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Abstract – The proposed system extracts the geometric
features of the character Contour. The system gives a feature
vector as its output. The feature vectors so generated from a
training set is then used to train a pattern recognition engine
based on Neural Networks so that the system can be
benchmarked. There was an attempt made to develop a
system that used the methods that humans use to perceive
handwritten characters. Hence a system that recognizes
handwritten characters using Pattern recognition was
developed. Here the data generated by comparing two images
was stored in excel format and then that data was called as
an individual input for generation of Simulink diagram.

Pattern recognition can be used to model human
perception. The mathematics that Pattern recognition
requires is extremely fundamental. Any algorithm developed
using Pattern recognition would require relatively simple and
not so lengthy calculations. Due to simplicity of calculations,
they can be implemented on any hardware or software
platform without worrying about the computing power. In
this paper first part is about introduction to character
Recognition. The second part deals with the short
introduction to neural network implementation for image
processing using MATLAB.

Keywords – Database, Euclidean Distance, Handwritten
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I. INTRODUCTION

Handwritten character recognition is a very interesting
field for researchers. Many feasible techniques have been
developed in this field. Technique based on extracting
various features of handwritten characters and providing
these features as input to an Artificial Neural Network is
used very often.

Handwritten characters are vague in nature as there may
not always be sharp perfectly straight lines, and curves not
necessarily be smooth, unlikely the printed characters.
Furthermore, characters can be drawn in different sizes
and orientation which are often supposed to be written on
a baseline in an upright or downright position. Therefore, a
robust handwritten recognition system can be designed by
considering these limitations. However, it is quiet tedious
sometimes to recognize hand written characters as it can
be seen that most of the people can not even read their
own written notes. Therefore, there is an obligation for a
writer to write clearly. But even today in Twenty First
Century Handwritten communication has its own stand
and most of the times, in daily life it is globally using as
means of communication and recording the information
like to be shared with others.

Researchers already paid many efforts in designing hand
written character recognition system most of them cited as

[1-2] because of its important application like bank
checking process, reading postal codes and reading
different forms [3]. Handwritten digit recognition is still a
problem for many languages like Arabic, Farsi, Chinese,
English, Devnagari etc [4]. A machine can perform more
tasks than a human being in the same time; this kind of
application saves time and money and eliminates the
requirement that a human perform such a repetitive task.
For the recognition of handwritten characters, various
methods have been proposed [5-6] Proposed Hand written
character recognition system for machine recognition can
be developed in these phases: scanning of hand written
characters i.e. conversion into electronic data, usually an
black & white image file; some pre processing can be
applied to the image; then the feature of the character will
be extracted from the image; finally, on the basis of
extracted features from the image, the character can be
classify to recognize using gradient descent learning
method for feed forward neural network

II. HANDWRITTEN RECOGNITION SYSTEM

In this section, the proposed recognition system is
described. A typical handwriting recognition system
consists of pre-processing, segmentation, feature
extraction, classification and post processing stages.

Fig.1. General off-line character recognition system

Fig.2. Schematic diagram of the proposed off-line
recognition system
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The general schematic diagram of the recognition system
is shown in Fig.1.The proposed method in which both the
feature extraction and classification processes together are
preformed in a single stage is shown in Fig.2.
A. Image Acquisition: In Image acquisition, the
recognition system acquires a scanned image as an input
image. The image should have a specific format such as
JPEG, BMP etc. This image is acquired through a scanner,
digital camera or any other suitable digital input device.
Data samples for the experiment have been collected from
different individuals. Samples of the collected handwritten
Devnagari characters are shown in Fig.3.

Fig.3. Handwritten Devnagari Characters

B. Pre-processing: The pre-processing is a series of
operations performed on the scanned input image. . It
deals with technique for enhancing contrast; removing
noise and isolating regions whose texture indicate a
likelihood of character information. It essentially enhances
the image, making it suitable for segmentation. The
various tasks performed on the image in the pre-
processing stage are shown in Fig. 4. Binarization process
converts a gray scale image into a binary image using
global thresholding technique. Detection of edges in the
binarized image is done using sobel technique. Image
dilation and filling of holes are performed in the last two
stages to produce the pre-processed image suitable for
segmentation [7].

Fig.4. Pre-processing of handwritten character of image

C. Segmentation: After scanning the document, the
document image is subjected to pre-processing for
background noise elimination, and binarization to generate
the bit map image of the text. The pre-processed image is
divided into lines, words and characters as below.

Line segmentation- To separate the text lines, line
segmentation is used.

Word segmentation- Word segmentation is provide
the space between words.

Character Recognition- It is providing the Spacing
between the characters. so it is called segmentation

In the segmentation stage, an image consisting of
sequence of characters is decomposed into sub-images of
individual character [8]. In the proposed system, the pre-
processed input image is segmented into isolated
characters and each character is assigned a number using a
labelling process. This labelling provides information
about number of characters in the image. Each individual
character is uniformly resized into 30X20 pixels for
classification and recognition stage.

