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ABSTRACT

OCR: Optic Character Recognition has developed in many areas such as: recognition of the contents
of bank instruments, conversion of printed files into adaptable texts. Many of the research done in the
field of handwriting recognition has produced very good results especially in Latin languages.
However, there are many shortcomings in the field of handwriting recognition, especially in
handwriting, because of the way of writing, sticking and intersecting letters. We presented a general
study on the systems of recognition of the Arabic calligraphy, and then we addressed the important
stage of the division of words, where we addressed the various problems facing the division of Arabic
calligraphy then explained the different methods used for division, and then division. In this work, we
have introduced two algorithms based on the search for the points of importance of word
segmentation, where the first algorithm works to extract the problem of the intersection of letters and
the second algorithm works on the horizontal division of words written vertically. We tried the work

on a sample of pictures in Arabic handwriting, and the results were very good and encouraging

Mots Clés : OCR, segmentation, caracteres arabes, pseudo mot



RESUME

OCR: La reconnaissance optique de caractéres s'est développée dans de plisseur domaines tels que: la
reconnaissance du contenu des instruments bancaires, la conversion de fichiers imprimés en textes
adaptables. De nombreuses recherches dans le domaine de la reconnaissance de I'écriture manuscrite
ont donné de tres bons résultats, notamment dans les langues latines. Cependant, il existe de
nombreuses lacunes dans le domaine de la reconnaissance de I'écriture manuscrite, en particulier de
I'écriture manuscrite, en raison de la maniere d'écrire, de coller et de croiser les caracteres. Nous avons
présenté une étude générale sur les systemes de reconnaissance de la calligraphie arabe, puis nous
avons abordé I’importante étape de la division des mots : nous avons abordé les divers problémes de
la division de la calligraphie arabe, puis expliqué les différentes méthodes utilisées pour la division,
puis la division. Dans ce travail, nous avons introduit deux algorithmes bases sur la recherche des
points d’importance de la segmentation des mots, le premier algorithme permettant d’extraire le
probléme de I’intersection des lettres et le deuxiéme 1’algorithme traitant de la division horizontale
des mots écrits verticalement. Nous avons essaye le travail sur un échantillon de photos en écriture

arabe, et les résultats ont été trés bons et encourageants.

Keywords: OCR, segmentation, Arabic Characters, PAW
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GENERAL INTRODUCTION

The research on the recognition of Arabic characters exposes a field that is rapidly
expanding and indefinitely evoked by such an important place in the last two decades. Today
recognition of Arabic characters is a concern whose relevance is undisputed by the community of
researchers who have devoted their efforts to reducing constraints and expanding the kingdom of

recognition of Arabic characters.

Writing for communication has always been a primary concern of man. The written word
has been, and will remain, one of the great foundations of civilizations and the world par excellence
of conservation and transmission of knowledge. Despite the advances of other means of
communication such as audio visual, many are the applications whose existence begins on paper,
more particularly in the office, in desktop publishing (to facilitate the composition from a selection
of several documents), in the post office (reading addresses and automatic sorting), in banks
(processing of checks, invoices). However, in spite of technological progress, the keyboard is still

an obligatory means of communication with the computer.

we say that the Recognition is on-line if the data is acquired dynamically during writing.
Often, a graphics tablet and an electronic pen are used by a user. On the other hand, recognition is

off-line when the source image is the result of a scanner or an image database.

The purpose of this memory is to propose a system for the segmentation of an Arabic

handwriting text. In offline writing

In the first chapter we will introduce and present a state of the art in the field of document
recognition, then we will to look at problems of the OCR, also we will present the different

approaches, methods and techniques in this field.

In the second chapter, we will present the most important step that is the segmentation of
handwritten and present the approaches used in the segmentation of handwritten text especially

the segmentation of the word in characters as well as the strategy that is used.

1



in the chapter three, we will explain our contribution to solving many of the problems facing
Arabic handwriting, where we have developed many new rules to help segment words correctly.
In the fourth chapter, we will explain the program interface and the steps that are used to acquire
the image, then the filter of the image obtained. After that we will explain also the steps of
converting the images which requires to upload a series of images contains parts of the word
processing, then we will present the results obtained by our system.

We finish this work with a conclusion on the results obtained by the method used,
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INTRODUCTION

The field of recognition and segmentation of handwritten in an automated way is the one
of the most important research topics in artificial intelligence field. There is a lot of research on
the writing of Latin, Chinese, Japanese......etc. unlike the Arabic has a little chance from these
research.

Optical Character Recognition (OCR) is a process of detecting and extracting text of an
image file, an image embedded in an electronic document or a scan of a document. It used in
several field such as in postal domain for the recognition of the code of the postal address and
the automatic reading in checks in bank domain also in the administrative domain for the
electronic management of document flows or indexing documents and searching for information
in digital libraries field.... etc.

In this chapter we will introduce and present a state of the art in the field of document
recognition, then we will to look at problems of the OCR, also we will present the different

approaches, methods and techniques in this field.

1. DEFINITION

Optical Character Recognition (OCR) is the process of extracting character’s symbols

from images that contain text [23].

First, OCR system segment these images into a set of lines, words and characters. After
that, extracts from each basic character form a characteristic vector which is unique for

describing the given form. After that, performs the recognition of the character.

The result is a textual transcription of the image in which we can perform the automatic
processing: searching for statements, words, manipulating text. Generally, the OCR concerns

the processing of a digital document [22, 24].
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2.THE ASPECTS OF OCR

In the field of recognition of handwritten Arabic, we can distinguish two types of

recognition systems [2]:

- On-line and off-line recognition

- Global or analytical recognition

2.1 On-line and Off-line recognition

In this section, we will present the difference between on-line and off-line recognition.

Also, we will see the main advantages and disadvantages of each one.

2.1.1 On-line writing (or dynamic [11])

On-line recognition is to perform parallel or real-time treatments with writing, and It is
reserved for handwriting. In this case, it is necessary to use equipment such as a graphics tablet
or an electronic pen. It has the advantage of having additional information such as movements

and pressure. In addition, it allows to correct and modify the writing interactively [25, 26].

2.1.2 Offline writing (or static [11])

On the other hand, Offline recognition uses a scanner or camera to acquire a binary or
grayscale image of an existing document. In addition, the off-line case is one that corresponds
to the classic reading task performed by humans. In this case, all temporal information about the
order of the points of the plot is lost. In addition, one must also consider the problem of
variability of the thickness and the form of the lines of writing especially the cursive writing
[11].

