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ABSTRACT

This paper presents the results of an instrumental study of the
intonation characteristics of interrogativity in standard Arabic.
The objective is to finalize a model for the automatic processing
of the intonative pattern in a TTS system. The approach is based
on the perceptive description of the Arabic intonation by
extracting the pertinent variation of the intonative curve using a
suitable stylization. A suitable stylization aims to approach, in a
perceptive level, the natural version by a curve consisting of
simple intonative movements. It was hypothesized that there
exists a correlation between the intonative structure and the
syntactic structure; however the results obtained suggest that this
assumption is very relative.

1.  INTRODUCTION
In Arabic, there are certain rules for accentuation of the phrases
presented in [2] depending on the syllabic structure of the
embedded words. In our model, particular attention is given to
the total number of syllables and their distribution. Interrogativity
in Arabic could be formed either with the presence of an
interrogative marker (IM) or without it (one type of the yes/no
questions YNQ) on simply changing the intonation of a
declarative phrase. There are many types of IM:

1) A pronoun: "/man/ = who" and "/maa/ = what".
2) An adverb: "/mataa/= when”, “/kayfa/ = how”,

“/?ayna/ = where” and “/limavaa/ = why”.
3) “/Hal/”  and “/?a/”  : (second type of  YNQ).

This work aims to introduce some improvements to the
Arabic TTS system described in [4]. The system generates an
intonation based on syntactic information that is not yet
automatically determined. Syntactic information is supplied by
the user by the means of prosodic marks manually positioned in
the input string. Our objective is to eliminate this dependence on
syntactic analysis and produce better intonation. Besides, the
syntax/intonation correlation is not fully proved for the Arabic
language. According to [3], the intonative curve is constructed of
primitive curves each corresponding to a word. Each primitive
curve is formed from two linear segments rising and falling. The
maximum value of each primitive curve depends on the syntactic
structure of the sentence and of the group syntactic that the word
makes part of.

The syntactic information were determined with the help of
intonative markers put manually by the user in the utterance to be
treated, since, to our time there is no automatic syntactic analyzer
for the Arabic language. Our rules aim to get rid of the
dependence on this syntactic analysis, since we have noticed that
there was no need for the syntactic structure of the utterance to
accomplish the work. All what we need is a syllabic analysis in
order to be able to determine the location of the local maxima in
the intonative curve. While Najim [5] shows that it is not
important.

In the literature there exists at least three models for
modeling the intonation [7], [8] and [9]. We tried to make use of
these methods in a way to suite the Arabic language.

The paper is organized as follows: First, we present our
corpus and the analysis-synthesis process carried out in order to
extract rules for an automatic model that allows an increase of
naturalness of intonation with respect to the system in [4]. This
model will be described in the second section. Finally, we will
present the evaluation test which was carried out with the help of
6 listeners on using different utterance lengths.

2.  ANALYSIS/ SYNTHESIS OF THE CORPUS:
The relevant factors in constructing the speech material were
defined according to the knowledge gained in earlier works on
Arabic intonation [3]. The speech material analyzed consists of
150 interrogative sentences read twice by a Moroccan male. The
syntax of the sentences varies from the most simple constructed
of a verb (V) only to the more complex: verb+subject (V+S) or
verb+subject+object (V+S+O). The interrogative sentences
implying the various question types were constructed either with
or without an interrogative marker. The sentences also could be
either verbal or nominative.

Acoustical analysis was carried out to extract the relevant
information from the utterances, including the fundamental
frequency (F0) curves, the different pitch levels and accent
location. As a second step, the F0 curves were stylized based on
the perceptual approach. The method consists of approaching the
natural F0 curve by the concatenation of linear segments. The
obtained curve should contain a minimal number of segments
and as close as possible to the original signal that is they should
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be perceptually equivalent.
As Arabic is a pitch-accentuated language, description was
achieved taking into account several factors particularly the
lexical stress rules [2].

3.  AUTOMATIC F0 GENERATION:
On analyzing our corpus and calculating the F0 curve for each
utterance, we noticed that there is a prominent accent over each
word of the sentence with each pitch value higher than that of the
following. This was the conclusion used in the work of [3],[5]
and [7]. After carrying out the stylization, we realized we could
get a good result from a perceptive point of view without
considering some of these accents, which led us to formulate
rules for our model, i.e. we should not have the same number of
peaks as number of lexical accents.
We noticed that in Arabic there are two types of interrogations
corresponding to two forms of intonation curves:
1) ascending final curve: this type appears in the

interrogative sentences needing an answer as yes or
no (YNQ), that either contains the IM: “/hal/” or
“/?a/”, or does not contain IM.

