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ABSTRACT

In today many students produce a wrong and illegible handwriting and teachers need a lot of time to check
the handwriting errors. The traditional approach for handwriting teaching needs a long hours of
handwriting practice. Unfortunately, this is not advantageous in many cases.  In this paper, we develop an
automated educational system for Arabic handwriting learning and detection of errors such as: the stroke
production errors, stroke sequence errors, stroke relationship errors and stroke interline errors. Then our
system can check the handwriting mistakes and immediately provide a feedback to the students to correct
themselves.

In this work, we used an attributed relational graph to locate the handwriting mistakes. The experimental
results show that our proposed system can treat multiple cases of errors with satisfied accuracy.

KEYWORDS

Arabic handwriting learning, handwriting mistakes, handwriting teaching, attibuted relational graph,
intelligent systems

1. INTRODUCTION

In the traditional handwriting teaching system, the teacher must write an Arabic character on the
blackboard and the students should rewrite the handwritten character on their copy books. After
that, the teacher tries to check the handwriting errors in the student’s notebooks and provides a
feedback in the next time, because it’s impossible for a teacher to verify and check every
student’s handwriting in the limited time of the lesson. This system can be successfully acquired
only though practice regularly and for long periods. So these techniques have many drawbacks
which motivate the researchers to work in this field. In this context, Z. Hu et al. [12] define three
drawbacks of the traditional education, such as time -consumption, faultiness, Teacher-oriented).
In fact, the learning process becomes much more effective, if the handwritten character is
checked just after the students have finished their handwriting. On the other hand, the students
cannot learn without the teacher supervision and they can correct the committed errors and repeat
the same exercise several times they hope to speed up the learning process. Arabic alphabet
consists of 29 characters and eight diacritics [8, 17]. It is read and written from the right to left.
Words are written with respect to horizontal lines. Moreover, each Arabic character has two up to
four different forms depending on its position within a word: initial, medial, final or isolated as
depicted in figure 1. Consequently, the number of patterns increases from 29 to about 60 patterns
as shown in table 1.
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Figure 1: Different forms of the “GHYN” character.
(a) Isolated form, (b) Final form, (c) Medial form, (d) Initial form.

In addition, sixteen of the Arabic characters have a single dot, double, triple dots, or zigzag, called
Hamza in Arabic [5].These diacritics are used to distinguish between characters having identical
main parts. In this context, there are many groups of characters that have the same body, but they
are distinguished by the number of dots ( ب،ت، ), the position of dots ( ج،خ ), whether they have dot
or zigzag ( ,ئ (ن [9]. An Arabic script is written by connecting the characters together. However,
these six letters و,ز , ا, د, ذ, ر ) cannot be joined to any other letter coming after one of them. So, an
Arabic character might be connected to one side (either right or left), to both sides, or to neither
one.

As agreed by the most researchers related to the document analysis and recognition field, the
efficiency of a classifier and a handwriting generation model depends mainly on the features
extraction step [4, 8, 22]. The same concept is depicted for the handwriting education and
learning problem. In fact the writing style, speed, and the writing size have a great influence on
the student’s handwriting shape. The students spend long hours of handwriting practice and the
teachers have to check the handwriting errors to provide the feedback in a next time.

This paper is about an automated tool for Arabic handwriting learning. This educational system is
developed, using tablet PC and the attributed relational graph matching approach. Firstly, some
animation is displayed for the handwriting template, and then the student should follow it to
rewrite the handwriting input characters. Moreover, the system requires a detailed matching
between the input and the template characters to check the handwriting errors. Finally, an
immediate feedback is provided to the student about the location of the handwriting errors and
how to correct them.

The organization of this paper is as follows: In section2, an overview on the educational learning
systems is presented.  Then, in section 3, we describe our proposed system accompanied by the
handwriting errors detection and the correction procedure. Finally, section 4, is allocated to the
conclusion and future works.

2. STATE OF THE ART OF THE HANDWRITING LEARNING
EDUCATIONAL SYSTEMS

In the last few years, several research efforts have been focused on the developing of the learning
handwriting systems for different languages such as:  Chinese, Latin and Arabic. These products
can be organized on three categories: read only systems, guided ones and systems with automatic
errors detection.

2.1. Read only systems

This kind of systems is not interactive; it is read-only because it cannot provide the practice of
writing. It displays to the users how a character should be written with pictures and animations, as
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well as the pronunciation of the character. But the practice of writing will be done offline (paper,
book, etc...) and the task of errors correction is allocated to the users, they should compare their
handwriting on the paper with the pattern displayed by the system. In this context Muroya et al.
2001, have developed an educational software tool for teaching handwriting. This tool displays
some animation to help the students to rewrite the handwriting pattern [18].

