese whole syllable based on formants
To test the recognizing whole syllable, a practical dictionary which contains words 'phai’, 'trédi’,

'tdi', lui, 'co’ and 'dudi' is used. In this part, the system used three formant F1, F2 and F3 which
are extracted by the method based on CWT.
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Table 3 shows the result of recognizing process. For words whose difference in formants are
large, the relative difference between the recognized word with other words are quite large (over
60%).

So recognizing result of these words is rather exact. In the other hand, for words having the

same tone such as 'trdi' and 'tdi', their formants are less different. So the relative difference in
recognized results is not large.

Conclusion

The study on Vietmanese speech recognition has been performed by the method based on the
important features of speech signals such as pitch periods and formants. Using the continuous
wavelet transform (CWT), both features were successfully extracted by the proposed methods.
These methods have been implemented effectively to examine the features of Vietnamese
speech. Based on these methods, a complete speech recognition system has been established.
Some experiment results show that this system has the ability of recognizing rather well speech
of words in small dictionary (6 or 8 control words presented above). In addition, the system can
also recognize some syllabic structure components. Vowels, the component have large number
of element, can be recognized well based on the waveform of pitch periods. In particular, the
Vietnamese tones, the component often creates the difficulty for the analysis, can also be
recognized successfully by the formant F1 derived from the continuous wavelets transform.

Spoken The relative difference with words Recognized
word 'a' ‘e '8 o' ' g TR 'y' word
‘a’ 0% | 51% | 71% | 49% | 73% | 77% | 82% | 74% 2’

a 0% | 45% | 58% | 51% | 68% | 69% | 75% | 66% 'a’
‘e’ 84% | 0% | 87% | 94% | 88% | 94% | 95% | 94% ‘e’
e | 89% | 0% | 91% | 96% | 89% | 97% | 97% | 96% =
'8 89% | 70% | 0% | 94% | 65% | 94% | 94% | 94% '8
e 89% | 56% | 0% | 94% | 55% | 93% | 95% | 94% '8
‘0’ 59% | 78% | 88% | 0% | 84% | 64% | 90% | 86% ‘o'
‘0’ 78% | 85% | 92% | 0% | 90% | 80% | 94% | 92% '0'
'6' 73% | 42% | 51% | 85% | 0% | 85% | 88% | 88% '6'
'8 1% | 22% | 42% | 69% | 0% | 73% | 88% | 89% '6'
g 70% | 80% | 89% | 61% | 85% | 0% | 91% | 88% 'd
'd' 51% | 54% | 80% | 51% | 74% | 0% | 82% | 79% ‘g
' 75% | 72% | 78% | 86% | 81% | 86% | 0 % | 67% o'
' 81% | 78% | 85% | 89% | 86% | 88% | 0% | 73% i
'y 87% | 79% | 85% | 93% | 92% | 92% | 48% | 0% 'y'
'y' 98% | 97% | 98% | 99% | 99% | 99% | 76% | 0% 'y'

Table 1: The results of recognizing vowels
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Speak The relative difference with words Recognized
wwond 'ma’ 'mé’ 'ma’ 'ma’ 'ma’ 'ma’ wovil
'ma’ 0% | 94% | 82% | 93% | 93% | 94% 'ma’
‘ma’ 0% 81% | 77% | 73% | 83% | 70% '"ma’
ma' | 62% | 0% | 93% | 87 % | 89% | 90% "ma’
'ma’ 98% 0% 99% | 97% | 94% | 99% ‘m4’
"ma' 87% | 93% 0% 72% 79% | 49% 'ma’'
ma | 90% | 97% | 0% | 93% | 92% | 73% [T
'ma’ 0% | 77% | 88% | 0% | 50% | 74% 'ma’
‘ma | 62% | 83% | 84% | 0% | 24% | 74% 'ma'
'mi’ 87% | 85% | 92% | 45% | 0% | 87% 'ma’
ma' | 82% | 95% | 91% | 50% | 0% | 79% e
'ma’ 77% | 95% | 53% 86% | 83% 0% 'ma’
'ma’ 55% 91% 50% 78% 61% 0% ‘ma’

Table 2: The results of recognizing tones, using formant F1
Speak The relative difference with words Recognized
word | opai | wegit | tor | it | ‘co’ | dudi | Word
'phai’ 0% | 69% | 46% | 92 % | 60% | 69% 'phai'
'phai’ 0% | 79% | 65% | 93% | 68% | 60% 'phai’

wii | 87% | 0% | 42% | 97% | 82% | 95% | 'usi
'trai’ 84% | 0% 36% | 96% | 74% | 94% "trai'
@i | 91% | 51% | 0% | 98% | 90% | 97% i
"6’ 84% | 32% | 0% | 95% | 77% | 93% "téi'
"lui’ 01% | 89% | 73% | 0% | 73% | 81% Tui'
i’ 93% | 93% | 86% 0% 78% 83% "Tui'
'co’ 83% | 91% | 94% | 94% | 0% | 95% 'co’
'co' 88% | 95% | 93% | 84% | 0% | 95% 'co'
'dudi’ 82% | 89% | 75% | 83% | 88% | 0% 'dudi’
qudi | 75% | 91% | 83% | 69% | 84% | 0% | 'dudi

Table 3: The results of recognizing whole syllable, using formant F1, F2 and F3
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MOT GIAI PHAP NHAN DANG TIENG VIET HIEU QUA DUA TREN
PHEP BIEN POI WAVELETS

L& Tién Thudng, Trdn Thanh Hiing, Trin Tié€n Pic, Hoang Dinh Chién
Pai hoc Bdch Khoa Thanh phé H6 Chi Minh, Pai hoc Cin Thd

TOM TAT: Duta trén phép bién doi Wavelets , mgt phuong phdp rdt hiéu qud dé nhgn dang
liéng ndi tisng Viét da duge phdt trién. Phép bién déi Wavlets lién tuc duge ding dé khdo sdt
va trich ra nhilng ddc diém quan trong ciia tiéng néi tiéng Viét. Thong tin vé formant dugc.
trich ra mét cdch chinh xdc tit cdc cuc dai dja phuong ciia tiéng ndi da dugc bién déi dua trén
mot gidi thudt dé nghi. Bén canh dé, chu ky cao dé la mét diic diém quan trong cila tiéng néi
ciing dugc trich ra mét cdch chinh xdc vdi gidi thudt dya trén pha ciia bién déi wavelet lién tuc
cila tiéng ndi tiéng Vigt. Véi gidi thudt dé nghi, mét hé théng nhdn dang tiéng ndi tiéng Viét
phu thuéc ngudi ndi da dugc thiét lap. Hé thong nay da dugc trién khai thanh cdng vdi b tix
vung nhé va déc ldp.

CAC TU KHOA: Nhin dang tiéng néi, Phép bién ddi wavelets lién tuc, Cyc dai dia phuong,
Pha ciia phép bién déi wavelet, Formant, Chu k¥ cao d§, Ti€ng néi ti€ng Viét.
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