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Abstract

This paper presents an effective method for recognition of Persian handwritten numbers. The
method is based on structural features and decision-tree learning technique. The presented method
includes three stages: First a preprocessing is made on the number, in this way the entry number
has been thinned down while at the same time some noise coming as a result of lack of
congruence in numbers thickness is deleted. In the second stage four properties applied at the
stage of recognition have been extracted. The third stage comprises of creating a decision
genealogy (tree) related to the order of classification. The total dataset used in the experimental
stage is the database of Hoda documented upon by researchers. The experiment’s results indicate

the efficacy on the part of the method suggested for recognizing handwritten Persian numbers.

Key words: Persian handwritten numbers, features extraction, decision tree, thinning

* Sama Technical and Vocational Training School, Islamic Azad University, Omidiyeh Branch,

Omidiyeh, Iran.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [OJJ=NREEELLE as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Management, IT and Engineering
http://www.ijmra.us



December LEIVEi4  Volume 2, Issue 12 ISSN: 2249-0558

2012

1. Introduction

Recognizing handwritten numbers is one of the significant problems within the area of light
letters cognition, which is of much application. As an example for handwritten numbers
recognition systems applications, reference could be made to reading digital data put into forms.
The use of a practical handwritten numbers recognition system faces a number of challenges of
which the most important would be the necessity for a high level of recognition rate. In the field
of Persian language, simply because of great similarity among digits in addition to differences in
the way they are written, creating a recognition system with an acceptable degree of exactitude
for practical purposes comes across some difficulties. It is for this reason that expanding methods
to improve their precision would be of necessity. During the last few years, various works have
been done over the issue of Persian and Arabic handwritten numbers and letters’ recognition. In a
piece of research conducted by Darvish et al, a shape congruence algorithm is made use of to
recognize Persian handwritten digits. For each and every sampling point on the shape’s connector,
description is arrived at by means of the placement distribution of other points’ connector(s) [1].
In another piece of research by Parvin et al, another method for improving upon the functionality
of recognition system has been put forward. The original idea in the suggested method would be
use of classifiers on a binary basis [2]. In yet another research by Alizadeh et al, some
methodology based on genetic algorithm to make a neural network grouping using a classifying
pick-up method of giving weights based on opinion has been propounded [3]. The research
conducted by Shahabi and Rahmati, use has been made of Gabor filter banks which is suitable for
the construction of Persian handwritten texts in addition to visual system [4]. Still in another work
by Parvin et al, application has been made of categorizing even classifiers to boost this group of
classifiers. These can reduce the error rate for more precision in features space [5]. Another
research has used Bays’ classification moment torque to recognize Persian handwritten digits [6].

Masroori has applied dynamic temporal torsion algorithm to recognize the numbers [7].

What we have done is based on bringing out a series of constructional features from
amongst the set of handwritten numbers. These features are the existence of an enclosed space
within the digit, branching-out and terminal points, the directionality of semi-circles and the
degree of pixel density in various areas. Later on, the genealogical decision-making tree would

have been created upon such features to be evaluated.
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Mention would be made of what has been said in various sections as this article goes on. In
the second part, the focus of attention has been on introducing the dataset applied. In the third
part, the preprocessing stage is brought to attention which includes how to drop noise and extract
digit skeleton. In the fourth part, we shall talk of the methodology of bringing out features. The
fifth part is devoted to classification stage. In the end, will come the results out of the suggested

model.
2. Hoda dataset features

Hoda database which is documented upon by researchers is also of good use in this research.
The Hoda handwritten numbers set is the first sizable Persian handwritten numbers comprising of
102353 samples of black and white handwritten digits. This set has been made during a Master’s
degree project concerning the recognition of handwritten forms [8]. The data within this set have
been extracted from something around 12000 registration forms of M.Sc. entrance examinations
of 2005 in addition to the Associate’s examinations in Applied and Science Comprehensive

University in the year 2004. The properties in this dataset are as follows:
The sample separablility degree: 200 points per inch

The total number of samples: 102352

Educational samples numbers: 6000 samples of each class

Experimental samples number: 2000 samples in each class

Other samples: 22352

3. Preprocessing

The preprocessing stage is made up of extracting digit skeleton (thinning). In this section,
use has been made of the accelerating algorithm in order to thin out and get to the skeleton of
each number without creating any erosion or disruption. This algorithm gets at a suitable system
of skeletons capable of keeping the original shape of the number in such a manner as not to beget
forged data. Figure (1) is an example of the output in this stage. The output of this stage is made
only of a continuous skeleton. The aim in this stage would be removing problems resulting from

differences in handwritten numbers’ thickness.
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Figure 1: a sample that Tenderized

It is worthy of mention that in a number of digital classification stages, preprocessing has
been used, so that the bright thinned numbers’ pixels have been omitted from bottom-to-top to
such a degree that there might exist more than two bright pixels within a specific line. This causes
the dropping of those pixels that have had some negative effects on classification.

