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Abstract— Arabic handwritten recognition is playing an
important role in communicating and documenting
information in everyday life. Handwriting has functional
importance considering its ubiquity in human activities, as
in reading handwritten notes in a PDA (Personal Digital
Assistant), in postal addresses on envelopes, in amounts in
bank accounts, etc. In this work, an offline recognition
system for Arabic handwritten names is proposed using
Artificial Neural Network (ANN). As part of the feature
extraction, region props were used, it extracts array with
fields: Area, Centroid and Bounding Box. A feed-forward
neural network with three different topologies was trained
using backpropagation algorithm. The number of nodes in
the hidden layer was varied; the lower the number of
hidden layers, the higher the recognition rate. Moreover, we
found that the first topology (with two hidden layers)
produced a higher recognition rate 92% from the trained
data compared to the second and third topologies that
produced a smaller recognition rate.

Index Terms: Offline Handwritten Recognition; Arabic
handwritten; Artificial Neural Networks; Backpropagation
Neural Network.

I. INTRODUCTION

ith the advent of emerging technology,

handwriting has tended to persist as a way of
communicating and documenting information in
everyday life. Computer detection of handwriting has
functional importance considering its ubiquity in human
activities, as in reading handwritten notes in a PDA, in
postal addresses on envelopes, in amounts in bank
accounts, in handwritten fields of types, etc. [1]. Due to
its numerous characteristics, the Arabic language is
highly complicated. It has 28 letters and written in
cursive from right to left, with the exception of six
letters. The majority of the letters are linked to the one
before them, the letter form complicates the script and its
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shape is determined by whether the letter is at the
beginning, middle, or end [2].  Arabic handwritten
names recognition can be classified into two parts which
is online and offline. Both online and offline system are
consisting of five main stages which is data acquisition,
preprocessing, feature extraction, comparison process
and decision. This research focuses on the offline system
which could be considered as more challenging compare
to the online system. This is due to the offline system did
not capture the dynamic which can help the classifier as
one of the most significant features. Hence, it will
produce higher accuracy as stated in [3], [4]. In the
offline system, only static image features are visible and
can be considered.

Many researches have been conducted to develop
Arabic handwritten recognition system. Elzobi et.al [5]
proposes an un-constrained recognition approach for the
handwritten Arabic script. Their approach starts by
explicitly segmenting each word image into its
constituent letters, then extracting feature vectors
corresponding to different scales and orientations in the
segmented image using a Gabor wavelet filter bank.
Siddh et.al [6] presented combination statistical and
structural approaches for character recognition. Firstly,
the statistical method recognizes the main body of a
character using modified direction features and Support
Vector Machines. Secondly, in structural classification,
dot descriptors are used to recognize the exact shape of
an Arabic character. Typical handwritten recognition
system is shown in Figure 1. Various groups have used a
wide variety of common features. Until features can be
extracted, many of these features involve normalization
of the image.

In this field, other techniques have been developed,
such as the Nearest Neighbor process, which was used on
a small dataset containing 20 characters, but needed to
resize the image. A technique called the radial method
used to acquire statistical character features was defined
by Peter Burrow. This technique may have very bad
effects [7].
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Figure 1. Typical Handwritten Recognition System.

On the classifier part, two methods have been mostly
utilized, i.e., SVM and neural network [8] [9] [10]. And
more recently, a deep learning neural network has been
utilized in [10]. Although many researches have been
conducted on offline Arabic handwritten recognition,
but there are still many aspects have not been
considered. In this work, we have collected our own
Arabic handwritten name image database. Therefore,
the objective of this paper is to develop an offline
system of Arabic handwritten name using artificial
neural network (ANN) to cope with the variation in the
Arabic handwritten name images. The pre- processed
and segmented handwritten image was passed to the
feature extraction process. The extraction of features
transfers the two-dimensional image into a vector set
such that the input image is represented by a set of
numerical values that are to be transferred to recognizer
for recognition.

In this research, we use the whole pixel of the
handwritten image, as image features and feed to the
artificial neural network. Performance, recognition rate
and training time of the proposed ANN were recorded
and analyzed.

Il. PROPOSED ARABIC HANDWRITTEN
NAME RECOGNITION SYSTEM

This proposed algorithm, in which the system has
two main parts, i.e., feature extraction and classifier.
The feature extraction part is including the image
segmentation, aligning and cropping and color to
grayscale conversion. The classifier part is including
the training and testing of the model with the
developed image database (see Figure 2).
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Figure 2. Proposed Offline Arabic Handwritten Name Recognition
System.

A. Bwlabel and Regionprops for Extract Features in
Matlab

In this paper, we used a MATLAB command
“Bwlabel” (Label connected components in 2-D binary
image) to mark the two-dimensional, two-value image of
the connected group. Moreover, the MATLAB command
“Regionprops” is applied to Measure properties of image
regions.

L = Bwlabel (BW) returns the label matrix L that
contains labels for the 8-connected objects found in BW.
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(8-connected) Pixels are connected if their edges or
corners touch. Two adjoining pixels are part of the same
object if they are both on and are connected along the
horizontal, vertical, or diagonal direction.

