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Abstract
Neural network has a wide application in the field of pattern 
recognition. In this paper we propose an approach to recognize 
English characters and digits using Multilayer Perceptron with 
one hidden layer. The feature extracted from the handwritten 
character is Fourier Descriptors. To train network, we are using 
Back Propagation algorithm. The system is trained using different 
samples. After training, testing of the network is done. It has 
been shown that we are improving the recognition accuracy and 
minimizing the training time.
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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.
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. English Characters And  Character  Recognition 
System

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

characters and numerals is shown in fig. 1 and fig. 2.

Fig. 1: A Set of  English Characters

Fig. 2: A Set of Digits

B  Character Recognition System
The process of character recognition system is divided into various  
steps. In includes scanning phase and  preprocessing phase and  
character recognition phase.

A  Scanning
A properly printed document and handwritten document is chosen 
for scanning. It is placed over the scanner. A scanner software is 
invoked which scans the document. The document is sent to a 
program that saves it in preferably TIF, JPG or GIF format, so that 
the image of the document can be obtained when needed.

B. Preprocessing
This is the first step in the processing of scanned image. The scanned 
image is preprocessed for noise removal. Pre-processing of the 
image means applying a number of procedures for thresholding, 
smoothing, filtering, resizing and normalizing so that successive 
algorithm to final classification can be made simple and more 
accurate.  Several Preprocessing methods are discussed below:

1. Gray Scale Conversion
Generally the scanning image is true color (RGB image) and this 
has to be converted into a binary image, based on a threshold 
value. Here in this work, firstly checking the dimension of test 
image by size(). If image is RGB image, then it is converted into 
gray image by rgb2gray () i.e
if size(testImg,3)==3 
testImg=rgb2gray(testImg);

2. Binary Image Conversion
Now, next task is to convert gray image into binary(black and 
white) on the basis of threshold value. After binarization, resulting 
image has 0 as background pixels and 1 as foreground pixels.

3. Thresholding
The task of thresholding is to extract thresholding techniques 
have been previously proposed using global and local techniques. 
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Global methods apply one threshold to the entire image while 
local thresholding methods apply different threshold values to 
different regions of the image. The histogram of gray scale values 
of a handwritten character image typically consists of two peaks: 
a high peak corresponding to the white background and a smaller 
peak corresponding to  the foreground. So the task of determining 
the threshold gray-scale value is one of determining as optimal 
value in the valley between the two peaks. Here Otsu’s method of 
histogram based global thresholding algorithm is used [2].

4. Image Smoothing
The task of smoothing is to remove unnecessary noise present in 
the image. Some pixels are added in the image so that a smooth 
shape may be obtained.

5. Skeletonization
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 also called thinning. It also 
reduces the memory space required for storing the information 
about the input characters and no doubt, this process reduces the 
processing time too.

6. 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. In this paper, characters are normalized 
into 30X30 pixel character and shifted to the top left corner of 
pixel window. Normalization methods aim to remove all types 
of variations during the writing and standardized data is obtained 
[8]. For example Size normalization is used to adjust the character 
size to a certain standard. Methods of character recognition may 
apply both horizontal and vertical size normalizations.
These steps are shown in the flowchart in fig. 3.

Fig. 3: Character Recognition Flowchart

C. Feature Extraction
Feature Extraction plays an important role in character recognition 
system. Feature Extraction means extracting the most relevant 
information from the pattern so that the task of classifying the pattern 
becomes easy. The main goal of feature extraction is retrieving 
the important information and representing that information in 
lower dimensionality. When the input data to an algorithm is 
too large and also may be redundant (much data, but not much 
information) then the input data will be transformed into a reduced 
representation set of features (also named features vector). Now we 
can do the desired task using this reduced representation instead 
of full input data[6-7].
 A well-defined feature extraction algorithm makes the classification 
process more effective and efficient. Two most common method 
for feature extraction are fourier descriptor and normalized chain 
code. In this work, we are using fourier descriptor method.

1. Fourier Descriptor
Fourier transformation is widely used for shape analysis [9-10].
The Fourier transformed coefficients form the Fourier descriptors 
of the shape. These descriptors represent the shape in a frequency 
domain. The lower frequency descriptors contain information 
about the general features of the shape, and the higher frequency 
descriptors contain information about finer details of the shape. 
Although the number of coefficients generated from the transform 
is usually large, a subset of the coefficients is enough to capture 
the overall features of the shape.
The high frequency information that describes the small details of 
the shape is not so helpful in shape discrimination and therefore, 
they can be ignored. As the result, the dimensions of the Fourier 
descriptors used for capturing shapes are significantly reduced. 
The method of computing the transform is explained below.
Suppose that the boundary of a particular shape has K pixels
numbered from 0 to K − 1. The k-th pixel along the contour has 
position (xk,yk). Therefore, we can describe the contour as two 
parametric equations:
x(k) = xk
y(k) = yk
We consider the (x, y) coordinates of the point not as Cartesian 
coordinates but as those in the complex plane by writing
s(k) = x(k) + I y(k)
We take the discrete Fourier Transform of this function to end 
up with frequency spectra.The discrete Fourier transform of s(k) 
is:
 a(u)=   ,u=0,1……..K-1

The complex coefficients a(u) are called the Fourier descriptors of 
the boundary. The inverse Fourier transform of these coefficients 
restores s(k). That is,
s(k)=      ,k=0,1……….K-1

D. Neural Network Implementation
Character recognition is very complex problem. For this, we have 
created a feed forward back propagation neural network.

