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SYSTEM FOR DETECTION AND IDENTIFICATION OF POTENTIALLY
EXPLOSIVE OBJECTS IN OPEN AREA

The subject of this research is the methods, means and systems for detecting potentially dangerous military objects in open terrain.
The purpose of the study is to develop a system for the detection and identification of potentially explosive military objects using an
unmanned aerial vehicle (drone), which includes a system for detecting an explosive object using a metal detector with the technology
of adjusting the flight height and the detection method using a thermal imager. To achieve the goal, the following tasks were solved: a
review and analysis of modern methods and systems for the detection and identification of potentially explosive military objects was
carried out, the classification of identifiable explosive objects was determined, system components were selected, a structural diagram
and an algorithm of the software control tool were developed system of identification of potentially explosive objects in an open area,
a software tool for detection and identification of potentially explosive objects in an open area was created. The following methods
are used in the work: the mathematical method of constructing cartographic grids, the method of recording infrared radiation, the
method of eddy currents, methods and means of data collection and processing. The following results were obtained: the components
of the system were selected, the structure, diagram and algorithm of the software tool for the identification of potentially explosive
objects in the open area were developed, and the corresponding software was created. Conclusions: the application of the proposed
system makes it possible to increase the accuracy of finding or the absence of a potentially explosive object in a certain area due to the
use of two methods of detecting potentially explosive objects at once, and provides the opportunity to identify a sufficiently wide
range of objects. The developed system is safe, as it is controlled by an operator who is at a safe distance, allows you to get special
maps with terrain markings with information about the possible presence of potentially explosive objects in certain areas of the terrain
and, in general, maps of metal detector and thermal imager signals.

Keywords: explosive object; mine; detection and identification system; drone; thermal imager; metal detector.

Introduction

Today, in the difficult conditions of martial law for
Ukraine, it is important to preserve the lives and health of
citizens who are returning to the territories that were under
temporary occupation. Explosive military facilities pose a
great threat. According to the spokesperson of the
Ministry of Internal Affairs of Ukraine Alyona Matveeva
the most common cases of injury and death of civilians
from explosive objects are explosions of automobile and
agricultural transport on anti-tank mines; on unpaved
roads and fields, also explosions in forest belts and green
zone on anti-personnel mines; and — explosions as a result
of careless handling of ammunition found in areas of
military operations by citizens. The problem also arises
where farmland is cultivated — often agricultural
machinery collides with mines, resulting in various
emergency events.

In today's realities, the population of Ukraine is
increasingly faced with the need for careful compliance
with certain safety rules for many objects: industrial
facilities, pyrotechnics, household chemicals, energy, etc.
At first glance, simple things can become very dangerous
to life and health. Such things include potentially
explosive objects.

Most objects do not need special knowledge for
identification because they have special stickers,
inscriptions and markings that identify the object as
explosive. However, there are explosive objects that do
not have special markings and can be intentionally
concealed to cause greater harm to the life and health of
the person who finds them. These are military explosive
objects. Therefore, the problem of detecting and
identifying potentially explosive objects in open areas,
especially where the most fierce hostilities took place, is
an urgent task.

Open areas outside cities pose a great danger. For
example, many explosive objects can be hidden in fields
and plains: unexploded mines, shells, abandoned
ammunition, etc.

In order to identify and neutralize such objects,
mankind creates more efficient and safer automated
systems.

Analysis of recent research and publications.

Demining involves a comprehensive approach to the
entire area where combat operations have taken place and
includes a survey of the entire area, identifying areas of
concern, identifying areas with mines and explosive
remnants, and clearing them. After humanitarian
demining, the terrain becomes fully suitable for civilian
use.

In the scientific literature, considerable attention has
been paid to the training of demining specialists [1], the
technology of mine clearance [2, 3]. The problems of
humanitarian demining in their works covered Bevz A.M.,
Tolkunov 1.0O. [4], Govduk A.V., and Polotay O.l. [5].
The issue of mine safety training of the population in the
scientific literature is still unexplored.