Table 1: The Arabic characters and their forms at different positions in an Arabic word.

However, this tool is not interactive because the correction errors are made by the students to
compare the handwriting on paper with the pattern displayed on the computer screen. On the
other hand, Al-Neaimi S. et al. 2009 have developed a support system for Arabic language
learning. This tool displays some animation and provides the pronunciation of Arabic characters
[7]. Secondly, it contains efficient studying methods of learning, grammar, reading and writing.
This tool is not interactive, because it is read-only system and users cannot practice handwriting
through it. It displays a table of the Arabic Alphabets, in which each character is designated by
text, animation and pronunciation. By clicking on one of these alphabets an explanation page will
be displayed with the different possible forms of this character. Figure 2 shows an example of the
proposed system interfaces.



International Journal of Software Engineering & Applications (IJSEA), Vol.4, No.2, March 2013

36

Figure 2:  An Example of interface of the Al Neaimi et al. tool [7].

2.2. Guided  systems

These systems allow to the users to practice writing in a guided way and on-line.  Similar to the
traditional writing learning method, this kind of learning tools used the dotted pictures to make
easier the writing practice, which is frequently used in the first lessons of the writing teaching in
the primary schools. On the one hand, this tool displays a pattern of character with the
pronunciation and animation and the correct process for the rewriting of this latter. The users
have to rewrite the displayed character in order to acquire the basic skills of writing. For the
Arabic language, an educational tool have been developed “ReadWrite Arabic” for the learning of
reading/writing assistance (Figure 3).

The proposed system consists of fifteen lessons presenting the Arabic letters with some examples
of use. These latter present how each character should to be written with different forms. Despite
that each lesson is divided into five exercises namely (letters, writing, reading, listening, and
multi-choice), the learning process becomes more and more difficult for young students because
if there is just only one stroke which is drawn outside the defined zone by the transparent image,
the system hangs, and the user should tries the writing process again [27].

(a): The Arabic alphabet table (b): The different forms of the letter
« Bah »
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Figure 3: Graphical interface of the Arabic writing learning [27].

2.3. Systems with automatic detection of errors

This kind of systems gives access to users to practice free writing mode, and provide immediately
a feedback to indicate if there are any errors in the writing. The process can be performed as
follows: Firstly, the system displays an animation of a pattern of character and the user should
follows this latter. Then, a mapping between the displayed model and the input must takes place in
order to detect the errors. Finally, a feedback is provided to the user indicating the committed
mistakes and how to correct them.

For the Arabic language, Sherif A. et al, 2009 [3] proposed a teaching writing tool using the Tablet
PC and handwriting recognition methodologies. The purpose of this tool is to help young
children’s to learning writing with correct movements to produce a good quality of writing in short
periods of time. Firstly, the proposed system proceeds to recognize the entered writing by young
children’s and detects the different strokes comprised in the handwriting sample. Finally, it
produces a feedback to help the young students to improve their writing.

The proposed system is composed of two modules: the guided writing mode and the free writing
one. The architecture of the system is detailed in figure 4.
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Figure 4: The architecture of the Arabic learning writing system with automatic detection errors.

The guided writing mode is one of the first levels of education designed for the children’s who are
in the early stages of learning. This tool displays an animation representing the writing process of a
pattern of the letters (words, phrases) as well as a transparent image comprising this handwriting
template. Then, the user is invited to follow this image to replicate the pattern of script. In addition,
the authors define the control points over the transparent image by which the users should verify
the correctness of their handwriting by comparing it with the script of reference registered on the
transparent image.

The figure below (figure 5) shows an example of the guided handwriting mode. By this way, the
user acquired the basic skills and he has the possibility to move to the second level of handwriting
learning by using the free writing mode.

For this level, users can practice writing on a blank panel that contains a single line similar to the
writing manuals used in the school. Indeed, the verification handwriting process comprises the
classification stage which is not so effective for this case of study, because a detailed mapping
between the plotted script in input and a stored template character is necessary.

Figure 5: An example of the guided writing mode of Sherif Abdou et al, 2010 [2].
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For the Latin language, we note the Evodia society founded by a team of researchers from the
IRISA University of Rennes, is interested to the development of handwritten documents analysis
software (Ahmed et al. 2010)[3]. This range of software named “Toutaki: I learn to write”
provides an analysis of handwriting shape, the order of the traced form and the line spacing.
Indeed, it is an interactive tool that allows a fun learning environment and a feedback about the
detected errors but the location of the handwriting errors and how to correct them is not supported
by this latter.

