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SILICON -MICROMACHINED THZ SYSTEMS - ENABLING
THE LARGE -SCALE EXPLOITATION OF MILLIMETER AND
SUBMILLIMETER -WAVE FREQUENCIES?

Joachim Oberhammer
Microwave and THz Microsystemssoc. Editor, IEEE Trans.
THz Science and Teagblogy, Sweden, Stockholm

Abstract:

Current THz systems are predominantly manufactured by CNC milling.
Despite the high level of precision which CNC milling achieved in recent years,
this fabrication method lacks volume manufacturability and is inferior i
performance to silicon micromachining, which achieves feature sizes and
fabrication reproducibility down to micrometers, surface roughness down to
nanometers (for extremely low loss), and khagpect ratio geometries which are
impossible to fabricate imany other fabrication technology. Micromachined
micromechanical devices, for instance molpl®ne microphones and inertial
sensors, are already for many years manufactured to billions of devices per year :
very low cost. This webinar gives an overviewstdite of the art, the capabilities
and limitations of silicon micromachining for millimeter and submillimetewe
frequencies, and gives several examples of recent achievements of very hig
performance silicommicromachined waveguide based THz deviced systems,
including: a lowloss waveguide technology with 0.02 dB/mm at 330 GHz, with
integrated components such as Jlmss couplers, power splitters, matched loads;
micromachined higi@ filter examples based on cavity resonators with measured
Q-factorsof 1600 at 150 GHz and 900 at 700 GHz, enabling the first 1% fractional
bandwidth filters at submillimetewave frequencies; a silicemicromachined
platform for a pointo-point telecommunication link including a 1-3@8 GHz
antenna diplexer with 1.5 dBigertion loss and 60 dB isolation, and waveguide
integrated SiGe MMICs; very complex, muiével waveguide devices including a
orthomode transducer from 2330 GHz with less than 0.6 dB insertion loss and
crosspolarization of 3570 dB in this waveguiddand; a corporateed antenna
array with 256 elements at 320 to 400 GHz, with only 0.8 dB insertion loss,
achieving 34 dBi gain; a 1024 antenna array at820 GHz with 38 dBi gain and
1.5 dB insertion loss; a frequensteering micromachined radar fronteat 220
300 GHz, achieving a 55 degree field of view with a 3.5 to 10 degree HPBW,
using an integrated 2.5D quamsptical reflector and a leakyave antenna array, all
of the size and thickness of a thumb nail; MEM&veguide switches operating at
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140220 GHz with 0.6 dB insertion loss and 50 dB isolation over the whole band,
and even a 50050 GHz switch with 2.5 dB insertion loss and 18 dB isolation; and
a 2.5dB insertion loss 360 degree phase shifter for the330GHz band with
less than 4 degree a@be error for all states over the whole bandwidth. Major
applications presented are radar (in particular -gereration car radars),
telecommunication and spaberne radiometers.
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500+ INFOTELECOM NEWS

The main news for 2022022 in the field of information and commuation technologies
are summarized. The main developments and introductions of the newest technologies i
Ukraine and the world. This material was prepared for students, teachers and engineers.
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UDC 621.391.6
MODERN TRENDS OF IOT TECHNOLOGIES DEVELOPMENT

Osypchuk S.O.
Educational and Scientific Institute of Telecommunication Systems,
Igor Sikorsky Kyiv Polytechnimstitute, Ukraine
E-mail: serg.osypchuk@gmail.com

The report is focused on global digitization and Internet of Things (IoT) technologies
application in today's world. The triune concept of 10T is presented, the architecture of loT
systems is described, dunformation, communication, security components of IoT systems are
analyzed. Technological difficulties, risks and weaknesses of 10T systems implementation are
analyzed. The business aspects of 0T systems components, scope of loT technologies, and t
needs of IoT implementation in Ukraine are presented. Some examples of business
transformation are presented based on the IoT technologies use.
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APPLICATION OF OPEN RESONATORS TO RESEARCH THE
METAMATERIALS PROPERTIES IN THE EHF RANGE

A variant of technical implementation of an open resonator for measuring the
electromagnetic characteristics of metamaterials by the resonance method in the EHF range
proposed. Preliminary studies have shown that thatgdattor of such a resonant system does
not deteriorate due to abnormally small power losses. The proposed resonator has unimod:
resonance characteristics, which allows to increase the accuracy and unambiguity of
measurements of material parameters.
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TELECOMMUNICATIONS SYSTEM FOR INFORMATION SUPPORT
OF MISSIONS FOR STUDYING AND COLONIZATION OF THE MOON

Proposals for the creation of aeldcommunication system whose task is to provide
information support to missions to study and explore the moon are presented. The task of th:
system is information support of international lunar missions and connection of consumers or
the Moon to terrestal information systems. The composition of the system is determined,
prototypes and key technologies necessary for the creation of the proposed system are show
The results of the preliminary assessment of the characteristics of the system in terms o
increasing bandwidth (information transfer rate) are presented.
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METHOD OF ENSURING CONSTANCY OF THE MESSAGES
SOURCE PRODUCTIVITY UNDER CONDITIONS OF ACHIEVING
MAXIMUM COMMUNICATION CHANNEL PRODUCTIVITY
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and the encoding speed, which will ensure the condition of constancy of the message sourc
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RESEARCH OF NEW COMPOSITE CODES OF BARKER, KASAMI AND GOLD

Modeling in the MatLab software package showed greater noise immunity of new
compositecodes as clock signals compared to Kasami and Gold codes.
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RESEARCH OF SERVICE INDICATORS DYNAMICS IN
QUEUING SYSTEM WITH SELF -SIMILAR TRAFFIC

In the report the dynamics of Queuing System with -Sgtfilar Traffic on the example
of Queuing System with Wb/ M/ 1/ D structure \
are research. The indicators are: the average number of applications in the seteoe the
average time spent in service, the average waiting time in line. The obtained indicators are
compared with the traditional Poussonian model of incoming traffic.
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5G TRANSPORT NETWORK FEATURES FOR
MODERN SERVICES IMPLEMENTATION

This report is devoted to modern concepts and services of the 5G cellular network (IMT
2020). Main requirements and possible variaatiG-transport network are present in order to
provide these services.
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TERAHERTZ COMMUNICATIONS SYSTEMS
FOR HIGH -DEFINITION AND ULTRA -HIGH -QUALITY (HDTV)
TELEVISION BROADCASTING (UHDTV)

