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The structure of modern radio transmitting devices may include antennas formed of
both metal and dielectric components-metal-dielectric antennas. They are compact enough
and can be placed on various objects of equipment. The paper presents a simulation of a
metal-dielectric antenna based on a combined approach. The scheme of antenna construction
in different planes is given. The process of scattering of a plane electromagnetic wave on an
antenna is considered. The combined algorithm including the method of the integral
equation, parallel approach and genetic algorithm is developed. In this paper, the integral
equation is used to determine the unknown surface electric currents on the antenna surface, it
is solved on the basis of the method of moments. A parallel algorithm was used to speed up
the calculations. The impedance matrix is represented as a block matrix. Each block has its
own parallel stream. Taking into account the influence of a plane dielectric waveguide on the
scattered field, a method associated with a generalized scattering matrix is used. To solve the
problem of multi-alternative optimization associated with determining the linear dimensions
of the antenna device at a given operating frequency of the antenna, a genetic algorithm is
used. As a result, the dimensions of the designed antenna for the specified dimensions of its
components are obtained.

Keywords: antenna, integral equation, parallel approach, optimization, genetic
algorithm.

Introfuction. The process of simulations scattering of radiowaves on
technical objects with different shapes has great importance because it is
necessary to solve problems of radar recognition, electromagnetic compatibility
and so on [1-3]. The aim of this paper is the development algorithm, that based
on the method of integral equation, parallel approach and genetic algorithm, for
optimization scattering characteristics. The method of integral equations can be
considered as a universal method. We can use it if we know the object surface
and the electrical characteristics (impedance) of the surface. But, if the object
dimensions are large enough, we need to accelerate computing. We used the
parallel approach. To obtain the required level of scattered electromagnetic
fields we use a genetic algorithm. Using a combination of the above-mentioned
methods, we can synthesized of the desired antenna structures.

The object of research. Metal-dielectric antenna used in technical
devices [4-6]. To bring the analysis of their scattering properties, require
rigorous electrodynamic approaches in which taking into account the fact that
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antennas are characterized by a complex structure can be taken into account
subtle diffraction effects [7-9]. In Fig. 1, you can see a cross section of the
antenna being considered.
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Fig. 1. Cross section of the analyzed antenna
a) for plane XQY, b) for plane Y0Z

Its components - dielectric waveguide placed in a metal housing, there are
metal strips placed on a dielectric layer. The processes of excitation in the
dielectric waveguide is observed from the front side, this used flat wave. When
calculating the currents on the comb, you must use the method of integral

equations [10-12].
The method of integral equation. On one period we can use the integral
equation [7]

Js(r):2n><H‘(r)+2in><JJS(r)xgrad'Gds', (1)
T s
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where G = exp(-jkr)/r is 3D Greens’ function, according to free space, we
can consider it as solution of Helmholts equation for 5-sourse; s is the surface of
diffraction object; n shows the direction of external normal to the surface of
structure;

Js =[nxH] describes the surface density of the equivalent electric

current;
H'()= &H) +yH, +zH, is the vector of spreading plane
electromagnetic wave.

As a result of using the method of moments we have the set of equations
[13-15]:

Uxx ny sz X Rx
U, U, U, |3, |=|R,] 2)
sz UA/ Uzz 2 Rz

here Jy, Jy, J; are projection density to the surface electric currents. In this
set of equations we denote:

(U oo = 5 10, 01 o (1 Ly X, ~
TS
1 : .
(Usg Jn ==~ 1(Ny Jn(Qrdy Jnn@S,
1 : .
(sz )mn :__I(nz )m(grdx )mndsn;
27's
(U don == 10 (97, Yy
yx /mn — 272'8 X /m g y /mn n?
1 . .
(Uyz )mn:_gé(nz )m(grdy)mndsn;
(U b = 5 10 (G, D (0 (GG, D O, =G ®)

1 . .
(sz )mn:_ -[(nx )m(grdz )mndsn;
27S
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wherem,n =1, ..., N, and N is the total number of dividing points of the
surface. In these expressions dm, — the symbol of Kronecker [16,],

grd Gmn :_fmn ki Jzkr exp(_jkrmn ):

