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Abstract – This paper presents the comparative study of
classification methods used for hand written character
recognition in artificial neural network environment.
Classification is a method of predicting the decisions for the
new cases, based on their conditional features using a model
learned from the already known attributes. All classifiers
apply different approach to perform classification but
produce same structure of output with comparable result.
Theoretically, different classifiers will generate different sets
of rules via knowledge even though they are implemented to
the same classification problem. Hence, the aim of this paper
is to investigate the quality of knowledge produced all
methods when similar problems are presented to them.
Performance metrics can be used as comparison, the
accuracy of classification, rules quantity, rules length and
rules coverage. Different classifiers include Bayesian
Network, C4.5 classifier, Decision Forests, Rough Classifier,
Decision Tree, NBTree and ART networks.
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I. INTRODUCTION

One important application of the Artificial Neural
Network is the Character Recognition system. This system
is useful for many different types of applications in
various fields. Cost effective and less time consuming,
businesses, post offices, banks, security systems, and even
the field of robotics employ this system as the base of their
operations. When you are processing a check, performing
an eye/face scan at the airport entrance, or teaching a robot
to pick up an object, you are employing the system of
Character Recognition.

The recognition of characters from a scanned image of
documents has been a problem that has received much
attention in the fields of image processing, pattern
recognition and artificial intelligence. Classical methods in
pattern recognition do not as such suffice for the
recognition of visual characters due to the following
reasons:
1. The ‘same’ characters differ in sizes, shapes and styles

from person to person and even from time to time with
the same person.

2. Like any image, visual characters are subject to
spoilage due to noise.

3. There are no hard-and-fast rules that define the
appearance of a visual character. Hence rules need to
be heuristically deduced from samples.

As such, the human system of vision is excellent in the
sense of the following qualities:
1. The human brain is adaptive to minor changes and

errors in visual patterns. Thus it is able to read the
handwritings of many people despite different styles of
writing.

2. The human vision system learns from experience.
Hence we are able to grasp newer styles and scripts
with amazingly high speed.

3. The human vision system is immune to most variations
of size, aspect ratio, color, location and orientation of
visual characters.

Data mining is a technique that can be used to analyze
dataset and predict for pattern of data. The strength of data
mining is it capability to generate various type of
knowledge and produce a reliable decision. Following
that, many organizations from diverse domains have
alternatively chosen data mining as analysis tools to digest
hidden information in historical organization data.
Therefore, the mined information can offer managers with
valuable knowledge for future decision making. The
question “what decision you are looking for” basically will
guide the selection of data mining task. The task can be
categorized into summarization, classification, clustering,
association, and trend analysis. Classification is a method
of predicting the decisions for the new cases, based on
their conditional features using a model learned from the
already known attributes. It has been commonly studied by
many data mining researches.

Rule based classification system (RBc) is a part of
classification which represents knowledge via a set of
propositional rule. It can be represented in a disjunctive
form, R= [r1 ∧ r2 ∧… rn], where R is known as the rule set
and rn are the classification rules. Each rule can be
expressed as rn: - [condition1] →yn which [condition1] is
the combination of attribute test condition and yn is
decision class. Modeling in RBc starts with the process of
extracting a set of rules from data source that identifies
key relationship between the attribute and class label.
Then, the obtained rules are tested with unseen data. RBc

is widely used in the real world applications because of the
easy interpretability of rules meaning. The results from
different classification system can be used to determine
appropriate technique for particular domain.
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Since rule in RBc is considered as knowledge, the
quality of the knowledge also need to be evaluated.
According to [1], the performance of a classification
system cannot be based only on the higher accuracy but
the quality of knowledge such as minimum number of
rules, rule length, and rule strength also need to be
assessed. A good rule set must has a minimum number of
rules and each rule should be short as possible. Moreover,
an ideal model should be able to produces fewer rule with
shorter rule and classify new data with good accuracy.
Besides that, the quantity of testing data also could be a
performance metrics in evaluating RBc. The classification
model that generates fewer numbers of rules from limited
training dataset but can classify more testing dataset and
attain high accuracy might be a better model [5].
Therefore, the quality of knowledge will determine the
classifier to classify new cases with good accuracy.

The objective of this study is to compare and propose
the classifier for recognition of hand-written Character.
Different classifiers include Bayesian Network, C4.5
classifier, Decision Forests, Rough Classifier, Decision
Tree, NBTree and ART networks.

II. STUDY OF DIFFERENT CLASSIFIERS

Conventional artificial neural networks changing
environment; it may never see the same training vector
twice. Under such conditions, back propagation will learn
nothing.  It will continuously modify its weights to no
avail, never arriving at satisfactory settings.
A. ART Network

Adaptive resonance theory or ART refers to a class of
self organizing neural architecture that clusters the pattern
space and produce appropriate weight vector templates.
This is suitable for clustering problem that requires on line
learning of a large scale and evolving data bases. This
study proposes classification based on adaptive resonance
theory network. In this ART is used, first for generating
the weights between attributes and cluster. In the second
stage an algorithm is employed to generate class labels of
input data. The proposed method may produce good
results over the conventional method in term of accuracy.