The advent of higldefinition and ultrahigh-quality video formats, and the
growing volume of accuntated and transmitted data donate led to the demand for
better throughput and data rate wireless communications. It is indicated that usin
the THz frequency band for wireless communications is the most rational
approach. This report analyzes current adeaments in implementing and
deploying photonithased terahertz (THz) communication systems.
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Development of mobile communication systems increases the demand for
smallsize and higkperformance microwave antennas. Antenna theory is a well
studied part of microwave engineering, and there are a large number ctzmall
antenna types and dgs techniques that can be used for their analysis and
fabrication [1]7 [3]. Nowadays, antenna design is usually an iterative procedure
involving numerous simulations and optimization of its structure. Most frequently
used numerical techniques for the figld simulation of antenna structures are the
finite-element method (FEM) and the finidgference timedomain method
(FDTD). The comparison of the analytical model and the FEM simulation was
done in [4] for a 2.4 GHz singleesonator patch antenna.

In this paper, a microstrip twieesonator circular insded patch antenna for
the 2.4 GHz band is designed and simulated using the-&l@teent method. The
antenna to be desi gne dMHg freguehcy ranges and t e
have low directivity aswell as small size to be used in mobile ISM band
communication systems, such as-Mi Thus, the operating frequency of the
antenna was chosen to be= 2442 MHz, which is the center frequency of the
operating band. Singleesonator patch antennas werensidered in 4] 1 [5].
However, they have a resonadie® frequency response resulting in a small
bandwidth. In the present research, the second passive patch was added to obt:
larger operating bandwidth of the antenfidne approach for designing two
resonator patch antennas, which is used in the present research, is considered

[6]7 7]
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As a substrate for the antenna, the RT/Duroid 5880 laminate was used witf
the following parameters: dielectric constdit 2.2; thicknessh = 1.575mm:;
thicknessof the top and bottom copper layérs 0.018mm; dissipation is defined
by tand= 0.00009.

The design of the antenna showing the dimensions of the patches is depicte
in Fig. 1. The antenna was designed so as to be fed by microstrip line. To perforn
the matching between the coaxial feeder and the radiating rectangular patch, the
end of the coaxial probe should connect to the patch at the point at which its inpu
impedance is equal to the characteristic impedance of the coaxial feeder.

| Substratesparasmc patch

hp :
Microstrip patch

PIC P

g Ground plane

!
|
!
]
i
i
r
i
]

@) ol W (b)

Fig.1. Dimensions of a microstrip patch antenna. (a) Dimensions of the microstrip patches.
(b) Dimensions of the substrate and copper layers.

The design procedure described in [1] and [4] was used to obtain the initial
values of the dimensions dfie patch, which are as follows: radius of the patch
R, = 24.6mm; inset distancel = 18 mm; notch widthg = 0.28mm. The width of
the feeding line strip was chosen to Wé=4.9mm in order to perform the
characteristic impedance of the line toZe 50 Y .

Fig.2. Model of the antenna

As a result of the optimization procedure, the following dimensions were
obtained for the antennd®, = 24mm; R,,=26mm; d=1mm; S = 8mm;
g=1.5mm. In Fig.3, the simulated results for the directivity diagrard Hre
frequency responses of the antenna are shown. As it could be seen, the return Io
is RL=|S,a-27. 2 dB at t he operfa4@Hg), anda nd
RL=|S4a-20. 5 dB at t he b A 2483 GHe), gnld t
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RL=|S;,|a-224 dB at the center frequendy=2.442GHz. The gain of the
antenna i$ = 6.1 dB. The polarization of the antenna is linear.

(@) (b)

Fig.3. Characteristics of the antenna. (a) Directivity. (b) Return loss.

The antena designed in the present research is ssm#d and easily
fabricated. Adding an additional parasitic rectangular patch resonator positionec
next to the active resonator lead to the relatively high bandwidth of the antenne
comparing with the one studied [4]. VSWR value is less than 1.2 within the
operating bandWwidth 2. 4€é2.483
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Development of mobile communication systems and-deVices increases
the demand for smadlize and higkperformance microwave tennas. At present,
antenna theory is wefitudied part of microwave engineering covering a large
number of smaikize antenna types and design techniques that can be used [1]
[3]. Antenna design is typically an iterative procedure involving numerous
simulations to optimize its parameters.

In this paper, a circular coaxitdd airdielectric patch antenna for 2.4 GHz
band with two patches is designed and simulated using the diemeent method.
The antenna to be desi gnvHd frequengy rangep p €
and have low directivity as well as small size to be used in mobile ISM band
communication systems, such as-Mi Thus, the operating frequency of the
antenna was chosen to he=2442 MHz, which is the center frequency of the
operating land. The design of single resonator-di#lectric patch antennas is
considered in [4] [5]. In the present research, the second parasitic resonator was
added to obtain enhanced operating bandwidth. The approach for desigrning twa
resonator patch antennagich is used in the present research, is considered in [6]
T [7].

To enhance the antenna bandwidth, the air was used as a dielectric betwee
the ground plane and the patch. Aluminium was chosen as a material of whicl
conducting parts of the antenna arad®. Thus, the parameters of the layers are as
follows: dielectric constant) = 1; thicknessh, = 6 mm; thickness of the top and
bottom aluminium layers=0.5mm.

The design of the antenna with the dimensions of the patches is depicted ir
Fig. 1. The antenna was designed so as to be fed by coaxial line. To perform th
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matchingbetween the coaxial feeder and the radiating rectangular patch, the end o
the coaxial probe should connect to the patch at the point at which its input
impedance is equal to the characteristic impedance of the coaxial feeder.

Parasitic patch
Substr@s Microstrip patch
[~ [hyp L/ t
:hp A 4
A
d ! e i
! " Ground plane Coaxial feed

(@) (b)
Fig.1. Dimensions of a miostrip patch antenna. (a) Dimensions of the microstrip patch. (b)
Dimensions of the substrate and aluminium layers.

The design procedure described in [1]3] was used to obtain the initial
values of the dimensions of the patch, which are as followdiuRaf the patch
R, =32mm; inset distancel = 16.5mm. As a coaxial feed, the model of SMA
connector was used. Thus, the inset distance should correspond to the point .
which the input impedance of the patch is equa,te 50 .

