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ABSTRACT

The energydynamic method of Diagnostics of Electronic
Equipment Digital Devices is considered in the paper. It is
established the next. Energodynamic method allows to
determine the technical condition at the level of the digital
device as a component of the unit. The power bus and output
contacts digital device are used as a control point. The
diagnostic information is taken from the resistor, which is
connected to the power bus and is the value of the current of
the quasi-short-circuit pulses. Analog-digital device is used to
convert the diagnostic information from analog to digital
form. Depth of diagnosis — digital device, in some cases -
radio electronic component. Reference information is
recorded in the database (library). Equipment of the first
level, which implements this method, allows to achieve a
probability of correct diagnosis of 0.95. The limitation of the
method is to use it to diagnose digital device. The decision on
the technical condition is made on the basis of comparison of
the diagnostic information obtained at the control point with
the reference. Application of the method - to restore the
functionality of the digital device in the repair shops, i.e.,
after the failure of the digital device.

Key words : Energodynamic method, diagnostics, digital
device, electronic equipment

1. INTRODUCTION

The development of information technologies and principles
of construction of electronic equipment necessitates the
improvement of existing automated systems of technical
diagnostics, which will ensure the determination of the
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technical condition of digital devices to the nearest one at the
place of operation [1]-[5]. Digital devices are used in
electronic systems for various purposes: medicine [1]-[2],
[6]-[7] radio [5], [8]-[24], optoelectronic [4], [25]-[37], etc.

However, compliance with the requirements of maintaining a
sufficient level of reliability of digital devices, with limited
capabilities of repair bodies can not be performed without the
development of new methods based on modern principles of
diagnostic information processing.

Currently, existing diagnostic methods need improvement.
This is due to the fact that they require the use of a large
number of control points and diagnostic parameters when
diagnosing, which complicates the diagnostic equipment and
increases the time of monitoring the technical condition.
Obviously, there is a need to develop new methods for
diagnosing digital devices that automate the process of
monitoring the technical condition, provided that the
necessary reliability of control.

Therefore, the aim of the paper is to develop an
energy-dynamic method for diagnosing digital devices of
electronic equipment.

1.1 Problem analysis

The functions of technical diagnostics include determining
the technical condition, forecasting it, localization of faults,
monitoring of technical condition [3], [38]-[40]. To perform
these functions, it is necessary to ensure the receipt of the test
for the input of the circuits to be tested [3].
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In practice, the main attention is paid to the creation of fault
simulation programs and test sequence synthesis programs
for digital devices [3]. This is due to their relatively simple
functional saturation, which allows at the stage of production
control to detect a sufficiently large percentage of faults. In
order to simplify the procedure of control and diagnostics of a
digital device, various rules and restrictions are applied in
their design, the essence of which is to provide most digital
devices with the ability to build a test for the class of constant
faults with a detection rate of 90-100% and a search depth of
integrated circuits [1], [3].

To determine the technical condition of the digital device, it is
necessary to ensure the receipt of the test sequence at its input,
which is generated by the generator of the test sequence, so it
is important to build test tests. They are a test sequential
integrated circuit, upon receipt of which all digital radio
electronic component from the digital device will receive a
partial check test. The following algorithms are used for the
synthesis of test sequences.

1. Formation of test sets that correspond to a complete search
of binary combinations. The method of counting conversions,
the method of counting units, and so on. As a result of
application of similar algorithm so-called counter sequences
are generated.

2. Formation of random test sets with the required probable
integrated circuit of single and zero symbols on each input of
the digital circuit.

3. Formation of pseudo-random test sequences.

It is known that digital devices, which are divided into
combinational and serial integrated circuits, can be
considered as a deterministic automaton, and the output
signals they implement can be described by boolean functions
or functions of transitions and outputs [3], [41]. Combination
devices are characterized by the fact that the output signals
Y(t) depend on the values of the input signals X(t), i.e.
Y (t)=F[X(t)], where F is the output function of the
combination device [3].

The signals at the outputs of serial devices (devices with
memory) Y (t) at time t is determined not only by the value of
the signals X (t) received at the same time, but also by the
internal state S (t) in which the device was at the same time t,
ie, where is the output function digital device with memory

3.

