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Abstract: The authors considered numerical methods of structural
optimization of modular electrodynamic objects and selected some effective
procedures that allow creating objects with given properties. A block diagram
of the combined algorithm containing the calculation and optimization part is
presented. To calculate the characteristics of the scattering of electromagnetic
waves, the method of integral equations is used. This method was also used to
determine the radar cross section (RCS). In the article, the dimensions of an
object with a complex structure are obtained, which give the minimum mean
RCS values. The presented combined algorithm can be used in CAD systems
for the design of complex electrodynamic objects.
Key words: optimization of the particle swarm, electromagnetic scattering,
modular structure.
1. INTRODUCTION
The study of numerical methods for optimizing the structure of electrodynamic
modular objects and the selection of appropriate effective methods are closely related to
the process of modeling optimization and structural synthesis [1]. These methods are
used in electrodynamic CAD. The model for optimizing an electrodynamic object is
based on integrated algorithms for multi variant optimization, most of which relies on a
randomized scheme for finding promising solutions in many alternative variables [2, 3].
In this paper, optimization is used to determine the average value of the scattering
parameters (EPR) of electrodynamic objects, which are calculated on the basis of the
integral equations method.
A lot of structure components are associated with the corresponding alternative
variables by representing discrete numbers corresponding to these elements in binary
terms.
We introduce a vector of random values of alternative variables
~
x (~
x1 , , ~
x j , , ~
x J ) , where the alternative variable ~
xj:
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1, if the subset of the modular object structures s ∈ S, obtained as

a result of the dichotomous division is promising
(1)
xj  
'
in terms of requirements Fi , (i = 1,I )
0, otherwise

and it has the following distribution p( ~
x J 1 )  px j , p( ~
x J  0 )  qx j  1  px j .
The first variant (algorithm 1) of the construction of the combined algorithm is
related to the need to accelerate the convergence of distributions of alternative variables
in the neighborhood of either the probability value 1 or the probability value 0 [4, 5].
The effect on the convergence on one side of the connection to the tuning of
probabilities at each step of the particle swarm method is researched on [6-7] and on the
one hand, the influence of the initial distributions and internal parameters of the
algorithm.
The second variant (algorithm 2) of the construction of the combined algorithm is
aimed at ensuring the reduction of many promising solutions of the basic procedure of
multi-alternative optimization. Such a reduction is achieved by replacing the
insufficiently successful variants with more successful ones and then reducing their
number on the basis of connecting the schemes of crossing and multiplying genetic
algorithms.
Finally, the third variant (algorithm 3) of the construction of the combined algorithm
is based on a combination of a randomized search scheme for multi-alternative
optimization and a dialog procedure for multi-alternative optimization with a choice of
the kind and parameters of convolution of local criteria in the integral optimized function
according to expert estimates [8, 9] [10, 11].
2. METHOD FOR OPTIMIZING A MODULAR OBJECT
To solve optimization problems, the authors used the iterative variational procedure
of multi-alternative optimization, based on the determination at each k th (k = 1, 2 ...) of
the search step for the variation of the optimized function F with respect to the variable
x j:

kj  F ( ~
x k / x j  0 )  F( ~
x k / x j  1 ),

(2)
k
~
~
~
~
where x  ( x1 , , x , , x J ) ,   1, J ,   j - vector of random realizations of
alternative variables having a distribution
p x  p( ~
x  1 ) , q x  p( ~
x  0 ) , p x  q x  1 ,

p(.) - Random event probability designation.
At the initial stage of optimization using the system of computational experiment,
the variations are determined on the basis of the results of the full-scale experiment, and
with the accumulation of information sufficient for constructing the simulation model in
accordance with this model in which the values of the variables x't , y 't , z 't , t  1,T ,
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where T is the total number of coordinates of the object under study, which are
calculated from the values corresponding to the values of alternative variables x j ,

j  1, J .
The random value of the alternative variable is defined as follows:
~
~
where  - a discrete random variable having a
1, if p x  
~

,
x  
uniform distribution on the interval [0, 1] [1].
 0, otherwise
In the first step k = 1, the value p1x is given by the researcher. The most frequent

option is p1x  0,5 , but other options may be researched on.

