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Tout pour réussir dans le métier de

manager

Que dois-je savoir ? Quels outils choisir ?
Comment exercer mon métier au quotidien ?

Comment piloter mon activité ?

Auteur: Ollivier, Daniel
Editeur: Eyrolles
Publication: 2016

[SBM: 878-2-212-56304-T7

LE LIVRE QUIVOUS FAIT
GAGMNER 10 ANS
D'EXPERIENCE !

Tout pour réussir dans le métier

- de manager :
Aersh |
J = Lesfondamentaux du
Lme  TABLEDES PARTATER metier : le métier dans

MATIERES hictnira las Aifférantac

Voir toute la description
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RECOGNITION OF THE GUTTURAL ARABIC
CONSONANTS USING ARTIFICIAL NEURAL
NETWORKS

FERRAT Kamel
Scientific and Technical Research Centrefor the Development
of the Arabic Language (CRSTDLA), Algiers

Abstract

Aims: In this paper, an automatic recognition of the specific
guttural consonants of Standard Arabic based on Artificial
Neural Networks (ANNS) is presented. This study reinforces the
few works directed towards the speech recognition in Standard
Arabic Language (SAL) exploiting the new technologies.

Method: We have applied the approach of Time Delay
Neural Networks (TDNN) which allows a classification of the
consonants, by taking into account the dynamic aspect of speech
and consequently to overcome problems of the coarticulation
phenomenon.

Results: Based on the results, the proposed Neural Network
provides a recognition accuracy of the guttural consonants
around 86.56%.

Conclusion: Neural networks provide a high recognition
accuracy of the guttural Arabic consonants

Keywords: Arabic consonants; Speech Recognition;
Artificial Neural Networks.
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1.INTRODUCTION

The aim of the Automatic Speech Recognition (ASRjois
allow the computer to recognize in real-time wiighhaccuracy
all words that are intelligibly spoken by any persmdependent
of vocabulary size, noise, speaker characteristidsaacent, or
channel conditions. Hence, an ASR is a pattern iGlzsson
problem where we would like to classify an inpubastic signal
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into one of all possible sequences of sounds (ctw@rds,
words...). In Arabic language, many phonemes can not be
immediately subsequent in words, when there is meev@sukun

in Arabic) between consonants in the contextd{: Hence the
usefulness of recognizing phonemes to improve #spanse
time of the system by removing pairs,{{3] that can not coexist

in adjacent context and to contribute to resolvédigaities that

can occur during automatic recognition of continugpsech.

The main idea of the Artificial Neural Networks (ANNis to
simulate the organization of the human biologicalnons and
their interconnections to process the data (Dongaed., 2012).
Since early eighties, researchers have been usingsAN the
speech recognition problem (Tebelskis, 1995; Al Sniadit al.,
2015). Because ANNs are good at pattern recognitzmg
because speech recognition is basically a pattecognition
problem, many researchers have tried to apply nexg&lorks
for speech recognition.

For our neural network system, we have applied theeTi
Delay Neural Network (TDNN) which allows a discriration of
consonants by taking into account the dynamic dasplespeech
and consequently the coarticulation process. By rthei
architectures, TDNN networks allow us a perfect aatagt of
data presenting temporal characteristics, such assteech
(Koskela, 2003).
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2.GUTTURAL CONSONANTS OF STANDARD ARABIC
LANGUAGE (SAL)

The SAL has 34 consonants, including 28 consonants6and
vowels (3 short vowels called “hamk” and 3 long vowels
called “haraf al madd”). The SAL has fewer vowels than English
language. Also, the Arabic consonants are charaetehy the
presence of glottal, pharyngeal and uvular oneedaiuttural
consonants, as shown in Table 1. These guttural cansoare
respectively, the unvoiced uvular plosive[q], the ceal
pharyngeal fricative ¢], the unvoiced pharyngeal fricativé]]
the unvoiced glottal plosives] and the voiced glottal fricative
[h].

The figure 1 shows respectively the spectrograntheffour
guttural consonants: two are plosives and the sthare
fricatives. The glottal ] is also named "Hamza" in standard

Arabic. It's the only phoneme which cannot be getemhdFerrat
2005).