If the input signals X(t) are independent random events, then
the model becomes a probable integrated circuit automaton
[3]. The random nature of the signals at any point digital
device suggests that the sequential integrated circuit at the
inputs of the i-th logic element with the probable integrated
circuit P chip are sets that provide a manifestation of any fault
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in the logic element. The set of integrated circuits of such sets
is called a partial verification test [1]-[2], [6]-[7]-

It is known [3]-[4], [18]-[20] that testing digital device is
based on the formation of test sequence, which come to their
input and allow you to detect a given set of their faults.

The classical methods include the deterministic method and
the method of random search [3]-[4], [18]-[20]. Ensuring the
conditions of the testing procedure involves the storage of test
sequences and reference initial reactions of the circuits to
their impact. The decision on the technical condition is made
on the basis of comparison of the received initial reactions
with reference, thus in case of conformity of the received
reactions of the scheme to the reference technical condition is
considered serviceable, in other cases faulty.

For a number of typical digital devices currently in
production, the classical approach requires significant time
both for the formation of test sequences and for the testing
procedure. In addition, large amounts of test information and
reference initial reactions suggest the presence of complex
equipment for conducting a test experiment. In this regard,
the cost and time required to implement the classical
approach, increase by more than the complexity of the digital
devices themselves. Therefore, based on the above, it is
proposed to use a pseudo-random test sequence to construct a
verification test [3]-[4].

The test sequence will be used to determine the technical
condition of the digital device by diagnostic tools in which the
methods of physical diagnosis are implemented. Given the
use of different test sequences for each of the methods of
physical diagnosis, it is important to build a test sequence and
use it for each of them. Given the initial data, which
determines the reliable integrated circuit diagnostics, which
is required, there is a problem of choosing the test sequence
before the diagnosis, the solution of which is implemented in
the work of integrated chips. In the complex using of physical
diagnosis methods, several test sequences will be used,
according to the methods chosen by the integrated chip [3].

2. MAIN MATERIAL

For clarity, we present a block diagram of a diagnostic device
that implements the energy-dynamic method shown in
Figure 1.

The diagnostic process begins with downloading to the
computer data about the digital device to be diagnosed. The
information about the digital device is specified through
dialog means. Then the requirements to the diagnostic
parameters are determined (operation control, abbreviated
check, full check, etc.). Then in the knowledge base the
analysis of the received information on the digital device, and
also that is is carried out, then rules of carrying out
diagnostics are formed.



Hennadii Khudov et al., International Journal of Emerging Trends in Engineering Research, 8(9), September 2020, 5681 — 5687

Based on the specified conditions, the control commands of
the information acquisition module are formed. For the block
of formation test sequence the algorithm of diagnosing, and
also sets of elementary test influences which represent
functionally finished sequences of commands is defined.
Elementary test effects are selected according to the
diagnostic algorithm defined in the knowledge base, based on
the specified conditions.

‘ Digital device ‘

‘ Switching Board ‘ Diagnostic device

1T

‘ Distribution device ‘

t t ! !

Block Stabilized Block Block
formation of controlled power conversion of || pulse selection
tests supply initial reactions

loay-to-digital
gy-to-dig
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formation of control commands ‘ Reconciliation device ‘
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‘ Common bus (interface) ‘
=

<L

‘ Diagnostic information processing module ‘

Figure 1: The block diagram of a diagnostic device that
implements the energy-dynamic method

One of the following methods is used to select the source data
[3]:

—a pre-prepared database, which contains optimized data
calculated for each type of digital device;

— directly from the computer in the process of diagnosis;

— a combined method, which involves the use of a database in
which the optimized data are recorded, as well as the
improvement and replenishment of this database due to the
time reserve provided in the diagnostic process.

During the operation there is an improvement and
replenishment of the database, as well as experts in this
subject area.

The number of elementary test effects is determined in the
block of knowledge, based on the specified parameters of
diagnosis, namely, probability and time. From the processing
module through the common bus control commands for
formation of the set test sequence arrive. The decryption unit
and the formation of control commands converts the received
code into a parallel command code of the control unit of the
test effects and the power supply.