Taking into account the rapid development of
robotics in the sphere of the considered activity, mine
clearance works have gained popularity [6 - 8]. There is a
robot for observation and work on explosive objects (EO)
tEODor and a series of robots Telemax. TEODor. It is
considered a large demolition robot for police and military
purposes. Its approximate cost is $750,000. It can be used
universally as a basic tool for tasking, threat prevention,
firefighting or industrial applications. Its strong arm and
extremely high reliability make it the No. 1 choice for the
most dangerous and difficult tasks around the world
[9 - 13]. The Telemax series of robots includesTelemax
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4x4, Pro, Hybrid, Plus, Recce. Works from telemax series
have different types of chassis and manipulators; they are
specialized for individual tasks and can be used
universally.All  (except telemax RECCE) have a
manipulator with Point Center Control tool for gripping
objects with tongues, a tool magazine with automatic tool
change and countless pre-programmed motion sequences.
A wide range of accessories suitable for all telemax robots
allows adaptation to a wide range of applications and
specific tasks. Telemax 4x4: the wheeled version with a
wide wheelbase and 4x4 drive for fast tasks on difficult
terrain or loose ground. Telemax HYBRID, PRO and
PLUS are similar models, characterized by the
combination of the arm and different size of the "body" of
the robot. Telemax RECCE is a compact and powerful
reconnaissance system without a robot arm, which
provides detailed information about the location of the
necessary objects, especially when combined with a
module creating 3D maps of the area. The most popular of
the Telemax series of robots in "demining work™ is
Telemax PRO. Unlike the tEODor robot, Telemax: is
equipped with a seven-axis manipulator, which is more
maneuverable, allowing it to perform more delicate work,
but with a smaller payload (up to 20 kg). A. Yakovlev and
A. Parfilo note that to detect and neutralize explosive
objects it is advisable to use robotic complexes such as
"CALIBER MK4 Large EOD" from "ICOR Technology
Inc." or 510 PackBot or even 710 Kobra from Endeavor
Robotics. With their help, the operator can from a safe
distance not only photograph the object and record video,
but also remove traces of biological origin, which could
belong to the person equipping and/or installing
the EO [14].

Research material and results.

Mortar mine 82 mm Anti-tank mine tm-62

Anti-personnel directional Anti-Personnel Mine 2

fragmentation mine 50

i Cluster anti-tank
mine

Fig.1. Types of mines and shells and their brief description

High-explosive artillery shell 122mm

Explosive military objects that can threaten the lives
of citizens returning to temporarily occupied territories
can be divided into two types: mines and unexploded
high-explosive shells.

Mines began to be used centuries ago and were
surface or underground devices made of wood, explosives
and triggers. To date, mines have been modernized
simultaneously with other weapons and have a wide
variety of materials, shapes, active ingredients, methods of
use, etc. (fig. 1). According to the results of the study of
open sources, modern mines can be divided into several
types according to different categories:

- by tactical purpose: anti-tank, anti-personnel, anti-
vehicle (road), anti-submarine, trap mines;

- by damage effect: blast wave,
fragmentation, shrapnel, thermal and others;

- by the principle of operation: controlled and
automatic;

- by method of actuation: push, pull (tension), sentry
and combined action;

- by the time of action: instantaneous action mines
and delayed action mines;

- by body material: metal, plastic, wood, paper, glass
and without body (of stamped explosives);

- by mounting level: suspended (mounted) above
human height (above tank turrets, vehicle cabins); at
ground level (human silhouette, vehicles, armored
vehicles); buried in the ground (embedded in buildings or
technical installations); mounted at the bottom of bodies
of water or underwater part of a shore; floating in water

- by type of active substance;

Unexploded landmines can include projectiles that
have been fired but have not detonated or ruptured for any
reason. They are most often found up to 1 m deep near the
ground or on the surface of the ground. They are
dangerous because they can detonate and explode at any
moment.
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Special teams consisting of sappers of the Armed
Forces of Ukraine and pyrotechnicians of the State
Emergency Service carry out mine clearance work. The
process of searching for potentially explosive objects
differs for some types of objects.

For different methods of searching for unexploded
ordnance, only two factors matter: the material of the
ordnance and the active substance.

With mines, the situation is different: based on the
types into which mines are divided, we can conclude that
not all of these criteria are worth considering more
carefully. It is therefore possible to distinguish the main
criteria by which the search will be made:

1. By mode of actuation, by the material of the body;

2. By level of installation;

3. By type of active ingredient.

In 1881. Alexander Graham Bell invented the metal
detector [15], which is now used for more thorough
decontamination of large areas. It is possible to detect
metal products in the ground by electrical conductivity.
The detector works according to the following principle: a
coil generates electromagnetic waves of a certain
frequency, reflected from the sought target. The electronic
unit processes the reflected wave and signals the detection
of a metal object. Not all metals have the same electrical
conductivity. This parameter allows you to understand
what material the object is made of, even before digging.
Most often, but not always when it comes to mines, there
are mines of the same type in the same field. Therefore,
when you manage to find one, you can find others by
similar indicators. The advantages of the method include
the accuracy and care for the area, but a significant
disadvantage is the direct involvement in the search for
the object and a very high cost of error for the health and
the sapper, because some mines can react to changes in
the magnetic field.

