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Abstract  

In this paper we propose a phonetic study of emphatic consonants in standard 

Arabic, which is essentially based on the spectrographic examination of these 

consonants in various production contexts. This study allowed us to determine the 

pertinent parameters to the recognition of emphatic consonants in continuous 

speech. The recognition stage uses the SAPHA system, developed for the acous-

tic-phonetic decoding of standard Arabic and deals with the following points :  

• segmentation of the speech signal into large phonetic classes ;  

• extraction of parameters necessary for the recognition of emphatic 

consonants ;  

• phonetic identification of these consonants by using an expert system 

based on production rules.  

The results of the segmentation and of the recognition for three male speakers 

are given commented.  

1 Introduction 

The recognition of Arabic poses several problems, due to the particular phonetic 

characteristics of the Arabic language. The original feature of the phonetic system 
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of Arabic is mainly based on the presence of emphatic consonants. Grammarians 

and phoneticians have granted a special importance to the emphatic phenomena 

and moreover, several physiological and acoustic studies have been carried out 

on emphatic consonants.  

Our study is simply acoustic, it relies on an analysis of the spectrograms of the 

consonants in several contexts and focuses on the phonetic recognition of em-

phatic consonants in continuous speech. 

2 Experimental protocol 

This study consists of the spectrographic analysis of a corpus of words pro-

nounced by four male Algerian speakers, students in Nancy research computer 

center (CRIN). The speech acquisition and analysis are carried out with the 

SNORRI software, developed at CRIN. 

Corpus 

In order to collect representative data for emphasis  [Nor 87], we have proceeded 

as follows : we have put together as many words as possible for each emphatic 

phoneme and its non-emphatic peer in their three possible states : beginning, 

medial and final position. Each speaker pronounce the words of the corpus two by 

two, the word containing the emphatic phoneme and the word containing the non-

emphatic one separated by a time interval of about 2 seconds, so that at the time 

of the analysis we obtain on the graphic console the 2 words together. The spec-

trographic analysis was focused on the segments in question and on the left 

and/or right vocalic contexts in which they are. Moreover, as our work aims at 

continuous speech recognition, isolated words alone are not enough, since they 

do not answer the purpose of the criterion which really takes in account the pro-

duction context of the phonemes and the coarticulation. It was therefore neces-

sary to use the DJOUMA corpus, composed of 50 phonetically balanced sentenc-

es  [Djo 89a].  

Analysis tool 

SNORRI is an interactive signal editor designed for both speech specialists and 

non-specialists. It has the classical tools to acquire and reproduce speech signals 

and also to compute spectrograms and many other functions, which allow a finer 

analysis of the speech and the manipulation of the corpora. SNORRI runs on a 

CONCURENT 5600 computer. It uses a 12- or 16-bits acquisition card. The dis-

play takes place on a color bitmap console. SNORRI is programmed in C and 

needs the window system and graphic primitives of CONCURRENT [Lap 88].  

3 Phonetic study 

The consonantal system of Arabic comprises 28 consonants  [Sal 87]. The special 

feature of the system is based on the presence of pharyngeal, glottal and emphat-
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ic consonants. Emphatic consonants are described as having a second point of 

articulation at the level of the pharynx  [Gia 82],  [Ani 70]. These consonants de-

pend on a buccal phenomenon, which consists of the action of the root of the 

tongue being put backwards and of the lowering of the back of the tongue  [Bon 

77]. We include in emphatic consonants, the phonemes [ /tˁ/, /sˁ/, /dˁ/, /ðˁ/ ] de-

fined by the first Arab grammarians  [Sib 89]. Nevertheless, the real pronunciation 

of /dˁ/ has disappeared since a long time  [Ani 70], it is confused nowadays with 

/ðˁ/. Thus, we deal only with [/tˁ/, /sˁ/, /ðˁ/] and their non-emphatic counterparts 

[/t/, /s/, /ð/]. The results of the acoustic investigation are given in the following 

subsections.  

/t/ vs /tˁ/ 

The spectra of these two phonemes are relatively similar. It is made up of a si-

lence interval ranging between 80 and 100 ms, followed by a burst with a center 

of gravity comprised between 4000 and 4600 hz. The /t/ may be affricated, gener-

ally presenting a friction noise when it is followed by an /i/. The important differ-

ence between /t/ and /tˁ/ is to be found in the values of the beginning of the for-

mant-2 of the vowels before and after the two phonemes. Thus, the value of the 

beginning of F2 of /a/ close to /t/ ranges between 1400 and 1500 hz, the one of F2 

of /i/ close to /t/ ranges between 1900 and 2100 hz and the one of F2 of /u/ close 

to /t/ ranges between 1100 and 1200 hz. On the other hand , the value of F2 of /a/ 

close to /tˁ/ ranges between 1000 and 1300 hz, the one of F2 of /i/ close to /tˁ/ be-

tween 1700 and 1900 hz and the one of F2 of /u/ close to /tˁ/ between 900 and 

1050 hz.  

/s/ vs /sˁ/ 

The spectra of fricatives /s/ and /sˁ/ present the same features, ie a strong noise 

of friction in high frequency from 3 khz. The value of the beginning of F2 of /a/ 

close to /s/ ranges between 1400 and 1600 hz, the one of F2 of /i/ close to /s/ be-

tween 2000 and 2200 hz and the one of F2 of /u/ close to /s/ between 1100 and 

1300 hz. On the contrary, the value of the beginning of F2 of /a/ close to /sˁ/ rang-

es between 1000 and 1200 hz, the one of F2 of /i/ close to /sˁ/ from 1800 to 2000 

hz and finally the one of F2 of /u/ close to /sˁ/ between 700 and 900 hz.  

