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Abstract

A 3-D model of corner reflectors of various types and sizes was built on the basis of the analysis
of the results of mathematical modeling using the CST Studio automatic decision-making system.
As a result of the simulation, the numerical values of the parameters of the effective scattering
area were determined, which made it possible to clarify the dependence of the relative change
of the effective scattering area of corner reflectors on the shape of the rib, to confirm the
hypothesis regarding the quadratic dependence of the effective scattering area on the radiation
frequencies. A comparative analysis of the modeling results allowed us to conclude that for
different observation angles, the effective scattering area of a small-angle reflector corresponds
on average to the effective scattering area of a Mi-8T helicopter. It was also established that
large corner reflectors with a rib size of 120 cm are the most appropriate for simulating fighter
jets. At the same time, the weight of the corner reflector needs to be significantly reduced, which
becomes possible when using light materials, such as foam plastic, which is pasted over with foil
of the appropriate thickness. Electrodynamic modeling was confirmed by an experiment in an
anechoic chamber. As a direction of further research, conducting experiments on changing the
parameters of the effective scattering area of corner reflectors depending on a number of
controlled factors was chosen.

Key words: indicator, criterion, passive means of imitation, radio technical means, distortion,
radar informative situation.

Introduction

One of the effective methods of misleading the enemy during hostilities is the use of means of
simulating heterogeneous physical fields of real objects. At the same time, this method is used to
simulate objects on any surfaces and natural backgrounds. Various models of weapons and military
equipment are designed to simulate the shape, radar and thermal features, sound parameters, etc.
This is due to the fact that the enemy today conducts comprehensive reconnaissance by various
means in order to obtain reliable information about objects on the battlefield. One of the most
difficult issues in the field of camouflage turned out to be the imitation of radar fields of ground,
sea or air objects. For this purpose, corner reflectors of various sizes, shapes and operating principles
are used (Methodical recommendations, 2022). The use of corner reflectors, on the one hand,
showed a fairly high efficiency for distorting the radar informative situation, and on the other hand,
caused an additional need for theory and practice regarding the scientific substantiation of rational
parameters and methods of their use.
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Problem statement

The raised problematic issue was raised and highlighted in a sufficient number of scientific studies
and publications (Yarosh S.P., 2011; Vagapov, V. B., 2002). In particular, (Yarosh S.P., 2011; Vagapov,
V. B., 2002; Handbook, 1988) is dedicated to highlighting the theoretical foundations of the
construction and application of reconnaissance and control information systems of air defense,
radio automation, as well as the design of receiving and amplifying devices. In (Malakias, N. 2019;
Sukharevskyi 0.Yu., 2020), the scattering characteristics of air and ground radar objects are
considered and a method of calculating the radiation characteristics of two-mirror antennas with
mirrors of resonant dimensions of finite thickness and conductivity is given. (Asymptotic Solver
Overview) presents a software product in the form of an asymptotic solver used for electrodynamic
modeling in the frequency domain and based on physical optics. (Balanis, K. A., 2016; Grane K.,
1998; Penchel, R.A.) is devoted to the explanation of the basics of antenna theory, an analysis of the
parameters and shape of different types of antennas is carried out, the results of the development
of axially symmetric antennas with a double reflector from a combination of given geometric
parameters are considered, and the development of broadband directional two-reflector antennas
in millimeter waves is proposed. (Kong, K.B.; Rafael A. Penchel, 2018; Pereira, R., 2018; AHSAN, MD
REZWANUL2016) proposed the design of offset double reflector antennas to improve the level of
isolation between the transmitter and receiver antennas, omnidirectional double reflector antennas
with an arbitrary direction of the main beam in the plane of the site by connecting conical sections,
conducted a quasi-optical analysis of the microwave antenna system with a double reflector. In
(Haddadi, A., Oct. 2016), distorted reflector antennas are considered, the results of the analysis of
the directional pattern and polarization characteristics are given. At the same time, (Ivanchenko, D.
D., 2010) is devoted to the measurement of backscattering for metal open-ended spherical screens,
and (Sukharevsky, O.l., 2016) presents the results of modeling the scattering of ultra-broadband
pulses by air and subsurface resonant objects based on the solution of integral equations. Research
(Sukharevs'kyy, O.l., 2018) is devoted to obtaining the results of mathematical modeling, during
which the value of the effective scattering surface of the model of the Su-27 aircraft and trihedral
corner reflectors in the high-frequency range of wavelengths was obtained. The characteristics of
the secondary radiation of trihedral corner reflectors, which are used as the main scattering element
of the proposed radar airborne false target of towed tactical aircraft, are evaluated.

