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ABSTRACT. This work investigates different tests where the contours of Arabic characters are converted into graphs.  Seven different tests are implemented using Visual C++ under Windows environment.  The tests are: X and Y graph, Radius graph, Theta graph, Chain Code-16 graph, Chain Code-24 graph, Corners graph, and extremes graph of the letter.  These tests were done on different characters.  Some of the obtained graphs are shown.  Also, features from these graphs can be easily used to classify Arabic characters.


1.  INTRODUCTION


Although Arabic alphabet contains only 28 characters, yet the process of recognition deals with more than 60 characters.  This is because Arabic characters take different shapes depending on their location within the word.  Table 1.  indicates the different shapes of the character when it is located at the start, middle, or end of the word.  The character also has a different shape if it is isolated.  Also, some characters are classified into some groups having the same main stroke with minor change.  This change is indicated by having different number of dots as well as their location with respect to the main stroke [1].





The set of features is defined to be the smallest set that can effectively discriminate between different classes.  In a recent survey [2], the authors classify features used in Arabic character Recognition (ACR) into four groups.  These are structural, statistical, global transformation, and template matching and correlation.  Structural features deal with the topology and the physical structure of Arabic characters such as loop, branch points, end points [3, 4, 5].  Statistical features depend on the characteristic measurements such as crossings and moments [6, 7].  Global transformations alter the pixel representation of the character  into a different type of representation such as Hough transform and Fourier descriptors.  Template matching and correlation depend on comparing patterns such as comparing a set of connected pixels to a corresponding one.





Description of profiles is one of the fundamental problems in pattern recognition and has been generally accepted as one of the most important object attributes.  This paper presents some experiments done by the group of ACR established in Computer Science Department.  The research group is sponsored by King Abdul Aziz City for Science and Technology.  The experiment covers seven types of tests done with contours of Arabic characters. It should be mentioned also that this work is a module of a system.  The module should provide the system with a set of features to be used for classification by means of neural network.


 �
In order to have a complete view regarding the following tests, the reader has to have idea about the way each bit map is processed.  The upper left corner is considered as the point of the origin and scanning of the contour is done in clockwise direction.





Table 1.  The different shapes of Arabic characters depending 


on their location within the word.
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2.  THE PROPOSED FEATURES


As mentioned earlier, features used for identifying Arabic Characters can be classified into four classes.  Statistical features and structural ones are commonly used.  Statistical features are those who are obtained by means of statistical measurements such as moments and Fourier descriptors.  On the other hand, structural features depend on the physical structure of Arabic characters such as the existence of branch points, end points, corners, cups, loops, etc.  Structural features are obtained from the skeleton of the words or characters through the process of thinning.  However, thinning is a time consuming process and much noise sensitive.  Therefore, researchers on this field moved towards analyzing contours of character.  Moreover, the features to be looked after should be selected to be able to deal with these new trends.  Over the last two decades, several different approaches to profile recognition problems have been investigated extensively.  The attempts have been made to place profile characterization on a quantitative level by the use of various mathematical, statistical and linguistic descriptions.  





There are seven type of tests to cover the following aspects:  X and Y graph , Radius graph, Theta graph , Chain Code-16 graph, Chain Code-24 graph Corners graph, and extremes graph of the letter.  The following paragraph gives some explanation of these graphs.


2.1  X And Y Graph Of The Letter 


This test is the most obvious one.  The graph is obtained directly from the contour of the character as shown in Fig.  1).  The graph contains two curves.  One is corresponding to the X-coordinate and the other one is related to the Y-coordinate.
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Figure 1: Representing some characters in X and Y graph.


2.2 Radius Graph Of The Letter 


The next obvious choice is to determine the center of the letter under investigation.  This will be followed by plotting the graph of the distance of all pixels of the contour and that center.  The coordinates of the center are  calculated as:


	x-value =  1/n   (  i,   for  Image(i,j)  (   profile


	y-value =  1/n   (  j,   for  Image(i,j)  (   profile
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Figure 2 : Representing some characters in Radius graph.





�2.3 Theta Graph Of The Letter


Theta is defined to be the external angle for each pixel in the contour of the letter.   It can be determined by following the next steps:


Step 1 : Select a pixel (x,y) in the profile as the Center.  It’s coordinates are (center.x, center.y).


Step 2 : Determine another pixel located in a position after the center pixel.   Let it be called after.  It has a fixed distance from the center (e.g.  10 pixels).  It has the coordinate (after.x, after.y).


Step 3 : Determine another pixel located in a position before center pixel.   Let it be called before.  It has the same fixed distance from the center pixel.  It has the coordinate (befor.x, befor.y).


