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Abstract:

In this paper, we propose a method for recognizing Arabic characters and fonts. This method is based
on a retrieval procedure using a dissimilarity measure characterizing the character to be recognized. This
dissimilarity measure is calculated on the basis of some polygonal attributes extracting from a polygonal
approximation of the character. These attributes are insensitive to the size of the character, its orientation and its
translation.

The performance of the proposed method is evaluated by a set of tests made on a database of characters
combining 10 classes of fonts of Arabic characters that are mostly used.

Keywords: Arabic Character Recognition, Arabic Fonts, Polygonal approximation, dissimilarity index,
polygonal attributes.

1. Introduction:

Nowadays, the recognition of Arabic characters constitutes a major concern by the community of
researchers, especially those of Arab countries. Despite the significant progress made over the recent years, the
results have not been able to achieve the performance that can match those achieved in the case of other scripts
such as Latin or Chinese.

Some researchers have focused on the recognition in real time [1] using the graphic tablets, which
simplifies the problem in part by restoring the sense of the outline; others have looked at the printed characters
and / or the manuscript in "Off-line" by using a scanner or a camera to capture documents. Since then, several
pre-processing tools have been developed for the skeletonization of the image and its smoothness, and for the
determination of the edge and the feature extraction. Different approaches of recognition have been developed,
these include: the statistical approach [2,3,4,5], the structural approach [6,7,9] and the stochastic approach
[8,12]. Generally all these approaches and others, tend to extract each in its way, a class of features and
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subsequently evaluate the likelihood between the primitives extracted and those from the prototype forms,
already learned by the recognition system.

Generally, Optical character recognition (OCR) systems can be divided into three groups: Mono-font,
Multi-font, and Omni-font. Mono-font OCR systems deal with documents written with one specific font; their
accuracy is very high but they need a specific module for each font. Omni-font OCR systems allow the
recognition of characters of any font, and for this reason their accuracy is typically lower. Finally, Multi-font
OCR systems handle a subset of the existing fonts. Their accuracy is related to the number and the similarity of
the fonts under consideration.

Character recognition accuracy can be improved using an Optical Font Recognizer (OFR) to detect the
font type and subsequently convert the multi-font problem into mono-font character recognition problem [10].

In spite of the importance of the OFR in an OCR system, it remains a problem often neglected and the
studies in this field are few especially, in the case of Arabic [11].

There are three strategies of combining the OFR with the OCR: the a posteriori approach, the a priori
approach and the hybrid approach.

The a posteriori approach consists of recognizing the font of a text using the knowledge of characters
appearing in it [12]. It helps to correct recognition errors and allows to find the original description of the
document.

The a priori approach consists of identifying the text font without any knowledge of the characters that
appear in that text. It greatly simplifies the subsequent tasks in an OCR system by optimizing searches by
reducing the number of glyphs (the different representations of a character). In addition, it improves system
performance while receiving various information about the font, previously available. The hybrid approach can
be adapted by combining the a posteriori approach and the a priori one.

In this context, we propose a method for identifying Arabic characters and fonts, based on a description
of the character by a dissimilarity index calculated on the polygon representing the character to be recognized.
This method is invariant to the size of the character, its orientation and its translation.

The rest of the paper is organized as follows:

Section 2 gives a general description of the proposed recognition method.

Section 3 describes the pre-processing necessary for the recognition operation. This is the edge
detection of characters having a width of one pixel.

Section 4 describes the polygonal approximation method of edges.

Section 5 presents the polygonal attributes of characters allowing in a final stage their identification.

Section 6 presents the dissimilarity measure chosen and the last section gives results on test characters.

2. Description of the proposed recognition method

The principle of the suggested recognition method is based on the characterization of each character by a
shape index. This index represents a set of parameters, invariant to translation, rotation and scale parameter. In
this work, the shape index is not calculated directly on the edge of the studied character, but rather on the
polygonal representation of its edge. The polygonal representation of the character edge requires a pre-
processing step leading to represent a character by a thin edge with one-pixel width. Finally, the character
recognition from models in the database of characters is based on calculating a dissimilarity measure comparing
the shape index of the character to recognize with the shape index of the models in the database.

The synoptic diagram of the proposed method is therefore presented as follows:
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Fig 1. The synoptic diagram of the proposed method

3. Segmentation by edge detection of the characters

According to the image of character to recognize, an edge detection method is applied. In this work, we
applied the Canny method [13] followed by a skeletonization procedure in order to obtain a thin edge, with one
pixel width. This skeletonization is based on homotopic thinning until idempotence [14].
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Fig 2. The eight structuring elements of the structuring family L (*: indifferent element: can take the value 1 or 0)
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4. Polygonal approximation of the character edge and its normalization

The purpose of a polygonal approximation method of an edge is to extract from a string of edge points,
successive segments to minimize a global error criterion or respect a local approximation error. To this end,
many methods have been developed [15,16,17].

