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INTRODUCTION 

One of the most dynamically developing areas in biometric technology is human identification based 

on the image of the ear. [1].  

One of the central tasks in the problem of biometric identification of a person based on the image of the 

ear is associated with the issues of constructing personality recognition algorithms with a high redundancy of 

the initial description of identification objects. It should be borne in mind that many of the features that describe 

the objects of identification are interconnected, and the construction of a recognition algorithm in this case is 

associated with great computational difficulties. 

This paper considers the development of a model of personality identification algorithms based on the 

geometric features of the ear. This uses an approach based on assessing the representativeness of features. The 

model of recognition algorithms based on the principle of potentials is considered as an initial model for 

personality recognition [2,3]. 

KEYWORDS: biometrics, digital image, image processing, recognition, cosine transform, feature 

extraction. 

FORMULATION OF THE PROBLEM 

A set of admissible objects }{  is given, which is covered by a finite number of subsets (classes) 

lKKK ,...,, 21 , ( ji KK  , ji  , },...,1{, lji  ). Partitioning of a set of objects }{  is not fully 

defined. There is only some basic information 0J  about classes [4]: 

)},(~),...,(~),...,(~;,...,,...,{ 110 mimiJ    

where ),...,,...,()(~
1 imijii   , ij  is the value of the predicate "")( jiij KP   

),1},{( mii  . The vector )(~
i  is called the information vector of the object i , and the matrix 

mxlij  is called the information matrix 
m

~
. 

Let an arbitrary set of objects },...,{
~ ''

1 q

q   be given, which is a control set }){
~

( q
. It is 

required to construct an algorithm A that calculates the values of the predicate )( ijP   from the initial 

information 0J : 
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}.,1,0{,)
~

,( 0  ijqxlij

qJA   

Here ij  is interpreted as in the works of Yu.I. Zhuravlev. 

SOLUTION METHOD 

To solve this problem, a heuristic approach is proposed, which is a logical continuation of the work of 

Academician Yu.I. Zhuravlev and his students. On the basis of this approach, a model of recognition algorithms 

has been developed, based on the identification of independent subsets of tightly coupled geometric features and 

the selection of representative from each subset of strongly connected features. 

Setting the proposed model of recognition algorithms includes the following main stages. 

1. Highlighting the contours of the image of the ear. At this stage, the color image is converted to a 

binary one, where the objects are the contour outside the line of the ear. In this case, the determined contour 

lines depend on the parameter. This parameter sets the minimum difference between the contour lines and the 

rest of the image. In this case, a simple method is used to search for the sharp changes in brightness themselves 

[5]. 

2. Determination of the set of characteristic features of the image of the ear. Consider ik  concentric 

circles centered at the center of the image, in   pixel increments. For each circle the following is calculated: 1) 

the number of points of intersection of circles and contour lines; 2) the sum of all distances between the 

intersection points; 3) the number of interruptions of the contour lines; 4) the number of bifurcations of the 

contour lines; 5) coordinates of points of intersection of circles and contour lines; 6) coordinates of the points of 

interruption of the contour lines; 7) coordinates of the bifurcation points of the contour lines. 

3. Selection of subsets of characteristic tightly coupled features. At this stage, a system of 

"independent" subsets of characteristic features is set, which depends on the parameter 
'n . As a result of this 

stage, a set of "independent" subsets of strongly connected features  '21 ,...,, nAW   is determined [6]. 

4. Isolation of representative features. For each subset of strongly connected features q  at this stage, 

a representative feature is determined, which is denoted by q . As a result, a set of representative features 

'21 ,...,, n  is formed [7]. Only representative features are considered below. 

5. Defines the function of difference ),( vSSd  between objects S  and. At this stage, a difference 

function is set, which characterizes the difference between objects S  and vS  in the feature space ~ . The 

larger the function value ),( vSSd , the greater the difference.  

Defines the function of difference ),( vSSd  between objects S  and vS . At this stage, a difference 

function is set, which characterizes the difference between objects S  and vS  in the feature space ~ . The 

larger the function value ),( vSSd , the greater the difference.  

6. Sets the proximity function ),( vSS  between objects S  and vS . At this stage, the function of 

proximity between objects S  and vS  is determined using potential functions ),( vSS  [2]: 
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)),(exp(),( vv SSdSS   , 

where  – parameter of the algorithm. 

7. Calculation of the membership score for class jK . At this stage, the grade for class jK  is 

calculated. Consider an assessment for a 1K  class, which includes 
1

,...,, 21 mSSS  objects. 

Let the estimates of proximity ),(),...,,(),,(
121 SSSSSS m  be calculated. The assessment of 

the belonging of the object S  to the class jK  ( 1,2j ) is determined as a function of the proximity 

assessment [3]:  





1

1 11

),(),()(
m

u

uu

m

mu

uuj SSUSSUS  , 

where u – parameter of the algorithm. 

Decisive rule. The last step in setting the model of algorithms is setting the decision rule in the form 

[4]: 

 

















,)( i,1

;)( i,

;)( i,0

))((

2

21

1

cSf

cScf

cSf

SC

j

j

j

jij







  

where 21,cc  - parameters of the algorithm ( 21,0 cc ). 

Thus, a model of modified algorithms }{A  of personality recognition based on the image of the 

auricles has been determined. Any algorithm A  ( }{AA ) from this model is completely determined by 

specifying a set of parameters ),},{,},{,',,( 21 ccnpk ui   . The sets of all recognition algorithms 

from the considered model are denoted by ),( SA  . The search for the best algorithm within the framework of 

the considered model is carried out in the parameter space 5  . 

EXPERIMENTAL VERIFICATION 

For the purpose of practical use and verification of the operability of the algorithm built within the 

framework of the considered model, functional diagrams have been developed that determine the structures of 

the created recognition program. The software implementation of the developed algorithms is carried out in the 

Delphi language. The efficiency of these programs was tested when solving the problem of identifying a person 

from images of ears.  

In the sample under consideration, there were 150 ear images for each class. The number of classes 

(people) is five. 

Experimental studies have shown the high accuracy of the developed model of algorithms when solving 

the problem of personality identification by the image of the auricles. As a result of the experiment, all 

dependent geometric features were identified and on their basis an effective algorithm was built that allow 

recognizing the personalities of people from the image of the ears with an acceptable error.  
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CONCLUSIONS 

A model of personality identification algorithms based on the auricle images based on the principle of 

potentials is proposed. An experimental study of the considered recognition algorithms in solving the problem 

of personality identification showed their efficiency. The developed model can be used in compiling various 

software systems aimed at solving problems of object classification, which are given in the form of images.  
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