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Abstract—Thinning is one of the critical processes for different 

applications in image analysis, in particular for Optical 

Character Recognition (OCR) applications. The accuracy 

performance of OCR relies on the effectiveness of thinning 

algorithms.  However, previously there has been little attention 

paid for proposing thinning algorithms for Arabic script. Also, 

there is a lack of quantitative performance measures of thinning 

techniques for Arabic script. Consequently, it is unclear which 

thinning algorithms are more appropriate for Arabic script. In 

this paper, a new thinning algorithm for Arabic script is 

proposed with several new performance metrics. An experiment 

is conducted to evaluate the proposed algorithm against two well 

established thinning algorithms with respect to the several 

proposed objective performance metrics. The experimental 

results show that the new algorithm has the best performance 

among the other two thinning algorithms.  
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I.  INTRODUCTION  

Optical Character Recognition (OCR) is a technique that 
converts a machine-printed or handwritten text image into an 
editable computer format. OCR is considered a challenging 
task in the field of pattern recognition. Many OCR approaches 
have been proposed for Latin and non-Latin scripts. However, 
Arabic OCR still poses great challenges because of Arabic 
script characteristics [1].  

Generally, the process of developing Arabic OCR systems 
consists of three main stages: pre-processing, feature extraction 
and classification. One of the key and initial stages for 

developing Arabic OCR systems is the pre-prepossessing stage 
which is a combination of algorithms that are applied to the 
input pattern images for facilitating the subsequent phases of 
OCR development process [2].  

Producing skeletons is a critical pre-processing operation 
for OCR in which extracting features from the skeleton of a 
character is essential [3]. The method for producing the 
skeleton of a pattern image is called thinning. Thinning 
“skeletonization” can be defined as the process of unpeeling as 
many pixels as possible without distorting the general shape of 
the character [4]. In other words, it involves operations that can 
be implemented in order to produce the skeleton of object 
images. Thinning techniques are classified into iterative 
approaches and non-iterative approaches [5]. The former can 
be either sequential methods, which perform by peeling the 
counter pixels individually, or parallel methods which perform 
simultaneously on all the counter pixels until obtaining a 
skeleton [6]. The latter utilize other techniques, such as 
distance transforms, to produce a skeleton without examining 
all pixels [6]. 

In general, thinning is usually applied in OCR systems as a 
method for reducing the amount of data of a pattern that needs 
to be considered for the next processing stage, thereby saving 
storage space for the structural information of the pattern [7], 
[8]. Furthermore, thinning algorithms have contributed to 
facilitate feature extraction of a pattern which is the core task in 
OCR to identify the pattern from another, since the relevant 
information of a pattern is not related to the thickness of the 
pattern [9], [10]. Therefore, it is claimed that the effectiveness 
of an OCR performance is heavily relying on how effective the 
thinning algorithm is [11]. The authors in [4], [12] agree that 
the main features of a desirable  thinning algorithm are: 
ensuring the peeling is as thin as possible, connected and 

 
Figure 1.  Arabic script characteristics. 
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preserving the topology of a pattern. 

   A number of thinning algorithms have been proposed, 
such as in [13], [14], [15]; for a comprehensive survey refer to 
[16]. However, these algorithms have not been proposed 
specifically for Arabic script; rather they are proposed for 
general purposes. Additionally, direct adoption of such 
thinning algorithms, which are developed for other languages, 
may not be applicable to Arabic because of its characteristics 
[17] [18], [19]. Fig. 1 illustrates the characteristics of Arabic 
printed script that contribute to the challenge for thinning 
algorithms of Arabic script. Arabic script contains loop shaped 
letters, and identical characters that have different number of 
dots. Also, it is written cursively. In other words, isolated 
characters are connected to form a word, as shown in Fig. 2. 

According to Cowell and Hussain [17], various problems 
have arisen when applying thinning algorithms to Arabic 
characters.  One of the main obstacles with applying thinning 
algorithms to Arabic text is recognizing the number of dots for 
similar characters, where the number of dots can differentiate 
between them [2], [18]. It is believed that any deletion of 
character dots will result in misrepresenting these characters 
[19]. Moreover, another problem of thinning algorithms when 
considering Arabic script concerns preserving the 
connectedness of Arabic text. Some thinning approaches may 
fail in persevering the Arabic text connectivity which will lead 
to challenges in text recognition [18]. Owing to these reasons, 
it is claimed that thinning is responsible for many recognition 

errors in OCR systems [2], [18]. Therefore, thinning algorithms 
must be capable of both preserving dots and the connectedness 
of Arabic script. 