Therefore, connecting the above three pixels gives the shape of triangle as shown in Fig.  3.  This is followed by some simple calculation to end up with the external angle.
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Figure 3 : Vertices of the triangle used to calculate Theta.
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 Figure 4 : Representing some characters in Theta graph.
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Figure 4 : cont.











2.4 Chain Code 16 Graph Of The Letter


Chain codes are used to specify the direction of a contour segments.  Directions are quantized into one of  sixteen direction as shown in Fig.  5.  Coding starts from the first segment and going clockwise around the contour.  The direction to the next edge is determined by a code from the 16-chain codes.  
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Figure 5 : The template used for chain codes 16.
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Figure 6 : Representing some characters in chain code 16 graph.
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Figure 6: cont.





2.5 Chain Code 24 Graph Of The Letter


The idea of chain code of 24 is the same as the chain code of 16.  However, the only difference is that the code established by taking care of the 24 neighbors to the 16 neighbors.  Directions are quantized into one of twenty four directions, as show in Figure 7.
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Figure 7 : The template used for chain codes 24.
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Figure 8 : Representing some characters in chain code 24 graph.








2.6 Corners Graph Of The Letter


The idea behind getting the graph of this feature is similar to the Radius.  However, the main difference is represented in such a way that distances are calculated between each pixel of the contour and the other corners of the image of character.  Corners are upper left, upper right, lower left , and lower right corners.
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Figure 9 : Representing some characters in Corners graph.








2.7 Extremes Graph Of The Letter 


The idea behind getting the graph is a repeated situation of  the corners.  The major difference concern the points where distances are calculated to the points of the profile.  These points are the extremes in the direction of top, bottom, left and right.
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Figure 10 : Representing some characters in Extreme graph.


3.  CONCLUSION


New representation of Arabic characters are presented.  They are promising in the sense that the obtained curves can be easily used to classify different types of Arabic characters. The classification process may be done by means of a neural network. Therefore, the corresponding values of these curves at some intervals should be fed into the neural network.  


One major thing to keep in mind is that those features are contour based.  This property makes these features preferable by current researchers in this field.  This preference is due the simplicity of obtaining these contours comparing to the time consuming process of thinning.  The ability to manipulate these curves gives the users the ability to reduce if not eliminate the effect of scaling, rotation and displacement of character image.
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�البحث في طرق عرض جديدة للحروف العربية


 معتمدة على تحليل حدودها





كمال جـمـبي ، إبراهيم البديوي ، ماجد بكر


جامعة الملك عبد العزيز ، جدة، المملكة العربية السعودية





المستخلص: يبحث هذا البحث في عدة تجارب يتم من خلالها تحويل حدود تلك الحروف إلى رسومات بيانية. ولقد تم تنفيذ سبعة اختبارات مختلفة عن طريق استخدام لغة فيجوال سي ++ تحت بيئة ويندوز. وهذه الاختبارات هي: الرسم البياني الخاص بالإحداثيات س - ص، الرسم البياني الخاص بنصف القطر، الرسم البياني الخاص بـ Theta، الرسم البياني الخاص بالترميز التسلسلي-16، الرسم البياني الخاص بالترميز التسلسلي-24، الرسم البياني الخاص بالأركان، الرسم البياني الخاص بالحدود النهائية للحروف. ولقد تم اختبار حروف مختلفة وأستعرض بعضها في هذا البحث. ويبين البحث امكانية استخدام هذه المميزات لتصنيف الحروف العربية.
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	The set of features is defined to be the smallest set that can effectively discriminate between different classes.  Features used in Arabic character Recognition ACR are classified into four groups.  These are structural features, statistical features, global transformation, and template matching and correlation.  Structural features deal with the topology and the physical structure of Arabic characters such as loop, branch points, end].  Statistical features depend on the characteristic measurements such as crossings and moments.  Global transformations alter the pixel representation of the character  into a different type of representation such as Hough transform and Fourier descriptors.


	Description of profiles is one of the fundamental problems in pattern recognition and has been generally accepted as one of the most important object attributes.  This paper presents some experiments done by the group of ACR established in Computer Science Department.  There are seven type of tests to cover the following aspects:  X and Y graph , Radius graph, Theta graph , Chain Code-16 graph, Chain Code-24 graph Corners graph, and extremes graph of the letter.  


	Over the last two decades, several different approaches to profile recognition problems have been investigated extensively.  The attempts have been made to place profile characterization on a quantitative level by the use of various mathematical, statistical and linguistic descriptions.  The ability to manipulate these curves gives the users the ability to reduce if not eliminate the effect of scaling, rotation and displacement of character image.
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