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Abstract
In this paper we propose an approach to recognize Handwritten 
English characters and digits using Multilayer Perceptron with one 
hidden layer. The feature extracted from the handwritten character 
is Fourier Descriptors. The use of artificial neural network in 
applications can dramatically simplify the code and improve 
quality of recognition while achieving good performance. Another 
benefit of using neural network in application is extensibility of 
the system  ability to recognize more character sets than initially 
defined. Most of traditional systems are not extensible enough. 
In this paper recognition of characters is possible by using neural 
network back propagation algorithm.
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I. Introduction
An Artificial Neural Network (ANN) is information processing 
paradigm that is inspired by the way  biological nervous systems, 
such as the brain, process information. The key element of this 
paradigm is the novel structure of the information processing 
system. It is composed of a large number of highly interconnected 
processing elements (neurons) working in unison to solve specific 
problems. ANNs, like people,  learn by example. An ANN is 
configured for a specific application, such as pattern recognition 
or data classification, through a learning process. Learning in 
biological systems involves adjustments to the synaptic connections 
that exist between the neurons. This is true of ANNs as well. 
A Neural Network is configured for pattern recognition or data 
classification, through a learning process. In biological systems, 
Learning involves adjustments to the synaptic connections that 
exist between the neurons. Neural networks process information 
in a similar way the human brain does. The network is composed 
of a large number of highly interconnected processing elements 
working in parallel to solve a specific problem. Neural networks 
learn by example. A neuron has many inputs and one output. 
The neuron has two modes of operation (i) the training mode 
and (ii) the using mode. In the training mode, the neuron can be 
trained for particular input patterns. In the using mode, when a 
taught input pattern is detected at the input, its associated output 
becomes the current output. If the input pattern does not belong 
in the taught list of input patterns, the training rule is used. Neural 
network has many applications. The most likely applications for 
the neural networks are (1) Classification (2) Association and (3) 
Reasoning. An important application of neural networks is pattern 
recognition. Pattern recognition can be implemented by using a 
feed-forward neural network that has been trained accordingly. 
During training, the network is trained to associate outputs with 
input patterns. When the network is used, it identifies the input 
pattern and tries to output the associated output pattern. Neural 
networks, with their remarkable ability to derive meaning from 
complicated or imprecise data, can be used to extract patterns and 
detect trends that are too complex to be noticed by either humans 

or other computer techniques. A trained neural network can be 
thought of as an “expert” in the category of information it has 
been given to analyze.  Neural Network has a wide application 
in the field of pattern recognition.
Character recognition is an area of pattern recognition that has been 
the subject of considerable research during the last some decades. 
Neural network  is playing an important role in handwritten 
character recognition. Many reports of character  recognition in 
English have been published but still high recognition accuracy 
and minimum training time of handwritten English characters 
using neural network is an open problem.
In this work, English characters and digits are recognized through 
Feed Forward Multi-Layer Perceptron Network (MLPN) with one 
hidden layer. For training, back-propagation algorithm has been 
implemented. The network can be used to learn the character 
in the format of patterns and then generalizing from the trained 
network and recognizing the character that is presented in the 
form of  image.

II. Character Modeling

A. English Characters
The English language consists of 26 characters (5 vowels, 21 
consonants) and is written from left to right. A set ofhand written 
English characters is shown in fig. 1.

Fig. 1: A Set of Handwritten English Characters

B. Scanning and Skeletonization
Handwritten characters are scanned and it has beenconverted into 
1024 (32X32) binary pixels. The skeletonization process will be 
used to binary pixel image and the extra pixels which are not 
belonging to the backbone of the character has been deleted and 
the broad strokes has been reduced to thin lines [1]. Skeletonization 
is illustrated in fig. 2.

Fig. 2: Skeletonization of an English Character

C. Normalization
There are lots of variations in handwritings of different persons. 
Therefore, after skeletonization process, normalization of 
characters is performed so that all characters could become in 
equal dimensions of matrix.
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In this paper, characters are normalized into 30X30 pixel character 
and shifted to the top left corner of pixel window.

