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Discriminant Analysis for Classification of
Stressed Syllables in Arabic

A. Chentir, M. Guerti, and D. J. Hirst

Abstract— This paper proposes an approach for a
Classification by Discriminant Analysis of stressedyllables in
Standard Arabic. In this study, we exploited the aoustic
parameters of fundamental frequency and energy by gans of a
classification by a discriminant analysis to detectstressed
syllables of Standard Arabic words with the structue
[CVCVCV] read by four native speakers (two male andtwo
female). We obtained a global percentage of deteati equal to
83% of the stressed syllables. These initial resultseed to be
tested on larger corpora but our results suggest th could be a
useful addition to existing algorithms, in the goalbf improving
systems of automatic synthesis and recognition int&hdard
Arabic.

Index Terms— Classification by Discriminant Analysis,
lexical stress, Standard Arabic, fundamental frequecy, energy,
stressed syllable.

I. INTRODUCTION

The quality of a Text to Speech Synthesis dependbe
naturalness, on the intelligibility of the spee@ngrated and
the specific characteristics to the produced voitkese
characteristics depend on the techniques and tiigode of
synthesis, but also on the care taken to linguéstat prosodic
modelling. Several works underlines the fact thaguistic

language its particular prosodic characteristics.

There have been a number of studies concerningi@rab
prosody and the importance of lexical stress i ldr@guage
[2] — [6]. Bohas [5] showed that lexical stressyglaa
distinctive role. Rajouani [2] confirmed that thetection of
the primary accent seems sufficient for the studii@ Arabic
intonation and found from his experiments, the dwihg
result: The hierarchy (FO, I, D) for the Arabic darage.

In order to reinforce the existing systems of sgstt and
recognition of Standard Arabic (SA), we made uhis study
of a classification by discriminant analysis basad the
acoustic parameters of fundamental frequency aedygrio
detect stressed syllables in Standard Arabic (SA)ype
[CV]. Our choice was limited to three-syllable Aralwords.
After manually segmenting and transcribing the asrpve
applied our algorithm based on discriminant analyAitotal
percentage of detection equal to 83% of the stdesgéables
was obtained, which shows the efficiency of suchproach
which could reinforce existing methods based exadlg on
fundamental frequency.

Il. LEXICAL STRESS IN ARABIC STANDARD

structures maintain the close links with the prosodic Arabic is a member of the Semitic language farilyis

achievements. Concerning the Arab language, theelmade
based on the syllabic structure of the words, ttessing, the
concept of markers intonates and very little ontagtic

information [1].

Prosody plays an important role in the field of the

identification of languages. It is also essential the
understanding and to the naturalness of speechttaml
indispensable for speech synthesis. So, from tlosdic
point of view, prosody refers to the phenomenadihko the
variation in the time of the parameters of pitctiensity and
duration.

The perception of pitch is essentially
fundamental frequency gFwhich, at the physiological level
of the production of the speech, corresponds tdréwiency
of vibration of the vocal cords. Intensity (I) issentially
connected to the energy of the sound while the st@ou
duration (D) corresponds to its time of emissiohe3e three
parameters harmonize in uneven proportions to gievery
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related to

marked by a limited vocalic system and a rich coastal
system. There are typically three basic vowels @&, Which
are attested in both their short and long formanise
languages are also marked by a rich inventory t¢tutal
consonants, which includes the laryngeals, theypigeials
and the uvular fricatives [7]. The term Standardl#ic (SA)
is used when referring to the literary languaggeaneral.

Although the classical Arab grammarians do not iment
word stress, it is generally accepted that SA hadFar
Ghalib [8], stress exists in Arabic but has no Uistc
function and its importance is much less, as coagaith
English or German where it contributes to the magiaind
grammatical function of some words of the lexicdm.
Arabic, a shift of stress from one syllable to &eotchanges
neither the meaning of the word nor its grammatical
function, even if such a movement can deform itsemt
pronunciation.

A. Syllable Sructure in Sandard Arabic

The allowed syllables in Arabic language are preskim
Table 1, where V indicates a (long or short) vowhlle C
indicates a consonant. Arabic utterances can aatywith a
consonant.
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Table 1: Classification of the syllables in Araft¢

Closed

Syllable Open
Short [CV]
Long [CVWV] [CVC], [CvVC], [cvCC],

[CVVCC]

All Arabic syllables must contain at least one vbwdso

Arabic vowels cannot be initials and can occur egith

between two consonants or final in a word. Aragltables
can be classified as short or long. The CV tyeshkort one
while all others are long. Syllables can also lessified as
open or closed. An open syllable ends with a vowkile a
closed syllable ends with a consonant. For Aradoieowel

always forms a syllable nucleus, and there are asym ¢

syllables in a word as vowels in it [9].