Without prejudging here, the difficulty of one case compared to the other, we just can see
that in the online recognition case, the results are often better for similar conditions of
experimentation (vocabulary size, number of writers, etc.). This comes from temporal
information that provides valuable insights into the dynamics, velocity and morphology of
writing [22].
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Comparison Criterion

Online

Offline

Acquisition Tools

electronic pen and graphic

tablet computer

scanner or camera

movement
e the end points
e the starting points
e order of the

features

Picture Noise low existence of a significant
noise
Information Available e the position absence of contextual
e the direction of the | information

Table 1.1: Brief comparison between online and offline approaches [16]

In order to make a system of character recognition more robust a lot of segmentation
method have been developed, despite what they have been reached from development, but the

situation is still far from reaching their ambitions. according to the segmentation process there

are two recognition approaches have been applied [21].

- Global approach.

- Analytical approach.

2.2 Global and Analytical recognition

In this section, we will present the difference between global or analytical recognition.

Also, we will see the main advantages and disadvantages of each one.
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2.2.1 Global approach

In this case, the word is considered as a single entity and it is described independently of
the characters that constitute it [21]. This approach has the advantage of keeping the character
in its surrounding context, which allows a more effective modeling of the variations of the
writing. However, this method is penalizing by the memory size, the calculation time and the
complexity of the processing, which increases linearly with the size of the lexicon considered,

thus a limitation on vocabulary [1].

2.2.2 Analytical approach
In this approach the word is segmented into characters or morphological fragments less

than character called graphemes. The recognition of the word consists in recognizing the
segmented entities then tending towards a recognition of the word, which is a delicate task that
can result in different types of errors [21], a recognition process according to this approach is
based on an alternation between two phases:

e The segmentation phase [1,26].

e Segment identification phase [1,26].
Two solutions are then possible:

e Explicit segmentation (external).

e Implicit (internal) segmentation.

Moreover, analytic methods, as opposed to global methods, have the advantage of being
able to generalize to the recognition of a vocabulary without limits, because the number of
characters is naturally finite. In addition, the extraction of primitives is easier on a character than
on astring [16, 21].

3 RECOGNITION PROCESS
From various forms of writing to decision-making phase there are several steps are

essential to make a recognition process, the figure 1.1 illustrate the process of writing

recognition
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Acquisition

Pretreatment

Segmentation

Feature Extraction

Learning

Classification

Post-treatment
Text

Figure 1.1: General model for OCR systems [22]

First, a preprocessing step is performed on the acquired image, this step allows to reduce
the noise in the image as much as possible for getting the best acquisition of writing, and this
noise can adversely effect on the writing in the image. Secondly, it’s the segmentation step, in
which we try to segment the writing into basic characters or shapes. After that, comes the third
step to extracts the characteristics from these basic characters or shapes. The benefit of this third
step is to reduce the amount of information and focus on the characteristics that we need in the
recognition; the next step is the classification where the system makes decisions by assigning a
label to each given character or shape. In this step the primitive’s elements that extracted in the
previous step are used for determine the segment of the text according to previously established
rules, the model which obtained on learning phase we will use it in this phase to determine the

character in which class it belongs [22].
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The last step is the post-treatment, which can improve the recognition rate by filtering the

decisions of the previous step [22].

4. OCR PROBLEMS

In this section, we will present the different issues that faces the recognition system of

handwriting.

There are a lot of problems which hinder the recognition process, among these problems,
we might mention the following [11]:
»  Spatial layout of the text
*  Number of writers

»  Size of the vocabulary

4.1 Spatial layout of the text

The classification of Tappert [11] indicates that the presentation of the text can undergo

two types of constraints:

1. External which leading to a writing: pre-cased, zoned, guided or general, as following:
[1, 11]
o pre-cased: When the writer must to write inside predefined boxes (ex: slips)
o zoned: where the writing must be done in well delimited zones
o guided: in the guided case, the baseline is the border must the writer respect them
o general: Related to writing in free sites
2. Internal the writer usually leads to discrete, grouped, cursive or mixed writing, it is
obvious that the discrete writing is the easiest for processing because of the presence of
the space between the letters unlike of cursive writing which is difficult to process

because of the unknown boundaries between the letters [1, 11].
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4.2 Number of writers

The complexity of a recognition system is related also to the number of the writers which

can be divided into three types: single-writer, multiple-writer, omni-writer [11,2].

The simplest case is when there is a single-writer. In this case, only one writer can use the
system after learning his writing, in multiple writers, the system can recognize the writings of a
limited group of potential writers, either after adaptation to the writing of each one or without
adaptation, while in omni-writers, the system must be able to generalize its learning to any type
of writing. in the cases of the single-writer or multiple-writer it exists an individualized initial
learning phase, so the system is able to adapt without forgetting the particularities of each
individual's writing. If the system is provided with a permanent learning mechanism, it will be
able to adapt to the next changes of the writings over time. in the case of omni-writer system,
the learning can only be very general, which leads to a very high degree of complexity for these

systems [26, 2].

4.3 Size of vocabulary

We make the difference between limited vocabulary applications (more than 100 words)
and those with very extensive vocabularies (less than 100 words). in the first case the complexity
is less definite, Because the fewer vocabulary the less memory congestion and in this situation
we encourage the use of direct and rapid recognition methods, by systematically scanning of all
the words in the lexicon. In the second case, tens of thousands of words forming a dictionary
which cause the problems of memory congestion and the problem of the access time to each
word. In this situation, the only effective methods that can be considered are the Searching Tree
approaches with successive refinement [11, 2].

The Figure 1.2 can summarize the degrees of generality and complexity of a handwriting
recognition system, where the origin of the axes corresponds to the simplest and most
constrained system at the same time while on the other hand, as much we move away from the

origin of the axes as much growing the generality and the complexity [22,2].

10



Chapter | Optical Character Recognition

number of writers
A

omni
7
Multi
R s
|
* ] .
guided vocabulary size
: Mono
\ >
reduced

. Large
unconstrained

spatial disposition
Figure 1.2: Graphs of complexity of OCR systems [11].

There are other types of criteria which can influence on the complexity of OCR systems.
which are relative with the intrinsic variations of writing, in the context of cursive writing [22],
Among these variations, we can mention:

- The physical condition of the paper or the thing which the text was written in.

- The variations specific of the writers
4.4 The physical condition of the paper or the thing which the text was written in
o The position of the sheet, of the forearm of the writer [22].

o the angle of the pen relative to the direction of writing can affect the direction of the

baseline, which generates fluctuations or inclination of writing [22].

11



Chapter |

Optical Character Recognition

4.5 The variations specific of the writers

Variations specific to the writer (that depend on his physical and mental state) reflect the

personal style in terms of speed (in the case of fast writing, a lot of letters can merge into a

different global forms), continuity and regularity. All these elements influence on the shape of

the letters (leaning, curly, rounded, linear, etc.) and of course the shape of the ligatures,

sometimes compromising the identification of the boundaries between letters. [22]

Figure 1.3([22]) shows a classification of different types of writing according to the nature

of writing and the input mode and the application considered.

