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ABSTRACT 

 

Nowadays, a large quantity of handwritten Arabic documents are waiting for their 

computerization since they are very rich and useful for several purposes. The manual 

computerization of such documents is very expensive in time and cost. 

Several researcher in Arabic optical character recognition attempted to developed 

approaches and techniques for the automatic computerization of such documents, 

unfortunately and despite the diversity of these approaches and techniques the problem 

remind unsolved yet. Because of the difficulty of the morphological structure of the 

Arabic written. 

In this thesis, we study and compare in depth some promising approaches and 

techniques in order to select some complementarity techniques or approaches to exploit 

the complementarity of these approaches, we present a hybrid K-NN/SVM for Arabic 

character recognition and build them as web services for improving the recognition rate 

through their cooperation. In addition, our approach offers a number of benefits: in the 

first hand, the hybrid KNN-SVM classifiers showed an improvement in terms of 

recognition rate. In the second hand, building these system in the form of web services 

helped us to benefit from the cooperation methods that have been selected, also makes 

our system available for use by other applications on the web. 
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 المستخلص

 

   

أٌُرٞتح تاُفٛ ا٤ُك١ٝ ٝاُر٢ ذٔصَ شهٝج ه٤ٓٞح ٖٓ اُٞاظة  ٣ٞظك تاُؼك٣ك ٖٓ أٌُرثاخ اُؼهت٤ح ًْ ٛائَ ٖٓ اُٞشائن

اٌرـلاُٜا ُٔا ذؽر٣ٞٚ ٖٓ ٓؼِٞٓاخ ٜٓٔح . ٝذؼرثه ؼٌٞثح ٛمٙ اُٞشائن ٖٓ اُفطٞاخ اُٜآح ُلاٌرلاقج ٜٓ٘ا ، إل ٣ٕثػ 

 تالإٌٓإ ٓؼاُعرٜا تّر٠ اٌُٞائَ أُراؼح لاٌرفهاض ٓا ك٤ٜا ٖٓ ٓؼِٞٓاخ ٓل٤كج . 

مٙ اُٞشائن ٌِٓلح ظكا ٝهرا ٝٓاقج ، ُمُي اٌٗة تؼٗ اُثاؼص٤ٖ  ُكناٌح  إٌٓا٤ٗح اُؽٌٞثح اُؽٌٞثح ا٤ُك٣ٝح ُٜ

أظٜهخ اُ٘رائط ٘ؼلا ٝا٘ؽا ٌَُ ٛمٙ  . ؼ٤ساٌُراتاخ الأـهٟ ـأح اُلاذ٤٘٤ح الأٝذٞٓاذ٤ٌ٤ح ُٜمٙ اٌُراتح ِأٜٗا ِإٔ

.خ نؿْ ذؼكقٛا ٝاـرلاف ذؼو٤كٛااُرو٤٘ا  

اُطهم أٍُرفكٓح ك٢ ػ٤ِٔح اُرؼهف ػ٠ِ اُؽهٝف اُؼهت٤ح ٝٓوانٗرٜا، مٙ الأٚهٝؼح، ذٔد قناٌح تؼٗ ك٢ ٛ

ُٔؽاُٝح ذط٣ٞه أقائٜا تاٌرفكاّ ذؼإٝ تؼٗ ٛمٙ اُرو٤٘اخ أٌُِٔح ُثؼٜٙا ٝت٘اءٛا ػ٠ِ ٌَِ ـكٓاخ ٣ٝة ُر٤ٍ٤ه 

 ٝظائلٜا ٝاٌرؼٔاُٜا.

ٖ ذؼإٝ ٛاذ٤ٖ اُطه٣ور٤ٖ ٝت٘اءٛٔا ػ٠ِ ٌَِ ـكٓاخ ٣ٝة ُلاٌرلاقج ٓ (K-NN( ٝ )SVMذْ اـر٤ان اُطه٣ور٤ٖ )

 اُرؼهف( ذؽٍ٘ا ك٢ ٓؼكٍ K-NN/SVMُِؽهٝف اُؼهت٤ح، ٝأظٜه اُ٘ظاّ اُٜع٤ٖ ) اُرؼهفك٢ ذؽ٤ٍٖ ٓؼكٍ 

ػ٠ِ ِثٌح  ـأحًٝمُي ٌاػكذ٘ا ـكٓاخ ٣ٝة ك٢ ظؼَ اُرطث٤ن ٓراغ ُلاٌرفكاّ ٖٓ ـلاٍ ذطث٤واخ اـهٟ 

 الإٗرهٗد.
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Chapter 1 

 

Introduction 

 

1.1 Overview  

 

This chapter provides an introduction to this research. It provides an overview 

about the problem statement and a general background about Arabic optical 

recognition objectives and  motivation of this research and research methodology. 

A brief description of the research organization is provided towards the end of this 

chapter.  

 

1.2 Problem statement  

Human writing can be hard to understand or to recognize by a mechanical and 

automated system. In order to simplify the process, it is needed for the specific 

software to work using a worldwide web service database, where every character is 

associated to a typed character, no matter the handwriting style of the user. Off-line 

recognition of handwriting can be a very difficult task, since people have different 

styles of writing using their hands rather than typing the text using a physical 

keyboard. 
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The objective of this thesis is to improve the recognition rate of the Off-line 

Handwritten Arabic Optical Character Recognition .  

 

1.3 Background  

Optical Character Recognition  

Optical character recognition (OCR) is a computer software designed to translate 

images of typewritten or handwritten text into machine-editable text encoded in a 

standard encoding scheme [1].  

In this work we will attempt to improve the recognition rate of the Off-line 

handwritten through the adaptation, the improvement and maybe the cooperation of 

some strong complementary approaches and techniques. such a cooperation can be 

achieved easily through web services which present several advantages especially 

the possibility of combining (composing) such approaches and techniques. 

Web Services  

A web service is a software that is available over the internet and uses a 

standardized XML messaging system. All communications to a web service are 

encoded by XML, for example, a client request a web service by sending an XML 

message, then waits for a corresponding XML response[2]. 

Web Services Composition  

Provides an open, standards-based approach for connecting web services together 

to create higher-level business processes [3]. 
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1.4 Thesis Motivation  

Arabic text recognition is very important subject for both Arabs and non-Arabs. 

Arabs need these tools for transforming all printed and handwritten  materials into 

electronic media, while non-Arabs look at it as intermediate step towards fully 

transliterating Arabic text particularly old Arabic manuscripts.    

There is a very rich collection of Arabic manuscripts around the world. Scholars 

need such text in machine readable from Arabic sources.   