The unit for the formation of test effects forms a test
sequential integrated circuit to check the technical condition
of the digital device and fault localization. The power supply
according to the control commands generates the appropriate
voltage to power the digital device. The choice of voltage level
depends on the type of digital device and the diagnostic task.

Diagnostic information is quasi-short-circuit current pulses
and initial reactions. The latter come to the conversion unit,
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where they are converted to a form suitable for further
processing and transfer to the processing model. At the same
time in the power bus digital device is the release of current
pulses quasi-short circuit.

The unit consists of a filter and an amplifier, which amplifies
the current pulses of the quasi-short circuit to the required
level, after which they are fed to a high-speed digital device,
in which they are converted from analogy to digital. Next,
through the matching device, the signal enters the processing
module. Digital signal processing is performed in order to
convert and analyse the received diagnostic information in
the frequency domain, after which a decision is made on the
technical condition of the digital device. Diagnostic
information enters the database of the processing module,
where it accumulates, and from the database it enters the
block of fuzzy inference, at this time this block receives
information from the knowledge base and values of
membership functions from the library of membership
functions. In this block there is a step-by-step comparison of
the parameters of the values of the obtained diagnostic
information with the standard for this type of digital device,
which is in the knowledge base, using the appropriate
membership functions.

After comparison with the standard in the relevant block, a
decision is made about the technical condition of the digital
device, which is tested, based on a fuzzy inference and display
of this information to the user. Based on this information,
from the knowledge base data are selected relevant situation
and sent to the knowledge base, where in the form of control
commands, they come to the unit of formation of the test
sequence. Therefore, the number of elementary test effects
and data sets, as well as the order of their passage may vary
depending on the obtained diagnostic information.

This solution eliminates some basic test effects for the reason
that the results of the obtained data eliminate the need for
them. As a result, this reduces the number of sets in the test
sequence, which in turn reduces the time of diagnosis.

The decision to use sequential execution of commands with
the current status analysis allows you to diagnose before
finding the first faulty component and further search for other
faulty components by excluding information about the
previously detected. On the basis of the received diagnostic
information and options of decision-making accumulated in
the knowledge base, the formation of new elementary test
effects is carried out.

If it is impossible to make an unambiguous decision, the user
by changing the type of membership function or current data
in the knowledge base or database can make changes to the
decision-making mechanism. In case the use of new data will
increase the probability of diagnosis, they will be entered into
the knowledge base and used in the future.
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The device consists of two parts — the module of removal and
the module of processing of the diagnostic information
[31-14], [18]-[20], [41]-[43]. The first is designed to obtain
diagnostic information and transmit it to the processing
module. It includes (Figure 1) the next.

The switching board is designed to switch test tests to
different digital devices, with each connector connected to a
switchgear.

The purpose of the switchgear is to switch the appropriate
connector of the switching board and match the digital device
with the unit for generating test sequences and the unit for
pulsing short-circuit current in the power bus, as well as
sending test sequences, connecting power from a stabilized
source. In addition, the distribution device provides the device
for processing diagnostic information of the received
reactions and parameters of the energy-dynamic process in
the power bus digital device.

The switchgear is designed to connect the appropriate
connector of the switching board and match the digital device
with the unit for generating test sequences and the unit for
pulse generation in the power bus, sending test codes,
connecting the voltage from a stabilized power supply, and for
transmitting information to the receiving device. initial
reactions and parameters of the energy-dynamic process in
the power bus digital device.

The unit for forming test sequences is designed to form a
given sequence of test effects and logic levels (depending on
the technology of manufacturing the element base digital
device) for diagnosing according to control commands.

The decryption unit and the formation of control commands is
designed to convert the code of commands received from the
operator from the diagnostic information processing unit, in
parallel command code of the test unit, distribution device
and software-controlled stabilized power supply.

The unit for converting initial reactions digital device is
designed to bring this diagnostic information to a form
convenient for further analysis (code conversion,
compression into a signature).