As stated, there has been relatively few publications on 
developing thinning algorithms for Arabic [11], [8], [20]. For 
instance, [17], [21] introduce thinning algorithms for Arabic 
script. However, the proposed algorithms can only deal with 
isolated Arabic characters. Furthermore, one study by Ali [11] 
provides a thinning algorithm for Arabic handwritten script. 
Unfortunately, none of previous studies have considered the 
challenge of Arabic script discussed above, such as dots and 
connectivity preservation, when developing the thinning 
algorithm. 

This paper will provide an efficient thinning algorithm for 
printed Arabic script. Then evaluation of thinning algorithms 
for Arabic will be discussed. An evaluation experiment is 
conducted on the proposed algorithm comparing it with a 
number of the most common thinning algorithms. Compared to 
the previous studies [22] and [23], this paper introduces several 
new objective performance metrics for thinning algorithms. 
Several performance metrics have been adapted to the 
evaluation using the evaluation dataset that contains a variety 
of Arabic font sizes and styles. In the last section, future works 
and conclusions are addressed.   

II. THE PROPOSED METHOD 

The proposed algorithm is based on an approach by 
Kocyigit [24]. However, this algorithm was only investigated 
for English characters. The method aims to produce a skeleton 
with one width pixel by detecting the neighborhood 
connectivity of any given pixel. Each pixel is directly 
connected with eight neighboring pixels; the pixel is considered 
as “encased” if only all the black neighbor pixels are 
interconnected with each other. In other words, if each black 
neighbour pixel of a considered pixel is connected vertically or 
diagonally to at least one other black pixel, the given pixel will 
achieve a state of encasement. For example, if the center pixel 
(P) is the pixel being processed, it is considered as “encased” in 
Fig. 3: (a), (b) and (c). In contrast, for (b), (c) and (d), the pixel 
(P) is not considered as “encased”.  

 
Figure 2.  Arabic connectivity characteristic.  

 

 
                                                 (a)                                              (b)                                            (c) 

 
                                                 (d)                                             (e)                                              (f)  

Figure 3.  Examples of pixels (a), (b), (c)  with an encasement and (d), (e), (f) without an encasement.  
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Figure 5.   An example of the problem of the connectiviy metric. (a) An 

Arabic letter with four components and (b) A skeleton for (a) with four 

components. 

 

 

         

Figure 4.   A flowchart of the proposed algorithm 

 

The proposed method utilizes a 3x3, 2D array of pixels 
which is obtained by thresholding the image. The descriptions 
of the rows and columns are equivalent to the pixel’s 
coordinates and are set to either value “1” (black) or “0” 
(white) depending on the character. Deletion of a pixel will 
change the value of the pixel from 1 to 0. 

Whenever any pixel is encased, the algorithm cleans up the 
defined pixel. The algorithm observes sequential and iterative 
principles in that whenever any pixel is removed, the entire 
algorithm restarts the iterative process, continuing until a state 
of consistency is achieved where no further pixel is deleted. 

A flowchart of the proposed method is provided in Fig. 4. 
Initially, the algorithm finds a black pixel. Then, the black 
pixel is deleted if it has an encasement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

III. EVALUATING THINNING ALGORITHMS FOR ARABIC 

SCRIPT 

In respect to performance evaluation of thinning 
algorithms, most of studies evaluate their proposed thinning 
algorithm in terms of computation execution time and 
compression ratio, such as [7], [25] and [26]. Furthermore, 
some researchers evaluate thinning algorithms by only 
illustrating the output images of the algorithms, regardless of 

application requirements, such as [27], [11], [5], [28]. 
However, from an OCR perspective, these metrics are not 
sufficient to provide us with insight into which algorithm 
performs better for OCR. 

The authors in [29] provide other general metrics for 
assessing thinning algorithms, such as the thinness metric, 
which assesses the level to which a pattern image is thinned, 
and the connectivity metric that measures the connectivity of 
the thinned pattern images.  

