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Abstract 

Neural computing is a very extensive, separate science. We apply its solid theory has made it possible to solve many kinds of 

problems one of which is offline handwriting character recognition. The goal of optical character recognition is to classify the 

alphanumeric samples of text saved as digital images. We apply the methods of preprocessing, segmentation, feature extraction to 

enable the input characters into the neural network. The network is later trained using the backpropogation and the radial basis 

function method. The ultimate goal of conducting the procedure is to develop a system that efficiently recognizes handwritten 

characters with utmost precision and an optimal learning rate.       
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

 What is Artificial Neural Network? 

An Artificial Neural Network (ANN) is information processing paradigm that works in a way similar to the biological nervous 

systems, such as the brain, process information works. The novelty of this system is the framework of its information processing 

mechanism. It comprises of large number of highly interconnected processing units working in unison to solve specific problems. 

Example based learning is the key feature of neural networks. It is derived from the biological systems which also involve a 

learning process through adjustments in the synaptic connections that exist between the neurons. Neural networks, have immense 

capability to extract relevant information from complicated or imprecise data, can be used to detect complex patterns and trends. 

A trained neural network can be thought of as an "expert" in the category of information it has been given to analyse. The expertise 

can then be applied to other important applications as well. Other advantages include 

 Adaptive learning: Initial experience is used as a foundation to learn various processes and execute tasks efficiently. 

 Self-Organization: An organization or reservoir of information is created as per inputs it receives during learning time. 

 Real Time Operation: Parallel computations are carried out in ANN, and special hardware devices are being designed and 

manufactured to utilize it. 

 Fault Tolerance via Redundant Information Coding: Degradation of performance can take place due to partial destruction of 

a network. ANN has the potential to retain certain network capabilities [1]. 

 Need for Handwriting Recognition 

Handwritten character recognition is defined as conversion of a handwritten text into a format that can be easily processed by a 

machine such as a computer. It is the ability of the computer to efficiently transform the input from any source such as a papers, 

photographs and other sources of information into digital format. It is the need of the hour as the demand for storage of information 

securely is increasing manifold. It has a wide variety of practical applications which include document verification and analysis, 

mailing address interpretation, bank cheque processing, signature verification, automatic postal sorting etc. Handwriting 

recognition is one of the most challenging fields in pattern recognition as the characters in the text come in varied shapes and sizes, 

sometimes it’s difficult for the human eye to distinguish between them as there is lack of adequate spacing between them. There 

are 2 types of handwriting recognition systems, offline and online. In this paper we have described the working of the offline 

handwriting character recognition system which involves conversion of handwritten text into a digital image via a scanning 

machine, camera in particular. The input set is then refined to be broken down into a single entity, through various methods and 

after mapping is fed to the neural network for classification.  

II. WORKING 

In this section, the proposed recognition system is described. A typical handwriting recognition consists of pre-processing, 

segmentation, feature extraction, classification and recognition, and post processing stages. The schematic diagram of the proposed 

recognition system is shown: 
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Fig. 1: proposed recognition system 

III. IMAGE ACQUISITION AND PRE-PROCESSING 

 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, BMT etc. This image is acquired through a scanner, digital camera or any other suitable digital input 

device. All images used are of BITMAP format. 

 Tiny parts, called pixels make up for the graphic of the image, which are often many different colours. The file size of a bitmap 

graphic is often quite large as the computer has to store information about every single pixel in the image. 

 There are several different bitmap file formats which include the standard, uncompressed bitmap format(BMP) or the   device 

independent bitmap (DIB) format. It consists of a header, which is indicative of the size of the image and the number of colours 

the image may contain along-with a list of pixels and their corresponding colours. Its main advantage is it is simple format is 

efficient to run on any platform. 

 For experimental study we have used pre-processed images from the internet to create our database. These images are cleaner, 

sharper and free of noise. The database created, consists of two sets. The first dataset is the test set which consists of 25 images 

of one alphabet. This dataset consists of upper case alphabets from A-Z. The second dataset is the training set consisting of 

uppercase, lowercase letters and numbers from 0-9. In our experiment, each character image for the training set is 25 and for 

the test set is 55. Training set contains 650 samples, all uppercase letters and the test set contains 3410 samples with lowercase, 

uppercase and numerals. 

