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Abstract This paper presents an effective method for
segmenting handwritten Arabic words based on projec-

tion histograms, as well as a comprehensive study of
overlap letters, which represent a major problem in the
recognition of Arabic script. The characters resulting

from segmentation are recognized by an SVM classi-
fier that was trained on a corpus of handwritten Arabic
characters that also includes the main overlap letters
identified in Arabic script. The proposed method was

tested using the IFN/ENIT database and encouraging
results were obtained.

Keywords Arabic text · handwritten · segmentation ·
projection histogram · support vector machines

1 Introduction

The automatic recognition of Arabic handwriting has
been the subject of intense research, mainly due to the

complexity of handwritten Arabic script. Great progress
has thus been made in many domains such as the au-
tomation of postal mail, the processing of checks, the

processing of forms, the automatic indexing of old manu-
scripts, etc. Two main approaches are used in recogni-
tion systems: the global approach, which is based on
the recognition of entire words, and the analytical ap-

proach, which consists in segmenting words into char-
acters and recognizing the characters separately. The
global approach is only effective if the vocabulary is
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small, limiting its use to very specific areas. Other hy-
brid approaches have been developed without signifi-

cant contribution.

In an analytical approach, segmentation into char-
acters is a crucial step. This step is simple in the case

of printed Latin text, but very difficult in the case of
cursive writing, especially in Arabic writing ([12], [17]).
Another problem makes the recognition of Arabic script

more difficult: overlap characters. In Arabic script, writ-
ers are free to form certain groups of two or three letters
linked vertically. In general, they are very complex to

segment and are usually recognized directly as they are.

An efficient method of segmenting handwritten Ara-
bic words and a detailed study of overlap letters are

proposed in this work. The characters resulting from
segmentation are recognized by an SVM classifier pre-
viously trained on a corpus of handwritten Arabic char-
acters including the main overlap letters identified in

Arabic script. To our knowledge, no work has addressed
overlap letters so thoroughly, although they are the
main cause of deterioration in recognition rates. Fur-

thermore, the proposed segmentation algorithm com-
bines the advantages of the main segmentation algo-
rithms described in the literature.

This paper is organized as follows: Section 2 presents
some recent studies on the segmentation and recogni-
tion of handwritten Arabic script. Section 3 focuses on

overlap letters, while section 4 describes the proposed
approach. The results and their analysis are discussed
in section 5. Section 6 draws conclusions.

2 Related work

Despite intense research, the recognition of Arabic script
remains a relevant issue and many challenges are still
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open, such as segmentation and overlap letters. Sev-
eral studies have been carried out based on entire word
recognition (global approach) without segmentation [6].
Other researchers have assumed that characters are al-

ready segmented to avoid the segmentation step ([4],
[7]). Therefore, this step is a challenge for researchers
and needs to be improved [5].

Dupre proposed a segmentation algorithm based on
a skeleton [2]. The aim was to identify certain patterns
to deduce the candidates from cut-points. The detec-

tion of these patterns takes into account the calcula-
tion of curvatures and angles, which are compared with
adjusted thresholds to obtain the desired result. Dupre

reported that this approach is wrong in approximately
10% of the cases.

S. Madhvanath et al. [8] proposed a segmentation

method applied to contours. The authors determined
the best candidate cut-off points between letters, based
on local extrema of the contour, which are associated to
a proximity criterion. Segmentation based on the con-

tour requires many adjustments before finding the de-
cision criteria [19]. This trial and error is the common
point of many image processing related to handwriting

recognition.

Another more common segmentation method is the
segmentation based on histograms. This simple and ef-

fective method was proposed by B. Yanikoglu and P.
Sandon [18]. It consists of calculating projection his-
tograms in several directions close to the vertical. The

lines chosen are those which intercept the least num-
ber of black pixels, with a constraint of regular spacing
in the image. This method shows its limits when the
letters are very close or overlapped.

Another technique, using sliding windows, was pre-
sented by Tay et al. [15] and Mamouni et al. [9], which
consists of cutting the image into vertical bands. This

cutting can be regular or not, possibly with partial over-
lapping of the successive bands. This technique has the
advantage of being simple, robust to noise, and inde-

pendent to connectivity. The drawback of this method
is that the generated sequence contains a lot of noise
(overlapping of two successive letters).

Comparing these segmentation algorithms and recog-
nition systems is a difficult task. The appearance of
large-scale public databases such as the IFN/ENIT data-

base [13] (32,492 images for a vocabulary of 937 names
of Tunisian cities, and 411 writers) and the organization
of competitions as part of the ICDAR conference, has
enabled comparisons between systems and has allowed

for rapid progress in recent years.