Acoustically, we note that the pharyngeal consong#té]
and the uvular consonant [q] present an increasieedirequency
formant F1 by constriction of the pharyngeal cavitiie glottal
phonemes [h] andc] present a spectral stability during the
transitions towards the adjacent vowels.
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Figurel. Spectrograms of the plosives[q, ¢] and thefricatives [g, h].

Arabic Place of Manner of
Articulation
Consonan  Character articulation  voiced plosive  fricative
t
[a] ] Uvular - + -
[h] z Pharyngeal - - +
[€] & Pharyngeal + - +
[c] s Glottal - + -
[h] ° Glottal + - +

Table 1. Inventory of the guttural consonants of the SAL.
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3.MATERIALS AND METHODS

We have used the TDNN as an Atrtificial Neural Networ
This architecture was introduced for the first tilpeA. Waibel
for the speech recognition (Waibel, et al. 1989). Thesthod
assumes that for modelling dynamic signals suckpagch, it's
necessary to introduce memory into the network. TDNN
networks have been proved very efficient for recngg
patterns with temporal structure. Indeed, TDNN areabbgpto
process speech sequences with an introductiorxed tiemporal
delays on inputs. These temporal delays concern etklayffers
which discretely shift and accumulate input datdime passes
(noted, d1 (input window size) and d2 (hidden windoze)), as
illustrated in figure 2.

One of advantages of TDNN is its capacity of usingplé
training sets. Tebelskis quotes the findings of ssdvpapers
which indicate that the TDNN, when exposed to timitesth
inputs with constraint weights, can learn and gdizeravell
even with limited amounts of training data (Tebedskl995).
This explains its implementation in the context af work. For
the training phase, we have used a supervisedrigalvased on
Bayesian Regularization

(BR) backpropagation technique, exploiting the Lewsgh
Marquardt Algorithm (LMA). The neural network, the trag
algorithm and all the other programs (distancesemmhasis,
endpoint detect, windowing, feature extraction ...)e ar
implemented on Matlab 7.5 software.

8
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Output Recognized phoneme

A

Output vector

Identification

Hidden window size d,=5

Input Input Vector (39 MFCCs)

Figure2. TDNN Architecture, with d;=3 and d,=5.

3.1. Speech Database

We have exploited a corpus of 250 sound files etedhfrom
the KAPD database, conceived at the Phonetics Lalrgraf
the Sciences and Technologies University of King #lb&kiz of
Saudi Arabia (Alghamdi 2003). KAPD contains morearth
46000 files of Arabic sounds in various contextgened by eight
native Arabic speakers from Saudi Arabia. The cogargains
several sound files of specific Arabic consonamtsvarious
[V1CgV2] utterances. The vowels (V1, V2) were seleched
the three Arabian vowels [a, i, u] and (Cg) corresjsoto the
guttural Arabic consonants. In order to evaluate the
performances of our system, we have exploited aok&t00
sound files of [VC4V,] utterances, uttered by five Algerian
Arabic speakers. These recordings were achieved & th

9
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laboratory, with natural environment containing eurrding
noise. We have used thKay Elemetrics CSL (Computer Speech
Lab) 4300B as recording tool.

3.2. Pre-processing of the speech signal

First, we have applied a preemphasis procedureetsiech signal.
This phase is used to boost the amount of enerdpygim frequencies
and to have a compensation of filtering effects tbé signal

acquisition. For that, the recorded speech sigrapjdied to the entry
of a first-order filter FIR (Finite Impulse Resp@)sThis type of filter

boosts the magnitude of high frequency componenggyvirig

relatively untouched the lower ones. Before featexé&action, we

must remove all frames which are not speech anidhiiehe useful

signal from beginning to end, as shown in figure 3.

