ISSN 1563-0315; elSSN 2663-2276 Recent Contributions to Physics. Ne3 (82). 2022 https://bph.kaznu.kz

IRSTI 49.43.31 https://doi.org/10.26577/RCPh.2022.v82.i3.10

Y.A. Daineko ® , M.T. Ipalakova ® , A.Z. Aitmagambetov ® , A.E. Kulakayeva ® ,
B.A. Kozhakhmetova® ® , D.D. Tsoy ®

International Information Technologies University, Kazakhstan, Almaty
*e-mail: kozhahmetova.ba@gmail.com

DEVELOPMENT OF A DIGITAL EDUCATIONAL PLATFORM
FOR STUDYING RADIO ENGINEERING COURSES

The main tasks solved with the help of a digital educational platform with interactive learning
opportunities are a remote process of obtaining knowledge, providing permanent access to educational
materials, and monitoring the level of students’ performance. This paper considers the development of a
digital educational platform for the remote study of modern Ultra high frequency (UHF) and Extremely high
frequency (EHF) radio systems. The architecture of the developed platform is a client-server. The server part
includes a database of collected laboratory results, and the client part is responsible for displaying and
outputting the necessary information. The list of virtual labs that are part of the educational platform, as well
as devices and measuring instruments used in the virtual laboratory is presented. An example of a lab with
remote access implemented using the Unity 3D application development tool is given. This digital educational
platform will be used by students of the «Radio Engineering, Electronics and Telecommunications»
educational program to study radio engineering courses. It is shown that the use of virtual laboratory work in
the educational process can replace real expensive equipment, as well as consolidate practical skills in training.

Keywords: digital educational platform, virtual laboratory, satellite radio monitoring, remote access,
client-server architecture, Unity3D, Leap Motion.
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PagvoTexHunKanblK NaHAepAi 3epTTeyre apHanfaH UMdpbiK
6inim 6epy nnatpopmacoiH asipney

NHTepaKTUBTI OKbITY MyMKIHAIKTepi 6ap umbpabik 6inim 6epy nnatdopmacbiHbIH KOMEriMeH LeLineTiH
Herisri miHOeTTep 6iniM anyAblH, KallblKTaH NPOLECi, OKYy MaTepuaniapbiHa TypaKTbl KOKETIMAINIKTI
KaMTaMacbl3 €Ty KoHe OKyLUblNapAblH yarepim aeHreniH 6akblnay 6onbin Tabbinadbl. byn KymbicTa aca
OFapbl KNiNikTi (AMIK) KoHe eTe Kofapbl XKMiNikTi (BXMK) AnanasoHAapbIHbIH 3aMaHayn paamnoKynenepi
KALWbIKTbIKTAH 3epTTeyre apHanfaH undpabik 6inim 6epy nnatdopmacsiH a3ipney KapacTblpblafaH. O3ipaeHreH
nNaTGOPMaHbIH, apXUTEKTYpPackl — KneHT-cepaep. Cepsep Beniri KMHaNFaH 3epTXaHabIK HITUKeNep Typaibl
ManimeTTep 6azacblH KaMTUAbI, an KAMEHT Beniri KaXKeTTi aknapaTTbl KOPCETYre KaHe LWblfapyFa ayan bepesi.
Binim 6epy nnatdopmachiHbiH, KypambliHa KipeTiH BUPTYyanabl 3epTXaHasblK HKYMbICTapblH Ti3iMi, COHAaM-aK,
BMPTyanabl 3epTxaHaZa KOALAHbLINATbIH KYpPbIFblIAp MeH esley Kypangapbl ycbiHbiaFaH. Unity 3D
KOCbIMLLUAIAPbIH 33ipaey KypasblH KOMAaHa OTbIPbIM, KALWbIKTAH KO KETIMAINIKNEH 3epTXaHabIK ¥ YMbICTbI
’Ky3ere acblpyAblH MbiCanbl KeNTipinreH. byn undpnbik 6inim bepy naathopmackiH XanbiKkapasblK aknapaTTbiK,
TEXHONOTMANAP YHUBEPCUTETIHIH paanoTeXHMKAbIK NaHAEPAI OKY npoLueciHae «PaanoTexHuKa, 31eKTPOHMKa
OHEe TeNleKoOMMyHUKaumsanap» binim bepy HafaapnamacbiHbiH, CTyAeHTTepi NaganaHaabl. OKy npoueciHae
BMPTYandbl 3epTXaHajiblK KYMbICTapAbl KOANA3HY HaKTbl KbiMOaT KabAaplKTbl aybICTblpyfa, COHAAM-aK,
OKbITYlafbl NPAKTUKANbIK AafablNapabl OeKiTyre MymMKiHAIK BepeTiHi KepceTinreH.

