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Abstract: This paper presents a new approach for modeling the segmentation stable point for the
elaboration of an Arabic speech analysis and synthesis database. This segmentation method
minimizes human intervention and helps achieve higher quality synthetic speech. The proposed
mathematical definition of the most stable point is the result of a combination of nonlinear
optimization and statistical analysis. The statistical study determines the disagreement among the
standard deviations of several recordings relative to the same phonetic unit. The optimization ensures
the minimum variation of the prosodic parameters in the segmentation stable point of a single or
multiple recording. It is also minimizing the error in identifying the segmentation point location. A
preference test is conducted to demonstrate the efficiencies of the proposed method in reducing
discontinuities in concatenation, thus improving the quality of synthesized speech.
Keyword: Arabic speech synthesis, Pitch, Formant, Segmentation, Optimization, Stable point

1. INTRODUCTION
Synthesis speech plays an important role in modern
life. Now a days computers are used in helping people
to learn languages [1], to communicate with control
devices [2-4], to make contact and to communicate very
easily with robots that may understand human voice and
give the right replies. Recent research has focused
mainly on producing speech that seems more natural or
more human, for many languages [3] the goal has been
achieved. However, this is not the case for the Arabic
language [5, 6], so our research must have an interesting
Arabic synthesis speech. Focus on improving speech
synthesis in Arabic without having a disadvantage.
Currently, speech synthesis by concatenation of acoustic units is the most recent technique to automatically
produce speech [7, 8]. A synthetic speech signal can be
generated by this method using the concatenating obtained by segmentation of the natural signal [9–12].
The quality of the speech produced by this method
being influenced by three main factors [13, 14], the first
is the choice of the units, the second is the segmentation
of this unit and finally, the con-catenation of those
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units. Theoretically, the first two parameters concerning
the continuity of speech parameters in phase of concatenation are necessary for the third, to improve the heterogeneity of natural and intelligent synthetic voices,
Hence the need is for a good choice of units and segmentation or stable point. It should be noted that many
researches have proposed more than stable point is in
the middle of consonants or vowel without defining any
mathematical approach to model this stable point [9–
14]. This research work focuses on a mathematical
modelling of the most stable point. Also, it deals with
the creation of acoustic database units for Arabic concatenation speech synthesis. The acoustic units used in
our database are of variable size (diphone, di-diphone
phoneme, triphone.) [9] [16] they must be segmented
into previously proposed stable point. Our proposed
mathematical definition of the most stable point has
generated excellent results for the precision chosen and
segmentation in Arabic concatenation of speech synthesis using combination of nonlinear optimization and
statistical study. This paper is organized as follows: In
Section 2, the new definition and modeling of stable
point was described. Section 3 presents the results of
our statistical and optimal study and results discussion.
Section 4 proves the choice of the most eﬃcient units in
the most natural synthetic Arabic word. Finally, section5 is the conclusion and future work
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2. STABLE POINT
The stable point is cited by many researchers as a
middle of a phone segmentation point without defining
it mathematically. This segmentation was used in the
selection of the concatenation unit in the speech synthesis process. The choice of this point in most researches
is the middle of each consonant or vowel phoneme in an
audio-visual way. This procedure influences speech
performance and minimizes the discontinuity rate between two syllabus in the concatenation phase. But this
raises many questions: The beginning what is the scientific definition of stable point which represents the optimal point in the concatenation procedure of many
characters from different words. The second is, how to
compare between the stability of two points and the
middle ones. Then, does that stable point determined in
view of one or more registration of one unit. In the
following part we present several types of stable point
that improve the segmentation and the concatenation of
units for the synthesis of speech. The body text shall
have the font size of 10 points, times new roman font
and justified with single line spacing.
Definition 1
Let be σ a positive real number and RU a one registration of a given unit U, defined by a time interval T,
and p functions gj , j = 1, ..., p. A point t* is called local
σ-stable point of the registration RU if t_ is the optimal
solution of the problem:

∑
∑

∫

∫

The first definition relies on measuring the range of
the main characteristics of the voice in a certain period
and then choose the middle point of the period of optimal range.

presents the mean of the characteristics functions
at t.
Definition 3
Let be
, n registrations of a given unit
U, each is defined by a time interval , and p
characteristics functions
. A point t* is
called the global stable point of order 1 of
if t* is the optimal solution of the problem