 

1.5 Thesis Objectives  

A long-term goal is automatic transliteration of Arabic handwritten script. The aim 

of this thesis is to improve the performance of some approaches of Arabic 

handwritten OCR by implementing them as web services which can cooperate 

together. There are also some underlying goals which harmonies with the main 

objective :   

 Studying the existing approaches related to offline Arabic  

             handwriting OCR. 

 Comparing and selecting some strong complementary   

       approaches. 

 Trying to adapt and improve them after that implementing them  

      as web services which can cooperate together. 

 Evaluating and adjusting the generated web services. 

 Writing up the report. 
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1.6 Thesis Methodology  

The methodology will be as follows: 

 First, we have started in planning and collecting enough 

knowledge about the area of this research and have understood 

how Arabic handwritten OCR methods work. Then we have 

studied the advantages and the disadvantages of these methods, 

and tried to understand the problems which are not yet solved. 

Finally we have selected some strong approaches and especially 

complementary ones. 

 Second, is the design stage which is the most critical task, we 

have designed the  new OAHOCR ( off-line Arabic Handwritten 

Optical Character Recognition ) approach, that is based on the 

cooperation of the complementary approaches. 

 Third, the implementation part: we have implemented all the 

tasks that have been clarified in the design stage. 

 Fourth, results comparison and evaluation process have been 

done and reported. 

 Finally, we have written  the thesis report. 

1.7 Thesis Organization  

Thesis structure is organized as follows : 

Chapter One : “Introduction” presents a brief overview of this study and 

includes the research background, research problem, research objectives, research 

methodology, and a basic organization of the thesis. 
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Chapter Two : “literature review”  presents related works of this research and 

literature review of Arabic handwritten OCR, web service and web services 

composition.  

Chapter Three : “OFF-LINE ARABIC HANDWRITTEN OCR BASED ON 

WEB SERVICES ( OAHOCRWS )”  presents the architecture and design of off-

line Arabic handwritten OCR based on web services (OAHOCRWS).  

Chapter Four : “IMPLEMENTATION AND PERFORMANCE EVALUTION 

OF (OAHOCRWS )”  discusses  the implementation details and performance 

evaluation of (OAHOCRWS).  

Chapter Five : “CONCLUSION AND FUTURE WORK”  concludes this 

research ideas and points out the limitations, advantages and the future works that 

can be done to extend the scope of this research. 

 

 

 

 

 

 

 

 

 

 

 

Chapter1 : Introduction 

Chapter2 : literature review 

Chapter3 : OAHOCRWS 

Chapter4 : IMPLEMENTATION AND 

PERFORMANCE EVALUTION OF 

(OAHOCRWS ) 

Chapter5 : CONCLUSION AND FUTURE 

WORK 

Figure 1.1 : Thesis Organization 
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Chapter 2 

 

Literature Review  

 

 

2.1  Overview  

In this chapter we try to give a state of the art related to Arabic handwritten OCR, 

web service and web services composition. 

2.2  Handwritten Optical Character Recognition 

2.2.1  Definition of  Handwritten OCR 

There are many specialized conferences in this field of research such as, the 

International Conference of Frontiers in Handwriting Recognition(ICFHR) and 

the International Conference on Document Analysis and Recognition (ICDAR).  

Handwriting recognition software insists on making sure that all written 

characters will have a corresponding from the language database that is being 

used by the system. Among the easiest languages to recognize comes the English 

language, compared to Arabic handwriting. The International Arab Journal of 

Information Technology underlines the fact that ―in contrast to Latin script, the 

recognition of Arabic characters is relatively more difficult due to its inherent 

characteristics. The crucial step in recognizing Arabic characters is the 
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segmentation of word into separate characters. The variable size of Arabic 

characters is one of the reasons that make the segmentation and recognition hard. 

Baseline detection is also a problem that makes the segmentation step difficult in 

machine printed as well as handwritten Arabic text [4].  

As the Universal Journal of Computer Science and Engineering Technology 

underlines it, ―Optical Character Recognition (OCR) is the mechanical or 

electronic translation of scanned images of handwritten, typewritten or printed 

text into machine-encoded text‖. It is widely used to convert books and 

documents into electronic files, to computerize a record-keeping system in an 

office, or to publish the text on a website.  

2.2.2 Types of OCR  

Character recognition software uses two different methods to input the 

handwriting text that will be recognized: on-line and off-line as illustrated in 

Figure (2.1). 

 

Figure 2.1 : Difference between off-line and on-line[5]   
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On one hand, the on-line systems recognize the text by the use of temporal 

dynamics of the information written, recognizing either one single character at a 

time or the entire word once the text is fully written. The information that is 

input in the system contains the duration, number and order of each stroke, 

mostly using a touchscreen device like a tablet or a smartphone. This specific 

type of input is also very common at banks or local businesses, in order to avoid 

having the signature on paper, which can be copied easily by anyone who 

reaches this information[6,7]. 

On the other hand, off-line softwares work with scanned images or photographs, 

from pages that will be converted to a binary  image. These systems do not have 

access to the same information like the on-line softwares do, therefore off-line 

handwriting recognition is sometimes more challenging than on-line systems[8]. 

2.2.3  General stages of  character recognition system  

The process of optical character recognition of any script can be broadly broken 

down into five stages: Pre-processing, segmentation, feature extraction, 

classification and post-processing[9] as illustrated in Figure(2.2).   

 

 
Figure 2.2 : Stages of character recognition system[9]. 
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   Pre-processing : 

Pre-processing, to begin with, endeavors to produce data that user 

friendly to the OCR systems thereby making it easier for the system to 

accurately and smoothly operate. Pre-processing operates on the 

following k mandates to ensure efficiency; noise reduction, skew 

correction, binarization and strike width normalization. 

 Segmentation : 

The goal of segmentation step is to partition word image into 

components. Each component containing an isolated complete character. 

In Arabic handwritten word is extremely difficult to segment for several 

reasons, the most important of these reasons is the connected nature of 

Arabic words. Another reason is that  sometimes one letter appears 

above or below the previous letter [1]. Sometimes the document contains 

both text and  graphics, in this case segmentation occurs  on two levels. 

On the first level, text and graphics are first separated. Then the text is 

separated into its components down to individual characters.     

 Feature Extraction : 

Feature extraction aims at representing each character by an invariant   

feature vector, an entity that eases and aims at maximizing recognition 

rate with least data quantity. This stage is based on three subcategories 

which include structural, statistical and global conversion and moments. 
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 Classification : 

The classification is the main decision making stage in OCR system. The 

feature of the image are extracted and given as input to the classifier. 

classifier compare the input feature with stored pattern and find out the 

matching class for input. 

