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Abstract  

We propose in this paper a phonetic study of standard Ara-

bic based essentially on the spectrographic visions of 50 

sentences of the DJOUMA corpus we have constituted. This 

study allowed us to determine the pertinent parameters of 

continuous speech recognition. For the recognition part, we 

present the algorithms developed and the results obtained 

for three important questions :  

The segmentation of speech into gross phonetic classes. 

This process is based on methods adapted from the 

APHODEX expert system developed in our group [Foh 86], 

[CHF+86]. 

The recognition of vowels in continuous speech for 

multispeakers.  

The detection of parameters necessary for identification of 

plosives and fricatives.  

1 Introduction 

The automatic recognition of Arabic poses several specific 

problems due to the characteristics of this language [Sal87], 

{Hom87]. In particular, due to the fact that Arabic is a con-

sonant language and that the role of vowels is always car-

ried on second range. In order to bring out the pertinent pa-

rameters for recognition, we made a spectrographic analysis 

of standard Arabic phonemes. The recognition process con-

sists in large segmentation and labeling each segment using 

values of characteristic parameters 

2 Phonetic study 

2.1 The DJOUMA corpus 

For the need of the phonetic study of modern standard Ara-

bic, phoneticians and computer scientists were obliged to 

develop corpus. Most of these corpora were principally cor-

pus of words or of CV and CVC type which do not verify 

the criteria of taking into account the real context of produc-

tions of phonemes and coarticulation phenomena. We 

thought that was necessary to have, at first, a read sentences 

corpus. Our corpus is baptized DJOUMA after /DJOUmal 

MAqroua/, which means in Arabic "Read Sentences".  

2.1.1 Corpus constitution 

In order to find the phonetically balanced Arabic sentences, 

like in the case of French [Com 81], we have searched in 

Arabic magazines and books to find the correct sentences. 

We fixed at the outset three criteria :  

– the simplicity of the syntactic form.  

– the diversity in the form and the content of sentences.  

– the reasonable length of the sentence.  

Using these basic criteria, we could construct 78 sentences. 

After that, we did a sort of sounding to three persons who 

read together the sentences. Our aim is to eliminate the dif-

ficult-to-understand or pronounce sentences. The remaining 

50 sentences were entirely vocalized so that, according to 

standard Arabic grammatical rules, the pronunciation will 

be exact. Afterward, we distributed these sentences in 5 se-

ries of 10 sentences, trying to equilibrate phonetically every 

Series. Quoted below are the distribution of consonants and 

vowels in the corpus. 

 

2.1.2 Recording 

The recording has been done in a calm medium in a mag-

netic cassette. A set of 7 males and 3 females, pronounced 

each, a Series of 10 sentences. A two second duration sepa-

rated the pronunciation of two consecutive sentences. The 

sentences were sampled at a 16000 Hz frequency and each 

one was stored in a disk file which has a name in an alpha-

numerical code such as ANN.AA or ANN :AA where  :  

– A designates the Series (A, B, C, D or E).  

– NN is the sentence number (01 ... 50).  

Phonetic Study for Automatic Recognition of Arabic 



EUROSPEECH ’89, Paris, France, September 1989 2269 

 

– AA is the name speaker initials (ex : DM).  

– The point "." means male and two points " :" female.  

We developed software tools of display of the numerical 

spectrograms, so as to be able to lead spectrographic analy-

sis and in absence of phonetic expert we labeled ourselves 

manually the set of the sentences using the exact pronuncia-

tion.  

2.2 Vowels 

The Arabic vowel system is generally described as being 

comprised of six vowel sounds. To each of the short vowel 

/a/, /i/ and /u/ corresponds a vowel of a longer duration /aa/, 

/ii/ and /uu/. The temporal opposition short vs. long is fun-

damental at the grammatical and semantic levels  [Bel84]. 

The relative duration of vowels depends on the environment 

and how fast an individual speaks. The next table yields in 

ms the average values of duration of the vowels. 

 

 At the final position, short vowels are characterized by a 

longer duration and the long ones by a less important 

duration. The study of the the temporal organization of the 

vocalic quantity is not limited to the measurement of the 

vocalic duration, it necessitates taking into account the 

adjacent consonant revelation. 

Context plays an important role, and vowels vary intensive-

ly depending on the place of the articulation of the adjacent 

consonant, in particular, the spectrographic observations 

attest a spectral difference related to the opposition emphat-

ic/non-emphatic. Vowels in contact with emphatic conso-

nants are distinguished by a marked lowering of the second 

formant and a slight rising of the first formant, but it seems 

that this type of effect is not characteristic of emphatics on-

ly. The pharyngeal consonants act on the same way on the 

formantic structure of the vowels in contact. We give the 

average values of vowel formants, in different contexts, in 

the next table. 

2.3 Consonants 

Arabic contains 28 consonants, to each of them corresponds 

a particular phoneme. The peculiarity of the system is based 

on the glottal, pharyngeal and emphatic consonants 

 [Gha87]. The glottal and pharyngeal consonants are distin-

guished from the rest of the consonants by having distinct 

vertical places of articulation. A vertical place of articula-

tion is defined as a set of anatomical locations from palate 

to the glottis, inclusive. In contrast, an horizontal place of 

articulation is from the lips to the uvula, inclusive  [Ani70]. 

The emphatic consonants are described like having a second 

place of articulation at the pharynx level [GP82],  [Bon77]. 

According to the manners of articulations, we distinguish : 

Plosives which are physiologically characterized by the 

formation of closure within the vocal cavity by one or more 

articulators where the driving pressure is blocked and by the 

sudden release of that pressure (burst). 