The obtained results of previous studies are quite significant and it is expedient to use them
at the stage of substantiation of requirements for false targets to simulate the secondary radiation
of various complex objects, which use corner reflectors as a reflective element. But it should be
noted that the issue of modeling the use of passive means of imitation to distort the radar
informative situation in the previous available studies is not fully covered.

Results and Discussion

The correct selection of indicators and criteria [...] is a crucial, important and difficult stage for
improving the algorithmic method of comparative evaluation of samples of imitation tools. They
depend, first of all, on the content of tasks, the presence and composition of forces and means
involved in the processes of simulating physical fields.

A set of organizational, technical and cost indicators, which are listed in Table 1, were
selected as partial indicators of the effectiveness and cost of means of simulating the object’s radar
field.
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Table 1 — A set of partial indicators and criteria of effectiveness-costs of means of simulating
the object’s radar field

L Unit of Method of o

No Characteristic L Criterion
measurement determination
1 Mass of the kit kg measurement min
2 Consumption of inert gas I measurement min
3 Time to prepare min. statistically min
4 Effective scattering area m 2 experimentally max
5 Credibility of imitation - statistically max
6 Transportability (volume) m?3 measurement min
. thousand . .
7 Cost of the kit i calculation min
hryvnias

In order to take into account, the different priorities of the partial indicators of the efficiency-
costs of means of simulating the object’s radar field, an indicator of their importance was adopted
= Bj, which is determined by the ranking method.

As a generalized indicator for solving a multi-criteria optimization problem on a set of
goals/qualities, the expression is adopted:

J
Qi :Zlquij’ (1)
j=

where B8; — the weighting factor of the j-th property (characteristics);
qi — s arelative single indicator of the j-th property of the i-th variant of the SPIRO
alternative.

To bring to unity, the obtained values of indicator (2) are normalized:

PO
] .
maxQ;
A rational variant of means of simulating the object's radar field is chosen using the
optimization criterion:

(2)

K, = max K, mei=1..n. (3)

Consequently, the set of indicators and criteria has gained further development, which
allows to fully take into account the set of goals of the organizational and technical processes of
distortion of the informational radar situation. In order to solve the multi-criteria problem of
evaluation and selection of a rational option among possible alternatives, one of the typical means
of imitation needs to improve the existing methods comparative evaluation of samples of simulation
tools and develop an algorithm and software product for its implementation.

The essence of the improved algorithmic method of comparative evaluation of samples of
imitation means is as follows.
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Evaluation of samples of means of imitation consists in evaluating the level of their
development according to the classification. During the analysis, the most important options are
mainly considered, which determine the main outline of the samples of imitation means and have
the greatest impact on the nature of the distortion of the informational radar situation.

The algorithmic method of comparative evaluation of samples of imitation means is assigned
for comparison, which to the greatest extent characterize the type of measures under consideration
and make it possible to determine comprehensive indicators that take into account all existing
properties; assess the compliance of the existing system with the requirements of technical
conditions and state standards, as well as compare domestic and foreign options for alternatives to
imitation means.

The set of properties of alternatives, which determine their quality, determines their
suitability to satisfy certain needs of the process. Each of the properties is characterized by the
corresponding characteristics (parameters). In order to compare alternatives to simulation tools, it is
proposed to use the method of the progressive benchmark [...], which is the basis of the
methodology.

To evaluate the degree of conformity of alternatives to imitation means by comparing them
with a standard against which there is no state standard and general requirements or quantitative
indicators. Determining compliance with the requirements consists in comparing the
comprehensive indicator of the alternatives of the proposed means of imitation, which is evaluated,
with the comprehensive basic indicator.

Initial data for calculations there are characteristics of alternatives to simulation tools offered
that are compared.

Sequence and formulas for calculations.