III. Character Recognition System
The block diagram of Character recognition system is shown in 
following fig. 3.

Fig. 3: Block Diagram of the Recognition System

The procedure of handwritten English character recognition is 
as follows:

Acquire the sample by scanning.• 
Skeletionization and Normalization operations are • 
performed.
Apply Boundary Detection Feature Extraction technique.• 
Neural network Classification.• 
Recognized Character. • 

IV. Feature Extraction
In this paper, to extract the information of the boundary of a 
handwritten character, the eight-neighbor adjacent method has 
been adopted. This scans the binary image until it finds the 
boundary. The searching follows according to the clockwise 
direction. For anyforeground
pixel p, the set of all foreground pixels connected to it is called 
connected component containing p. The pixel p and its 8-neighbors 
are shown in fig. 4. Once a white
pixel is detected, it checks another new white pixel and so on. 
The tracing follows the boundary automatically. When the first 
pixel is found, the program will be assigned the coordinates of 
that position to indicate that
this is an origin of the boundary. The new found pixel will be 
assigned as a new reference point and starts the eight-neighbor 
searching. In this way, the coordinates of the initial point are 
varied according to the position.
As the tracer moves along the boundary of the image, the 
corresponding coordinates will be stored in an array for the 
computation of Fourier Descriptors. During the boundary tracing 
process, the program will always check
the condition whether the first coordinates of the boundary are 
equal to the last coordinates. Once it is obtained; means the whole 
boundary has been traced and boundary tracing process completes 
[2].

Fig. 4: Pixel P and Its 8-neighbor

Fig. 5: Boundary Tracing of a Character

A. Fourier Descriptors
Fourier Descriptors are involved in finding the Discrete Fourier 
coefficients a[k] and b[k] for 0 £ k £ L – 1,
a[k] = 1/L S x[m]e–jk(2p/L)m   (1)
b[k] = 1/L S y[m]e–jk(2p/L)m   (2)
Fourier coefficients derived according to equations (1) and (2) 
are not rotational or shift invariant but Fourier Descriptors that 
have the invariant property with respect to rotation and shift,the 
following operations are defined.For each n compute a set of 
invariant descriptors
r(n)
r(n) = [|a(n)|2+|b(n)|2]1/2    (3)
Computing a new set of descriptors s(n) by
eliminating the size of character from r(n)
s(n) = r(n)/r(1)     (4)
a(n), b(n) and invariant descriptors s(n), n = 1,2,…..(L – 1) were 
derived for all of the characters.

V. Neural Network

A. Recognition
Recognition of handwritten characters is a very complexproblem. 
The characters could be written in different size,orientation, 
thickness, format and dimension. This willgive infinite 
variations. The capability of neural network to generalize and 
insensitive to the missing data wouldbe very beneficial in 
recognizing handwritten characters.In this paper, for English 
handwritten characterrecognition in neural Feed Forward Multi-
LayerPerceptron network (MLPN) with one hidden layer has
been used. For training, back-propagation algorithm has been 
implemented.

B. Multilayer Perceptron Network
In this paper, multilayer perceptron is used. Multilayer Perceptron 
consists of input layer, hidden layers and output layer. Structure 
of MLP network for English character recognition is shown in 
Figure 6.
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Fig. 6: Multilayer Perceptron Network

To create this network, we are using newff() function. This function 
accept three arguments and returns a network object. The first 
argument is a matrix of input vectors, the second argument is 
matrix of output vectors. The third argument is the array containing 
size of hidden layer. The fourth argument specify the name of 
transfer function used in each layer. The fifth argument specify the 
name of training function. Default training function is trainlm.  

net=newff(input,target,36,{},’trainlm’);

For training of this network, a back Propagation algorithm is 
used.

C. Procedure and Flow Chart
A complete procedure of handwritten English character recognition 
is given below

Capture the scanned characters.• 
Perform the Normalization process.• 
Perform Binarization.• 
Apply Feature Extraction Techniques (Boundary tracing • 
technique).
Implement the Neural Network Classifier.• 
Get the recognized character.• 

A complete flowchart of handwritten English character recognition 
is given below in fig. 7

Fig. 7: A System for English Character Recognition
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