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Abstract. In this paper an optimization method has been proposed to minimize
the differences of fundamental frequency (F,) and the differences of length
among the speakers and the phonemes. Within tone languages use pitch
variation to construct meaning of the words, we need to define the optimized
fundamental F,, and length to obtain the naturalness of synthetic sound. Large
variability exists in the Fj, and the length uttered by deferent speakers and
different syllables. Hence for speech synthesis normalization of F and lengths
are important to discriminate tones. Here, we implement tone rule by using two
parameters; optimized F,, and length. As an advantage in the proposed method,
the optimized parameters can be separated to male and female group. The
effectiveness of the proposed method is confirmed by the distribution of F and
length. Listening tests with high correct rates approve intelligibility of synthetic
sound.

Keywords: Speech, Optimization, Normalization, Myanmar tone, Rule-based
synthesis.

1 Introduction

There are some researches on optimal unit selection algorithm for corpus-based TTS
system [1]. In our former research, we introduced Rule-based Myanmar speech
synthesis system [2-3]. In that system fundamental speech units are demi-syllables
with level tone. To construct the TTS system, monosyllabic words are analyzed and
the parameters are obtained for synthesis of tones. Tone rules were Fj linear pattern.
Within tone languages that use pitch variations to contrast meaning [4]. For
example, Myanmar is a tonal language comprising four different lexical tones. Fig.1
shows an example of F; contour of the four Myanmar tones with the syllable /ma/
uttered by a male native speaker. Also Mandarin Chinese has four different lexical
tones. The exact nature of the F characteristics of Mandarin words is highly variable
across utterances and speaker. Four lexical tones in isolated syllables can be
characterized to mainly in terms of the shape of their F, contour. Therefore F, contour
is the most crucial characteristic of tone. Furthermore duration of tones is also
important [5]. Even rule-based speech synthetic system with linear F| pattern is very
simple, it is important to define reliable value of F and syllables length to implement
synthesis rule. The acoustic of speech are notoriously variable across speakers. Large
variability exists in the F height and the length of syllables uttered by deferent
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speakers and different syllables [4]. Hence for speech synthesis optimization of Fj
and lengths are important and necessary to discriminate tones.

Standard Myanmar is used by 8 main races and sub-races as an official language. It
is spoken in most of the country with slight regional variations. In addition, there are
other regional variants that differ from standard Myanmar in pronunciation and
vocabulary [6, 7, 8]. Accordingly a large variability exists in the Fjy and lengths among
the speakers. Beside in Myanmar, however, tones are unique in their simplistic pattern
not only related to F, but also more specifically and importantly in terms of length.
Myanmar tones have different lengths between short-tone and long-tone groups. This
is the basis for the proposed linear pattern for tone rule using optimized F, and
optimized lengths.

In our former research, tone rule is implemented with linear pattern using the
average Fjand the averages of syllable’s length which are normalized value. Even
though, the reasonable high intelligibility of synthesized tone was confirmed through
listening tests of synthesized words, there are some errors between male and female
speech parameters.

In this paper we normalize F, and length of each tone, so that the square-sum of
each difference between F, and its arithmetical average was minimized by using
optimization method. The average F for each word is selected from the frames at the
center of syllable. The synthetic speeches are evaluated by listening tests. The results
show that our proposed method gives high intelligibility of synthetic sound comparing
with other tone synthesis rule with Flinear pattern, such as VieTTS [9].

The organization of the paper is as follows.

Section 1: Introduction

Section 2: Background of Speech Synthesis System

Section 3: Tone Synthesis Procedure using optimized F, and length
Section 4: Results and Discussion

Section 5: Conclusion.
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Fig. 1. Example of four tones of Myanmar syllable /ma/
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2 Background of Speech Synthesis System
2.1 Speech Analysis and Synthesis

2.1.1 Speech Analysis

The analysis part of our speech synthesis system is designed using cepstral analysis.
The frame length is 25.6ms and the frame shifting time is 10ms. As the window
function for speech analysis, a time—domain Hamming window is used with a length
of 25.6ms. The cepstral coefficient or cepstrum is defined as the inverse Fourier
transform of the short-time logarithmic amplitude spectrum [10]. The special feature
of the cepstrum is that it allows separating representation of the spectral envelope and
excitation. The resulting parameter of speech units include the number of frames and,
for each frame, voiced/unvoiced (V/UV) decision, pitch period and cepstral
coefficients c¢(m), 0 <m < 29.