TyliH ce3aep: undpnbik 6inim 6epy nnatdopmacsl, BUPTYanabl 3epTXaHa, CIYTHUKTIK PaAMOMOHUTOPUHT,
KalUbIKTaH KO/ KeTKi3y, KIneHT-cepBep apxutekTypacsl, Unity3D, Leap Motion.
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Development of a digital educational platform for studying radio engineering courses
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*e-mail: kozhahmetova.ba@gmail.com

PaspaboTka umdppoBoit obpaszosaTenbHom NnaTdopMbI
ANA U3y4eHUA PagNOTEXHUYECKUX ANCLUMNANH

OCHOBHbIMKW  33Zl@a4aMK, pellaeMbiMM C MNMOMOLBIO  UMPpoBOM 0bpasoBaTesbHOM NaaTGopMbl C
MHTEPAKTUBHbIMM BO3MOMHOCTAMM 0By4YeHUs, ABNAIOTCA AMCTAHLUMOHHbLIA MPOLECC MNOMYYEHUA 3HAHWMA,
obecneyeHme NOCTOAHHOMO A0CTYNa K y4ebHbIM MaTepmanam, KOHTPO/Ib YPOBHA YCNEeBAEeMOCTM 0DyYatoLLIMXCS.
B naHHoM paboTte paccmoTpeHa pa3paboTka umbpoBoi o6pasoBaTe/lbHOM NAATPOPMbl A8 ANCTAHLUMOHHOMO
N3YYEHWNA COBPEMEHHbIX PaANOCUCTEM CBEPXBbLICOKMUX YacTOTHbIX (CBY) M KpaliHe BbICOKMX YacTOTHbIX (KBY)
OMana3oHoB. ApxUTeKTypa pa3pabaTtbiBaeMol nNaaThopmbl — KaneHT-cepsep. CepBepHas 4acTb BKAKOYAET B
ceba 6asy AaHHbIX cobpaHHbIX pe3ynbTaToB AabopaTopHbiXx pPaboT, a KAMEeHTCKasa 4YacTb OTBevyaeT 3a
oTobpaxeHue u BblBoA, Heobxoaumon nHdopmaumn. MpeactaBaeH nepedveHb BUPTYasbHbIX 1ab0pPaTOPHbIX
paboT, BXOAALWMX B COCTaB 0Opa30BaTe/IbHOM NAaTGOPMbI, @ TaKKe YCTPOMCTBa U U3MepuTesbHble NPUbopbI,
Mcrnoab3yemble B BMPTya/ibHOM nabopatopun. MNpueedeH npumep peannsaumm nabopaTtopHoir paboTbl C
YAaNeHHbIM [AOCTYNOM, BbINOJHEHHOM C MOMOLLBIO MHCTPYMEeHTa pa3paboTtku 3D npunosxkennin Unity 3D.
HaHHana undpoBas obpasosBaTesibHaa naatpopma byaeT MCNoab30BaHa CTyAeHTaMu 06pa3oBaTesibHOM
nporpammbl «PagnMoTexHWKa, 3N1EKTPOHMKA U TeIEKOMMYHMKaLUMM» B NpoLLecce U3y4eHUsa paanmoTexHNYecKux
OMCUMMANH. TloKa3aHO, 4YTO MCMO/b30BaHWe BUPTYasbHbIX fabopaTopHbIX paboT B ydyebHOM npoLecce
MO3BO/INT 3aMEHUTb PeasibHoe JoporocTosllee 0b60pyA0BaHNE, @ TaKKe 3aKPENUTb NPAKTUYECKME HaBbIKM B

obyyeHum.

KnioueBble cnoBa: umdposas obpasosatenbHas naatdopma, BUPTyanbHas 1abopaTopus, CNyTHUKOBLIN
PaaMOMaHWUTOPUHS, YAaNeHHbIA AOCTYN, apXUTEKTYpa KaneHT-cepeep, Unity3D, Leap Motion.

Introduction

Today, we witness the active introduction of
modern digital technologies in the field of education,
one of the main reasons for which is the transition to
distance learning due to the global COVID 19
pandemic. Virtual laboratory work, virtual textbooks,
online courses, as well as digital educational
platforms that allow students to acquire the necessary
skills and abilities remotely via the Internet are
increasingly used in the educational process.