2) Descending final curve: all the other type of
interrogations enters in this category.

The stylized F0 curves of declarative utterances have two
local maxima respectively at the first and the last stressed
syllables. There is a certain declination in the values of the two
maxima, that is the first maximum is higher than the second one.
For YNQ, the F0 curves has a global rising tendency over the
course of the utterance. For those consisting of B or B+C with or
without the IM, there is a specific rising pitch movement starting
at the beginning of the last stressed syllable. For the longer
utterances, there is a local maximum over the first stressed
syllable of the utterance and another higher local maximum over
the stressed syllable of the last word. This leads us to the
conclusion that the number of prominent maxima in F0 curves is
not necessary equal to the number of words of the utterance on
the contrary with the results reported previously for Arabic [5].

On regarding the pitch levels at the accents of the different
utterances, the effect of declination proved to exist, that is every
peak has a higher value than that following it except for the
yes/no questions which ended with a higher peak than all the
peaks preceding. Fig.1 shows the intonative curve for a yes/no
question with the IM “/?a/”. This utterance is constructed from a
IM+V+S. We can note the ascending tendency at the end of the
curve, which shows the interrogative intonation in this type of
utterances. For a longer utterance of the structure IM+V+S+O,
Fig.2, we can note also the ascending tendency at the end of the
intonative curve. This utterance consists of 4 words and
according to the lexical stress rules, there would have been 4
peaks one at each word. The perceptual test carried out, proved it
is not necessary true and it is sufficient to have only two peaks
one at the first accentuated syllable of the utterance and a second
at the last accentuated syllable of the utterance. Fig. 3 show an
intonative curve of the utterance of type IM+V+S+O with the IM
is “/hal/”. This intonative curve is not simplified, that is, there is
a peak at each accentuated syllable of the utterance. This curve
could be simplified further to get only two peaks: one peak over

the first accentuated syllable of the utterance and another one
over the last accentuated syllable as previously remarked for the
IM “/?a/”. The tendency is also ascending for the questions with
IM being “/hal/”. As a conclusion, we can say that for the yes/no
questions the tendency is ascending at the end of the utterance.
Comparing with the other type of questions Fig. 4. where the
utterance contains the IM “/kaifa/”. Here also the perceptual tests
proved that only 2 peaks are necessary to give a natural
intonation for this type of questions. The second peak is lower
than the first one which is not the case for the yes/no questions.
On comparing also between the curves of the different types of
questions, we noticed that the curves of the yes/no questions had
a lower frequency variation range than the other types of
questions. Fig. 2 and Fig. 4.

Fig 1: Stylization of the intonative curve of the phrase:
/adarabalwaladu/ ?

It was hypothesized that there exists a correlation between
the intonative structure and the syntactic structure; however the
results obtained suggest that this assumption is very relative,
Fig.3  and Fig. 4 . The curve shown in Fig. 3 could be simplified
to contain only two peaks as discussed before. The curve shown
in Fig. 4. represents the intonative curve for the utterance formed
of words with only two peaks.

Another important conclusion that can be made is that, the
number of lexical stress is not the same as the number of the
peaks in the intonative curve. In the work presented in [3] and
[5], the authors refer to that every curve is constructed of the
same number of primitive curves as the number of words. The
primitive curve used, is formed of two slopes, one ascending and
the other descending. Our results shows that there is no need for
a maxima at each word in order to approach in perceptual level,
the natural version of the utterance.

Fig. 5 shows the functional block diagram for obtaining the
intonation curve. First we have to analyze the phonetic file in
order to be able to know the nature of the sentence that we have,
if declarative or interrogative or any other kind of sentences.
Then syllabification is carried out to determine the different type
of syllables that exist in the sentence. According to the type of
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syllables, the place of the lexical accent is determined. As
reported before it is not necessary to have as much peaks as
number of lexical accents, so the rules are checked in order to get
our final intonation curve. This curve is injected in the
parameters file given to the synthesizer, and a natural utterance is
produced.
In our work we used a software called WinPitch developed by P.
Martin[6], which gave better results, comparing to other
softwares.

