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Abstract: Problem statement: Fundamental Frequency (FO) is an important speeatufe defining
the human speech prosody. It is the resultant efvibration of human’s vocal chords in speech
production. In Thai, there are four main dialegisken by Thai people residing in four core region
including central, north, northeast and south megioEnvironmental noises are also playing an
important role in corrupting the speech qualityeTtudy of effects of noises the FO contour foriTha
dialects reveals the important of noise reductigsue.Approach: Four types of environmental
noises were recorded with different levels of powewas subsequently mixed with clean speech.
The FO contours from different dialects, differdppes of noises and different levels of noises
was extracted. The difference in term of Root M&aguare Error (RMSE) between the FO contour
of clean speech and the noise-corrupted speecltcalaslated.Results: In the experiments, each
regional dialect includes 10 samples of 10 utteeaneith male and female speech. Four types of
noises include train, factory, car and air condién Moreover, five levels of each type of noise
are varied from 0-20 dB. The results show that@fef distinguish types of noises are different.
Four kinds of regional dialects also cause theedéfices in RMSEsConclusion: The recorded
noises deteriorate the FO contours for all Thaledits.

Key words: Thai dialects, fundamental frequency contour, asialyof fundamental frequency,
environmental noise, noise effect

INTRODUCTION construct the speech database of four Thai dialects

_ ~ Meanwhile, the noise database is also constructdd w
_Inthe recent study on modeling of FO contour withfour different types including air-conditioner, car
noisy environment, the simulated noises deteriditz@e  factory and train noises. The FO contours of clean

Fujisaki's model parameters (Fujisaki and Sudo,1197 speech are extracted from the speech databasesin th
Mixdorff and Fujisaki, 1997; Seresangtakul and Taka «calculation of FO contour” stage. Moreover, thean
2003). However the study on the direct effect dbe®  speech from speech database is mixed with all four
on the fundamental frequency contour has not beefypes of noises from the noise database in thes&soi
conducted (Chomphan, 2010a; 2010b). This studyhixing noises with clean speech” stage. Subsequentl
proposes an analysis the differences between the RRe FO contours of noise-corrupted speech are@gtta
contour of clean speech and the noise-corrupteelcspe in another stage of “calculation of FO contour”.eTh
in term of RMSE. An example of FO contour is shownifferences in terms of RMSE are then calculatethén

in logarithmic scale in Fig. 1. The concerned Thain  “RMSE calculation” stage. In the data analysis stag
dialects include the standard Thai or Central diale the RMSE values are analyzed comparatively
Lanna or North dialect, Lao-style or Northeast efial (Chomphan and Kobayashi, 2008; 2009).

and South dialect. Meanwhile the selected four syple The main four dialects are spoken in all four
noises are air-conditioner, car, factory and traiises. regions of Thailand. They are chosen to be

MATERIALSAND METHODS concerned in this study. They include the standard
Thai or Central dialect, Lanna or North dialectokta
Experimental design: The procedure of the experiment style or Northeast dialect and South dialect
is designed and depicted in Fig. 2. The first seepp  (Chomphan and Kobayashi, 2007a; 2007b).
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Environmental noises. Four types of noises include RESULTS
train, factory, car and air conditioner. They arixad

directly with the pre-recorded clean speech in the N our speech database, we use ten sentences in

speech database. Before mixing noises with thencleafé:ai for male and female genders. The sentences hav

speech, the noise volume or power are adjusted i een recorded in four Thai dialects of standardi Tha

- enter-dialect), Lanna Thai dialect (North-diaJect
fﬁevleerslefsxﬁftefgﬁ Its. ,gsol;orr‘(;cir;eelg;/eelv\;?ir;tlﬁ g:gfaeg ' Lao-style Thai dialect (Northeast-dialect) and ®%out
15 and 20 dB resp)é?:tively 'Y Thai dialect (South-dialect). Each dialect contams

hundred utterances of samples. Therefore we hawe fo
hundred utterances of samples for each gender

. (Mixdorff and Fujisaki, 1997; Chomphan and
SR A A Kobayashi, 2007a; 007b).
= + From the “data analysis” stage in Fig. 2, the
2 \ following charts are summarized. First, the RMSE
g 200 \ values from four different types of noises at thuésa
= level of 0dB with both male and female genders are
E presented in Fig. 3. Second, the RMSE values fimm f
£ different types of noises at the noise level ofdBOwith
= both male and female genders are presented in4Fig.
g 10 Third, the RMSE values from four different Thai leigts
and four distinguished types of noises at the niaigel
of 0dB for male speech are presented in Fig. 5rthpu
the RMSE values from four different Thai dialectdla
0.2 040608 1.0 1.2 14 1.6 1.8 2.0 four distinguished types of noises at the noiselle¥ 0
Time (sec) dB for female speech are presented in Fig. 6.
SNR O dB
Fig. 1: An example of FO contour with a trend linea 0.12 D;iﬂnl:l
logarithmic scale 0.1 —
= 0.08
i i Al 0.04
) 0.02 | \
0
Air-conditioner Car Factory Train
Calculation Noise type
ofFO coatour Fig. 3: RMSEs from four different types of noisds a
A the noise level of 0dB with both male and
Mixing noises female genders
with clean speech
SNR20dB
l 0.018
Calculation 0.016 ] a\Male
of FO contour 0.014 QFemale
0.012
‘_‘ % 0.01
= 0.008
RMSE calculation 0.006
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L oL N J_I ﬂ J_‘
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Fig. 4: RMSEs from four different types of noises a
Fig. 2: Experimental flow chart determining the the noise level of 20dB with both male and