∑

∑

̅

̅

where

̅

∑

presents the mean of the derived characteristics functions
at t.
They also set the point t1 is more stable than t2 if
.
This definition is based on the measure of the function
of the standard deviation of the main normalized functions of n records of a voice unit and choose the optimal
point of the measured function.
Definition 4
Let be σ a positive real number and
,n
registrations of a given unit U, each is defined by a time
interval
and p characteristics functions
. A point
is called the global σstable point of
if
is the
optimal solution of the problem

Definition 2
Let be
, n registrations of a given unit
U, each is defined by a time interval , and p
characteristics functions
. A point t* is
called the global stable point of
if t* is
the optimal solution of the problem
∑√ ∑

√

∑√ ∑

̅

{

̅
where

where
̅

∑

̅
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Definition 5
Let be σ a positive real number and
,n
registrations of a given unit U, each is defined by a time
interval
and p characteristics functions
. A point
is called the global σstable point of
of order 1 if
is the optimal solution of the problem

∑√ ∑
̅

̅

{

where

̅

∑

The last two definitions discuss the same point for the
second definition, taking into consideration the mistakes
that can be committed in the segmentation stage of each
phoneme. Also, a good estimation of an unit require
consideration of characteristic functions and its derivatives. This takes consideration in the formulation 4. The
speech synthesis by concatenation is influenced by three
main factors: the first is the choice of the unit, the second is the construction of the database by the segmentation of multiple units and finally the concatenation of
a Word parts. In order to obtain a word similar to the
reality, it is interested in these 3 phases which are directly interrelated. In fact the reduction of the difference
of the discontinuity of main parameters between two
units during the concatenation has a significant influence on the speech result. This passes through the first
two steps. A local stable point ensures that a small variation of the main parameters is obtained if a small error
is performed at the phase of segmentation. While a
global stable point is often guaranteed that a minimization of the discontinuity gaps is obtained if we link
several units obtained from different words. It remains
to ensure that the local and global stable points are the
same.

the room and the apparatus of recording and the speaker
to avoid the external effects and we expect to record
several versions of the same unit to study the main factors influencing the speech. The classified factors are
those that have led to a significant increase in the standard deviation and many copies of one unit are stored in
the database. They are selected according to the powerful effects. In addition, such copies shall be segmented
according to one of the most stable points defined in the
preceding paragraph. This requires taking test intervals
for the bounded of each unit. Since the Arabic language
as English and French is formed essentially by consonants and vowel, our study will be based on those two
types of unity. The question we are going to answer
which one of these two units is the most stable to
choose it the extreme of our main unit in the database.
Thus, the test sequence of the units will be formed by at
least 4 phonemes so that one will have at least one
vowel and one consonant with free extremes. All this
would create a database containing all the versions that
help to form all the words in their different positions
with a minimum discontinuity between the units.

3.2 The effect of quality recording speech

3. NUMERICAL RESULTS AND DISCUS
3.1 Databases
The synthesis of speech by phoneme requires a very
developed database that takes into consideration all the
phenomena that can affect the speech. Indeed, speech
depends on many factors such that the state of the recording space, the state of the person, the nature of the
sentence, the position of the word in the sentence and
the position of the unit in the word and the quality of the
apparatus of recording... In this work we have chosen

Figure 1. The normalized standard deviation for 12 recording
of 2 units.
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Although we were limited to one speaker for the recording phase and we chose sophisticated tools and
appropriate recording space to avoid noise, we noticed
some differences between the data in some recordings.
This is logical because the state and pronunciation of
the registrar vary from moment to moment in his way of
treating the breath. A diverse collection of units of four
phonemes are chosen. Each contained consonants and
vowels. Twelve recording by the same person for any
unit are considered to analyse the function defined by
the normalized standard deviation of pitch, four first
ُ was
frequencies and intensity. The units ( )أَكand (ْ)خبز
presented in Figure1. We notice that the difference is not
negligible, and it is even more intensive for a consonant. These results show the order of magnitude of the
normalized standard deviation from one record to another under the same conditions. To avoid side effects
and copies influenced by rare states, the unit closest to
the mean is chosen.