 

In general there are two basic strategies for recognizing words: Holistic 

strategies or Analytic strategies.  

1-Holistic strategy recognizes the whole words or  sub words without 

requiring segmentation, but most of proposals work on limited 

vocabularies.  

 2-Analytic Strategy recognizes the segmented features, so it requires 

segmentation, and can be applied on unlimited vocabularies. 

Table (2.1) classifies text recognition methods according to 

segmentation use or not. 

 

Table 2.1 : Holistic and Analytic Approaches 

Holistic strategy Analytic Strategy 

Amrouch et al.(2011),(decision tree) [10] Jafaar alabodi and Xue Li, (2013)[11] 

Jawad et al.(2011),(HMM)[12] Alaei et al.(2010),(SVM) [13] 

N. AZIZI et al. (2010),(HMM) [14] Kumar et al.(2010),(SVM)[15] 

Farah 2004,( ANN, KNN & Fuzzy KNN) [16] Laslo Dinges et al.(2011),(K-NN) [17] 
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 Post-processing : 

Lastly, the post-processing phase which is apparently the last phase in 

the series, it operates on such mandates as to improve recognition rate 

through refinery of decisions.  

 

2.2.4   Difficulties from Characteristics of the Arabic Writing  System  

         

         As mentioned in[26] , the main characteristics of Arabic writing can be      

            summarized as follows:  

 Arabic text (machine printed or handwritten) is written cursively and in 

general from right to left. Arabic letters are normally connected to the 

baseline. 

 Arabic writing uses letters (which consist of 28 basic letters), ten Hindi    

numerals, punctuation marks, spaces, and special symbols.  

 Arabic letters have up to four different shapes, depending on its position 

in the word, this increases the number of classes from 28 to 100 (Table 

2.2). For example the letter (ع) has four different shapes, at the 

Farah 2005,(MLP)[18] Farah,(2012),( Multi-NN)[19] 

Ahmed and Suen,(2014),(novel)[20] Moncef Charfi et al.(2012)[21] 

Pechwitz 2003,(HMM)[22] Zaiz Faouzi et al.(2010),(SVM) [23] 

Abdelwadood Mesleh et al.(2012)[24] Haidar Almohri et al.(2008),( Fuzzy 

ART Neural Network)[25] 
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beginning of the word, the middle, and the end of the word and one in   

isolation as a standalone word as illustrated in Figure(2.3). 

 

                Figure 2.3 : Different shapes of the Arabic letter (ع) in: 

(a) beginning, (b) middle, (c) final and (d) isolated[26]. 

Table (2.2) : Arabic alphabet in all its forms 

Name Isolated Start Middle End 

Alif  ـا   ا 

Ba ـة ـثـ تـ ب 

Ta ـد ـرـ ذـ خ 

Tha ـس ـصـ ز ز 

Jeem  ـط ـعـ ظـ ض 

Hha ـػ ـؽـ ؼـ غ 

Kha ـؿ ـفـ ــ ؾ 

Dal ـك   ق 

Thal ـم   ل 

Ra ـه   ن 

Zay ـى   و 

Seen ـً ـٍـ ٌـ ي 

Sheen َ ـُ ـّـ ِـ 

Sad ْ ـٓ ـٕـ ٔـ 

Dhad ٖ ـٗ ـٙـ ٘ـ 

Tta ٚ ـٛ ـطـ ٚـ 

Za ـع ـظـ ظـ ظ 

Ain ـغ ـؼـ ػـ ع 

Gain ـؾ ـــ ؿـ ؽ 

Fa ـق ـلـ كـ ف 

Qaf ـن ـوـ هـ م 

Kaf ـي ـٌـ ًـ ى 

Lam ٍ ـَ ـِـ ُـ 

Meem ّ ـْ ـٔـ ٓـ 

Noon ٕ ـٖ ـ٘ـ ٗـ 

Ha ٙ ـٚ ـٜـ ٛـ 

Waow ٝ   ٞـ 

Ya ـ٢ ـ٤ـ ٣ـ ١ 
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 Arabic uses diacritical markings (Table 2.3),  The presence or absence 

of diacritics indicates different meanings of the same word. Table (2.4) 

gives an example of an Arabic word with different diacritics indicating 

four different meanings. 

   Table (2.3) : Diacritical markings in Arabic written[26] .  

Diacritics Figure 

Single diacritics 

 

Double diacritics 
 

Shadda 
 

Combined diacritics 

 

 

 

 

Table (2.4) : Example of an Arabic word with different diacritic  indicates 

different meanings[26]. 

Arabic 

word   

English 

meaning 

 

he studied 

 

a lesson 

 

he taught 

 

it was studied 
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 Arabic writing contains many fonts and writing styles, also characters of 

the same font have different sizes as illustrated in Figure (2.4), Hence, 

segmentation which is based on fixed size or width cannot be applied to 

the Arabic language. 

 

Figure 2.4 : Different Arabic sentences in different styles[26]. 

 Arabic uses Ligatures, Ligatures are combinations of two, or sometimes 

three characters into one shape (Figure2.5). Ligature selection is 

dependent not only on the characters themselves but also on the selected 

Arabic font. 

 

Figure 2.5 : Arabic Ligatures[26] . 
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2.3  Previous studies of Arabic OCR : 

Arabic handwriting OCR (AHOCR) is very important since a large amount of 

Arabic documents are still waiting for their computerization due to the richness 

of their contents. The manual computerization of these documents will be very 

expensive in cost and time. A lot of research has been done in this area, but 

researchers still continue to optimize the recognition rate which is yet low in 

AHOCR compared with other languages such as Latin. We will review and 

summarize next some of existing works in AHOCR. 

Arabic handwritten OCR: 

The following table shows a summary of some of the previous studies in the field 

of Arabic  handwritten OCR. 

Table 2.5: some of the previous studies in the field of Arabic handwritten OCR 

Author Feature Classifier Size of 

word 

Rec. 

Rate 

(%) 
Amrouch et 

al(2011) 

[10] 

Structural HMM 48 city names 

written three 

times 

75.74 

Safabakhsh 

(2005) 

 

[11] 

Fourier descriptors, 

number of loops, 

high/width ratios, 

pixel densities, 

positions of right 

and left connection 

continuous – 

density 

variable-

duration HMM 

50 words  

 
90.48 

Alaei et al. 

(2010) 

[13] 

modified chain 

code directional 

frequencies 

SVM 15338 

Characters 

96.68 

Kumar et al. 