Software-controlled stabilized power supply is designed to
obtain stabilized supply voltages, which change according to
the law set by the control teams. Diagnosis digital device must
be carried out at least two levels of supply voltage: nominal, at
which all its components work stably; limit, at which the
working elements work steadily, and the inoperable (or those
that are in a pre-failure state) lose their working integrated
circuit and cause failure digital device.

The unit for selecting the image of the pulses in the power bus
digital device is designed to filter and select the method of
diagnostic information, amplifying the selected diagnostic
pulses to the appropriate level. Image - a set of sequences of
diagnostic information, formed by a switched logic element
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when performing a certain elementary test effect. The
isolation unit must have characteristics that allow you to emit
pulses with an amplitude of 100-1000 mV and a duration of
4-75 ns against the background of noise in the power bus.

The block of the analog-to-digital converter is intended for
conversion of an image of sequence of pulses of current of
quasi-short circuit from the analog form to digital, the
analog-to-digital converter has to be high-speed for the
purpose of qualitative conversion of signals.

Due to the average pulse short-circuit pulse duration, which
averages about 20 ns, an analog-to-digital converter with a
sampling rate of at least 1 GHz and a bit rate of at least 8 bits
and high-speed random access memory is required for
reliable pulse recognition and analysis.

The matching device is designed to convert diagnostic
information into a form convenient for transmission and
processing in the module for processing diagnostic
information.

The common bus (interface) is designed to connect the
capture module to the processing module, as well as to
transmit control commands from the processing module to
the digital device and transmit output reactions and
quasi-short-circuit pulses to the processing module.

The design and wiring diagram are determined by how the
unit is connected to the PC

5. CONCLUSION

This allows us to draw the following conclusions.

1. Energodynamic method allows to determine the technical
condition at the level of the digital device as a component of
the unit.

2. The power bus and output contacts digital device are used
as a control point. The diagnostic information is taken from
the resistor, which is connected to the power bus and is the
value of the current of the quasi-short-circuit pulses.

3. Analog-digital device is used to convert the diagnostic
information from analog to digital form.

4. Depth of diagnosis — digital device, in some cases - radio
electronic component.

5. Reference information is recorded in the database (library).
6. Equipment of the first level, which implements this
method, allows to achieve a probability of correct diagnosis of
0.95.

7. The limitation of the method is to use it to diagnose digital
device.

8. The decision on the technical condition is made on the
basis of comparison of the diagnostic information obtained at
the control point with the reference.

9. Application of the method - to restore the functionality of
the digital device in the repair shops, i.e., after the failure of
the digital device.
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The direction of further work is to compare the advantages
and disadvantages of energy-dynamic and other methods of
physical diagnosis, such as the energy-static method.

9. H. Khudov, A. Lykianchykov, D. Okipniak, O.Baranik,
O. Ovcharenko, and N. Shamrai The Small Air Objects
Detection Method on the Basis of Combination of
Single-position and Different Receipt of Signals,

REFERENCES International Journal of Emerging Trends in Engineering

1. B. Carmody 6 Common Types of Diagnostic Medical Research, Ne 8(8), 2020, pp.4463-4471. DOL:
Devices, URL: https://doi.org/10.30534/ijeter/2020/68882020.

https://Aww.verywellhealth.com/common-types-of-diagn 10.H. Khudov, 1. Khizhnyak, V. Koval, V. Maliuha,

A. Zvonko, V. Yunda, V. Nagachevskyi, and

. Roche

ostic-medical-equipment-2318211 (accessed 29 May
2020).

. Digital diagnosis: How your smartphone or wearable
device could forecast illness, URL:
https://theconversation.com/digital-diagnosis-how-your-s
martphone-or-wearable-device-could-forecast-illness-102
385 (accessed 22 October 2018).

. H. Khudov, V. Savran, O. Huk, R. Nanivskyi,
I. Khizhnyak, and Y. Solomonenko The Information
Technology for Building a Test Sequence to Control

the Technical Condition of Digital Devices,
International Journal of Advanced Trends in Computer
Science and Engineering, Vol.9. Ne4, 2020,
pp. 5987-5993. DOI:

https://doi.org/10.30534/ijatcse/2020/265942020.

