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Abstract 

With the recent advances in the computing technology, many recognition tasks have become automated. Character Recognition 
maps a matrix of pixels into characters and words. Recently, artificial neural network theories have shown good capabilities in 
performing character recognition. Character recognition involves the translation of handwritten or typewritten text captured by a 
scanner into machine-editable text. This technology has long been used by libraries to make old documents available 
electronically. The task is made difficult by variations in how the characters are drawn. Neural networks are particularly adept at 
overcoming this problem, because they can learn to extract the features that are most relevant to the recognition of the characters. 
In this paper, Comparisons with Different standard algorithms in recognizing off – Line Handwritten English Characters are 
explored by using MAT-LAB. Character Recognition finds its applications in a number of areas, such as in banking, security 
products, hospitals, evaluations of examination papers and answer sheets and even in robotics. 
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1. Introduction 

Most of the recent work on character recognition has focused on statistical, syntactic and structural 
approaches. Following the growing popularity of the Back Propagation (BP) training method for multi-layered 
neural networks, this new paradigm for designing handwriting recognition systems has grown to dominate the field. 

 The Recognition of characters is known to be one of the earliest applications of Artificial Neural 
Networks. Classical methods in pattern recognition do not as such suffice for the recognition of visual characters 
due to the reasons like, the ‘same’ characters differ in sizes, shapes and styles from person to person and even from 
time to time with the same person. There are no hard-and-fast rules that define the appearance of a visual character. 
Hence rules need to be heuristically deduced from samples. 
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In many practical applications, it is not unusual to encounter problems involving hundreds of features. One 
can think that every feature is meaningful for at least some of discriminations. However, it has been observed in 
practice that, beyond a certain point, the inclusion of additional features leads to worse rather than better 
performance and increase the processing time. Thus the selection of features, i.e. keeping suitable features and 
omitting unnecessary or probably redundant ones, is a crucial step in a pattern recognition system design. 

Character recognition can be divided into two major categories: off-line and on-line. As their names 
describe their natures, on-line recognition recognizes a document that has been entered by digital devices like 
digitizers. Such a system would be used as a way to digitize books, documents and papers in libraries, government, 
or held by companies. In off-line recognition, the system attempts to recognize a text that has been written by a 
human and scanned prior to feeding as an input to character recognition algorithm (not a machine). 

Early attempts to develop OCR applications were encouraging for a limited set of characters. The principle 
incentive for the development of OCR systems is the need to cope with the enormous flood of paper such as bank 
checks, commercial forms, government records, credit card imprints, and mail generated by the expanding 
technologies in society [1].  

 

 

2. Off-line handwritten character recognition stages 

The Off-line Handwritten character recognition system consists of 5 stages: 

1. Data Collection 
2. Preprocessing 
3. Segmentation 
4. Feature Extraction 
5. Classification.  
  
A typical OCR system consists of above stages and sometimes includes few extra stages. The recognition 

process starts with data collection stage. Data is collected in the form of images of different machine printed 
alphabets. Next in the preprocessing stage the data is converted into binary form. Segmentation is the most 
important part of OCR systems. This step involves localization of the limits of each character and isolates them 
properly. In this the identification of the boundaries of the character is separating them for further processing. After 
segmentation a set of features are required for each character. In feature extraction stage each character is 
represented as a feature vector, which becomes its identity. This vector is used to distinguish the character from 
other characters. The features extracted from the images will be the inputs given to Neural Network algorithm for 
classification. 

 
Two of the essential characteristics of neural networks are as follows: 

2.1. Learning 

Computer-based neural networks can be designed to modify their behavior in response to their 
environment. When provided a set of input-output vectors, some of these networks can self-adjust to produce 
consistent responses. In neural networks, learning is accomplished in one of two ways:  
(i) By altering structure of interconnections between the nodes; or  
(ii) By changing the signal strengths of these interconnections. 
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2.2. Generalization 

 Neural networks can be designed to generalize automatically as a result of their structure and not by using 
human intelligence embedded in the form of computer programs. It is this characteristic which makes the response 
of the system insensitive to minor variations in the input; such a system can thereby deal with the imperfect world in 
which we live. 

 
 
 
3. System Architecture for Off-Line Handwritten Character Recognition: 
 

3.1. Dynamic Thresholding 

In the dynamic thresholding stage, the histogram of the input image is used to remove noise and to enhance 
the clarity of characters. 

3.2. Segmentation Module 

The bitmap of the courtesy amount is passed to the segmentation module which breaks the bitmap into distinct 
and meaningful pieces in three stages: 

• Extraction of connected components 
• Splitting of upper and lower contours  
• Utilization of the hit and deflect strategy (HDS) for drawing segment cut lines. 

The output is a linked list of probable primitives in the form of connected components. 

3.3. Syntax Checker and Processing 

 The problem of recognition of complex structures has been addressed that enhances the accuracy of the 
system and also serves to verify whether the output of the system is reasonable. 

 3.4. Pre-Processing 

Pre-processing aims to produce data that are easy for the OCR systems to operate accurately. It deals with 
technique for enhancing contrast and isolating regions whose texture indicates a likelihood of character information. 
In preprocessing stage it is being normalized and removing all redundancy errors from the image and sends to next 
stage.  

The following are main preprocessing steps:-  
1) Firstly, that character is cropped i.e. extra pixels are removed from the character image.  
2)  After that, edges are finding out of that character. 
3)  Extra holes fill up from that character.  
4) Bounding Boxes are made up of all characters. These boxes represent the area of whole character.  
 