These values were usdor preparing the 3D model of the antenna shown in
Fig. 2. A parasitic resonator was added to antenna, and the whole structure wa
simulated using finiteelement numerical method. Singkesonator patch antennas
were considered in [4] [5]. However, thg have a resonandike frequency
response. Adding of additional resonator allows to increase antenna bandwidth.

(@) (b)

Fig.2. Model of the antenna. (a) Upper view. (b) Side view

As the result of the optimization procedure, the following dimerssiwere
obtained for the antennd,=35mm; R,,=27mm; d=13mm. In Fig.3, the
simulated results for the directivity diagram and the frequency response of the
antenna are shown. As it could be seen, the return Id®s39S,;|a-19.5 dB at
thebad 6 s | e fiit=2.4CGHz),raddRL(=|SJd-29. 4 dB at the
bound (r=2.483 GHz), andRL=|S;|a-26.3 dB at the center frequency
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fo=2.442GHz. The gain of the antenna &= 7.3dB. The polarization of the
antenna is linear witk vector oriented in XZlane, as shown in Fig.

S11 4_Two Resonators_2.4 GHz Ansys
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-20.00 —
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-40.00 —
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— dB(StiPatch T1Patch T1
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Fig.3. Characteristics of the antenna. (a) Directivity. (b) Return loss.

The antenna designed in the present research is-sigedl and easily
fabricated. Adding aarasitic resonator as small value of dielectric condiiart
lead to the relatively large bandwidth of the antenna comparing with the one
studied in [5]. VSWR value is less than 1.23 within the operating bandwidth
2. 4é2GHe8 3
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Add-drop filters based on microcavities with whispering gallery oscillations
attract close attention of researchers and developers for constructing multiplexer
of various types of optal communication systems [16]. The main difficulty in
describing the processes of wave scattering in-éwgb filters is the presence of a
doubled number of coupled oscillations due to their degeneracy. At the same time
the indicated degeneracy of natloscillations leads to specific scattering effects,
which makes it possible to build new types of filters and multiplexers based on
them. This report presents the results of studies of new types of compact triplexer
for integrated circuits of opticabenmunication systems.

_ 60 1 1 1 _ 60 1 1 _ 60 Il 1 1
1 199.9 200 f(THz) 1998 1999 f (THz) 200 2001 f(THz)
a b C d

Fig. 1. The structure dhetriplexer built on crossed optical waveguides and 3+3
microcavities (a). Frequency characteristic of tha&rix (b- d) of the triplexer (a).

As follows from [7], the smallest pulse distortion orzun filters with a
sequential placement of microresonators. On the basis of the developed theory ¢
electromagnetic modeling of Actop filters [8, 9], new structures of coupled
microcavities for the construction of integrated triplexers are considered.
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In Fig. 1 a shows the structure of theiplexer built on crossed optical
waveguides. This triplexer consists of two Adiap filters, each of which has an
odd number of microcavities. The first bandwidth of the triplexer between ports 1
2 is formed dued the side slopes of the frequency response of the filters (Fig. 1,
b). The second and third bandwidths are formed between p@rtantl 14 and
determined by the Addrop filters themselves. Coupling coefficients between

e

resonators with even types of ditions; k¢, ,=2 1 * with odd oscillations

0] —_

241= 2 10". Coupling coefficients of microresonators with lines of resonators

with even types of oscillationsk®=2 f@*; for odd types of oscillations
k°=1,9 @0*. Qfactor of dielectric of resonator®, =10°; coupling coefficients

with open spacdiOS =10". "Center frequencyt, =200THz; band between center
frequencies of the filterdDf #,124THz. The frequency characteristics of the
triplexer are shown in Fig. 1,-d.

e Q" Iml ym ol
Oo 8 |

199.9 200 f(THz) - 1999 200 f (THz) 200 2001 f(THz)

a b c d

Fig. 2. The structure of the triplexer built on parallel optical waveguides.
and 9 microcavities (a). Frequency characteristic of the scatterird).(b

In Fig. 2a showsthe structure of the triplexer of the second type, performed
on parallel optical integrated waveguideg,13-4. It is proposed to build this type
of triplexers from two Addrop filters containing the number of microcavities of
different paity. The transmission bands of such a triplexer for 5 and 4
microcavities are shown in Fig. 2;db In the simulation, it was assumed that the

coefficients of mutual coupling of Addrop filters between resonators with even
types of oscillationsks,,,=1,3 @* with odd fluctuationsk?,,= 4,3 10".
Coupling coefficients of microresonators with lines for even types of oscillations
k®=9 D% for odd types of oscillationk®=8 T °. Qfactor of dieledatc of

resonatorsQ, =1C°; coupling coefficients of microcavities with open space

ROS:10'7."Center frequency"f,=200THz; approximate bandwidth between
center frequencies of THz filteisf 9,1THz.

The electromagnetic modeling of triplexers, carried out on the basis of the
theory [8], showed an acceptable amount of isolation between the channels.
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The bandwidths and barriers of both types of triplexers are adjusted
independently otach other with a sufficiently large detuning of the bandwidth of
the outer channels. The main difficulty in tuning is to achieve an acceptable
crosstalk between channels. As follows from the results of the performed
optimization, the frequency respondelee crosstalk between channel8,11-4 of
the first type triplexer (fig. 1, a) exceeds 40 dB, and the crosstalk attenuation of the
second type triplexer (fig. 2, a) is about 30 dB.

A new structure of triplexers based on crossed and parallel optical
waveguides is proposed. Triplexers of the first type are built on filters with an odd
number of microcavities. Triplexers of the second type are built on filters with a
number of microresonators of different parity. The constructed electromagnetic
models of tiplexers make it possible to determine in advance the number of
microcavities, as well as the dimensions of the structure according to the requirec
scattering characteristics. The proposed structures are characterized by mot
compact dimensions in compas with structures of the type: one channehe
filter.
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As shown by the results of studies carried out in recent years, some lattices o
dielectric microcavities with whispering gallery oscillations have a number of
exotic physichproperties [1- 3]. One of these unusual properties is the possibility
of propagation of electromagnetic oscillations (photons) along the "surface" of the
lattice. Such structures in optics and solid state physics are called topologica
insulators. The ature of optical topological insulators is not fully understood. To
clarify the physical mechanisms of surface propagation of photons, in the propose
work an electromagnetic model of the lattice is constructed, based on the concey
of degenerate oscillains of its constituent microcavities. In works [2, 3], similar
effects have already been considered, but based on the use of numerical modelir
methods, which does not allow judging the nature of this phenomenon.
Confirmation of the effects of surface pegation of electromagnetic waves in
resonators with degenerate oscillations will make it possible to speak more
confidently about the possible mechanism of wave propagation in optical
topological insulators of this type.