Fn (4)
i(grd, ) +i(grd, )n, +k(@rd; ), |

I rmn
mn —
Fn

source to the observer [17, 18].

can be calculated as a unit vector that is directed from the

A column vector of free members is as follows:

(Rx )m :2((ny )m(H; )m _(nz )m(H;/)m)’
(Ry I ==2((N, o (H3 ) = (N ) (Hi ) ()

(Rz )m :2((nx )m(H;/)m _(ny )m(H)I()m)

The features of the parallel approach. To solve the system of equations
(5) you can use several methods, which in turn can parallelize computations on
the computer [19-21]. The best method in this case is the decomposition: for an
arbitrary matrix U there exists a decomposition

U=T-S, (6)

where T and S — the lower and upper triangular matrices, respectively.
The equation (6) takes the form

T-S-B=V. (7)
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If we denote Y =S - B, the solution of equation (7) is from a sequential
solution of two systems with triangular matrices, that leads to reducing the
memory required to store these matrices in memory.

The fact that the storage in memory of a computer a triangular matrix is
about two times less memory (m (m+ 1% memory cells , where m — the length
of the array), than storage square matrix. First we solve the system

L-Y=V, (8)
then solve the system of linear equations with upper triangular matrix
S-B=Y. 9)

After obtaining the decomposition (9) for the matrix U, you can use it to
solve systems of equations with this matrix and different values for the right part
B.

This is done iterative manner, by successive changes in the right part of
equation (2), the results of the decision system at each iteration.

And in the case of using the method of Gauss, another method to solve the
system of equations required at each iteration to re-perform direct and reverse
this method.

When using the decomposition required only at each iteration to solve
equation (7).

You can perform these two methods of solving the system of equations in
terms of estimates of the number of arithmetic operations to understand that the
more effectively you can parallelize.

The number of arithmetic operations when solving the system of
equations by Gauss method is estimated as O(n®), where n is the number of
variables.

For band matrix with half-width tape rating accepts a value O(n-k?).

As it follows from the estimates above, the computational complexity of
the method and the Gaussian method, decomposition of matrix is almost
identical.
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However, if you want to solve several systems with the same matrix of
coefficients but with different vectors free members, the method of matrix-
decomposition will be more optimal, as in this case there is no need to perform
decomposition of the matrix of coefficients repeatedly.

It is enough to save the resulting triangular matrix in memory (and they
take up so much space, as mentioned above) and, by substituting different vector
of free members, to the solution methods of the forward and reverse lookup.

Take the algorithm for the parallel solution of matrix equation method
matrix-decomposition, the algorithm assumes that the system of linear equations
is solved without pivoting.

To solve the system of linear equations (7), the matrix U is distributed to p
processors (threads) as follows

S t,
a B ..
T S 1 Wy
AL
T S X2 t
Q, a, B v = e |, (10)
T S "
ﬂp—l yp—l ‘Qp é:p . Wp .
T _ _
_Qp a, « ¢
P P
where o, — matrix of dimension n, xn., i=1,...,p;

y; — matrix of dimension k xk; x;, b, — vectors with dimensionn; ;

&, w, —vectors with dimensionk;
gni +(p—-1)-k=n,k —the half-width of the ribbon matrix.
i=1

This block tridiagonal partition is only possible if Vin, >k.

This condition restricts the maximum possible level of concurrency: the
maximum number of processors (threads) p that can be used for parallel

execution must satisfy the condition p<(n+k)/(2-k).

Then that matrix is the first step of the block-cyclic reduction, which
rearranges columns and rows so that they were all odd rows and columns, and
then all the even.

As a result, so-called even-odd permutation
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G o

The decomposition of a matrix a has the form:

PR P HEVE S
gy ) st )0 w

where ¥ =y—pB".a”*-° — the Schur complement [19-21] of the
matrix .

To save memory matrix g, -S, ", T, -4°, 2°.5 7 and T, 27,

placed in the same memory cells that are allocated for matrices g.", ,°, .°,

Q. respectively.

As in the process of computing the matrices Qis and QiT are full,

additional space is required in memory for the floating point numbers. In the
end, the total memory requirement is about two times larger than for the serial
algorithm.