B. Artificial Neural Network Classifier

The Artificial Neural Network (ANN) is a
computational model based on the structure of the human
brain, with functions and procedures based on it. By
simulating the human brain, the artificial neural network
(ANN) was developed as a learning tool. In order to
decrease the time, it takes to solve a problem; a neural
network is built up of numerous layers that should all be
finite. The use of parallel functioning of neurons in ANN
allows it to solve complex handwriting recognition
problems Two of the most extensively utilized ANN
designs for pattern recognition systems (RBFs) are
Multilayer Perceptions (MLPs) and Radial Basis
Functions (RBFs) [11] [12]. The number of hidden layer
and nodes could be varied. Figure 4 shows the structure
of feed-forward ANN that used in this research. While
Figure 5 shows the MATLAB implementation.
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Figure 3. Feedforward Neural Network
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Figure 4. ANN MATLAB Implementation.
I1l. RESULTS AND DISCUSSION
In this section, the experimental setup, Arabic

handwritten name image database, different features,
different number of hidden layers and different number
nodes in the hidden layer will be discussed.
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A. Experimental Setup

A high-performance system was used for processing,
i.e.,, a multicore system with Intel Core i7 4610M 3.00
GHz (4 cores with 8 threads), 8 G Bytes RAM, 500 G
Bytes HDD hard disk, installed on Windows 10 operating
system and MATLAB 2016b with Image Processing,
Signal Processing and Neural Network Toolboxes.

In this experiment, a Neural Network toolbox in
MATLAB has been used in order to train the model
with pre-registered names. The input to the model is a
word 'name' (not separated characters), then, the name
converted to a vector format in order to find a perfect
match with other pre-registered names. Three neural
network topologies were configured with different
hidden layers, and then trained to test them in order to
recognize handwritten Arabic names. The input to the
model is an image file and the final result saved on a
“notepad” file format.

B. Arabic Handwritten Name Image Database

The Arabic Handwritten names are collected
from two persons with 50 names has been taken
from them with various styles. The database
contains sample names, and each sample contains
the name in four different patterns.

The Arabic handwritten names are taken using a
painter software to convert them into digital format. The
images that are taken will be cropped according to a
guideline box. Then, the Arabic handwritten names that
are collected will be divided into two folders as follows:
70% for training stage and 30% for testing stage. Figure 6
shows an example of collected Arabic handwritten
names.
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Figure 5. Sample of Arabic Handwritten Names.
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C. Performance Evaluation

Table 2, illustrate that as the number of hidden layer
increases, the recognition rate decreases. Furthermore,
it also shows that about 92% recognition rates can be
achieved when the hidden layers were only two hidden

layers.

However, it can be noticed that a higher the number
of hidden layers gives a lower recognition rate.
Consequently, the number of hidden layers will affect
the performance and recognition rate of the system.
There are many differences in the image name database
due to the different writing style. However, it was
found that the first topology was the most suitable
topology because it gives a high recognition rate. Table
I shows each topology with its number of hidden layers
and nodes. While Table 11 shows the effect of changing
in performance and different on the training time and
recognition rate in each topology.

Table 1. The topology's and it's number of hidden layers and node

Input | Hidden Output
Topology layer layer Number of nodes layer
two first hidden layer with 10
Topology h nodes and second with
1 one T;dii' nodes equal to number of one
y names in database= 50
first hidden layer with 10
three nodes, second hidden layer
Topology - with 10 nodes and third
2 one T;dgfg with nodes equal to one
y number of names in
database= 50
first hidden layer with 10
nodes, second hidden layer
four with 10 nodes, third
Toposlogy one hidden | hidden layer with 10 nodes one
layers and fourth with nodes

equal to number of names
in database= 50
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Table 2. The effects of changing in performance and different on the

training time and recohnition rate
Training Recognitio
Topolog |Dictiona |Performa Time n Rate
y ry nce (%) (seconds) (%)
1.03e- 100
20 names 05 01 %
9.81e- 100
25 names 06 01 %
0.0003 100
30 names 02 01 %
35 names 0'91%06 01 10900
Topolog 50
yl 40 names  [0.0196 01 %
0.0008 100
45 names 33 01 %
50 names  [0.0196 01 79
0.0086 60
20 names 4 02 %
25 names 0'0?5)32 01 %/8
0.0047 90
30 names 4 03 %
o |25 ames |00102 01 3
Topolog
y2 40 names 0'05?78 04 (3/8
45 names  [0.0102 04 ﬂ'/?
0.0058 90
50 names 6 04 %
20 names 4'829- 02 10%0
0.0006 60
25 names 06 04 %
30 names  [0.0289 02 0%
Topolog 35 names 0'0852 05 0%
Y3 [20names [0.0243 02 0%
45 names  [0.0215 02 0%
50 names  [0.0389 03 0%

V. CONCLUSIONS AND FUTURE
WORKS

This work has presented an offline Arabic
handwritten names recognition system using neural
network. Approximately 50 name images from two
different writing styles were collected. Three different
topologies with various number of hidden layers have
been constructed. A feed-forward neural network was
used as classifier, and then trained using
backpropagation algorithm for each topology. The
number of nodes has been varied. Results indicate that
the higher number of hidden layers shows lower
recognition rate. Moreover, the training time was also
higher. As a future work, this proposed system can be
applied in useful real-life applications, such as
recognize words and numbers in a bank check, and to
convert a handwritten text into an editable file format.
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