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ABSTRACT.	  In this paper, a robust technique for segmentation of an off-line hand written Arabic script is introduced.  The technique starts by segmenting the Arabic word into HCPs using vertical histogram.  This is followed by segmenting those HCPs into VCPs using horizontal histogram.  Determining the order of these primitives is done by tracing the upper contour.  These primitives are ordered in a well defined sequence suitable to identify characters of the word.  Therefore, the problem of overlapping is resolved.  


1.  INTRODUCTION AND PREVIOUS WORKS


Several techniques are used to deal with optical character recognition.   These techniques can be grouped into two broad classes of systems.   The first one is known as on-line system,  and the second type of system is called off-line.   In the on-line approach, data is obtained using a connected electronic tablet.   Consequently, dynamic information like number of strokes, order sequence of writing, speed of writing, pressure applied, etc.  are available.   Since, this information is not known for off-line systems, it may be said that dealing with off-line system is relatively more difficult.  





Although Arabic alphabet contains only 28 characters, yet the process of recognition deals with more than 60 characters.   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].





In a recent survey [2], the authors classify researches in this field into five groups.   The first group deals with characters segmentation.    The second one segments words into primitives smaller than a character.   While the third segments words into characters.   Whereas the fourth group recognizes the word with segmentation by product of recognition.   The last group recognizes the word as one unit without segmentation.





The authors of  [3] claimed that extensive work is done on segmentation rather than recognition.   For instance,  the work of [4] concentrates on segmentation and claims its ability to handle errors in segmentation through connection test.   This is done by reconstruction of characters that are divided into parts and re-segmentation of characters that are merged �
together.   In fact the authors of [5] stated that any error made in segmentation can not be corrected in the following recognition process.   This implies that segmentation errors directly affect the recognition rate.  


Table 1 The different shapes of Arabic characters depending 


on their location within the word.
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Also, the work of  [6] gives a complete presentation of an approach for segmenting handwritten words, and the work of [7] was devoted to deal with segmentation of on-line handwritten Arabic words.





Segmentation by histogram is a strong candidate since it is used in different papers such as [3, 4, 8, 9, 10, 11, 12,13].   Constructing the histogram is done by counting the black pixels column wise.   The points of segmentation can be identified by having a sudden change of number of black pixels after passing a steady region of almost a constant number of black pixels.   The concept of histogram is used in [11] with three stages to locate the text, to separate words in the line, and to separate characters of a word.   The work of [13] deals with problems associated with segmentation.   These problems presented in the existence of the dots, manipulating the candidate start and end points of each character, determining the width of a standard character, and manipulating cases of the last character.   However, in [3] the result of segmentation are primitives rather than characters, in [9] and [14] few rules should be satisfied to do segmentation and in [11] the morphology of Arabic characters is taken into consideration.   In order to save computation, authors of [4] do not use one column but rather they use the width of the smallest character as the minimum width.





Segmentation is also achieved by tracing the outer contour of a given word and calculating the distance between the extreme points of intersection of the contour with a vertical line [15].   This is also implemented in [16].   In [17] the segmentation into primitives is done by tracing continuous strokes.   Another method used in [17] by finding what is called an actual connection column.   Moreover, segmentation in the work of [18] is used to segment the word into stroke segments in order to give the word a code number.   In this case, stroke segments are defined by means of three points on the stroke that satisfy the length measurements as well as the value of the angle between the two lines generated by these points.   





No segmentation is a different approach taken by authors of [19] for recognizing typewritten Arabic words.   They treated the word instead of the character as a unit of processing.   Since no segmentation is needed, dynamic programming techniques are used to perform connected character recognition.   Those techniques are taken from the theory of optimal control by using non-linear transformation.





The work of [3] took a different approach by doing segmentation after recognition.   They claimed the ability of recognizing the Arabic character by scanning part of it.   This implies that after recognizing the character, the system will skip the remaining part of it and start processing next character since the width of the recognized character is known from the learning phase.  In [18] a new technique is presented.  It uses the morphological operations to check the structural relations of the text.  Therefore, the system does not need to segment the page into lines, nor words into characters.