TABLE 1: THE MEAN AND STANDARD DEVIATION (%) OF
THREE UNITS IN THREE POSITIONS RECORDED BY
3 PERSONS

Person1

mbe
mmi
men
m
σbe
σmi
σen
σ

Person2

mbe
mmi
men
m
σbe
σmi
σen
σ

Person3

mbe
mmi
men
m
σbe
σmi
σen
σ

3.3 Position effect
The speech in a word passes through three essential
stages : beginning when it increase, the medium where it
is stationary and the end where it decrease. This point
attracts our attention and we hope its influence in the
speech synthesis is important. Therefore, we think that
the position of the unit in the word affects the data of the
parameters of a unit. To show the effect of the position,
we try to segment several units formed by two phonemes, each unit is removed from several different
words, from three positions: at the beginning, the interior and the end, and by several peoples including a
woman and man. Table 1 presents the mean and standard deviation of length time of three units recorded by
four peoples divided into four groups according to the
position in the word. Note that for most units, the time
mean varies from one position to another. The total
standard deviation of all recording parts of each unit
proves the effect of the phoneme position in the word.
Indeed, the distribution of time length of the same unit
is denser around the mean if it is obtained from different
words and in the same position. In addition, the other
speech parameters were targeted as the fundamental
frequency F0 and the following four frequencies F1, F2,
F3 and F4 and the intensity.
Table 2,3,4,5 presents the percent of total standard
deviation of six parameters pitch F0, F1, F2, F3,F4 and
intensity at five points of a unit in three positions. Similar to the last notes, the total standard deviation of all
recording parts of each unit proves the effect of the
phoneme position in the word. it should be noted that
the second quartile point is the middle of the vowel has
the lowest standard deviation. Then it is the stable point
to respect the second definition. The question is however whether this value is the least of all the points that
will be the goal for the next analysis.

unit (َ)أ
0.08522727
0.08874999
0.121875
0.09818548
3.52766841
2.8169014
13.997275
19.549289
unit (َ)أ
0.10340909
0.08181818
0.08625
0.09062499
3.96214425
16.1075187
9.61340518
14.6297954
unit (َ)أ
0.09124999
0.13680555
0.206250
0.14050925
28.603579
39.1488720
21.6406922
44.9133910

Unit( )ب
0.1143750
0.1546875
0.14375
0.13611111
23.8253872
2.67247607
17.9850342
20.7747684
Unit( )ب
0.08562499
0.12291666
0.11796875
0.10763888
5.70091217
3.38983050
3.17604736
16.2959108
Unit( )ب
0.110625
0.1656250
0.21328125
0.15959821
44.917919
15.490094
20.2196475
36.2178357

Unitَ(َ)ك
0.15
0.144375
0.14453125
0.14615384
4.1666666
6.8310536
1.4301358
5.1802683
Unitَ(َ)ك
0.114375
0.1194444
0.1118055
0.1151785
6.4887115
4.5779115
9.2960431
7.4555752
Unitَ(َ)ك
0.0857954
0.1242187
0.1902777
0.1303571
19.421030
65.33316
7.912220
48.569806

3.4 Determination of stable points
For all parameter’s functions F0, F1, F2, F3, F4 and
intensity a cubic splines approximations φi , i = 1, ..., 6
were used. This provides a simple function that coincide
with the data and gives a good approximation of the
derivatives. As they are at least 3 times diﬀ erentiable
that we can use the regular optimization methods based
on the second derivatives. The test sequence of the units
used in the next work will be formed by at least 4 phonemes so that one will have at least one vowel and one
consonant with free extremes.
TABLE 2: THE STANDARD DEVIATION (%) OF 6
PARAMETERS OF UNIT (  )أIN THREE POSITIONS RECORDED
BY PERSON 2

be
σbe
σmi
σen
σ

12.266
11.267

5.136
11.676
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Quad1
7.2186
7.567
3.714
8.04113

end
14.829
9.054
4.982
13.12480

Quad2
6.658
6.3532
5.731
7.840

mid
8.003
7.873
5.247
8.657
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TABLE 3: THE STANDARD DEVIATION (%) OF 6
PARAMETERS OF UNIT (  ) _بIN THREE POSITIONS
RECORDED BY PERSON2

be

Quad1

end

Quad2

mid

σbe

11.29

8.2517

12.08

8.238

9.201

σmi

13.39

7.487

7.834

6.985

8.660

σen

9.867

8.555

8.456

6.703

7.844

σ

12.293

9.293

11.810

8.808

9.742

∑
∫
{
with optimal value

∑
∫

TABLE 4: THE STANDARD DEVIATION (%) OF 6
PARAMETERS OF UNIT (  ) أIN THREE POSITIONS
RECORDED BY PERSON 1

be

Quad1

end

Quad2

mid

σbe

19.113

4.3156

17.352

4.5732

4.645

σmi

13.138

4.808

17.632

3.4773

4.277

σen

24.679

11.375

23.578

6.9132

7.055

σ

27.633

10.501

22.526

10.3849

9.720

and

{
with optimal value

.