1

Dk m“'%ﬂ’"' -
-1 1 L i 1 1 1 L
u] 1000 2000 3000 4000 5000 6000 7000 8000
20 T T T T T T
5 10f -
w
i T B i e i 1 I 1 T e P
o 10 20 30 40 50 B0 70
time
1 T T T T
1 1 1 1 L
o 500 1000 1500 2000 2500 3000 3500 4000

Figure 3. Endpoint detection of the fricative consonant [ha]
10
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This procedure called speech detection was donedingao
the following steps: The length of sound is dividetb frames
of 30ms of length, and then energy is calculatedaoh frame.
The first time which energy exceeds the minimal shadd in
frame, we consider that useful speech starts frois filame
onward. All the other preceding frames are remove@. Jdme
procedure is applied at the end of speech soundunstibn
under matlab is used to do this procedure. It usesireamal
threshold of average energy which we have calallate the
basis of recordings of various noises of environment.

3.3. Feature extraction

We search to obtain the most representative sitprah (acoustic
parameters) in order to minimize the recognitiaerThat’'s why we
opt for the MFCC (Mel Frequency Cepstral Coeffitgrparameters
which allow a modelling of the speech signal btefé corresponding
to our hearing system. We note that MFCCs are conynased as
features in speech and speaker recognition systems and Bansal,
2010; Tiwari, 2010). We complete those MFCC coeffitseby the

temporal derivatives, firsaMFCC and secondAAMFCC, which

permit to take into account the temporal variapilif speech, and
therefore its dynamic aspect. If we use 13 MFCCfmehts with the

1% coefficient corresponding to energy, by taking iatount their

derivates, we will have to extract a total featurecter of 39
11
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coefficients per frame, considered as a compaceseptation of the

speech signal.

To extract these acoustic vectors, we use a Hammindow of 30
ms with a frame shift of 10 ms. The MFCC inputs acemalized
between [-1, 1]. Indeed, it's very common procedurat tinput
features are normalized before using them in dlaaibn procedure
of neural networks.Better performances of clasdificaare obtained
by choosing the mean value of input vectors of siigtem close to

zero mean and unity variance (Povinelli at al., 2004).

3.4. Training phase

We have applied a backpropagation technique wiplersused
training. To achieve this, we have propagated an inpcior, as
shown in figure 4, and then we have calculated ther et the
output with regard to the “desired output vectod’,correct the
weights in order to minimize this error. For thaSam Squared
Error (SSE) between target output and actual outptliteoneural
network is commonly used (Werbos, 1990):

SE= 5 (d-§° ()

Where dj is the desired output (target output)tfier neuron |
and Sj the obtained output

12
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Desired Outputs D(j)

Inputs Data X(j) —“—J Neural _HiH Outputs Data S(j)

Figure4. Error backpropagation with supervised training.

Backpropagation

In our study, we have used the approach of Bayesian
Regularization (BR), using the Levenberg-Marquardgoathm
(LMA), to minimize the SSE and to adjust the weigWs The
BR permits to overcome the frequent problems of under aed o
learning of the system (Foresee and Hagan, 199@)trenLMA
gives best performances compared to an other bagigation
algorithms (Fun and Hagan, 1996). The different stepthe
training algorithm are respectively:

» reading of training samples from the corpus;

» preemphasis, speech detection and hamming window to
obtain the useful signal;

» features extraction (mfcaymfcc andAAmfcc);
» normalization of the input data;

» choice of the delays,@input window size) and,dhidden
window size) of the TDNN;

» choice of the TDNN parameters (training function, number
of epochs,...);

13
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 application of backpropagation technique with supexvis
training for every training sample;

» storage of weight®V, of the networkNet; and obtained
feature parameters for tfbhoneme of consonants in a reference
matrix. These data correspond to the minimum error.

3.5. Recognition test phase

The rule is to compute the minimal distance corredpw to
target vector of reference matrix which is cloder test vector.
Therefore, the input vector is classified with themier
associated with class that gives minimum totalkgliseé. Also, it's
necessary to note that for the coding of targetorec(desired
outputs), we have chosen the classic method whiokists in
assigning “1” for a single element of vector and for all the
others, so all the vectors possess a single activati“1”and all
the other activations in “0”. Also, the test sehever used in the
training phase, and therefore, it was completely amknto the
classifier.