. H.Khudov, S. Glukhov, V. Podlipaiev, V. Pavlii,
I. Khizhnyak, and 1. Yuzova The Multiscale Image
Processing Method from On-board Earth Remote
Sensing Systems Based on the Artificial Bee Colony
Algorithm, International Journal of Advanced Trends in
Computer Science and Engineering, Vol. 9. Ne 3, 2020,
pp. 2557-2562. DOI:
https://doi.org/10.30534/ijatcse/2020/11932020.

. H.Khudov, I. Khizhnyak, I.Yuzova, O. Baranik,
G. Semiv, S. Bondarenko, and O. Tytarenko. The
Optimization Technique for Joint Discrete Search and
Detection of Observation Objects, International
Journal of Emerging Trends in Engineering Research, Ne
8(2), 2020, pp. 533-538. DOI:
https://doi.org/10.30534/ijeter/2020/42822020.

. Device Software Functions Including Mobile Medical
Applications, URL:
https://www.fda.gov/medical-devices/digital-health/devic
e-software-functions-including-mobile-medical-applicati
ons (accessed 11 May 2019).

Digital Diagnostics, URL:
https://diagnostics.roche.com/global/en/products/product
-category/roche-digital-diagnostics0.html (accessed
17 August 2020).

. V. Lishchenko, H. Khudov, B. Lisogorsky, O. Baranik,
D. Holovniak, and O. Serdjuk The MIMO System on
Based Existing Mechanical Rotation Radars with
Wide Surveillance Area, in 2020 IEEE 40th
International  Conference on  Electronics and
Nanotechnology (ELNANO), 2020. P.625-628. DOI:
https://doi.org/10.1109/ELNANO.50318.2020.90887463

5685

11.

12.

13.

14.

15.

16.

17

V. Berezanskyi The Efficiency Estimation Method of
Joint Search and Detection of Objects for Surveillance
Technical Systems, International Journal of Emerging
Trends in Engineering Research, Vol. 8. Ne 3, 2020,

pp. 813-819.
M. lasechko, M. Kolmykov, V. Larin, S. Bazilo,
H. Lyashenko, P. Kravchenko, N. Polianova, and

I. Sharapa Criteria for performing breakthroughs in
the holes of radio electronic means under the influence
of electromagnetic radiation, ARPN Journal of
Engineering and Applied Sciences, Vol. 15. Ne 12, 2020,
pp. 1380-1384.

M. lasechko, N. Sachaniuk-Kavets’ka, V. Kostrytsia,
V. Nikitchenko, and S.lasechko The results of
simulation of the process of occurrence of damages to
the semiconductor elements under the influence of the
multi-frequency signals of short duration, Journal of
Critical Reviews, Vol. 7. Ne 12, 2020, pp. 109-112. DOI:
https://doi.org/10.31838/icr.07.13.18.

G.V.Khudov, Features of optimization of
two-alternative decisions by joint search and detection
of objects. Problemy Upravleniya 1 Informatiki
(Avtomatika), 2003, Ne 5, pp. 51-59.

V. Lishchenko, H. Khudov, V. Tiutiunnyk, V. Kuprii,
F. Zots, and G. Misiyuk. The Method of Increasing the
Detection Range of Unmanned Aerial Vehicles In
Multiradar Systems Based on Surveillance Radars, in
2019 IEEE 39th International Conference on Electronics
and Nanotechnology (ELNANO), 2019. P. 559-562. DOI:
https://doi.org/10.1109/ELNANO.2019.8783263.

H. Khudov, A. Zvonko, S. Kovalevskyi, V. Lishchenko,
and F. Zots. Method for the detection of smallsized air
objects by observational radars, Eastern-European
Journal of Enterprise Technologies, Ne 2/9 (92), 2018,

pp. 61-68. DOI:
https://doi.org/10.15587/1729-4061.2018.126509.
P. Shchypanskyi, V. Savchenko, O. Martyniuk, and

I. Kostiuk, Air Defense Planning from an Impact of a
Group of Unmanned Aerial Vehicles based on

Multi-Agent Modeling, International Journal of
Emerging Trends in Engineering Research, Vol. 8., Ne 4,
2020, pp. 7-12.
DOI: https://doi.org/10.30534/ijeter/2020/59842020.