[ Raw Writing

v

Printed

A 4

A 4

[ Mono-Font ] [ Multi-Font ]

-

[ Handwritina ]

v

E

[ Off-line [ On-line ]

v

v

Isolated
Characters

J

J

Continu
Text

v

ous }
v

[ non Cursive ]

[ Cursive Script ]

» e
V\r‘

[ Text Constraint ] [

Non Text

)

Figure 1.3: Dichotomy of different writings [22].
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5. CHARACTERISTICS OF ARABIC WRITING

Arabic is written by more than 250 million people [28]. Although spoken Arabic varies

somewhat from one country to another, the writing system is a standard version used by all the

Arab people for their communication. The automation of Arabic character recognition is

considered by more than 27 nations who use Arabic characters in their writing [2, 29]

Arabic writing was developed from a type of Aramaic., The Aramaic language has fewer

consonants than Arabic, so new letters were created by adding points to already existing letters.

the Arabic letters may use other small marks called diacritics to indicate short vowels. Unlike

several other languages like the Latin, Chinese, and Japanese scripts that are widely examined,

[2, 20] Handwritten Arabic text recognition remains a challenge as there is limited work on it

[28]. Arabic script has the following characteristics:

By nature, the Arabic script is cursive. [2, 29]

The Arabic text is written from right to left. [2, 29]

With 28 base letters. [2, 29]

More than half of the Arabic letters are composed of a main body and secondary
components like the letter Jim (=) has a point below its main body, and the letter
Kha (=) has a point above its main body, the letter Yeh (<) has two point below its
main body. [2, 29]

The type and position of the secondary component are very important features of
Arabic letters. For example, recognizing of the two points below the main body is
enough to recognize the letter Yeh (<) because it is the only letter with two dots
below its main body. In addition, some letters can only be distinguished by the
secondary components, for example the letters Fa (<) and Qaf (%) are different only
in the number of points above the main body, and Ta (<) median and Yeh (=) median
are differ only in the position of the two points. [2, 29]

among the Arabic letters 16 which have points

The points can be one, two or three, as they can be above or below the baseline
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On the other hand, the width of the Arabic letters differs from one letter to another;
in handwritten scripts. In addition, usually there are differences in the form of letters
from one writer to another,
There is a small number of letters that have the same shape whatever the position
like: (5) and (V). [2, 29]
Most letters of Arabic words are linked together depending on their position
o In the start of the word.
o Inthe middle of the word.
o Inthe end of the word.
The table below (Table 1.2) show to us changing of the shape of the character
according to its position in the word. [2]
During writing an Arabic letters the pen may need more than one direction. the

Figure 1.4 illustrate the variation of the directions during the writing. [21]

N

P <«

Figure 1.4: Directions rolled during writing [21]
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character position
initial median final isolated

Alif L L f f
Beh o - = <
Teh - 4 S &
Theh N A 3 &
Jim = - Y z
Ha = = = c
Kha & A A ¢
Del K K 3 3
Thel L kY 3 3
Ra > > J J
Zey > > J J
Sin e e — o
Chin g " =& o
Sad o —a —a ue
Dhad e - —a ua
Tad b Ja L b
Dha L L 55 5
Ayn & 2 = [
Ghayn & e £ ¢
Fa i 4 2 o
Qaf & A ] &3
Kaf d < =< d
Lam & At d J
Mim ~ - - R
Noun e £ = O
He a-0 - A

Waw -4 5 3 3
Ya S - - = ¢

Table 1.2: The different forms of characters according to their position in

the word [2].
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The Arabic words has three different types either with isolated characters “2)5” such

as or with linked characters such as “ass” or with pseudo-words such as "z=L<" has two

pseudo-words the first one “b=¥ and the second “z=".

some Arabic letters have alhamzeh (zigzag shape) "+" and almad "~" as shown in the
next tables (table 1.3).
(@)
character position
initial median final isolated
Alif + med |
Alif + hamza L i
Teh L J
Waw + hamza > 3
Ya + hmza - - ©
(b)
character position
initial median final isolated
Ta L R
Lamalif N
(c)
character position
initial median final isolated
Lamalif+ med
Lamalif
+hamza

Table 1.3: (a) The additional characters, (b) and (c) Hamza and Med and

16
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- In some fonts there are many Characters may have written in a combined way, these
combinations or ligatures either vertical ligatures which are optional or horizontal
ligatures which are obligatory [1], the Vertical ligatures are used for aesthetic and

for artistic quality of the document.

{= = A}3 {=, A’A'}i {= = A}d {= = A}

Table 1.4: Characteristics that can be ligated vertically [30]

3z » J :disjointed letters.
44l :0bligation ligatures.
dal ; aesthetic ligature between the first two letters.

4ol aesthetic ligature between the first three letters.

Figure 1.5: Horizontal and vertical ligatures. [1].

6. BRIEF OVERVIEW OF AOCR

Optical Character Recognition or OCR is great invention in the present era and very
helpful in our daily use like in the apps of translate for English and a lot of other language. The
research of OCR is still under development for other languages such as Arabic language, but
cannot generalize the algorithm of the Latins languages on the Arabic language, for this case
there is an extension of OCR is AOCR (Arabic Optical Character Recognition) [16].

The recognition of Arabic writing (AOCR: Arabic OCR) dates back to the 70's, since then,
many solutions have been proposed. They are as varied as those used in Latin [20]. From the
first works in the recognition of Arabic writing was taken into account the two modes static and
dynamic. The whole research was all focus was in the field of handwriting and print writing

[21].
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Despite the huge development and what the evolution in AOCR Arabic language
recognition technologies reached, it remains insufficient and almost unsuitable for artistic
Arabic writing because it is very difficult to identify words and pseudo-words and the
boundaries between characters with the existence of overlaps between characters and characters

in vertical ligature and intersections between segments of letters ... etc. [4]

CONCLUSION

In this chapter we have presented some general concepts related to optical character
recognition, and the different aspects of the OCR as well as the organization general recognition
system, then we have briefly mentioned the different stages involved in designing a character
recognition system.

In addition, we presented the main problems encountered by the OCR, and their impact
on the complexity. Then we see the main morphological and typographic properties of Arabic

writing.
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INTRODUCTION

In the previous chapter, we presented the OCR (Optical character recognition), then we

presented the different approaches, methods and techniques in the OCR field.

The purpose of this chapter, to present the most important step that is the segmentation of
handwritten and present the approaches used in the segmentation of handwritten text especially

the segmentation of the word in characters as well as the strategy that is used.
1. PROBLEMS POSED BY WRITING IN CURSIVE

The image that contain a word which written in cursive is represented by a two-dimensional
signal where no scheduling information is present, in this word there exists a sequence of letters

whose logical order of interpretation is from right to left by convention [2].

