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Abstract 

This research product is theotical and practical study of dynamic handwritten signature character recognition. 

The main focus of this work is to extract chacters from handwritten file and recognition is done by 

correlation formulae. Some preprocessing techniques such as morphological thinning, forground and 

background noice removal using nonlinear filers are doing preprocess the character images before their 

classification. This paper attempts the claify the fundamentals of biometrics character recognition using 

correlation coefficient.The sample images employed in this method are photos of alpha numeric characters. 

The key techniques used in the present model are Radon transform and statictical correlation . First, the 

directional information of test images is captured by the projection of the images in different directions by 

calculating the radon transform of the images. The database of the system comprises of the images of 26 the 

alphabets and the numbers from 0 to 9. The Radon Transform of the test image is, then, correlated with the 

Radon transform of each image in the database. The association with the highest correlation is chosen as the 

matched character. Experimental results demonstrate that the proposed algorithm can realise a recognition 

rate of 98% and above. Experiments have also given successful results in the case of test images with 

different texture, resolution, size, font and colour. In relation to other character recognition method, the 

proposed research gives better recognition accuracy. 
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1. INTRODUCTION 

The Recognition of handwritten characters classified into joined writing and printed script. The process of 

character recognition can be online or offline[1]. In an offline recognition, characters are recognized on 

completion of drawing. In all recognition methods the fundamental task is that of extraction useful 

information from the image and then performing classification, usually by comparsion with known results. 

Feature extraction is the central issue in handprint recognition, and is followed by classification. Recognition, 

or classification, is fairly straightforward and totally dependent on the merit of the extraction process[1]. 

This paper attempts to clarify the fundamentals of biometric character recognition using correlations. This 

comes under the classification of global features.  In the framework of handwriting recognition, one of the 

main factors influencing the obtainable performance is the selection of an appropriate feature set for 

representing input samples. Correlation is defined as a relation existing between phenomena or things or 

between mathematical or statistical variables which tend to vary, be associated, or occur together in a way 

not expected by chance alone by the Merriam-Webster dictionary[2]. The relationship (or the correlation) 

between the two variables is denoted by the letter r and quantified with a number, which varies between −1 

and +1. Zero means there is no correlation, where 1 means a complete or perfect correlation. The sign of the r 

shows the direction of the correlation. A negative r means that the variables are inversely related. The 

strength of the correlation increases both from 0 to +1, and 0 to −1. 

2. New Class of Character Recognition using Correlation Coefficient 

Numbers of methods are available to extract the character features. In the proposed method, Radon 

transform, which is conceptually similar to Hough transform, is used to derive the linear features. It is based 

on the parameterization of straight lines of the image domain, and on the evaluation of the integrals of the 

image along these straight lines. Due to inherent properties of Radon transform, it is a useful tool to capture 

the directional features of the images.  It enables the implementation of very effective detection algorithms.  

The Radon transform of a two dimensional (2-D) function 
( , )f x y

is defined as 

   ( , ) ( , ) ( , ) cos sinR r f x y f x y r x y dxdy

 

 

   
 

        (1) 
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where (.)  is the Dirac function,  ,r   is the perpendicular distance of a line from the origin and 

 0,   is the angle formed by the distance vector as shown in fig. 1. 

 
Radon transform is defined for an image with unlimited support. In practice, the image is confined to [-L, L] 

x [-L, L]. According to Fourier slice theorem, this transformation is invertible. Fourier slice theorem states 

that for a 2-D function
( , )f x y

, the 1-D Fourier transforms of the Radon transform along r, are the radial 

samples of the 2-D Fourier transform of 
( , )f x y

at the corresponding angles. Rotation of the test image 

corresponds to the translation of the Radon transform along . The shifted Radon transform along r , 

corresponds to an image significantly different from the original image. The important issue in using the 

Radon transform is finding the optimal number of projections to get the minimum classification error. By 

changing the number of projections, the Radon transform along   is compressed or expanded. These scales 

the Fourier transform of the signal along   and affects the extracted features. It is necessary to find the 

optimal number of projections that leads to most discriminative features with reasonable calculations.  

For an increment of   along , a point with a distance of r  from the origin has a displacement of r  . 

For all the points inside a circle with radius R, the average displacement for a constant increment of   

along   is 

0

1

2

R
R

r r dr
R

                       (2)   

To make the sampling rate consistent in the r  and   directions, the Radon transform along   is scaled by a 

factor of 2

R

. If the number of samples for  r  values from 0 to R  is N , then 

2

R R
r

N
                                  (3) 

2

N
                                              (4) 

The number of samples along   is 

2

s
N N





 


.                               (5)  

This is a good approximation of the sampling rate. In the proposed algorithm, the Radon transform calculates 

the projections of the image in different orientations. The maximum recognition rate is obtained by varying 

number of projections. The line integral of an image during the calculation of the Radon transform acts like a 
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low pass filter. This amplifies low frequency components in the character image. Earlier studies show that, 

information in low spatial frequency bands play a dominant role in character recognition. The low frequency 

components contribute to the global description, while the high frequency components contribute to the finer 

details required in the identification process. This property of Radon transform is helpful in deriving the 

directional character features. 

