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ABSTRACT 
Digital systems of invariant non-linear correlation to position and scale based on adaptive binary mask of concentric 
rings and unidimensional signatures are useful tool in pattern recognition. With the modulus of the Fourier transform of 
the image we obtain the invariance to translation. Using the Scale transformation and adaptive binary ring masks the 
scale invariant is calculated. The discrimination between objects is done by non-linear correlation of the unidimensional 
signatures assigned to the problem image and the target. In addition, working with unidimensional signatures reduce the 
computational time considerably, achieving a step toward the ultimate goal, which is developing a simple digital system 
that accomplishes recognition in real time at low cost. 
 
Keywords: Image processing, pattern recognition, unidimensional signatures, binary ring mask, non-linear correlation. 
 
  

1. INTRODUCTION 
 

Since the computer's evolution in the middle of last century, pattern recognition of digital images based on correlations 
has been applied in science as well as technology areas1,2. Their applications are broad and varied. The techniques 
developed are used to identify micro- and macro- objects3-8, for example, automobiles, bone structures, fingerprints, 
virus inclusion bodies, bacteria, etc. So, the invariant correlation digital system to position and scale is a useful tool in 
the classification of micro- and macro- structures, independently of the translation and scale in which the object appears. 
Such invariants are made by the Fourier and Scale transforms9 in conjunction with some linear filters. In addition with 
the linear filters there are other kind of filters, the non-linear ( -law filter), which have more capacity in the 
discrimination between objects10,11.  
 
Other relevant aspect to be considered when we use a digital system is the leak of information. In the methodology 
presented in this work the signature assigned at each image was obtained using binary masks of concentric rings12,13. 
When the mask is applied to an image, this plays the role of a filter; hence, there is leak of information. Then, an 
efficient digital system in pattern recognition will use masks that drop only the irrelevant information. Here, a technique 
is presented to build a mask using an image to be recognized; in this form it is adapted to the problem avoiding important 
information leak. Because of the mask changes with the problem, it is called adaptive mask.  
 
This work presents an analysis of a digital correlation system to position and scale invariant using an adaptive mask, the 
Scale transform of the unidimensional signature and non-linear correlation. Also, the efficiency of such system is tested 
in the classification of black and white image of some Arial letters. 
 

 
2. THE DIGITAL SYSTEM CORRELATION INVARIANCE TO POSITION AND SCALE 

 
Figure 1 shows the algorithm used in this work.  Steps (a) and (b) selects the target and the problem image (PI), 
respectively. To explain the algorithm graphically, the E letter was selected as the target and its 5% scaled images as 
the problem image (Figure 2a and 2e, respectively). Next, the real part of the Fourier Transform (  ) of both                                                         
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images are obtained (Figure 1c). In Figure 1d the binary mask of concentric rings for the target (Figure 2b) and the PI 
(Figure 2f) are built (in section 3 is presented the explanation to construct the mask of the image).  
 
 

 

 
Figure 1. The digital system of invariant correlation to position and scale. The asterisk means the point to point 

multiplication of both images. 
 

 
 
Then, the modulus of the Fourier Transform ( | | ) of both images are calculated in Figure 1e. Figure 2c and 2g, shows 
the | | of E letter and E scaled 5%, respectively. The binary mask is applied to each | | and, Figure 2d and 2h 
show the results for selected target and PI, respectively. Next, the | | values for each ring are summed and the result is 
assigned to the corresponding ring (counting them from inside to outside), thus, the signature of each image is obtained 
(Figure 1f and Figure 2i). Because the signature of the image depends upon the number of rings in the mask and the | | 
values the form of the signature changes when the target or the PI changes (Figure 2i).  
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In order to determine if the PI is the scaled target or another image, in Figure 1g is obtained the modulus of the Scale 
transform for the signature of the target (| |) and the problem image (| |). The Scale transform9 is given by  
    √ /  ,                                                       (1) 
 
where  is the signature of the image and √ 1. Then, in Figure 1h the | |, called , is compared with the 
(| |), named , to recognize or not the target using the non-linear correlation ( ), 
   ,        | |   | |                                  (2) 
 
where  means correlation,  and  are the phases of the Fourier transform of the problem image and the target, 
respectively, and  is the non-linearity factor which is bounded as 0 1.  
 
To compute the correlation, the vectors of the modulus of the Scale transform for the target and the problem image need 
to have the same length. Because of the use of different ring masks this does not happen in all the cases (Figure 2j), then, 
zeros are added to the shorter length vector to match the length of both vectors. Finally, if the maximum value for the 
magnitude of the correlation is significant (Figure 1i) the PI contains the target, otherwise has a different image of the 
target. 
 

3. THE ADAPTIVE BINARY MASK 
 
The mask of a selected image , for example Figure 3a, is built by taking the real part of its 2D-Fourier transform (step 
b). Then, a cross-section cut of the graph along the 129-axes in the -direction is taken, that is the function 129,  
showing in step (c). Next, we built the one-dimensional function 
 1, 129, 0,0, otherwise.                                                                        (2) 

 
Next, taking the 129-vertical axis as the rotation axis for the graph of   (step d) and rotating it 360 deg, we obtained 
concentric cylinders of height one, different widths and centered in (129, 129). Finally, mapping those cylinders in two 
dimensions we built the binary ring mask (step e) associated to image in step a. 
 
 

4. RESULTS 
 
In the present work, the digital system described in Figure 1 was applied to the 256 256 pixels, black and white 
images with Arial font letters B, E, F and H, each of them scaled 5% as the PI and the E letter as the target. Figure 4 
shows the maximum of the absolute values of the correlation for the | | of the images. The non-linear correlation 
factor ( ) used was 0.3. The target autocorrelation is presented as a squared. The figure shows that the digital system 
works excellently in the identification of the E letter and its scaled images.   
 
 

5. CONCLUSIONS 
 
In this work was presented a simple and efficient non-linear correlation digital system invariant to position and scale. 
The invariance to translation was achieved using the properties of the modulus of the Fourier transform of a function. 
The scale invariant was obtained by the Scale transform applied to the signature of the images. Those signatures were 
determined by the binary concentric ring mask. Moreover, the masks were constructed based on the given image; hence, 
the mask is adapted to problem avoiding in this form the information leak. Because the signatures of the images are 
vectors, the computational time cost was reduced considerably compared to those systems that use bi-dimensional 
signatures (matrices).  
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Figure 2. Digital system algorithm example. The asterisk means the point to point multiplication of both images. Only for 
visualization purposes the (c), (d), (g) and (h) figures are shown in ln scale. 
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Figure 3. The binary mask of concentric rings for E letter image. 
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Figure 4. The result of the maximum values of the correlation for the |D c | vectors. Each images were scaled 5%. 
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