procedures in the study female genders
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Fig. 8: RMSEs from four different Thai dialects and
four distinguished types of noises at the noise
level of 20dB for female speech

Fig. 5: RMSEs from four different Thai dialects and
four distinguished types of noises at the noise
level of 0dB for male speech
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Fig. 9: RMSEs from four different Thai dialects it
Fig. 6: RMSEs from four different Thai dialects and both male and female speech
four distinguished types of noises at the noise
level of 0dB for female speech Sixth, the RMSE values from four different Thaild@s
and four distinguished types of noises at the reiga of
0.0025 - SNR 20 dB. Male 20 dB for female speech are presented in Fig. &ere,
7 ®Air-conditioner the RMSE values from four different Thai dialectghw
0.002 1 é ;-ﬂf ) both male and female speech are presented in.Rigids
. é O been noted that the other levels of noises have the
z Z corresponding results to both 0 and 20 dB.
= . b / b Z
" é / % DISCUSSION
0.0005 - % % %
% . . From Fig. 3 and 4, it can be obviously seen that
Al Wl W | w) J Y

0 - female speech gives the higher RMSEs than that of
male speech for all four types of noises. Then
comparing among types of noises, the air-conditione
Fig. 7: RMSEs from four different Thai dialects and gives the highest RMSEs for both levels of noises,
four distinguished types of noises at the noisemeanwhile the other types of noises give simildues
level of 20dB for male speech of RMSEs. From Fig. 5 (male speech, 0 dB), it can b
seen that air-conditioner noise gives the highesies
Flfth, the RMSE values from four different Thai ldiets of RMSEs. The second order is of car noise except
and four distinguished types of noises at the rleigel of  for the south dialect. From Fig. 6 (female spedzh,
20 dB for male speech are presented in Fig. 7. dB), it can be seen that air-conditioner noise also
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gives the highest values of RMSEs. The second orde€homphan, S. and T. Kobayashi, 2007b.
is of car noise except for the north dialect. Frei. Implementation and evaluation of an HMM-based
7 (male speech, 20 dB), it can be observed that car Thai speech synthesis system. Proceeding of the
noise gives the highest values of RMSEs for  8th Annual Conference of the International Speech
nearly all dialects except for nortldialect. Communication Association, Aug. 27-31, ISCA,
From Fig. 8 (female speech, 20 dB), it can be matic Antwerp, Belgium, pp: 2849-2852.

that air-conditioner noise gives the highest valaes Chomphan, S. and T. Kobayashi, 2008. Tone
RMSEs for all dialects. From Fig. 9, it can be correctness improvement in speaker dependent
observed that female speech gives much higher HMM-based Thai speech synthesis. Speech

values of RMSE than that of malepeech. Commun., 50: 392-404. DOI:
Moreover the south dialect gives the lowest valoks 10.1016/j.specom.2007.12.002
RMSEs for both genders. These results can be ichplieChomphan, S. and T. Kobayashi, 2009. Tone
that female speech is affected by environmentadewi correctness improvement in speaker-independent
much more than that of male speech. average-voice-based Thai speech synthesis. Speech
Commun., 51: 330-343. DOl:
CONCLUSION 10.1016/j.specom.2008.10.003

Chomphan, S., 2010a. Analytical study on fundamenta

This study presents a study of effects of noises o frequency contours of Thai expressive speech

FO contour for Thai dialects. Four types of using Fujisaki's model. J. Comput. Sci., 6: 36-42.
environmental noises are recorded with differentle DOI: 10.3844/jcssp.2010.36.42

of power. The differences of FO contours between th Chomphan, S., 2010b. Fujisaki's model of fundamenta

clean speech and the noise-corrupted speech are frequency contours for thai dialects. J. Comput.

calculated in terms of RMSEs. All in all, the simatgd Sci., 6: 1263-1271. DOI:
noises deteriorate the FO contours differently ddpe 10.3844/jcssp.2010.1263.1271
on type of noise, level of noise, gender and dtalec Fujisaki, H. and H. Sudo, 1971. A model for the
generation of fundamental frequency contours of
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