Fig 2: Stylization of the intonative curve of the phrase:
/adarabalwaladu ?axaahu?/

4.  EVALUATION TEST BY PAIRS :
In order to obtain the stimuli of the test, 20 utterances of the
corpus were used. Each one was synthesized with 3 different
intonative curve (mod1, mod2, mod3) on either changing the F0
value or the location of the accentuation. Then a pair was formed
randomly, containing either the original synthesized signal (OSS)
and one of the models or a pair of the models. The two stimuli
were separated by one second and each pair was separated by 3
sec to allow the listener to give his answer. The OSS was used in
this evaluation (and not the original signal) in order to eliminate
any difference caused by the analysis/synthesis program used.

The test was as follows: The listener should hear a pair of
Arabic utterances. After hearing each pair, he has to compare
between the most convenient intonation, then chooses one of the
pairs :
- if he prefers the first utterance, then chooses “A”
- if he prefers the second utterance then chooses “B”
- if he finds it impossible to differentiate between the two

then he chooses equivalent “C”.

There were 6 listeners and the test was carried out twice,
first without a session of teaching them how to differentiate.
Then a second one was carried out after explaining to the
listeners how to better judge the difference.

Looking at Table 1, we can see that according to the  choice
C, most of the models chosen were perceptively equivalent to the
OSS. Many times also our model was even better than the OSS
especially when the program used, imprecisely determined the
pitch value at certain locations. Where the percentage in column
B is high, that is where we have tried to change the comparison,

instead of having the comparison pair as (OSS-mod1) or (mod1-
mod2), we had (mod2-mod1), where mod1 was the preferred
model and mod2 corresponds to the model that has accent
location different to our criteria. This was done in order to be
sure that the listener did not choose systematically the first
utterance listened to or the second one respectively.

CONCLUSION AND PERSPECTIVES:
The results of our instrumental study of the intonation
characteristics of interrogativity in standard Arabic were used to
finalize the model for the automatic processing of the intonative
pattern in a TTS system. The results show that we can obtain an
natural intonation without the need of using a syntactic analyzer
and using as little as need of information about the utterance
treated. Further study should be carried out with a larger corpus,
for a longer syntax and for other type of sentence like the
exclamation and imperative sentences.
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Fig 3: Stylization of the intonative curve of the phrase : “/hal ?akala
muhamadun tuffahatan/” with equal number of peaks as words.
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Fig 5: Functional block diagram for obtaining the intonation curve.

1 2 3 4Comparisons:
Utterances: A B C A B C A B C A B C
V 34 8 58 67 34 0 8 0 92 25 8 67
V+S 33 17 50 8 75 17 58 8 34 66 17 17
V+S+O 50 25 25 25 25 50 17 66 17 8 42 50

V? 17 8 75 42 50 8 58 17 25 34 0 67
V+S ? 34 33 33 17 25 58 25 25 50 17 33 50
V+S+O ? 17 0 83 8 17 75 0 50 50 50 17 33

HAL+V ? 50 17 33 25 25 50 8 42 50 25 8 67
HAL+V+S ? 25 50 25 0 17 83 50 50 0 42 33 25
HAL+V+S+O 33 25 42 34 58 8 33 33 33 8 42 50

A+V ? 8 8 84 25 17 58 75 17 8 17 25 58
A+V+S ? 17 8 75 34 8 58 0 58 42 50 17 33
A+V+S+O ? 25 25 50 25 0 75 33 17 50 42 8 50

Ayna+V+S ? 50 25 25 42 8 50 25 33 42 50 8 42
Ayna+V+S+O ? 42 8 50 25 8 67 17 33 50

Kaifa+V+S ? 42 8 50 17 17 66 25 67 8 42 8 50
Kaifa +V+S+O ? 17 17 66 8 50 42 33 17 50 25 33 42

Limaava +V+S ? 42 25 33 8 42 50 58 8 33 33 17 50
Limaava+V+S+O? 34 8 58 42 16 42 50 25 25 25 8 67

Mataa+V+S ? 33 42 25 17 33 50 17 33 50 33 25 42
Mataa+V+S+O ? 50 0 50 33 33 34 17 50 33 34 8 58

Table 1.: Evaluation test results for the stylized F0 curves..

Fig 4: Stylization of the intonative curve of the phrase : “/kayfa darabal
waladu ?axaahu/” with 2 peaks and 4 words.
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