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ABSTRACT

Automatic off-line Arabic handwriting recognition based on
segmentation still faces big challenges. A database, cover-
ing all shapes of handwritten Arabic characters, is required
to facilitate the recognition process. This paper introduces a
new database for handwritten Arabic characters (HACDB),
designed to cover all shapes of Arabic characters including
overlapping ones. It contains 6,600 shapes of characters writ-
ten by 50 writers. This database can be used for training
and testing the words for their recognition after segmenta-
tion. Also, it presents the possibility for comparing different
approaches and evaluate their accuracy on a common base.

Index Terms— Arabic, character, recognition, database

1. INTRODUCTION

Automatic off-line Arabic handwriting recognition still faces
big challenges. This recognition has several important appli-
cations, such as the automatic sorting of postal mail, cheque
processing or editing old documents. For a fair compari-
son of performance of Arabic handwriting systems, a stan-
dard database is needed. Most researchers have developed
their systems based on set of data they themselves have gath-
ered [1]. Some of the handwriting recognition systems yield
high accuracy due to results being tested on a small database
and not a standard database [2]. Most of the databases have
also been developed for specific domains, such as postal ad-
dresses and financial use (for example cheques). In hand-
written text, there is no control over the writer’s ability or
writing style to produce text with touching or overlapping
characters. Therefore, to develop a recognition system, ide-
ally, a large database for training and testing is required. A
number of databases for handwritten English recognition have
been developed. Hull [3] developed handwritten English text
database for the centre of Excellence for Document Analy-
sis and Recognition (CEDAR). Another large database which
includes English characters (upper and lower cases) as well
as number digits was provided by The National Institute of
Standards and Technology (NIST) [4]. The MNIST database
was developed out of the original NIST [5]. IAM database

of handwritten English text is another example developed by
Marti and Bunke [6]. However, there are only a limited num-
ber of databases for Arabic handwriting, which have been de-
veloped for specific domains. One of the most widely used is
the IFN/ENIT database released by Pechwitz and Maergner
[7] for handwritten Arabic words. The Arabic handwritten
database (AHDB) developed by Alma’adeed et al. [8, 9]
contains numbers and quantities used in cheques, as well as
the most popular words in Arabic writing. Al-Ohali et al.
[10] have built an Arabic cheque database containing sub-
words, Indian-Arabic digits and samples each of legal. The
ADBase database has been developed by El-Sherif and Ab-
dleazeem [11] for handwritten Arabic digits. A database
for handwritten Arabic characters has developed by Asiri and
Khorsheed [12]. To date, most researchers have developed
their own databases to test their systems and, therefore, most
of them are not available to other researchers. Also, to de-
velop a recognition system based on segmentation, a database
of characters is needed to facilitate the recognition process.
This database has to cover all shapes of handwritten Ara-
bic characters. This paper introduces the Handwritten Arabic
Characters DataBase (HACDB) containing shapes of Arabic
handwritten characters. The organization of the paper is as
follows. Section 2 discusses and analyses the Arabic char-
acters which might cause overlapping between characters. A
new database for handwritten Arabic characters is introduced
in Sections 3, 4 and 5. Section 6 gives the conclusion and
some future work.

2. ARABIC CHARACTERS

Arabic script is written from right to left and is composed of
28 characters, with no capital or lower case. Each character
has two or four shapes, the shape of the character depending
on its position in the word, as shown in Table 1. The first
column gives the number of the character, the second column
is its name. The third represents the sign of an isolated char-
acter, with the fourth being its appearance at the beginning
of the word. Finally, the fifth and sixth columns represent
its appearance in the middle and at the end of the word, re-



spectively. The dots play a significant role in Arabic char-
acters. The shape of some characters is similar but the dif-
ference arises with position and number of dots, such as (H. ,
�

H, �
H), which can occur either above or below the characters.

Two characters in the alphabet have three dots, three have two
dots and ten have one dot. Arabic characters are composed of
28 main characters and each character has two or four shapes
depending on its position in the word, thus resulting a total
of 81 shapes. In fact, most of characters change slightly in
shape according to their position in the word. However, the
shape of some characters is similar but may become different
with the number and position of dots. In handwritten Arabic
characters, some characters have more than four shapes; for
example, character ( è) has 5 shapes, and characters (�) and

(¨) have 6 shapes, as shown in Figure 1. Therefore, there are
52 shapes of characters without dots as shown in Figure 2.

No Name Isolate Beginning Middle End
1 Alif @ - - A

2 Baa H. K. J. I.

3 Taa �
H

�
K

�
J

�
I

4 Thaa �
H

�
K

�
J

�
I

5 Jeem h. k. j. i.

6 Haa h k j i

7 Khaa p
	

k
	

j q

8 Daal X - - Y

9 Dhal 	
X - -

	
Y

10 Raa P - - Q

11 Zaa 	P - - 	Q

12 Seen � � � �

13 Sheen �
�

�
�

�
�

�
�

14 Saad � � � �

15 Dhad 	
�

	
�

	
�

	
�

16 Tta   £ ¢ ¡

17 Dha 	
 

	
£

	
¢

	
¡

18 Ain ¨ « ª ©

19 Ghain
	

¨
	
«

	
ª

	
©

20 Faa
	

¬
	
¯

	
®

	
­

21 Qaf �
�

�
¯

�
®

�
�

22 Kaaf ¼ » º ½

23 Laam È Ë Ê É

24 Meem Ð Ó Ò Ñ

25 Noon 	
à

	
K

	
J 	á

26 Haa è ë ê é

27 Waaw ð - - ñ

28 Yaa ø



K
 J
 ù



Table 1. Arabic character forms

2.1. Overlapping characters

As previously stated, in handwritten Arabic text, two or more
characters can be combined vertically and characterised by
different shapes thus making it difficult to detect the bound-

(a) Five shapes of character è

(b) Six shapes of character �

(c) Six shapes of character ¨

Fig. 1. Characters having more than four shapes

Fig. 2. The 52 different shapes of Arabic characters without
dots

aries of the characters. These particular characters such as ( @,

h, È, Ð) which cause overlapping between characters have
been studied and analysed. Figure 3 illustrates how some
characters might cause overlapping. Figure 3(a) shows char-
acter ( @) could be combined vertically with characters (È, h).