P
. \
- A/'

Figure 2.1: cursive word [3].

As shown in the figure 2.1 we cannot easily claim that the point B is whether or not it is

in a letter prior to point A.

The only way to restore the consistent order of the path is to segment the word into letters.
The problem in this kind of writing is that the difficulty of determining precisely the location of

the beginning and the end of a letter is so difficult [3].
2. SEGMENTATION OF DOCUMENT

In offline recognition of handwriting, the form of the data which being processed is a
scanned or photographed image. The segmentation is a very important step in the handwriting

recognition process that consist to segment the text image (which is existing in image) into
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graphemes, letters or sub-words which is so useful for next processing. The segmentation has
a great influence on the recognition rate, which means that the more the segmentation is good
and precise the more recognition rate is good. On the other hand, if the segmentation was bidding
it will lead to a bed recognition rate [4].
Generally, there are four levels of segmentation, as following:

- segmentation of the page,

- segmentation of text into lines,

- segmentation of lines into words,

- segmentation of words into characters.
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o

[PHOTOGRAPH’ ‘ Graphic ]

Word/PAW || Word/PAW ’ | Word/PAW

Figure 2.2: lllustration of the different levels in the segmentation process [7].

Characte

The first level allows the identification of different information areas according to their
physical appearance, the functionality of the second level is to separate the lines of the text, and
in the third level the word will be isolated from the sentence as the writer write, the last level

allows to determine the location of the characters in each isolated word [5].
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Each segmented character is validated instantly by recognition. The parts of the word that
are not recognized are considered to be cursive letters and it sent to specialized module in the

recognition of this type of fonts [6].
2.1 Segmentation of the page

This step allows to determine in every page, the information areas according to their
physical appearance, It is generally associated with logical labeling, which consists of

determining the nature of the media represented in each zone (text, graphic, photograph, etc.).
[7], This classification allows to orient the recognition towards systems specialized in the

.

analysis of each type of media [8].

e e

Figure 2.3: Detection of different areas of a document page [7].

24



Chapter Il Segmentation

2.2 Segmentation of text into lines

In this step the system separates the different lines of the text for extracting the words.
Then the characters which consisting the words. Most of the studies proposed in this field are
based on decomposition of the image into connected components [9].

However, others use techniques that Largely based on the histograms of horizontal
projections [9], and Some authors choose specialized methods for line segmentation of Arabic

handwriting [2]

Text

cd N

Figure 2.4: Segmentation of text into lines [7].

2.3 Segmentation of lines into words

This step separates the different lines of text to extract the words and then the letters that
make up the words. Most of the proposed studies in this area rely on the analysis of the image
into connected components [9]. On the other hand, others use techniques based largely on the

histograms of the horizontal projections [10]
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i

Figure 2.5: Segmentation of Line into Words. [7].

3.4 segmentation of words into characters

This segmentation segment words into characters (or graphemes) which is the most
delicate step in the whole process of a handwriting recognition system. An error in the character
segmentation will produce errors in the recognition [4], The goal of this segmentation is to
decide whether an isolated motif of an image (character or other identifiable entity of the word)

is correct or not [8].

PR

Character 01 | | Character 02 | Character 03 | | Character 04

Figure 2.6: segmentation of words into characters [7].
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3. SEGMENTATION STRATEGIES

Tappet and some of author use the terms interne and extern segmentation, depending on
whether the segmentation is done separately or simultaneously with the recognition. Dann and
Wong and other authors talk about straight segmentation and segmentation-based recognition,
to express the same previous meaning [1].

According to what Casey and Lecolinet said that the classification of the methods follows
the use or un-use of the recognition during the segmentation phase is not a good classification
[1, 2]. Because we can for example use a spelling checker as a post-processor and in this case it
can suggest to substitute a letter output by the classifier by two letters, and this is actually a use

of a segmentation of the sub-image [11].

According to the point view of Casey and Lecolinet to distinguish between these methods
it is better to be according to how segmentation and classification interact throughout the
process, like in the previous example the segmentation in two event the first one before the

classification and the second one after the classification [2].

After testing the methods, we can classify them into three basic segmentation strategies,

adding to the them the hybrid methods based on the last three basic strategies [9,2]:
- Explicit analytical approach: Where the segments are identified based on the
properties of letter similarity. This approach uses a technique of cutting the image into

significant components which is called “dissection .

- Implicit analytical approach: Where the system search for components which

correspond on the alphabet in the image.

- Global approach: In this approach the system tries to recognize the whole word instead

of character by character.
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In addition to these approaches the hybrids approaches where each of them has different

ratios of these three basic approaches can be also used.

3.1 Explicit analytical approach

The way that this classical approach works, is to segment and recognize the characteristic
elements close to letters (which is called graphemes) [12]. In this case there is an explicit pre-
segmentation which is often based on perceptive criteria like the location of ligatures (Which is
a symbol resulting from the combination of two or more symbols or two or more letters to form
a uniform form that expressing the both symbols) between the letters. Then, the graphemes are
recognized individually. The identification of the word is completed due to the contribution of

contextual information [3].
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Figure 2.7: Hierarchy of segmentation methods according to R.G.Casey [3].
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3.2 Implicit analytical approach

This approach tries to avoid some of pitfalls of explicit segmentation. In this case, there is
no pre-segmentation of word, the segmentation is done during recognition. The systems search
in the image for grouping of graphemes or components that correspond to its letter classes. [13]
Classically, it can do it in two ways [76]:

- Windowing, the idea is to use a sliding window which has variable width to find
sequences of potential segmentation points that will be confirmed or not by character
recognition

- Search for primitives, for getting the best recognition as possible as the system can, the
system looks for the combination of primitive, this way performs the recognition by
using different techniques including the models of Hidden Markov and Neural Network

.. etc.

3.3 Mixed analytical approach
Actually, the most of current methods are mixture of the two previous strategies [14]. The
pre-segmentation is the first step that performed for cutting the image, then we chose the best

recognition combination, without forgetting the possible combination 1, 2.... n graphemes [3].

3.4 Global approach

In the global approach, the general form of the word is enough to recognize it, this
approach supposed to be robust to noise or imperfections of the signal resulting that there is no
segmentation (neither explicit nor implicit), usually the recognition depends on a lexicon (a list
of word patterns) [2].

The use of this method remain limited because of it requires a model for each word in the
lexicon and each model it must to be learned. This method can be used in applications where
the lexicon is restricted as it is the case in the automatic processing of checks.

