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Abstract: Problem statement: In general, there are a number of rural dialetf§hai. However, four
dialects are mainly spoken by Thai people residimgour core region including central, north,
northeast and south regions. Recognizing and sgizihg Thai speech with different dialects are
consequently difficultApproach: Prosody is an important factor that must be taik¢m account,
since the prosody effects on not only the natusar®mit also the intelligibility of speech. To tréia
problem, the speech prosody is carefully presetkiemligh modeling the fundamental frequency (FO)
contours. The differences among the model parametefour Thai dialects have been summarized.
This study proposed an analysis of model paramdterdhai speech prosody with four regional
dialects and two genders which is a preliminaryksor speech recognition and synthesis. Fujisaki’'s
modeling; a powerful tool to model the FO contoas libeen adopted. Seven derived parameters from
the Fujisaki’'s model are as follows. The first paeder is baseline frequency which is the lowesgtllev
of FO contour. The second and third parameterstiagenumbers of phrase commands and tone
commands which reflect the frequencies of surgeghef utterance in global and local levels,
respectively. The fourth and fifth parameters areape command and tone command durations which
reflect the speed of speaking and the length ofyli@lde, respectively. The sixth and seventh
parameters are amplitudes of phrase command arddommand which reflect the energy of the
global speech and the energy of local syllaesults: In the experiments, each regional dialect
includes 200 samples of one sentence with malefemdle speech. Therefore our speech database
contains 1600 utterances in total. The results slothat most of the proposed parameters can
distinguish four kinds of regional dialects expligi Conclusion: By using the Fujisaki’'s model, the
results confirm that the proposed parameters cstinduish the regional dialects efficiently. In the
future research, they were expected to be appli¢de speech recognition and synthesis with various
regional dialect characteristics.
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INTRODUCTION meanwhile South Thai dialect is spoken generaliyhé
Southern part of Thailand.

By using the same way of Thai expressive speech
. . . (Chomphan, 2010), the study proposes an analy$t§ of
the effe.x.:tlveness in speech processing such axtspg modeling of four Thai dialects including standardail
recognition, speech synthesis and speech COd'nq’_‘anna or North dialect, Lao-style or North Eastlelia
Fujisaki’'s modeling of fundamental frequency foraTh  gny South dialect. The extension of Fuijisaki’s niode
expressive speech conducted in 2010 is proved to Bghich is a preliminary study for the advanced resea
effective for a limited-domain speech corpusin speech synthesis and recognition such as the
(Chomphan, 2010). It has been found that the deriveexpressive speech synthesis work in Japanese lgagua
parameters can distinguish one style of speech froriTachibanaet al., 2005; 2006) is mainly used.
each other.

As for speech processing of Thai dialects, it tats MATERIALS AND METHODS
been studied despite of a variety of the dialects
spreading over four regions of Thailand. BeginningFujisaki's model: The FO contour of an utterance of
from the Northern region of Thailand, Thai dialedt speech is treated as a linear superposition obhat)l
“Lanna” or “Kammuang” is widely used, Lao-style phrase and local accent components on a logarithmic
Thai dialect is spoken in the North Eastern regiongcale, as depicted in Fig. 1 (Fujisaki and Sud@1).9
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Flrase commands the onset and offset of the k-th component of ttte j
2 G . _ i
. - ®  hrase componeats tone comman_dul andfy are time constant parameters,
8 Jeontrol while 1, J, K(j) correspond to the number of phsgse
T To mechanism Lo Fo(t) Tone component H i 3
Mt tones and components of the j-th tone containettién
= )
utterance.
Tone commands F0—O— —n The optimization is carried out by minimizing the
t y - . .
o0 Fundamental frequency mean squared error in the In FO(t) domain through t
Tl ] contol hill-climbing search in the space of model paramsete
TyT
] mechanism | T - . . .
- e onents find the optimal representative parameters in the

modeling process (Seresangtakul and Takara, 2003).
Fig. 1: An extension of Fujisaki's model for the By using this generative model, the parameters are
generation of FO contour extracted from our speech database, utterance by
utterance. Subsequently, the derived parameters are

. computed are analyzed.
Two commands generate the corresponding P y

components of global phrase and local accent )
components. The phrase command produces a baseliR€rived parameters: From the conventional
component, while the accent command produces thearameters, we calculated seven derived parameters
accent component of an FO contour. We use the twwhich reflect the geometrical appearance of the FO
parameters of the Fujisaki's model as our phraseeontour of an utterance as follows:
intonation features including the baseline value-6f
and the mag_nitude of the phrase command, .V\./hiCb Baseline frequency
fcomplementz:/lnli/h reflet_ct Itlhe tghlobal\:IoIeveI tof v0|fC|ng « Numbers of phrase commands
requency. Mathematically, the FO contour of an, =\ vo o oti0ne commands
utterance generated from an extension of the Fifjgsa :
. Phrase command duration

model for tonal languages has the following .

