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Abstract: Problem statement: Modeling of fundamental frequency (FO) contouryglan important
role on the natural speech processing, since R isnportant speech feature defining the human
speech prosody. In Thai, there are four main dislepoken by Thai people residing in four core
region including central, north, northeast and kagigions. Environmental noises are also plays an
important role in corrupting the speech qualityeT$tudy of effects of noises on modeling of FO
contour for Thai dialects will evaluate robustnefsthe modeling techniquesApproach: The
Fujisaki's model has been selected in this studyabse of its achievement in modeling of various
Thai speech units. Four types of environmental eoiire simulated with different levels of power.
The differences among the model parameters of Thai dialects have been summarized. This study
proposes an analysis of model parameters for Tresch prosody with four regional dialects and two
genders and four types of noises. Seven deriveahpers from the Fujisaki’'s model are as follows.
The first parameter is baseline frequency whidhéslowest level of FO contour. The second andlithir
parameters are the numbers of phrase commandea@ad¢dmmands which reflect the frequencies of
surges of the utterance in global and local levedspectively. The fourth and fifth parameters are
phrase command and tone command durations whitdctdiie speed of speaking and the length of a
syllable, respectively. The sixth and seventh patans are amplitudes of phrase command and tone
command which reflect the energy of the global spegnd the energy of local syllabResults: In

the experiments, each regional dialect includesd®ples of 10 sentences with male and female
speech. Four types of noises include train, factosy and air conditioner. Moreover, five levels of
each type of noise are varied from 0-20 dB. Thelteshow that most of the proposed parameters can
distinguish four kinds of regional dialects exglizi Conclusion: By using the Fujisaki's model, the
results confirm that the proposed parameters cgtinduish the regional dialects efficiently. Howgve
the simulated noises deteriorate the FO contouwtsatso distort the model parameters.

Key words: Fundamental frequency modeling, environmental noifendamental frequency,
command durations, phrase commands

INTRODUCTION derived parameters can distinguish one style of
. _ ~ speech from each other.
The modeling of FO contour with noisy Fujisaki's Modeling of FO contours for Thai

environment causes the degradation of naturalness @yi5jects has been conducted by (Chomphan 2010a:

the speech. To develop the natural speech proagssi ;
system, it is necessary to know how the nois 010b). However, the effects of noises have nonbee

deteriorates the model parameters. FujisakisStudied. o .
modeling of fundamental frequency for Thai By using the same way of Thai dialects without
expressive speech conducted in 2010 is proved to beonsidering of various types of noises (Chomphan,
effective for a limited-domain speech corpus2010b), the study proposes an analysis of FO muylefi
(Chomphan, 2010a). It has been found that thdour Thai dialects including standard Thai, Lann&lorth
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dialect, Lao-style or North East dialect and Saditlect They are mixed directly with the pre-recorded clean
with four different types of noises. The extensioh speech in the speech database. Before mixing noises
Fujisaki's model which is a preliminary work foreth with the clean speech, the noise volume or power ar
advanced research in speech synthesis and recogisiti adjusted in several exact levels. As for the level
mainly selected in this study. variation of noises, the levels of each type ofaaire

varied from 0, 5, 10, 15, 20 dB, respectively.
MATERIALS AND METHODS

Fujisaki’'s model: The FO contour of an utterance of RESULTS

speech is treated as a linear superposition obhagl )
phrase and local accent components on a logarithmic N our speech database, we use ten sentences in
scale, as depicted in Fig. 1 (Fujisaki and Sud@119 Thai for male ar_1d female g_en(_jers. The sentences hav
By using this generative model, the parameters arB€en recorded in four Thai dialects of standardiTha
extracted from our speech database, utterance enter—dlalect_), .Lanna Thai dlalegt (North-digject
utterance. Subsequently, the derived parameters a o-style Thai dialect (Northeast-dialect) and $out

computed are analyzed (Chomphan and Kobayash ai dialect (South-dialect). Each dialect contams
p_ ) Y P Ya83undred utterances of samples. Therefore we hawe fo
2008; 2009; Seresangtakul and Takara, 2003).

