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Abstract—Optical character recognition of cursive scripts 

presents a number of challenging problems in both segmentation and 
recognition processes in different languages, including Persian. In 
order to overcome these problems, we use a newly developed Persian 
word segmentation method and a recognition-based segmentation 
technique to overcome its segmentation problems. This method is 
robust as well as flexible. It also increases the system’s tolerances to 
font variations. The implementation results of this method on a 
comprehensive database show a high degree of accuracy which meets 
the requirements for commercial use. Extended with a suitable pre 
and post-processing, the method offers a simple and fast framework 
to develop a full OCR system. 
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I. INTRODUCTION 
HARACTER Recognition or Optical Character 
Recognition (OCR), is the process of converting scanned 

images of machine printed or handwritten text (numerals, 
letters, and symbols), into a computer format text (such as 
ASCII). OCR has been extensively used as the basic 
application of different learning methods in machine learning 
literature [1], [2]. This is the technology long used by libraries 
and government agencies around the world to make lengthy 
documents quickly available electronically. 

A character recognition system can be either “online” or 
“offline.”  On-line is performed concurrently with the writing 
process. This is usually done through pen-based interfaces 
where the writer writes with a special pen on an electronic 
tablet. The online system does not require thinning and/or 
skeletonization process, as the pen itself is one pixel thick.  

Off-line recognition, on the other hand, is performed after 
the writing has been performed. The basic unit is a bitmap, 
and, therefore, thinning and skeletonization processes are 
extensively required during the preprocessing stage.  

In both online and offline OCR systems, there are three 
main approaches for automatic understanding of cursive 
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scripts including Persian scripts, namely holistic, 
segmentation-based, and recognition-based methods [3]. 

 In the first approach, each word is treated as a whole and 
the recognition system does not consider it as a combination 
of separable characters. Very similar to the speech recognition 
systems, in almost all significant results obtained from holistic 
methods, Hidden Markov Models have been used as the 
recognition engine [4], [5]. The second approach, which has 
done extensively by researchers in OCR systems of such 
scripts, segments each word which contains characters as the 
building blocks, and then it try to recognize each character as 
the next step in the process.  

In comparison, the first approach usually outperforms the 
second, but it still needs a more detailed model of the 
language, which its complexity grows as the vocabulary set 
gets larger. In addition, in this method, the number of 
recognition classes is far more than classes in segmentation-
based methods.  

Recently, there has been a new third approach which tends 
to hybrid both methods, called segmentation-by-recognition 
methods. The approach is related to some early ideas of the 
OCR of the isolated Roman characters. This approach 
incorporates the segmentation and recognition systems to 
obtain overall automatic understanding process of the scripts.  

One of the most difficult problems in Persian optical 
character recognition process is the handle of the Persian 
texts’ cursiveness. Thus while the segmentation approach is 
relatively simple in printed Roman texts, it is still an open 
question in Persian. However, the most reported segmentation 
methods OCR in Persian OCR systems to date include this 
approach. We believe this is the main source of recognition 
errors.  

In this paper, the third approach namely, the segmentation-
by-recognition method is considered for Persian OCR systems 
in order to reduce this error.  

II. THE CHARACTERISTIC OF PERSIAN SCRIPT 
In this section, we will briefly describe some of the main 

characteristics of Persian script to point out the main 
difficulties which an OCR system should overcome. 

As one of the main properties, the script consists of 
separated words which are aligned by a horizontal virtual line 
called "baseline". Words are separated by long spaces and 
each word consists of one or more isolated segments each of 
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them are called sub-word. On the contrary sub-words are 
separated by short spaces and each sub-word includes one or 
more characters. If one sub-word has more than one character, 
each of them will be connected to its neighbors along the 
baseline. 

As each Persian character has two to four different forms, 
this extends the classes to be recognized from 32 to 120. Fig. 
1 shows the character set of Persian script which clearly 
illustrates that the appearance of Persian character varies 
according to its position in a word or sub-word [6], [7].  

Both typed and hand-written Persian scripts are cursive and 
are read from right to left. Due to the cursive nature of the 
script, we can either recognize a word at a time or segment a 
word into characters and then recognize the characters.  

The first case seems to be impossible and not feasible due 
to the numerous numbers of words in a language. However, if 
the second case is used, research has been practically proved 
that the segmentation of a cursive word is a very difficult 
problem. However the segmentation is a crucial step in 
Persian OCR systems [8].  