ART networks and algorithms maintain the plasticity
required to learn new patterns, while preventing the
modification of patterns that have been learned previously.
A stable net will not return the pattern to a previous
cluster. Some nets achieve stability by gradually reducing
the learning rate as the same set of training patterns is
presented many times.  However this does not allow the
net to readily learn a new pattern is presented for the first
time after a number of training epochs have already taken
place.  The ability of a net to learn a new pattern equally
well at any stage of learning is called plasticity.  ART nets
are designed to be both stable and plastic.

In ART, the changes in the activation of units and
weights are governed by differential equations.  The net is

continuously changing dynamical system, but the
complexity is reduced because the activations are assumed
to change much more rapidly than the weights.  Once an
acceptable cluster unit is selected for learning, the weights
may be maintained over an extended period.  During that
period only weight changes should be done.  This period is
called “resonance period”.  Thus the net gets the name
“resonance” in it.

ART1 is designed for clustering binary vectors and
ART2 can accept continuous valued vectors.  These nets
cluster the input by unsupervised learning.  The ART
classification process consists of three major phases:
recognition, comparison and the search phase.

In recognition phase, the ART network stores a set of
patterns in the weights associated with the recognition
layer neurons, one for each classification category.  The
recognition layer neurons with weights that best match the
applied vector fires, its input becomes one, and all other
outputs from this layer are forced to zero.

In comparison phase, the single neuron firing in the
recognition layer passes a “1” back to the comparison
layer on its output signal.  In accordance with the two-
third rule, the only comparison layer neurons that will fire
are those that receive simultaneous ‘1’ from the input
vector and the comparison layer excitation vector.  A
comparison of the input vector to the inner layer vector is
done and if degree of similarity is less than the vigilance
parameter causes reset. In search phase, if no reset signal
is generated, the match is adequate and the classification is
finished.   Otherwise, the other stored pattern must be sent
to seek a correct match.  The process is repeated for
neurons, until a stored pattern is found that matches the
specified tolerance or all the stored patterns have been
tried and all are in mismatch with the input vector.

Fig.1. ART1 Simplified Neural Network Model

The ART1 simplified model consists of two layers of
binary neurons (with values 1 and 0), called F1 (the
comparison layer) and F2 (the recognition layer) as shown
in Figure 1. ART is used to solve the problem of stability-
plasticity of conventional classification method. The
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system structure of this method is divided into three
phases clustering, evolution and testing.  In first phase of
the clustering stage we will input the training data and
proceed to ART procedure to obtain the result of
clustering.  In second phase, to obtain the sufficient
accuracy we will use an algorithm to perform the
evolution. The testing will be performed in order to
evaluate the accuracy of ART network.

Adaptive Resonance Theory Network (ART1) is a
neural network concerning unsupervised learning. It is the
first member of the ART family.  ART1 can learn and
recognize binary patterns. The basic idea in ART1 is that
the input vector is compared to the prototype vectors in
order of decreasing similarity until a prototype vector
close enough to the input vector is found.

Also, Adaptive Resonance Theory or ART refers to a
class of self organizing neural architectures that cluster the
pattern space and produce appropriate weight vector
templates.  Conventional artificial neural networks have
failed to solve the stability – plasticity dilemma. A
network remains open to new learning (remain plastic)
without washing away previously learned codes.  Too
often, learning a new pattern erases or modifies previous
training.  If there is only is only a fixed set of training
vectors, the network can be cycled through these
repeatedly and may eventually learn all.  In a real network,
it will be exposed to a constantly   changing environment;
it may never see the same training vector twice.  Under
such conditions, back Propagation will learn nothing.  It
will continuously modify its weights to no avail, never
arriving at satisfactory settings.

The ART network is a vector classifier.  It accepts an
input vector and classifies it into one of the categories
depending upon which of the stored patterns it most
resembles.  If the input vector does not match any stored
pattern, a new category is created by storing pattern that is
like the input vector.  Once a stored pattern is found that
matches the input vector within a specified, if it does not
match the current to make it still more like the input
vector. No stored pattern is modified, if it does not match
the current input pattern within the specified tolerance by
this, the problem of stability-plasticity dilemma is solved.
B. Rough Classifier (RC)

RC theory was developed by Zidslaw Pawlak in the early
1984s, provides a mathematical approach to deal with
uncertainty and vagueness. The main goal of the approach
is to derive rules from a set of data which is represented in
a decision system. It is denoted as Ds= {U, Dc, Dd} where
U is a finite set of objects called universe, Dc is a set of
condition attributes and Dc is decision attribute. RC theory
is based on the establishment of equivalence classes in
training data set and the formation is almost indiscernible.
RC deals with imprecise information in information system
(IS) using the concept of set approximation which each
vague object are described in lower and upper
approximation space. Generally, the rough set approach

consists of several steps leading towards the final goal of
generating rule from information system as given below
[7]:
 Forming decision system by mapping information from

the data source
 Completion of data
 Descritization of data
 Reducts computation of data
 Obtain rule from the reduct
 Classification of new unseen data
C. Decision Tree Classifier (DTC) and C4.5