Figure 2 The function

for 2 recording of 4 units.

TABLE 5: THE STANDARD DEVIATION (%) OF 6
PARAMETERS OF UNIT (  ) كIN THREE POSITIONS
RECORDED BY PERSON 1

be

Quad1

end

Quad2

mid

σbe

9.8218

12.821

17.184

7.972

8.692

σmi

10.482

12.227

19.977

7.588

13.46

σen

8.350

9.5674

9.298

7.228

8.15

σ

10.276

12.528

8.1450

8.145

11.69

3.4.1 Local σ- stable point
The optimization problem defined the local σ-stable
point is

∑

All optimization problems deal with one dimension.
The method was used to find the minimum of a smooth
univariate function using both function evaluations and
first derivative. This method uses a descent direction
defined by either the secant direction or cubic interpolation. [17–20]. The objective function of PLS,

∫

(

∑
∫
{

where
present the cubic splines approximations of the frequencies
and intensity
functions.
One way to approach the solution of the problem P
and avoid first and second derivative of the objective
function of the main problem which is defined by an
optimization problem, to consider for all tk = kh (h is a
small positive number), the 2 following finite sequences
of optimization problems

=

is plotted to determine the global minimum. A diverse
collection containing many consonants and all the vowels to analyze the function
with h = 0.01 is considered. Two recording for each unit were studied. A
sample of 4 units was considered in graph 1.
We noted that in most cases the global in minimum is in
the interval [0.25, 0.75] of a vowel phoneme and in
general the
function is more moderate in a
vowel interval than in that of consonant.
3.4.2 Global stable and σ-point
The optimization problem defined the global stable
point is
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√ ∑

∑

where

graphical study of the function
defined by
the optimal values of the following sequence of optimization problems is used.

̅

and the optimization problem defined the global σ-stable point is

where
and h is a small real number. We use a quasi-Newton to solve this problem [2022]. An active set AS is defined by the indices of the
variables at their bounds. A free variable is a variable
not in the active set. The feasible direction for the free
variables is computed by the formula

{
where
√ ∑

∑

{

̅

and
∑

̅

If we use the standard deviation formula
√

∑

∑

√ ∑

∑

Then the normalized standard deviation
√
∑

∑
∑

and the problem PGS is given by

{

√

Figure 3 The function
and
different units.

∑
∑

for 6

where H is a positive definite approximation of the
Hessian matrix and g(xk) is the gradient evaluated at the
current point xk, both are computed with respect the free
variables. The new point is defined by

and the optimization problem defined the global σ-stable point is

√

λ is determined by a line search minimization of the
objective function f. The matrix Hk is updated according
the BFGS formula

∑
∑

{
In the last problems we have an optimization problem
composed by a multivariate function subjects to bounds
on the variables. To determine the global optimum, a
www.ijaceeonline.com
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The objective function
and
are
plotted with
and h = 0.01 to determine the
global minimum and the interval where the values
closed to that. A diverse collection containing many
consonants and all the vowels to analyze the function
and
is chosen Between 9 and 12
recording for any unit are considered. A sample of 6
units was considered in graph 2. We noted that in the
almost case the global minimum is in the interval [0.25,
0.75] of a vowel phoneme and in general the
and
functions are more moderate in
a vowel interval than in that of consonant. Rather, the
variation of this functions is more important in the interval of a consonant. However, graph 2.b shows that
the vowel” mad” is not stable and similar to consonant.
On the other hand, the function
presents a
remarkable reduction of the function
in all
cases of graph 2.
This confirms our proposition that the fixing of the
terminals of a unit is very sensitive and it may be subject to errors. Then the function
helps to
obtain the most stable area and to correct the errors that
we encounter in the determination of the endpoints
during the segmentation step.

interpolation of the derivative function. A good reduction is obtained during the translation of each unit recording according to a well defined path which is given
by the curve
. Despite the fact that in this
case the curve contains several peaks, one can notice
clearly in most units that the vowel zones are more
stable than those of a consonant and the global optimum is generally equal or close to the middle of a
vowel interval.

