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ABSTRACT  

In this work a new methodology to recognize objects is presented. This system is invariant to position, rotation and scale 
by using identity vectors signatures Is obtained for both the target and the problem image. In this application, Is are 
obtained by means of a simplification of the main features of the original image in addition of the properties of the 
Fourier transform. The nonlinear correlation by using a kth law is used to obtain the digital correlation providing 
information on the similarity between different objects besides their great capacity to discriminate them even when are 
very similar. This new methodology recognizes objects in a more simple way providing a significant reduction of the 
image information of size m x n  to one-dimensional vector of 1 x 256 consequently with low computational cost of 
approximately 0.02 s per image. In addition, the statistics of Euclidean distances is used as an alternative methodology 
for comparison of identity vectors signatures.  Also, experiments were carried out in order to find the noise tolerance. 
The invariant to position, rotation and scale of this digital system was tested with different species of fish (real images). 
The results obtained have a confidence level above 95.4%. 
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1.   INTRODUCTION 

Pattern recognition is an expanding field in optical and computer research since the first appearance of the classical 
matched filter1. Many advances have been made using different types of mathematical transformation taking advantage 
of their different properties such as invariance to position, rotation, and scale2-7 . In recent years, the methods of 
correlation are some of the most used techniques in a wide variety of areas8-15. Also, these kinds of systems have been 
achieved that in addition to its high degree of reliability in objects recognition have low computational cost. 
The nonlinear correlation by using a kth law is used to obtain the digital correlation providing information on the 
similarity between different objects. This kind of filter has advantages compared with the classical matched filter1, the 
phase-only filter16  and other linear filters; due to their great capacity to discriminate objects, the maximum value of the 
correlation peak is well localized, and the output plane is less noisy17-18. However, the novelty of this paper is the 
identity vector as well as its identity signature. This new methodology is used to recognize different species of fish, but it 
can be used for the recognition of other objects. 
 
The procedure used in this work uses the original image statistical properties as well as the Fourier transform properties. 
This new methodology provides a significant reduction of the image information of size m x n  to one-dimensional 
vector of  1 x 256 consequently with low computational cost.  In addition, the statistics of Euclidean distances is used as 
an alternative methodology for comparison of identity vectors already transformed.  
 

2.   NONLINEAR CORRELATION BY USING IDENTITY VECTORS SIGNATURES 

Identity vectors are presented in order to significantly reduce the information. Identity vectors are obtained through 
mathematical operations and transformations applied to the image.  
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The procedure to obtain the identity vector and its respective signature is shown in Figure 1.  First, the image to be 
recognized is denoted by ( , )f x y  where x and y are spatial coordinates in the Cartesian plane. In the step 1, a vector of 
256 elements is created and denoted by ( )h m , which represents the values in grayscale of the image with a range of 
values from 0 to 255 (histogram); where 0 represents the black color (assigned to (1)h ) and 255 represents the white 
color (assigned to (2 5 6)h ).  In other words, in each m  position of the vector ( )h m  the pixel number which has the 

1m value (grayscale) in the function ( , )f x y  will be assigned. 
 
Thus, when the vector ( )h m  is created, the rotation invariance is obtained. This happens because even if the object in the 
image is rotated the vector will be conserved. However, when the object in the image presents some scale changes, the 
vector ( )h m  is affected, i.e. as the scale increases, the frequencies of the vector ( )h m  also increase. In the same way, 
when the scale decreases the frequencies of the vector ( )h m  decrease too. In order to solve this scale problem the 
identity vector denoted by vecid is calculated 

( )
,vec

num

h m
id

pixel
                                                                            (1) 

 
where numpixel  is obtained by 

                                          ( ).numpixel h m                                                                        (2) 

 
In this way, regardless of whether the scale increase or decrease, the information obtained from the ratio h(m)/ pixelnum 

will be the same, maintaining constant theoretically this ratio. In addition, this ratio is multiplied by m   value in order to 
create a significant difference between two similar vecid . The result of the equation (2) is shown in step 2. Therefore, 
each image has its respective vecid which in theory must be conserved, even if the object is rotated or scaled. However, in 
some cases we find aliasing due to rotation or scale of the image and some variations may occur.  
 

 
 

Figure 1. Procedure to obtain the identity vector signature. 

The modulus of Fourier transform is calculated in order to obtain the vecid  signature which is denoted by sI  and it is 

obtained as (step3) 

 ( ) ( )s vecwI id m   ,                                                               (3) 

where   represents the Fourier transform of the function vecid   and   represents the modulus.  
 