The main tasks solved with the help of a digital
educational platform with interactive learning
opportunities are a remote process of obtaining
knowledge, providing permanent access to
educational materials, and monitoring the level of
students’ performance. The most popular free
educational platforms or learning management
systems (LMS) for organizing the learning process
are Moodle and Google Classroom.

The Moodle platform is used in many higher
education institutions. The main advantages of this
platform include its convenience, open-source code
for creating additional extensions, access to a mobile
application, the ability to conduct performance
analytics, and others. Among its shortcomings, one
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can single out the use of large computing resources
by the platform, which leads to additional costs.

The Google Classroom platform is also one of
the most popular LMS. The advantages of Google
Classroom are the easy registration and the user-
friendly interface, but the disadvantage is that only
Google tools are used within the platform.

From the distance learning perspective, virtual
work performed remotely is of practical interest. Such
virtual labs can be implemented both as a web
application and as a client-server architecture using
the thin client approach on the user side, in which a
small application that is not demanding on computing
resources is installed and executed on the user side.
At the same time, if the simulated instruments and
devices have an “appearance” similar to their “real”
counterparts and provide access to “real” controls,
this will be an undoubted advantage of these systems.

Virtual labs created using various graphical
integrated development environments allow students
to fully master the studied material and consolidate
practical skills in the studied area, as well as replace
real expensive equipment. Interactive laboratories are
widely used in universities of different countries [1-
4].

Comprehensive laboratory work, including the
implementation of remote and real experiments,
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experiments with a computer-aided design system, as
well as further work on the design and manufacture
of high-frequency filters, is presented in the paper [5].
Remote labs for the study of radio frequency
experiments are carried out in the European Remote
Radio Laboratory (ERRL). These experiments allow
you to measure parameters such as return loss,
standing wave ratio, signal power, and impedances.
With the help of remote experiments, students gain
knowledge in the field of electromagnetic wave
propagation, analytical and graphical methods used in
the derivation of formulas for microwaves and
develop the ability to establish correlations between
physical phenomena and handle highly complex
measuring instruments (for example, a vector
analyzer).

The authors in the article [6] present a virtual
tutorial on the calculation of radio-electronic
coverage “RADIOGIS”. The program contains
various practical exercises that allow students to
acquire knowledge related to the planning of radio
communication systems. Such types of calculations
as radio link budget calculation, network coverage
calculation, network coverage optimization in radio
communication systems, etc. are given. A feature of
the program is that it is based on GIS technology,
which allows students to familiarize themselves and
strengthen their knowledge in this area. Radio signal
propagation models for calculating network coverage
were implemented in C++,

The development of a virtual lab for the study of
Fresnel zones and radio wave diffraction is described
in the work [7]. It was made using the Moodle
platform and the Labrick virtual lab framework.

The implementation of training within a virtual
laboratory, which includes the use of video games,
multimedia content and virtual simulations, is
presented in [8]. The virtual laboratory work is
intended to study the problem of planning wireless
networks and improve students' knowledge in the
field of key concepts of wireless networks.

Method and methodology

The educational platform for studying radio
engineering courses

The purpose of this work is to develop a digital
educational platform for the study of radio
engineering courses.

The development of an educational platform
implies the implementation of many different
functions: registration, authorization, uploading and
downloading  data, displaying information,
performing virtual labs, etc. All this implies data

management, which is impossible without a database.
Therefore, when designing the application, much
attention was paid to the development of data storage
logic, determining the necessary entities,
relationships between them, and access control. The
types of user roles are also defined: an administrator,
a teacher, and a student. The access levels and the
number of available functions change depending on
the user role.

For the platform to be available on the local
network, it is planned to deploy it on a server and
define access depending on the user role. The
architecture of the project is client-server. This means
that, depending on the functions, the load is
distributed between two types of devices: a client
requesting services and a server providing services.
After placing the platform on the local network, it is
planned to test it, fix weaknesses, and improve
functionality. This approach allows checking the
implementation of the project without high risks. As
a result, it is planned to deploy the system on the
global Internet. Figure 1 shows a screenshot of the
educational platform for studying radio engineering
courses.

The educational platform contains such types of
virtual labs on the study of SHF and EHF devices as:
— study of a reflector antenna for a satellite

communication system;

— study of the waveguide filter;

— study of microstrip resonator;

— study of coaxial-waveguide transition;

— study of the transistor amplifier;

— study of the radio monitoring process of the
radio emission source;

— study of the main parameters of the Earth
station of satellite communications.