[18,19,20] examine successively the edge points to determine the longest segment that satisfies a
predefined threshold of tolerance. This search process is repeated to find all segments of the polygon
approaching the edge in an optimal way.

In spite of the significant number of polygonal approximation methods, there are still major problems of
robustness, stability to the geometrical transformations and complexity. Moreover, the algorithms based on the
threshold of tolerance of errors which are manually defined without any knowledge on the value of the most
relevant threshold. This one may be different from an edge to another. In this work, we have used the method
developed by Huang and Wang [21]. This choice is motivated by the simplicity of implementation and the good
behaviour with noise.

The algorithm of the Huang and Wang method is given as follows:

Find the starting point P, which is the farthest point of the edge from the centroid.
P]_: PO and Pz = Po.

Find the farthest point P; from P, belonging to the edge.

Pa=P2 P,=P3

If P, = P3stop, if not P, = P,; P, = P and return in 3.

agprwpdnE

For each segment [P; P; 1] and each part of the curve with the same endpoints P;and P; .1, we seek the
point Pna such as the distance (d) from P to the segment [P; P; 1] is maximal. The Py, point is used to build
the new polygon which will have a vertex more than the old one. The process is repeated between P; Ppa and
Pmax Pi+1 until d is less than a tolerance value of the approximation.

Fig 3. Illustration of the polygonization algorithm.

The recognition method should possess the characteristics of being invariant to the translation, rotation,
and scale changes of the character. A normalisation of its polygon is necessary [21]
The polygon can be normalized using the character's centroid, which can be calculated as:

(Xc,yc)=(%ZXi,%Zyi) = Pc = Centroid . (1)

To this end, we look for the normalization factor 7 witch is specified as the longest distance from
boundary points to the character's centroid.
Then each vertex point Pi (xi, yi), on the polygon can be normalized as:
xX'i= (Xi — xc)n
y'i= (yi—yc)m. )
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5. Character characterization by polygonal Attributes

The character recognition requires the characterization of its polygon representative by a set of
attributes invariant to the translation, the rotation and the scale parameter.
The following attributes used in this work are those proposed by Huang and Wang [21].
e Polar distance: The polar distance ri is denoted as the distance between vertex point P’i and its
respective centroid.
e (ii) Polar angle: The polar angle éi is denoted as the slope of the line connecting a vertex point i and its
centroid.

e (iii) Vertex angle: The vertex angle @; is denoted as the angle between the two line segments [P*1,P’i]
and [P’ P’i4q]-
e (iv) Chord length: Let |i denote the i™ chord length of the normalized polygon, which is the distance

between the two consecutive vertex points, [P*; P’j.4].
The above polygonal attributes are illustrated in fig 4:

Pi-1

Fig 4. The illustration of the polygonal attributes.

In [21] the authors propose an optimization to avoid comparing the polygon of the character to be
recognized to all models of the database. Indeed, two polygons whose edge length is too different from one
another are polygons of different objects. We will not use this optimization although it is very simple. It may,
however, be useful if the number of models is high.

6. Dissimilarity index

The dissimilarity index gives an idea on the similarity between a given character and a model character.
It is based on the comparison of normalized polygons, characterized by their attributes. Let t be the polygon of
the character to recognize with M vertex points and s the normalized polygon of the model with N vertex point.

Before calculating the dissimilarity measure of two polygons to be compared, it is necessary to obtain
some information about their rotation to match the two polygons in any arbitrary orientation.
The algorithm used to retrieve information on the rotation of the polygon is the following [21]:
1. Find the corresponding starting (vertex) points of the two polygons (The farthest point of the edge from
the centroid) .
2. Suppose that PY is the starting point of the test polygon and P°; is the starting point of the model

polygon.
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3. Calculate the rotation angle: 46 =6s-&. where 6 and & are the polar angles of the two starting vertex
points.

4. We rotate the polygon object by 46 so that the vertex angle of the starting point of the polygon t
corresponds to that of the polygon s.

After rotating the test polygon by 46 we calculate the dissimilarity measure D between s and t which
can be denoted as follows:

D (s;t)=D,,(s,t)+D,,(t,9). 3
Dm(s,t)=ﬁ§)d2(p?£t[pf])- @
D, 9=+ > ¢(p! E.[pi]). ®

Where Et[p] or Es[p] is the expected point on polygon t or s for point p, and d(p, q) is the (Euclidean)
distance between point p and point g. that is to say between the point and its point estimate on a polygon. The
developed calculation of these expected points are given in [21].