The Schur complement ¥ in the matrix o for o is a block tridiagonal
matrix of dimension size (p—1)x(p—1) of the blocks k xk:

n S,

@2 My
W= , (13)

® p-1 n p-1

where we have introduced the notation:
T -1 S S -1 T
mi=vi—-bi o B -7 oy, L2, =
=7i _(ﬂiT 'Ei_l)'(Ti_l 'IBiS )_(Qi+1s 'Ei+1_1 ) X
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(T 24" ),

i+1

S; =—(2,

i i+1

% :_(ﬂiT 'Ei_l)'(Ti_l 'IBiS )

S —_ -1 -1 T
T )'(Ti+1 °‘Qi+1 )’

Up to this point interprocessor is not required (or inter-thread if you use
multiple threads instead of multiple processors) communication, since each

processor (thread) independently computes the decomposition of the block
diagonal «; =T.=, computes the blocks ' -S. ™", T.™"-5°, @°.57,
T2, and Tt 4.

Each processor or thread forms their part of the reduced system 7-&=v,
where

S.z-11-1.0S Sz 11148
Ti:{_ﬁi i T 07 —Qig” Eig Ty B ]
T o

BT ET TS vi-gE T TS
[ B E ] (14)
Vi = .
I (Wi B it

After performing local computations to complete the construction of the
matrix 7; processor (thread) with the number i sent by the processor (thread)

with the number i+1 of the matrix y, - 8 -5, - T, - 2°.

Even-odd permutation, the computation decomposition and the formation
of the reduced system is repeated as long as the matrix of the reduced system
will not be filled with matrix k xk. In this case, the resulting system can be
solved on a single processor or thread.

Since at each iteration of the reduction the dimension of the matrix is
reduced in two times, to achieve the result you need to perform log, p —1 steps.

After finding vectors &, processors (threads) compute its vector part X:

X, =2 (T B &),
X :Ef1 (7 —Ti_lglsfi—l _Ti_lﬂisé:i ), (15)

=] 1 AT
p o (7o = Tpad2p8p4)-
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Having found a numerical solution, it only remains to find the remaining
parameters, the current distribution in the antenna input impedance, radiation
pattern, etc., which does not require much time and computational resources.

In order to account for the influence on the scattered field from the planar
dielectric waveguide, two-dimensional, located parallel structures that are
periodic in a way, a method based on generalized scattering matrix was used in
[17] in order to provide a "stitching™ of fields that are scattered with a comb and
the dielectric plate.

The advantage of such technique in this method is the case of diffraction
of the E - and H - polarized waves on a metal comb with a dielectric layer is that
the obtained computer time becomes less than if we compare with the solution
on the comb (about several tens of percent) (when use the approach of
semiinverse the entire structure as a whole).

If we use the Lagrangian, then we go from the optimization problem
including the objective function and constraints, the equivalent optimization
problem without restrictions

F(9.21, 22)=F(@)+ Aa(y™-|Ax(9)+B1(9)])+
+ha(X"-|A1(9)+B1(9)), (16)

where A1 >0, A, >0- uncertain multipliers Lagrange function.

When we construct the algorithm it is necessary to consider the positive
and negative characteristics of search engine optimization used optimization
function.

At the same time as searching for optimal values of the vector x required
to define the variable A4, A, competing option optimization modeling is the
transition to multi-criteria problem with the following definition of the weight
coefficients of the global objective function.

At the organization of computing experiment it is necessary to provide an
opportunity for the researcher to analyze the advantages and disadvantages of
search engine optimization used optimization function.

At the same time as searching for optimal values of the vector x required
to define the variable A4, A, competing option optimization modeling is the
transition to multi-criteria problem with the following definition of the weight
coefficients of the global objective function.

A
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The use of genetic algorithm. It was necessary to determine the
parameters of the device to the operating frequency of 11.6 GHz.

In this paper we propose to apply the procedure multialternative
optimization to obtain a set of interesting from the point of view of practical
application of options that most will meet the requirements that are imposed on
the function F, subject to optimization [22].

In order to select a particular option among the many dominant you want
to use a search algorithm based on genetic approach.