In order to clarify in more detathe properties of topological insulators, we
built electromagnetic models of the currently known arrays of coupled dielectric
ring resonators, shown in Fig. 1, a. It was assumed that these gratings ar
connected to the input-2 and output 31 optical tansmission lines. First, we
considered the transfer coefficients between pois 13, 1-4 (Figs. 1, b), then
the distribution of the amplitudes of forced oscillations of the resonators was
calculated in each passband of the structure.

It was assumed &t the coefficients of mutual coupling between adjacent
microresonators are known; not adjacent microresonators are not coupled. In eac
of the microresonators, two types of degenerate natural oscillations are excited
characterized by different parity \uitrespect to a given coordinate system. To
calculate the scattered field by the lattice, we used the perturbation theory [6].
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Fig. 1. Square lattice of optical microcavities with whispering gallery oscillations (a).
Attenuation between ports-# of the lattice (b). Distribution modulus amplitudes
of the forced oscillations of the lattice at the central wavelength (c).

Q-factor of dielectric of resonatorsQ, =10°; open space coupling
coefficients I~<OS=106; coupling coefficients of microresonators with lines

ke =k° = 1* mutual coupling coefficients between resonators with even types
of oscillationsk® _,=5 € °; with odd types of oscillationk® .= 2 10°.
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Fig. 2. Squaréattice of various cylindrical DRs with main types of oscillatidrg,, and
different compression ratios (a( 36; Q,=1C¢; D, &,/2r, 63; D, 4,/2r, %
L.- height; 2r,- DR diameter § =1, 2)). Attenuation between ports-2 of the lattice (a).

Distribution modulus amplitudes (c) of the forced oscillations of the lattice at the
wavelength 36,72 mrb).

The obtained simulation results showed that at the wavelength of natural
oscillations| , =1,5mm shown by the red line in Fig. 1, c, the distributions of the

amplitudes of the field of microcavities approximately correspond to t#new
propagation characteristic of optical topological insulators (Figs. 1, c). However,
already at detuning from the central transmission band, the distribution of the
amplitudes of the microcavities becomes chaotic. For gratings of the considerec
type, tte bands of surface wave propagation are relatively narrow (Figs. 1, b), but
losses during surface propagation are minimal.
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At present, gratings with the properties of optical topological insulators are
known only with resonator vacancies at the sites. (Eigy). The presence of such
vacancies inside the lattice suggests its spatial inhomogeneities.

As noted earlier in [4, 5], spatially inhomogeneous lattices also have unusual
electromagnetic properties, somewhat similar to those of topological insulators
(see figs. 2, 3). In contrast to topological insulators, resonators of spatially
inhomogeneous lattices can also exhibit no degenerate oscillations. The
propagation of oscillations in such gratings is determined only by the
inhomogeneity of their structer

-
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Fig. 3. Square lattice of various spherical DRs with main types of nondegenerate oscillations
H,,, (@) (e, 81;e, 36). Attenuation between ports-2 of the lattice (a). Distribution
modulus amplitudes (c) of the forced oscillations at the wavelength 85,35 mm (b).

Thus, the simulation data obtained mmitgossible to assert with a high degree

of confidence that the unusual properties of optical topological insulators of this
type aredue to the effects of the interaction of degenerate oscillations that occur in
dielectric resonators with whispering gallery waves, as well as the possible
inhomogeneities of their structure. It should be noted that we have identified only
one passband i minimal losses, on which the effect of surface wave propagation

takes place.
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Various periodic structures with Dielectric Resonators (DR)aeoné the
control of the scattered field {2, 4].

Pseuderotations of dielectric resonators with no degenerate oscillations in
lattices can also lead to a number of interesting cases, determined by the degree
their coupling with the incident and scaéd waves. By pseudmtation we mean
a nontrivial rotation of the axes of the DR in which the relative spatial orientation
of the resonators remains constant.

1
2
1571
4 <

0 3‘14_‘. (PT[
a b c d

Fig. 1.Rotation of a cylindrical DR relative to a given coordinate systerg, z) (a).
Dependences of thefanctions of the magnetic oscillatian, ., of a cylindrical DR on the
directions of incidence of a plane wave in spherical coordinatesdoatpering (b)J, = p4;
i « = paforsscattering (d)J, = p4;j . =0. Dependences of zero values dtinctions on
the angles of incidence of a plane wave in the caseddittering ford, = p4;
jr 0 (curvel(c))d, = p4;jr = pa(curve2(c))d, = p4;j = A2 (curve3d (c));
Je. = P4, j, 3 pa(curve 4(c)).
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The first special casef gcattering occurs when the conditions are satisfied
under which all resonators of the array are not coupled with the incident wave.
Then the dielectric structure interacts with the incident field only in a nonresonant
manner, which leads to the effect gliasicomplete transmission of the field
through the grating. A similar effect was first observed by Malyuzhinets for

scattering dielectric and metal bars by gratingsgB
The second special case of scattering occurs when the axes of the resonata

are oriented in space in such a way that the direction éiztred field in the wave
zone of each of them coincides with fi@ngles of reflectiomof the incident wave.
Both of these cases are determined by the properties of theado |- e d
function, which determines the relationship between the field of a plane wave anc
the field of a dielectric resonator of a given orientafign
For the main natural oscillationsof cylindrical DRs H,,,, we havefound a
generaknalyticalexpressiorior the c-functionin the caseof rotatingresonators
. . h ., L. . A, A
¢z 2if RarD k) lulk)
b 2 1- (nk’nR)
&% V1= (A0 R)* Jo(Amfd (Mo NR)*)3(P) P (P )J(G Y1 (RNQ°)] (1)
(@ y1- (A.Fg)*)* -p3
('[)pzSin pz Cos(qz(ﬁk’ﬁR) )_ qz(_hk’ﬁR) CG pzSin(q £ﬁk’ﬁR)]
(0,(f, 1)) - P2

Where N, n,=(sin J cos L,sin szin |J coS ,
Ng =(sin J cos j ,sin zJsin j,cos; - is the unit vectors determining the
direction of the magnetic field, the direction of propagation of the incident wave,

and the axis of the DR in a spherical coordinate system (fig. tespectively.
Here p. = lo; p,= bL/2; b, b, - transverse and longitudinal wave numbers,

which determine the field of natural oscillations of th&® 7], q. =K,r,;
q, =k,L/2;
r, - radius; L - height DR k,= wc; Kk, = ko\/E; e, - relativedielectric constant

of the resonator.
As follows from (1), in the case
p-scattering dielectric resonators of the lattice are not coupled with the incident

wave @ =0) if

Jp =4 )
For sscattering
tglg)ctgd =os(qj . (3)
or, in a particular case, if
J p = R and qp =R (4)
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Fig. 2. Squardatticesof variousorientationsf pseuderotatablecylindrical DRs- a- c.