(2011) 

[15] 

intersection and 

open end points 

features 

SVM not 

mentioned 
90 

Farah et al 

(2004) 

Structural ANN, KNN & 

Fuzzy KNN 

48 words (100 

writers)  
96 
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[16]  

Pechwitz and 

margner (2003) 

[22] 

Columns of pixels 

in the blurred 

thinned image  

HMM 26,459 

images of 

946 city 

names 

89 

Dutta and 

Chaudhury 

(1993) 

[27] 

curvature features feed-forward 

NN 

12000 

words 

85 

G S Lehal et.al 

(2000)  

[28] 

Contour 

Extraction 

MQDF Number of 

words 

8,43,590 

Number of 

Characters 

32,72,268 

Number of 

Unique words 

55,071 

89 

Bennamoun and 

Bergmann 

(2000)[29] 

chain code Recognition 

based-

segmentation 

20 characters 90 

Dehghan et al. 

(2001) 

[30] 

Histograms of 

freeman chain code 

HMM 17,000 

images of 

198 names 

65 

Khorsheed  

(2003) 

[31]  

Structural HMM 405 

characters  
87 

Alma’adeed et 

al.(2004) 

[32] 

Structural Set of  

HMMs 

4700 words  60 

Souci et al 

(2004) 

[33] 

Structural NN 55 words 92 

El-Hajj (2005) 

[34] 

Densities of 

foreground pixels, 

concavity and 

derivative features 

in a sliding window 

HMM 21500 words 87.7 

Farah et al. 

(2005) 

[35] 

Structural and 

Statistical  

ANN Multi 

classifiers 

2400 

words 
95.2 

Mazaffari et al 

(2005) 

[36] 

Average variance 

of X and Y change 

in portions of the 

skeleton 

nearest – 

neighbor 

2880 87.26 

Pechwitz et al 

(2003 ) 

Skeleton directions, 

Pixel values 

SC-1D-HMM  

 
training: a-c, 

test: d  
89.1 
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[37]  

Pal et al. (2006) 

[38] 

Gradient features Unknown training: a-e, 

test: f  

 

83.34 

Menasri et 

al.(2007) 

[39] 

Graphemes HMM/NN training: a-e, 

test: f  

 

87 

Touj et al. 

(2005) 

[40] 

Directional values, 

connection of 

graphemes 

Planar HMMs  

 
training: a-d, 

test: e  

 

86.1 

Hani 

Khasawneh 

(2006)[41] 

silent features Neural 

Network 

5464 87 

Rajashekararad

hya et al. 

(2008) 

[42] 

zoning features SVM Unknown 98.6 

Dreuw et al. 

(2008) 

[43] 

Image slices and 

their spatial 

derivatives 

HMM training: a-d, 

test: e  

 

80.95 

Natarajan et 

al.(2008) 

[44] 

Percentile of 

intensity, energy, 

correlation, angle 

HMM Unknown 89.4 

Benouareth 

(2008) 

[45] 

Distribution, 

concavity and 

skeleton features 

HMM training: a-c, 

test: d  

 

89.08 

Patil and 

Ramakrishnan 

(2008) 

[46] 

Gabor and Discrete 

cosine transform 

(DCT) 

KNN 

and SVM 
20000 words  

 
89 

Moussa et al  
(2008)  

[47] 

Fractal analysis  

features  

KNN Classifier  

and Radial Basic  

Function (RBF)  

Arabic and 

Latin  
 

96.64 

% 

(KNN) 

and  

98.72 

% 

(RBF)  

Desai (2010) 

[47] 

features abstracted 

from four different 

profiles of digits 

neural network 2650 digits 82 

Sarkar et al 

(2003) 

 [48] 

Horizontalness 

feature, 

segmentation-based 

feature and 

foreground- 

background 

transition feature 

Multilayer 

perceptron. 

Trained with 

back 

propagation 

algorithm 

 

 

3050 

characters 

98.43 

 

Jafaar Alabodi junction-points, end Unknown 2000 words 93.3 
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and Xue Li 

(2013) 

[51] 

points, and 

connectivity between 

the 

components for the 

further processing 

needs 

Abdurazzag and 

Salem(2007) 

[52] 

 

Structural Wavelet 

Compression 

1968 letters 80 

 

 

Almuallim and 

Yamaguchi 

(1987) [53] 

geometric and 

topological 

String 

matching 

400 words 91  

  

In [16], Farah et al presented an new Arabic OCR system that used three 

classifiers (ANN, KNN and Fuzzy KNN) and structural features. The 

classification step performed in parallel combination schema. The result of 

classification stage normalized first, and combination  schema is performed. At 

last the decision on Specified words can be done. This system tested in 48 words 

achieved a 96% recognition rate. 

 

In [29], Bennamoun and Bergmann proposed an Arabic OCR system that uses 

recognition-based segmentation technique to overcome the problem of the 

classic segmentation. This system is composed of five stages and feedback loop 

(Figure 2.6 [8]), the five stages are (1) image acquisition, (2)preprocessing, (3) 

word segmentation and character fragmentation, (4) feature extraction and (5) 

classification. The feedback loop, which is linked between the segmentation and 

recognition stages, conducts a signal to control the combination of character 

fragments. The system was implemented and the results show a 90% recognition 

rate.  
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 Figure 2.6 : The structure of the proposed Arabic OCR system  

 

In [30], Dehghan et al presented an new method for off-line recognition of 

isolated handwritten character based on HMM classifier and used methods based 

on regional projection contour transformation (RPCT) for features. This system 

consists of two phases: training and recognition phases as illustrated in figure 

(2.7). This system tested on 198 names of cities and achieved a 65% recognition 

rate. 

 

 

 

 

In [31], Khorsheed presented an new Arabic OCR system based on HMM and 

structural features. The structural features for the handwritten script were 

 

Figure 2.7 : Overall structure of the proposed handwritten character 

recognition system 
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extracted after decomposing the word skeleton into a sequence of links with an 

order similar to the writing are. Using the line approximation, each line was 

broken into small line segments, which were transferred into a sequence of 

discrete symbols using vector quantization( VQ). Then an HMM recognizer was 

applied with image skeletonization to the recognition of an old Arabic 

manuscript (Khorsheed, 2000). The HMM was performed using 296 states on 32 

character models, and each model was left to right HMM with no restriction 

jump margin. The system achieved a 89%  recognition rate. 

 

In [37], Pechwitz and margner also presented an new Arabic OCR system based 

on HMM classifier  and used columns of pixels in the blurred thinned image as 

features. the system achieved a 89%  recognition rate using IFN/ENIT database 

(26,459 images of Tunisian city-names). 

