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The article develops a method of controlling a group of unmanned aerial vehicles to search
for and destroy enemy objects. The method is to recognize situations and adjust the
actions of the group according to it. The basis of the method is the use of an intelli-
gent decision support system. It provides situation recognition, using image recognition
materials (intelligence materials), generalization of the obtained information and its com-
parison with the elements of the set of descriptions of typical situations. The method of
controlling a group of unmanned aerial vehicles to search for and destroy enemy objects
is built according to the concept of multi-agent systems — intelligent agents — UAVs.
The information technology of processes of the method of control of a group of unmanned
aerial vehicles according to the IDEF0 methodology is developed.

Keywords: control system, multi-agent model, artificial intelligence, group of unmanned
aerial vehicles, search for and destruction of objects, autonomous system, local rules of
self-organization, situation recognition.
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1. Introduction

The introduction of intelligent technologies into military systems is becoming more widespread. Thus,
European countries and the United States are focused on the development and creation of robotic
systems capable of performing tasks autonomously or in symbiosis with humans.

The robotization of the Armed Forces of Ukraine is an integral and necessary component for the
creation of an effective, combat-ready and competitive army in the face of ever-increasing threats of the
transition of the conflict in eastern Ukraine to an active phase of hostilities. In addition, robotics is a
necessary condition for cooperation with NATO forces, which requires a clear plan for the development
and implementation of modern methods and technologies in existing models of weapons and military
equipment in the Armed Forces of Ukraine.

It should be noted that the military-industrial complex of Ukraine is working on the creation of
its own robotic complexes and actively cooperates with partner countries. A number of land-based
robotic complexes of Ukrainian production are being tested: “Hunter”, “Piranha”, “Phantom”, robotic
platforms “Laska” and “Scorpion” [1].

However, the greatest achievements were made by the developers in the field of unmanned aerial
vehicles (UAVs). The Armed Forces of Ukraine are armed with UAVs “Raven”, PD-1 “TOR”, “Fury”,
“"Stork-100”, “Bayraktar TB2” [2].

Given the tasks assigned to the Air Force, namely, providing reliable air cover for other types of
troops, inflicting fire damage, conducting air reconnaissance, unmanned aerial vehicles are an integral
part of combat operations.

Prospects for the use of robotic systems and technical equipment of UAVs of the Armed Forces
of Ukraine encourage the development of methods for managing groups of disparate UAVs capable of
acting autonomously in the face of enemy resistance.
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Managing a group of UAVs to search for and destroy objects is a complex, poorly formalized task.
It is solved under the condition of counteraction of the opposite party (conflict) and requires the use
of methods, models and systems of artificial intelligence. These include: decision support systems,
methods of presentation and formalization of knowledge, fuzzy set models, tools for the formation of
multi-agent systems.

At present, in the practice of troops there are no methods of UAV control for autonomous search
and destruction of objects, which determines the relevance of this study.

However, the Armed Forces of Ukraine lacks methods of controlling heterogeneous unmanned aerial
vehicles capable of operating in the face of enemy resistance.

1.1. Problem analysis

Global trends in research in the field of control theory are concentrated in two areas — artificial
intelligence and machine learning, robotics and decision theory. Military is no exception, where artificial
intelligence technologies are being actively introduced and control systems are being developed to
increase the effectiveness of combat systems and, above all, their autonomy.

The article [3]| considers the principles of construction of a distributed system of external and
onboard control components of a group of reconnaissance and strike unmanned aerial vehicles.

The paper [4] presents models of collective control of manned and unmanned aerial vehicles, de-
veloped methodological support for the training of aircraft control operators and engineers of air
navigation systems.

In the article [5] a method for the coordinated control of swarms of miniature UAVs with a fixed
wing was developed. The proposed method contains an algorithm for reconfiguring the UAV group
formation scheme.

In the article [6] a fixed-wing UAV swarm control method based on a hierarchical architecture was
developed. The method ensures the global asymptotic stability of the UAV swarm closed system under
the incoming control system constraints.

In the article [7] a flight control algorithm based on artificial intelligence and game theory, aimed
at increasing the autonomy of the UAV group was developed. This algorithm uses the local spatial,
temporal and electromagnetic information of the UAV. Positioning is implemented by processing ad-hoc
mobile network (MANET) information.

In article [8] the issues related to action planning, task distribution and communication organization
of a group of robots are considered.

The work [9] is devoted to the study of tasks and approaches to the management of a group of
aircraft in an antagonistic environment.