This dissimilarity measure is calculated for each vertex point in the polygon to be recognized, and then we
get the weakest dissimilarity.

The approximating polygon characterizing the character to be recognized will be compared with all the
models by this algorithm and classified as the model having the minimum dissimilarity measure with it.

The font of the recognized character is identified through the font membership of the found model
character.

7. Experimental results:

To test the performance of the proposed method, we have developed a database containing Arabic characters
written in different fonts. The different characters have been seen in 10 fonts among the most commonly used in
applications running under Windows. These fonts are: Tholoth, Diwani, Naskhi, Andalus, Kuffi, Arial, Tahoma,
Courier, Arabic Typesetting. And Al_Mabssout font [22] witch is developed in our laboratory (Table 1).

The Arabic Typesetting font and Arial have a very strong morphological similarity; this choice allowed us to
evaluate the performance of our method in the case of similar fonts.

f E \_/Q d s &%_U Al_Mabssout [22]

dogordb oz

Tholoth

d{’ﬂ (P'Lﬁg(—’b Diwani

J?&Uﬂb acﬁf“ Naskhi
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\]ﬁé\F‘L‘ hé‘%"t Andalous

JF&F‘E=&'*—'I Kuffi

df"&k—-}a'}: JGQ‘ Arial

J P. & (2 .ID ) e LT} I Courier New

LJJOEL)'DJO )Cul Tahoma

J r E‘_—uo ‘L’ > C L_‘.J lll Avrabic Typesetting

Table 1. Representation of the 10 fonts

The performance of this recognition method is experimentally evaluated by calculating recognition and
recall rates.

7.1/ Character and font recognition rate:
Three testing sets of characters are used to evaluate the proposed recognition method.

Each test has been applied to a 120 characters randomly chosen and belonging to 10 fonts studied.
According to the first character result, all input characters in these tests were correctly recognized.

Test 1: Recognize a character and its font
This test is to identify an input character among the characters of the database. If the character exists in
the database the system identifies it, if not, it displays the most similar character.

The Character and font recognition rate is : 100 %

Example:
The character image to be recognized is: Seen of the Arial font

A
Seen Seen Seen Ain Seen
Character Arial Arabic Typesetting Tahoma AlMabsout[22] Andalous
&
o (R YUV oS
Index 0.0 0.045 0.057 0.081 0.088

Table 2: The first 5 results of test 1
Test 2: Invariance to scale parameter

The input characters, in this test, are chosen in different sizes.
Example:

ISSN: 0975-5462 5965




Ilham Chaker et. al. / International Journal of Engineering Science and Technology
Vol. 2(10), 2010, 5959-5969

A character "Hah" of the Tholoth font with a size greater than that of the same character in the database:

uer
Hah Hah Hah Hah Hah
Tholoth Arial Arabic Typesetting Courier Naskhi
Character
&
Font E E E E
Index 0.001 0.022 0.034 0.034 0.053

Table 3. The first 5 results of test 2
The Character and font recognition rate is: 100 %

Test 3: Invariance to rotation:

The characters of this testing set have been rotated in different directions
The Character and font recognition rate is : 100 %.
Example:

We put, the character "Tah" of the Andalus font, to a rotation of 90 ° in the opposite sense of the watch
needles.

uer
Tah Tah Tah Reh Tah
Andalous Arial Arabic Typesetting Kuffi Tahoma
Character
&
Font l ! 5 ) |
Index 0.01 0.041 0.051 0.059 0.075

Table 4 .The first 5 results of test 3
7.2 [ Recall rate:

The recall rate was calculated to quantify the performance of the proposed recognition method. This
recall rate is defined as the number of relevant characters retrieved by the recognition method, divided by the
total number of existing relevant characters (which should have been retrieved) [23].

Number of relevant characters retrieved = 100 (6)