Here too, where different techniques are used such as dynamic programming and hidden
Markov models [3].
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3.4 Hybrid approach

In this approach a lot of recognition strategies is combined resulting in one approach to
exploit the points of strength and weakness of complementary approaches (ascending and
descending strategies). This approach has a pre-segmentation from which are derived
assumptions that will be validated later [3]. Also we can add information about the style of
writing - as proposed by Crettez - can help to improve performance by choosing a primitive

Extractor specific to each writing style [3]

4. SEGMENTATION OF CURSIVE WRITING

Images size is very important in computer science field, and the big images size makes big
problem in processing, converting single image to a sequences of pieces (graphemes) raises big
size problem, so the size of the graphemes should not be too small to be statistically significant
and should not be too big so as not to exceed the size of a letter, where the graphemes are
extracted from performing the segmentation operation on image. It is really important that a
given grapheme is a subset of a single letter. This condition is necessary to construct a word
model as the concatenation of letter models [15].

4.1 Segmentation from the skeleton

After generating a skeleton from a given text image, we try to identify certain patterns, to
deduce candidate’s points for segmentation. The detection of these patterns introduces
calculations of curvatures and angles, which are compared with thresholds adjusted to obtain
the desired result [16].

Xavier Dupré confirm that this approach is wrong in about 10% of cases. configurations

that are difficult to segment are those for which the letters are often entangled, such as the "tt",

or the high-bound letters ('b', 'o', 'v', 'w') with their successor [15].
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X\/XY

Figure 2.8: Segmentation based on the skeleton [15].

4.2 Segmentation from the contour

The segmentation from the contour consists in determining the best candidate points of
segmentation between graphemes, based on the local extrema of the contour, which are

associated according to a proximity criterion (see Figure 2.7) [15].

TAU S . W T - e R
L ) -

Figure 2.9: Extrema of the upper and lower contour are associated, and connected
by a rope [15].

Grapheme segmentation from the contour requires many adjustments before finding the
decision criteria. This development by trial and error is the common point of many image
processing related to handwriting recognition. it is easy to adjust when the quality of the writing

is good, these pretreatments can have quite erratic behavior when the writing is of poor quality
[15].
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4.3 Segmentation from histograms

B. Yanikoglu and P. Sandon propose a method of segmentation using histograms [3] It
consists of calculating projection histograms in several directions close to the vertical [9]. The
chosen lines are those that intercept the least black pixels, with a regular spacing constraint in
the image (see Figure 2.10) [10].

OOVl

Figure 2.10: Segmentation from projection histograms in several directions [15].

4.4 Segmentation based on reservoirs

X. Dupré extends to cursive writing the reservoir based on technique initially applied to
the segmentation of linked digits. He points out that decision rules are more difficult to

implement in the case of letters, because they are of varying sizes. [13].

4.5 Segmentation based on slippery windows

The principle is to use a sliding window of variable width by cutting the image into vertical
bands. This cutting can be regular or not, possibly with partial recovery of the successive bands
(see Figure 2.9). This makes it possible to find sequences of potential segmentation points that
will be confirmed or not by the recognition of characters. [9].

By varying the size of the window and its position, we obtain several sequences of

segmentation points that will be analyzed by the recognition system. The analysis of the contents
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of the window can be done directly on the pixels of the image or can be done on the grouping
of low level primitives. This method requires two steps [3]:
1- generation of segmentation hypothesis (sequences of segmentation points
obtained by windowing)
2- choice of the best hypothesis of the stage of recognition (validation).

Ascending zone | M1

\ ||

—/\>.4'N‘.71v{/ % MYk

Descendants zone

o, \

Figure 2.11: Segmentation based on sliding window: cutting the word into vertical
strips [15].

This technique has the advantage of being simple, robust to noise, and independent of
connectivity. However, the width of the window of observation is not easy to determine a priori
and it is necessary to manage the conflicts between the various hypotheses envisaged [17]. In
addition, the generated sequence of images contains a lot of noise (recovery of two successive
letters). This is also true in the case of vertically overlapped letters, but which do not necessarily
touch each other like:

- abar in the letter 't" with the next letter

- descendants such as 's' and "' in Arabic [15].

5.WORD COMPOSITION PROCESS

Composition is the reverse process of segmentation, during which the word is constructed
using the different labels (labels) of characters (shapes) obtained after the classification phase

in addition to a dictionary containing the models of the words [18].
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Each label is compared with the dictionary Word label as long as the sequence of these
labels we repeat the operation on the next label otherwise the word considered known and the

label being processed is taken for construction a new Word (see Figure 2.10) [19].

1”_:'3_]._.:{.'!

l Word

——————————————— Acquisition, Pretreatment, Segmentation s

ooy

I_Q] . - Characters

S B

— Extraction of characteristcs @ ———————--

oo

Vector 1 Vector 2 Vector 3 Characteristic vectors

S B

— Classificaton @ r———-————————--

Voor

Label1 Label2 Label3 Character labels

S

Composition P e

Models of
words

Dictionary l

L

[ LW Recognized word

Figure 2.12: Composition process [7].
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CONCLUSION

Segmentation is important to properly process the mass of multimedia data passed on

throughout the day around the globe.

In this chapter we have presented the different methods used in text segmentation, these
methods have been developed a lot in recent times but they remain insufficient because the
Arabic words manuscripts, sub-words, and the boundaries between the characters are difficult
to recognize with the existence of cuts and overlaps in the segments of characters that which

makes the segmentation of Arabic documents very difficult.
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INTRODUCTION

Arabic writing recognition techniques have evolved considerably as a result of many researches,
but many problems still exist in the recognition of handwritten Arabic writing, because of the
difficulty of recognition of words and semi-words and the overlap of letters and words written
vertically and the problem of adhesion between letters, and the problem of irregular spaces between
letters.

In this section, we will explain our contribution to solving many of the problems facing Arabic
handwriting, and the way algorithms work to solve the problem of intersection of letters and words

written vertically, where we have developed many new rules to help divide words correctly.

1. THE PROPOSED METHOD OF THE SEGMENTATION OF ARABIC HANDWRITING

In this part we will present the different steps of our proposed segmentation method.
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1.1The flowchart of the proposed method:

[ Original image ]—>[ Acquisition ]

[ Pretreatment phase ]

A 4

[ Extraction of the intersection ]

[ Horizontal segmentation ]

A 4

[ Extraction of PAWS ]

Image Segments (Frames): S = {S1, S2,S3, ..., SN}

|
; l

Vertical scan Horizontal scan
VFPs & HFPs &

v

[ Filtering points ]

v

[ Determine the connectors of the characters ]

\ 4

[ Scans of circles ]

\ 4

[ Generation of Base Segments ]

v

BS ={S1={s1,s2, ...,sm}, S2 = {s1, s2, ..., sl}, ..., SN}

Figure 3.1: Organigram illustrates The general principle of the proposed method
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1.2 The steps and the principle of the proposed method
1.2.1 Acquisition Step:

This step consists to acquire or loading a paper image from physical sensors (Scanner,
Camera...... etc. or from a "digital image" database) and converting this paper (digital image) into a
known image format such as jpeg, gif, bmp...cetc. Which can be in color or Grayscale or transform it
into a matrix of pixels with a minimum of possible degradation. It’s very important step and an

influencer step (because can influence on the next step).