Choose a sample of alternatives to the proposed means of imitation, which are divided by
functional characteristics into the same types of alternatives to the proposed means of imitation
(subsequent procedures are carried out only between the same type of options).

For the selected options of alternatives to simulation tools, it is proposed to establish a
complete list of characteristics that reflect their properties, and summarize numerical values {Aij }-

characteristics for each option.

The priority of the j -th characteristic (parameter) is evaluated. To determine the priority of
the characteristics (8)), the ranking method [...] is used. Ranking means the procedure for
establishing the significance of characteristics based on their ordering.

For this, a survey of a group of G experts is conducted. Each g-th expert defines a set of

numbers Cjy, j=1,J, which reflect his view on the priority of technical and cost characteristics of
imitation tools. Each expert must arrange the characteristics in the order of their significance
(importance) and assign to each of them the numbers of the natural series: 1, 2, 3, etc. The rank of
the indicator is determined by its number, if there are no others in its place in the row. When in one
place we have several indicators that do not differ (have linked ranks), then the rank of each of them
is equal to the arithmetic mean of their new numbers. At the same time, the number of ranks of
indicators is equal to R.

When determining the coefficients Cj, it is assumed that there is a linear relationship
between the rank and the importance of the characteristics of the alternative variant of the means of
imitation. Then the coefficients Cjyare determined according to the formula

-1
c -1Tn" (4)
ig R
where rig — isthe rank of the corresponding j-th characteristic of the alternative variant of the
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means of imitation offered according to the opinion of the g-th expert.

After that, the C jgvaes are normalized

B -oZ53B -1 (5)

The final value of the importance coefficients 8; is calculated by averaging the values 8jg
received from all experts. When the competence of the experts in the group is considered the same

B,=c 2B, o-1G. @

The reliability of the results of the expert assessment is characterized by the degree of
consistency of the assessments provided by the experts. For this, the concordance coefficient (W)
is used, which is determined by formulas

12B —
W = ;g=1,G' (7)

Gz-(R“’—R)—G-iTg

R

G 1 R G 2 J—
BZZ[;M‘EZZMJ ;|:1,R, (8)

1= I=1 g=1

>, -h,)
T g h¢g o h¢g ’ (9)
$=1
where T; — istheindexof connected ranksin the g-th ranking. When there are no matching
(connected) ranks, Tz=0;
Hg is the number of groups of equal ranks in the g ranking;
h¢s = isthe number of equal ranks in P the th ranking group of the connected ranks

during the ranking by the g th expert.

The value of the concordance coefficient is in the range 0 < W < 1. At the same time, W =0
means the complete opposite, and W = 1 — complete coincidence of rankings. The probability is
considered good when W =0.7-0.8.

If the characteristics are considered to be equal in importance, then the priority indicator of
each of them is determined by a ratio of the type 1/J, where J is the total number of characteristics
of the evaluated options of SPIRO alternatives.

For each characteristic, a criterion rule is established (table 1), according to which the best
(conditional reference) sample of imitation means is chosen step by step from the entire sample

A, =max A, i =1.N (10)

or

A, =min A;,i=1.N, (11)
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where A jjis the absolute value of the j-th property of the i-th sample being compared;
And ¢n is the absolute value of this property in the standard (basic).

Determine the relative personal indicators of each variant of the alternative of means of
imitation for each characteristic, which for the properties “more is better”

Ai'
45 = i’ (12)

]

and for properties “more is worse”

A
o Aﬁj ) (13)

For properties that are expressed as “is” or “is not”

1, AJ- -€,
b = 0, Ajj - HeMae.(14)

0

For any properties g j=1,if A1j=A2j=... Anj=A¢ % 0.

A weighted average complex indicator of the preference of the i-th variant of the means of
imitation, which determined by formula (1). After that, the obtained values of the complex indicator
of the preference of alternatives to the means of imitation are normalized in relation to the largest
value according to formula (2).

Choose a rational variant of the means of simulating the radar field of the object using the
optimization criterion (3). The ranks of each variant of the alternative means of imitation are
established according to the level of technical and economic excellence. They draw a conclusion about
the priority of the evaluated samples. Advantages and performance requirements that need
improvement for existing simulation tools are identified.

To automate calculation processes according to the proposed method, a software product
was developed in the Python programming language, the listing of which is shown in Figure 1.