Angular dependences of the modulus &f $eattering amplitud|é (g J q)| for 3, =8 pa;
i, = andi, = pa;j, =0 -(d)forsscattering(Straight lines show the direction of the
incident wave).

The rumerical solution of equation (3) is shown in Fig. 1c, for different
directions of the DR axis; the dependenc:(i@#2 for p and s scattering on the

angles of incidenag , j) for (3., j:) € /@, /4 are show in fig. 1, b, d

respectively.
Coupling reaches its maximum in case
p-scattering, if

0 =/®2andj, =4 72 (5)
and for sscattering:
jp, +d 0 andgg - ,q #2, (6)
or
Jo td fanddg +,0 #£2. (7)
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Calculation of the scattering amplitude in the wave zone of ame twolayer
lattices in the case of coincidence of the direction of the minimum radiation of the
resonators with dame difanghes i oti derdtl
Fig. 2, c, d

Thus, the performed studies of théunctions in the general case make it
possible to determine the conditions for the cieasnplete propagation of
scattered waves through the gratings of pseudcemtatlindrical DRs with a

fundamental oscillatiot,,, similar to the Malyuzhinets effect.

It was found that the effect of quasimplete passage of the incident wave
through the DR grating occurs when one of the conditions:

If the drection of the minimum radiation of the resonators coincides with the
direction of propagation of the reflected wave.

In the case of vanishing of all ttigfunctions of the resonators. For the main

types of oscillationsH,,, the sgcified condition is realized when one of the
equations (&) is fulfilled.
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WAYS TO REDUCE INTERFERENCE IN LIFI NETWORKS

The concept of intercellular interference CCI, which is the main obstacle in the LiFi
network, is described. Also dedmed effective techniques to counteract this interference.
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MININET: ASIMUL ATOR FOR EMULATING AND
PROTOTYPING SOFTWARE -DEFINED NETWORKS

The concept of softwaréefined networking (SDN) fundamentally changes the way
networks operate and how they are managed. In the rapidly changing modern world, it is the dat
transmission netw&s that have been called the "thin link" that limits the growth of application
performance as the number of mobile users grows, virtual environments scale, and clusters al
formed for Big Data. In SDN networks, traffic switching tasks and control taskstectly
separated. All control logic is centralized and transferred to the controller.
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USING MININET TO MODULATING MULTIDOMAIN NETWORKS SDN

Existing technologies and methods for building an SDN network with a hybrid,
interdomain topology based on the Mininet network emulat@ing different types of
controllers, are considered. As a result, a segment of the SDN network was created to test tt
process of its functioning in the overload mode of various information directions based on the
MiniEdit GUI.
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CONSTRUCTION OF THE SDN TRANSPORT NETWORK
INFORMATION MODEL USING THE T -API INTERFACE

The principles of building a model of SDN optical transport network, the functional
architecture of the -RAPI, the list of services required to manabe transport network, the
interaction of the orchestrator and the controller using t&PT are considered. The SDN
transport network is presented in the form of a model that reflects the main processes of the re:
network and allows you to manage maimdnce processes with a high degree of adequacy.
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ANALYSIS OF POSSIBILITIES OF USING VARIOUS MODIFICATIONS
OF MININET FOR SIMULATION SDN NETWORKS

In this article are considered existing technologies and methods for building an SDN
network using an additional graphical interface. Has been stpdiedrful and flexible tool for
visualizing the topology of an SDN network that allows to: simulate SDN networks of a rather
complex structure; change the performance of branches and the magnitude of the load in th
directions of communication; create awetk-wide overload mode.
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THE ISSUES OF MODERN SYNCHRONIZATION NETWORKS DEPLOYMENT
BASED ON IEEE15882008/2019 TELECOM PROFILE

The basic principles of the deployment and operation of the modern synchronization
networks based on PTP protocol (IEEE1588) telecom profile are summarized. The main idea i
an adequat adaptation of the parameters and operation modes of PTP protocol to meet the
carrierclass service quality requirements. It is important to provide the compatibility and
interaction with the legacy synchronization networks and use the standard telecom
synchronization practices.
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FREQUENCY ESTIMATION IN THE MODERN
INTELLIGENT POWER NETWORKS

The main trends of theurrent power supply networks modernization according to the
Asmart gridso concept are summari zed. Thi s
technics and the modern information and communication techesloghe role of the precise
frequency evaluation in smart grids is increasing, and some traditional metrics of
synchronization signals evaluation in telecommunication networks can be useful in this context.
Some results of the experimental study of powgmals frequency estimation are presented.
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ANALYSIS AND PROSPECTS OF USING TELECOMMUNICATION
SYSTEMS ON FIRE AND RESCUE VEHICLES

The main factors influencing the time of arrival of units of the rescue service to the place
of call are analyzed. It is determined that the use of telecomntionicsystems will reduce
arrival time. The schematic diagram of the GPS router was developed, which in real time took
into account the intensity of traffic flows, data from intelligent road cameras and based on this
built the optimal (fastest) route.
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8K RESOLUTION VIDEO WIRELESS VIDEO
TRANSMISSION SYSTEM USING TERAHERTZ WAVES

A variant of practical implementation of a prototype of a wireless video transmission
system with a resolution of 8K over a terahertz radio line in the 300 GHz band is considered. A
distinctive feature of the proposed receiving device from the known is the use of resonant tunne
diodes as demodulators of the terahertz signal, which greatly simplifies the receiving part of the
proposed wireless transmission system.
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METHOD OF SPATIAL SELECTION OF SIGNALS BASED ON THE
INFORMATION ABOUT RADIATION SOURCES ANGULAR COORDIN ATES