B. Word Stress Pattern in StandardArabic

Arabic is a language with word stress. This mehasdne
of the syllables in content word is perceived aspnent and
receives main stress.

The most commonly used rules are those establiblied
Al-Ani [6] who speaks about of the presence of three dsgre

of stress:
» Afirst degree or Primary Stress (PS)
» Asecond degree or Secondary Stress (SS)
e Athird degree or Weak Stress (WS)
The position and the distribution of the stressasieion the
number and the types of syllables contained inttved. The
rules which govern its place are defined as follf}s
» If all syllables of the word are of type [CV] théris the
first syllable which carries the PS, the other ayliés
receive a weak stress.
Example:Ja3 [daxala]

» Ifthereis a single long syllable, then this lasteives the
PS.
Examplezi\& [kaafada]

» Ifthere are two or more long syllables, then this last of
these (but not counting the final syllable of therd)
which receives the PS. The long syllable closeghéo

beginning of the word receives a SS; other syllble

receive an weak stress.
Examplexlisa [dajawaanaatin]

Ill. MATERIALS AND METHODS

Table 2: Example of used Arabic words

Words in Arabic <X &ee a0 DR oA

IPA kataba?ab®a baraza xabaza Hazana

A. Methods of Classification

Methods of classification are very useful toolsdese they
make it possible to group objects according to rthei
resemblance. They place some objects in the saoog gnd
separate them from the others by placing them fiierent
groups

Three big families can be distinguished (indepetigeni
the syntactic methods) [11]:
search for similar forms by dynamic comparison
e probability where Hidden Markov Models (HMM) and

Bayesian networks are by far the most commonly used
automatic speech recognition
» surfaces of decision and discriminant functionfoofns

In all these methods, the choice of the distanceetric

between vector forms is important. The Euclidiastatice is

often used:
dE(x, y)=/(x=y) (x- ) 1)

But the Mahalanobis distance [12] where C is the
covariance matrix of the vector forms x and y isoal
interesting because it allows the taking into actaf the
correlation between the parameters of the forms:

dM(x,)=(x-y)'C*(x-Y)

()

B. Discriminant analysis

Discriminant analysis is a statistical method wradims at
describing, explaining and predicting the membersini
predefined groups (classes, modalities of the kbito be
predicted ...) of a set of observations (individuals,
examples...) from a set of predictive variables (dpsurs,
exogenous variables.[1)2].

This analysis has two main purposes:

e description; among the known groups, what are thmm

differences which can be determined by means of the

measured variables?

e Classification: can we determine the group of
membership of a new observation only from the
measured variables?

In other words, discriminant analysis aims at dfgisg an

observation in the group for which the conditiopadbability

We used 4 native Arabic-speakers (2 male and 2l&ma of its belonging to this group according to theerved values

each pronounced 5 Arabic words (Table 2) with tilewing
three-syllable structure [, S3]: [C1V C,V CsV] where [C],

is maximal.
There are several manners to evaluate the qudlity o

[C,] and [G], corresponded to 3 different Arabic consonant®iscriminant Analysis (DA). Some appeal to probipil

and [V] to a vowel. These words were pronouncedia$
carrier sentences. This made a total of 20 sentendt
[C,V] always corresponding to a syllable with primatgess.

The recording was made in an anechoic recordingbka
in the Laboratoire Parole et Langage (LPL)
Aix-en-Provence. The Praat computer progfahj was then
used to analyse and manipulate the speech data.

ISBN: 978-988-17012-5-1

hypotheses, while others don’t. The percentage efi w
classified samples is the most used statistic &ulthe most
revealing while being the simplest.

The idea is the following: we have a procedure of

irclassification, then why not to apply it to the ebations of

which we know the real group and to check if we enak
correct classification from the obtained matrixcohfusion.
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Generally, the matrix of confusion is a picture of V. RESULTS

dimensions g x g (where g is the number of grouppre the 14 pe aple to interpret the results, we appliedbibetstrap
row represent the real memberships and the coluimas method[13] to our corpus. Its purpose is to supply intimas
assignment by the model. We can track down the Bamb o siatistics other one than its value (dispediatribution,
erroneous and correct assignments there. The gageenf (gjigple intervals) to know the precision of thealized
correct assignments with regard to the total numbr estimations. This method is based on a technique of
individuals is a global indicator. Table 3, presemt re-sampling, accompanied by a large number of titera

explanatory example of the confusion matrix. _ which result from the application of the Monte @amiethod
From the matrix of confusion (also called classificn [14] (Fig. 1).

table) above, we have 160/200 = 80% of sampleshndie

correctly well. This is a strong percentage if wasider that a

classification made completely at random would gore Sub-model o1

average 50% of correct classification. Furthermeare note - statistical

that the samples of the group 1 are classifiedectly for Final model

83% while those of group 2 are classified correfrity78%. Sample: (average of the

Group 1 is thus slightly more homogeneous thangu popilation Tepresentative sub-nodels) ot
or not of the final statistics

i i population (average of the
Table 3: Example of confusion matrix statistics)