For the Chinese language, we retrieve multiple handwriting education systems have been
suggested providing a feedback which indicate the handwriting errors, such that of K. T. Tang et
al. (Tang et al. 2006) [24]. These authors have been proposed an approach for checking the stroke
sequence errors. Others researchers have been focused on the stroke production errors such that;
Tonouchi 1997( Tonouchi 1997) and Z. Hu 2007 (Hu et al. 2007) [14, 26]. The work proposed in
(Hu et al. 2007) tries multiple types of errors e.g. the stroke production errors, stroke sequence
errors and stroke relationship errors [14].

In this context, Z. Hu et al 2009, proposed a distant teaching application for Chinese handwriting
learning. This latter allows an automatic detection of errors such us defined previously. After that,
a feedback is returned and how to correct the committed mistakes [12]. In table 2, we summarized
the proposed handwriting learning systems in the different languages with their different
characteristics.

Table 2: A recapitulatif of the handwriting learning tools.

Handwriting
Learning

Tool

Language Category Patterns Shape
analysis

Strokes
order

analysis

Direction
analysis

Interline
analysis

Zhi-Hui Hu
et, al. (2009) Chinese

Automatic
detection
of errors

Letters Yes Yes No No

Salem Al-
Neaimi et al.

(2009)

Arabic Read only
system

Sentences No No No No

Sherif Abdou
et al. (2009)

Arabic Automatic
detection
of errors

Sentences Yes Yes No No

Toutaki
(2010)

Latin Automatic
detection
of errors

Words Yes Yes Yes Yes

ReadWrite
Arabic (2010)

Arabic Guided
system

Words Yes Yes Yes Yes



International Journal of Software Engineering & Applications (IJSEA), Vol.4, No.2, March 2013

40

As depicted in table 2, different types of patterns are used for these learning systems such as:
characters, words, and sentences.

Indeed, multiple Analysis have been done ranging from the shape analysis to the interline one.

3. THE PROPOSED HANDWRITING LEARNING SYSTEM

Face to the development of information technology such as the appearance of Tablet/PC and PDA
(Personal Digital Assistant), some researchers  are moving towards the development of interactive
tools in order to facilitate the learning process and help students to learn their mother tongue or
foreign ones [2, 16]. Most of these tools are limited to the learning of the alphabet of only one
language. In addition to that and due to the complexity of the Arabic language, there are no
systems which are dealing with the Arabic language with diacritics. In this context, we are focused
on the development of a multilingual tool for the learning of handwriting with automatic errors
detection. The general architecture of this system is presented in figure 6.

Figure 6: The architecture of the proposed Arabic handwriting learning tool.

By using a tablet PC as a means of input and a transparent image, the user has the choice to
practice the guided handwriting mode or the free one and such writing will be done on a blank
area. Then the student has to select a template model in order to learn it. Then, by matching the
handwriting template and the handwriting input, the performance of the entered path by the user
will be carried out. Finally, an immediate feedback is provided to the student about the location of
the errors, their type and how to correct them. The different steps of the previous architecture will
be detailed in the following sections.

3.1. Approach  description and the graph form representation of Arabic characters

In the literature, the graph technique is used in various fields of research, namely the processing
and recognition of images, and classification and mapping of patterns [23]. For our proposed
system, the Attributed Relational Graph (ARG) is used to model a handwriting trace. It should be
noted that a trace represents one or a set of strokes which are organized according to a predefined

Teacher Student

Handwriting Template Guided Handwriting
Input

FreeHandwriting Input

Representation:Attributed Relational Graph

HandwritingAnalysis and Detection of Errors

Feedback
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structure (ARG) to form a word or a character [11]. This structure is defined by spatial
relationships between the lines composing the handwriting shape. We have applied the graph
matching algorithm to find the difference between the handwriting template model and the input
handwriting pattern traced by the student. In the handwriting analysis step and in order to locate
the stroke production errors (figure 7), we have applied the error tolerant graph matching to check
the dissimilarity between both handwritten traces through the nodes and edges.

Figure 7: Examples of stroke production errors.

Indeed, the nodes in the graph are used to represent the different strokes in an appropriate
character. The edges denote the relationship between two consecutive strokes. Let V the set of
nodes and E the set of the edges. Then, the graph can be representing as G = (V, E, α, β).where α:
V → LV is the node labeling function, and β: E → LE is the edge labeling function. LV and LE are
the sets of nodes and edges labels respectively.