We use the structure of a chromosome, which gives the possibility to
encode the order of formation of the components of the antenna structure

(Fig.2).

subchromosome 1  subchromosome 2 subchromosome n
A A AL
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010 101 010 101

The number 1 2 3 4
of component
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Fig.2. The demonstration of the features of the structure of chromosomes
and its parts, which are used in order to conduct automatic synthesis of
components of the antenna structure when coding

In order to build the algorithm for the multialternative choice, we consider
alternative values for the variables y;, j=1,..,J, which can take the values 1 or 0
codes in the corresponding genes of the chromosome.

A chromosome is a certain set of blocks of chromosomes thus:

1) subchromosome, which is formed from 4 genes and on its basis
determines the number N of components of the analyzed antenna;

2)N-1 subchromosome has 5 genes, and it allows you to determine the
placing of a component (gene 2 — describe the side where there is connection, 3
gene — give the room a connecting surface);
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3)N subchromosomes, which consist of 4 genes, and they provide an
opportunity to determine the possibility of the shift components (for the
generalized coordinates y);

4) N subchromosomes, which consist of 4 genes, and they provide an
opportunity to determine the possibility of the shift components (for generalized
coordinate z).

First, for each of the components the location of genes y; , j=1,....,J is
carried out, which are responsible for how the component is, and whether their
movement. We will hold the designation of chromosomes for this format
ve=(xjc), x=L,..., A, j=1,....J where A is the number of interest dominating
variants (A in many cases <7 [23]).

The second step involves the use of basic operations of genetic algorithms
for the antenna that includes the following components [24]: crossbreeding and
reproduction. During the computational experiment it is possible to use different
schemes crossing.

In the first scheme, in order to carry out the operation of the crossing is
the division of all chromosomes y¢, x=1,..., A, that belong to the population X,
in local populations of Xm#0, m=1,..M (M< J), for each value Hemping
distances that apply to any pair of genes yjc, xj. t,x=1,..., A are equal to 0.

The choice of the local populations in order to carry out the hybridization
is done in a random way.

With this aim is the determination of the number of local populations An,
and a random selection is used probability distribution

Pm=Am/A, m = 1,M (17)

Basing on (4), we can define implementations of discrete numbers my, m,,
which are random:

The parent pair (y¢,x)€X are considered to be chromosomes y:€ Xy, and
t€ X, -

In the second scheme of crossing considering the Hamming distance,
which refers to the values of alternative variables y;c, xj., j=1,..., J on the two
chromosomes ¢, xt C.t=1,..., A, h=||lxjc-xjdl- When h <ho, where hg is a given
positive number, there is a study scheme of inbreeding. If h>h, , conducted a
study of the third scheme of outbreeding. In addition to these schemes the
proposed scheme of assortative mating. Then comes the consideration of
quantitative assessment of the degree of fit, which is calculated based on the
value of optimizable function for each of the chromosomes y:-F(yjc). For the
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first of the schemes, the selection of chromosomes for the process of crossing is
based on the following probability distribution

P= FOu/ £ Fdy 1o A, (18)

For the second diagram, when there is a negative assortative hybridization
Is the process of selecting randomly one of the chromosomes on the basis of the
distribution (5) and the second is determined on the basis of the probability
distribution

pe= (UFOUIW £ F39), &1, (19)

In the third scheme using selective crossbreeding. For this purpose, the
exclusion from the set of chromosomes y¢ C,=1,..., A those having degree of
fitness lower than average degree of fitness many chromosomes y¢ {,=1,..., A:

Foid< £, Foul/A. (20)

Then we conduct a random selection for the distribution (17). In order to
reduced the many options of interest, you want to create a reproduction of the
group through the application of breeding schemes. The two of them are
considered. For the first of the schemes are ordered all £=1,..., A in the order of
decreasing values of the degrees of fitness. Is the job of the number of
reproduction groups Ap, on the basis of it is the limitation of many options of
interest. For the second scheme is the definition of average degree of fitness
¢=1,..., A options

Fres S FaIA (21)

Reproduction group includes only options y¢,, Which are characterized by
the value of the degree of adaptation is greater than or equal to the average value

F(rd)=F*, C,=1,..., A. (22)

The results of simulation. Were determined the following parameters of
antenna: A=10mm, H=0.05mm, D=1 mm, D, =4 mm, D; =16 mm, L; =11
mm, L, =5mm,H=5mm, R =1.75mm, D, = 6.5 mm, C =9.5 mm.