We have also noticed that some Persian words may be 
horizontally overlapped with others in a document. An 
example is given in Fig. 2. This feature causes the traditional 
segmentation method using projection profile not applicable 
in this situation and it brings out the word segmentation 
problem.  

Some other characteristics of Persian script are summarized 
below. 

 
Fig. 1 The Persian Alphabet 

 

Most characters (20 out of 32) have a dot, two dots, or 
zigzags associated with the character and they are located 
either above, below, or inside the character.  

Most characters share similar shape with others. The 
position or number of dots in the character makes the only 
difference.  

 
Fig. 2 An example of overlapped Persian words 

 
Some characters can only appear at the beginning or at the 

end of a word or sub-word.  
A Persian word could have one or more sub-words. This is 

due to the fact that some characters are not connectable from 
the left side with the succeeding character. 

III. THE OUTLINE OF THE APPROACH 
The implemented Persian OCR system involves five image 

processing techniques which are the image acquisition, the 
preprocessing, the segmentation, the feature extraction and the 
classification. However, as a recognition-based character 
segmentation technique is used, a feedback loop is linked 
between the output of the classification stage and the input of 
the character fragments combination stage.  

The block diagram of the recognition-based Persian OCR 
system is shown in Fig. 3. 

 
Fig. 3 The recognition-based Persian OCR system 

 
Image acquisition and preprocessing are the two relatively 

simple stages. Image acquisition is at the image representation 
level of pattern recognition (PR). It is the process of acquiring 
a digitized representation of a document or an article to be 
recognized.  

Preprocessing of the image is done to prepare it for other 
stage. It increases the accuracy of the recognizing algorithm 
by enhancing some of the features and eliminating some of the 
inconsistencies. Preprocessing is at the image-to-image 
transformation level. It is the process of compensating a poor-
quality original and/or poor-quality scanning [9], [10].  

The image is then ready for segmentation. The projection 
profile method is employed to extract lines from the 
document. As mentioned earlier in Section 2, Persian words 
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may horizontally overlap with others, therefore a word 
segmentation method is developed to solve this problem. The 
algorithm is described in [11]. 

Since the word segmentation method can accurately 
separate horizontally overlapping Persian words/sub-words 
efficiently, it is a real-time process. It is hard to develop 
dissection rules for a cursive script. Therefore, we fragmented 
Persian words using their structural properties and 
connectivity points. We then recognized characters by 
combining fragments.  

This technique bypasses the segmentation step so that we 
do not have to worry about determining the actual character 
segmentation points.  

IV. SEGMENTATION 
Segmentation is a crucial step of OCR systems as it extracts 

meaningful regions for analysis. A poor segmentation process 
produces mis-recognition or rejection. It is especially 
important for Persian OCR systems due to the cursive nature 
of Persian script and the fact that some Persian words overlap 
vertically. Page layout analysis and character separation are 
used to segment sub-words from the preprocessed image. 

In the page layout analysis process, a horizontal projection 
profile of the document image is plotted. The segmentation 
between lines of text is determined by scanning through the 
profile from the first row. If the difference of the number of 
black pixels between two rows is larger than a predefined 
threshold, a new line of text is indicated (depicted in Fig. 4). 
The next large variation in the number of black pixels between 
another two rows indicates the bottom of the line.  

 

 
Fig. 4 Using horizontal histogram to separate lines 

 
Sub-words are segmented from a line segmented image in a 

similar method, except that a vertical projection profile is 
plotted instead [12]. An example is given in Fig. 5. 

 

 
Fig. 5 Using vertical histogram to separate sub-words 

V. CHARACTER FRAGMENTATION 
The purpose of this step is to produce a sequence of 

tentative character segmentation lines. Although these lines do 
not necessarily segment characters from a word correctly, the 
location and the number of them would directly affect the 
accuracy and speed of the OCR system [11]. 

It is important to note that this step only produces a 

sequence of fragments, while the segmentation of characters is 
confirmed at the classification stage.  

In this Character fragmentation method, we search for the 
preliminary segmentation paths. 

The algorithm for searching the preliminary segmentation 
path of Persian words:  
1) Average fragment size for the current address is 

calculated, by scanning for segregated characters and 
noting their width and height. 

2) If a column exists, check its pixel density. Else go to Step 
10. 

3) If the pixel density is zero, then segmentation point 
found. Bypass ensuing columns with pixel density zero, 
until the beginning of the next fragment encountered. Go 
to Step 2.  

