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Abstract— Neural network is a machine designed to work 

the way in which the brain performs a particular task. 

Character recognition techniques recognize the characters 

written on a paper documents and convert it in digital form. 

Character recognition is gaining importance due to its 

application in various fields. Handwritten character 

recognition is a difficult due to variation of writing style, 

different size of writing and shape of the character by 

different people. Accuracy and efficiency are the major 

parameters to be achieved in the field of handwritten 

character recognition. Neural network is the technique used 

to improve the accuracy and efficiency of the system. This 

paper contains a detailed review of Handwritten Character 

Recognition using Neural Network by back propagation 

algorithm.  
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I. INTRODUCTION 

Handwriting recognition is one of the most challenging 

research areas in the field of image processing and pattern 

recognition. It contributes to the advancement of automation 

process and improves the interface between man and 

machine in numerous applications. Handwriting recognition 

methods are classified into two types as off-line and on-line 

handwriting recognition methods. According to existing 

researches the on-line methods is more superior to its off-

line counterpart in recognizing handwritten characters due to 

the temporal information available with the former. Off-line 

systems have comparably high recognition accuracy levels 

than on line recognition methods. 

In some handwritten documents, a common 

problem faced is to be able to distinguish each character 

successfully. As the handwriting style of very individual 

varies and so does the identity and ability to distinguish 

them. The main outcome of a Handwritten Character 

Recognizer would be to identify and recognize different 

handwriting styles and depict which character is written by 

the user. There are various ways to write a single character, 

which differs from individual to individual. 

Hence, the aim for this system is to achieve a high 

accuracy rate and by recognizing characters to the maximum 

extent. There are four main stages involved in handwritten 

character recognition which are Preprocessing, 

segmentation, feature extraction and neural network. 

Preprocessing is the process to extract the relevant 

information and prepare that information for segmentation 

and recognition stages. In the segmentation, the input image 

is segmented into individual character and then every 

individual character is resized into m x n pixels for the 

training network to classify the character. 

Neural network has a wide application in the field 

of pattern recognition. This work accentuate on offline 

handwritten character recognition. Back-propagation 

algorithm has been used to train the neural network. The 

network can be used to learn the character in the format of 

patterns and then trained network is simulated for 

recognizing the character that is presented in the form of 

image. 

II. OVERVIEW OF THE PROPOSED CHARACTER RECOGNITION 

SYSTEM  

Five major stages involved in offline handwritten character 

Recognition is described in Figure 1. These stages are: 

Image scanning, preprocessing, 

Segmentation, feature extraction and neural network. 

A. Pre-Processing  

In the pre-processing step a series of operations are 

performed on the scanned input image. These operations 

enhance the image making it suitable for segmentation and 

feature extraction. Pre-Processing includes:  

 Noise removal  

 Skew detection  

 Binarization  

 
Fig. 1: Stages for the system 

The Noise introduced by the optical scanning 

devices in the input image leads to poor system performance 

and reduces the accuracy of the result. These imperfections 

(noise) must be removed prior to character recognition. 

Noise can also be introduced in an image during image 

acquisition and transmission. Different types of noise are, 

Gamma noise, Rayleigh noise, Gaussian noise, Uniform 

noise , Exponential noise,  Salt and pepper noise, Periodic 
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noise etc. It can be removed using Butterworth filters, Ideal 

filters, and Gaussian filters. While scanning there is a 

possibility of rotation of image this is termed as skewing. 

Skew detection and correction is used to align the paper 

document with the coordinate system of scanner. Skew 

detection techniques that can be used are Hough transform, 

connected components, projection profiles, clustering etc. In 

Binarization, colour or grey-scale image is converted into 

binary image with the help of thresholding. 

B. Segmentation 

Segmentation is needed since handwritten characters 

frequently interfere with one another. Various ways in 

which characters interfere: overlapping, touching, 

connected, and intersecting pairs etc. In order to separate 

text from graphs, images, line, text/graphics to have single 

character representation segmentation is required. Character 

segmentation will isolate each character from another. It is 

one of the most important steps especially in cursive scripts 

where characters are connected together or when the writing 

is untidy or not readable. The isolated characters obtained as 

a result of character segmentation are normalized to specific 

size for better accuracy. Features are extracted from the 

characters with the same size in order to provide data 

uniformity which is easily processed by the neural network. 

The segmentation is based on locating the arcs between 

letters, common in handwritten cursive script or spaces 

between new words. Some of the  character segmentation 

approaches are Thinning based method, Contour Fitting 

method, Robust Statistical technique, Hypothesis 

Verification, Shape Feature Vector method etc. 