1.2.2 Pretreatment Step:

Pretreatment step consist to improving the quality of the information that acquired form the
obtained image from acquisition phase (which is a raw image, a noisy image) for prepare the image
for the next step (the segmentation). During the pretreatment phase we are going to perform filters for
reducing the noise which is superimposed on the data and for trying to keep only the significant
information of the shape represented, the superimposed noise may be due to the acquisition conditions
such as lighting, incorrect document layout, incorrect document placement or the quality of the
original document. This step divided into two main steps, namely:

a) Step of Binarization

b) Step of Filtering and Noise Removal

preprocessing phase

binarization

filtering

Figure 3.2: Steps of preprocessing phase.

a) Binarization
The idea of binarization is to transform the raw image which can be grayscale or colored image

that acquired from the previous phase into image presented of two main color black and white. In this
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case we choose the Global Thresholding method which is fast method, the way that this method works
Is to take every pixel and compare it with the threshold and decide to take the value either white or
black according to weather is higher or lower. This transformation uses the RGB/YUV conversion
formulas, as follows:
Y =299 X R+ 0587%x G + 0114 X B
U = 0492 x (B-Y)
V = 0877 x (R-Y)
b) Step of Filtering and Noise Removal
After the binarization step the obtained image may have a lot of stain (which mean noisy
image), to get rid of these stains (noise) or to clean the image from this stains we use the filtering,
which uses pixel masks to eliminate the spots of the image to better represent the points of the
interest. The process of the system is to eliminate every pixel that respect this two condition:
1) Black pixel surrounded with white pixels

2) A white pixel between two black pixels either horizontally or vertically.

1.2.3 Step of Extract and separate the intersection between characters

Intersection of letters is one of the special features of the Arabic handwritten manuscript to
increase the beauty of writing, the horizontal expansion of the letters causes the intersection of the
letters due to overlapping with the vertical expansion of the other letters. This intersection causes
problems in dividing the word for character recognition, so we suggested a solution to this problem
by finding the intersection and extracting from the word, the following steps illustrate the mechanism
of work to find and extract the intersection

a) Vertical projection: The vertical projection finds possible points for the intersection of

characters by finding the points that achieve the following property:

The search for the intersection starts from the bottom corner on the left. As shown in the following

picture:
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Figure 3.3: The first angle to find the intersection
In order to reduce the potential points of the intersection of letters, we calculate the length of the
vertical extension of the letter where the calculation of the length is divided into two parts:

Part 01: The length of the vertical extension of the letter above the intersection.

Part 02: The length of the vertical extension of the letter below the intersection.

The image below shows the result of the character calculation where the yellow color indicates
the character length

The character length above
the intersection

The character length below
the intersection

L=

Figure 3.4: Image illustrating character length.
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The point (pixels) that meet the conditions mentioned above, we change the color of this point to

Magenta.

Figure 3.5: An image showing a possible point of an intersection state.

we use the following code to calculate the character length:

Note: The following code shows how to calculate the length of the bottom part of the intersection
only.we use the code in reverse to calculate the length of the top part of the intersection.

Where :
Img: source image .
getRGB (X, y): function makes it possible to obtain the color components of the pixel in position

(x,y).
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int MiddleY =Y; int MiddleXBottom = X;
boolean BalanceBottom = false;
int BorderSize=8; intMax=0, Min=0;
while (img.getRGB(MiddleXBottom, MiddleY + CompteurBottom) !=-1) {
MoveBottomLeft = 0;
MoveBottomRight = 0;
Max = 0;
Min =0;
i MoveBottomRight i
while (img.getRGB(MiddleXBottom + MoveBottomRight, MiddleY + CompteurBottom) 1= -1) {
MoveBottomRight = MoveBottomRight + 1;
}
i MoveBottomLeft i
while (img.getRGB(MiddleXBottom - MoveBottomLeft, MiddleY + CompteurBottom) !=-1) {
MoveBottomLeft = MoveBottomLeft + 1,
¥
CompteurTopRight = CompteurTopRight + 1;
if (img.getRGB(MiddleXBottom, MiddleY + CompteurBottom) == -1) {
BalanceBottom = true;
¥
if (BalanceBottom && (MiddleX - (MiddleX - MoveBottomLeft)) < 8) {
Min = MiddleXBottom - MoveBottomLeft;
Max = MiddleXBottom + MoveBottomRight;
MiddleXBottom = (int) Math.round((Max + Min) / 2);
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if (MiddleXBottom + 1 < img.getWidth() && MiddleY + CompteurBottom< img.getHeight()){
if (img.getRGB(MiddleXBottom + MoveBottomRight, MiddleY + CompteurBottom) == -1) {
if (img.getRGB(MiddleXBottom + 1, MiddleY + CompteurBottom) !=-1) {
MiddleXBottom = MiddleXBottom + 1;
}else {
if (img.getRGB(MiddleXBottom - 1, MiddleY + CompteurBottom) !=-1) {
MiddleXBottom = MiddleXBottom - 1;

From this magenta point, we search the other possible angles that form the intersection
between the two letters. If there are other angles, we place a point at each corner of the intersection of
the two letters. we assign the magenta color to the angles at the top on the right and bottom on the left

,and the cyan color of the angles at the top on the left and bottom on the right. the image below shows
the points at the corners of the intersection and its color:

[ \
\ Color Cyan |

Figure 3.6: Picture showing the four points that define the intersection.
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After identifying the points at the corners of the intersection we move on to the next step,
which is to connect the magenta points with the cyan points, by drawing a line connecting the four
points. the cyan lines represent the horizontal border of the letter, while the magenta lines represent

the vertical border of the character.Using this code.

{ Intersection area ]

Figure 3.7: Image illustrating the intersection area of the two letters.

In order to draw lines between two points we use the following code:
File f = new File(PATH);

Bufferedlmage img= ImagelO.read(f);

Graphics2D graphics2D = img.createGraphics();

graphics2D.drawLine( PointCyanX ,PointCyanY , PointMagentaX, PointMagentaY);

We select all points with the vertical extension of the letter and put it in a matrix and then turn it into
a single image. to get the following picture
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Figure 3.8:Extract the vertical extension of the intersection of the two letters.

After extracting the vertical character, the intersection becomes like this image

Figure 3.9: Image after extracting the vertical extension of the

In order to retrieve the missing horizontal character points, we fill the white space inside the intersection area

and change the blue points to black, and then magenta points to white.
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\ Zooming

_/:>

Figure 3.10: Image of the vertical extension of the intersection of the two
letters after retrieval of missing pixels.