Fricatives are produced in the vocal by a narrow con-

striction that causes the airflow to be consistly turbulent.  

Nasals are characterized by the formation of one or more 

oral closures as air flows through the nose. 

Trill  : A movable articulator is set into vibration by the 

flow air. The airstream is repeatedly interrupted by this ob-

struction. 

Sonorants posses more acoustic features similar to those of 

the vowels than any of the other consonantal group. De-

tailed study of all the phonemes of standard Arabic is avail-

able in [Djo89]  

3 Segmentation 

It is achieved by a set of three modules and consists in the 

segmentation of the speech signal into large phonetic cate-

gories by using non contextual and procedural algorithms. 

The aim of segmentation is  :  

– Reducing combinator explosion during the recognition.  

– Allowing a centering for automatical labeling.  

We have carried three large classes :  

– fricatives { /z/,/f/,/ /, /s/, / /,/ /, /h/,/z/, /s/ } and burst,  

– vowels { /a/, /i/, /u/, /aa/, /ii/, /uu/ },  

– plosives { /t/, /k/, /?/, /b/, /d/, /q/, /t/ }.  

we did not take the rest of fricatives and also the plosive /d/ 

because they present, for all the speakers, the characteristics 

that lay near of the ones of sonorants.  
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3.1 Vowels 

For the determination of the vowels, we use  :  

– The energy curve in 250 to 2500 hz frequency band.  

– The total energy curve.  

The first curve is obtained after summing among the canals 

corresponding to the frequencies between 250 and 2500 Hz 

those that reach the visibility threshold on the spectrogram 

 [CHF+86] 

The second is obtained by calculation of the energy of the 

temporal signal. 

We search on the two curves the maxima that verify  :  

– An intensity equals, at least, to the half energy of 

precedent pick.  

– A sufficient right and left valley.  

– The presence of voicing.  

This procedure allows the performance of an average vocal-

ic duration, that give us an indication of the speed of elocu-

tion.  

3.2 Fricatives 

We calculate two curves :  

– Zero crossing curve on the signal filtered by a high pass 

filter at 800 Hz.  

– A gravity center curve, calculated on the visible part of 

numerical spectrograms.  

A fricative is detected if we put in evidence a local maxi-

mum on the two curves.  

3.2.1 Plosives 

We calculate an energy curve on the temporal signal preac-

centuated and filtered by a high pass filter at 600 Hz. the 

plosives correspond to a local minimum on this curve.  

4 Classification and labeling 

4.1 Vowels 

From the vocalic segments found during segmentation, on 

each sample, we compute the first three formants as being 

visible picks in the frequency bands [250-850], [750-2300] 

and [1800-2800] Hz, respectively for F1, F2 and F3. These 

picks are performed from the sampled temporal signal LPC 

coefficients at 16000 Hz. For each vowel of Arabic, we es-

timate a distance ratio between the formants of the segment 

and the average values of formants of vowel. These last 

ones are determined experimentally during the phonetic 

study. Afterwards, we recover the value of the average vo-

calic duration to use it at a fuzzy threshold between short 

and long vowels. According to the difference between val-

ues of formants and duration, we assign a score for each Ar-

abic vowel.  

4.2 Fricatives 

At the actual state of the system, for identification of the 

fricatives, we use the parameters :  

– Voicing degree of segment,  

– Low limit of friction noise,  

– Gravity center of noise,  

– and transition of formants F1, F2 and F3 of the next 

vowels.  

4.3 Plosives 

For the plosives  [DDLO83], we use the following parame-

ters :  

– Voicing degree of the segment,  

– The presence of the burst  [Djo86],  

– The value in Hz of gravity center of burst,  

– The concentration degree on the burst,  

– and transition of formants F1, F2 and F3 of the next 

vowels.  

4.4 Fuzzy information processing 

For the evaluation of the score of each phoneme in function 

of the characteristic parameters, we have fixed an initial 

score for each parameter in function of its pertinence. The 

combination of scores to obtain the final score, using the 

following fuzzy functions is as follows  :  

  : that gives 1 if  ; 0 if  and 

linearly a value between 0 and 1 if x is between d and f,  

  : that gives 1 if  ; 0 if  and 

linearly a value between 0 and 1 if x is between d and f,  

  : that gives 1 if x is between d and f ; 0 else.  

  : that give 1 if x is in the middle of the 

segment df ; 0 if  or  ; and linearly, a value 

between 0 and 1 if x is between d and the middle or x is 

between the middle and f.  

5 Results 

We have tested the segmentation algorithms on the corpus 

DJOUMA, the results we indicate are calculated by compar-

ison with the manual labeling for 3 male speakers. 

 The relatively important insertion rate of plosives is ex-

plained by the fact that many /f/ are labeled at the same time 

plosives and fricatives, and because /m/ is labeled many 

times as plosive. 

the omissions of vowels produce in the context "vowel-

sonorant-vowel" where the energy variations are very weak. 

In this case, the system finds only one vowel of two or 

gathers this in a unique large group. 

The omissions of fricatives are due to /f/ and /h/. 

For the identification, the three phonemes that 

totalize the best scores are held as being labels of 

the segment. The percentage of correct labeling is 

given in the next table. 
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FIG. 1: Temporal signal And spectrogram 

Sentence  translation of  The  winds blow from the nort

6 Conclusion 

We have presented a phonetic study of standard Arabic 

which allowed us to compute the pertinent parameters for 

continuous speech recognition. The work takes its originali-

ty from the taking into account of the vowels in all contexts 

including the emphatic consonant neighbourhood. The per-

spectives to give to this work is to develop the labeling al-

gorithms for the other phonetic classes and the improvement 

of recognition scores by the introduction of expert knowl-

edges.   
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