/ð/  vs /ðˁ/ 

Defined as fricatives, these two consonants appear rather like plosives and son-

orants with weak formants : F1 ranging between 250 and 350 hz, F2 between 

1100 and 1300 hz and F3 between 2200 and 2300 hz. The value of the beginning 

of F2 of /a/ close to /ð/ ranges between 1300 and 1600 hz, the one of F2 of /i/ 

close to /ð/  between 1800 and 2000 hz and the one of F2 of /u/ close to /ð/ be-

tween 1150 and 1250 hz. On the contrary, the value of the beginning of F2 of /a/ 

close to /ðˁ/ ranges between 1000 and 1100 hz, the one of F2 of /i/ close to /ðˁ/  

between 1600 and 1800 hz and the one of F2 of /u/ close to /ðˁ/  between 800 and 

900 hz.  
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4 Recognition 

SAPHA system 

SAPHA is an acoustic-phonetic decoder system for standard Arabic, developed 

for the purpose of the analytic recognition of phonemes in continuous speech in 

multi-speaker context  [Djo 89b]. The system is made up of a set of modules and 

includes the acoustic, phonetic and phonologic that are themselves contained in 

the lower level of a speech recognition system  [Car 86]. It aims at  :  

• segmenting the speech signal into broad phonetic classes by using non 

contextual algorithms. These classes are vowels, plosives and fricatives. 

The rest of consonants is put into the class of unknown.  

• automatically extracting indices pertinent to the phonetic recognition. These 

indices are  :  

– segment duration.  

– degree of voicing.  

– position and features of the burst.  

– values of formants.  

– formant transitions.  

– lower limit of friction noise.  

• identifying the phonemes by using an expert system. It consists of a 

knowledge base of phonemes identification under the form of production 

rules and an inference engine, which works in forward and backward 

chaining while carrying out a left to right analysis segment after segment.  

Recognition of emphatic consonants and of their non-emphatic 

peers 

Our goal consists in recognizing the consonants /s/, /sˁ/, /t/, /tˁ/, /ð/, /ðˁ/ by using 

the knowledge we have acquired from our experience in the reading of speech 

spectrograms. This knowledge is described under the form of production rules. 

Rules are represented by structured objects composed of the following fields :  

• a rule number for identifying the rule ;  

• a comment : the expert may describe here the semantic content of the rule, 

using natural language ;  
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• left and right contexts : each context consists of a list of phones which 

describe all the phonetic contexts in which the rule applies ;  

• premisses : for any given speech segment the premisses explicit the 

conditions that the acoustic phonetic properties of the segment must verify 

in order that the rule may be activated ;  

• a conclusion : it may be either a list of scored phones or an action to be 

executed by the system.  

The right and/or the left context part may not exist in a rule. Nevertheless, in our 

study, to discriminate between an emphatic segment and its non-emphatic peer, it 

was essential to take into consideration not only the right context but also the left 

one. Regarding the premises, each one corresponds to a visual index, that we 

have deduced from the reading of spectrograms and characterizing a given seg-

ment. Thus, for the recognition of the plosives /t/ and /tˁ/, we have relied our study 

on :  

• the presence of the burst,  

• the center of gravity of the burst,  

• the voicing  

• the formant transitions of the following and preceding vowels.  

 

As far as the fricatives /s/ and /sˁ/ are concerned, we have used  

• the degree of voicing,  

• the lower limit of the friction noise  

• the formant transitions of the adjacent vowels.  

 

As for / ð/ and / ðˁ/, we have used  

• the values of the formants F1 and F2,  
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• the degree of voicing  

• the formant transitions of the preceding and following vowels.  

For the six phonemes we have implemented 60 rules.  

 

5 Results and Discussions 

We have tested the segmentation algorithms on the DJOUMA corpus, manually 

segmented. The given results are calculated in comparison with this manual label-

ling for 3 male speakers.  

 

 

Phonemes Plosives Fricatives Unknown 

/t/ 100%     

/tˤ/ 100%     

/s/   100%   

/sˤ/   100%   

/ð/ 41% 17% 41% 

/ðˤ/ 45% 17% 38% 

 

Although defined as fricatives, /ð/ and /ðˤ/ appeared rather like plosives and 

sonorants( generally at the beginning position and between vowels ) than frica-

tives( in final position ). Among the causes of the variety of nature of these two 

phonemes is the tendency nowadays in pronouncing the plosive /ð/ instead of /dˁ/ 

and /ðˤ/, also, when geminated they are automatically plosives. It is the reason, 

in our opinion, why the percentage of the plosives is higher in relation to sonor-

ants and fricatives, concerning /ð/ and /ðˤ/.  

 

For the identification, the three phonemes that totalize the best scores are held as 

being labels of the segment. The percentage is given in the next table. 



 401 

 

 

Phonemes Recognized Inserted 

/t/ 85% 8% 

/tˤ/ 84% 7% 

/s/ 82% 9% 

/sˤ/ 80% 9% 

/ð/ 59% 11% 

/ðˤ/ 55% 10% 

 

 

Results for /t/, /tˤ/, /s/ and /sˤ/ are encouraging with regards to /ð/ and /ðˤ/ which 

are highly ambiguous. Nevertheless, to reduce the percentage of insertions for all 

phonemes, other rules have to be implemented.  

  

Figure 1: Temporal signal and spectrogram 

Sentence:’The cat is under the table’  
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6 Conclusion 

We have presented a phonetic study of emphatic consonants in standard Arabic, 

which allowed us to determine the pertinent parameters for continuous speech 

recognition. Results already obtained have to be improved, especially for / ð/ and 

/ðˤ/. Thus, we will implement other rules and in the near future we will introduce 

the notion of phonetic triplet.  
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