You can define several such implementations for the j-th variable. Then they are
used when predicting the direction of the change in the probability value p x at the k-th
j

~
integration with a random step B J that takes the value 1 and 0 in accordance with the
distribution:
~
~
(3)
p B j  p( B J  1 ) , q B j  p( B J  0 )  1  p B j .
n

n

n

Taking into account the multiple realization (2), a proposal is made to control the
distribution (3), based on the value of the variation and distribution of the random step
c~J of the next level:

pc j  p( c~J  1 ) , qc j  p( c~J  0 )  1  pc j .
n

n

n

In order to make full use of the hidden information [1], the value of the probability
p B j must be increased for the purpose of a more noticeable change p x j for the case
n

when the signs of the first 1 j F and second 2 j F realizations of the variation F
coincide and decrease otherwise. This rule corresponds to the following scheme of
determination p B j on the new (k + l)th iteration:
n

p Bk 1
jn

 p Bk

jn

k 1
k
 p Bj
 ( 1k j Fk2 j F )  p Bj
 ( 1k j Fk2 j F ) ,

(4)

where the value p Bk 1 ) is given depending on the expected effect of the predicted term
jn
in (4) by the value p Bm ,

1, if a  0,
0, if a  0.
After adjusting the step size, we correct the distribution of the variable x j based on
the law of prognostic evaluation (2). We note that the probability p x j increases for the

( a )  

case when there is a positive value of the first realization (2) and otherwise decreases:
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k
(5)
p xk 1  p xk  p xk 1( q xj
 ( 1 j F )  p xk  ( 1 j F )).
j
j
j
j
To further improve the efficiency of the use of hidden information within the
framework of the algorithmic scheme (5), it is important not only to sort out the
coordinates x j , but to control the choice of coordinates using the third realization for a

random variable [12, 13]. At the same time, if one assumes that in carrying out a
sequential search of probability, the implementation of the attraction to the search for
coordinates is the same, i.e. in the first step:
1
p1J  j  1, J ,
J
then during the search process the probability p j must be increased when there is a
coincidence of the signs of the realizations of the quantity (2) and reduce otherwise. Such
~
a change should be made using some random step d having a distribution:
pd  p( d  1 ) , qd  p( d  0 )  1  pd .
It is necessary to maintain the normalization condition
J

k
 p x  1.
j

j 1

In this case, carrying out changes in one of the probability values p j leads to the fact
that all the others p  (   1, J ;   j ) change.
The algorithmic scheme is presented in the following form:
k
p kj 1  p kj  p dk 1( q xj
 ( 1 j F3 j F )  p xk  ( 1 j F3 j F )). (6)
j
To maintain the normalization conditions for the remaining probabilities, it is
necessary to carry out the recalculation in this way [13, 14]:

p kj 1 

q kj 1 A
M

, A 

 A
 1   j

pk

p kj 1

(   j ).

The multilevel variational procedure considered requires calculating a sufficiently
large number of steps K until a situation is attained when most of the probability values
р2m. enter the intervals of variation (0, δ), (1-δ, 1), 0 <δ << 1, δ - small number. As a
research component, it is suggested that within this procedure it is not necessary to carry
out a movement with one set of probabilities p x j , j  1, J and for n ( n  1, N ) sets

p x j , using the combined procedure with the particle swarm method [15, 16].
n

In this case we have n  1, N r particles with coordinates p jn , n  1, N r , j  1, J
which change at each k -th step according to the scheme [17, 18]:

p xk 1  p xk
jn

jn

  xk 1 ,
jn

(7)
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where  j - coordinates of the velocity vector of the n-th particle
n

 kj 1  p Bk 1( q xk  ( 1 j F )  p xk  ( 1 j F )) .
n

j

jn

n

jn

n

In order to synchronize procedure (7) of the swarm particle method [19, 20] and the
variational procedure of multi-alternative optimization (6) at each step, we will update
the rate of change of coordinates of not all particles at once, but one particle, whose
movement to the extremum of the optimized function is the most promising [21, 22].
Controlling particle selection to update the rate of change of coordinates is proposed
to be carried out using a randomized scheme. To this note, a random discrete quantity
n~ is introduced, of accepted value n~  1, N r with a probability of pn. In the first step

p1n 

1
n  1, N r .
Nr
Nr

Then, changing the values p nk on condition  pn k  1 is carried out as follows.
n 1