Tone command duration

i t s takul and Takara, .
%grae;smns (parameters) (Seresangtakul an akara Amplitude of phrase command

e Amplitude of tone command

|
In FO(t)=|an+Z AlG, (1= Ty)l+ All of these derived parameters have been
3 KO = D) extracted for four regional Thai dialects including
DY AGIG K =T) =Gy (t=T,)] standard Thai, Lanna or North dialect, Lao-style or
1= k= North East dialect and South dialect.
s, (t)z{(onzt)exp(-mi t) fort=0 @ RESULTS
0 fort<0
In our speech database, we use a sentence of
_[m-@+B, t)expeB, t)] fort= 0 “Quauinisaifgnitaug”  in IPA (means
Gmk(t)‘{ 0 fort<0 ®) “Imagination is more important than Knowledge” in
English) for male and female genders. This sentence
Where: has been recorded in four Thai dialects of standard
Gyi(t) = The impulse-response function of the phraseThai, Lanna Thai dialect, Lao-style Thai dialectdan
control mechanism South Thai dialect. Each dialect contains 200 attees
Gijk(t) = The step-response function of the tone-of samples. Therefore we have 800 utterances of
control mechanism samples for each gender. The parameter extractas t

as used in (Mixdorff and Fujisaki, 1997) are applie
The symbols in the above three equations denotthis study.
that Fb is the smallest FO value in the FO contmfur In each derived parameter, we analyzed the freyuen
interest and A and At, jk are the amplitudes of the i-th distribution over its range and then the distritwsgi of four
phrases and of the j-th tone command. Here, Tlhds Thai dialects are plot in a graph to show the
timing of the i-th phrase command angBind Ty are  differences and similarities among thosealedits.
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The first seven graphs are of female speech (FR), 2
while the next seven ones are of male speech @ig.
15). The following abbreviation are defined andduse

most figure, EW, MW, NW and SW denote North East
woman dialect, Standard Thai woman dialect, North
woman dialect and South woman dialect, respectjvely

while EM, MM, NM and SM denote North East man
dialect, Standard Thai man dialect, North man diale
and South man dialect, respectively.
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Fig. 5: Comparison of phrase command duration

parameter distributions of four Thai female
dialects

From all of these frequency distribution graphs, t

first and second statistical moments (mean andlatan
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deviation values) were subsequently calculated and DISCUSSION
shown in terms of the following comparative barrtha
(Fig. 16-22). From these bar charts, we can alseme From the frequency distribution graphs of male and

some differences between male and female speech. female speech in Fig. 2-15, most results showttigedour
distributions of Thai dialects are significantlyffelient.
454 Except for only some cases, one distribution ofiTha

g 22 dialect is similar to another, i.e., in Fig. 8etNorth East
£ 30 and North dialects of amplitude of tonemooand.
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It has been noted that some distributions have imult

From the statistical bar charts in Fig. 16-22 ythe

modals, i.e., in Fig. 5 and 12; the phrase commandepresent the mean and standard deviation values

duration. All in all, in nearly all of the frequenc
distribution graphs, four distributions of dialecise
distinguished from each others empirically.
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for all seven parameters between male and female
speech in comparison. In Fig. 16-18; the parameters
of baseline frequency, number of phrase
commands and number of tone commands, it has
been observed that the mean values of male speech
for all dialects are less than that of female sheec
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In Fig. 19 and 20; the parameters of phrase commanobserved that the standard Thai has a significant
duration and tone command duration, it has beewdlifference between male and female speech, whde th

observed that the mean values of male speech faithers have some small differences. In the
dialects are quite similar to that of female spedoh classification problem, one dialect can be

Fig. 21 and 22; the parameter of amplitude of phirasdistinguished from the others by using the derived
command and amplitude of tone command, it has beeparameters compositely.
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Fig. 13: Comparison of tone command duration patandistributions of four Thai male dialects
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From the above experimental results, it is a stron context clustering process in the hidden Markov ehod

evidence to further apply the derived parametetthén based Thai
speech synthesis systems or other speech processiigbayashi, 2007a; 2007b; 2008; 2009) to categdhige

speech synthesis (Chomphan

and

technologies. These experimental results correspond training speech units into groups. An approprisa¢ad

the previous results conducted for Thai expressivesharing in each of the speech unit clusters can
theonsequently improve the efficiency of the overall
parameters are expected to be applied in the tieeeb  speech synthesis system.

speech

Fig.

Fig.

(Chomphan, 2010). For examples,
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CONCLUSION

An analysis of Fujisaki's model parameters forrfou
Thai dialects has been performed in this study. The
specified dialects include standard Thai, NortHedia
North East dialect and South dialect, meanwhile the
speech database covers both male and female genders
The Fujisaki’'s model has been applied to modelRBe
contour of all dialects. Seven derived parameteymf
the Fujisaki's model are extracted. The experimenta
results show that most of the derived parametarsea
used to distinguish all four Thai dialects explicit
From this finding, the parameters are expected to
further apply in the speech recognition and speech
synthesis systems.
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