 

 In [39], Menasri et al proposed a new off-line handwritten Arabic words 

recognition system that used hybrid recognizer HMM/NN. In this hybrid system 

HMM model represent each letter-body class and NN computes the observations 

probability distribution.  The authors tested their system using IFN/ENIT which 

has a vocabulary of 937 city names and achieved a 87% recognition rate. 

 

 In [40], the authors propose a planar modeling approach based on HMM. The 

aim of this approach is to decomposition the writing into a limited set of 

elementary entities. Therefor the writing was divided into five logical horizontal 
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bands corresponding to descanters, ascenders, median zone, upper diacritics and 

lower diacritics. Figure (2.8) shows how the segmentation process allows them 

to reduce the complexity of the treated shapes.   

 

Figure 2.8 : )a( Original image of city name ―ّٞػ٤ٖ اُثط‖ and the extracted 

grapheme belonging to, (b) upper diacritics, (c) ascenders, (d) descanters, (e) 

lower diacritics and (f) median zone. 

 The authors tested their system using IFN/ENIT and achieved a 86.1%  

recognition rate. 

 

In [41], the author presented a new Arabic optical character recognition (AOCR) 

system Figure(2.9). The system accepts a scanned-page image containing a set 

of text lines, and affected by typical noise level. The system preprocesses the 

image before the separate lines are handled to the character extraction phase. 



 
 

22 
 

The neural network was used as classifier in this system and  achieved a 87% 

recognition rate. 

 

 

 

 

Figure 2.9: system architecture 

 

In [43], the authors proposed an explicitly model white-spaces for Arabic 

handwriting recognition  based on HMM.  The proposed white-space character 

model uses a special and separate single-state HMM model with separate entry 

and exit penalties. The authors tested their system using IFN/ENIT and achieved 

a 80.95 % recognition rate. 

 

In [50], the authors proposed an off-line Arabic handwriting recognition system. 

The processing is achieved in three main stages. Firstly, the image is 

skeletonized to one pixel thin. Secondly, transfer each diagonally connected 

foreground pixel to the closest horizontal or vertical line. Finally, these 

orthogonal lines are coded as vectors of unique integer numbers; each vector 

represents one letter of the word. the system has been tested on the IFN/ENIT 

database to evaluate the proposed techniques and achieved a 97% recognition 

rate. 

  The proposed algorithms are described according to the offline handwriting    
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  recognition process described in Figure(2.10).  

 

Figure 2.10: Stages of character recognition process. 

 

In [52], Abdurazzag and Salem proposed an Arabic OCR system that consists of  

three stages, preprocessing, feature extraction and recognizer Figure(2.11). This 

research proposed a new construction technique of OCR similar to the one using 

wavelet compression. This system has achieved an accuracy ( 97.7% for some 

litters at average 80%).      

 

 

 

In [53], Almuallim and Yamaguchi proposed a system which consists of four 

stages, preprocessing, segmentation, feature extraction and classifier. In this 

research a structural recognition method of Arabic cursively handwritten words 

is proposed.  At first the word is segmented into strokes, strokes with a loop and 

Figure 2.11: The typical structure of OCR system . 
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strokes without a loop. These strokes are then further classified using their 

geometrical and topological properties. Finally, the relative positions of the 

classified strokes are examined, and the strokes are combined in several steps 

into the string of characters that represents the recognized word. This system 

was tested in 400 words and showed high recognition accuracy (91%). 

 

In the next section we will give an overview on web services composition since 

we will use this technique to combine (integrate ) OCR complementary 

approaches. 

 

2.4 Web Services  

To maintain a good management strategy in a given organization, they need various 

software systems in order to communicate. Web services offer methods of 

communication between two devices over a network, being described as ―a software 

system designed to support interoperable machine-to-machine interaction over 

a network‖[53]. Figure (2.12) shows web services architecture[54], this architecture 

sets forth three roles and three operations. The three roles are the service provider, 

the service requester, and the service registry. The objects acted upon are the service 

and the service description, and the operations performed by the actors on these 

objects are publish, find, and bind. 

A service provider creates a web service and its service definition and then 

publishes the service with a service registry based on a standard called the Universal 

Description, Discovery, and Integration (UDDI) specification. 
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Figure 2.12 : web services architecture . 

 

Once a web service is published, a service requester may find the service via the 

UDDI interface. The UDDI registry provides the service requester with a WSDL 

service description and a URL (uniform resource locator) pointing to the service 

itself. The service requester may then use this information to directly bind to the 

service and invoke it[53].  

Web services are application components that communicate using open protocols, 

self-contained and self-describing. They can be discovered using UDDI and can be 

used by other applications, using HTTP and XML as basis[54]. Web services have 

two types of uses: reusable application components and connecting existing 

software.  
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Since they are operating through standards web environment like HTTP and XML-

based protocols. Web services are powered by XML and work with WSDL, SOAP 

and UDDI. According to the World Wide Web Consortium[2], the eXtensible 

Markup Language (XML) is defined as a ―meta-language for describing data‖ [55]. 

The data is being surrounded by text-based tags that are customizable and give 

information about the data and its structure.  

The XML syntax consists of ―text-based mark-up‖ that describes the data being 

tagged, it is both application-independent and human readable. This simplicity and 

interoperability have helped XML achieve widespread acceptance and adoption as 

the standard for exchanging information between heterogeneous systems in a wide 

variety of applications, including web services‖ (Cavanaugh, n.d.). The extensible 

markup language forms a base for modern web services in order to provide a 

description on their interface and also converting the messages into codes. The 

XML messaging are used for WSDL, SOAP and UDDI, so that any machine can 

interpret the language. 

2.4.1 Web services benefits 

For programmers and developers, the web services can offer several benefits in 

both technology and business. They use a versatile design, being able to be 

accessed by users through a client interface or through other web services or 

applications. Clients can use data from multiple services even if they are not 

compatible. The systems send information from one to the other through web 

service, so that if there’s any change in the database it will not affect the service 

itself. 



 
 

27 
 

Another benefit is the application and data integration, so that the client can only 

need the WSDL definition to exchange data, no part needing to know the format 

or how it is implemented. ―These benefits allow organizations to integrate 

disparate applications and data formats with relative ease‖[56]. The exchange that 

is being done between the systems comes with a platform, an independent 

language, a vendor, XML technologies and HTTP as a transport, so that the web 

services can communicate better. 

Using the code multiple times is another benefit that web services offer. It is a 

positive side-effect of their interoperability and flexibility, since the services can 

be used by many clients with different objectives. Therefore, there’s no need to 

create a customized service to each business, because portions of the service are 

re-used and simple. 