 
2.1   Identity vector signature 
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Figure 2 shows the behavior of the signature sI  of the same image rotated from 1 deg to 180 deg in increments of 1 deg 
and scaled from 80% to 125% in increments of 1% which theoretically should not vary; however there are some 
variations which modify sI , e.g. the saw tooth effect and aliasing. These effects can be seen especially in the high 
frequencies. 

 
 

Figure 2. Example of the identity vector signature when the same image is rotated from 1 deg to 180 deg and scaled from 
80% to 125%. 

 
2.2   Nonlinear correlation between t

sI  and p
sI    

 
A nonlinear correlation between the target and the problem image is used.  In general a nonlinear filter is defined by19  

( , )( , )
k i u vF u v eNF  ,   0<k<1,                                                        (4) 

where ( , )F u v  represents the modulus value of the Fourier transform of the image, k is the nonlinear strength factor that 
takes values between zero and one and ( , )u v  is the phase of the Fourier transform. We can manipulate the 
discriminate capacities of the nonlinear processor changing the k values in this interval and therefore determine the best 
k of the nonlinear filter.  In this digital system 0.3k  is used. 
 

Figure 3 shows the procedure to identify the target. First of all, it is necessary to obtain the identity vector signature 

(Figure 1) of the target which is denoted by t
sI  and the identity vector signature of the problem image (image that could 

be or not the target) which goes through the same procedure (Figure 1) and it is denoted by p
sI . 

  
Thus, when t

sI  and  p
sI  are obtained, these signatures are compared using the nonlinear correlation (k-law). The symbol 

  means correlation between the target and the problem image. When an image is the same to the target, the correlation 
value is 1 or close. Otherwise, if the problem image is different to the target, the correlation value is so different to 1.  
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Figure 3. Nonlinear correlation by using identity vectors signatures. 

 

2.3   Identification of the target image by using Euclidean distance 
 
When the target signature ( t

sI ) and the problem image signature ( p
sI ) have been obtained, the similarity between both 

signatures t
sI  and p

sI   is calculated using the statistics of Euclidian distances ( )Ed like 

256
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w
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   .                                                                (5) 

Thus, the signature sI  of all p images of the image bank (4520 images) can be compared with any image t to be 

recognized. 
 
 
 

3.   COMPUTER SIMULATIONS 

To evaluate the performance of the digital system, 8 different species of fish were used (figure 4). Each image was 
rotated 180 deg in increments of 1deg and scaled from 75% to 125% in increments of 1%. An image bank of 1848 
images was obtained. Each image used in this system was a 1900 x 1900 pixel image in gray scale. To perform the 
simulations, a computer Hewlett-Packard Model HP Pavilion dv7 Notebook PC with Intel® Core™ i7 CPU Q720 
@1.60GHz processor, 6.0 GB of RAM was used. 
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Figure 4. Different species of fish used in the digital system. 

 
Figure 5 shows the output correlation plane taking the Lethrinus sp as target image. Statistic was performed and the 
mean value ±2SE (two standard error) was calculated. This algorithm has at least a 95.4% level of confidence for this 
case. In the same way, Figure 6 shows the output correlation plane where Myripristis sp is selected as target image and it 
is compared with the image bank.  Statistic was performed and the mean value ±2SE (two standard error) was calculated. 
This algorithm has at least a 95.4% level of confidence for this case. 
 
In order to verify all the results, each species of fish was selected as target image. All the cases had at least 95.4% of 
confidence level (results are not shown). 
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Figure 5. Nonlinear correlation plane of identity vector signature where Myripristis sp (F2) is taken as target. 

 
 

 
Figure 6. Nonlinear correlation plane of identity vector signature where Lethrinus sp (F1) is taken as target. 
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Intended to confirm that this technique works efficiently, the statistics of Euclidean distances was used as an alternative 
comparison method. Each one of the 8 different species of fish was taken as target and it was compared using the 
statistics of Euclidean distances, the results obtained had at least 95.4% of confidence level for all the cases (results are 
not shown). 
 

4.   CONCLUSIONS 

This methodology using a nonlinear correlation of identity vector signature showed that it is possible to identify 8 
different species of fish with a confidence level of 95.4%. Thus, the statistics of Euclidean distances was used as 
alternative method to compare the signatures and it showed a confidence level of at least 95.4%. 
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