The parameters in the virtual labs are measured using
such instruments as:

— vector network analyzer ZVA-40;

— vector network analyzer E8363B PNA
Network Analyzer;

— digital oscilloscope RTC1000;

— spectrum analyzer FPC1500.

Also, the signal generator SMC 100A can be
used in virtual laboratory work.

When constructing models of SHF devices,
analytical calculations were used or their computer
models were created, which were built based on
numerical results obtained using the CST Microwave
Studio software. A distinctive feature of the
development is the interface of virtual instruments,
which exactly copies the appearance of real devices.

73



ISSN 1563-0315; elSSN 2663-2276

KNOW.EDU

M

Bce nonbzosatenu

Recent Contributions to Physics. Ne3 (82). 2022

https://bph.kaznu.kz

o

O loGianscrs DoresssTans

Mo

]

=0

Eﬁaﬁﬁa

Mywrrcasesrers =

Sersecw € L a0 8 3 8 yeneced

Figure 1 — Screenshot of the educational platform for studying radio engineering courses

Mirror antenna for a satellite communication
system

This device consists of a mirror and a waveguide
horn of a rectangular or circular cross-section that
irradiates the mirror. The calculation of the
electrodynamic characteristics (modulus of reflection
coefficient |S11| and voltage standing wave ratio
(VSWR)) of reflector antennas with different feeds
was carried out using numerical simulation programs.
The user interface of the reflector antenna model is
shown in Figure 2. It can be seen from the figure that
the user can select the type of feeds (horns) and
frequency range. Such a construction of the model
makes it possible to add, for example, the possibility
of changing the geometric dimensions of the antenna
itself without any special modifications to the
software.
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Figure 2 — The user interface
of a reflector antenna model

Waveguide filter

In the modern UHF and EHF technology,
various waveguide filters are widely used. These
devices are manufactured not only based on classical
rectangular waveguides but also using waveguides of
complex cross-sections, which have a number of
advantages. In this work, two different filter models
were created: a filter on a rectangular waveguide and
a filter on an H-waveguide. The user interface of the
bandpass filter model is shown in Figure 3.

"o

4

Figure 3 — The user interface of a rectangular
waveguide filter model

The user can change the depth of immersion of
the pins in the waveguide. In this case, the
corresponding values are selected from the binary
data set in real-time, the necessary approximating
polynomials are constructed, and the obtained
amplitude-frequency characteristic of the filter is
displayed on the screen of the cathode-ray tube of the
indicator unit. After that, the user can make all the
necessary measurements (bandwidth, loss, etc.).
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Microstrip resonator

A microstrip resonator is a segment of a
waveguide with a dielectric substrate on which three
metal conductors are located. The user interface of the
microstrip resonator (Figure 4) allows you to change
the length and width of the middle conductor. After
the user changes the dimensions of the resonator, the
required set of S-parameters is selected from the
binary file, which is processed accordingly and
transferred to the measuring device for display.

Figure 4 — The user interface of the microstrip
resonator model

Satellite radio monitoring of the source of radio
emission

The development of a model for the process of
radio monitoring of a radio emission source was
carried out on the basis of such publications of the
International Telecommunication Union (ITU) as the
Radio Regulations, radio monitoring handbooks,
ITU-R recommendations, reports on regulating the
use of the radio frequency spectrum and satellite
orbits. To develop this laboratory work, the most
important points were identified to understand the
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principle of operation of a radio monitoring system
based on a small spacecraft (SSC). In addition to the
computational part, visualization also turned out to be
an important component, since it is a demonstration
of the radio monitoring process that allows you to
determine the radio emission sources (RES) [9].

As a result, a scene template was created (Figure
5), consistent with the lab procedure.

Thus, the work consists of two elements that are
important for the user and his understanding of the
operation of the system: observation of ground-based
RES and SSC, and performing calculations. The first
was implemented using 3D models of the SSC and
the Earth, corresponding to reality. And the second
one is implemented thanks to the calculation
algorithm inside the virtual lab. It was divided into
three stages:

— power calculation;

— latitude calculation;

— longitude calculation.

The application logic was written in C#. There
are three main classes inside the scene: UlController,
SceneLogicController and CalculationsController.
The first script UlController is responsible for
controlling the wuser interface, the second -
CalculationsController implements all the required
calculations; the third — SceneLogicController
controls the behaviour of the scene elements: the
Earth, the SSC, the RES system, as well as the
interaction between them and the Ul.