Character (È) might cause overlapping in several cases. It

could be overlapping with character ( @ or Ð), and also with

characters (Ð, h) as shown in Figure 3(b). Figure 3(c) shows

character (Ð) which can overlap with character (h). These
overlapped characters are difficult to segment because it is
hard to detect their boundaries. Also, once segmented, the
shapes of the segmented characters can be difficult to identify.
For example, in Figure 4(a) the two segmented overlapping
characters (Ò, Ë) show that the shape of the first segmented

character (Ë) looks like the character ( @). Also, in Figure 4(b)

the three overlapping characters (j, Ò, Ë) have been segmented
and the shapes of the the first of two segmented characters are
different from the shape of the original characters. Both ex-
amples show that the classification of overlapping characters



after the segmentation process is a difficult task. Therefore,
the particular characters that might cause overlapping are con-
sidered as one shape in the database.

(a) Character ( @) with characters (È, h)

(b) Character È with several characters

(c) Character @ with character h

Fig. 3. Illustration of characters overlapping

(a) Segmenting two overlapped characters Ò, Ë

(b) Segmenting three overlapped characters j, Ò, Ë

Fig. 4. Segmenting overlapped characters

3. DATA ACQUISITION

The HACDB database is designed to cover all shapes of Ara-
bic characters and is available at
(http://computing.unn.ac.uk/characterdatabase/). Due to the
difficulty of segmenting overlapping characters and since ex-
isting databases do not contain such characters, they are added
into the HACDB as one shape. A form for collecting data

was designed with 66 small squares divided into 6x11 small
squares. The data was collected from 50 writers, their ages
ranging from 14 to 50. Each writer filled in two forms all the
shapes of Arabic characters as (isolated, at the beginning of
the word, in the middle and at the end of the word) also the
shapes of the overlapping characters but without dots. Figure
5 shows a form filled by one writer. Although the dots play a
significant role in Arabic characters, they and the marks, such
as ”hamza”, are removed from the character list since they can
affect the classification and also reduce the number of classes
used. Each writer has generated two forms, where each one
have 66 squares, thus resulting in 58 shapes of characters and
8 shapes of overlapping characters. A total of 132 shapes of
Arabic characters written by each writer. The number of char-
acter shapes collected from 50 writers is then 6,600 shapes of
characters.

Fig. 5. A form designed by the author to collect shapes of
handwritten Arabic characters



4. DATA STORING

The forms were scanned with a quality of 300 dpi. To reduce
the time for processing and to do as much as possible auto-
matically, a software based on the horizontal and vertical pro-
jection has been developed to identify and extract each shape
of character to be saved as a separate image. The horizon-
tal projection is used to identify the space between characters
lines horizontally. For each line of the characters, the location
of each character is detected by using the vertical histogram.
Then each set of images for the same shape was saved in a
separate folder with its own name. For example, an image
of the shape of characters character Alif ( A) at the end of the
word was saved as (Alif E 11). This means that:

• Alif: name of the character.

• E: shape of the character at the end of the word.

• 11: the serial number of the shape of the character.

The database is divided into two versions. The first version,
is used for training and testing. Therefore, it is divided into
two sets (80% training and 20% testing). This version can
be used for purposes such as to compare the effectiveness of
some techniques for recognition of all the shapes of Arabic
handwritten characters. The second version stores all shapes
and can be used for training in approaches which recognize
the word after segmentation.

5. PRE-PROCESSING

After scanning a character, some pre-processing tasks, such
as binarization, noise removal and normalisation, were per-
formed. The pre-processing task attempts to remove the in-
formation that have no discriminative power in the process
of recognition (i.e redundant data). The images of characters
are converted into a binary format: values of background pix-
els as 1 (white) and values of foreground pixels as 0 (black).
This process is carried out by choosing an efficient threshold-
ing method value by using Otsu’s algorithm [13]. Then, the
pixels that have values less than threshold are converted to 0,
otherwise, to 1. If the original image is p(x,y), then, it can be
converted to binary format as output(x,y) by

output(x, y) =

{
0, if p(x, y) < threshold
1, otherwise

The small objects, not part of the handwriting, but consid-
ered as noise have also been removed. Arabic characters have
different sizes. Before extracting the features of the charac-
ters, the images of characters have been resized as 128x128
for normalisation purposes.

6. CONCLUSION

The survey reveals that most published research use differ-
ent databases for different specific aims. For example, some
recognition systems achieved high accuracy because they
used a small database. However, the lack of a reference
database of Arabic handwriting characters which covers all
shapes of Arabic characters and includes shapes of overlap-
ping characters presents the possibility for comparing differ-
ent approaches and evaluating their accuracy on a common
base. The proposed HACDB database has been designed to
cover all shapes of Arabic characters including overlapping
ones. It contains 6,600 shapes of characters written by 50
writers. This database can be used for training and testing or
it can be used for training to recognize the words after seg-
mentation. The HACDB database is available for academic
use at (http://computing.unn.ac.uk/characterdatabase/)
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