Among the most important benefits we can notice that the use of web services 

saves money and cuts off most of the costs. It is easy to operate, having no 

customized data but codes that can be reused. The ―investments in system 

development and infrastructure can be utilized easily and combined to add 

additional value. Since web services are based on open standards their cost is low 

and the associated learning curve is smaller than that of many proprietary 

solutions‖[55]. Therefore, Web services have many advantages due to the 

protocols and the structure that they use for every organization, needing small 

investments. 
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2.4.2  Web services composition  

Provides an open, standards-based approach for connecting web services together 

to create higher-level business processes[56]. 

Web service composition originated from the necessity to achieve a predetermined 

goal that cannot be realized by a standalone service. Internally, in a composition, 

services can interact with each other to exchange parameters, for example a 

service's result could be another service's input parameter. Figure (2.13) shows 

Design of a composite service . 

The main purpose of web services is to integrate efficiently applications over the 

web[57].  

 

 Figure 2.13 : Design of a composite service . 

When it comes to the web services composition, we know that it’s studied to 

support business and enterprise applications to be integrated over web. The 

current web service composition ―approaches range from practical languages 

aspiring to become standards (like BPEL, WSCDL, OWLS and WSMO) to 

theoretical models (like automata, Petri nets and process algebras)‖[58].  
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Reusing the mechanism to build new applications is one of the main features in 

web services. There are multiple composition rules that need to be taken into 

consideration, like the syntactic and semantic web services composition. 

1. Syntactic web services composition 

We have two approaches: an orchestration that combines web services 

through a central coordinator responsible for combining the activities, as 

well as the web services choreography that defines tasks which are 

complex, using the definition of the undertaken conversation by each 

participant. By peer-to-peer interaction among the web services 

collaboration, there are several proposals that exist to orchestrate the 

languages, one of them being BPEL. 

2. Semantic web services composition 

Nowadays, technology is addressed towards the syntactic aspect of web 

services and provides a set of rigid web services that can’t keep up with 

the environment that keeps changing. The semantic web services 

composition ―provides a process-level description of web services 

which, in addition to functional information, models the pre- and post-

conditions of processes so that the evolution of the domain can be 

logically inferred‖[58]. The Internet is a big and complex database, 

where web pages have different structures, with powerful applications 

that are written in order to use annotations and engines to automatically 

execute scripts. In order for the web services composition to work, there 
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are two main initiatives to be taken into consideration: OWL-S and 

WSMO. OWL-S ―defines the web services ontology with four main 

elements: the services, presents, described by and supports. WSMO 

introduces a set of core non-functional properties that are defined 

globally and that can be used by all its modeling elements‖[58], one 

difference between them is the fact that OWL-S doesn’t separate the 

user’s need from what the service provides. At the same time, WSMO 

elements can have the non-functional properties expressed in any of 

them, while OWL-S uses vocabularies and restricts the properties to the 

service profile. 

 

2.4.2.1 Web services composition characteristics 

By studying the web services composition, we can observe some characteristics in 

report with the two composition rules. Therefore, we ―believe that any web 

service composition approach should aim to support these characteristics, without 

pretending these to be all characteristics of importance‖[58]. Among these 

characteristics we can talk about connectivity, exception handling, compensations, 

correctness and Qos.  
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Table 2.6 : Comparing standardization approaches[58]. 

 Syntax-based Semantics-based  

Characteristics  BPEL WS-CDL OWL-S WSMO 

Connectivity + + + + 

Exception handling + +  + 

Compensations + + - - 

Correctness - - - - 

QoS   + + 

 

Connectivity needs to be reliable, to confirm the web services interactions before 

composition, so that the web service can have a continuous delivery afterword.  

Therefore, the service needs to be reliable, accessible; it should be able to handle 

exceptions and compensations. Correctness of the web service behavior is 

important when thinking that the composition of web services can lead to complex 

systems. The services need to be safe and correct, secure and trustful, as well as to 

satisfy the behavior needed. The third main characteristic is the Quality of 

Services (Qos), which shows how qualitative the web service is. It works on 

accuracy, availability and performance, to determine the success rate, measure 

response time, latency and overall time needed to process a request. 

If we were to compare the standardization approaches, we see that for connectivity 

the approaches offer through the web service themselves, even if they are at a low 
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level and customized. However, correctness is not offered by any of the 

approaches through direct support to verify the web service composition. The 

quality of service requires ―a careful consideration of the QoS characteristics of 

the constituent web services‖[58]. 

2.4.2.2 Web services composition framework 

Jinghai Rao and Xiaomeng Su[59],  have proposed a general framework that can 

be adapted to web services. They consider that ―it’s already beyond the human 

ability to analysis them [web services] and generate the composition plan 

manually‖ (n.d.). However, based on the general framework that they have 

developed we can observe that there are two types of participants: the service 

requester and the service provider. Between them, there are many types of 

processes and specifications, leading to the service requesters to consume the 

information received from the service provider Figure(2.14). The system also 

brings other components, such as the translator, process generator, execution 

engine, evaluator and service repository. The translator translates external 

languages used by the two participants, while the process generator generates a 

plan for the available services for the service repository to fulfill the requests. 

Through the entire process we can observe five main phases, related to each 

component from the system: presentation of single service, translation of the 

languages, and generation of composition process model, evaluation of 

composite service and execution of composite service. 
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Figure 2.14 : Framework of the service composition system 

Therefore, this web service composition framework consists of service 

presentation, translation, process generation, evaluation and execution. There are 

different platforms, methods and languages that are needed for each step. ―The 

methods are enabled either by workflow research or AI planning. The workflow 

methods are mostly used in the situation where the request has already defined 

the process model, but automatic program is required to find the atomic services 

to fulfill the requirement. The AI planning methods is used when the requester 

has no process model but has a set of constraints and preferences, therefore the 

model can be generated by the program automatically. Even though automation 

can come in different methods and levels in service composition, the web service 

environment is complex and can’t generate everything automatically. 
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2.5  Previous studies of web services (composition) : 

In [60], the authors shown that ―The business world has developed a number of 

XML-based standards to formalize the specification of web services, their 

composition and their execution. On the other hand, the semantic web 

community focuses on reasoning about web resources by explicitly declaring 

their preconditions and effects with terms defined precisely in ontologies. Current 

service composition approaches range from practical languages aspiring to 

become industrial standards (e.g. BPEL and OWL-S) to more theoretical models 

and languages[61], in their article entitled A Survey on Service Composition 

Approaches: From Industrial Standards to Formal Methods. With the support of 

the ―A. Faedo‖ Institution of Technology and Science of Information, they 

created a research that raises the need for ―web service composition to provide 

the mechanism to fulfill the complexity of the execution of business processes‖. 