4) If previous or next column’s pixel density is greater than 
current column, go to Step 5. Else return to Step 2. 

5) Calculate how many columns have been passed since last 
segmentation point. 

6) If the number of columns is smaller than the average size 
of the fragment, go to Step 2. 

7) If any ensuing columns have a pixel density of zero, go to 
Step 2. 

8) Check if average pixel density of previous and ensuing 
columns is greater than that of the proposed point. 

9) If Step 8 is true, then segmentation point found. Repeat 
by going to Step 2. 

10) End of algorithm. 
An example is given in Fig. 6. 
 

 
Fig. 6 Character segmentation lines 

VI. FEATURE EXTRACTION 
After an image has been segmented into regions, it is ready 

to enter the next level that is, the feature extraction stage.  
The end result of the image acquisition, preprocessing, 

segmentation and character fragmentation is a matrix of 
numbers that represents a character fragment in some way. In 
the general case, however, the matching of these numbers to a 
template may be too time consuming and not flexible enough. 
Therefore, feature extraction is needed. Structural features of 
each character fragment are extracted in this method. 

VII. CLASSIFICATION 
The classification process is carried out at the final stage to 

recognize the character. It assigns an input character to one of 
many pre-specified classes which are based on the extracted 
features and their analysis. 

For the classification process, ANN (Artificial Neural 
Network) was used in the proposed method. It had utilized to 
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search for the identity of a character [13].  
To recognize characters, sub-words are first fragmented 

into a sequence of character fragments by the method 
described in Section 5.  

In this method, each fragment is numbered from right to 
left. During the recognition process, the first fragment is fed 
into the feature extraction stage to determine the concentrated 
codes.  

These codes are then input to the ANN to find the best 
match. In order to minimize the confusion of character 
fragments with characters and to save search time, there are 
four databases. According to the position of a fragment(s) in a 
word, the corresponding database is used to search for the best 
match. For example, if a tentative character is formed by the 
combination of the first and second fragment, the database for 
the beginning form characters is used. If this tentative 
character could not be recognized, a signal is fed back to the 
character combination process to combine the first three 
character fragments (refer to Fig. 7).  
 

 
 
Fig. 7 Right-to-left feedback loops for recognition of the Persian 

character 
 
The above processes are repeated until a character is 

recognized. If a character is recognized after the combination 
of the first n fragments, then the feedback loop will start again 
at the (n+1) th fragment. The above feedback loop occurs 
twice for each word. The first is with the fragment 
combination directed from right to left of the word. If not all 
characters in that word are recognized, the second feedback 
loop proceeds. This time, the fragment combination is directed 
from left to right of the word (refer to Fig. 8). The results from 
these two feedback loops are combined to form the final 
recognition results. 

 
 

 
Fig. 8 Left-to-right feedback loops for recognition of the Persian 

character 
 
Refer to the Persian character set shown in Fig. 1, we can 

see that some characters look similar to a part of some other 
characters, e.g., the middle form of Be, Pe, Te, and The, look 

similar to a fragment of the middle form of Sin, Nun and Shin. 
As there is no exact character segmentation point provided, 
confusion between these characters may occur and lead to 
mis-recognition.  

Since we have to understand that recognized or non-
recognized is the guideline for combining character fragments, 
any mis-recognition in the middle of the words will affect the 
lot. That is the reason why the second directed feedback loop 
was used. It is used to compensate for some errors occurring 
due to mis-recognition in the first trial. 

VIII. CONCLUSION 
Segmentation introduces the most serious problem in the 

development of cursive script OCR system including Persian 
language scripts. In order to overcome this problem, we use a 
newly developed word segmentation method and a 
recognition-based segmentation technique. That is, we 
fragmented Persian words using their structural properties and 
connectivity points. We then recognize characters by 
combining fragments. This technique bypasses the 
segmentation step so that we do not have to be worried about 
determining the actual character segmentation points. The 
method is simple to implement and does not require lengthy 
numerical computations. 

The drawback of this method is in the classification stage. 
Even though we have performed right-to-left and left-to-right 
feedback recognition, whenever there is a character in a word 
that could not be recognized, the rest of the characters in the 
word are not recognized properly as well. It seems, by 
offering a better classification method, this problem could be 
solved.  

Comparing the recognition accuracy of our method with 
others shows that the recognition accuracy has increased, 
significantly. In addition, this recognition-based model seems 
to be more suitable to other cursive scripts including 
handwritten Latin.  
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