As mentioned before, Arabic script uses a cursive writing 
style and therefore, the connectivity measure is considered as a 
critical metric in order to evaluate the connectivity of the 
output skeleton of an Arabic text image. For instance, the study 
in [22] utilizes the connectivity measure to assess the 
performance of different thinning algorithms for Arabic. The 
idea of this metric is to consider the number of connected 
components in the original image and in the output image of 
the thinning algorithm. Namely, if the number of components 
is equal in both images, then this is a sign that the thinning 
algorithm is preserving text connectivity. However, some 
thinning algorithms may remove some dots of Arabic 
characters and they may spilt the body of a character into 
several parts. Consequently, an issue will arise when adopting 
the connectivity metric to evaluate the connectivity of thinned 
Arabic text. In particular, when thinning algorithms remove the 
characters dots or break the connectivity, then a performance 
metric which is relying on the number of connected 
components, will not be reliable. 

To illustrate this problem, Fig. 5 shows that the number of 
component of the original image (a) is four and the number of 
components in the thinned image (b) is also four. Thus, 
according to the connectivity metric, the algorithm will be 
assessed as preserving the text connectivity, where in fact it is 
not. This problem occurs owing to the removing of one dot of 
the letter and making a gap of the letter’s shape. Therefore, it is 
difficult to obtain statistical evaluation results of connectivity 
preservation by relying on this measurement. 

To overcome this problem, we propose new performance 
metrics for evaluating thinning algorithms for Arabic text in 
terms of connectivity and preservation of dots. Moreover, other 
further objective performance metrics for evaluating thinning 
algorithms will be discussed below. 

 

A. Connectivity preservation metric 

Typically,  an image for a pattern is constructed from a set 
of vertices (nodes) and edges (links) some of which might be 

(a) (b) 
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connected or disconnected [30]; see Fig. 6  for illustration. For 
thinning algorithms to preserve text connectivity, they must not 
divide a pattern in an image into incorrect pieces. A 
sophisticated thinning algorithm therefore must not delete 
edges of an image in order to maintain the connectivity 
characteristic of Arabic script.  

Basically, there are two possible cases that will affect 
preserving the connectivity when producing skeletons for 
Arabic script. The first case is deletion of edges. For example, 
considering Figure 7 (a), it is clear that the word in the original 
image has fourteen (14) vertices and seven (7) edges. In 
contrast, in the thinned image in Fig. 7 (b), there are fourteen 
(14) vertices and six (6) edges. The lower number of edges is 
because of the deletion of one edge. The second case is 
insertion of a gap which results in the further insertion of edges 
and vertices. This can be seen in the case shown in Fig. 8 
where the thinned image has sixteen (16) vertices and eight (8) 
edges, compared to the original image in Fig. 6 (a) which has 
fourteen (14) vertices and seven (7) edges.  

 

Graph Edit Distance (GED) is a distortion measure on 
graphs that determines the differences between two pattern 
images [31].  The differences between the two images are 
obtained with a number of edit operations that are required to 
convert one image into another image. The authors here will 
utilize the concept of GED to assess the effectiveness of a 

thinning algorithm in preserving the connectivity of Arabic 
text. 

The edit operations are: insertion of edges, insertion of 
vertices and deletion of edges. In order to measure GED, the 
minimum number of edit operations (edit distance) needed to 
convert the thinned image into the original image will be 
considered. Then, accuracy of thinning algorithms in 
preserving Arabic connectivity is determined by: 

 100


g

eg


where g is the number of edges and vertices in the original 
image, and e is the edit distance. The cost of each edit 
operation will be defined as 1. For example, if a thinning 
algorithm inserted a gap, it will result in adding two vertices 
and delete one edge. Thus,  the edit distance cost will be three, 
as three operations are required to transform the thinned image 
into the original – two deletions of vertices and one deletion of 
an edge, each having a cost of 1. 

B. Dot preservation metric 

In order for thinning algorithms to preserve dots of Arabic 
script, they must not remove isolated vertices which present the 
dots of Arabic text (see Fig. 9 for illustration). Thus, to 
statistically measure the effectiveness of thinning algorithms in 
preserving Arabic dots, the following equation is utilized: 

 100


v

ev


where v  is the number of isolated vertices in the original 

image, and e is the edit distance.  The cost for each edit 
operation will be defined to be 1.  