2.   The Proposed Work


Due to the cursive nature of the Arabic language the techniques used to deal with Arabic Character Recognition (ACR) problems should contain two phases.  The first phase is the process of segmentation and the second one is the process of recognition.  The different approaches used to solve ACR problems  varies  with respect to the ordering of each phase with the other.  Therefore, these approaches can be classified into three approaches:





     1-Segmenting and then recognizing (Fig.  1-a),


     2-Recognizing and then segmenting (Fig.  1-b),


     3-Mixing of the two phases (Fig.  1-c & 1-d)








There are many characters with complex shapes in the Arabic alphabet such as ( .    .   .   .  .   .   .   .).  It is difficult to find statistical features which can be used to separate the connected letters before being recognized.  Therefore,  the first approach seems to be impossible, especially when dealing with handwritten script.   The second approach is proved to be suitable for the on-line systems where the sequence of strokes is known  and a syntactical approach can be used with the process of recognition before segmentation.  The third approach seems to be the most suitable approach for off-line systems where  handwritten script is to be recognized.  In this case, each word is segmented into small pieces  or what are known as primitives of a character.  These pieces are grouped gradually until being recognized as a known character.  At this moment, a decision to segment the word into their characters is taken.  However, due to contextual  sensitivity of the shapes of some characters, the final  decision may be delayed until the recognition of all characters of the complete word.  Hence,  segmentation and recognition phases are overlapped.  In the following paragraphs, the stages used in the segmentation (or precisely pre-segmentation) are discussed in details.  It should be noticed that in this phase the prefix graphical is used with the name of the results of segmentation stages to make sure that these results may not represent the correct logical meaning of the prefixed words.
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Figure1 : The different appraoches for Arabic word recognition where (c) 


is adopted in this work








2.1 Stages of Segmentation Process


There are five  stages of segmentation and they are proposed as shown in Fig.  (2):





1-Graphical Text Lines Separation (GTLS): 


		The page is segmented graphically into lines of text (GTL).  





2-Graphical Arabic Words Separation (GAWS):


		Each line is graphically segmented into Arabic words (GAW).





3-Graphical Pieces of Arabic Word Separation (GPAWS):


 		Each word may be segmented into Graphical Pieces of Arabic Words  (GPAW).





4-Horizontal Character Primitives Separation (HCPS):


 		Each piece of  the word is segmented into Horizontal Character Primitives (HCP).





5-Vertical  Character Primitives Separation (VCPS):


		Each HCP may  be segmented into vertical pieces of character primitives (VCP).
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Figure  2: The five stages for the segmentation phase.





For the object oriented aspect, there will be five types of  classes which are produced  in segmentation phase.  The objects of each class are generated by segmenting one object from the higher one.  It should be mentioned that the name of  the result of each stage depends only on the graphical conditions associated with it.  Therefore, it is not necessarily that the same name is given after completing the recognition phase.  As an example, a graphical word is defined as the part of a text bounded by spaces from the right and the left.  Therefore, if a character such as Alif is bounded by  spaces it will be considered as one complete graphical word at this early stage of segmentation.   It should be noticed also that the result of the PAWS is partitioned into two types depending on the length of the contour.  These types are called main PAW’s and secondary PAW’s where each type will be processed in a different way.





3. STAGES OF SEGMENTATION


In the following section, the techniques used in the phases of segmentation will be described.





3.1 Graphical Arabic Words Separation (GAWS)


In order to segment the line of text into words, the following is  the proposed technique:





Step 1: A vertical density histogram is constructed.


Step 2: Column regions having zero density are  marked as white regions.


Step 3: Depending on an adjustable threshold, these white regions may be 


      	considered as spaces between complete words or as breaking points of a word.