hundred utterances of samples for each gender. The
Derived parameters: From the conventional Parameter extraction tools as used in (Mixdorff and

parameters, we calculated seven derived parametefgiisaki, 1997, Chomphan and Kobayashi, 2007a;

which reflect the geometrical appearance of the F(?OOTb) are ﬁxpéoit_ed(;n this studty. wed th
contour of an utterance as follows: n each derived parameter, we analyzed the

frequency distribution over its range and then the
distributions of four Thai dialects are plot in @gh to

» Baseline frequency show the differences and similarites among those
*  Number of phrase commands dialects. The first five graphs are of female Cente
« Number of tone commands dialect (Fig. 2-6), the second five graphs areeohdle

«  Phrase command duration North dialect (Fig. 7-11), the next five graphs arfe

female Northeast dialect (Fig. 12-16), while thextne
five ones are of female South dialect (Fig. 17-2he
following twenty graphs (Fig. 22-41) are of male
speech with the same order as that of female speech
The abbreviations are defined and used in mostdgju

All of these derived parameters have beerframe num, fb, PC num, AC num, PC delta t, AC delta
extracted for four regional Thai dialects includingt, PC amplitude and AC amplitude, mean number of
standard Thai, Lanna or North dialect, Lao-style orfffames, baseline frequency, number of phrase
North East dialect and South dialect. commands, number of tone commands, phrase
command duration, tone command duration, amplitude
of phrase command and amplitude of tone command,
respectively. Please be noted that the first salpigin

* Tone command duration
e Amplitude of phrase command
e Amplitude of tone command

Environmental noises: Four types of noises include

train, factory, car and air conditioner. the following figures is not the main list of 7 nedd
parameters. However it reflects the distribution of
Phrase commands |ength Of utterance.
Ao Gyi(t) In each dialect, there are five representativpliga
e R RS which are the parameter distribution of clean sheec
a Te mechanism—L LaFo() Tone R air-conditioner noise corrupted speech, car noise
"HW:“__/\ corrupted speech, factory noise corrupted speech an
 —— It Fo—s( —“Jl;/ _____ —Sur, train noise corrupted speech, respectively.
At Gylt) Fundamental frequency
Tone contour
i?;;tii:xism Tone DISCUSS|ON

components

From the frequency distribution graphs of female
Fig. 1. An extension of Fujisaki's model for the and male speech in Fig. 2-41, most results shotittlea
generation of FO contour distributions of four dialects are significantlyffdrent.
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Fig. 2: Comparison of 7-parameter distributions of
female center-dialect clean speech
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. 38: Comparison of 7-parameter distributions ofFig. 41: Comparison of 7-parameter distributions of

male south-dialect train noise corrupted speech

As for most of female speech in Fig. 2-21, it can b
empirically seen that the air-conditioner and cais@s
cause their distributions of amplitude of phrase
command and amplitude of tone command become
more fragmented significantly. This observation can
also be seen for male speech in Fig. 22-41. Moredve
can be noticed that the air-conditioner noise cahee
center of the corresponding distribution of bagelin
frequency reduces to half approximately. Howeveés th
observation cannot be seen for male speech. Tig lev
of noise selected to be presented is of 10 dBadtlieen
noted that the other levels of noises do have the
corresponding results.

CONCLUSION

This study presents a study of effects of noiges o
modeling of FO contour for Thai dialects. The
Fujisaki's model has been selected in this studyurF
types of environmental noises are simulated with
different levels of power. The differences among th
model parameters of four Thai dialects have been
summarized. The experimental results show that most
of the proposed parameters can distinguish foudskin
of regional dialects explicitly. Some types of mss
cause some differences in the distributions ofntioglel
parameters. All in all, the simulated noises detete
the FO contours and also distort the model parasete
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