 Pre-processing of Image 

 The images which are formed of the text using a scanner or other device is not always completely free of defect. The characters 

in the digital image may be smeared, blurred or broken due to the resolution of the scanner. Also, the image encounters noise 

as added redundancy which may significantly decrease the accuracy and result in poor recognition rates of the input characters. 

Thus before being fed into the neural network for training and classification it is necessary to ensure that the cleanest and the 

clearest image is added into the network as an input. Noise elimination, binarization, edge-detection, dilation, smoothing are 

key pre-processing methods to achieve high accuracy rates. 

 The process of conversion of a grey scaled image into binary image is known as binarization. Grey scale images have pixel 

density values that range from 0-255, but a binary image takes only 0 or 1 as its pixel value. It is necessary to convert 

coloured/grayscale image into a binary image for pre-processing. Binarization mostly uses the thresholding method, Global 

threshold estimates the threshold value from background level of the intensity histogram of the image. Local or adaptive 

threshold uses local area information which means value is varying at each pixel. For global binarization we have Fixed 

Thresholding, Otsu, Kittler methods. For local binarization we have Niblack, Sauvola, Bernsen methods [2]. 

 The size of the image is increased through dilation and decreased through erosion. They are basically morphological operation 

which work on the edges of the image. 

IV. SEGMENTATION 

 Segmentation is the process of breaking the pre-processed document into its sub-components. After the document is clean, it 

is necessary to extract each character of the word or sentence. The decomposition of the string into each character is known 
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as character segmentation which is the most important part of the segmentation process. Pixel by pixel approach scans the 

document row by row from left to right and from top to bottom to check for its value. As it known that 0 indicates the 

background/black pixel whereas 1 indicates foreground/white pixel. Hence the black pixels when encountered help us 

differentiating between letters, as they mostly indicative of spacing between texts. This method is fairly accurate for word 

segmentation but has disadvantages too. It cannot separate letters that look closely similar to each other like ‘l’ and ‘i. Problems 

like overlapping and text lines with higher degree of skew cannot be averted. 

 Another improved method, the connected component labelling aims for higher precision, it scans the pixel row by row using 

the pixel connectivity. This implies that all the pixel values in the same connected region share same pixel intensity values. 

This algorithm follows the 8 connectivity to label the pixel, the pixel to be labelled namely p with intensity value 1, scans its 

neighbouring pixels (left, top,2 upper diagonal) for its intensity values. If all 4 values are zero a new label is assigned to p, if 

one of pixels has I=1 then its label is assigned to p, if more than one pixel has intensity of 1, equivalence is noted and one of 

the label is assigned to p. Note that the neighbouring pixels of p have been already encountered in the scan. 

V. FEATURE EXTRACTION 

Feature represents the characteristics of any object/element. A feature vector symbolizes the main identity of the character. There 

can be a high degree of variability due to the shape size sharpness of the text image and it is very important to extract a set of 

features that most precisely define the character in a way which unique with respect to others. It’s not just selecting about selecting 

one feature vector from the raw dataset, but a no of representative features which we think would lead to high rates of recognition 

when fed into the classification stage.  There are 2 kinds of features, statistical features and structural features. A document image 

could be represented by statistical distribution of points that are basically style variations largely. The original image cannot be 

reconstructed, its utility lies in reducing the dimension of the feature set. The topological and geometrical properties of the character 

represent it’s the structural features these properties have high tolerance to distortions and style variations. It also represents 

knowledge about the structure of the object and its constituents to some extent. Statistical features include pixel density, moment, 

mathematical transformation etc. Structural features include stroke, contour, number of bifurcation points, number of circles etc. 

[3]. 

 Zoning 

The character is isolated after segmentation and it is engulfed in a frame. This frame is then divided into a no of zones or grids. It 

is based on the principle that the densities at various points in the image some is different for different regions .Each zone 

contributes to make the final feature vector. The character image is divided into N x M zones and computation is done based on 

the no of foreground/black pixels in each zone [4]. 

For our experimental analysis, we divided each image into divided into 25 zones. Therefore, each zone contained 100 pixels 

following which foreground pixels were calculated and the feature vector for each image was calculated. 