Today, the performance of the best Arabic script
recognition systems seems to be close to what one would

expect for Latin script for an equivalent vocabulary

Table 1 Arabic alphabet

size, provided that overlap letters are not used frequently
([1], [3]). This is because overlap letters significantly de-
grade recognition rates, and few studies have addressed

this problem in detail. For this end, a comprehensive
review of overlap letters is presented in this paper.

3 Arabic overlap letters

The Arabic alphabet includes 28 letters (Table 1) whose
shape depends on their position in the word. Some let-

ters can have four different forms: beginning, middle,
end and isolated (Fig. 1), but, for most letters, the be-
ginning/middle and end/isolated forms are identical to

the near ligature. The presence of a ligature with the
previous letter or with the next letter does not change
the shape of the letter significantly (not any more than
in Latin cursive handwriting).

Fig. 1 Different form of an Arabic letter

Ligatures are always located at the level of the writ-

ing line, but some vertical ligatures can be found. In
Arabic alphabet, 15 of the 28 letters have one or more
dots. These diacritical marks are located either above
or below, but never both. A diacritical mark is therefore

a secondary component of a letter, which completes it
or changes its meaning. The scripters can form certain
groups of two or three letters linked vertically. These

are the overlap letters (Fig. 2). Generally, they are very
complex to segment, it would be more efficient to recog-
nize them as they are. Based on the observation that the

main weakness of current Arabic recognition systems is
the overlap letters, an exhaustive search of these spe-
cial letters was carried out and then the most relevant
ones were selected for inclusion in a reduced alphabet.

Therefore, the IFN/ENIT database (32,492 words) as
well as the Holy Qur’an (over 77,000 words) in different
versions of scripts (Naskh, Othoman, etc.) and also var-

ious handwritten words containing overlap letters were
analyzed. The result obtained is impressive since more
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Fig. 2 Examples of overlap letters

Fig. 3 Examples of overlap letters caused by ’kaf’ and ’ya’
letters

than 100 vertical ligatures were identified (Table 2). Di-
acritical marks were ignored in this analysis.

It can be noticed that the letters ‘kaf’ and ‘ya’ are
at the origin of several overlap letters. Figure 3 shows
some examples extracted from the IFN/ENIT corpus.

Based on these statistics, the most relevant overlap let-
ters were selected. The IFN/ENIT database provides
a statistical analysis of the number of overlap letters

and their distribution (Table 3). This analysis was en-
riched with statistics on overlap letters caused by the
letters ‘kaf’ and ‘ya’ (Table 4). These relevant overlap
letters were integrated into the alphabet presented in

the following section.

4 Segmentation and recognition

4.1 Segmentation

This phase aims to extend the segmentation algorithm
proposed by Mamouni et al. [9] with several successful

ideas used in the segmentation of both Arabic and Latin
scripts. The algorithm consists of several steps:

– Detection of connected components;

– Detection and deletion of diacritical marks;
– Segmentation of each connected component;
– Reintegration of diacritical marks.

The algorithm proposed by Mamouni et al. [9] is based

on vertical and horizontal projection and the sliding
windows approach. The vertical projection is used to

Fig. 4 An example of vertical projection vector with Bs=9
and Sp=5

Fig. 5 Example of extraction of segmentation points

Fig. 6 Improvement of segmentation points

detect local minima which represent the potential posi-
tion of segmentation points, while horizontal projection
is used to determine the baseline position. The vertical

projection is defined by the vector Vj as follows:

Vj =
∑

j

P (i, j) (1)

where P (i, j) is a pixel of the binary image of the
script and is either 0 or 1, i and j refer to indexes of

the row and column; Vj represents the number of black
pixels in each column of the image.