. H. Khudov, S. Yarosh, V. Savran,  A. Zvonko,
A. Shcherba, P. Arkushenko The Technique of

Research on the Development of Radar Methods of
Small Air Objects Detection, International Journal of
Emerging Trends in Engineering Research, Vol. 8. Ne 7,



Hennadii Khudov et al., International Journal of Emerging Trends in Engineering Research, 8(9), September 2020, 5681 — 5687

18.

19.

20.

21.

22.

23.

24.

25.

2020, pp. 3708-3715.
https://doi.org/10.30534/ijeter/2020/132872020.
I. Ruban, H. Khudov, V. Lishchenko, A. Zvonko,
S. Glukhov, I. Khizhnyak, V. Maliuha, Y. Polonskyi,
R. Kushpeta, The Calculating Effectiveness Increasing
of Detecting Air Objects by Combining Surveillance
Radars into The Coherent System, International
Journal of Emerging Trends in Engineering Research,
Vol. 8., Ne 4, 2020, pp. 1295-1301. DOI:
https://doi.org/10.30534/ijeter/2020/58842020.

H. Khudov, A. Zvonko, 1. Khizhnyak, V. Shulezko,
V. Khlopiachyi, V. Chepurnyi, and |I. Yuzova. The
Synthesis of the Optimal Decision Rule for Detecting
an Object in a Joint Search and Detection of Objects
by the Criterion of Maximum Likelihood, International
Journal of Emerging Trends in Engineering Research,
Ne 8(2), 2020, pp. 520-524. DOI:
https://doi.org/10.30534/ijeter/2020/40822020.

H. Khudov, S. Glukhov, O. Maistrenko, A. Fedorov,
A. Andriienko, O. Koplik, The Method of ADS-B
Receiver Systems Synchronization Using MLAT
Technologies in the Course of Radar Control of Air
Environment, International Journal of Emerging Trends
in  Engineering Research, Vol.8. Ne5, 2020,
pp. 1946-1951. DOI:
https://doi.org/10.30534/ijeter/2020/78852020.

V. Lishchenko,  T. Kalimulin, I. Khizhnyak, and
H. Khudov, The method of the organization
coordinated work for air surveillance in MIMO radar,
Paper presented at the 2018 International Conference on
Information and Telecommunication Technologies and
Radio Electronics, UkrMiCo, 2018 — Proceeding.

DOl: https://doi.org/doi:10.1109/
UkrMiCo43733.2018.9047560.

H. Khudov, A. Fedorov, D. Holovniak, and G. Misiyuk.
Improving the Efficiency of Radar Control of Airspace
with the Multilateration System Use, in Intern.
Scient.-Pract. Conf. Problems of Infocommunications.
Science and Technology (PIC S&T), 2018, pp. 680-684.
DOI: https://doi.org/10.1109/infocommst.2018.8632141.
H. Khudov, V. Lishchenko, B. Lanetskii, V. Lukianchuk,
S. Stetsiv, and I. Kravchenko The coherent signals
processing method in the multiradar system of the
same type two-coordinate surveillance radars with
mechanical azimuthal rotation, International Journal of
Emerging Trends in Engineering Research, Vol. 8. Ne 6,
2020, pp. 2624-2630. DOI:
https://doi.org/10.30534/ijeter/2020/66862020.

H. Khudov, V. Lishchenko, H. Hyshko, Y. Polonskyi,
I. Khizhnyak, B. Riabukha, The MIMO Surveillance
Radars System with High Accuracy Finding 2D
Coordinates, International Journal of Emerging Trends
in  Engineering Research, Vol.8. Ne5, 2020,
pp. 2026-2030. DOI:
https://doi.org/10.30534/ijeter/2020/91852020.

I. Ruban, H. Khudov, O. Makoveichuk, I. Khizhnyak,
N. Lukova-Chuiko, G. Pevtsov, Y. Sheviakov, I. Yuzova,

DOl:

5686

26

27

28.

29

30.

31.

32.

.H. Khudov, L.