2.1.2 Speech Synthesis

Under the control of the synthesis rule, the speech synthesis sub-system generates
speech from pre-stored parameters. The source-filter model [11] is used as the speech
production model. Fig.2 shows the structure of the speech synthesis sub-system in
MyanmarTTS. The synthetic sound is produced using the Log Magnitude
Approximation (LMA) filter, which has been introduced by Imai [12]. It presents the
vocal tract characteristics. The spectral envelope is represented by the cepstral
coefficients of 30 lower-order frequency elements. The LMA filter is a pole—zero
filters that is able to represent efficiently the vocal tract features for all speech sounds.
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Parameters Pulse White

@ Generator Noise
R Generat
Amplitude || .......
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Fig. 2. MyanmarTTS speech synthesis sub-system

3 Tone Synthesis Procedure Using Optimized Fy and Length

3.1 Tone Synthesis

The four Myanmar tones are analyzed to extract F, patterns. The data set is prepared
as voiced sounds and meaningful words. We select consonant-vowel (CV) form with
voiced consonants /b/, /m/, /1/ and three typical vowels /a/, /i/ and /u/. In total, 180
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words (= 3 consonants x 3 vowels x 4 tones x 5 speakers) are used for tone analysis.
After analyzing, four tones are distributed as shown in Fig.3. We find that the four
tone groups overlapped and are not clearly discriminated. In our former research, we
normalized Fj and length to obtain relative values among the tones. The normalized
parameters of tones using one syllable word were plotted in the distribution [3]. In
this paper the normalized parameters by former normalization method using three
syllables are shown in Fig.4.

3.2 Proposed Optimization Method

Lagrange’s optimization method [13-14] is used for normalization. In this study we
use 36 words of F patterns by utterance of five native speakers. The words include
three typical vowels “a”, “i” and “u” with voiced consonants “b”, “m” and “i”. We
select F from three frames at the center of syllable word for each tone. The average
F,values are selected from the middle frames of Fy contours.

To minimize large differences of Fand differences of lengths among the speakers
by means of tones, optimization method is carried out. The average of F, contours for
each tone is given by

fé’f:U”Zﬁf (1)
=

where 7 is number of F, contour. f; is F, at the center of syllable of i tone and ;"
speaker.

Similarly, the average of tones is defined as A; and the average of all speakers is
defined as A.

To normalize f; Lagrange’s optimization technique is utilized in this paper. For
convenience, we define Uy Yand Rj;such as

Ry =AA, )
Uy ’=f- fi 3)

0 .
where, f;;” are normalized values of f;;
Then, in our problem, concentration of f;;” around A is accomplished by minimizing

w(rs) =) (a-13)’ )
j=1
under the constraints
Uy°=ayky )

where, a;; are scale numbers and s is numbers of speaker.
Thus, normalized f,f) are given by minimizing Lagrange’s function L (f;?)

L) =w(r) + Z A (Uy; — ajRyj) (6)
j=1
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For Eq. (6), we have

dL
= 2(f8-A)+% =0 (N
if
aL
= Us—ayRy =0 ®
Solving Egs. (7), (8) gives
fi® = fy + aiiRyj )

According to Eqs.(2) and (3), equation (5) indicates that if a; =1, fyaround 4; i.e., f; -
A; is shifted to f;;° around 4, i.e., fij® -A, while a; = 0,1i.e., fi® = f; which doesn’t give
normalization. When male and female speakers intermix, average A behaves as a
center of A; for male and A; for female.

On the other hand, the minimum value of L is derived as follows:

s

Lmin:Z(A_fij —aliR;;)* (11)
=1
which leads
ay —(A4-f7)/ Ry (12)
because L,;, >0.