4. UNIT CHOICE
Note that the variance of the duration of the unit classified by its position in the word is very small compared
to the one classed by the speaker who shows that the
effect of the position[15]. The other

3.4.3 Global stable and σ-point of order 1
Similar to the global stable point, to determine the stable point σ- stable point of order 1, a graphical studies
of the functions

∑√

∑
∑

Where
and
defined by the optimal values of the following sequence of optimization
problems is used.
{
Where

∑

√

∑

Figure 4 The functions

∑

and
and h is a small real number.
The same units used in the last section are tested according to the new definition. Among these units, four
are represented in graph 3. As long as the values of the
curves
and
are largely different,
each one is represented on a graph. We noted that the
curve
has several peaks due of the wide variation of the parameters used and the instability of the

and
ent units

for 4 differ-

fundamental result observed from these statistics is that
in most cases the vowel interval is more stable than that
of consonant and the midpoint of the vowel is the most
stable point. Therefore, we consider units that end with
vowels so that the concatenation will be at the most
stable points. These units are formed by at least three
phonemes. To process these points, the following type
of words are chosen:
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Word W1
Space C1 V1 C2 V2 C3 V3 space
Word W2
Space C1 V1 C2 C3 V2 C4 space
Word W3
Space C1 V1 V2 C2 V3 V4 C4 space
where C presents a consonant and V presents a vowel.
From word W1 three different unit type are determined
as follows:
Unit 1 : Space C V
which guarantees the beginning of a word. Since the
Arabic language contains 28 consonants of which two
can be in laminated and inflated forms, then 30 consonants are considered. The number of the first vowel is
equal to three then we obtain 90 different units of unit 1
in the database.
Unit 2: VCV
which guarantees a middle part of a word and which
can have 270 different units in the database,
Unit 3 : VCV space
which guarantees the middle part of a word and which
can have the same number of the last unit in the database.
From word W2 two different type of units are determined as follows:
Unit 4: VCCV
which guarantees a middle part of a word, and which
can appear with 4020 different forms in the database
[23].
Unit 5: VC space
appear with 90 different forms in the database
From word W3, we determined the following different
units:
Unit 6: VVCV
which can take 90 different forms in the database.
Unit 7:VCVV space
which can take 270 forms
Unit 8: VVCVV space
which can take 270 forms.
With this unit we will have a data base that includes
6270 units all of which are obtained by segmentation at
the level of a vowel

5. CONCLUSION
This work aims at conducting a study on Arabic
speech synthesis by concatenation in a large database.
We were particularly interested in the study of concatenation unit choices and the segmentation points of these
units. The best choice of the beginning and the end of a
unit directly influences the concatenation step and
therefore the quality of synthetic speech. We have first
made a statistical study of the factors that affect the
quality of segmented speech units (recording, unit location in the word and speaker conversion effect).
This study is based on the variance function, which
indicates the difference rate between several samples of
the same unit. It shows the influence of corpus record-

ing on the unit parameters. To minimize this influence,
it is proposed to record the same unit of the same word
several times and to choose the closest recording of a
unit to the average using the least square method.
The position of a unit in the word (beginning, middle
or end) has been taken into consideration as this affects
the quality of speech synthesis. Therefore, the units in
the database have been divided into three classes (start,
middle and end). Furthermore, we have done a mathematical modulation of the stable points based on the
minimum of the variation of the prosodic parameters
along a unit over a fixed period of time and between
several records. A multivariate optimization problem
has been considered to correct the error that can appear
at the ends of a unit. A statistical study on several units
formed by two vowels and two consonants shows that,
in most cases, the vowel area is more stable than that of
the consonant and that the most stable point is in the
range [0.25 T, 0.75T] of a vowel.
The correction applied to the ends of a modulated
phoneme, through an optimization problem which defines the global stable sigma point, shows a good reduction of the variance. This work gives rise to a large
database and suggests further study of the stable points
of all consonants and vowels to particularly look for
classes of phonemes where consonants are more stable
than vowels in order to reduce the size of the database.
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