.H. Khudov,

Y. Drob, and O. Tytarenko, Method for determining
elements of urban infrastructure objects based on the
results from air monitoring, Eastern-European Journal
of Enterprise Technologies, Ne 4/9 (100), 2019, pp.
52-61. DOI:
https://doi.org/10.15587/1729-4061.2019.174576.
Ruban, O. Makoveichuk, H. Pevtsov,
V. Khudov, I. Khizhnyak, S. Fryz, V. Podlipaiev,
Y. Polonskyi, and R. Khudov. Development of methods
for determining the contours of objects for a complex
structured color image based on the ant colony
optimization  algorithm, Eureka: Physics and
Engineering, Nel, 2020, pp. 34-47. DOI:
https://doi.org/10.21303/2461-4262.2020.001108.

R. Khudov, I. Khizhnyak, V. Loza,
T. Kravets, S. Kibitkin Estimation of  the
Kullback-Leibler Divergence for Canny Edge
Detector of Optoelectronic Images Segmentation,
International Journal of Emerging Trends in Engineering
Research, Vol.8. Ne7, 2020, pp.3927-3934. DOI:
https://doi.org/10.30534/ijeter/2020/162872020.

I. Ruban, H. Khudov, O. Makoveychuk, I. Khizhnyak,
V. Khudov, and V. Lishchenko The model and the
method for forming a mosaic sustainable marker of
augmented reality. 2020 IEEE 15th Inter. Conf. on

Advanced Trends in Radioelectronics,
Telecommunications and  Engineering (TCSET),
February 2020.

https://doi.org/10.1109/TCSET49122.2020.235463.

.H. Khudov, S. Kovalevskyi, A. Irkha, V. Lishchenko,

O. Serdiuk and F.Zots, The Proposals for
Synchronization Positions of MIMO Radar System on
the Basis of Surveillance Radars, in Intern.
Scient.-Pract. Conf. Problems of Infocommunications.
Science and Technology (PIC S&T), 2019, pp. 547-551.
DOl:
https://doi.org/10.1109/PICST47496.2019.9061284.

I. Ruban, and H. Khudov, Advances in Spatio-Temporal
Segmentation of Visual Data, Chapter 2. Swarm
Method of Image Segmentation. Series Studies in
Computational Intelligence (SCI), Vol. 876. — Publisher
Springer, Cham, 2020. - P. 53-99.
DOl https://doi.org/10.1007/978-3-030-35480-0.

I. Ruban, H. Khudov, O. Makoveichuk, M. Chomik,
V. Khudov, I. Khizhnyak, V. Podlipaiev, Y. Sheviakov,
O. Baranik, and A. Irkha. Construction of methods for
determining the contours of objects on tonal aerospace
images based on the ant algorithms, Eastern-European
Journal of Enterprise Technologies, Ne 5/9 (101), 2019,
pp. 25-34.
https://doi.org/10.15587/1729-4061.2019.177817.

I. Ruban, V. Khudov, H. Khudov, and I. Khizhnyak An
Improved Method for Segmentation of a Multiscale
Sequence of Optoelectronic Images, in Intern.
Scient.-Pract. Conf. Problems of Infocommunications.
Science and Technology (PIC S&T), 2017, pp. 137-140.



Hennadii Khudov et al., International Journal of Emerging Trends in Engineering Research, 8(9), September 2020, 5681 — 5687

DOI: https://doi.org/10.1109/INFOCOMMST.2017.8246
367.

33.1. Ruban, O. Makoveichuk, V. Khudov,
I. Khizhnyak, H. Khudov, I. Yuzova, and Y. Drob. The
Method for Selecting the Urban Infrastructure
Objects Contours, in Intern. Scient.-Pract. Conf.
Problems of Infocommunications. Science and
Technology  (PIC S&T), 2019, pp. 689-693.
DOI: https://doi.org/10.1109/infocommst.2018.8632045.

34.H. Khudov, O. Makoveychuk, I. Khizhnyak, 1. Yuzova ,

A. Irkha, and V. Khudov. The Mosaic Sustainable

Marker Model for Augmented Reality Systems,

International Journal of Advanced Trends in Computer

Science and Engineering, Vol.9. Nel, 2020, pp.