 

C. Topology preservation metric 

The topology preservation metric is the performance 
measurement utilized to assess the degree of thinning algorithm 
in preserving the visual information of the original image [12],  
[32], [33] [34] [35]. As reported by the researchers in [22], 
[18], producing spurious tails is considered a common problem 
of thinning algorithms for text images. Spurious tails can 
change the shape of a pattern, thereby affecting the accuracy of 
OCR output. Accordingly, it is essential to evaluate the 
effectiveness of thinning algorithms in terms of producing 
spurious tails. 

             
Figure 7.   One thinning example for text image in Fig. 6(a). (a) Its skeleton 

and (b) a graph for (a). 

 

                
Figure 9.   Example of dot perservation for thinning. (a) A skeleton and (b) a 

graph for (a). 

                      

             
Figure 6.   Using a graph to represent a text image: (a) a text image and (b) 

a graph for (a). 

          
Figure 8.   Another thinning example  for text in Fig. 6(a). (a) Its 

skeleton and (b) a graph for (a). 

 

(a) (b) 

(b) 
(a) 

(a) (b) (b) (a) 
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The accuracy of thinning algorithms in preserving topology 
is determined by [12] : 

         









c

o

2

1
1         

where o  is the number of object pixels in thinned image and 

c  is the number of counter pixels in the thinned image. Note 

that in order to state that a thinning algorithm maintains visual 
information of the original image, the algorithm needs to have 
a preserving topology value close to 1.  

D.  Thinning rate (unit pixel width) 

It is critical to evaluate the thinning algorithms in term of 
thinness of the skeleton, since one of the main principles of 
thinning algorithms is to ensure the peeling is as thin as 
possible. The thinness of the skeleton can be determined by 
computing the thinning rate as the following [23]: 

 
tr

tc
1 

where tc  and tr  refer to the number of triangles in the thinned 

image and in the original image, respectively.  A thinning rate 
of 1 indicates that the skeleton is thinned to one-pixel wide, 
whereas a 0 value indicates that the skeleton is not thinned. 

IV. EXPERIMENTAL RESULTS & DISCUSSION 

We have used performance metrics described in the 
previous section for evaluating the proposed thinning 
algorithm. For comparison purposes, we also produce results 
for two other commonly used thinning algorithms for Arabic 
script, namely the Zhan-Suen (Algorithm 1) [36] thinning 
algorithm and  the Hilditch algorithm (Algorithm 2) [37]. Note 
that all the three thinning algorithms were implemented in the 
Java programing language.  The performance evaluation will 
provide us with insight into which algorithm performs better 
for Arabic script. In particular, a good thinning algorithm for 
Arabic should have a high performance accuracy in preserving 
connectivity and dots along with a value of preserving topology 
and thinning rate both close to 1. 

Three datasets were used in this experiment. Specifically, 
the first dataset [38] is the printed Arabic word dataset, which 
consists of 50 word images, differing in fonts, sizes and styles. 
Also, two further sets of images were created for this 
evaluation experiment: images of Arabic characters and images 
of Arabic digits images. 

In this experiment, all images from the three datasets were 
sent to each thinning algorithm to obtain thinned images. Then, 
the output images of each thinning algorithm were utilized to 
compute the quantities of each performance metric, 
corresponding to the original images for the datasets. Note that 
the performance metrics are implemented using the Matlab 
programming language. Samples of the evaluation experiment 

from the three datasets are visually illustrated in Table I. Table 
II presents the experimental data on the visual samples shown 
in Table I.   

As discussed previously, connectivity preservation is one of 
the most essential features expected of thinning algorithms. 
From the data presented in Table I, it is apparent that the 
connectivity characteristic of Arabic script is almost 
maintained by the new algorithm. In particular, Algorithm 1 
and Algorithm 2 failed in preserving the connectivity of sample 
1 and sample 5, whereas the connectivity is preserved by the 
new algorithm in both samples. 

There were major differences in the preservation of the dots 
of Arabic script between the three thinning algorithms. 
However, the new algorithm preserves the dots of Arabic script 
on all samples images that contain dots, as illustrated in Table 
I.  

Furthermore, it is instructive to note that Algorithm 1 and 
Algorithm 2 were not able to preserve the loop shape of the 
sample 5 image, as shown in Table I and Table II, whereas it 
has been preserved by the new algorithm  

The average scores for each metric for the three thinning 
algorithms are presented in Table III.  The first column 
compares the three thinning algorithms in terms of the 
connectivity preservation which shows that the new algorithm 
obtained the highest accuracy (94.6%) of connectivity 
preservation among the other two algorithms.  