3.5. Post-Processing 
 
When the neural network detects a character that cannot be classified with adequate confidence, the particular 
alphabets is passed to a postprocessor, which utilizes traditional pattern recognition techniques to complement the 
connectionist approach (e.g. Freeman Chain Encoding Scheme). 
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4. Comparison with Different standard algorithms: 

The three well-known existing algorithms have been compared as follows: 

 

4.1 Template Matching and Correlation Technique 

Template matching and correlation method of OCR directly compares an input character to a standard set of 
prototypes stored in the system. The prototype that matches most closely with the input character will provide the 
corresponding character. 

4.1.1Algorithm 
 

A>Read image from image file (say, “test.jpg”). 

B>Show image with title ('INPUT IMAGE WITH NOISE') 

 

 

 

 

Fig.1 Character T in test.jpg file 

 

C> Convert to gray scale image from RGB image. 

D> Global image threshold using Otsu's method [2] can be used to convert an intensity image to a binary image. 
Global image threshold is a normalized intensity value that lies in the range [0, 1]. Otsu's method chooses the 
threshold to minimize the intra-class variance of the black and white pixels. 

E>Remove all object containing fewer than 30 pixels and Storage matrix word from image. 

F> Open text.txt as file for write. 

G> Load templates and Compute the number of letters in template file. 
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H> Computes the correlation between template and input image and its output is a string containing the letter. Size 
of input image   must be 42 x 24 pixels. 

 

 

  

Fig.2 Output in text.txt 

However, the disadvantages of this technique are its sensitivity to noise and its failure to adapt to 
differences in writing style. Current OCR applications that use template matching rely on advanced Template 
Matching Techniques such as the variant template matching [3].In this method, matching can be performed using 
logical rules. 

 

4.2 Optical Character Recognition using Feed-Forward Back-propagation Neural Networks 

The back propagation (BP) algorithm’s most specific feature is the error that the neural network gets on its 
output. This error is equal with the difference between the real and required output values. When using back 
propagation, the weight /change is being looked at, this mostly minimizes the error in the output.  
 

This algorithm is a method that depends on the gradient value of the moment. The learning starts when all 
of the training data was showed to the network at least once. The learning method, as for every network learning 
algorithm, consists of the modification of the weights. 
 

The BP algorithm works with small iterative steps: after showing all samples to the network, it will generate an 
output value with the pre-initialized weights. This value will be compared to the required output value which we 
gave, and the mean square error is calculated. After this, our network will go backwards through the weights. It will 
use the gradient of the criteria field to determine the best weight/modification to minimize the mean square error. 
This method will go through all samples, minimizing the error until a level that we specified. After this, we can say, 
that our network learned to solve the problem good enough. The network will never learn how to solve the problem 
perfectly, but it will close on it asymptotically. 
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4.3 Optical Character Recognition using Conventional Feed-Forward Neural Networks 

Feed forward neural networks consist of a series of layers. The first layer has a connection from the 
network input. Each subsequent layer has a connection from the previous layer. The final layer produces the 
network's output. Feed forward networks can be used for any kind of input to output mapping. A feed forward 
neural network with one hidden layer and enough neurons in the hidden layers can fit any finite input-output 
mapping problem. 

 

4.3.1 Algorithm to train a neural network to perform English Character recognition 

A matrix X is created with 26 columns, one for each letter of the alphabet. Each column has 35 values 
which can either be 1 or 0. Each column of 35 values defines a 5x7 bitmap of a letter. The matrix T is a 26x26 
identity matrix which maps the 26 input vectors to the 26 classes. 

Here A, the first letter, is plotted as a bit map. 

 

 
 

Fig.3 character “A” without Noise 
 
 

4.3.1.1 Creating the First Neural Network 

A feed forward neural network is set up for pattern recognition with 25 hidden neurons. Since the neural 
network is initialized with random initial weights, the results after training vary slightly every time the example is 
run. To avoid this randomness, the random seed is set to reproduce the same results every time.  

 
4.3.1.2 Training the first Neural Network 
 

The function train divides up the data into training, validation and test sets. The training set is used to 
update the network, the validation set is used to stop the network before it over fits the training data, thus preserving 
good generalization. The test set acts as a completely independent measure of how well the network can be expected 
to do on new samples. 
 

Training stops when the network is no longer likely to improve on the training or validation sets. The 
network is supposed to not only recognize perfectly formed letters, but also noisy versions of the letters. So training 
a second network should be tried on noisy data and compare its ability to generalize with the first network. 
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4.3.1.3 Training the Second Neural Network 
 

We would like the network not only to recognize perfectly formed letters, but also noisy versions of  the 
letters. So we will try training a second network on noisy data and compare its ability to generalize with the first 
network. 
Here 30 noisy copies of each letter are created. Values are limited by min and max to fall between 0 and 1. The 
corresponding targets are also defined. 
 
 
Noise version of the character “A” is given as follows: 
 
 

 
Fig. 4: Post Image processing of the character “A” with Noise 

 
 

Here the second network is created and trained. 

 

4.3.1.4 Testing Both Neural Networks 

Network 1, trained without noise, has more errors due to noise than does Network 2, which was trained with noise. 

 
Fig.5 percentage of Recognition Errors vs. Noise Level 
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5. Conclusion and Scope of Future Work 

In spite of the accuracy achieved, further improvement can be made by training the network with the noise 
versions of the alphabets and recognizing strings of characters and sentences and reducing the computational time in 
recognizing handwritten characters. 

The future scope of the work regarding its technicalities could be increasing the efficiency of program in 
distinguishing between the letter R and B, O and Q etc. Then it can be called a holistically good Character 
Recognition Algorithm. 
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