After extracting the intersection, we get two pictures. an image of the word without the

intersection and the image of the vertical extension of the letter, as shown in the table below:

The word before extracting the intersection

The word after extracting the intersection

=l

Table 3.1: Word before and after intersection extraction (<, ).
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Another example of a word that contains an intersection:

The word before extracting the intersection

C 4 (

The word after extracting the intersection

. ’ ~

Table 3.2:Word before and after intersection extraction (<l ll),

1.2.4 Step of Horizontal segmentation:

Arabic handwriting is characterized by vertical writing, making it difficult to segment ate the word
to recognize letters. Because of this, we proposed another algorithm to solve this problem by using
the horizontal character separation technique, depending on the many rules to help determine vertical
writing. we use the point to indicate the possibility of writing vertically. The following image

shows the pink point:
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Horizontal segmentation

=
s o

Figure 3.11:Picture showing vertical writing of a word...

' [ Pink color ]

The following images illustrate some cases of vertical writing :

Character at the top level

Character at the bottom level

Figure 3.12: Examples illustrating vertical writing of words

(J& o).
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Character at the top level

Character at the bottom level

Figure 3.13: Examples illustrating vertical writing of words

(- &)

Character at the top and Character at the top level
bottom level at the same time.

1

o !

Character at the bottom level

Figure 3.14: Examples illustrating vertical writing of words

(b&e &)

1.2.4.1 Detect writing vertically for word
The word vertical is defined using a control point, where we calculate the length of the vertical

extension of the letter at the top level and make sure that there is an angle between the letter at the top
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level and the letter at the bottom level belong to the following sectors (2-1-8), and then descend
vertically to check the color change feature.
1.2.4.1.1 Calculate the length of the letter extension at the top.

The process of calculating the length of the letter at the top level helps us to verify the existence

of the case of vertical writing using a method similar to the method mentioned above.

Character length

e ’/\J

Figure 3.15:An image showing the character length at the top

1.2.4.1.2 Feature change colors:

The color change feature allows us to know the words written vertically by using the vertical
projection where we first check the black color (the color of the writing), second check for a white
space (background color), and third check for the black color again. the following image shows the
color change feature.

Second check First check
[ Black color ]

2\

b

ﬂ"’)}

[ Black color ]
Third check

Figure 3.16: Illustration of color change feature.
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We check the color change feature using the following code:

intm =1,
int N_Color =Color.BLACK.getRGB();
int Comptuer = 0;
int NewX = 0;
h=1;
while (Sep_img.getRGB(PointX- h, PointY) == Color.BLACK.getRGB()) {
NewX= PointX - h;
h=h+1;
}
If (Sep_img.getRGB(PointX, PointXY+ m) == N_Color && Comptuer == 0) {
Comptuer = Comptuer + 1;
N_Color = Color. WHITE.getRGB();
}
if (Sep_img.getRGB(PointX, PointXY+ m) == N_Color && Comptuer == 1) {
N_Color = Color.BLACK.getRGB();
Comptuer = Comptuer + 1,
}
If (Sep_img.getRGB(PointX, PointY+ m) == N_Color && Comptuer == 2) {
N_Color = Color. WHITE.getRGB();

Comptuer = Comptuer + 1,

}
if (Comptuer == 3) {
Is Ha = true;
¥
m=m+1,
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1.2.4.1.3 Sectors of angles :

Sectors help to get a description of the angle between the letters above and the letter at the bottom.
The following image shows the sectors mentioned above

Figure 3.17: lllustration of the sectors.

1.2.5 Step of Extraction the Different Connected Components:

To handle this situation and obtain the different connected components, the algorithm we
propose will start scanning from the write to the left in order to have the first black point (black
pixel), then we use recursive function with the help of the eight neighboring points to handle the
rest of the PAW (Piece of Arabic Word), at the end of this step we will generate and extract the
different connected components and we will handle the text as a set of segments.
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|

Extraction Connected Components
and PAWs

"’s—/l:a.ji'-—- ~ /J

Figure 3.18:Example of extracting the different connected. components of a text

this obtained connected components may be more than one letters (PAWS) interconnected by
the intersection of the character extensions that compose them, or may be one point or two
connected diacritical points of the letters like ‘0%, ‘&, ‘<) ‘<’ etc. After we obtains the
connected components how the system will distinct between them?
To handle this problem, we divide into this cases:
- Connected component that are either PAW or several of PAWSs that are interconnected by the
intersection of the character extensions that compose them.
- Isolated PAW which mean letter.
- The isolated small pieces are the diacritical points or diacritical marks
Or we distinct between the different connected components by the size and thickness of each of

them

1.2.6 Step of Determining Different points of interest:
After we extract the segments in the previous step we are going to determine the points of interest
that connected component have shush as Point of Vertical Nature which inform us to detect the

connector of the character and the Point of Horizontal Nature which help in identifying the limits
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of the character and the appearance of their form, to determine PVVNs and PHNs we use a vertical
and a horizontal scan and predefined masks.

To determine each of PVN and PHN we use two vertical scanning masks and two horizontal
scanning masks respectively, the first two masks has two points are: Vertical Fusion Points (VFPSs)
which is in red, Vertical Division Points (VDPs) which is in green, (see the figure 3.4) and second
two masks has also two points are: Horizontal Fusion Points (HFPs) which is in blue, Horizontal
Division Points (HDPs) which is in yellow (see the figure 3.5)

e B e

8 (b)

(1)
Figure 3.19: Vertical scan masks ((a) fusion mask (b) division mask) [4].

(c) (d)

<=

(2)

Figure 3.20: Horizontal scan masks ((c) fusion mask (d) division mask) [4].
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1.2.7 Step of Filtering and Eliminating Incorrect Points
The generated point may be ambiguous and difficult in the segmentation process because of

contains an additional point (or incorrect), which requires to eliminate them by a filtering step.

Eliminate the points near each other when T & L < pen_size, such that T is the thickness and L is the

length of the lines of the segments.

QG_%:“"

T&L < Pen_Size

Figure 3.21: illustration of points filtering.

1.2.8 Step of Discovering circles of characters:

In this step which is should be done before the segmentation step, it takes every segment that has
no simple structure and search for the location of the circle of the character (if it exists) such as the
letter <&, 5’,’%’, >’ *4> which compose the connected components, try to determine the descendant
points that are result of overlapping the character that have descendant extension like s, *,’ with the
other characters belongs to the same word or to other pseudo-word, and also try to determine the

location of the intersect between the characters that are compose the pseudo-word.