Each node in the ARG is used to represent the strokes of the Arabic character. This latter stores
the x and y coordinates of an appropriate stroke, i.e., the attributed of the node a is a= (xi, yi);
where i = 1, 2, 3,…, n. And n is the number of points which belong to the stroke.

The node labeling function α: V → LV returns (θ, γ), where θ is the n data points for each stroke
and γ is the relationship between each stroke and interlines. Each edge stores the relationship of
both nodes which are connected by the means of this edge. The edge labeling function β: E → LE

returns (μ, λ), where μ is the interval relationship along the x-axis and λ is the interval relationship
along the y-axis [13, 20, 23]. The set of edges E represents the spatial relationships between the
strokes of the handwriting trace. The spatial relationships are defined according to these proposed
by Allen 1983, [6] as depicted in figure 8.
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Figure 8: The Allen’s spatial intervals relationships. (Allen, 1983).

The set of nodes V is used to describe the strokes and the position of each stroke according to the
baseline (writing line) as defined in table 3.

Figure 9: The modeling of the Arabic character (“Bah”) by graph representation: (a) spatial relationship
representation between different strokes. (b) Spatial relationship representation between each stroke and

interlines. (c) The corresponding ARG.

As an example, we have the character “Bah”; the different relationships between strokes are
shown in Figure 9(a). It’s composed of three strokes designated respectively S1, S2 and S3.The
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relationship between each stroke and the interlines is presented in figure 9(b). The Attributed
Relational Graph (ARG) representation of this latter character is depicted in figure 9(c). The
strokes S1, S2 and S3 in the character “Bah” are equivalent to the nodes S1, S2 and S3 in the ARG.

Table 3: Different intervals relationships between the strokes and interlines for few examples of
Arabic characters.

The variable rssisj is the relationship between strokes Si and Sj, and i, j =1, 2, 3, Si, Sj (S1, S2,
S3), and Si ≠ Sj. The relationship rss1s3 is represented by (di, <), rss1s2 is denoted by (di, >), and
rss2s3 is noted by (d, >). Note that the rss2s1 is formed by applying the inverse of each component of
the relationship used to represent rss2s1 and noted by (d, <). The variable rlsiLxLy is the relationship
between the stroke Si and the interlines Lx and Ly. Similarly to Si, Lx and Ly {L1, L2, L3, L4, L5}
(L1: High line max, L2: High line min, L3: Baseline, L4: Bottom line max and L5: Bottom line
min), and Lx≠ Ly.

The relationships rlS1L1L2 is noted by {High>}, rlS2L2L3 is designed by {High<}, and rlS3L3L4 is
denoted by {Bottom>}.
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3.2. Handwriting analysis

The analysis is the main phase in our handwriting learning system. It consists of the
correspondence between the reference model and the pattern inputted by the user. Subsequently,
the errors should be detected and classified according to their types. This process consists of three
steps: 1) Graph matching space relations between the strokes, 2) errors detection, and 3)
Feedback.

3.2.1. Graph matching and space relations between strokes

Firstly, the template and the input handwriting patterns are both represented by an ARG, in such a
way the graph g1= (V1, E1, α1, β1) represents the input pattern and the graph g2 = (V2, E2, α2, β2)
represents the template one. Secondly, we have to check the dissimilarity between both ARGs
(g1, g2), by the means of the error-tolerant graph matching and the function f: → , Ê1→Ê2,

where V1, V2, Ê1 E1 and Ê2 E2 [17].

In addition, we have applied a transformation, denoted by function f, from the input graph to the
template graph. This function consists of many edit operations available for both nodes and
edges. In this context, H. C. Lam and al. 2001 have defined five edit operations nodes and three
edit operations edges as follows [16]:

• Edit operations nodes: 1) node substitution implying that the input stroke is correct, 2)
node merging implying that the input strokes are broken ones, 3) node splitting implying
that the input stroke is a concatenated stroke, 4) node deletion implying that the input
stroke is an extra one, 5) node insertion reflects a missing stroke.

• Edit operations Edges: 1) edge substitution implying that both nodes sharing the edge are
correct, 2) edge deletion implying that one of the nodes sharing this edge is an extra or
broken stroke, 3) edge insertion implying that one of the nodes sharing the edge is a
missing or concatenated stroke.

To compute the spatial relationship distance between the set of edges Rt in the template input and
the corresponding one Rs in the handwriting input model, we need to determine the cost of the
edge substitution such that defined below [19, 21]

Edge substitution cost: is the matching cost between an edge in the input character and another
one in the template character. We use Rt to denote the set of edges in the template pattern and Rs
as the set of edges in the input one. The ith template edge Rti can be designed by (μti, λti) and Rsj;
the jth input edge can be denoted by (μsj, λsj). The dissimilarity between (μti, λti) and (μsj, λsj) is
defined by D(Rti, Rsj) which is inspired from the interval neighborhood graph concept [6, 10] and
depicted in figure 10.