The basic trends of devices on high order modes of dielectric resonators (DR) are
summarized. The results of simulation of high order mode of quadruple type in rectangular DR
are presented.
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ALGORITHM OF RADIO LINE SYNCHRONISM EN TERING
WITH FHSS ON THE BASIS OF M-SEQUENCE PHASE DETERMINATION

In this paper, based on the method of determining the phase of -fexjiMnce, an
algorithm for synchronizing the radio line with frequeti@pping spread spectrum (FHSS) is
proposed, which W increase the reliability of determining the transmitter signal at the
frequency controlled by the receiver and minimize the required synchronization time.
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METHOD FOR DETERMINING OCCUPIED
TIME -FREQUENCY SPECTRUM REGIONS

Proposed robist for noise power uncertainty method for determining occupied- time
frequency spectrum regions. The essence of the method is two stage signal consecutiv
processing in frequency and time domain based on test statistics.
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IMPROVING THE EFFICIENCY OF USING THE UAV
COMMUNICATION CHANNEL EQUIPMENT

The possibility of using partial dynamic reconfiguration of a part of the UAV radio path to
expand its functionality is considered.
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EVALUATION OF THE SURVIVABILITY OF THE UAV
COMMUNICATION CHANNEL UNDER THE INFLUENCE OF
INTENTIONAL AND UNINTENTIONAL INTERFERENCE

The paper presents estimates of the survivability of the control channel of an unmannec
aerial vehicle under the influencef deliberate interference on it. It is shown that the
survivability of a control channel built using two communication channels in two frequency
bands increases significantly. Formulas for assessing survivability are given for various options
for influencing the UAV control channel.

I s Odzdz tesCd LOMlstshizo Odzdzy B j L
oMy B'dhj LtesMhisO’ H dzw tG‘Ldzq’: L Ofmis 51
ydoe ' dz ded = . Kd L te s ls O dzdzw BJLY jtj tco dzts
EHtsSME Bdz0O dzj Hzelzv 2 ls;EHztsd[zteo[La Hy HB Milso 51
‘dals j dzj € sz Odz dzq’.-. mMdMmisjdg 13 [ . [HAEBOEC o
1Y ¢ LB dz hlz° 2 f etsB dzj d3d BJLYJGCC. .
Hisfdz" HY Jdadgw L fHtetslsdH "’ LOGtetsL O3 €' B §
ftsa@j dd hmdcdkod s GPS O MW" ddglz, ¢
FftcOQo dz' dzdzv 1O € OdzOdzd u'JtGJHOu HOdzd - .
odL d&OYyo0* yydebky' Mls! BJLY dzsldsects Of Ots(

L IbtySd Lttlkz Bjtf jddO@ smeitc b tcOf &rtf & k
C'BJjtOISOE dzO 11 [ ¢. ltetsB" dz £ HBMdz H Y
odCdzd SO LOdz 158Gt dedzv, BMEC" dzr ¢ d BY J te
L Cktthk yjttjL OOCE &O COROEZz kfttOs dz
OSSO fteslsdH" wiIsd ~ 2.

rdekzy' mls:! BJLY' dztslsdktsects Of OteOlslkz L |
Yydteelz LOdjxdls! o° H Yydekutsfls® MmdMmlsj d3d

ftcdL otsHdIs Hs f so dgts’ olstcOlsd EfttOo dz'
Bsy dzd o 5~ 9 IsAHOAsE O IO B 6 ts

rdekzy' Mmis COdzOdzz Lo'wLCEZ odL dzZOYyoO*
f OcORBIIstced o EZd@so OR ofdzdekz dzO dg st ft6°

z odedzwH' dzgj dzOo d3dmdzd s ' dz09 dzdmdzd~ L Oc
LO9OHOMBd hduusCEHzdes nsdOC[HLE, I shisw * o
sO CtsHEZzoOdadzw [ 3] . [fsMjtcjHS S0 Odats Y

IBso ' todz Mis' B ' ko’ fodBddSd, OB 2 dt
odqfOHCE dOosdkdMmdzedr L O8OH OS2 ' HR ' H
LBPstsMtso Odzgd?2 o Mddzk MO’ ftodtetsHd dzOoe d

124



BkH] odL dzOyj dzdzv ydoebkzytfmls' w¢C 2dse ' tcdz
COROdzz kftcOodz' dzdzv fted of dzdo ' dzO dg BGt

l ttsBtslsOr [ 4, 5] Bzdzs L Of to tsaf' szt O d
Ff cOo dz' dzgdz?" BOd&zse OB OtcdlIlsdzgscts 11 [ ¢, w CC
ofdzdez dOosB3dMmdzdr L O OH IO BOLE' Is! Myw
odSCtstedmMisOdzdzy d3 H o t5n COdzOdz' o L' WL QR
LOf tetsf sdatseo Odgs™ o ydna jtodsB SUsO'nv LOdE * s &
Bkzlsd o dL dzOyJ dzO L odStted MisOdzdzy d3 W tste d3l
9  H dzOMIsOdzdzw ff sSH " 2. dz' 2 ottOntsolze Is!
f

J
s 20 CO0dzOdz kf§ tc@o dz' dz
COdOdizEdzs" @y "' 2 'dz' L O9 OH 2qse " tedz Mis!
H' Of OL sdzOn yomksslis, w odSsted Mistso Izs
Dkt todz Mis sts ¢ ts, h s Ho' mMd Mmlsj d&zd
S H dats Yy O f)dzts ; Diise " tedz MmlsH s, d&chglzlsto
ftcOys 9 Olsd dzj Is" dz2 € d BHdAdsyomdts, O dzj
2 isse " todz Mls ftcOo ddz’ detsets o dWwe dzj dedg? Is(
ZzOo ddd mded » ' B sOYy" 2 dzedr L O9 OH .
sjW' Yy “dals ydekysfis® COdzOdzz Eff tcOo
SHdsEs COdOdzO Loof dtd ez dz0 da' segts dzd h §

s
dz2v 11 [ ¢ Byl
q:
¢

ftedtf zh j dzdz' |, hts fsdkkddzCd (B stso " ud
COOizEZ, disyj BEISd odL dzOyj dzed?2 Ww¢C:
K|IV_1 IDber (1)
HiK, -Stj W' y' “des ydolkyushk, -X s dzd