The system distinct the circle by four colored point that are consecutive on its perimeter each one
then has its own meaning and fixed order as follows:

- aHDP point which is in yellow it is in the right side of the circle

- a VFP point which is in red at the bottom of the circle

- aHFP point which is in blue on the left side of the circle

- a VDP point which is in green at the top of the circle.
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As shown in the following figures, those points that are form the circle can have obtained from the

fusion and division function.

Figure 3.22: illustration the determination the circles of the characters.
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CONCLUSION:

In this chapter, we presented the general structure of the proposed system for the division of handwritten
calligraphy, and then we explained all the stages. We also provided our contribution to the development and
improvement of the system by providing two algorithms, the first algorithm to extract the intersection of

letters, and the second algorithm to divide the writing vertically.
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Chapter IV

TEST AND RESULTS




INTRODUCTION

In the previous chapter, we explained the steps used to divide the handwritten Arabic
words.e explained the two algorithms in which the first algorithm is based on finding and
extracting the intersection. The second algorithm depends on the horizontal segmentation of
vertically written words.

In this chapter, we will explain the program interface and the steps used to acquire the
image, and then filter the image obtained. Then the stage of converting the image where we get
a series of images contains parts of the word processing. Finally, we will display the results
obtained by our system.

1. Programming Language

In this work, we used the Java programming language, which is one of the most powerful
programming languages that contain many powerful libraries that are easy to use, including
libraries dealing with images, such as image acquisition, processing and creating new images.
Why java ¢
Java programming language has many advantages, including the following:
Java is easy to learn.
Java is object-oriented.
The portability of software.
Java is platform-independent.

2. interface

When we run the program we see this main screen, which contains a pre-loaded image,

as shown in the image below.
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ayln il )gnll
Y ko - JJ)
arila
arilan ajgn

Figure 4.1: The main interface of the program.

2.1. Load image

Through Jw=3 button or from the main menu sl / =3, we can browse inside the computer
files to select the image we want to work on. All files containing the following extensions appear
(ipeg, gif, bmp. . . etc).
As shown in the following picture:
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Lookin: | . Cours E‘ & &
=] 22.gF ] filter_traitpga.gif =] pgtigif
=] 55.gif =] imhata copy.gif =] pe6.gif
=] a=07_o2.git =] my_image_6.git =] pg7.gif
] cess_o3agif ] pe0to_o02.gif =] peBgif ¢
&) ges5_o11.giF =] pgo.gi =] pointMagenta gif
iif =] dgas_oot gif =] pgoas_o03.gif =] Tmp_Image. gif
]
=] filter_trait_trait_3_pg0.gif || pg1.gif
=] filter_trait_trait_3_pg1.gif |=/| pg150_005.gif
.
filter_trait_trait_pg0.gif | pg2.gif
PEUE =] pglg
=] fitter_traitpg1.gif =] pg22s_o11.gif
] filter_traitpg2.gif =/] pg238_004.gif
File Name: filter_trait_trait_pg0 gif ]
Filesof Type: llmage files E‘
=

Figure 4.2: Example to upload an image.

2.2 filtering and removing noise
This process is very important for improving image quality and facilitate their analysis.
Filtering allows good representation of control points by eliminating noise points.

The following image shows the filtering process:
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Image before filtering

aln il ajgnlly

Filter button Image after filtering

dyilan ajgnn
\
w}

Figure 4.3: Filter image.
2.3 Convert image:

we click on the button J:s~3 to convert the image to a series of images containing the

points and letters that form the word.
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daln il ajgnliy

Synthetica - Unregistered Evaluation Copy! GFJ-G-D ng-a

. 1 4 ~
L Segmentation button J \_/kg_,.) )

O ap ‘

8

Figure 4.4: Image conversion stage

RN

Figure 4.5: Segmentation of a word that contains an intersection between letters.

"

Another example of a word that contains a vertical writing:

65



Chapter 1V test and results

. l s s )

Figure 4.6: Segmentation of a word that contains a vertical writing.

3. Phase of tests & evaluation of the results:

After the presentation of the architecture of our system as well as the results obtained in
each step until the end, we used two algorithms to improve the segmentation of words.we get
all the necessary basic segments of the text handwritten processed. The results obtained from
this method were very good. however, as we apply our proposed method on 55 images (as a
basis for testing) contains handwritten texts of varying degrees of difficulty.

The estimated success rate of this segmentation technique evaluated at 92.73% of the
images were segmented successfully despite the difficulties and problems related to nature and
style of writing. And 9.27% failures in the results resulting from the existence of elved
complications in the writing method and unlimited difficulties in the distinction between letters
and words and vertical writing of words.

The 55 images tested are divided into three categories, the first category contains simple
handwritten texts, the second category contains medium-difficulty texts ,the third category
contains very difficult texts, which contain intersections between letters and vertical writing ,the

results obtained for each category according to their level of complexity in the following table:
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The categories Level of complexity Nbr images The success rate
Set of images 01 Simple Texts 25 100.00 %
Set of images 02 Medium texts 18 88.88%
Set of images 03 Difficult texts 12 83.33%
Total number of images 55 90.73%

Table 4.1 :The success rates of our proposed system according to the complexity level

Conclusion:

In this chapter we explained the basics of the program for the segmentation of Arabic
handwriting, using two algorithms where the first algorithm depends on the horizontal
separation of letters and the second algorithm to extract the intersection of letters.

In conclusion, our contribution has achieved good results for the segmentation of Arabic
handwriting in the field of OCR. despite the many problems they face because of the nature,

quality and irregularity of writing
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GENERAL CONCLUSION

Despite the efforts and intensive work done in the field of visual recognition of writing, there is
no reliable OCR system. But as the authors try to improve scores for better results In the case of
our study, we presented a segmentation method that proved its performance in terms of recognition
rate.

However, the major problems influencing research in AOCR are the lack of standardization of
calligraphy of Arabic characters is the lack of in-depth studies on the classification of fonts from
the point of view of calligraphy and body, and also the absence of tools such as as dictionaries,
databases and statistics relating to Arabic writing.

Solving these problems would be of considerable benefit, both in terms of the simplification of the

task of the AOCR, and the validation and portability of the products produced.

By trimming this work, we hope to have covered much of the field of research in segmentation of
Arabic characters, and to be able to contribute to the evolution of the researches, although the
efforts of our days intensify in this field and every day new articles are published, dealing with the

subject.
Perspectives

The work that we have done during this memoir is a step and a first contribution to the structural
segmentation of the Arabic handwriting, however we think it can be improved, and extended by
the following points:

- Add a dynamic filtering technique instead of a fixed thresholding method used (adaptive
thresholding),

- Take into consideration the management of the cut writing in order to arrive at a more

effective recognition model (especially for cursive writing).
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- The results obtained depend on the readability of the writing, for more recognition rates
better representing the effectiveness of the system other tests are necessary.
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