Based on their research and analysis, they have created a survey to show the 

differences and similarities between formal methods and industrial standards. In 

their research they have shown that ―an overview of service composition 

languages and models. Five approaches-namely BPEL, OWL-S, automata, Petri 

nets, and process algebras-were chosen and compared against a total of six 

requirements that a service composition approach should support in order to 

facilitate the composition of web services. 

 

In [62], the authors have shown that ―Web service composition (WSC) based 

SOA implementations have increasingly become a significant type of SOA 
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projects in practice. However, effort estimation for such a type of SOA project 

can still be limited because of the numerous and various approaches to WSC. 

Through viewing WSC based SOA system from a perspective of mechanistic 

organization, this paper borrows Divide-and-Conquer (D&C) as the generic 

strategy to narrow down the problem of effort judgment for the entire SOA 

implementation to that for individual WSCs ―. They present the benefits from a 

classification matrix that is oriented towards efforts, to set hypotheses, assigning 

scores using a set of rules. ―These effort scores are used to facilitate qualitatively 

judging different effort between different types of WSC approaches, and 

eventually construct an effort checklist for WSC approaches. Finally, this effort 

checklist can be used together with D&C algorithm to realize the qualitative 

effort judgment for WSC based SOA implementations. 

 

In[63], the authors proposed an extended SOA model for service composition and 

service dependency. The authors established a dependency demands aware 

service-oriented architecture (DSOA) to specify dependency aware service 

interactions, i.e., service publication, discovery, composition and binding. The 

authors claim that traditional Service Oriented Computing (SOC) focuses on 

service composition for application development. 

 

In[64], the authors  proposed a new service composition mechanism based on 

peer-to-peer (P2P) network. An extended state machine model is shown to 

identify network model from a service. The model describes a service and its 
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execution patterns. Three execution patterns (AND, OR and Sequential patterns) 

are basic service composition constructs of the model. The model serves as a 

basis for service composition algorithm. Service composition algorithm describes 

the process of service composition in detail. A graphic model based on one of the 

execution patterns turns out to be the input of the algorithm.  

 

  

2.6 Summary : 

In this chapter, we gave a survey on OCR, W.S and W.S composition. The 

objective of this survey is to understand the proposed approach that will be 

explained in the next section. 
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Chapter 3 

 

 

OFF-LINE ARABIC HANDWRITTEN OCR BASED  ON WEB SERVICES

 (OAHOCRWS) 

 

 

3.1 Overview  

This chapter details our work by providing the architecture of the off-line Arabic 

handwritten OCR based on web services (OAHOCRWS). 

3.2 Off-line Arabic handwritten OCR based on web service (OAHOCRWS)    

      overview  

In this research we proposed a new idea based on a flexible collaboration of 

some selected strong complementary approaches and techniques. We mean by 

flexible, the possibility to customize the recognition rate by adding or reducing 

the number of approaches and technique that will collaborate together 

empirically. This flexibility can be achieved by implementing our selected 

Arabic handwritten OCR (AHOCR) as web services as illustrated in figure (3.1) 

which considers only the collaboration of two techniques. 
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In this research we focused on the cooperation of some techniques at the 

recognition stage, for this purpose we used the k-Nearest Neighbors (KNN) and 

Support Vector Machine (SVM) techniques because of their good performance  

and complementarity as we will explain next. 

 

 

 

 

cv 

  

 

 

 

 

Figure 3.1 : The structure of the proposed Arabic OCR system. 

 

      

SVM as a decision classifier to exceed the limits of K-NN as illustrated in Figure(3.2). 

  

 

 

 

 

 

 

Figure 3.2 : K-NN /SVM mechanism 
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3.2.1  k-Nearest Neighbors (KNN) 

KNN is one of the most important non-parametric algorithms for pattern recognition  

[65]. To classify a character using KNN, the system Determines the k nearest neighbor  

among the training data sets. and uses the classes of the k nearest neighbors to weight 

the class candidates[66]. 

 To determine the class of a new example E: 

 Calculate the distance between E and all examples in the training set : 

C1,C2,…,Cj . 

 Select  K-nearest examples to E in the training set . 

 Assign E to the most common class among its K-nearest neighbors . 

 

The distance between  E = (E1,E2,…,Ej) and nearest neighbor C, defined as : 

 

 

 

 

 

 

3.2.2 Support Vector Machine (SVM) 

 

SVM is a new type of pattern classifier. This classification technique is based on 

a novel statistical learning approach[68]. SVM have been applied to handwritten 

character and digit recognition , also can be applied in different application like 

face detection, face recognition object detection, object recognition[66]. SVM 

used to reduce  the risk[68].  

 

From many previous studies we have found that the K-NN algorithm achieves good 

performance for character recognition for different data sets[69,70,71]. 
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K-NN represents a very intersecting classifier for Arabic handwriting recognition 

because of its great adaptability and versatility in handwriting sequential signals[72]. 

In this work we have used a hybrid KNN-SVM method for character recognition, 

Specialized Support Vector Machines (SVMs) are introduced to significantly improve 

the performance of KNN in handwrite recognition.  

 When using KNN in the task of handwritten characters recognition, the correct class is 

almost always one of the K nearest neighbors of the KNN. SVMs are used to detect the 

correct class among these K different classification hypotheses. 

 

3.2.3 K-NN vs SVM  

 

 

Table 3.1 : K-NN vs SVM 

Technique Advantages Disadvantages 

k Nearest Neighbor 

(k-NN)[73] 

1. Training is very fast 

2. Simple and easy to learn 

3. Robust to noisy training 

data 

4.Effective if training data 

is large  

 

1. Biased by value of k 

2.Computation Complexity 

3.Memory limitation 

4. Being a supervised 

learning lazy 

algorithm i.e. runs slowly 

5. Easily fooled by 

irrelevant 

attributes 

Support vector machines 

(SVM)[74] 

1.Effective in high 

dimensional spaces. 

2. Still effective in cases 

where number of 

dimensions is greater than 

the number of samples. 

3. Uses a subset of training 

points in the decision 

function (called support 

vectors), so it is also 

memory efficient. 

4. Versatile: different 

Kernel functions can be 

specified for the decision 

function. Common kernels 

1. If the number of features 

is much greater than the 

number of samples, the 

method is likely to give 

poor performances . 

2. SVMs do not directly 

provide probability 

estimates, these are 

calculated using an 

expensive five-fold cross-

validation (see Scores and 

probabilities, below). 