In the present, people have involved animals in the
search for potentially explosive objects: dogs and rats. For
the animal, it all looks like a game, but for sappers-
cynologists it is a safer and faster method than using metal
detectors. The disadvantages include the following: the
quality and speed of detecting objects depends on the
animal's mood, its relationship with the cyno-sapper and
the ability to resist distractions.

Some experts argue that there are still no flawless
solutions using automation, in particular drones to search
for explosive objects. Technology is not yet able to say
with absolute certainty that it has found a mine or a shell,
but solutions already in the making make the detection
process much easier and make it as safe as possible for
both the sapper operator and the average person. The
autonomy of drones and robots makes it possible to
conduct search operations on the ground, with operators
and sappers at a safe distance watching the process with
the help of control devices.

Drones and search robots include those that have
special devices with which a software tool or operator can
determine the location of the explosive object with a
certain accuracy. Such devices include thermal imager,
metal detector and GPR [16, 17]. The advantages of such
robotic systems include almost complete safety of the

operator. To disadvantages - speed and accuracy of
search, as almost always the results of search of drones
and robots require verification by the operator-sapper,
because they can react to almost any similar object, which
is not explosive.

Modernity offers a great variety of solutions using
robots and drones. Now they are not so effective as to
completely replace humans, but they are already useful
enough to be used in humanitarian missions.

Drones with thermal imagers are used to detect
mines that are almost entirely made of plastic. Such
systems take advantage of plastic's ability to heat up or
mature more slowly than the environment, such as sand.
Even if they are covered by soil, the difference in
temperature will cause the rock above the object to be
noticeably cooler or warmer than the rock around it. The
difference stands out best in the morning and evening.
Such objects are very difficult to detect with a metal
detector, although they have elements of metal in their
structure, but they can easily be confused with trash,
bullets, shrapnel and other small elements of metal. At the
same time, there is a significant disadvantage of using
only a thermal imager: If the object is under the ground or
other heated longer or at the same speed as the object to
be found, this method of search does not make any sense,
because on the thermal imager screen the difference will
not be noticeable. The time of day also plays an important
role, because during the day and at night this method
almost does not give the necessary results.

Another example is the use of drones and robots with
a metal detector to search for explosive objects.
Sometimes GPR is added to such systems, which is not
advisable to use in conditions where it is not known
exactly what objects are to be found. In general, flying
drones and works riding on a tracked platform are used.
Works relatively not expensive, fast and accurate, but if
you need to find explosive objects in areas with difficult
terrain, in which the positioning of the robot will not be
accurate enough, it is advisable to use flying drones.

For more efficient and safe operation, it is advisable
to develop a system using a drone that includes a detection
system with a metal detector with flight altitude
adjustment technology and a detection method using a
thermal imager. To control the proposed system of
detection of potentially explosive objects requires the
development of a software tool.

Research results and their discussion.

The proposed system for detecting and identifying
potentially explosive objects in open terrain consists of the
following components:

1. Drone with accelerometer and gyroscope.

2. A metal detector for the drone.

3. A digital thermal imaging camera for the drone.

4. A regular resolution camera.

5. Smartphone to control the system.

The structural diagram of the system for detection
and identification of potentially explosive objects in an
open area is shown in figure 2.
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Arduino nano

Minelab Coiltek NOX 15"
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Fig. 2. Structural scheme of the detection and identification of potentially explosive objects in open areas

The proposed system consists of a computing device,
sensors and a platform through which the system moves.
The platform chosen is the AUTEL EVO Il Pro Rugged
Bundle V2 drone, which is reliable in terms of
stabilization and ability to lift the entire system with a
small margin. The selected drone platform has the ability
to lift up to three kilograms of cargo and a flight time
margin of up to 40 minutes. A metal detector and a
thermal imager are needed to detect explosive objects. As
a metal detector is used depth coil MinelabCoiltek NOX
15" Minelab Equinox, which weighs 890 grams. For
thermal imaging was selected Flir one PRO, because it has
a low weight, connection via Type C and a built-in camera
used for the operation of the system. A computing device
in the form of a Raspberry pi 4 mobile computer was
chosen. The Raspberry Pi 4 computer is lightweight and
has various digital interfaces, which are used to process
data from the sensors and transfer it to the operator. The
Raspberry Pi 4 has only digital ports, so the system comes
with Arduino Nano, which has enough processing power
to process signals from the coil of the metal detector. The
gyroscope and accelerometer are built into the MPU-6050
GY-521 modules, used to calculate the movement and
connected to the Arduino Nano board. The power of the
system is connected to the power system of the drone
itself or can be a separate element in the form of three
lithium-ion batteries. First of all, the power is supplied to
the Arduino Nano and Raspberry pi boards. Power for the
thermal imager and camera is supplied from the Raspberry
pi, power for the coil and the twin gyroscope and
accelerometer module is supplied from the arduino nano.