~   . Then the rate of
The value of the random variable n~ is determined. Let n
change of coordinates on the (k+1)-th step is calculated [23]:

 kj n  1, N r , n   ,
k 1 
n
,
 j   k 1 k
k
p
(
q

(

F
)

p

(


F
)),
n


.
 xj
1 jn
x jn
1 jn
 n x jn
and the value of probabilities p n

 p nk
n  1, N r , n   ,

k 1

p1n  1   k
p n   k 1

,n 

1   k 1

where  k 1   k exp( ( sign( k 1k ))) ,   0 - parameter that is specified during
the search.
In this case, the quantity   0 determines the degree of record-breaking motion of
the  -th particle in the direction to the extremum of the optimized function F:

k  Rk  RSk ,
xk / x j  0 ), F ( ~
xk / x j  1 )) – a record for the function F for
where Rk  max(F ( ~
a particle  in determining the variation with the j -th alternative variable,
R k  max
( F( ~
x k / x  0 ), F ( ~
x k / x  1 )) – record for the function F for
s

s 1,S

s

js

s

js

s  1, S neighboring particles in determining the variation (2) with respect to the j-th
alternative variable, s -the number of the neighboring particle in accordance with the
concept of particle neighborhood, which is defined in the particle swarm method.
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As a neighborhood topology, a cluster topology is adopted, since it provides a better
change in the information propagation speed within the swarm of particles. In this case,
the graph consists of N r = 16 particles, which are distributed as a clique on 4 particles
in four nodes (figure 1).
In this case, if on two adjacent steps the record R  -th particle exceeds the record

R s neighboring particles, then the quantity  k 1   k exp(  ) increases, leading to an
increase pk 1 and reduction of all others p nk 1 .
This means that the frequency of choice of the particle  - the leader in the random
search is increased, and the movement to the extremum of the optimized function
becomes effective.

Fig. 1. Cluster topology of the particle neighborhood

International Journal on Information Technologies & Security, № 4 (vol. 10), 2018

51

In another situation, when at two neighboring steps there is no stable record of the

 -th particle with respect to the neighboring particle, the signs k 1 и k are
different, and the value  k 1   k / exp(  ) decreases, which does not allow to
significantly change the frequency of the choice of the particle v, as it has not manifested
itself as a stable particle - the leader.
Thus, a multi-level search control scheme in a randomized algorithm of multialternative optimization is supplemented by another level in the framework of a
controlled swarm of particles.
It is possible to research to what extent the integration of different algorithms
contributes to a further increase in the efficiency of automatic procedures for the
structural synthesis of an object, depending on the initial values of the probabilities p1x
j
, p1B , p1C , j  1, J , p1d parameters values δ, μ >0, number of particles N r and
j
j
topology of the neighborhood, different from that considered in figure 1 (other number
of nodes in the case of cluster topology, the number of particles in the clique, the node
other types of topologies: clique, ring, two-dimensional torus, dynamic topologies).
Particles S1 , S 5 , S10 , S15 have three neighboring particles, the remaining have four.
The structural scheme of realization of the algorithm combined with the swarm
method (algorithm 1) of multi-alternative optimization, oriented to carrying out the
computational experiment, is shown in fig. 2.
3. THE METHOD OF INTEGRAL EQUATIONS
This method is used to determine the dispersion properties of each of the
components of a modular object and further calculate the dispersed field from the entire
object.
The integral equation of the first order for the unknown electric current density in
the case of E-polarization [24] has the form:

 

2
'2
'2
0
 j( t )H 0 [ kL0 (  ,t )]  ( t )   ( t )  E z (  )
4 

,    

(8)

here L0 (  ,t )  [  (  )   ( t )] 2  [(  )  ( t )] 2 – distance from the point of
observation to the point of integration, Ez0 (  ) – The longitudinal component of the
strength of the primary electric field at a point on the contour.
The contour of the object is given in parametric form: x   ( t ) , y  ( t ) ,
  t   , и ' ( t ),' ( t ) – first derivatives of the corresponding functions,

k  2   /  ,  – length of incident electromagnetic wave.
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When solving equation (7) using the method of moments, we applied discretization
and obtained a system of linear algebraic equations, from which we determined the
longitudinal electric currents with the density
 
(9)
j  z  j( t ) ,   t   .