Groups AD 1 2 Nursber of loops

Real 1 50 10 decided in advance
Groups 2 30 110

Fig. 1: Principle of the method of the Bootstrap

The way of obtaining an evaluation which is consede
more realistic consists in putting aside a cenaportion of We proceeded to the learning of 18 of the 20 seetenf
the initial observations of every group, and apphe Our corpus. Once carried out, we continued to ¢cegnition
classification functions to the other observatiotien Of 2 sentences not included in the first phasearfutation.
classifying the put aside observations. Anotheriavar 10 end on the efficiency of the used method, weeafsgul

consists in putting aside an observation at theesmoment {0 the principle of the Bootstrap method (defineeMously)
and repeat the analysis and the classificatiomesi and we then calculated the matrix of total confasio

corresponding to the tested corpus.
For that purpose, we chose, during the learning@ha
V. USED APPROACH always remove the same sentence pronounced bjePeatf

In our approach, knowing that Arabic stress isuieficed speakers, giving us 540 possible cases (5 x 18meet

respectively by the fundamental frequency follovisdthe X C possible combinations) and for the recognition phae
intensity, we choose to detect the stressed sgllalith a
Classification by Discriminant Analysis. The fabat every
syllable in Arabic contains only one vowel, we extrevery
vowel present in our words and we then followed th%1
following stages: t

Stagel: Segmentation and phonetic transcription of th
recorded words

Stage2:Extraction of the fundamental frequency, for eac
vowel, detected inside the used word.

Stage3: Extraction then calculation of the Long Term

A Spect LTAS) f | detectesid :
verage Spectrum ( ) for every vowel detectesida S=1..., 3, are the three syllables present in the uwseds.

the used word
Stage4: Make a discriminant analysis to classify all thearg_he data and the symbols used throughout our eioal

vowels in an orderly structure and create the gmte
configuration

Stageb: Generate the confusion matrix to verify the
conformity of the predictive classification withaléy

Stage6:Consider values for additional vowels not present
in the training sample. We shall thus manage ptettiie
values of new observations in the classificatiothefalready
existing groups F2)

Stage7:Generate the corresponding matrix of confusion,” 940 sentences in the Learning phase (540L) and 60
sentences in Recognition phase (60R)

e Sentences in recognition are the same for bothkspga

have 60 possible cases (5 x 2 sentencexs‘z1 xpossible

combinations).
Table 4 presents the various confusion matricesedisas
e percentage of correct assignment with regattddotal
umber of vowels as well as that correspondindnéovowel
] allocated to the ¥ stressed syllable [ And where [V]
hs one other than the vowel [a].
The confusion matrix established in Table 4, igstitated
in Fig. 2, where rows represent the real membersihigp
columns the assignments obtained by the calculairdel.

* During the calculation of the Long-Term Average
Spectrum, the number of used bands is limited éadh
which a width equal to 500 Hz.

The mean value of fundamental frequency is caledlat
(Fo).

Four speakers: 2 male {ldnd H) and 2 female (Fand
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Table 4: Matrices of confusion in Learning and in  for the recognition phase, where we notice theeiasing of
Recognition phases and the percentages of affestati  fraction correct (from 59.44 % to 83.33 %) and fuod

obtained according to every syllable classification of all syllables.
Removed sentences VIl. CONCLUSION
;Fie_al;irs XXz 5200 Sggtengis o . In .th.is study, we made use of the classification by
34 473 33 discriminant analysis based on the fundamentalgaqy and
10 51 479 the energy to detect stress type for SA in sylaétype
Fraction Csorlr@gfsllt’/g/ [CV]. Our choice limited itself to the three-syliabArabic
S2 8759 OA‘; words. After segmenting and transcribing manuate t
S3:88.70 % corpus, we applied our algorithm based on disciamin
analysis. A percentage of fraction correct equala@1% in
60R 519 0 ; . "
5 49 6 learning phase and 83.33% in recognition phase were
3 7 50 obtained. And a percentage of detection equal t%8%5 the
Fraction Cgfl@gsog % primary stressed syllable was obtained. We notthed the
S7 - 81.6"7 % improvement of this method by comparison with ox@vious
S3:83.33 % work.

It is clear that results obtained need to be testethrger
corpora of Arabic. But already, we can say that the
VI. DISCUSSION classification by discriminant analysis of the eribn energy
added to the formants could enrich the alreadytiegis
thods of recognition.

Table 4 allows us to conclude as follows:
e The learning phase gives a good total percentage BF
recognition equal to 89.81%.
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