A software tool was developed to control the
proposed potentially explosive object identification
system, the algorithm of which is shown in fig. 3.

To start working, it is necessary to select the mode of
action of the thermal imager, depending on the time and
weather conditions. During the flight, the software tool
analyzes the output signals from the thermal imager, the
data collector and sensors (gyroscope and accelerometer).
After each interrogation, according to a certain algorithm,
the map data is restored in certain areas where the
scanning is performed.

The electrical conductivity of the area is different
from the electrical conductivity of the ground.

Once the map is complete, the analysis of the map
begins. During the analysis, according to the data received
from the metal detector and thermal imager, areas with a
higher probability of the presence of a potentially
explosive object are determined. As a result of the work,
the operator receives a map of the area with detected
areas, signal maps of the metal detector and thermal
camera.

Conclusions

Thus, the proposed system of identification of
potentially explosive objects in the open terrain due to the
premature use of metal detector with the technology of
correcting the flight altitude and the method of detection
using thermal imager allowed with high accuracy to
identify a wide range of objects, also the system is safe for
the operator.

Safety is understood to mean that the operator, who
is at a safe distance, controls the drone. At the end of the
terrain check, the operator receives a map containing
terrain marks with information about the possible presence
of potentially explosive objects in certain areas of the
terrain and in general, the signal maps of the metal
detector and thermal camera.
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Fig. 3. Algorithm of the software control system of identification of potentially explosive objects in open areas

Accuracy — the idea of finding or not finding a
potentially explosive object in a certain area consists of
the result of the two most common methods of detecting
potentially explosive objects at once.

Wide range of objects, determined by the fact that
the system can detect all objects that can be detected
separately by thermal imager and metal detector.

The disadvantages of the system is the speed and
reduced accuracy or inability to explore the area at a
certain time of day or weather conditions.

Speed is a disadvantage because due to the increased
accuracy and the use of two methods at the same time, it
takes time to complete a full route.

Reduced accuracy or inability to survey an area at
certain times of day or weather conditions is due to the use
of a thermal imager, less effective in certain times of day
and territorial conditions. In addition, using a drone under
certain weather conditions can decrease accuracy, but this
is corrected by using more advanced drone stabilization
systems and design solutions.

Further research to improve the system could add an
automatic drone control system, such as a control system
using a dedicated coordinator station, which would allow
positioning and control of the drone with centimeter
accuracy.




ISSN 2522-9818 (print)
CyuacHuii cman HayKo8ux 00CaioANceHb ma mexHonoeitl 6 npomuciosocmi. 2022. Ne 2 (20) ISSN 2524-2296 (online)

References

1. Barbashyn, V. V. Smyrnov, O. M. and Tolkunov, I. O. (2015), Utilization and destruction of explosive objects. Study guide (in three
volumes). Volume |. Procedure and rules for disposal of explosive objects [Utylizatsiia ta znyshchennia vybukhonebezpechnykh
predmetiv. Navchalnyi posibnyk (v trokh tomakh). Tom I. Poriadok ta pravyla utylizatsii vybukhonebezpechnykh predmetiv], NUTsZU,
Kharkiv, 416 p.

2. Smirnov, O. M., Barbashyn, V. V., Tolkunov, I. O. (2015), Utilization and destruction of explosive objects. Study guide (in three
volumes). Volume 2. Safety measures when handling missiles and ammunition during disposal operations [Utylizatsiia ta znyshchennia
vybukhonebezpechnykh predmetiv. Navchalnyi posibnyk (v trokh tomakh). Tom 2. Zakhody bezpeky pry povodzhenni z raketamy i
boieprypasamy pid chas provedennia robit z utylizatsii’], NUTsZU, Kharkiv, 484 p.

3. Pizing, M., "How mines are detected and neutralized" ["Yak vyiavliaiut i zneshkodzhuiut miny"], available at:
https://www.bbc.com/ukrainian/vert-fut-39698204 (last accessed: 18.05.2022).

4. Bevs, A. M., Tolkunov, I. O. (2018), "State management of humanitarian demining processes in Ukraine" ["Derzhavne upravlinnia
protsesamy humanitarnoho rozminuvannia v Ukraini"], Materials of the All-Ukrainian scientific and practical conference State
management in the field of civil protection: science, education, practice, P. 154 —158.