B ' ssoats’ (fOCjldets’ ) sdddzSd o COdzOdz' 1

stjW' y' ' dals ydokzytsmls® ¢ 0dz0 dzlz Z 1 tc
oS stcdMlsOdzadz?" Hotsn COdOdz" © L o' WL CC» AHO
Bsyj BlZIsd odL dOyj dd?2 wC:

K |iv:1 _Pber_charipber_ chaﬂ; (2)
H d Poer cnant’S Pler crare - 2 B0 " tedzsils’ B tseots’
COdz0dzO R , ftsH' ' dzj L Odzj » dz’

SjW' Yy ‘dgds ¥ do bk yaGpsd dz@ozady ¢ bk
o dCtstcdMisOdedz?y Hdatsets COdzOdzE Lo wL CE |
L O OH, IOC dz@ad:scffr]dz,q’.-. L O OH G dzkzh j dzda®

K. —l-ber' (3)
jamm
HiPynm-2 B350 " todz’ Mis! ftodelz® ) Gzize dmB O Qe
stsyg W' y' ‘' dzls >|q’alzutsfr]ls C Odz0O dzlz Z{ to
9 dSCstedMisOdzdzy Hotsh COdOdZ' @ Lo'wWLCE IO
so¢ dandsq’fr]dz n LO9 OH Cdziz" j dzdes ff dc'tsHs d ¢
Btsyj BlIsd odL dzOyj dzed?2 w¢:

K ' :1 ber_charl ﬂ P ber_chag . (4)

liv P. !
jamm_ chaid jamm chah

'U

'U

125



H d Panm charr Pamm chae - 2 B35 9 ° tedats s’ ftedHkh j dzdzw

L' WL Clk cuixd Q wigsizv | yd B IsOyoDdetss |, j did
dzj L Odzj % dz'

sjW' Yy ‘ds ydebkysfhls' COdOdkz kit
oS stedMisOdedzy Hotn COROAE © Lo' wWLCE kO
5O0¢C ° dOodkdMmdzds LOsOH ‘& OY' ' o' H M
wg

P P
K _ :1 _ ber_chariﬂ ber_ charzﬂpS nc; (5)
v F?m_chanl I:)im_ char2 /

HJ I:i)m_chanl' I:?m_chan2 _2d3t59l tGdZtSfI’]IS! Ul Hd3! dzq:)' NO@Z

L Qo OH B sOY" ~, SRy, - 2 dgijo Caldg yigls ';  fd dzn ©

mMdMmlsj iz3d § ©OPOEdESaL EOY' L od "WsEERa ¢ O0dzOdzO|

c ¢ 9 d H dzts L odtOL " 9 (4, 5) ydoekzy'
fcBzHBSo Odzse s L oS tcdMisOdzdzy d3 Hoatsm € Oc
ftcd of dzdo O dz' sets dzOo dzdfmdzad = L O9 OH
stcOH dy' e sz tcOo dz' dzdzw . v oL L Of
tOH' sftetslsdH" °, it ftOys " HEZsyYyOMmdks L
fsMisOdzso € d Mddertetsdzdzts™ * 3" IsOy' 2 dets’™ f j 1
LdzdLdls: mMw. ltwd yY' sz Mz HicseOEFolfg @l
fitedntsf dzj dzdz2?" HOdzdr © tBBA COdZOEZOR L ®
Yyofmsdy f Jefz@Oy?2.ditse ' tcdz fMmlis! L OfMmistsmizo O dzdz
BOdzse OB OtedIsdzd sz 11 [ ¢, sMedzdo s yYyde ' dz
HiEY j dzd L Cts8 .9 d§ 't dgm ldsOdzdey Ho tSn H' Of
f " Hodhjdzdzw Y dokzytsfmils’ COdzOdzz EZf teOo dz' d
dZzOo BdMdzd s L OaOH LOBjLY jyk" hj 2 B'
o &ZOMdz" HBEC BOGCOLBfsd] o tsis [ 6] , LB' &
P tcOdzdzy Htcd off dzdo' dzO dzt sets dzj dzOo d3d o

[ " sjOlkztcO

1. B. Sklar, Digital Communications: Fundamentals and Applications, Second Edition, Rrentice

Hall, Upper Saddle River, NJ, 2001.
2. A. Goldsmith, Wireless Communications, U.K., Cambridge:Cambridge Bréss, 2005.

3. N . Kaydenko, AAdaptive modul ation and ¢
23t h I nternati onal Cri mean Conference |
Technol ogyo, Cri Mico' 20413 20135e.2/®2/6.0o0pol , on

4. Kaidenko M., Kravchuk S. (2021) Autonomous Unmanned Aerial Vehicles Communications
on the Base of Softwaf@efined Radio. In: lichenko M., Uryvsky L., Globa L. (eds)
Advances in Information and Communication Technology and Systems. MCT 2019. Lecture
Notes in Networks and Systems, vol 152. Springer, Cldips://doi.org/10.1007/978-030
583590_16

5. M. M. Kaidenko and S. O. Kravchuk, "Antamming System for Small Unmanned Aerial
Vehicles,"” D21 IEEE 6th International Conference on Actual Problems of Unmanned Aerial
Vehicles Development (APUAVD), 2021, pp. -4] doi:
10.1109/APUAVD53804.2021.9615403.

6. Palestini, C.: Fighting UAVs: Finding the Magic Solution. NATO Review, 16 December
(2020). Htps://www.nato.int/docu/review/ru/index.html.

126


https://doi.org/10.1007/978-3-030-58359-0_16
https://doi.org/10.1007/978-3-030-58359-0_16

syt d i frflw Aot w
fLrfRrRIwausd trsfwAdwraec
stcQoyz¢ w. [., stOQoykz¢ w. [ .
1 O yOodz® s mazifiE dlskzls Isj dzj Stsdgzdz’ € Oy' 2 dzd =
slw "dd. wetstew ' Ctsten! CSE B LS teC

E-mail:sakravchuk@ukr.rie

WIRELESS NETWORKS WITH THE POSSIBILITY OF RECONFIGURATION

The development of reconfigurable wireless networks is relevant for modern and future
wireless networks with support for cognition, virtualization, mobility and flexibility of user
traffic. In this case, special attention should be paid to the creation of esfficggnt network
management systems for new wireless networks.
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INCREASING THE EFFIC IENCY OF RADIO ACCESS NETWORKS
WITH A RADIO RESOURCE REDISTRIBUTION SYSTEM

