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Abstract: Problem statement: The expressive speech of Thai had been studied &hort period of
time. An important feature of speech was fundandreguency (FO) which defines the human speech
prosody. It could be used to distinguish the differe between several types of expressive speeeh. Th
environmental noises affect the FO contour for Thaliects as concluded in the previous study. Tindys
prosodic information of Thai speech with variougang styles and several types of noises had not
been conducteddpproach: Four different types of speaking styles were usegnwhile four types of
environmental noises were recorded with differevels of power. They were subsequently mixed
together. The FO contours from different typespdaking styles, different types of noises and dhffie
levels of noises were extracted. The Root Mean iggEeror (RMSE) between the FO contour of clean
speech and the noise-corrupted speech was catt.uRemilts: In the experiments, four types of noises
were included train, factory, car and air condigiorEach type of speaking style included 10 sampfes
10 utterances of male and female speech. Fivesl®feloises were varied from 0-20 dB compared with
the clean speech. It could be notified that theatéfof distinguishing types of noises were diffier€our
different types of speaking styles were also catisediifferences in RMSEE&onclusion: The recorded
noises deteriorate the FO contours for all typespegking styles in Thai.

Key words. Root Mean Square Error (RMSE), among several typesorded noises deteriorate,
simulated noises deteriorate, speech database

INTRODUCTION frequency contour. This study concentrates on
expressive speech of angry, sadness, enjoy anthgead
In human Speech production’ fundamenta'Sl‘:yleS, meanWh"e the selected fOL!r types of noises
frequency or FO is a very crucial feature knowgaory ~ air-conditioner, car, factory and train noises.
prosodic information. The intelligibility and the
naturalness of speech are considerably determiged b
this frequency. Most of speech processing technedog
must take into account this feature. In the rectutdy
on modeling of FO contour with noisy environmehg t
simulated noises deteriorate the Fujisaki's model
parameters (Fujisaki and Sudo, 1971; Mixdorff and
Fujisaki, 1997; Seresangtakul and Takara, 2003).
However the study on the direct effect of noisegtan
fundamental frequency contour of the expressive
speech has not been conducted. (Chomphan, 2010¢
2010b). This study proposes an analysis the diftare 02 04 06 08 1.0 12 14 16 18 2.0
between the fundamental frequency of clean expressi Time (sec)
speech and noise-corrupted expressive speechnn ter
of RMSE. Fig. 1 presents an example of fundamentafig. 1: An example of fundamental frequency contour
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MATERIALSAND METHODS Thereafter the FO contours of noise-corrupted
speech are extracted in another stage of “caloulaii

Experimental design: Figure 2 shows the procedure of
the experiment. The first step is to construct theEnvironmental noises: Four types of noises include
expressive speech database of four styles includingain, factory, car and air conditioner. They arixed
angry, sadness, enjoy and reading stylesdirectly with the pre-recorded clean speech in the
Simultaneously, the noise database is constructdd w speech database. Before mixing noises with thenclea
four different types including air-conditioner, car speech, the noise volume or power are adjusteiven f

factory and train noises. Subsequently, the FOmoBt |evels. These levels for each type of noise aréestar
of clean speech are extracted accurately in thgqom 0, 5, 10, 15, 20 dB, respectively.

“calculation of FO contour” stage. Moreover, theast
speech from speech database is mixed with all four RESULTS
types of noises from the noise database in thes&oi
mixing noises with clean speech” stage.

FO contour”. The differences in terms of RMSE are__, .
then calculated in the “RMSE calculation” stage Thai for both female and male speech are exploitbd.

(Chomphan, 2011a). In the last stage of data aisalys sentences cover four speaking styles (reading,yangr
RMSE values are analyzed comparatively. enjoy and sadness) (Chomphan and Kobayashi, 2007a;

2007b). It has been defined that one style of spgak
database

As for the expressive speech corpus, ten sentémces

covers one hundred sentences. Consequently, fér eac
gender, the corpus has four hundred sentencesd@kfix
and Fujisaki, 1997).

From the “data analysis” stage in Fig. 2, the
following charts are summarized (Chomphan, 2011b).
First, the noise effects on the male-angry-styleesp
are summarized in terms of RMSE values with four
different types of noises and five different levelf
noises in Fig. 3 (Chomphan and Kobayashi, 2009;
2008). Second, the noise effects on the male-séel-st
speech are summarized in terms of RMSE values with
four different types of noises and five differeewéls of
noises in Fig. 4. Third, the noise effects on thaem
enjoy-style speech are summarized in terms of RMSE
values with four different types of noises and five
l different levels of noises in Fig. 5. Fourth, theise

effects on the male-reading-style speech are
summarized in terms of RMSE values with four
different types of noises and five different levels
noises in Fig. 6. Fifth, the noise effects on tamédle-
angry-style speech are summarized in terms of RMSE
Y £ values with four different types of noises and five
different levels of noises in Fig. 7. Sixth, theis®
RMSE caleulation effects on the female-sad-style speech are sumeakariz
in terms of RMSE values with four different typek o
noises and five different levels of noises in F&.
Seventh, the noise effects on the female-enjoystyl
Y speech are summarized in terms of RMSE values with
Data analysis four different types of noises and five differeewéls of
noises in Fig. 9. Eighth, the noise effects onfémeale-
read-style speech are summarized in terms of RMSE
Fig. 2: The flow chart indicating the procedureghe  values with four different types of noises and five

experiment different levels of noises in Fig. 10.
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0.14 Female-read speech. Fo_ur types of environmental noises are
00dB @5dB ®W10dB O15dB @20dB recorded with five different levels of power. The
0.12 1 differences of fundamental frequency contours
01 - - between the noise-corrupted samples and the clean
0.08 samples are calculated in terms of RMSEs. The

simulated noises deteriorate fundamental frequency
0.06 - contours differently depending on type of noisegle
of noise, gender and speaking style.

RMSE
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