5. Hovdun, A. V., Polotai, O. I. (2017), "Humanitari and emining projects and their features" ["Proekty humanitarnoho rozminuvannia ta
yikh osoblyvosti"], Collection of scientific works of LSU BZD Problems and prospects of development of life safety system, No. 2, P. 95.

6. Tymyshyn, O. Y.(2019), "Innovative technologies in working with explosive objects" ["Innovatsiini tekhnolohii u roboti z
vybukhonebezpechnymy obiektamy"], Development of science and technology: problems and prospects: collection of theses of the round
table on the occasion of the celebration of Science Day - 2019 in Ukraine, P. 169—172.

7. "Products of telerob", available at: https://www.telerob.com/de/ (last accessed: 20.05.2022).

8. "The robots being used by police to help capture criminals”, available at: https://www.news.com.au/technology/gadgets/mobile-
phones/the-robots-being-usedby-police-to-help-capture-criminals/news-story/69c0358276a548cf0d6a65224eff647f (last accessed:
22.05.2022).

9. Yakovlev, O. V., Parfilo, O. A. (2017), "Analysis of the experience of using forensic equipment during the inspection of the scene in the
event of the discovery of an improvised explosive device" ["Analiz dosvidu vykorystannia kryminalistychnoi tekhniky pry ohliadi mistsia
podii u razi vyiavlennia samorobnohov ybukhovoho prystroiu"], Forensics and forensic examination, No. 62, P. 138—145.

10. Alqudsi, Y. S., Alsharafi, A. S., Mohamed, A. (2021), "A Review of Airborne Landmine Detection Technologies: Unmanned
Aerial Vehicle-Based Approach”, 2021 International Congress of Advanced Technology and Engineering (ICOTEN), P. 1-5. DOI:
https://doi.org/10.1109/icoten52080.2021.9493528

11. Fardoulis, J., Depreytere, X., Gallien, P., Djouhri, K., Abdourhmane, B., Sauvage, E. (2020), "Proof: How Small Drones Can Find Buried
Landmines in the Desert Using Airborne IR Thermography", The Journal of Conventional Weapons Destruction, No. 24 (2), P. 15. DOI:
https://doi.org/10.5281/zenodo.4409641

12. Barbedo, J. (2019), "A Review on the Use of Unmanned Aerial Vehicles and Imaging Sensors for Monitoring and Assessing Plant
Stresses", Drones, No. 3 (2), P. 40. DOI: https://doi.org/10.3390/drones3020040

13. Mogili, U. R., Deepak, B. B. V. L. (2018), "Review on Application of Drone Systems in Precision Agriculture”, Procedia
Computer Science, N0.133, P. 502-509. DOI: https://doi.org/10.1016/j.procs.2018.07.063

14. Huang, H., Savkin, A.V. (2018), "Towards the Internet of Flying Robots: A Survey", Sensors, No. 18 (11), P. 4038.
DOI: https://doi.org/10.3390/s18114038

15. "Alexander Graham Bell's 5 most important inventions” available at: https://uk.warbletoncouncil.org/inventos-alexander-graham-bell-
6411 (lastaccessed: 19.05.2022).

16. Colorado, J., Perez, M., Mondragon, I., Mendez, D., Parra, C., Devia, C., Martinez-Moritz, J., Neira, L. (2017), "An integrated aerial
system for landmine detection: SDR-based Ground Penetrating Radar on board an autonomous drone”, AdvancedRobotics, No. 31 (15),
P.791-808. DOI: https://doi.org/10.1080/01691864.2017.1351393

17. Yoo, L. S, Lee, J. H., Lee, Y. K., Jung, S. K., Choi,Y. (2021), "Application of a Drone Magnetometer System to Military Mine Detection
in the Demilitarized Zone", Sensors, No. 21 (9), P. 3175.DOI: https://doi.org/10.3390/s21093175

Received 29.06.2022
Bioomocmi npo asmopis / Ceedenust 06 asmopax / About the Authors

Haxanup IBan — cTyneHT Kadenpu KOMI IOTEPHO-IHTEIPOBAHUX TEXHOJIOTiH, aBTOMAaTH3alii Ta MEXaTpOHIKH, XapKiBCHKUAN

Hal[lOHAIBHUH ~ YHIBEPCUTET  pajioeneKTpoHiku, M. XapkiB, VYkpaina; e-mail: ivan.pakhnyts@nure.ua; ORCID ID:
https://orcid.org/0000-0002-3112-7042.
Maxuuy MBan — crymeHT Kadeapsl KOMIIBIOTEPHO-HHTETPUPOBAHHBIX TEXHOJOTHH, aBTOMATH3alMH H MEXaTPOHHKH,

XapbKOBCKHI HAITMOHAIBHBIN YHUBEPCUTET PaIMO3JIEKTPOHUKH, . XapbKoB, YKpauHa.