The algorithm can extract segmentation points us-

ing overlap blocks by setting three parameters: Block
size (Bs), Step size (Sp) and Threshold (T ). The value
of the parameter Sp must be less than or equal to Bs.
If the two parameters are equal there is no overlapping

between the block and the next one, as shown in Figure
4. The algorithm creates a segmentation point (Figure
5) if there is a significant decrease between the sums of

the current values of the block compared to the previous
block (above the threshold). Then a local search around
each segmentation point is performed to find the best

position of these points. The final segmentation point
is the nearest point that has the smallest value in the
vertical projection vector around the initial point, as
shown in Figure 6. Finally, some generated segmenta-

tion points are deleted if they are far from the baseline
(Figure 7a) or if the number of transitions (i.e total
number of times the pixel state changes) is greater than

2 (Figure 7b). Even if the recognition rate obtained by
this algorithm on IFN/ENIT database is 89.5%, this
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Table 2 Exhaustive list of Arabic overlap letters

Table 3 IFN/ENIT statistical analysis of overlap letters

Overlap letter Quantity

1266

1197

1066

450

100

64

Fig. 7 Removing segmentation points

Fig. 8 Detection of connected components can avoid overlap
letters

work introduces some extensions to improve its perfor-

mance including the detection of connected components
and the removal of diacritical marks. The connected
component detection was used to separate the pieces
of Arabic words (PAW) which can avoid overlap letters

(Figure 8) and then skew the segmentation procedure.
To this end, a classical algorithm introduced by Sri-
hari et al. [14] was applied. Detecting diacritical marks

has two advantages. On one hand, too many diacritical
marks can disturb the histograms used to detect the
baseline and segmentation points. On the other hand,
it reduces the alphabet size and improves the time re-

quired for learning. Thus, an extension of the algorithm
described by Menasri [11] was used.

First the connected components (CC) are filtered
according to their surface to detect most of the diacrit-
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Table 4 Statistical analysis of ’Kaf’ and ’Ya’ overlap letters
on IFN/ENIT

Overlap letter Quantity Overlap letter Quantity

192 104

92 73

37 32

30 28

27 25

19 16

14 12

9 4

3 2/2

ical marks. Two tests are carried out, the first is based
on the surface; connected components that are too large
cannot be diacritical marks. Then, a special treatment
is carried out for certain connected components which,

despite a small surface, do not correspond to diacriti-
cal marks such as the case of the letter ’Alif’, or the
letter ’Daal’. For the first case, the CC are identified

by their vertical extent; for the second, they are iden-
tified by their relative position with respect to other
connected components. If a connected component C1

of the reduced area is located above another connected
component C2, and that C2 overlaps C1 vertically at
more than 75%, then C1 is a diacritical mark. Certain
diacritical marks, which exceed the threshold of the sur-

face like the chadda (ω), can also be ruled out because
they are located either above or below the baseline.

In some cases, diacritics may not form connected
components separate from the text body. An example
is given in Figure 9. This kind of diacritical mark was
not treated in the study carried out by Menasri [11].

This work aims to detect them by performing a skele-
tonization operation which in many cases can detect
this kind of diacritical mark. The experiments showed

a high success rate. Figure 9 illustrates this procedure:

a) Initial image;

b) Image obtained after application of the diacritical
marks removal algorithm;

c) Skeletonization and highlighting of the diacritical

mark;
d) Removal of the diacritical mark.

Fig. 9 Presence of a diacritical mark stuck to the text body
(chadda)

After generating segmentation points, the diacrit-
ical marks are reintegrated in the image used in the

recognition phase. Experiments showed that the detec-
tion of connected components and removal of diacritics
improved the recognition rate obtained by Mamouni

et al. [9] even if their position in some cases does not
match the corresponding letter. Finally, the particular
case of the letter ’Seen’ is verified with a test to re-
construct this letter if the shapes (ι) are close to each

other and to avoid the recognition of the letter ’Seen’
as a succession of shapes (ι).

4.2 Recognition

A learning algorithm must be used to recognize the

characters obtained by the segmentation to complete a
recognition system. In this study, the well-known Sup-
port Vector Machines (SVM) approach was used. It was

trained on a corpus of handwritten Arabic letters based
on a reduced alphabet including the main overlap let-
ters. The idea of the reduced alphabet was proposed

by Menasri [11] to improve learning time by ignoring
diacritical marks.

However, the removal of diacritics can lead to a
drawback, which was not mentioned in the work of
Menasri. Indeed, some characters can easily be confused

with others characters, which degrades the recognition
rate. As an example, the results of the experiments car-
ried out show that the letters ’Faa’ and ’Qaaf’ without

diacritics are in many cases confused with the letter
’Waw’. For other letters with diacritical marks, the con-
fusion with other characters appears very rarely. To this
end, it is recommended to keep only the letters (Faa)

and (Qaaf ) in the vocabulary with diacritical marks.
This allows to extend it by including the most used
overlap letters (Table 5) without degrading the learn-

ing time too much.