 

 

Correlation Coefficient 

To test the correlation between two vertically adjacent pixels, two horizontally adjacent pixels, and two 

diagonally adjacent pixels in Segmented handwritten Characters, respectively, the procedure is as follows: 

First, randomly select 1000 pairs of two adjacent pixels from an image. Then, calculate their correlation 

coefficient[3] using the following two formulas: 

cov( , )

( ) ( )
xy

x y
r

D x D y


 
Where x and y are grey-scale values of two adjacent pixels in the image. In numerical computations, the 

following discrete formulas were used: 

1

1
cov( , ) ( ( ))( ( ))

N
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Where E(x) Mean of x Values(y) Mean of y values. D(x) is the variance. 
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∑X  ∑(X-

E(X))2 

∑Y  ∑(Y-

E(Y))2 

∑(X-E(X))* (Y-E(Y)) 

IV. Results 
The experiment consists of pre-processing, calculate radon transformation and find the correlation 

coefficients is added as an additional feature value. A data base consisting of 40 character images is used for 

the study. A database containing real samples of handwritten plate characters with different size, shape 

variation, thickness etc is important to evaluate the performance of any character recognition system. Around 

40 characters i.e. from 0 to 9 and the alphabets A to Z are included in the database. 
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Figure 3: Testing Images 

      
 

     
 

 

         
 

      
 

 

       
 

      
 

 

      

 
 

   Figure 4. Database Images(Trained Data) 

 

1. The key techniques used in the present model are Radon transform and correlation. First, the 

directional information of test images is captured by the projection of the images in different 

directions by calculating the radon transform of the images.  

2. The database of the system comprises of the images of 26 the alphabets and the numbers from 0 to 

9. 

3. The Radon Transform of the test image is, then, correlated with the Radon transform of each image 

in the database.  

4. The association with the highest correlation is chosen as the matched character. 
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5. Experiments have also given successful results in the case of test images with different texture, 

resolution, size, font and colour. 

6. Experimental results demonstrate that the proposed algorithm can realise a recognition rate of 98% 

and above. 

7. Correlation is a measure of the relation between two or more variables .Correlation coefficients can 

range from -1.00 to +1.00.The value of -1.00 represents a perfect negative correlation. The value of 

+1.00 represents a perfect positive correlation. A value of 0.00 represents a lack of correlation 

8. A database containing real samples of handwritten characters with different size, shape variation, 

thickness etc is important to evaluate the performance of any biometric character recognition 

system.  

9. Acquire the testing image. The pre-processing steps we first convert the segmented (fit into 

minimum rectangle) character images into binary images. The advantage of this binarization is that 

we can easily apply correlation in these matix.The images are resized to have uniform height of 

128X128 pixels. 

10. Apply radon transform to test image and store the result as a matrix The directional information of 

character images is captured by the projection of the image in different orientations using Radon 

transform. In each projection, the variations of the pixel intensities are preserved. Radon transform 

projection of an image for different angles (0 to 180) is computed. All such projections are 

concatenated to form the feature vector of an image. 

11. When the radon transform of each character obtained in the database, the result is then correlated 

with the result of test image. The correlation coefficient will be a maximum value for the best 

matched character.The correlation coefficients are concatenated to a  vector for I=0 to n-1. 

12. The image corresponding to the position of maximum correlation value is the best matched output. 

 

The results of the experiments confirm that the Radon transform based algorithm performs better than the 

other methods. The results indicate that Radon transform based algorithm captures the recognition rate of 

more than 98%. Radon transform first derives desirable directional character features. This transform is the 

line integral and hence acts as low pass filter. The low frequency components which play significant role in 

identification process are amplified and recognition rate is improved. The algorithm outperformed the other 

methods of handwritten character recognition.  

V.Correlation Coefficient of Handwritten Images (Input Image) 

 

Database Image       Correlation Coefficient of Database  

Correlation coefficient of horizontally adjacent pixels =       1.00000 
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Correlation coefficient of vertically adjacent pixels =      0.9888 

Correlation coefficient of diagonally adjacent pixels =      0.96547 

 

Correlation coefficient of horizontally adjacent pixels =    0.97822 

Correlation coefficient of vertically adjacent pixels =      0.98963 

Correlation coefficient of diagonally adjacent pixels =      0.98522 
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