 

http://scikit-learn.org/stable/modules/svm.html#svm-kernels
http://scikit-learn.org/stable/modules/svm.html#scores-probabilities
http://scikit-learn.org/stable/modules/svm.html#scores-probabilities
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are provided, but it is also 

possible to specify custom 

kernels. 

 

 

 

3.3 Summary  

 

In This chapter we have presented an overview of the general architecture of our 

proposed technique, in the next chapter will explain the implementation and we report 

the experimental results.  
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Chapter 4 

 

 

Implementation and Performance Evaluation of  OAHOCRWS  

 

 

4.1 Overview  

This chapter discusses  the implementation details, shows and explains the 

experiments and tests performed on the (OAHOCRWS) in order to asses its 

performances.   

4.2 OAHOCRWS Implementation  

This system consists of three web services and client application, the first web 

service represents KNN algorithm, the second web service represents the SVM 

algorithm  and the last one represents KNN and SVM algorithms. The three web 

services and client application have been built using VB.net programming 

language. 

The three web services built in general, so that they can be used from any client 

application at the same computer or via network.  
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4.3 The experimental study 

To evaluate OAHOCRWS system, we made various experiments to measure its 

efficiency. These experiments were conducted on the IFN/ENIT database. 

For this purpose we evaluated, in the first hand the importance of the hybrid 

approach K-NN/SVM in the recognition rate  and in the second hand the 

efficiency of using web services technology on the execution time of the 

proposed hybrid K-NN/SVM approach, The three web services was created, first 

for KNN method, second for SVM method, last for KNN and SVM together.  

 

4.3.1 Datasets  

Any recognition system needs a large database to train and test the system, one 

of the these databases is IFN/ENIT which containing 26459 handwritten 

Tunisian town/village names, 115585 PAWs and 212211 characters scanned at 

300dpi and written by 411 different writers. 

 

4.3.2 Experimental environment    

The tests were conducted on a local Intel(R) core™ i3-2377 M CPU@1.50 GHz  

having the following configuration: 4.0 GB of RAM running a Windows7 

operating system. VB.NET, visual studio 10  were used to implement and built 

our OCR application.  
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4.3.3 Results and discussions 

In this section the obtained results are presented. The 28 Arabic characters 

written with different scripts in different positions in the word representing all 

the classes used in our experiments. The recognition rate using K-NN and K-

NN/SVM is presented respectively in the following table . 

 

Table 4.1 : K-NN and K-NN/SVM recognition rate (%) 

Classes K-NN Rate(%) K-NN/SVM Rate(%) 

 97.70 96.20 ا

 96.51 95.00 ب

 96.30 94.90 خ

 96.20 95.40 ز

 97.30 96.10 ض

 97.50 96.30 غ

 96.40 95.30 ؾ

 96.60 95.30 ق

 96.20 95.80 ل

 96.30 95.40 ن

 96.30 95.00 و

 96.60 95.15 ي

َ 95.20 96.25 

ْ 96.00 96.60 

ٖ 95.92 97.00 
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ٚ 96.10 96.80 

 96.95 96.00 ظ

 96.65 95.80 ع

 96.80 95.95 ؽ

 96.80 96.00 ف

 97.00 95.90 م

 96.90 95.80 ى

ٍ 96.20 97.10 

ّ 95.60 96.80 

ٕ 95.90 97.00 

ٙ 96.25 97.35 

ٝ 96.00 97.10 

١ 95.75 96.80 

Average(%) 95.70 96.80 

 

 

The Table(4.1) shows that the hybrid K-NN-SVM classifier improve the 

performance in terms of recognition rate compared with a single K-NN model 

for Arabic characters classification process.  
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Figure 4.1 : K-NN and K-NN/SVM  and their relationship to 

increase the number of test images 

 

The figure(4.1) shows that the recognition rate of K-NN and K-NN/SVM has 

increased when the number of test images has increased. 

 

The figure(4.2) below presents the execution time using K-NN and K-NN/SVM 

with different number of web services. 

 
 

  

  

Figure 4.2 : Execution time using K-NN and K-NN/SVM 
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The figure(4.2) shows that the execution time of K-NN is less than the execution time 

of K-NN/SVM.  It shows also that the execution time of K-NN/SVM built as one web 

service is better than the execution time of K-NN/SVM built as two separated web 

services. 

 

The figure(4-3) below presents the comparison between K-NN and K-NN/SVM in 

terms of execution time and recognition rate . 

 

Figure 4.3 : comparison between K-NN and K-NN/SVM 

 for the execution time and recognition rate 

 

The figure(4-3) shows that the improvement of the recognition rate is unfortunately 

accompanied with an increasing expense of execution time. 

 

According to the results that we got from the performed tests and experiments, we can 

say that: 
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 The hybrid K-NN/SVM classifiers improve the performance in terms of 

recognition rate compared with single K-NN model for Arabic characters 

classification process.    

 There is a trade-offs between high recognition rate and cost(time), hybrid K-

NN/SVM take more time and hence more cost. 

 The overall enhancement of recognition rate is about 1.00% compared with 

single classifier. 

 The web service technology can be an appropriate way to make possible the 

cooperation of several approaches and techniques. 

 

4.4   Summary  

        In this chapter we discussed  the implementation details and performance                

           evaluation of the proposed model , next we conclude this work and we try to give   

           an idea about some future works.  
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Chapter 5 

 

 

 

 

Conclusion and Future Work 

 

 

 

5.1 Overview      

 

      This chapter concludes this research work, highlight the corresponding limitations,  

      advantages and  finally future works will be presented in order to overcome these   

      limitations. 

 

5.2 Conclusion 

      In this thesis, an approaches for increasing the recognition rate of Arabic     

      handwritten characters by combining K-NN and SVM using web service technology     

      is proposed. The experiments showed that the combination of  K-NN with SVM,     

      have improved performance in terms of recognition rate. The results showed an  

      improvement of 1.00% in recognition rate for Arabic  handwritten characters. Also    

      we found that web services technology constitute a good way to make possible the  

      cooperation of several approaches and techniques.   
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5.3 Future Work 

      As a future work, we intend conducting  more experiments in order to find better   

      complementary approaches that can improve the recognition rate and can lead to   

      build a powerful OCR system.  

 

      We intend also to find the optimal way to speed up the execution time of such a   

      powerful OCR system in order to provide users flexible and fast systems. 

 

5.4 Summary 

      In this chapter we conclude the research ideas and points out the limitations,    

      advantages and the future works that can be done to extend the scope of this    

      research. 
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