Thus, during the research, the algorithmic method of comparative evaluation of samples of
imitation tools was improved, which, unlike the existing ones, contains probabilistic, cost
indicators and criteria and comprehensively takes into account the organizational and technical
requirements and the priority of partial indicators, which allows solving the multi-criteria
problem of choosing on a set of goals.

We will conduct an evaluation to verify the improved algorithmic method and software
product.
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& S — = zpazxiz zacofiz
s . . : : o iEend 1
# Aszop: Borym AM.

wenrn’] = dE['max_value']
wmanen®] = dE['min_value']

import matplotlib_pyplot as plt
import argparss
import o=

win pRara
¢ "Bimmocmi 1

L )
def =et_arguments (1 :
J—ry 's column_mname] =

sring_parzer = argparse.irgumencPa

', column_name] = df["Hpmwrepianswe

retnrn config folder

# OEpofxa o=
def pr

amed: [{\d}]")
= reg.sub('ABcomconi smawers ',

n columns_name_parcl]
partl = columns_name_part2 for
partd in sip(columns name_partl,

Figure 1 — Listing of a software product in the Python programming language

Conclusions

Therefore, the performed mathematical modeling made it possible to specify the dependence of
the relative change of EPR KV on the shape of the edge, to confirm the hypothesis regarding the
guadratic dependence of EPR on radiation frequencies.

A comparative analysis of the modeling results allowed us to conclude that for different
observation angles the EPR of a small KV varies from 0.2 to 140 m 2 (on average 20...40 m 2), which
corresponds to the EPR of a Mi-8T helicopter.

It was also established that the most appropriate for simulating fighter jets are large KVs
with a rib size of 120 cm. At the same time, the weight parameters of this KV need a significant
reduction, which becomes possible when using light materials (for example: foam plastic), which is
pasted over with foil, approximately 20 microns.

Electrodynamic modeling was confirmed by an experiment in an anechoic chamber of the
radio engineering faculty of Igor Sikorsky Kyiv Polytechnic Institute.

In the future, there is a need to highlight the results of experimental studies regarding the
change of EPR parameters depending on low controlled factors.

References

AHSAN, MD REZWANUL; ISLAM, MOHAMMAD TARIQUL; YAMADA, YOSHIHIDE; and MISRAN,
NORBAHIAH (2016) "Ray tracing technique for shaping a dual reflector antenna
system," Turkish Journal of Electrical Engineering and Computer Sciences: Vol. 24: No. 3,
Article 38. https://doi.org/10.3906/elk-1311-214.

Asymptotic Solver Overview. Available from :
https://space.mit.edu/RADIO/CST online/mergedProjects/3D/special overview/special ov
erview asymptotic.htm.

48


https://doi.org/10.3906/elk-1311-214
https://space.mit.edu/RADIO/CST_online/mergedProjects/3D/special_overview/special_overview_asymptotic.htm
https://space.mit.edu/RADIO/CST_online/mergedProjects/3D/special_overview/special_overview_asymptotic.htm

ISSN 2719-6410 Political Science and Security Studies Journal, Vol. 3, No. 4, — 2022

Balanis, K. A. Theory of antennas: analysis and design. New Jersey: Wiley, 2016. Available from :
https://www.wiley.com/en-
us/Antenna+Theory%3A+Analysis+tand+Design%2C+4th+Edition-p-9781118642061

Grane K. (1998). Development of axially symmetric Cassegrain or Gregorian antennas with a double
reflector from combinations of given geometric parameters. IEEE Antennas Distribution.
Mag., vol. 40, issue 2, p. 76-81. https://doi.org/10.1109/74.683545

Haddadi, A. and Ghorbani, A. Distorted Reflector Antennas: Analysis of Radiation Pattern and
Polarization Performance, in IEEE Transactions on Antennas and Propagation, vol. 64, no. 10,
pp. 4159-4167, Oct. 2016, https://doi.org/10.1109/TAP.2016.2580157.

Handbook on educational design of direct dividing devices / M. K. Belkin, V. T. Belinsky, Yu.L. Mazor,
R. M. Tereshchuk. - 2nd edition. Kyiv: Higher School, 1988. 472 p.