Pakhnyts Ivan — student of the Department of Computer-Integrated Technologies, Automation and Mechatronics, Kharkiv
National University of Radio Electronics, Kharkiv, Ukraine.

XpycraaboBa Codiss BosogumupiBa — KaHIMIAT TEXHIYHMX HayK, MOLEHT, XAapKiBCBKUH HAIiOHAIBHUH YHIBEpCHUTET
PamioeNeKTPOHIKH, AOIEHT KadeIpu KOMIT FOTEPHO-IHTETPOBAHUX TEXHOJIOTIH, aBTOMATH3allii Ta MEXaTPOHIKH, M. XapKiB, YKpaiHa;
e-mail: sofiia.khrustalova@nure.ua; ORCID ID: https://orcid.org/0000-0003-3363-4547.

Xpycrainesa Codpus BiagummMupoBHa — KaHANAAT TEXHUYECKUX HAYK, IOLEHT, XapbKOBCKUH HAIIMOHAJBHBIA yHUBEPCUTET
PaIHo3IEeKTPOHHKH, TOIEHT Kadeapbl KOMIBIOTEPHO-HHTETPUPOBAHHBIX TEXHOJIOTHH, aBTOMAaTH3aIUN U MEXaTPOHUKH, T. XapbKOB,
YkpauHa.

Khrustalova Sofiia — PhD (Engineering Sciences), Docent, Kharkiv National University of Radio Electronics, Docent of the
Department of Computer-Integrated Technologies, Automation and Mechatronics, Kharkiv, Ukraine.

Xpycraabo Kupuno JIbBOBMY — KaHIWAAT TEXHIYHHX HAyK, JMOIEHT, XapKiBCbKHM HAI[IOHAIBHUN YHIBEPCHTET

pamioeneKTpoHiKH, AOLEHT Kadeapu KOMI I0TepPHO-IHTErPOBAaHUX TEXHOJIOTIH, aBTOMaTH3allii Ta MexaTpoHiku, M. XapKiB, YKpaiHa;
e-mail: kirill.khrustalev@nure.ua; ORCID ID: https://orcid.org/0000-0002-0687-5153.

111




112

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2022. No. 2 (20)

Xpycranes Kupuiia JIbBOBHY — KaHIWAAT TEXHUYECKUX HAYK, JOUEHT, XapbKOBCKUH HAIMOHAJIBHBIH YHUBEPCHUTET
PaZnOAIEKTPOHUKH, TOUEHT Kadeapbl KOMIBIOTEPHO-MHTETPUPOBAHHBIX TEXHOJIOTHH, aBTOMAaTHU3aIlMd 1 MEXAaTPOHUKH, T'. XapbKOB,
Vkpauna.

Khrustalev Kirill — PhD (Engineering Sciences), Docent, Kharkiv National University of Radio Electronics, Docent of the
Department of Computer-Integrated Technologies, Automation and Mechatronics, Kharkiv, Ukraine.