Step 4: Parts of the text separated by spaces are classified as Graphical Arabic Words (GAW’s), while the parts of the text which are adjacent to breaking points from any side are classified as Graphical Pieces of Arabic Words (GPAW’s).





Example:


Input line of text : .   .   .   .   .   .   .   .   .   .   .   .   .





Output:





Number of white regions:	6


Number of  spaces :	4  


                    resulting in 5 complete words .   .   .   .   .   .   .   .   .   .   .   .   .


Number of break points of words: 2  


                    occurring between the characters ا  and ل  in the words .   .   .   .   .   .   .   .  





In this example, there is one error in detecting the space due to the large distance between ا and .   .   .   .   .  However, this   problem can be recovered at the final stages of character  recognition.  Also, there are two other errors presented in not detecting the break regions between  .   .  and .   .  .    in the two words (.   .   .   .   and .   .   .   .  ) which will be solved in the next stage (GPAWS).  Fig.  (3) shows an example of such technique.








3.2 Graphical Pieces of Arabic Word Separation (GPAWS)


Some Arabic letters are not connected from left (as an example  .   .   .   .   .   .   .   ) which may cause that some words are segmented into one or more non-connected pieces.  The previous stage segments words having non-overlapped GPAW’s and  fails to separate overlapped ones.  Therefore,  an additional technique is used as follows:





Step 1: The contour of the word is generated using any contour follower algorithm which will result in one or more closed contours,


Step 2: The contour is classified as one of the following types:


a- Main contour: Defined as a contour having a large number of pixels (long stroke) determined by a given  threshold,


b- Secondary contour: Defined as a contour having small number of pixels (short strokes) determined by the above given threshold,


c- Inner contour: Defined as a secondary contour but located within an other main contour.


Step 3: The secondary contour is treated as a secondary GPAW while the main and   inner contours are combined and dealt with as main GPAWs.


Example : 


Input word :     .   .   .   .


Output GPAW’s :


  	     3 main contours GPAW’s for  .   .   .   .    .   .   .   .


            	     2 Secondary contours GPAW’s  for the two dots: ..  in  .   .   .





3.3 Horizontal Character Primitives Separation (HCPS)


Each piece of the word under investigation is segmented into horizontal character primitives (HCP’s).  The name primitive is used since the output of this stage may represent a complete character (such as .   .   .   .  ) or a part of character (as the pin of .   .  ).  The proposed segmentation technique depends on the height determined for the histogram and proceeds as follows:





Step 1:	The height (h) is calculated as the difference between the extreme values of y-coordinates of  each column of black pixels going from right to  left.


Step 2: 	Positions of maximum and minimum heights are determined in the histogram.


Step 3: 	A minimum point is considered as a point of segmentation when the height difference between that position  and the   position of the preceding  maximum exceeds a threshold value.


Step 4: 	The two dimensional array of pixels bounded by two points of segmentation is marked as HCP.
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Figure  3 : The word محمد which consists of one GPAW is segmented into 


six HCP’s depending on the histogram.


Example : 


Input GPAW :   .   .   .   .  


Output HCP’s :   .   .   .   .





3.4 Vertical Character Primitives Separation (VCPS)


It is known that some connected Arabic characters may be overlapped horizontally, and one HCP may contain more than one character.  Therefore, an additional segmentation should be performed.  The segmentation in this case is done vertically depending on the horizontal histogram of each HCP.  Hence,  each horizontal character primitive (HCP) may be segmented into  more than one vertical character piece or primitive (VCP).  The proposed technique is performed  as follows:





Step 1: The matrix of the HCP is scanned top to down to build a horizontal histogram,


Step 2: Positions of maximum and minimum points are determined,


Step 3: A position of the minimum is considered as  a vertical point of segmentation,


Step 4:  Regions segmented by  vertical segmentation points are marked as VCP’s.





Example :


Input HCP : .   .   .   .


Output VCP’s : .   .   .   ., and .   .   .   .