Two intervals relationships are neighbors, if they can be transformed into another one by
continuous deformation such as shortening, lengthening, and moving [10].
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Figure 10: The neighborhood graph structure.

The distance between two intervals relationships μti and μsj or the distance between λti and λsj is
defined as the topological distance between both relationships, i.e., the length of the shortest path
from μti to μsj or from λti to λsj in the neighborhood graph interval. The final spatial relationship
distance D (Rti, Rsj) is defined as shown in (equation 1).

(1)

Edge deletion: It is used in conjunction with the node deletion operation. If some extra nodes need to be
removed by using the node deletion fact, then the corresponding edges should be deleted also by the edge
deletion operation.

Edge insertion: Similar to the edge deletion operation, but this latter is used in conjunction with the node
insertion operation. If some missing nodes need to be added by using the node insertion fact, then the
corresponding edges should also to be inserted by the edge insertion fact.

The graph edit distance defines the overall cost of transforming from the ARGg1 to ARGg2 [14] using the
function f as defined in (equation 2).

(2)

Where Cnode and Cedge are respectively the node and edge edit distance. These terms are defined in
(equation 3).

(3)

n
subC , n

merC ,
n
splC ,

n
delC , n

insC , are respectively the costs of node substitution, merging, splitting,

deletion and insertion. The edge edit distance Cedge is defined in (equation 4), such that e
subC , e

delC ,
e
insC are the costs of the edge substitution.
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(4)

As an example of the graph matching between both ARGs and using the edit operations, we have
the example of the character “bah”, as depicted in figure 11. Note that each edit operation has the
appropriate meaning and the user can identify the handwriting errors easier.

The proposed approach tries to check the optimal ARG matching by generating a path that can
transform the input graph g1 to the template graph g2. At the search level n, the evaluation
function h(n) (equation 5) , such that h(n) is equal to the summation of respectively  the actual
matching cost h1(n) between the initial search level to the current search level n and the actual of
the matching cost h2(n) from the current search level n to the goal.

)()()( 21 nhnhnh += (5)

Figure 11: Attributed relational graph matching procedure.

3.2.2. Errors detection

To detect the difference between two patterns of characters we apply the node and edges
operations as defined previously. As the example in (figure 11), after applying the edit operations,
we can get the stroke correspondence between the input and the template character. The stroke
correspondence is: (1, 2)→s1; 3→s2; 4→s3 (5 is an extra stroke , 1 and 2 are broken strokes, 3 and
4 correct strokes in the input character). A new graph is then obtained as shown in (figure 12).
The edges in this latter describe the spatial relations between the strokes. Referring to (figure 12),
there is a difference between the spatial relationships rss1s3and rs(12)4. For this purpose, the spatial
relationship along the x-axis for rss1s3 is di and the spatial relationship along the x-axis for rs(12)4 is
d. We can conclude that the spatial relationship between the strokes (12) and (4) is incorrect
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compared to the corresponding template strokes s1 and s3.

Figure 12: An example of the spatial relationship matching between strokes and the relationship errors
process.

3.2.3. Feedback

After the character matching, we can check the difference between the template and input
characters, and detect the different writing errors. By the means of the stroke correspondence, we
can find the different types of errors such that: stroke interlines errors, stroke sequence errors, and
the stroke production errors. The spatial relationship between the strokes is used to locate the
relationship errors as defined in (figure 12). Then our system can check the handwriting mistakes
and immediately provide a feedback to the users in order to correct them.

4. CONCLUSION AND FUTUR WORKS

In this paper, we have proposed an Arabic handwriting learning system with automatic detection
of errors. We have investigated the Attributed Relation Graph (ARG) to represent the Arabic
handwriting characters incorporating the spatial relationship information between strokes, and the
spatial relationship information between the strokes and interlines.

We have applied the graph matching algorithm to find the difference between the handwriting
template model and the input handwriting pattern. The used algorithm tries to find the optimal
graph matching. .

Our system can automatically check whether there is one or multiple errors in the handwriting
input pattern, such as: the stroke production errors, stroke sequence errors, stroke relationship
errors.

Finally, we will continue to handle with this system to make it easier for use and in order to
improve the student’s educational level. Extended applications for other languages may be also
taken into account, and the possibility of integration on mobile phones enabled with handwriting
inputs.
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