Classifier
The concept of decision tree is decomposition of

complex problem into smaller, more manageable whereby
it represents the relationship among attribute and decision
in a diagram that mimic to tree [3]. The classification is
produced by algorithm that identifies various ways of
splitting a data into branch-like tree segment. The
segmentations basically comprise 3 structures; internal
node donates a test on attribute, branch node represent an
outcome of the test, and leaf nodes represent class
distribution. DTC is among the earliest classification
technique in machine learning since the introduction of
Hunt’s algorithm in 1966 and until now, most of its
algorithms play an important role as comparators with
other techniques [6]. At the moment, DTC has several
algorithms such as are ID3, C4.5 (extension of ID3), and
CART [18].Early decision tree algorithm is memory based
and not suitable on large dataset. Generally, tree induction
and tree pruning are two main processes in DTC. Tree
induction is an iterative training process which involves
splitting the attributes into smaller subsets. This process
starts by analyzing the whole dataset to find the condition
attributes whereby when it is selected as a splitting rule, it
will result in nodes that are most different from each other
with respect to the target class. To perform that, several
measurements can be applied such as entropy, mutual info,
gain ratio, and chi-squared. Subsequently, the tree will be
generalized in pruning process by removing least reliable
tree branches and accuracy will be improved. Due to the
easy interpretability of tree meaning as well as it can be
transform into rule, DTC gain popularity as alternative
classification technique.

A Decision Tree is a tree in which each branch node
represents a choice between a number of alternatives, and
each leaf node represents a classification or decision. C4.5
is an extension of the basic ID3 algorithm in figure 2
which designed by Ross Quinlan. Figure 2 illustrates a
Decision Tree. It’s a tree whose internal nodes are tests:
T1...T6, whose leaf nodes are categories. A Decision Tree
assigns a class number to an input pattern by filtering the
pattern down through the tests in the tree.
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Fig.2. Example of Decision Tree

The decision trees generated by C4.5 can be used for
classification, and for this reason, C4.5 is often referred to
as a statistical classifier. C4.5 builds decision trees from a
set of training data in the same way as ID3, using the
concept of information entropy. The training data is a set S
= s1, s2 ... of already classified samples. Each sample si =
x1, x2 ... is a vector where x1, x2... represent attributes or
features of the sample. The training data is augmented
with a vector C = c1, c2 ... where c1, c2 ... represent the
class to which each sample belongs.

At each node of the tree, C4.5 chooses one attribute of
the data that most effectively splits its set of samples into
subsets enriched in one class or the other. Its criterion is
the normalized information gain (difference in entropy)
that results from choosing an attribute for splitting the
data. The attribute with the highest normalized
information gain is chosen to make the decision. The C4.5
algorithm then recurs on the smaller sub lists.

Fig.3. A simple decision tree

D. Decision Forests
Decision Forests [10][11] is a consensus modeling

technique that combines multiple Decision Tree models in
a manner that results in more accurate predictions. Since
combining several identical trees produces no
gain, the rationale behind Decision Forests is use of
individual trees that are different in representing the
association of independent variables and dependent
variable yet comparable in their prediction accuracy.

Fig.4 presents a Decision Forest that combines multiple
Decision Tree.

Fig.4. Example of Decision Forest

E. Bayesian Network
Bayesian Network [11] [12] is a specific type of

graphical model which is a directed acyclic graph. A
Bayesian Network can be used to compute the conditional
probability of connected nodes, given values assigned to
the other nodes. A Bayesian Network can be used as a
classifier that gives the posterior probability distribution of
the class node, given the values of other attributes.

Figure 5 presents a Bayesian Network model which is
represented by a set of edges, e.g.., E= {(B, A), (B, C)}.
The edges in the Bayesian Network encode a particular
factorization of the joint distribution. In this example, the
joint distribution of all the variables, as factorized by this
Bayesian Network, is:

Fig.5. Example of Bayesian Network

Fig.6. Algorithm of NBTree
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F. NBTree
NBTree is a hybrid algorithm with Decision Tree and

Naïve-Bayes. The algorithm is similar to the classical
recursive partitioning schemes, except that the leaf nodes
created are Naïve-Bayes categorizers instead of nodes
predicting a single class.

III. COMPARISON AND ANALYSIS

To design the system for character recognition, the
character samples from different sources can be taken.
Then apply character recognition techniques for these
samples. Depending upon available samples, these
techniques compare the input sample with available
sample and one can get the best accuracy from these
classification methods, when it will processed using soft
computing.

Classification methods in Neural Network environment
includes following steps to be performed for generation of
any system.
 Data Pre-processing
 Data Mining
 Post-processing

For Character recognition system also, all above three
steps has to be followed. Figure 7 shows the character
recognition system where two classifiers, ART network
and C4.5 classifier, are compared.

Fig.7. Character Recognition System
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