Conglusion. With use of considered combination of methofs in the paper
the possibility is shown of determining the characteristic dimensions of the
object that has the necessary frequecy of metal-dielectric antenna. On the basis
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of obtained results it is possible to design objects with a necessary
electrodynamic characteristics.
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.41 JIssouu?, A.I1. Ilpeobpaxenckuiil, O.H. Yonopos?, E PymHuKHIf’
MOIEJNPOBAHUE METAJJIO-IUDJIEKTPUYECKOU
AHTEHHBI HA OCHOBE KOMBUHHUPOBAHHOI'O MTIOAXOJA

Boponescckui uncmumym gvicoxkux mexuonoz2uui, Boponeoic, Poccus
Bopomneoicckuii 2ocyoapcmeennuii mexuuueckuti yHueepcumem, Boponesic, Poccus
llan-Eeponetickuu ynusepcumem, bpamucnasa, Cnogaxus

B cocmas coepemennvix paouonepeoarowux ycmpoucme mocym 6xo0ums aHmeHHbl,
cpopmuposantvle Kax u3 Memaiiudeckux, maxk U OudIeKmpuUyecKux KOMNOHEHMO8 -
Memannoousiekmpudeckue anmentvl. Onu A61A10MC 00CMAMOYHO KOMNAKMHLIMU U MO2YM
pasmewjamsvcsi Ha pasiuyHulx 00vekmax mexHuku. B pabome nposedeno moodenuposanue
MemanioousIeKmpuieckol aHmeHHbl Ha OCHO8e KOMOUHUPOB8AHHO20 nooxooa. IlIpusedena
cxema NOCMPOEeHUst aHmMeHHbl 6 pasublX niockocmsax. Paccmompen npoyecc paccesanus
NJIOCKOU  2]IeKMPOMACHUMHOU  ONHbl HA awmeHHe.  Pazpaboman komoOunuposanmwiii
aneopumm, BKIIOYAIOWUN Memo0 UHME2SPANIbHO20 YPAGHEHUs, NAPALLEeIbHblL NO0X00 U
eeHemuyeckuti aneopumm. B pabome ummezpanvhoe ypasHenue npumeHsemcs O0as moeo,
umoobl onpedenums Heus3secmuble NOBEPXHOCIHbIE INEeKMPUdecKue MoKy Ha NOo8epXHOCU
AHMEHHbl, OHO peuaemcs HA OCHO8e Memooa MOMeHmos. [l ycKopeHus pacuemos
UCNONIL306AICS. NAPANNENbHbI  aneopumm. Mampuya umnedancos npeocmagnsiemcs Kax
onounasn. na xaxcoozo uz 610K08 npumeHsemcs ceou napaiienvhviti nomox. Ilpu yueme
BIUAHUSL HA PACCESTHHOE NOJle NIOCKO20 OUNIEKMPUYECKO20 BOTHOB00A UCNONIb3YEemCs Memoo,
C8A3aHHbI ¢ 0000wWenHou  mampuyeu  paccesHus.  Jna  pewlenus — 3a0aqu
MHO20AIbMEPHAMUBHOU ONMUMUZAYUL, CBA3AHHOU C onpedesieHuem JTUHElHbIX pPaA3Mepos
AHMEHH020 YCMpOoUCmea npu 3A0AHHOU paboyel YACMOMOU aHMEHHbl, UCHOLb3YEemCs
eeHemu4eckull aneopumm. B pezynomame noayuenvl pazmepvl CnpoeKmupo8aHHOU aHmMeHHbl
0J151 3A0AHHBIX PA3MEPOB BXOOAUIUX 8 ee COCMAB8 KOMNOHEHMO8.

KiroueBble ciioBa: AHTCHHA, UHTCI'PAJIbHOC YPABHCHHUE, MMapaJIJICJIbHBIC BBIYUCIICHU,
OIITUMH3aAIUsI, TCHETHYCCKHI AJITOPUTM.
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