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Summary:  

 

In this thesis, we present a novel segmentation free Arabic handwriting recognition 

systems based on hidden Markov model (HMM). Three main contributions are 

introduced: online Arabic handwriting recognition system, offline Arabic handwriting 

recognition system and combining the both offline and online systems.  Experimental 

results and Comparisons with state of the art techniques shows that our proposed 

techniques are robust, effective and competitive.  
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Abstract 
 

 

In this thesis, we present a novel segmentation free Arabic handwriting recognition 

systems based on hidden Markov model (HMM). Three main contributions are 

introduced: online Arabic handwriting recognition system, offline Arabic handwriting 

recognition system and combining the both offline and online systems. 

 

For offline handwriting system, we introduce a new technique for dividing the 

image into non-uniform horizontal segments to extract the features and a new technique 

for solving the problems of the skewing of characters by fusing multiple HMMs.  The 

proposed system first pre-processes the input image by setting the thickness of the input 

word to three pixels and fixing the spacing between the different parts of the word. The 

input image is divided into constant number of non-uniform horizontal segments 

depending on the distribution of the foreground pixels. A set of robust features 

representing the gradient of the foreground pixels is extracted using sliding windows. 

The input image is decomposed into several images representing the vertical, 

horizontal, left diagonal and right diagonal edges in the image. A set of robust features 

representing the densities of the foreground pixels in the various edge images is 

extracted using sliding windows. The proposed system builds character HMM  models 

and learns word HMM models using embedded training. Besides the vertical sliding 

window, two slanted sliding windows are used to extract the features. Three different 

HMMs are used: one for the vertical sliding window and two for the slanted windows. 

A fusion scheme is used to combine the three HMMs. The proposed system is very 

promising and competes with the other Arabic handwriting recognition systems 

reported in the literature. 

 

For online handwriting recognition system, delayed strokes are removed from the 

online Arabic word to avoid the difficulty and the confusion caused by the delayed 

strokes in the recognition process. Dictionaries for all the words in the database have 

been constructed with and without the delayed strokes. Word matching in both 

dictionaries along with effective online features and careful choice of the HMM 

parameters have significantly improved the recognition rate of the proposed system. 

 

For the combined system, the integration between online and offline approaches 

has proven to give a better performance. With the combination we could increase the 

system performance over the best individual recognizer. 

 



 

1 
 

Chapter 1 : Introduction 

Arabic is a very rich language which can be recognized as one of the most important 

and difficult languages in the world. Arabic has influenced many different languages 

around the world and civilizations throughout its history. Some of these influenced 

languages are Urdu, Somali, Hindi and Bosnian. During the Middle Ages, Arabic was a 

vehicle of culture in the world, especially Europe. As a result, many European 

languages have also borrowed many words from it.  

 

The modern written language (Modern Standard Arabic - MSA) has been derived from 

the language of the Quran (Classical Arabic) which widely taught in universities and 

schools.  

 

Arabic has some features which is differ from any another language such as: cursive 

nature which means that the letters are joined together along a line, dots and other small 

marks that can change the meaning of a word, written right to left and the shapes of the 

letters differ depending on position in the word (start, middle, end, isolated), as shown 

in Table 1.1. 

Table 1.1 The Arabic Alphabet 
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Handwriting recognition can be divided into two categories:  online handwriting 

recognition and offline handwriting recognition. 

 

For offline recognition, the writing is usually captured optically by a scanner or a 

digital camera. Offline handwriting recognition involves the automatic conversion of 

text in an image into letter codes which are usable within text-processing applications 

and computer. 

 

For online recognition, a digitizer samples the handwriting to time-sequenced points 

representing the pin-tip position as it is being written on a digital instrument. Hence, the 

online handwriting signal contains additional time information which is not presented 

in the offline signal.  

The elements of an online handwriting recognition interface typically include: 

 A stylus or pen for the user to write with. 

 A touch sensitive surface, which may be integrated with an output display. 

 Software applications which detect the movements of the pen across the writing 

surface and translating the resulting strokes into digital text. 

 

Due to the advantages of hidden Markov models (HMM), many researchers have used 

them for Arabic handwriting recognition [1–7]. Since these are stochastic models, they 

can cope with noise and variations in the handwriting, and also the observation 

sequence that corresponds to features of an input word can be of variable length, and 

most importantly, word HMMs can solve the problem of segmentation implicitly. 

 

This thesis describes some algorithms used for Arabic online and offline handwriting 

recognition. Different pre-processing techniques have been introduced to solve well-

known problems in Arabic. Different features extraction techniques have been 

introduced to cope with HMM classifier for both online and offline handwriting 

systems. Fusion between online and offline systems for online handwriting recognition 

has been introduced in this thesis to prove that different information are very useful to 

enhance any online system.  

 

Outline of the thesis 

 
The thesis is structured in six chapters, as follows: 

 

Chapter 1: This Introduction chapter which provided a brief description of the whole 

work. 

Chapter 2: Related works to online and offline handwriting recognition are proposed. 

Chapter 3: Summary of Hidden Markov Model theory and its applications. 

Chapter 4: Online Arabic handwriting recognition system is proposed. 

Chapter 5: Offline Arabic handwriting recognition system is proposed. 

Chapter 6: Combination of offline and online Arabic handwriting recognition systems 

is proposed. 

Chapter 7: Experiments and results are described in details in this chapter. 

 