Therefore, applying vertical and horizontal segmentation on the word .   .   .   .   produced different results  depending on the value of the selected threshold as shown in Fig.  (4).  As mentioned earlier, this threshold is used for determining whether the minimum point is considered as a point of segmentation or not.  The threshold represents the difference ( in the vertical  or horizontal histograms) between the current minimum and its proceeding maximum.  Therefore, changing the values of the threshold values has an effect on the result of segmentation.  Also, it could be easily stated that if the threshold is equal to one or one and a half of the thickness of pen-line then the output primitives are quite accurate.
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Figure  4 : Segmenting an Arabic word using vertical and horizontal histogram with


 different values for the threshold where (e) gets the optimum situation.





4. VERTICAL SEGMENT PRIMITIVES ORDERING TECHNIQUE 


The difficulty of segmenting Arabic handwritten script comes  mainly from the complexity of the writing style of the Arabic script.  The different styles of writing may be classified with respect to the method used for connecting characters within the word.  This classification is discussed below:





�4.1 Simple Connections


In this case of connectivity, the characters (or primitives of a character) are connected  horizontally.  As an example, the primitive of characters for the word ".   .   .   .  " are connected to each other by  horizontal strokes.  Hence the segments or (the horizontal character primitives HCP’s ) are positioned in ordered from right to left.  Therefore, there is no need to segment each HCP into VCP’s.





4.2 Moderate Connection


In this case of connectivity, one of the connected characters may be overlapped with the previous one.  In other words, the characters are connected vertically.  Hence, each HCP may contain two or more primitives of a character as shown in Fig.  (5).  This implies the necessity of segmenting each HCP into VCP’s.  The simplest method is achieved by scanning such segmented script of  the HCP from Right to Left.  Also, each VCP, within an HCP, is scanned from Top to Down.  The last sequence of scanning can be presented as (RLTD algorithm).  As an example, the word .  .  .  .  ., presents an overlapping of the two characters presented in HCP (.   .   .  ).








�


Figure  5 : An example of moderate connections where a HCP 


contains two or more primitives.





The above sequence of scanning is quite accurate if 


1-All the VCP’s in each HCP are connected ,


2-Each two connected HCP’s are connected through only one VCP.





Moreover, if one of the above two conditions is not satisfied and there are some characters lying over each others, then it implies that the connectivity situation is complex and the above mentioned ordering algorithm (RLTD)will fail.





4.3  Complex Connections 


In this case of connectivity, characters are located over each other and the order of tracing these segments is not precisely from right to left horizontally, and from top to down vertically.  In other words, some Left VCP’s may be traced before their right neighbors as shown in Fig.  (6).  This also implies that there is no way to determine the order of tracing except by using other  information  associated  with  those contours.   As an  example, the word 


 .   .   .   ., presents an overlapping of the two characters presented in HCP (.   .   .   .).


�	


Figure  6 : An example of a complex connection where the  difficulty 


of ordering should be resolved.


	The proposed technique for the order of tracing these segments implies using the following two functions:


1.	Finding the first VCP which is associated with the features presented with the most up right primitive.  


2.	Scanning the points of the upper contour starting from the first VCP and assigning an ordered labels to those rectangular boxes surrounding the VCP.


Applying the previous two functions gives good results in most of the cases except when the upper contour does not pass through a lower VCP.  The solution to this problem is to use the information of lower contour to cover all the cases that might be raised with respect to the ordering technique.  The lower contour is defined to be the contour starts from the most lower left segment until it reaches the starting point of the upper contour.  Determining the sequence of scanning pixels of  the lower contour is obtained in a reverse order.  According to the first scan of the upper contour, each VCP will have a one pointer to the next VCP.  Also, according to the second scan of the lower contour, a VCP may have two different pointers to two different VCP’s.   The decision of which VCP will be scanned next depends on the relative position of each with respect to the current VCP.  The priority depends on two rules.  The first is that the right VCP should be scanned before the left one.   The second rule is making sure that the upper VCP should be scanned before lower one.