Hence, fij and Aj are always the same side of A.
Then, we have the relation

00y af (14)
From Eqgs.(3) and (5),we get general equation
fi®=fi + ouiRi (15)
For the sake of convenience, we may simply choose a;; in this paper, such that
a;=a=1/2 (16)
In this way f; is normalized. The normalized value fi? is given by,
fi®=fi + aRy (17)

The optimized results are plotted in Fig. 5. Fig.5 (a), (b) show the distribution of four
tones with optimized F, and optimized lengths, which are clearly discriminated in
tone groups. From these figures we confirm that proposed method is an effective
method to define the parameters for speech synthesis rule. Furthermore, as an
advantage in the proposed method, the male and female can be distinguished.
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Fig. 3. Tones distribution of analysis-synthesis sounds by three female speakers and two male
speakers before optimization
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Fig. 4. (a - top) Tones distribution of analysis-synthesis sounds by three female speakers and
two male speakers with normalized F, and normalized time (length). (b — bottom) Tones
distribution of analysis-synthesis sounds uttered by two male speakers with normalized F,
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3.3 Tone Synthesis Rule with Linear F, Pattern

Myanmar tones are unique in their simplistic pattern not only related to F, but also
more specifically and importantly in terms of length. Myanmar tones have different
lengths between short-tone and long-tone groups. In accordance, after optimization
we define tone rule employing two parameters; F, at the center of syllables and
syllable’s length as opposed to focusing on length alone. Tone rules are constructed
with linear F patterns.
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Fig. 5. (a - top) Tones distribution by three female speakers and two male speakers with
optimized F, and optimized length. (b - bottom) Tones distribution by two male speakers with
optimized F, and optimized length.

When we calculated the average frame length and average F|, to make tone rules for
male and female, we apply the concept of the center of gravity. As an example, Fig. 6
shows the calculation design of average Fj and length using center of gravity. The
tone rules are implemented based on optimized F, and optimized length of each tone
as shown in Fig. 7.
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We consider Fj distribution as the mass distribution. We calculate average Fand
length by using the concept of center of gravity x as follows:

x = (Z x;m;)/M (18)
i=1

M =my+my+ mz+ ...+ m,

Fy (Hz)

0 10 X2 X3 X1 40 50

Fig. 6. The calculation design of average Fj and length

Where m; represents the weight of personal quality of F,of i speaker and x is average
length of F, contour. Specifically, weight of personal quality of Fjis different among
the different speakers. As an example for three speakers,m;m, and m; are different
values. In our experiments, all speakers are native and they have clear utterances and
hearing ability. Therefore in this paper we consider their speech units have the same
reliability. Then we have,

my=my=mz=m (Example: for three speakers)

From Eq. (16) average F, value at the center of contour y is calculated as

y = my: +y2+y3) 1+ ¥2+y3)

3m 3 (19)
Similarly the average length of time co-ordinate x is calculated as
X, + x,+x
T ( 1 2 3) (20)

3
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Fig. 7. The diagram of tone rule

Using these rules, we carried out the listening tests to evaluate intelligibilities of
synthetic speech of syllables and to evaluate the effect of proposed method.

4 Results and Discussion

Results of these tests are shown Fig. 8. These results have been obtained by using
listening test. The result of our tone synthesis system and effectiveness of
optimization are discussed as follows:

e Proposed method elicits the highest correct rate 99.68% for male speakers and
98.75% for female speakers.

e From these results we can confirm that optimized F, and length are conducted
natural synthetic speech. Since we defined the scale factors of relative values
properly, the optimized values are obtained.

e In VieTTS system[9], the result for linear pattern is about 85% for male,
whereas the result of our system for male is 95.8%, even though our
listening tests were done using the speech sounds of multiple speakers and
different genders. Consequently, we can show that our linear pattern for
tone rule is more effective than VieTTS’s corresponding one since we
applied the optimization method by means of multiple speakers and multiple
phonemes.

e As a discussion concerning with above mentioned comparison, we consider
that the optimization gives the effective values for both male and female,
since we defined the scale factors of relative values correctly.

e Consequently, the introduced optimization method is effective and applicable
for other speech synthesis rule for other tonal languages.
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Fig. 8. The results of correct rate of perception of synthesized tone

5 Conclusion

An optimization method to define the parameters; F, and syllable’s length for tone
synthesis is introduced. We implemented tone rules of linear pattern based on two
parameters, the optimized F| at the center of syllable and the optimized syllable’s
length. The effectiveness of the proposed method is confirmed by distribution of tones
and the intelligibility scores of listening test. Although the high intelligibility of
synthesized tone draws reasonably high correct rates in former research, the proposed
method achieve the better results. Furthermore, in the proposed method, the optimized
parameters can be separated into male and female groups. The introduced proposed
method is applicable for other tone synthesis rule of other tonal languages.
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