CUCTEMA BUSBJIEHHA TA ITEHTU®IKAILIL HQTEHHIﬁHO
BUBYXOHEBE3INEYHUX OB'€EKTIB HA BIIKPUTIN MICHEBOCTI

I[IpeameroM IaHOTO IOCTI[UKEHHA € METOIM, 3aCO0M Ta CHCTEMH BHUSBICHHS MOTEHUIHHO HeOEe3MeYHUX 00’€KTIB BOEHHOTO
NIpU3HAYEHHs Ha BIAKPHTIH MicrieBocTi. MeTOI0 JOCITIIKEHHS € pO3pPOOJIEHHsI CHCTEMH BUSBICHHS Ta iMeHTH(IKanii MOTeHIIHHO
BHOyXOoHeOe3neyHnX 00’ €KTiB BOEHHOTO IIPH3HAYCHHS 3 BUKOPHCTaHHIM OE3IUIOTHOTO JITAI0Uoro anapary (IpoHy), sIKHH Halidye B
CBOEMY CKJIaJli CHCTEMY BUSBICHHS BHOYXOHEOE3MIETHOTO NMPEAMETY 3a JOIIOMOTOI0 METATIOIETEKTOpa 3 TEXHOJIOTIEI0 KOPETYBaHHIM
BHCOTH TIOJILOTY Ta METOY BHSBIICHHS 3a JJOIOMOTOIO TeIuroBizopa. [l NOCATHEHHS METH BHUPIIIEHI Taki 3aBJAaHHS: IIPOBEICHO
OIS Ta aHaji3 CyJacHHX METOXIB 3aco0iB Ta CHCTEM BHSBIEHHS Ta ineHTH(]IKaii MoTeHIiHHO BHOYXOHEOe3NmedHNX 00’ €KTIB
BOEHHOTO MpPU3HAYEHHS, BU3HAUCHO KIAacHU(ikamilo BHOYXOHEOE3MEYHHX OO0’ €KTiB, IO 1ACHTHU(IKYIOThCA, OOpaHO KOMIIOHEHTH
CHCTEMH, PO3POOJICHO CTPYKTYpHY CXEMy Ta alrOpUTM pOOOTH MPOTPpaMHOTO 3aco0y YIpaBIiHHA CHCTEMOIO imeHTHdikamii
MOTEHIIHHO BHOYXOHEOE3MEeYHNX 00 €KTIB Ha BIAKPHUTIH MICIEBOCTi, CTBOPEHO NMPOTPAMHUM 3aci0 BUSABICHHSA Ta ineHTHU(iKamii
MOTeHLiHHO BHOyXoHeOe3neyHnx 00’ eKTiB Ha BIAKPUTIH MicieBocTi. B po0OTi BUKOPUCTOBYIOTHCS HACTYIIHI MeTOAM: MaTeMaTUIHUI
MeToJ] ToOY0BH KapTorpadiyHuX CiTOK, METOJ peecTpalil iHppayepBOHOTO BUIIPOMIHIOBAHHS, METO/I BUXPOBUX CTPYMIB, METOIH Ta
3acobu 300py Ta 06poOku gaHuX. OTpUMaHO HACTYITHI pe3yJbTaTH: 00paHO KOMIOHEHTH CHCTEMH, PO3POOJICHO CTPYKTYPY CXeMy Ta
IrOpuT™M POOOTH MPOTPAMHOTO 3aco0y YIpAaBIIHHSI CHUCTEMOIO iaeHTH(IKAIil MOTEHIIHO BHOYXOHEOE3MEYHNX O0O0’€KTIB Ha
BIIKPHUTIH MICLIEBOCTI, CTBOPEHO BIAIIOBiAHE IporpamMHe 3a0e3nedeHHs. BHCHOBKM: 3acTOCYBaHHS 3aIllpONOHOBAHOI CHCTEMH
JIO3BOJIIE€ MIABHIIMTH TOYHICTh 3HAXO/DKEHHS a00 BiACYTHICTH MOTEHWiIHHO BHOyXoHeOe3nmeyHoro 0o0’€KTy y TEBHiM AUISMHII 3a
paxyHOK BHKOPHCTaHHS Ofpa3y IBOX METOIIB BHSBJICHHS IOTCHUINHO BHOyXoHeOe3nmeuyHHX 0O0’€KTiB, HANa€ MOXKJIHMBICTh
iIeHTU(IKYBAaTH JOCTaTHHO IMUPOKHN CIEKTp 00’ekTiB. CucTema, Mo po3poldiieHa € Oe3MEYHOI0, OCKITBKH KEPYETHCS ONEpaTopoM,
SIKMA 3HAXOMUTHCS Ha Oe3MeuHii BiAcTaHi, AO3BOJSE OTPUMATH CIICIiaibHI Mamu 3 MO3HAYKaMH MICLEBOCTI 3 iH(MOpMAL€ Mpo
MOJKJIUBY HAasBHICTh TMOTCHIIIIHO BHOYXOHeOe3NmeuHNX O00’€KTIB Ha MEBHHUX JUITHKAX MICIIGBOCTI Ta 3arajloM Malld CHUTHANIB
MeTaJIoNIyKaya Ta TeIIoBi3opa.

KnawuoBi cioBa: BuOyxoHeOe3meyHuii 00'ekT; MiHA; CHCTeMa BUSIBICHHA Ta ifeHTH(IKAIil; JApPOH; TEIUIOBI30p;
METaJIOJICTEKTOP.