Ivanchenko, D. D., Sukharevsky, I1.0. (2010). Backscattering measurements for metallic unclosed
spherical screens. Telecommun. Radio Eng. (English Translation. Elektrosvyaz
Radiotekhnika), vol. 69, no. 5, pp. 423-423,
https://doi.org/10.1615/TelecomRadEng.v69.i5.50.

Kong, K.B., Kim, H.S., Aziz, R.S., Park, S.0. (2015). Design of offset dual reflector antennas to improve
the level of isolation between the transmitter and receiver antennas. Program
Electromagnet. res. C, vol. 57, p. 193-203. https://doi.org/10.2528/PIERC15041301

Malakias, N. Development and experimental evaluation of a new type of radar reflector for use in
the marine environment. Proceedings of the ICMET OMAN conference, 2019, pp. 212-215.

Methodical recommendations to the troops (forces) of the Armed Forces of Ukraine regarding the
improvement of the effectiveness of camouflage measures for military facilities. Kyiv:
Central Research Institute of ZSU, 2022. 142 p.

Penchel, R.A., Zang, S.R., Bergmann, J.R.,, Moreira, F.S. (2019). Development of broadband
omnidirectional two-reflector antennas in millimeter waves. |EEE Antenna Wirel.
Propaganda Lett., Vol. 18, issue 5, p. 906—910. https://doi.org/10.1109/LAWP.2019.2905602

Pereira, R., Carvalho, N., & Da Cunha, J. (2018). Quasi-optical analysis of a double reflector
microwave antenna system. Wireless Power Transfer, 5(2), 75-86.
https://doi.org/10.1017/wpt.2017.19.

Rafael A. Penchel, Sandro R. Zang, José R. Bergmann, and Fernando J. S. Moreira (2018). GO Shaping
of Omnidirectional Dual-Reflector Antennas with Arbitrary Main-Beam Direction in Elevation
Plane by Connecting Conic Sections. Int. J. Antennas Propag., vol. 2018, no. O, p. 1,
https://doi.org/10.1155/2018/1409716.

Sukharevsky, O.l., Zalevsky, G.S., Vasilets, V.A. (2016). Modeling of ultrawideband (uwb) impulse
scattering by aerial and subsurface resonant objects based the integral equation solving in
Advanced Ultrawideband Radar: Signals, Targets, and Applications, JD Taylor, Ed. mouth
Raton: CRC Press, pp. 213-254.

Sukharevskyi 0.Yu., Nechitaylo S.V., Vasylets V.A., Kozhushko Y.N. (2020). A method of calculating
the extraction characteristics of two-mirror antennas with mirrors of resonant dimensions
of Finite thickness and conductivity. News of higher educational institutions.
Radioelectronics, 63(7). P. 410-420.

Sukharevs'kyy, O.l., Vasylets, V.O., Ryapolov, I. Ye., Ryapolov, Ye.l. (2018). Otsinka vykorystannya
kutovykh vidbyvachiv dlya imitate litakiv taktychnoyi aviatsiyi. Nauka i tekhnika Povitryanykh
Syl Zbroynykh Syl Ukraine. No. 2 (31). Kharkiv: KhNUPS, 2018. p. 73-78.

Vagapov, V. B., Burlyai, . Yu., Ryumshin, M. O. Radio automation. Kyiv: Technika. 2002. 288 p.

Yarosh S.P. Theoretical foundations of construction and application of reconnaissance and control
information systems of air defense: monograph / S.P. Yarosh, 1.0. Kirichenksh (Ed.). Kharkiv:
HUPS, 2011. 512 p.

49


https://www.wiley.com/en-us/Antenna+Theory%3A+Analysis+and+Design%2C+4th+Edition-p-9781118642061
https://www.wiley.com/en-us/Antenna+Theory%3A+Analysis+and+Design%2C+4th+Edition-p-9781118642061
https://doi.org/10.1109/74.683545
https://doi.org/10.1109/TAP.2016.2580157
https://doi.org/10.1615/TelecomRadEng.v69.i5.50
https://doi.org/10.2528/PIERC15041301
https://doi.org/10.1109/LAWP.2019.2905602
https://doi.org/10.1017/wpt.2017.19
https://doi.org/10.1155/2018/1409716