D. Feature Extraction: Transforming the input data into
the set of features is called features extraction. The widely
used feature extraction methods are Template matching,
Deformable templates, Unitary Image transforms, Graph
description, Projection Histograms, Contour profiles,
Zoning, Geometric moment invariants, Zernike Moments,
Spline curve approximation, Fourier descriptors, Gradient
feature and Gabor features [9]. Feature extraction is a
special characteristic of dimensionality reduction methods.
Analysis with a large number of variables generally
requires a large amount of memory and computation
power or a classification algorithm, which over fits the
training sample and generalizes poorly to new samples.
When the input data is too large to be processed then the
input data will be transformed into a reduced
representation set of features. Obviously, it is important to
select type of feature extraction method because it is the
important, factor in the performance of pattern recognition
systems [10]. Selection type of feature extraction is
dependent on the application. Different features are
purposed to recognize hand written digits and characters.
They are Fourier Transform, Invariant Moments,
Geometric Moments, Characteristic Loci and others. Due
to the nature of handwriting with its high degree of
variability and imprecision extracting these features, is a
difficult task. In this we are using Characteristic Loci to
recognize handwritten characters. This paper does not
adopt any of the above stated methods for feature
extraction. The binary image is segmented into individual
characters and then, each character is resized into 30x20
pixels. Each resized character is subjected to the
classification and recognition tasks. That is, each resized
character has 600 pixels and these pixels are taken as
feature inputs to the different classifiers.
E. Classification: The classification stage is the decision
making part of the recognition system. One of the most
important transform to reduce dimensionality for simple
and fast data processing and picture classification is
Principal component analysis (PCA). Now it is mostly
used as a tool in exploratory data analysis and for making
predictive models. It involves a mathematical procedure
that transforms a number of possibly correlated variables
into a smaller number of uncorrelated variables called
principal components. There are three reasons why PCA is
an appropriate transformation method for the handwritten
characters. Firstly, PCA as a linear transformation method
is very simple. Secondly, the components of the
transformed feature vector are statistically independent.
Another reason for using PCA is that the feature
components are ordered according to their importance. By
removing the last some n components, the dimensionality
of the feature vector may be reduced without losing too
much information. The optimal value for n can be
empirically determined for different applications. Suppose
(feature vector) of train data are P1, P2, P3…..PN.

The 600 pixels derived from the resized character in the
segmentation stage form the input to the classifier. In
general the feature vector is denoted as X, and defined as
X = (f1, f2,…, fd), where f denotes features and d is the
total number of pixels present in the each character. The
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number of input neurons is determined by length of the
feature vector d. The total numbers of characters n
determines the number of neurons in the output layer.
F. Post-processing: Post-processing stage is the final
stage of the proposed recognition system. It prints the
corresponding recognized characters in the structured text
form by calculating equivalent ASCII value using
recognition index of the test samples

III. NEAREST NEIGHBOUR ALGORITHM

Nearest Neighbour method provide an important data
classification tool for recognising character classes in
pattern recognition domain In pattern recognition, the k-
nearest neighbour algorithm is used for classifying the
characters based on neighbourhood in the feature space.
Different types of Nearest Neighbour techniques have
been reported in the literature [11]. The k-nearest
neighbour technique using Euclidean distance method is
used in this paper. The binary images are resized into
30x20 pixel images. Two hundred sets of each alphabet
are used in the training phase. The training phase of the
algorithm consists of storing the feature vectors with class
labels of the training samples. A different data set
consisting of 2600 samples is used for testing. The
performance of kNN classifier is observed for different
values of k ranging from 1 to 10. The Euclidean distances
are computed between the test vectors to all the stored
vectors. The computed distances are ranked in ascending
order. The k nearest neighbours are chosen. The majority
rule with the nearest point tie-break is used for
classification. Simulation results show that k = 4 yields
good accuracy for recognizing the handwritten characters.
These are Steps of the algorithm:
1) Stand on arbitrary vertex as current vertex
2) Find out lightest edge connecting current vertex and

unvisited vertex V
3) Set current vertex as V
4) Mark V as visited
5) If all vertex in domain are visited then terminate
6) Go to step b

The sequence of visited vertices is output of algorithm

IV. NEURAL NETWORK BASED CLASSIFIER

Neural Network (NN) techniques offer a promising
solution as classifiers in the handwritten character
recognition system. The image after resizing is taken as an
input. The classification capability of the network depends
on the architecture and learning rule. The architectures
considered in this paper are nearest neighborhood. To
evaluate the performance of the proposed method the
handwritten Devanagari alphabets were collected from
different individual writers. Of the 7800 samples collected,
5200 samples were used for training purpose and
remaining 2600 samples were used for testing. The
proposed recognition system has been implemented using
Matlab software. Different types of Neural Network based
classifier are as follows:

a) Template Matching
b) Feed Forward NN
c) Nearest neighbor NN
Table 1: Performance Comparison of Different Classifiers
Number of
training
samples

5200 samples

Number of
testing samples

2600 samples

Classifier Number of correctly
recognized alphabets

Recognition
rate in %

Template
Matching

1411 54.27

Feed Forward
NN

2448 94.15

Nearest
neighbor NN

2244 86.96

V. EUCLIDEAN MINIMUM DISTANCE CLASSIFIER

At this step, in order to recognize the character, a
distance between unknown or input feature vector X and
the reference vectors, M from the training set must be
computed. The distance will be computed based on
Euclidean model as:

The experimental result in Table 1 obviously shows that
classification based on multiple feature gives more
accuracy than using only one feature information.

Table 2: Experimental results
Feature Extraction Percentage of Recognition

Pixel Density(zoning) 92.77

VI. CONCLUSION

We have proposed and developed a scheme for
recognizing hand written characters. Most of the work in
character recognition area is done on either segmentation
or on only recognition of segmented characters .We have
tested our experiment over Hand written Devnagari
characters and the strings of these Hand written characters.
It is easily applied to any application that requires hand
written character regardless of it computing power.

Here, we propose a method which does the
segmentation of handwritten characters into line
segmentation, word segmentation and character
segmentation. And further recognition process will be
done with the help of neural networks. The results that the
machine has successfully recognized the characters string
with the average accuracy of 93.5%, which significant and
may be acceptable in some applications. The experiment
shows as we have increased the number of hidden units in
hidden layers, the network converges with more accuracy.
In future the similar experiment can be tested over some
other characters and with some more or new parameters to
improve the accuracy of the machine.
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