CUCTEMA BbISABJIEHUSA U UAEHTUOPUKALIMU TIOTEHIHUAJBHO
B3PHIBOOMACHBIX OFBEKTOB HA OTKPBITOM MECTHOCTH

IIpeqMeToM TaHHOTO HCCIENOBAHHS SIBISAIOTCS METOABI, CPEJACTBA WM CHCTEMBI BBIABICHHS MOTCHIMAIBLHO OMACHBIX OOBEKTOB
BOGHHOTO HAa3HAUeHMS] Ha OTKpHITOIl MecTHocTH. lIlesblo wmccnenoBaHWs sBIAETCS pa3paboTKa CHCTEMBI BBIABICHHA U
HACHTH(GUKAINN MOTEHIMAIBHO B3PHIBOOMACHBIX OOBEKTOB BOSHHOTO HA3HAYEHMS C HCHOJIB30BAaHHEM OECIMIIOTHOTO JICTAIOIIETO
ammapara (JpoHa), KOTOPBIH COJEPKHT B CBOEM COCTaBE€ CHCTeMY OOHApy>KEHHsI B3pPBIBOONACHOTO IIPEAMETa C MOMOIIBIO
METAJUIOJIETEKTOPa C TEXHOJIOTHeH KOPPEKIMH BBICOTHI MOJIETa U METOa OOHAPYIKEHUsI ¢ MOMOIIBIO TeryIoBu3opa. st TOCTHKEHUS
LEeIM peIIeHbl CIEOyIOIie 3aga4yl: INpoBelAeH 0030p M aHauu3 COBPEMEHHBIX METOJOB, CPE/ICTB, CHUCTEM BBISBICHUS U
WAeHTU(QUKAIMK  TOTEHIMAJIbHO  B3PHIBOONACHBIX ~ OOBEKTOB  BOCHHOTO  HAa3HAuYeHWs, OMNpelelieHa  KilaccU(pHKaIys
UICHTU(UIMPYEMBIX B3PBIBOONACHBIX OOBEKTOB, BHIOPAHBI KOMIIOHEHTHI CHUCTEMBI, pa3pa0oTaHa CTPYKTypHas CXeMa M alrOpUTM
paboTHI IPOTPaMMHOTO CPEACTBA YNPABICHUS CHCTEMOH MAECHTH(HKAIMK ITOTEHINATbHO B3PHIBOOMACHBIX O0BEKTOB HAa OTKPBITOH
MECTHOCTH, CO3/[aHO IIPOrPAMMHOE CPEJICTBO BBISIBICHUS M MACHTU(DHUKAINH TOTEHI[NAIFHO B3PBIBOOIIACHEIX OOBEKTOB HA OTKPBHITOH
MecTHOCTH. B paboTe mcnons3yioTcs cleaylomie MeToAbl: MaTeMaTHIeCKHil METOJ[ TIOCTPOSHHMS KapTorpaduiecknx cereid, METox
perucTpanuy HHPPAKPACHOTO H3IYUEHHs, METOJ BUXPEBBIX TOKOB, METOIBI M CpeAcTBa cOopa M oOpaboTki maHHBIX. [lomydeHs
CIIeTyIOIINe Pe3yJabTAaThl: BBIOPaHbI KOMIOHEHTHI CHCTEMBI, pa3paboTaHa CTPYKTypa CXEMbl M alrOPUTM paboThl MPOrPaMMHOTO
CpeIcTBa YIpaBJICHHUS Ha OTKPBITOIl MECTHOCTH, CO3[aHO COOTBETCTBYIOIIEE MpOrpaMMHOe olecrieueHue. BbIBoAbI: npuMeHeHne
npeularaeéMoil CHCTEMBI MTO3BOJISIET MOBBICHTh TOYHOCTh HAXOXKACHMS MJIM OTCYTCTBHE MOTEHLHAIFHO B3PBIBOOIIACHOTO O0BEKTa Ha
OTIPE/ICICHHOM y4acTKe 3a CUeT HCIOJIb30BaHHs Cpa3y JBYX METOJOB OOHapyKEHHs MOTSHIMAIBHO B3PBIBOONACHBIX O0BEKTOB, AaeT
BO3MOXKHOCTh HICHTU(HIMPOBATh JOCTATOYHO INMPOKHHA CHEKTp oO0bekToB. PaspabGoraHHas cuctema siBisieTcs Oe30IacHOIM,
MIOCKOJIBKY YTIPABIISIETCS] OIIEPATOPOM, KOTOPBIH HAXOAUTCS Ha O€30IaCHOM PACCTOSHHM, MO3BOJISIET MOTYYUTh CIICINAIbHBIE KaPTHI C
MIOMETKaMH MECTHOCTM M HMHQOpManmueil 0 BO3MOXXKHOM HAIMYUH IOTEHIHAIbHO B3PHIBOONACHBIX OOBEKTOB Ha OMPEIEICHHBIX
ydacTKax MECTHOCTH U B I[€JIOM KapThl CHTHAJIOB METAJUIONCKATENS U TEIUIOBH30pa.

KnioueBble cJ10Ba: B3pBHIBOOMACHBIH OOBEKT, MWHA; CHCTEMa BBUIBICHHS W WACHTU(HKAOWH; JPOH; TEIUIOBU30D;
METaJUIOAETEKTOP.
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