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ABSTRACT 

 
 The issues concerning the construction of objects with extreme average values of scattering 

characteristics are discussed. Based on the optimization approach using the "ant algorithm", the dimensions 
dependencies were calculated for a two-dimensional metal cylinder with a lateral wall of complex shape 
having the maximum average values of the scattering characteristics. Based on the generalization of 
information concerning the components that represent a cylinder, it is proposed to build CAD subsystems 
(computer aided design systems) for designing the average characteristics of objects. The object of complex 
shape is represented as a set of components. The type of components, the observation angles sector, and the 
required level for the average scattering characteristics are chosen as the input data for subsystems. In this 
article, a correlation analysis is applied as part of the developed procedure. The correlation makes it possible 
to determine the component characteristics of the object in question based on the maximum of correlation 
coefficient. 
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INTRODUCTION 
 

 Modelling the processes of scattering electromagnetic waves on different objects with complex 
shape is of great practical interest, due to the fact that it requires solving problems relating to radar 
determination, electromagnetic compatibility, etc. [1-5]. 

 
In some cases, if objects of simple shape are studied, it is sufficient to apply analytical formulas 

allowing for a fairly good estimation of the scattering characteristic values [6]. 
 

 When using a diffraction approach, the object is treated as a body of complex shape, on which the 
scattering of radiowaves occurs. At considering the practical application of the integral equations method, it 
appears to be rather cumbersome and often requires more resources, the same as other numerical methods. 
However, if we consider the structures, which are the bodies of revolution, the most successful is a 
combination of methods of integral equations and of eigenfunctions [7], wherein the main role is played by 
the angular or azimuthal coordinate ϕ. Along this coordinate, the required fields, the same as when using the 
method of eigenfunctions, are decomposed into Fourier series, and the fields of individual harmonics become 
independent due to their orthogonality. Thus, it becomes possible to build a relatively simple integral 
equation, which is solved numerically, for each azimuthal harmonics [7]. This reduces the degree of the 
electrodynamic task being solved and the requirements to the volume of computer memory and computer 
computation time.  

 
There are a number of tasks that require data not only on the angular dependences of scattering 

characteristics, but also on the average values that can be achieved, especially the maximum ones, for certain 
sectors of observation angles [8].  

 
Building a fairly simple algorithm for calculating the dimensions of objects with the maximum average 

values of scattering characteristics in a particular sector of observation angles is of practical interest. For the 
bodies of simple shape, the dependence of maximum average values of characteristics on the body 
dimensions can be written down analytically [6]. In this paper, we solved the problem of determining the 
maximum average values of scattering characteristics of a two-dimensional model of a cylinder. In this case, 
the analytical dependence of the maximum average values of scattering characteristics on the object 
dimensions can not be obtained. However, there is a possibility of constructing an approximate function (of an 
interpolating polynomial), which allows obtaining an approximation of this dependence at a sufficiently small 
error [9-11]. 

 
In this paper, we consider a model for calculating the dimensions of a two-dimensional cylinder, in 

which the lateral wall has a complex shape, which allows the determination of cylinder dimensions with the 
maximum average values of scattering characteristics in the given sector of observation angles. 

 
MODEL 

 
The following calculation model is applied. We distinguish the dimension of a certain cylinder element 

as a characteristic dimension and build a dependence of the total cylinder contour length on the dimension of 
this element. 

 
It is significant that the applied method is convenient for using with a cylinder that has a symmetry. 
 
Cylinders form an integral part of many modern technological objects. When taking into account the 

power of secondary radiation of such structures, it becomes possible to control the power of secondary 
radiation for the entire object, wherein the value can be changed by several times, and even by dozens of 
times. 

 
The paper deals with a two-dimensional model. The two-dimensional cylinder models are useful in 

evaluating scattering characteristics of three-dimensional rectangular metal cylinders [12]. 
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We will assume that the transverse dimension of a cylinder is equal to a, length  (Fig. 1). The side 
wall of the cylinder has a shape which is shown in Fig. 1a, that is, there is a recess with the dimensions h and b. 
Then the total size of the cylinder contour is D=a+2h+2L. Our task is to find a and D, at which the values of the 
average scattering cross-section (SCS) in the predetermined sectors of the incidence angles of an 
electromagnetic wave  give maximum values. The angle  is counted from the direction parallel to the two 
cylinder walls. 

 
a) 

 
b) 

 
c) 
 

Fig. 1. Illustration of the electromagnetic waves scattering on a two-dimensional cylinder with a lateral wall of complex 
shape. 
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The lateral wall of the cylinder has a shape, which is shown in Fig. 1b, that is, there is a recess with the 
dimensions g and b. The lateral wall of the cylinder has a shape, which is shown in Fig. 1c, that is, there is a 
recess with dimensions s and b. When we analyzed the scattering characteristics, the values of the observation 
angle sectors changed quite significantly (from 5° to 70°), i.e. the angles related to the area of forward 
hemisphere. The scattering characteristic values were obtained based on the method of integral equations 
[13].  