5. CONCLUSION 


A comprehensive Algorithm for segmenting Arabic handwritten words is given.  Since Arabic handwritten contains different situations of overlapping characters, the typical histogram is used to identify the words and pieces of word.  This is done by vertical histograms.  GPAW’s are then processed by to obtain HCP’s.  The latest is also undertaken more processing through horizontal histogram to end up with VCP’s.  The upper contour is traced in order to obtain the correct sequence of VCP’s for a proper combination of these primitives into good characters.  The paper also investigates different values for threshold of pen width to determine the most proper one to do good segmentation.


This work is a component of undergoing system.  The VCP’s will be processed to identify the features associated with them.  Later on, these features are fed into a neural network classifier during its learning process to obtain the characters and words of Arabic documents.
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�خوارزم متكامل لتقطيع النصوص العربية المكتوبة


 بخط اليد في المنظومات المستقلة





جبرائيل أبو سمرة ، كمال جـمبي ، حسنين البرهمتوشي ، رشدي عامر ، إبراهيم البديوي


جامعة الملك عبد العزيز ، جدة، المملكة العربية السعودية





المستخلص: يقدم هذا البحث خوارزم لتقطيع أو تقسيم النصوص العربية المكتوبة بخط اليد للمنظومات المستقلة.  ويبدأ الخوارزم بتقسيم الكلمات العربية إلى ما يعرف بـ HCP والذي يمثل جزء أفقي للحرف عن طريق إيجاد المسقط العمودي للكلمة.  يتبع ذلك تقسيم هذه الأجزاء إلى ما يعرف بـ VCP والذي يمثل جزء عمودي للحرف عن طريق إيجاد المسقط الأفقي.  كما يتم تحديد الترتيب الخاص بتلك الجزيئات عن طريق تتبع الحدود العلوية للكلمة.   وهذا الترتيب يحدد التسلسل المناسب لمعرفة الحروف المكونة للكلمة.  وبالتالي يمكن معالجة تداخل الحروف الخاصة بالكلمة.
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ABSTRACT.	  In this paper, a robust technique for segmentation of an off-line hand written Arabic script is introduced.  The technique starts by segmenting the Arabic word into HCPs using vertical histogram.  This is followed by segmenting those HCPs into VCPs using horizontal histogram.  Determining the order of these primitives is done by tracing the upper contour.  These primitives are ordered in a well defined sequence suitable to identify characters of the word.  Therefore, the problem of overlapping is resolved.  
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Summary


	In this paper, a robust technique for segmentation of an off-line hand written Arabic script is introduced.  The technique starts by segmenting the Arabic word into Pieces of Arabic Words (PAW) and Horizontal Character Primitives (HCP) using vertical histogram.  This is followed by segmenting those HCPs into Vertical CPs (VCP)s using horizontal histogram..   	


	Five stages are proposed for segmentation process and done through implementing the following steps:


1-Graphical Text Lines Separation (GTLS): 


		The page is segmented graphically into lines of text (GTL).  


2-Graphical Arabic Words Separation (GAWS):


		Each line is graphically segmented into Arabic words (GAW).


3-Graphical Pieces of Arabic Word Separation (GPAWS):


 		Each word may be segmented into Graphical Pieces of Arabic Words  (GPAW).


4-Horizontal Character Primitives Separation (HCPS):


 		Each piece of  the word is segmented into Horizontal Character Primitives (HCP).


5-Vertical  Character Primitives Separation (VCPS):


		Each HCP may  be segmented into vertical pieces of character primitives (VCP).





	This is followed by proposing a vertical segment primitives ordering technique.  The main objective of this technique is to overcome the overlapping problems associated with ACR.  Determining the order of  primitives produced by segmentation process,  is done by tracing the upper contour.  These primitives are ordered in a well defined sequence suitable to identify characters of the word.  Therefore, the problem of overlapping is resolved


	This work is a component of undergoing system.  The VCP’s will be processed to identify the features associated with them.  Later on, these features are fed into a neural network classifier 