C. Feature Extraction  

Feature extraction is the process to retrieve the most 

important data from the raw data provided to the system in 

form of image. The most important data means 

differentiated characters so that the neural network can 

recognize and represent the findings accurately. The major 

goal of feature extraction is to extract a set of features, 

which maximizes the recognition rate and accuracy of the 

system. During extraction each character is represented as a 

feature vector, which becomes its identity on which the 

network learns. Due to the nature of handwritings with its 

high degree of variability and imprecision obtaining these 

features is a difficult task. Feature extraction methods 

consist of 3 types of features-Statistical, Structural, Global 

transformations and moments. Structural and statistical 

features highlight different properties of the characters. 

 Statistical- Statistical features represent the image as 

statistical distribution of points. Various methods which 

use statistical features are Projections, Crossings and 

Distances, Zoning etc. 

 Global Transformation and moments- In global 

transformation and series expansion various techniques 

are Gabor transform, Fourier Descriptor, wavelets, 

Fourier transform,  moments, Karhunen-Loeve 

expansion etc. 

 Structural or geometrical- In Geometric and topological 

features, the structural features like loops, curves, lines, 

T-point, cross, opening to the right, opening to the left 

etc. are used. The various categories are coding 

(freeman chain code), extracting and counting 

topological structures, graphs and trees. Geometric 

features are used along with fuzzy logic to recognize 

characters.  

III. NEURAL NETWORK  

An Artificial Neural Network as the backend is used for 

performing classification and Recognition tasks in 

Handwritten Character recognition. In offline character 

recognition systems, the Neural Network has emerged as a 

reliable tool for classification towards achieving high 

recognition. In a feed forward neural network, nodes are 

organized in layers; each over other in a stack structure. The 

neural network consists of one input layer, one or more 

hidden layers hence making the system multilayered, and an 

output layer. Each node in the layer has one corresponding 

node in the next layer, thus creating a stack like structure. 

Back propagation is a supervised learning algorithm for 

training of multi-layer feed-forward neural network. This 

algorithm derives its name from the technique of 

propagating the error in the network backward from the 

output layer. To train the neural network, it must be exposed 

to a training data set and the answers or correct 

interpretations of the set.  

Neural network is used for classification and 

recognition of the Characters. We first create the neural 

network, then we train it with the training data and then we 

simulate the network with test data. 

A. Feed Forward Topology   

In feed forward topology network, the nodes are arranged 

hierarchically in layers starting with the input layers and 

ending with an output layer. In between the input layer and 

output layer the numbers of hidden layers provide most of 

the network computational power, these layers make the 

learning and recognition of network more accurate. The 

nodes in each layers connect to next layer through uni-

direction paths starting from one layer (source) and ending 

at the next layer in the forward path (sink). The output of 

given layers feed the nodes of the following layers in a 

forward directions and does not allow feedback flow of 

information.  

 

B. Back Propagation Topology 

A Back propagation (BP) network consists of at least three 

layers of units, an input layer, intermediate hidden layer(s), 
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and an output layer. When a Back propagation network is 

running, an input pattern is propagated forward to the output 

units through the intervening input-to-hidden and hidden-to-

output weights the working of BP algorithm. Back 

propagation learns by repeatedly processing the given data 

set of training values, comparing the network’s prediction 

for each set with the actual known target values. For each 

training dataset and after every iteration the weights are 

modified so as to minimize the mean squared error between 

the network’s prediction and the actual target value. These 

modifications on weights are made in the backward 

direction with every new dataset i.e. from the output layer, 

through each hidden layer backwards towards the input 

layer. 

IV. CONCLUSION  

This paper carries out a study of various feature based 

classification techniques used for offline handwritten 

character recognition. After experimentation, it proposes an 

optimal character recognition technique. Artificial neural 

networks are commonly used to perform character 

recognition due to their high noise tolerance. The systems 

have the ability to yield excellent results. The feature 

extraction step of optical character recognition is the most 

important. A poorly chosen set of features will yield poor 

classification rates by any neural network. 

V. FUTURE RESEARCH 

Many techniques for recognition of Offline English 

Handwritten Characters have been suggested form 1960s. 

But still an efficient system for the recognition of hand 

written letters does not exist. Few steps have been taken for 

Hand written and Hand printed (which is a constrained hand 

writing) English letter recognition. Various challenges are 

identified which may provide more lively interest to the 

researchers. These challenges are: difficulty to identify the 

diverse human writing styles, different angles of letters, 

different shapes and size of letter, pure input quality, low 

accuracy rate in recognition etc. Hence, a lot of research 

work is to be done to solve these problems. 
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