The report discusses ways to improve the efficiency of cellular networks by redistributing
radio resources between technologies within a single frequency band. The main atqrdidn
to the problem of transmission of the head in the segemération networks and traffic
transmission in the fourtbeneration networks.
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BANDWIDTH REGULATION OF COOPERATIVE
DECENTRALIZED WIRELESS NETWORKS

This paper will consider the multg relay selection protocol for decentralized wireless
networks. Methods of relays location selection are considered. The purpose of this protocol is tc
demonstrate that improving connectivity and increasing number of relays reduce the throughpu
of coopeative decentralized wireless networks.
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DECENTRALIZED HANDOFF IN CELLULAR MOBILE
COMMUNICATION NETWORKS WITH CO GNITIVE TERMINALS

In this article we will talk about decentralized handoff in mobile cellular networks with
cognitive terminals. The concept of decentralized wireless networks and the main problem of
resource allocation are considered. The purpose otypes of transmission is to increase the
number of mobile users
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SCENARIOS FOR COUNTERACTING THE INFLUENCE
OF INTENTIONAL INTERFERENCE ON COMMUNICATION
CHANNELS OF UNMANNED AERIAL VEHICLES

This article presents scenarios for the impact of various types of intentional interference on
the UAV communication channel and qualitative estimates of the measured pasaBased
on the presented qualitative assessments, algorithms for detecting and counteracting th
influence of intentional interference on the UAV control channel can be built.
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CHARACTERISTICS OF INTENTIONAL JAMMING ACTING ON THE
COMMUNICATION CHANNEL OF AN UNMANNED AERIAL VEHICLE

This article presents the structure of the argation of electronic countermeasures to the
UAV communication channel, gives a characteristic of intentional interference that can affect the
UAV communication channel, and presents the results of testing the effect of such interference.
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BASIC TECHNOLOGIES FOR CREATING THE
ORBITAL CLOUD DATA STORAGE NETWORK

Technologies for the creation of a Satellite Cloud Data Storage Network in the
Geostationary Orbit are presented. The Network consists of Satellitead Data Centers, that
performthe functions of Data Centers directly in the orbital; and Higloughput Satellites,
which perform the function of collecting information from consumers and Gateways to access
the data network. For the Development of the Satellite Network, the techlesloigPhased
Array Systems, Softwardefined Radio, and Softwai®efined networks are used as basic.
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Introduction. Today, there are a large number of public andvgbe
institutions providing services in various spheres of social life. The demand for
such institutions depends on the efficiency of their functioning. It is for the
organizations involved in the fields of science and education that the efficiency of
functioning is of particular importance, because the quality of services they
provide depends on the future level of the state development and the life of its
citizens. That is why there are currently some gedgratcepted principles for
evaluating such oapizations. The process of such peer review is outlined and
approved in the relevant regulatory documents
[1, 2, 3].

Today there is a tendency to the development of artificial intelligence and
their penetration into any sphere of human life. Specialigeldniblogies based on
artifi-cial intelligence are used to develop information systems of various kinds and
pur-poses. Atrtificial intelligence technologies also offer a wide range for the
presentation of knowledge and data. Among the existing models ofldafgav
representation it is the ontological model that has acquired the greatest use
Presented study proposes to use the ontology as one of the models of knowledc
representation to organize-formation of scientific institutions for its structuring
and ystematization, as well as for its further processing and use.
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Ontology systenof scientific institutions information representatiomhe
functioning of scientific organizations is associated with certain specific features
that are not characteristic ofhatr types of institutions. For example, the important
indicators of the scientific process are as followthe number of publications,
citations, various scientific indexes and ratings, participation in international
projects and programs, completed stifentopics, trained specialists of different
gualification levels in different specialties and specializations, and more. That is
why the information produced during the operation of such institutions also reflects
all levels (aspects) of such functioginThis feature must be taken into account
when developing an ontological model. Also, several basic processes are involve
in the process of organization of scientific activity: organization of activity of
institution; definition of indicators by which is possible to identify the level of
performance of a certain type of activity in an institution; the existence of criteria
for evaluating such indicators by which it is possible to evaluate the achievement:
of the organization and to determine whethsraittivity meets the requirements;
organization of the institution's evaluation process itself.

Thus ontology system is a collection of several components (Fig. 1).

to carry out activities on the basis of- .
Documentation
te

site
/—_\A be an organizer
Location

will be held in

[ Student ][ Researcher ][ Teaching staff ]

be an author in

Fig. 1. Ontology system of scientific institutions information representation.

In the pocess of constructing an ontological model, there is a need to describe it
elements. The ontological model includes the following elements [4]:

Ontological model = <classes, attributes, relations, types of attribute values,
constraints on attribute vadis, instances of classes>,

where classes are elements of an ontological model that describe the concep
of a particular subject or problem area;

attributesi are elements of the ontological model that describe the properties
of concepts and relations;

relationsi are defined on classes, and display either the relations of classes
with each other or the relations of classes to data or attributes. There are relatior
of the following types:

Aassociative relation$ allow to perform meaningful searches thghuthe
ontology information space,
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Apartto-whole relations allow you to establish relations between classes at
the hierarchy level,

Ainheritance relations is used to pass attributes and relations from parent to
daughter,

Aclassdata relation$ allow to associate instances of concepts with class;

attribute value typesspecify standard types for class attribute values (for ex
ample: string, integer, real, date);

restrictions on the values of the attributes of concepts and relatisngsed
not for all attributes, but only for those whose values must lie in a certain area, the
can't be less/more than a given value or they are determined by a certain rule. Fc
exampl e, the wvalue of t he attribute
constrainedp T (date) = date F(uv) > 0);

class instances are an ontology element that displays specific domain data
that obey the structure of the ontological model.

In the course of the study, the described ontological model elements were
identi-fied for all ontolayies The process of detailing the elements of an ontology
IS an important step in designing a general dogocal model that will allow you
to set structures for further filling the ontology with domain information (instances
of classes).

An ontology for scientific institutions information representation was
developed using the yTTEDAOS environmenf5, 6]. During the construction of
the ontological model, 895 objects and 2837 data elements (attributes) were
createdIn Fig. 2. shows the lower level ombgy, which shows that the rating of
each employee, which is divided into three areas of activity, and each area of worl
is divided into groups of work by type.

Fig. 2. Lower level ontology

Each class of the developed ontology is described by a@sbuhich are
also set at the program level in the TEDAOS environment.
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