1. Training or Learning  
The first part is the training phase, where we manually identify the 
correct class. The features extracted from the second step would 
serve as the data to train the neural network The capability of 
neural network to generalize and insensitive to the missing data 
would be very beneficial in recognizing handwritten characters. 
There are two types of training used in neural networks, with 
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different types of networks using different types of training. These 
are supervised and unsupervised training.

(i). A Supervised Learning
In supervised learning we assume that at each instant of time 
when the input is applied, the desired response d of the system 
is provided by the teacher. The distance f[d,y] between the real 
outputs and the desired outputs  serves as an error measure and 
is used to correct network parameters externally.

Fig. 4: Supervised Learning

(ii). Unsupervised Learning
In  learning without supervision, desired response is not known , 
thus explicit error information cannot be used to improve network 
behavior. Since no information is available as to correctness 
or incorrectness of responses, learning must somehow be 
accomplished based on observations of responses to inputs that 
we have marginal or no knowledge about.

Fig. 5: Unsupervised Learning

It is also important that the net not be “over  trained”: if    it is 
trained for too many epochs it starts  “memorizing” the training 
patterns and can no longer recognize patterns other than those it 
was explicitly trained for.
In summary the goal of training a neural network is that it becomes 
able to generalize. This means that it only extracts some important 
features of the data and thus also classifies slightly differing 
patterns to belong to the same class. This also provides robustness 
in the presence of noise.
For recognizing characters, we are using a feed forward multilayer 
perceptron network. For training the neural network, back 
propagation algorithm has been used.

2. Multilayer Perceptron
In this paper, multilayer perceptron is used. Multilayer Perceptron 
consists of input layer, hidden layers and output layer [4]. Structure 
of MLP network for English character recognition is shown in 
Fig. 6 [5].

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 [5].

3. Back Propagation Algorithm
Backpropagation, an abbreviation for “backward propagation of 
errors”, is a common method of training artificial neural networks. 
It is a supervised learning method, and is a generalization of the 
delta rule. It requires a dataset of the desired output for many 
inputs, making up the training set. It is most useful for feed-
forward networks (networks that have no feedback, or simply, 
that have no connections that loop). Backpropagation requires that 
the activation function used by the artificial neurons (or “nodes”) 
be differentiable.
The backpropagation learning algorithm can be divided into two 
phases: propagation and weight update.
Phase 1: Propagation 
Each propagation involves the following steps:

Forward propagation of a training pattern’s input through • 
the   neural network in order to generate the propagation’s 
output activations.
Backward propagation of the propagation’s output activations • 
through the neural network using the training pattern target 
in order to generate the deltas of all output and hidden 
neurons.

Phase 2: Weight update 
For each weight-synapse follow the following steps:

Multiply its output delta and input activation to get the     • 
gradient of the weight.
Bring the weight in the opposite direction of the gradient by     • 
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subtracting a ratio of it from the weight.
This ratio influences the speed and quality of learning; it is called 
the learning rate. The sign of the gradient of a weight indicates 
where the error is increasing, this is why the weight must be 
updated in the opposite direction.
Repeat phase 1 and 2 until the performance of the network is 
satisfactory.

Algorithm 
Actual algorithm for a 3-layer network (only one hidden layer):
   initialize the weights in the network 
(often small random values)
   do
      for each example e in the training set
      O=neural-net-output(network,e) // 
forward  pass
      T = teacher output for e
      compute error (T - O) at the output 
units
     compute delta_wh for all weights from 
hidden layer to output layer  // backward 
pass
compute delta_wi for all weights from   
input layer to   hidden layer  // backward 
pass continued
      update the weights in the network
 until all examples classified correctly or 
stopping criterion satisfied
   return the network

As the algorithm’s name implies, the errors propagate backwards 
from the output nodes to the input nodes. Technically speaking, 
backpropagation calculates the gradient of the error of the network 
regarding the network’s modifiable weights[3]. This gradient 
is almost always used in a simple stochastic gradient descent 
algorithm to find weights that minimize the error.

III.  Result Analysis
In this paper some printed and some handwritten  character set 
and digits are taken for recognition. Algorithm steps are followed 
to achieve best accuracy and minimizing training time. We have 
trained the network through some samples.
Rest of the samples are used for testing the network. We have 
achieved best accuracy and minimized the training time. It is 
shown here with the help of graphs.

Fig. 7: Performance Graph

Fig. 8: Training State

Fig. 9: Regression Plot

In Performance graph we can see that we have achieved better 
accuracy. To find out the accuracy we have calculated the difference 
between actual result and desired result. Percentage accuracy is 
calculated using following formula:
%Accuracy=*100
The detail of experiment conducted is shown in the Table 1.

Table 1:  Experimental Result Using Neural Network
Parameters Experiment Result
Convergence Objective 0.0001
Learning Rate 0.01
Training method used Trainlm(Levenberg-Marquardt)
No of training data 36
No of testing data 20
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No of epoch taken to 
converge 3

No of characters found 
correctly 19

Accuracy 95%

IV.  Conclusion and Future Work
Neural Network has a wide application in the area of pattern 
recognition. In this paper, a system for recognizing printed English 
alphabets and digits has been developed. A good accuracy of  95% 
has been achieved with the help of back propagation algorithm. 
Network must be trained with ample data so that good recognition 
accuracy can be achieved. 
This algorithm can be used for recognition of handwritten hindi, 
English, Arabic, tamil characters. In future, more image processing 
techniques can be used to improve our result. Different feature 
extraction methods can be used to improve the recognition 
accuracy.
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