Recall rate (%) = -
Number of relevant characters in Database

To calculate this recall rate we used a testing set containing 20 characters randomly chosen (Table 5).
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RESULTS
QUER 1 2 3 4 5 6 7 8 9 10 Recall
AlMabsout | AlMabsout Avial Tahoma Avrial AT Tholoth Diwani Andalous Naskhi Tahoma 4/10
Ain Ain Sad Seen Seen Seen Ain Ain Seen Sad Ain
AlMabsout | AlMabsout Courier AT Tholoth AlMabsout | AlMabsout Tahoma Avrial Diwani Courier 4/10
Beh Beh Dal Beh Lam Lam Hah Lam Lam Beh Beh
Andalous Andalous Naskhi Courier Kuffi Tholoth Tholoth AlMabsout Avrial Tahoma AT 9/10
Alif Alif Alif Alif Alif Alif Meem Alif Alif Alif Alif
Andalous Andalous Kuffi Tahoma Naskhi Avrial Tholoth AlMabsout | AndalousAi Tahoma Tahoma 6/10
Dal Dal Dal Dal Dal. Dal Dal Hah. n Tah Waw
AT AT Courier Tholoth Avrial Tahoma Diwani Naskhi AT Tahoma AT 7/10
Hah Hah Hah Hah Hah Hah Hah Hah Ain Reh Beh
AT AT Avrial Tahoma Courier Naskhi Tholoth AlMabsoutL AT AlMabsou Courier 7/10
Lam Lam Lam Lam Lam Lam Lam am Dal tHeh Dal
Arial Avrial Diwani Naskhi Courier Tahoma Andalous AT Andalous Kuffi Kuffi 8/10
Heh Heh Heh Heh Heh Heh Heh Heh Meem Heh Meem
Arial Avrial AT Naskhi Tahoma AT Naskhi Andalous Tahoma Kuffi Tholoth 6/10
Sad Sad Sad Sad Sad Seen Seen Sad Seen Lam Sad
Courier Courier Avrial AT AlMabsout Diwani Tahoma AlMabsout Diwani AlMabsou Tholoth 6/10
Reh Reh Reh. Reh Reh Waw Reh Sad Hah tSeen Reh
Courier Courier Diwani Diwani Andalous Naskhi Courier Courier Tholoth Courier Courier 2/10
Sad Sad Sad Seen Lam Waw Seen Waw Lam Dal Lam
Courier Courier AlMabsout Avial Tahoma AT Diwani AlMabsout Tholoth AlMabsou Diwani 6/10
Waw Waw Waw Waw Waw Waw Waw Sad Seen tSeen. Sad
Kuffi Kuffi Andalous Avial Kuffi Tahoma Naskhi Avial Naskhi Tahoma Kuffi 3/10
Seen Seen Seen Ain Meem Seen Ain Alif Alif Alif Alif
Kuff Kuffi Tholoth Avial Naskhi Andalous Tholoth Andalous Courier Kuffi Tahoma 6/10
Tah Tah Heh Tah Tah Heh Tah Tah Tah Reh Heh
Naskhi Naskhi Tahoma Diwani AlMabsout AT Naskhi Andalous Courier Kuffi AT 6/10
Reh Reh Reh Hah Reh Meem Lam Reh Reh Lam Reh
Naskhi Naskhi Tahoma Courier Arial Andalous Kuffi Diwani_ Tholoth AT AlMabsout 10/10
Ain Ain Ain Ain Ain Ain Ain Ain Ain Ain Ain
Tahoma Tahoma AlMabsout Courier AT Tholoth Naskhi Avrial Kuffi Andalous Tholoth 9/10
Alif Alif Alif Alif Alif Alif Alif Alif Alif Alif Meem
Tholoth Tholoth Avrial Tahoma AT Andalous Courier Kuffi AndalousW Kuffi Kuffi 7/10
Tah Tah Tah Tah Tah Tah Tah Tah aw Meem Reh
Tahoma Tahoma Avrial Tahoma AT Diwani Naskhi Tholoth Avial AT Courier 5/10
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Dal Dal Dal Waw Dal Beh Dal Dal Reh Waw Reh
Tholoth Tholoth AT Kuffi Tahoma AlMabsout Naskhi Tholoth AlMabsout Avrial AT 6/10

Sad Sad Sad Lam Sad Sad Sad Seen Seen Sad Seen
Tholoth Tholoth Courier AlMabsout Tahoma Courier AT AT Arial Avrial Courier 6/10

Lam Lam Lam Lam Lam Reh Dal Lam Lam Reh Dal

Average recall rate 0.615
Table 5: Average recall rate
* AT= ArabicTypesetting
The average recall rate is 61.5 % for characters randomly chosen and belonging to 10 fonts studied.
5968
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Conclusion

In this paper a new method for recognizing printed Arabic characters and fonts is proposed. This
method is based on the dissimilarity index computed on the polygonal approximation of the character. This
index uses polygonal attributes of the character, which are insensitive to translation rotation and scale parameter.
The performance of the proposed method is measured by:

e  The speed of recognition;

e The good performance in relation to noise;

e A character and font recognition rate of 100% calculated on the basis of the data used. Of course, this
assumes a successful segmentation of characters and enough resolution to safeguard the borders of
characters process.

The current system assumes the characters are already isolated and the algorithm can only recognize the
isolated characters. For this project to have an additional value, the system should be able to isolate the
connected characters from a word. Since there are techniques already developed for isolating Arabic characters,
this system could be integrated with one of the existing character segmentation algorithms. So the perspective of
this work consists to achieve the segmentation phase to complete this OCR system.
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