Fig. 2. Block diagram of the combined algorithm for the method of multi-alternative
optimization and optimization based on a swarm of particles
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The two-dimensional EPR of an object can be calculated on the basis of
expression
2

 (  )  ( 60   )2  k  D(  ) ,

(10)



where D(  )   j( t )  ' 2 ( t )  ' 2 ( t )  exp( i  k  d ( t ,  ))dt ,


d ( t ,  )   ( t )  cos(  )  ( t )  sin(  ) .
The average EPR can be calculated on the basis of expression
N  ( )
i
,

N

1
i 0
here  ( i ) - the value of the EPR at the observation angle  i .

(11)

Fig. 3. The object on which the electromagnetic wave dispersion was researched on
4. RESULTS
In the diffraction approach, the object was viewed as a body having a complex shape
(figure 3), on which an electromagnetic wave is dispersed. Practical use for the body of
a complex form of the method of integral equations and other numerical methods is
difficult, but for bodies whose dimensions lie in the resonance range, it is possible to
obtain acceptable results.
The advantage of the method of integral equations is the possibility of obtaining
data without a natural experiment, since it is replaced by a "computer" experiment. Data
can be used not only for analyzing the solution of a direct problem, but also for studying
the possibilities of solving inverse problems, that is, determining the shape of the body
or the surface of reflection of the properties of objects and constructing algorithms for
predicting radar characteristics in the wavelength range.
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Integral equations for a single body can be generalized to a system of bodies. Under
the domain of integration and the area of change of the observation point in the tiaky
case, one should understand the surface of not one but all bodies.
In modeling, we tried to ensure that the average RCS of a given sector of angles had
a minimum value, applying the algorithm shown in figure. 2, we get the size of the object
under consideration. For viewing angles 030 we determined the size of the
analyzed object: m=2.7, u=3.4, p=4.6 for the minimum value of the average EPR.
5. CONCLUSIONS
In this work, the problem of optimization of the dispersed electromagnetic waves
on the basis of a multicriteria alternative method of optimization of a swarm of particles
was considered. The authors also formed an integrated algorithm and demonstrated the
results of its functioning. The results of the work can be used in CAD systems when
designing objects with the required values of dispersed electromagnetic fields.
REFERENCES
[1] Lvovich Ya.E. Multi-alternative optimization: theory and application. Voronezh:
Kvarta, 2006, 425 p.
[2] Angeline, P.J.: Using Selection to Improve Particle Swarm Optimization. In: IEEE
Congress on Evolutionary Computation, CEC 1998, Anchorage, Alaska, USA, IEEE
Press, Los Alamitos, 1998, pp. 84–89.
[3] Banks, A., Vincent, J. and Anyakoha, Ch. A review of particle swarm optimization.
Part I: background and development, Nat Comput, 2007, 6:467–484.
[4] Baskar, S. and Suganthan, P.N., A novel concurrent particle swarm optimization, in
Proc. IEEE Cong. on Evolut.Comput., Vol. 1, 2004, pp. 792-796.
[5] Bonabeau E., Dorigo M. and Theraulaz G., Swarm Intelligence: From Natural to
Artificial Systems, NY: Oxford University Press, 1999.
[6] Eberhart R. C. and Shi Y. Particle swarm optimization: Developments, applications
and resources. In Proceedings of the IEEE International Conference on Evolutionary
Computation, 2001, pp. 81-86.
[7] Ghosh S., Kundu D., Suresh K., Das S.and Abraham A. An Adaptive Particle Swarm
Optimizer with Balanced Explorative and Exploitative Behaviors, 10th International
Symposium on Symbolic and Numeric Algorithms for Scientific Computing, IEEE
Computer Society Press, USA, 2008.
[8] Parkinson A., Sorensen C., and Pourhassan N. A General Approach for Robust
Optimal Design. ASME J. of Mechanical Design, Vol. 115, March 1993, p. 74
[9] K. Tababe,Continuous Newton-Raphson method for solving an underdetermined
system of nonlinear equations, J. Nonlinear Anal., Theory Methods Appl., 3, 1979, pp.
495–503

International Journal on Information Technologies & Security, № 4 (vol. 10), 2018