The SVM approach is used for training and predic-
tion which is a kernel method of statistical learning in-
troduced by Vapnik [16] and has been successfully used
for the solution of a large class of supervised machine

learning tasks such as categorization, prediction, nov-
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Table 5 Complete list of the 60 symbols of the proposed
alphabet

Table 6 Selected SVM parameters

Multi-Class training One-against-One
Kernel function Gaussian
Regularization parameter C 117405
Kernel function parameter σ 1.83 E-05

elty detection and ranking. The key idea of SVM is that
given a training set Z = {(x1, y1), (x2, y2), . . . , (xn, yn)},
the classifier is found by solving the following linearly
constrained convex quadratic programming problem:

Maximize
∑

i

αi − 1/2
∑

i,j

αiαjyiyjk(xi, xj)

Subject to 0 ≤ αi ≤ C and
∑

i

αiyi = 0 (2)

where C is a regularization parameter which influences

classifier generalization when classes are strongly inter-
twined.

The QP objective function involves the Kernel func-

tion k(xi, xj). Many successful Kernel functions have
been used like Linear (k(xi, xj) = xi.xj), Polynomial
(k(xi, xj) = (axi.xj + b)d a > 0), Sigmoid (k(xi, xj) =

tanh(axi.xj + b)) and Gaussian or RBF (k(xi, xj) =
exp(–||xi–xj ||2/σ2)). A study carried out by Mamouni
et al. [10] show the effectiveness of support vector ma-

chines (SVM) in learning handwritten Arabic charac-
ters. In this study, the optimal configuration of SVM
led to the best prediction rate. The concerned SVM
parameters are the multi-class learning approach (one-

against-all or one-against-one), the Kernel function, the
regularization parameter C and the parameter(s) cor-
responding to the Kernel function. Table 6 summarizes

the values of the SVM parameters.

5 Computational experiments

In this work, an open-source SVM engine developed
by Thorsten Joachims in 2008 was used1. It contains

1 Available at:
http://www.cs.cornell.edu/people/tj/svm light/svm struct.html

Fig. 10 Comparison with previous works

Fig. 11 Some confused Arabic letters

documentation, examples, and bibliographic references.

For the learning phase, three databases of handwrit-
ten Arabic letters were used: the characters obtained
by the proposed segmentation algorithm on IFN/ENIT

database, a corpus of Arabic letters used by Mamouni
et al. [9] and a database containing exclusively overlap
letters. These three databases contain:

– Corpus IFN/ENIT: 212211 letters (141471 for train-
ing and 70740 for test);

– Corpus used by Mamouni et al. [9]: 4840 letters
(3840 for training and 1000 for test);

– Overlap letters database: 2000 letters (1300 for train-

ing and 700 for test).

Therefore, the proposed training dataset includes about
2/3 of the examples available in these three databases,
i.e. (141471 + 3840 + 1300) = 146 611 letters, while
the test dataset includes about 1/3 of these examples,

i.e. (70470 + 1000 + 700) = 72 170 letters. The re-
sults obtained are comparable with the state of the art
and recent work on the Arabic handwriting recognition

(See Figure 10). For overlap letters, which were been
recognized directly, the results are not very good, but
they remain acceptable thanks to the reduced alphabet,
which contains only the most relevant overlap letters.

However, some of them were not recognized because
they were not retained in the alphabet. A compromise
must therefore be found between the number of over-

lap letters to be included in the alphabet (which affects
the time required for learning) and the prediction qual-
ity. Another problem that influences the results is that

some overlap letters are easily confused with Arabic let-
ters or other overlap letters, as shown in Figure 11.

69



Effective Recognition of Handwritten Arabic Text 7

6 Conclusion

This study focused on the recognition of Arabic hand-
writing. The IFN/ENIT database (names of Tunisian

cities) was used for the development and evaluation of a
recognition system of Arabic writing. Unlike other sys-
tems, which only consider Arabic alphabetic letters, the
proposed alphabet was enriched with the most relevant

overlap letters.
A comprehensive study of these special letters and

their frequency of use in the Arabic script was also car-

ried out, which facilitated the enrichment of the pro-
posed alphabet. In addition, an extension of the seg-
mentation mechanism used in the literature was pro-

posed. It used diacritical signs to reduce the size of the
alphabet used in learning.

The proposed system provided results comparable
to those of the state of the art, in addition to effective

treatment of overlap letters. However, a compromise
had to be found between the size of the alphabet and
thus the number of overlap letters to be taken into ac-

count and the quality of the results. This issue will be
addressed in future work.
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