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30ipHUK Oy/ie KOPUCHUM fK i (axiBIIB 1 MpaliBHUKIB QipM, 3aiiHATHX B 00JaCTi
IT, Tak 1 ;O BUKIaJadiB, MariCTpiB 1 CTYJIEHTIB BHUIIUX HaBYAJIBHUX 3aKJIaJIB, SKI
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00poOku 1HbopMaIlii, Oyae KOpuCHUM HpodecioHansaM 3 KOMIT'FOTEPHOTO MOJICIFOBaHHS Ta
PO3pOOKH KOMI'IOTEPHUX 1TOP.
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BianoBiganbHICTh 3a AKICTh Ta 3MICT ITyOJIiKaIlii HECe aBTop.
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Po3aia 1

MartemaTu4He i KOMII'IOTepHE MOAETIOBAHHS
CKJIA/IHMX NPOLECiB

UDC 623.459:004

ANALYSIS OF SEARCHING METHODS FOR EXPLOSIVE OBJECTS USING
INFORMATION TECHNOLOGY AND COMPUTER MODELING
SOTNIK S.V., PRYDATKO D.R.
(svetlana.sotnik @nure.ua, dmytro.prydatko@nure.ua)
Kharkiv National University of Radio Electronics

The work analyzes methods of detecting explosive objects using information technology and
computer modeling. The advantages and disadvantages of using information technology and computer
modeling to improve methods of searching for explosive objects and increase level of security are
identified.

Problem Statement.

In today's world, security is one of most important aspects, especially when it comes to preventing
possible terrorist attacks and incidents involving explosive devices. There is need for effective methods of
detecting explosive ordnance (EOD) to ensure safety of society.

This work will analyze existing methods of searching for such items using information technology
and computer modeling, as well as identify their advantages and disadvantages in order to determine most
effective approaches to ensuring security.

Consideration of this problem will help to identify current trends and innovative approaches in field
of explosive devices detection. Evaluation of existing methods using information technology and
computer modeling will reveal their potential to improve efficiency and accuracy of explosive detection.
This, in turn, can lead to development of new technological solutions and strategies that will enhance
level of security and protection of citizens.

Thus, analysis using information technology and computer modeling opens up prospects for
integration into overall strategy of informatization, robotization and computerization in many fields [1-3],
including security.

Essence of study.

The analysis of explosive ordnance detection methods will contribute to development of new
technological solutions and strategies aimed at improving level of security and protection of citizens. The
most common methods of EOD using information technology (table 1).

Regarding implementation of computer modeling and simulation of detecting explosive objects
processes:

1. Propagation of various radiation types (radio wave, X-ray, gamma, etc.) to develop effective
detection systems based on them.

2. Detection processes using various physical methods (magnetometric, seismic, acoustic, etc.) to
optimize them.

3. Modeling and prediction of behavior of explosives under different conditions using numerical
methods.

So, following tasks were solved:

- overview of most common methods of explosive ordnance detection using information technology,
such as data visualization, image and video processing, metal detection systems, expert systems, and
artificial intelligence, is provided;
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Table 1 — Methods of searching for explosive devices using information technology

Name

Method

Data
visualization

Heat maps display areas with suspicious heat radiation or unusual temperature
anomalies.

Graphs and charts — displaying statistical data or relationships between various
parameters that may indicate presence of explosive objects or suspicious areas.

3D models — for more accurate analysis and identification of potentially dangerous
areas or objects.

Location maps — visualization of data on maps to identify geographical location of
suspicious objects or areas with increased likelihood of explosive devices.

Image
processing and
video

Pattern recognition — for identifying suspicious objects or subjects in videos or
images.

Color and texture analysis — to highlight suspicious areas or objects that may

surveillance _ ) )
include explosive materials.
Thermal imaging — for detecting abnormal temperature anomalies that may
indicate presence of explosive objects.
Frame analysis — processing of individual video frames to detect anomalies or
suspicious objects that may be related to explosive devices.

Name Method

Metal Electromagnetic impedance method — uses electromagnetic characteristics of

detection materials to detect metal objects.

systems _ _ i _
Conductivity measurement methods — for detecting metal objects based on their
electrical conductivity.
Pulsed inductive methods are used to generate pulsed magnetic fields and measure
responses of metal objects to these fields in order to detect them.
Magnetic / electromagnetic penetration methods — measure changes in magnetic
field / electromagnetic waves that occur when passing through metal objects to
detect and localize them.

Expert Pattern detection systems — use of machine learning algorithms and neural

systems  and | networks to analyze images and detect characteristic patterns that may indicate

artificial presence of explosive devices.

intelligence

Behavioral analysis — to detect anomalies or suspicious actions that may indicate
presence of explosive devices.

Classification and clustering — for classifying and clustering data to group similar
objects and identify patterns.
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So, following tasks were solved:

- overview of most common methods of explosive ordnance detection using information technology,
such as data visualization, image and video processing, metal detection systems, expert systems, and
artificial intelligence, is provided;

- describes main options for computer modeling and simulation of detecting explosive objects
processes;

- advantages and disadvantages of using information technology and computer modeling to improve
methods of searching for explosive devices and increase level of security are identified,;

Conclusions

As result of analysis, features of main variants of computer modeling and simulation of detecting
explosive objects processes are considered.

The article also analyzes methods of searching for EODs using information technology to identify advantages
and disadvantages, which opens up prospects for developing new technological solutions and strategies aimed at
improving level of security and protection of citizens from explosive devices.
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NEURAL NETWORK APPROXIMATION OF ODEs AND ODE SYSTEMS
Y. FEDIAIEVA(yevheniia.fediaieva@stud.onu.edu.ua), A. STEHUN(a.stehun@onu.edu.ua)
Odesa I. I. Mechnikov National University

In this work we consider the method of solving ODEs and systems of ODEs using ANN
approximator: trial solution method. The trial solution comprises two components, one component
fulfilling the boundary (initial) conditions (without NN prediction), and the other, featuring neural
network parameters, is designed not to affect the boundary (initial) conditions, utilizing a fully connected
NN. The iterative adjustment of this solution via neural network predictions is integrated into a loss
function minimized using the Adam algorithm.

This investigation delves into a general strategy to solve ODEs and systems of ODEs using fully
connected ANN, resulting in a differentiable, closed analytic solution that minimizes error through
network parameter adjustment and gradient computation. This method combines known generalization
capabilities of ANNs with compact, memory-efficient models suitable for different ODEs types, offering
real-time solutions and parallel implementation possibilities. While the concept of this method can be
extended to partial differential equations and systems, this aspect is not explored in this study.

Consider main problem — general differential equation in implicit form, with some Initial Condition:

F(t,u(t), Vu(t), V2u(t),...,V™u(t)) = 0,
u(a) = A,t € [a, b]
where u(t) - function to find.
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