55

[10] Stoneking D., Bilbro G., Trew R., Gilmore P., and Kelley C. T. Yield optimization
using a GaAs process simulator coupled to a physical device model, IEEE Trans.
Microwave Theory and Techniques, 40, 1992, pp. 1353–1363.
[11] Dorofeyuk A. A. Expert-classiﬁcation analysis methodology in control and complex
data processing problems (history and future prospects). Control Sci., 2009, 3.1:19–28.
[12] Fulton, W., A Note on Weakly Complete Algebras. Bulletin, Amer. Math. Soc. 75,
1969, pp. 591-593.
[13] Kennedy, J. and Eberhart, R., Particle Swarm Optimization, Proceedings of the
IEEE International Conference on Neural Networks, Perth, Australia, 1995, pp. 19421945.
[14] Hassan, R., and Crossley, W., Multiobjective Optimization of Communication
Satellites with a Two-Branch Tournament Genetic Algorithm, Journal of Spacecraft &
Rockets, Vol. 40, No. 2, 2003, pp. 266-272.
[15] Zhang, Q., W. Zhu, G.J. Wang and Y.Q. Zhang, Resource Allocation with Adaptive
QoS for Multimedia Transmission over W-CDMA Channels, Proceedings of WCNC
2000, September 2000, pp. 179-184, Chicago, USA, 23-28.
[16] Cavalcanti, D., D. Agrawal, C. Cordeiro, B. Xie and A. Kumar, Issues in Integrating
Cellular Networks, WLANs, and MANETs: A Futuristic Heterogeneous Wireless
Network, IEEE Wireless Communications, Vol. 12, No. 3, June 2005, pp. 30-41.
[17] Hansen P., Mladenovic N. Variable neighborhood search: Principles and
applications. European Journal of Operational Research. 2001. №3. pp. 449–467.
[18] Gendreau M., Potvin J-Y. Metaheuristics in Combinatorial Optimization. Annals of
Operations Research. 2005. Vol.140. pp. 189–213.
[19] Pedersen, M.E.H.; Chipperfield, A.J. Simplifying particle swarm optimization.
Applied Soft Computing, 2010, 10: 618-628.
[20] Pomeroy, P., An Introduction to Particle Swarm Optimization. March 2003.
[21] Shi, Y., Eberhart, R.: Empirical Study of Particle Swarm Optimization. In: IEEE
Congress on Evolutionary Computation, CEC 1999, 1999, pp. 1945–1950. IEEE Press,
Piscataway.
[22] Sheng Z., Yamafuji K., Ulyanov S. V. Study of the stability and motion control of
a unicycle. J. Robotics Mechatronics.1996.Vol. 8, no. 6., pp. 571—579.
[23] Yin P. Multilevel minimum cross entropy threshold selection based on particle
swarm optimization. Applied Mathematics and Computation, Vol. 184, 2007 pp. 503–
513.
[24] Preobrazhenskiy A.P. Estimation of possibilities of combined procedure for
calculation of scattering cross section of two-dimensional perfectly conductive cavities.
Telecommunications and Radio Engineering. 2005. v. 63. № 3. pp. 269-274.

56

International Journal on Information Technologies & Security, № 4 (vol. 10), 2018

Information about authors:
Oleg Jacovlevich Kravets – Doctor of Technical Science, Professor of Voronezh State
Technical University, 14, Moscow ave., Voronezh, 394026, Russia.
Andrey Petrovich Preobrazhenskiy – Professor of Voronezh Institute of High
Technologies, 73-A, Lenin st., Voronezh, 394000, Russia
Alexey Victorovich Kochegarov - Doctor of Technical Science, Professor of Voronezh
Institute – Affiliate of Ivanovo Fire-Rescue Academy EMERCOM of Russia, 231,
Krasnoznamyuonnaya st., Voronezh, 394000, Russia
Oleg Nikolaevich Choporov – Doctor of Technical Science, Professor of Voronezh State
Technical University, 14, Moscow ave., Voronezh, 394026, Russia.
Vitaly Evgen’evich Bolnokin - Doctor of Technical Science, Professor, Mechanical
Engineering Research Institute of the Russian Academy of Sciences, 4, M. Kharitonyevskiy
Pereulok, Moscow, 101990, Russian Federation
Manuscript received on 30 June 2018