4.RESULTS

In this section, we will discuss an example to shmw the
proposed approach works. For that, we show thedaesults
for the training and recognition phases of the uww
pharyngeal fricativety].

The desired output vector:
T=[0100000000000]

14
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Examples of the error before training of a sound file
containing the pharyngeal [h]:
The output obtained vector:

Y 1test= [0.4184 0.3581 0.4297 0.4330 0.4283 0.4027
0.3784 0.3751 0.3506 0.3844 0.3677 0.3305 0.3904]
(obtained output vector)

Trainin_error = 0.4101

A Bayesian regularization, using the Levenberg-Marquardt
algorithm (function Trainbr under Matlab), minimizes timear
combination of SSE and weights “W” (figure 5).

=
%ining SSE = 3.59058e-007 Test S5E = 1.2249e-007  “alidation SSE = 553557 e-008
ik 1DD T T T T ™

f o]

5

o

e .

g 1 .--‘I_-\ - 1 =

B Squared Weights = 10.5041

o0 , :

S5

1DD \/—/ 7
1

Effective Mumber of Parameters = 4. 578596

ol
=
2 40 %
o
= 20t :
:‘t T T 1

a 5 10 15 20 25

Stop Training ! 26 Epochs

Figure5. Training of the pharyngeal [h].

15



——— (@M laatialg (o yadl il e U (5B L3939 B el Ol gl gl ——

Error after training:
The desired output vector:
T=[0100000000000]
The output obtained vector:

Y oest= -0.0004 0.9990 0.0000 0.0005 -0.0001 -0.0004
-0.0001 -0.0000 0.0004 -0.0001 0.0001 0.0007 -0.0002
(obtained output vector)

Training_Error= 3.1289e-004

After training, we observe an adaptation betweenténget
vector and the obtained vector, as shown in Figuréh@s, we
notice a negligible error accuracy of training, whis 3.1289e-
004.

Finally, for the recognition test, we use a new sofifel
different from the ones used in the training ph&%¥e.found the
following results:

The desired output vector:
t2= [0100 0000000 Q]
The output obtained vector:

z_test = [0.00100.9582 0.0316 0.0280 0.0535 0.1010 0.0752
0.0846 0.1085 0.1475 0.1056 0.1409]

Recognition-error= 0.0766

16
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Confusion matrix:
classe _1[q_uvular]=0
classe 2§ pharyngeal] 4
classe_3q pharyngeal] =0
classe_4d hamza] =0

classe 5 [h_glottal]=0

1 1.2

nar o: Target vector 1 WL o: Target = |
il 1 vector
0.7 | 08f
06 J FEL
0sr- 4
sl e | a4l Adaptation of the output |
**P'*k *

ozb * \ N ] a2t /C ficient

; oefficients
A Dispersal of the output 1 | T
B:A=

0.2

a ; . PR Y ; . i s s ; i ; ; , ;
0.01 i 001 ooz OMOCIHHEICERAES oos oor  oos .01 0 001 002 003 004 005 006 007 008

(a) (b)

Figure 6. Recognition of the pharyngedl )y TDNN

(a) before training and (b) after training.

Generalizing for all the specific guttural consonants

To generalize the proposed approach to classifynaattoally
all the sound files, we have used the different pb@soposed in
the recognition algorithm. First, we extract the &oefnts
MFCC of all the 200 test sound files. Next, we injtloese
coefficients in the input of our recognition systetaking into
account the weights of eadhrget vector, stored during the

17
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training phase (using set of 250 sound files). Huat, we

compare the obtained output vector with all thgeareference)
vectors and we opt for the phoneme correspondirigetmearest
target vector. Table 2 shows the confusion matrik r@sults of
recognition tests of all the guttural consonants.

Confusion (%) [g] [h] [] [d] [h] RA (%)
[q] 7512  04.08 0658 1327 00.95 75,12
[h] 00.00 9144 07.53 00.00 01.03 91,44
[€] 19.10  01.18 7932 00.00  00.40 79,32
[c] 03.06 00.00 01.18 9526 0050 95,26
Ih] 00.72 01.25 06.36 00.00 91.67 91.67

GRA 86.56%

Table 2. Confusion matrix and Recognition Accuracy of the guttural
consonants of the SAL. RA: Recognition Accuracy; GRA: Global
Recognition Accuracy.