4. Features Extraction

One of the most efficacious things to be done for improving the degree of precision
significantly in a recognition system of handwritten numbers is using appropriate features to
represent numbers. This necessitates a suitable procedure for bringing out features and
determining its parameters in an optimal fashion. This part is devoted to investigating into how
these properties are extracted and what effective parameters are in handwritten digits. Of great
importance is extracting those features capable of setting together the largest number of samples.
On the other hand, the larger number of features could lead to a more complex temporal level.

The applied features may be categorized into four classes.

4.1. The existence of enclosed space within the digits

This property causes dividing out various samples of digits like zero, five, and nine from
among other numbers. Off course, we do know that because of lack of precision in the manner of
writing, there is always some noise within the digits. This brings about the non-enclosed space.
The method put forward for flexibility against such types of noise would be finding white pixels
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for each digit to have been surrounded by black pixels on all four sides. In figure (2), samples of

such numbers are to be observed.
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Figure 2: The sample digits that have white pixels surrounded by black

4.2. Terminal and branching-out points

Points of terminus include black pixels after which there could have been no other black
pixel. The branching-out points include those on the intersection of three lines [9]. Terminal and
branching-out points have been pinpointed in the figure (3). Exactitude in number and placement
of such points would inevitably lead to Persian handwritten numbers classification. For instance,

digits SEVEN and EIGHT possess two terminal points in the lower or upper half of their images.
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Figure 3: Endpoints and branching number six
4.3. The directionality of the semi-circles

Digits like two, three, four, and six have semi-circles with differing directionalities (figure 4
shows the semi-circles’ directionality for the digit THREE). It would be of great significance to
recognize the compassing directions on the part of these semi-circles. The intended direction for
each class’s numbers is similar in various writings. For example, in the digit THREE, there exist
three directions upward while it would be to the right for FOUR. As a result, the digit pattern of
THREE has white pixels ending in black pixels to the right, to the left, and to the terminus
(surrounded by black pixels). Therefore, the digit FOUR has semi-circle to the right.

Semi-circular

Y T

Figure 4: number three has half-circles upward
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4.4. Pixel existence density in the lower, upper, right, left half

It would be necessary — in recognizing this point — that a digit is divided into two halves of
upper or lower, right or left for making distinct the degree of bright pixels compaction in each
area [10]. For instance, in view of figure FIVE, density in the upper half of digits TWO & SIX are

more than those of their lower halves (nearly double).

Figure 5: Black pixel density in the upper half

5. Classification Stage

In order to better classify the genealogical decision-making tree, some pick-up has been
made of various handwritten numbers (figure 5). These numbers have been recognized in various

parts of the decision-making tree.

e VYV rAaYVY AN
AX V¥ VNV AY
oS¢ LAYV AQ
e /XY TO1VAAQ

Figure 6: A variety of Persian handwritten digits
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The extracted features as described above have been applied in the classification stage. The
method for categorizing using the decision-making tree to recognize Persian handwritten digits in
this article has been shown in figure (6).

In each stage, the feature to go under investigation has been brought into an oblong. Each
sub-tree comprises of a bunch of classes. The classifying features extant in the decision-making
tree have been opted for in various stages in such a way as to bring forward the largest number of
classifications against the handwritten variety and the noise present within the digits.
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6. Conclusion

The algorithm was implemented using MATLAB software. Detection at 100 samples was

selected randomly from each class. The results can be seen in Table 1.

Table 1: The proposed system detects the handwritten digits

The number of The number of Percentage of
digit Number diagnosed undiagnosed correct
samples samples diagnosis

0 88 12 88%
1 97 3 97%
2 92 8 92%
3 86 14 86%
4 90 10 90%
5 89 11 89%
6 88 12 88%
7 100 0 100%
8 99 1 99%
9 92 8 92%

total 921 79 92.1%

A new method based on a new feature for the detection of Farsi handwritten digits was presented.
Although there are some challenges to some digits, but overall detection rate is acceptable. The
proposed method by combining several algorithms can be used in applications. Strengths of the

proposed method can be as low time complexity.
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