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Abstract. The study of multiple classifier systems has become recently
an area of intensive research in pattern recognition in order to improve
the results of single classifiers. In this work, two types of features com-
bination for handwritten Arabic literal words amount recognition, using
neural network classifiers are discussed. Different parallel combination
schemes are presented and their results compared with a single classifier
benchmark using a complete feature set.
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1 Introduction

Several successful methods have been developed to recognize isolated handwrit-
ten characters and numerals. Nowadays the research is carried for handwritten
word recognition [7, 9], which present a challenge due to the difficult nature of
the unconstrained handwritten words, including the diversity of character pat-
terns, ambiguity of characters, and the overlapping nature of many characters
in a single word [1].

Handwriting recognition systems has been studied for decades and many
methods have been developed [7]. Some use only the pixel-images as input to
a statistical or neural classifier. Others preprocess the data in order to extract
structural features that are fed into a classifier. The combination of different
types of information has been shown to be promising in many pattern recog-
nition systems [11, 5]. Different type of classifiers, different type of features,
different type of combiner, etc may then be considered. In this paper, using
two different family features and three neural network classifiers, Arabic words
recognition is addressed. Features consists in two families: structural and the
statistical.
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The remainder of this paper is organized as follows: section 2 presents the
characteristics of Arabic writing. In section 3 a brief overview of the system
architecture is given. Section 4, describes the features extraction modules.
The three individual classification systems are described in section 5 and their
results in section 6. Combination approaches of classifiers are introduced in
section 7 with their obtained results. The paper concludes with discussion on
the obtained results.

2 Arabic writing characteristics

The Arabic language has a very rich vocabulary. More than 300 million people
speak the language, and over 1 billion people use it in several religion-related
activities. Arabic script is written from left to right.

Figure 1: Bank draft lexicon of Arabic literal amounts

As opposed to Latin which start from left to right. The Arabic alphabet
consists of 28 characters. Ten of them have one dot, three have two dots, and
two have three dots. Dots can be above or below. The shape of the character
is context sensitive, depending on its location within a word. A letter can
have up to four different shapes: isolated, beginning connection from the left,
middle connection from the left and right, and end connection from the right.
Most of the letters can be connected from both sides; the right and the left.
However, there are six letters which can be connected from one side only; the
right. This characteristic implies that each word may contain from one unit or
more (sub-words). An example of Arabic words may be given in the lexicon,
Figure 1, used in a literal amount of Arabic bank check. Some ligatures involve
vertical stacking of characters, this characteristic complicates the segmentation
problem [7], which is not considered in this work.

3 The global system architecture

The recognition system proposed is of modular architecture: feature extrac-
tion and word classification. Firstly, a preprocessing module, which binarises,
smooth and extract features. These extracted features are transferred toward
the MLP classifiers, Figure 2. The shape features are from two sets: statistical
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