The second column of Table III compares the thinning 
algorithms in terms of preservation of the dots of Arabic. The 
results show that there are significant differences between the 
performance accuracy for dot preservation by Algorithm 1, 
Algorithm 2 and the new algorithm, 78.2%, 85.2% and 99.4% 
respectively. Thus, it can be stated that the new algorithm is the 
most effective at preserving the dots. 

The third column of Table III lists the values for topology 
preservation. As mentioned previously, a value of topology 
preservation close to 1 indicates that the algorithm is successful 
in preserving the shape of the original images. The results in 
the third column of Table III show that the value of topology 
preservation is significantly better for the new algorithm 
(0.9599), compared to Algorithm 1 (0.9398) and Algorithm 2 
(0.9411).  

The results of the thinning rate analysis are presented in the 
fourth column in Table III. From this column, it clear that the 
thinning rate value achieved by the new algorithm (0.9887) is 
superior to the other two algorithms. This indicates that the 
skeletons produced by the new algorithm is thinner than 
skeletons produced by Algorithms 1 and 2. 
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TABLE I.  VISUAL SAMPLES USED IN THE EVALUATION. 

Sample No. Original image Algorithm 1 Algorithm 2 Proposed method  

Sample 1 

    

Sample 2 

    

Sample 3 

    

Sample 4 
    

Sample 5 

    

Sample 6 

     

Sample 7 

    
 

 

TABLE II.  COMPARING THE THREE THINNING ALGORITHMS ON THE SAMPLES. 

Image 
Connectivity Preservation Dots Preservation Topology Preservation Thinning rate 

Algo1 Algo2 
Proposed 

Algorithm 
Algo1 Algo2 

Proposed 

Algorithm 
Algo1 Algo2 

Proposed 

Algorithm 
Algo1 Algo2 

Proposed 

Algorithm 

Sample 1 0.99  % 0.99  % 100 % 90 % 90 % 100 % 0.9955 0.9288 0.9511 0.9473 0.9259 0.9766 

Sample 2 100 % 95.8 % 100 % 100 % 100 % 100 % 0.9751 0.9729 0.9875 0.8711 0.8813 0.9796 

Sample 3 94.1 % 94.1 % 100 % 100 % 100 % 100 % 0.9630 0.9983 0.9244 0.9695 0.9390 1 

Sample 4 100 % 100 % 100 % 0 % 100 % 100 % 0.9247 0.9513 0.9513 0.9716 0.8865 0.9929 

Sample 5 83.3 % 83.3 % 100 % N/A NIA N/A 0.8614 0.8614 0.9045 1 0.9752 0.9886 

Sample 6 50 % 50 % 83.3 % 0 % 33.3 % 100 % 0.9695 0.9434 0.9782 0.9389 0.9061 0.9859 

Sample 7 80 % 80 % 100 % N/A N/A N/A 0.9426 0.9590 0.9918 1 0.9606 0.9859 
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In summary, the evaluation experiment results show that 
the new algorithm is more effective at dealing with the 
challenges of thinning for Arabic script, namely, connectivity 
and dots preservation. Moreover, the experimental analysis 
indicates that the skeletons of Arabic text produced by the new 
algorithm are better than those produced by the two other 
algorithms in terms of topology preservation and thinning rate. 
Also, the evaluation experiment of thinning algorithms by 
utilizing the proposed performance metrics provides a more in-
depth analysis of which algorithm will perform better for 
Arabic OCR systems.        

V. CONCLUSION AND FUTURE WORKS 

An efficient thinning algorithm for Arabic script is 
described. Furthermore, the authors describe several objective 
performance metrics for assessing statistically the effectiveness 
of thinning algorithms including two new metrics for assessing 
topology preservation and dots preservation. By utilizing these 
metrics, a more robust evaluation of the effectiveness of 
different thinning algorithms can be carried out. Consequently, 
these metric will simplify the choice of thinning algorithms for 
Arabic OCR developers.   

An evaluation experiment is conducted to evaluate the 
performance of the new proposed algorithm against other two 
well established thinning algorithms. In all performance tests, 
the new algorithm obtains the best results.   

For future work, it will be interesting to measure the impact 
of the new thinning algorithm on the performance accuracy of 
Arabic OCR systems. 
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