 
METHODOLOGY 

 
 The Fredholm equation of the first kind, which contains the density of an unknown electric current in 

the case of E-polarization [13], is recorded, for example, as follows: 
 

,  

, (1) 
 

here is a distance between the points of observation 

and integration,  is a longitudinal component of the electric field strength at a point, which is located on 
the contour. We set the contour on the basis of parametric representation: 

, and  are the first derivatives on the respective functions, 

,  is the length of the incident electromagnetic wave. 
 

When solving equation (1) as part of the method of moments, we determine the longitudinal electric 
currents with a density of 

 

, , (2) 
 
The two-dimensional SCS of a metallic cylinder is calculated based on the following expression 
 

, 
 (3) 

where ,  
 

. 
 
The average SCS is calculated based on the following expression 
 

, (4) 
 

where  is equal to the SCS value at an observation angle . 
 

The task of determining a and D, which give the maximum values of an average SCS at certain sectors 
of observation angles, was solved as follows. We set the value of the sector of observation angles . At 
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different values of D, the values of transverse dimension a are determined. The analysis shows that the 

function  will be multiextremal. Therefore, when conducting calculations, we used the grid 
method [14] at a consequent narrowing of the defined values areas. The ant algorithm was used for each of 
the grid sections [8, 15-16]. 

 
The transition rule is applied thereto: 
 
The ant, which is observed at the point r, will make a choice on the next point s, on the basis of such 

equations: 
 

, (5) 
 

here by  we marked a set of cells for the grid, which require the ant visit. The ant is in the grid point r, 

 is a measure of the pheromone, , the weight  is chosen as the 

distance between points,  denotes a random variable,  represents a parameter (

). 

For those cases, in which , the ant will choose on the next point on the basis of this equation: 
 

, (6) 
 

here we marked  as the probability of choosing the point s by the ant k, which will be in the point r. 
We assume fulfilling the following rules, which allows for local update: 
 

, (7) 
 

where  is a local parameter, ,  is the sum of pheromone left by the ants. 
There is a correspondence between the global update rule and the following equation: 
 

, (8) 
 

where  is a global parameter, , = , for those 

cases, in which there is a membership of segments  within this length. 
 

RESULTS 
 

 Fig. 2 demonstrates the calculated length dependences of the contour D on the transverse 

dimensions of the cylinder a, which make it possible to achieve a maximum average SCS . The 
resulting dependence can be approximated by a linear function. 
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Fig. 3 provides the calculated length dependences of the contour D on the transverse dimensions of 

the cylinder a, which make it possible to achieve a maximum average SCS . The resulting 
dependence can be approximated by a polynomial of the 4th degree. 

 
Fig. 4 demonstrates the calculated length dependences of the contour D on the transverse 

dimensions of the cylinder a, which make it possible to achieve a maximum average SCS . The 
resulting dependence can be approximated by a polynomial of the 3rd degree. 

 
The achieved approximation error did not exceed 4%. 

 
Fig. 2. Dependence of the cylinder contour length (Fig. 1a) D on the cross section a for the maximum values of an 

average SCS on the sector of angles , with dimensions b = h 

 

The object of complex shape can be represented as a set of separate components, including cylinders 
[17-18]. To determine the characteristics of the components we use the correlation coefficients. We 
distinguish the following as the input parameters: 

 

1) type of a component; 2) sector of observation angles; 3) the required level for the average scattering 
characteristics. 

 
The process of the CAD subsystem functioning, which is used to calculate object components, is 

shown in Fig. 5.  
 

The output results are the values of the object component characteristics. 
 
The algorithm of the work in a subsystem will be as follows: 
 

1. Entering the input parameters. 
2. Calculating the correlation coefficients for each type of object. 
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3. Choosing the most appropriate component based on the maximum principle of a correlation 
coefficient. 

4. Outputting results. 
 

 
Fig. 3. Dependence of the cylinder contour length (Fig. 1b) D on the cross section a for the maximum values of an 

average SCS on the sector of angles , with dimensions bg. 

 

 

 
Fig. 4. Dependence of the cylinder contour length (Fig. 1c) D on the cross section a for the maximum values of an 

average SCS on the sector of angles  with dimensions bs
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Fig. 5. The process of the CAD subsystem functioning for the average object characteristics. 

 

 The following abbreviations are used:  is a vector, each element of which is the respective input 

parameter;  is a vector containing the appropriate dependences in the DB;  is a vector comprising the 
correlation coefficient [19-20]. 

 
The process of determining the characteristics of components is reduced to performing the following 

procedure of determining the maximum of the correlation coefficient. 
 

(3) 
 

where  are the areas of parameter changes . 
For the vector of correlation coefficients, using the standard procedure, the maximal elements are 

determined, the numbers of which correspond to the required components in accordance with the input 
parameters. 

 
CONCLUSIONS 

 
 Based on the above-mentioned model, we demonstrated the possibility of determining the 

characteristic dimensions of a two-dimensional cylinder, which provide the maximum average SCS values. The 
obtained results can be used when designing objects, on which the requirements to reduce the level of 
secondary electromagnetic radiation are imposed. 
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