5.DISCUSSION
From obtained results shown in Table 2, we note that:

» The higher performance concerns the glottdl ith a
recognition accuracy of 95.26%.

» The poor performance concerns the voiceless stop phoneme
[q], with a classification accuracy of only 75.12%. \\é&enark
confusion levels of 04.08% with the unvoiced phapaigh],
06.58% with the voiced pharyngeal] [and 13.27% with the
glottal [¢], respectively. So a more confusion with the glotta
consonant. It is certainly due to the similaritygronunciation
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with a supervised training. This technique exploitse t
Levenberg-Marquardt algorithm to minimize the redbgn
error.

In conclusion, this experience shows the intergstoi the
contribution of Neural Network methods for the amé&tic
recognition of the specific consonants of Arabic duaage. We
have particularly found a recognition accuracy 5286% of the
glottal consonantg]. The global recognition accuracy that we
have obtained is around 86.56%.

The choice of our study is quite important. Indeedod
phoneme classifiers lead to good word classifieds the ability
to recognize consonants accurately provides thes as an
accurate word and Arabian continuous speech retognn the
future.

7.REFERENCES

Al-Ghamdi M. (2003),KACST Arabic Phonetic Database. The
Fifteenth International Congress of Phonetics S@erBarcelona,
Spain, pp: 3109-3112.

Al-Smadi T., et al. (2015)Artificial Intelligence for Speech
Recognition Based on Neural Networks. Journal of Signal and
Information Processing, N°. 6, pp: 66-72

Dev A., and Bansal P. (2010Robust Features for Noisy Speech
Recognition using MFCC Computation from Magnitude Spectrum of
Higher Order Autocorrelation Coefficients. International Journal of
Computer Applications, N° 10(8), pp: 36-38.

20



——— (@M laatialg (o yadl il e U (5B L3939 B el Ol gl gl ——

Dongare A.D., Kharde R.R., Kachare A.D. (2012jroduction to
Artificial Neural Network. International Journal of Engineering and
Innovative Technology, N° 2(1), pp: 189-194.

Ferrat K. (2005)Acoustical study of the Tachdid and the Idgham
in Sandard Arabic- Application for speech synthesis. International
Conference, Sciences of Electronic, Technologiesfairination and
Telecom SETIT2005. Susa, Tunisia, IEEE France.

Foresee F.D., and Hagan M.T. (1997)Gauss-Newton
Approximation to Bayesian Regularization. International Joint
Conference on Neural Networks IJCNN'97. Texas, US#, 1930-
1935.

Fun M., and Hagan M. (1996)evenberg-Marquardt Training for
Modular Networks. International Conference on Neural Networks.
Washington, DC, USA, pp. 468-473.

Koskela T. (2003),Neural Network Methods in Analyzing and
Modeling Time Varying Processes. Helsinki University of Technology
Laboratory of Computational Engineering Publications.driep3.

Povinelli R.J., Johnson M.T., Lindgren A.C., and Ye J. (2004
Time Series Classification Using Gaussian Mixture Models of
Reconstructed Phase Spaces. IEEE Transactions On Knowledge And
Data Engineering, N°16(6), pp: 779-783.

Tebelskis J. (1995)Jpeech Recognition Using Neural Networks.
Ph.D. Thesis, School Of Computer Science, Univ. of &gm
Mellon.

21



——— (@M laatialg (o yadl il e U (5B L3939 B el Ol gl gl ——

Tiwari V. (2010), MFCC and its applications in speaker
recognition. International Journal on Emerging Technologied, (I,
pp: 19-22.

Waibel A., Hanazawa T., Hinton G., Shikano K., and Lang K.
(1989), Phoneme recognition using time-delay networks. IEEE
Trans.Acoustics, Speech and Signal Processing, N3),3@p: 328-
339.

Werbos P.J. (1990Backpropagation through time: What it does
and how to do it. Proceedings of the IEEE, N° 78 (10), pp: 1550-
1560.

22