Thus, the lab was carried out, which made it
possible to study the principles of operation of the
radio monitoring system. The process of developing
the virtual lab for studying the operation of a radio
monitoring system is given.

Figure 5 — The scene template
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The execution of these calculations is consistent
and follows the order of the lab. This approach allows
focusing the user's attention because the transition to
each subsequent step implies the implementation of
the previous one: the longitude calculation is
impossible without power and latitude calculation at
the program level [10].

The application logic was written in C#. There
are three main classes inside the scene: UlController,
ScenelLogicController and CalculationsController.
The first script UlController is responsible for
controlling the wuser interface, the second -
CalculationsController implements all the required
calculations; the third — ScenelLogicController
controls the behaviour of the scene elements: the
Earth, the SSC, the RES system, as well as the
interaction between them and the Ul.

Thus, the lab was carried out, which made it
possible to study the principles of operation of the
radio monitoring system. The process of developing
the virtual lab for studying the operation of a radio
monitoring system is given.
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Figure 6 — The lab scene
A virtual model of the measuring device

Let us consider the simulation of a measuring
device with remote access using the ZVA 40 vector
network analyzer as an example of one of the market
leaders in measuring equipment from Rohde &
Schwarz. All its functionality is implemented by two
methods: with and without redrawing the
characteristics of the device being studied on the
device screen, i.e. with or without requesting data
from the connected device. The process of interaction
of various parts of the device models included in the
lab “Filter on a rectangular waveguide” is
schematically shown in Figure 7.

Server

Vector circuit analyzer

The user
interacts
with
the model

...........

Processing of the
measuring device
request

' A
Data
exchange -..

Device ;
Interface  F--------'

iy

Waveguide filter

y
mjssing the
»(request of the device

under study

The user
works with
1 the device
through the Ul

Figure 7 — The interaction of the models of the devices in the virtual lab
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It can be seen from the figure that if it is
necessary to redraw the characteristics of the device
being studied (for example, the user has changed the
displayed frequency range or the displayed
parameters), the server is requested for the required
data, i.e. the database is accessed, which stores the
necessary S-parameters of the device under study. In
this case, we adhere to certain rules: the client sends
a request to the server and waits for a response, which
contains a set of necessary S-parameters to build the
frequency response of the device. After receiving and
processing it, a special array is created, the index of
which is the frequency value belonging to the
specified sweep range. It is this array that is used
further by all internal methods of the created class
“Vector Network Analyzer”.

It can be seen that only the module that
implements the user interface should be located on
the client side, i.e. which handles pressing buttons,
determines which one is pressed and, if necessary,
sends a request to the server. And the server
component, at the request of the client, must return
the data it needs for processing.

Obviously, data exchange between different
parts of devices (between client and server) is
possible only within a strictly defined interaction
protocol.

Recent Contributions to Physics. Ne3 (82). 2022
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An example of the remote access lab

Let us consider an example of the remote lab
implementation. The Unity 3D package was chosen
as a development tool, which is distinguished by easy
integration of various libraries, the ability to develop
applications for any platform (mobile devices, PC,
web), a user-friendly interface and a wide range of
tools. There are also many additional modules that
allow you to implement a variety of systems and
facilitate the work on the project and its further use.
With the help of this package, modules of the client
and server parts, data management and interaction of
instruments and devices with each other were
implemented.

The client part consists of a user interface
(Figure 8) and displays the information on the device
screen, including redrawing the frequency response
of the device and the operating modes of the vector
network analyzer. The server stores data about users
and the main part of the software package. On the
user's device, after authorization, a copy of the
module he or she needs is created, which avoids code
duplication.

==

: fe.a‘. -'h‘ﬂ?’:’:‘} i
9 i t;;ii'

[

Figure 8 — The computer 3D interface of the virtual lab

The user menu and the control of the device in
the developed digital educational platform are
available in virtual reality mode using the Leap
Motion controller, and Oculus Rift virtual reality
helmet. Oculus Rift immerses the user in a virtual
environment and, together with the Leap Motion
controller, implements a “real” operation mode on
devices. The Oculus and Leap Motion modules are
fully compatible with the selected Unity engine and

with each other, so they can be easily imported into
the project being developed, which greatly reduces
and facilitates the work on the cross-platform
application.

Conclusion

Thus, in this work, the digital educational
platform for the study of radio engineering courses
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has been developed. Models of devices and Acknowledgement
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