637-642.

DOI: https://doi.org/10.30534/ijatcse/2020/89912020.

I. Ruban, H. Khudov, V.Khudov, I.Khizhnyak, and

O. Makoveichuk. Segmentation of the images obtained

from onboard optoelectronic surveillance systems by

the evolutionary method, Eastern-European Journal of

Enterprise Technologies, Ne 5/9 (89), 2017, pp. 49-57.

DOI: https://doi.org/10.15587/1729-4061.2017.109904.

I. Ruban, V. Khudov, O. Makoveichuk, H. Khudov, and

I. Khizhnyak. A Swarm Method for Segmentation of

Images Obtained from On-Board Optoelectronic

Surveillance Systems, in Intern. Scient.-Pract. Conf.

Problems of Infocommunications. Science and

Technology  (PIC S&T), 2018, pp. 613-618.

DOI: https://doi.org/10.1109/infocommst.2018.8632045.

I. Ruban, H. Khudov, O. Makoveichuk, I. Khizhnyak,

V. Khudov, V. Podlipaiev, V. Shumeiko, O. Atrasevych,

A. Nikitin, and R. Khudov. Segmentation of

opticalelectronic images from on-board systems of

remote sensing of the Earth by the artificial bee colony
method, Eastern-European Journal of Enterprise

Technologies, Ne 2/9 (98), 2019, pp. 37-45. DOI:

https://doi.org/10.15587/1729-4061.2019.161860.

V. Lishchenko, V. Chaliy, H. Khudov, and A. Zvonko.

Proposals for [Improving of Air Surveillance

Informativity in MIMO Radar Systems Based on

Two-Dimensional Radars, in Intern. Scient.-Pract.

Conf. Problems of Infocommunications. Science and

35.

36.

37.

38.

Technology (PIC S&T), 2018, pp. 153-156. DOI:
https://doi.org/10.1109/infocommst.2018.8632052.
39.H. Khudov, I. Khizhnyak, F. Zots, G. Misiyuk, and

O. Serdiuk. The Bayes Rule of Decision Making in
Joint Optimization of Search and Detection of Objects
in Technical Systems, IJETER, Ne 8(1), 2020, pp. 7-12.
DOI: https://doi.org/10.30534/ijeter/2020/02812020.

O. Barabash, N. Dakhno, H. Shevchenko, and T. Majsak
Dynamic Models of Decision Support Systems for
Controlling UAV by Two-Step Variational-Gradient
Method, Proceedings of 2017 IEEE 4th International
Conference “Actual Problems of Unmanned Aerial
Vehicles Developments (APUAVD)”, October 17-19,
2017, Kyiv, Ukraine. pp. 108-111.
DOl:https://doi.org/10.1109/APUAVD.2017.8308787

40.

5687

41.H. Khudov, A. Fedorov, D. Holovniak, and G. Misiyuk,
Method of Radar Adjustment with Automatic
Dependent Surveillance Technology Use, in Intern.
Scient.-Pract. Conf. Problems of Infocommunications.
Science and Technology (PIC S&T), 2019, pp. 402-406.
DOI:https://doi.org/10.1109/PICST47496.2019.9061245
V. Tarshyn, A. Tantsiura, Y. Kozhushko, V. Vasylyshyn,
V. Mosharenkov, and Y. Tarshyna The Objects
Detection Increasing Probability Method on
Integrated Images of the Sight Surface in Difficult
Observation Conditions, International Journal of
Emerging Trends in Engineering Research, Ne 8(8), 2020,
pp. 4659-4665. DOI:
https://doi.org/10.30534/ijeter/2020/99882020.

V. Savchenko, H. Haidur, S. Gakhov, S.Lehominova,
T. Muzshanova, and I. Novikova Model of Control in a
UAYV Group for Hidden Transmitters Detection on the
Basis of Local Self-Organization, International Journal
of Advanced Trends in Computer Science and
Engineering, Vol. 9. Ne 4, 2020, pp. 6167-6174. DOI:
https://doi.org/10.30534/ijatcse/2020/291942020.

42,

43.