 Projection Histograms 

Glauberman used projection histograms in a hardware based OCR system in 1956. This method principally converts 2 dimensional 

signals into a 1 dimensional signal, resulting in a powerful feature vector [4]. The process involves image scan along a line from 

one end to another and number of foreground pixel on that specific line is counted. It is a comparative method in which pixel 

distributions are plotted to extract feature vectors as their output. One of the major advantage of this method is it is free of noise 

interference. The plotting of pixels is done along the horizontal as well as the vertical axes. 

For our experimental analysis, we calculate both horizontal and vertical projection histograms of each character image and combine 

them into a feature vector for training and testing. 

 Profiles and Contouring 

Every character image is engulfed with a boundary or a bounding box. It selects extreme topmost, bottommost, rightmost and 

leftmost points of the object. It is a very useful method when it comes to determining external shapes of characters or distinguishing 

between two characters as the output is very well defined. This method involves counting the number of pixels from bounding box 

of the image to outer edge of the character. This direction of tracing can be along the horizontal, vertical axes or radial.                                                                                                                                                                                                   

In our experimental analysis, we have used profiles of four sides left, right, top and bottom. We traverse horizontally left from 

bounding box in forward direction and right from the bounding box in backward direction respectively to outer edges of character. 

Similarly, top and bottom profiles are traversed vertically, from top of the bounding box in downward direction and from of the 

bottom bounding box in upward direction respectively to outer edges of character. 

Contouring can be represented by chain codes. Chain codes are computed by assigning each pixel a direction code which is 

indicative of the direction of the next pixel till we reach the starting point again. It is traversed along the boundary in 

anticlockwise/clockwise direction and the frequency of each chain code is computed to form a histogram. 
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VI. CLASSIFICATION AND RECOGNITION 

 Backpropogation method 

In the neural network we have three layers to carry out the proposed working of the algorithm. The input layer, the hidden layer 

and the output layer. Network is such that it trains itself, this process is known as supervised learning. Supervised learning is 

possible when the network is initially trained with the help of a training set which has fixed input patters and the output for each 

of the patterns is predefined. Hence the training set enables the neural network to learn to adjust the weights after computing the 

error using the error function. 

To train the network initially all the weights and the biases are set to random values. The outputs are obtained when the inputs 

are fed to the neural network via the hidden layer. The generated output is compared with the desired output and the error os 

calculated. The error signals are in turn used to compute weight adjustments which are then back propagated into the network to 

obtain the corrected output [5].  

We have the activation function which is given by where x is weighted sum of inputs and w is the weight of each input: 

   

We have the sigmoid function which is given by:
  

 

The error function of each output neuron is given by: 

)=         

The adjustment in weight is given by: 

        

 Radial basis Function 

Similar to the back propogation algorithm the radial basis architecture also constitutes of three layers, the input, hidden and output 

layer. In the RBFN the input layer is the unit of connection between network and its surrounding. The feature vectors of each 

character are the input values. The hidden layer is the application of nonlinear transformation from the input space to hidden space, 

it consists of n hidden units which are the basis function for transformation. In RBFN the hidden space dimensionality is larger 

than that of input space. Each   hidden layer neurons have a special type of activation function. Linearity is observed in the output 

layer, resulting in suitable response to the activation signals, it produces n units of output value after the weights and the n units of 

the hidden layer are combined. 

The learning process in RBFN depends on the functions. Evolution of the linear weights associated with the output units are on 

a different time scale as compared to nonlinear activation functions of the units in the hidden layer. It is crucial to devise an optimal 

learning rate which does not make the algorithm unstable or increases its time complexity.  

VII. RESULTS AND CONCLUSION 

From the table given below we can infer that zoning process gives the highest accuracy when the inputs are fed as feature vectors 

into the neural networks. Whereas the Crossings method gives us the lowest accuracy thus making it the least efficient. We can 

eliminate the use of Crossings and distance method    and prefer to use Zoning as it provides us with optimal and high recognition 

capability. When considering the medium of implementing the classification and recognition technique in the neural networks, 

inferring from the table; the back-propogation algorithm is less efficient than the radial basis function method. The first 2 columns 

represent accuracy for the BP method while the last two columns represent the RBF methods. 
Table – 1 

Accuracy in percent 

FEATURES DATASET1 DATASET2 DATASET1 DATASET2 

Crossings and distances 78.66 65.13 58.36 62.38 

Zoning 90.55 90.15 81.07 85.39 

Histogram 85.48 88.32 78.66 75.32 

Profiles and contours 80.38 88.54 91.47 90.53 
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