In the article [10] the analysis of an estimation of efficiency and criteria of reliability of group flights
of UAVs is carried out. An algorithm for searching the central repeater of the UAV group to ensure
the transmission of the control signal in the group has been developed.

The article [11] considers the advantages and disadvantages of centralized and decentralized archi-
tecture of UAV group management, presents tables of dependence of the level of onboard automation
and the number of UAVs in the group.

The article [12] developed a method of planning the flight path of UAVs to search for a dynamic
object in the forest-steppe area, taking into account possible options for its movement.

The work [13] is devoted to the development of a meta-model of a multi-agent system for searching
and influencing a ground object by a group of unmanned aerial vehicles with a centralized control
option. A base of inference rules for agents has been developed in accordance with the tasks to be
solved and the role of the agent in the group, based on the use of the production model.

The work [14] is devoted to the development of a method for planning the UAV route when per-
forming missions to search for a stationary object. The method makes it possible to take into account
the probability distribution of the importance of the task area.
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In the article [15] a method to substantiate the optimal route for conducting aerial reconnaissance
was developed, indicators and a criterion for the effectiveness of conducting a search for a dynamic
object were proposed.

In the article [16] the issues of the efficiency of decentralized control of a group of UAVs and the
load of the operator when interacting with a decentralized scheduler are considered.

In the article [17] a methodology for assessing the level of risk of implementing business process
reengineering projects based on the theory of fuzzy sets was developed. The risks in the project
management system during organizational restructuring were identified and analyzed.

The work [18] considers modern approaches to modeling complex information systems at different
levels of organization, taking into account the features of their further design, development and modi-
fication. To make optimal decisions, it is proposed to apply the mathematical apparatus of the theory
of Markov chains.

The result of the literature analysis indicates the relevance and prospects of research in the direction
of developing intelligent UAV control systems. Thus, the creation of group control methods with an
intellectual component is a general way to increase the efficiency and autonomy of combat systems.

The developed method of group control of unmanned aerial vehicles for search and destruction of
objects is based on works [12,13,15].

The purpose of the study is to develop a method of controlling a group of heterogeneous
unmanned aerial vehicles when performing tasks to search and destroy objects in the face of enemy
resistance using elements of artificial intelligence.

2. Main material

2.1. Model of situational analysis of the intelligence system

The difficulty of implementing UAV group management methods is to solve tasks related to planning
the flight path of the group, communication between UAVs and the distribution of tasks and roles in
the group.

The introduction of multi-agent systems (MAS) is promising in UAV control systems. This involves
the creation of a system of many interacting agents [8,9]. The concept of MAS allows to implement the
process of autonomous execution of tasks of each UAV group and decision-making within the overall
mission.

The multi-agent approach to the organization of the UAV group will provide:

— adaptability of agents to the external environment;

— interaction with other agents of the system;

— replenishment and adjustment of the knowledge base in the process of work;

— identification of necessary actions to achieve the goal.

Determining the necessary actions to achieve the goal is provided by the situation recognition
subsystem.

Under the recognition of the situation we will consider the process of evaluation and analysis of
elements (objects) of the environment over time and forecast their state (behavior) in the future.

Figure 1 shows an object-oriented model of situational analysis of the reconnaissance system, which
using a knowledge base, rules base and situation base can be implemented at control points or onboard
UAV systems.

The tools of situational analysis for its implementation in the reconnaissance system of the UAV
group when performing tasks are fuzzy neural networks (FNN). The use of FNN is possible both for
image processing on board UAVs, recognition of images obtained by a group of UAVs, and for the
synthesis of current information and situation recognition.
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Fig. 1. Object-oriented model of situational analysis of the intelligence system.

For image recognition, as a rule, convolutional neural networks of the form R-CNN, Mask R-CNN,
YOLO are used. They can be integrated into the UAV control system as a subsystem of image
processing on pre-trained databases.

Graph Neural Network [19] or FrameNet [20] are used to recognize situations.

Given the meta-model of the multi-agent system of search and impact on the ground object by a
group of unmanned aerial vehicles developed in [10], the organization of the multi-agent system should
ensure the relevance of information in the system and clear order and efficiency of group tasks.

As a result, the functioning of a multi-agent group management system in recognizing the situation
should be presented in the form of a cycle (Fig.2), which consists of five stages:

— reconnaissance;

— generalization (processing) of data agents;

— formation of hypotheses;

— definition of actions;

— distribution of tasks.

Situation recognition is performed through operations with the database of intelligence objects, the
database of events, the knowledge base of objects, relations (regularities), constants and the database
of situations.

2.2. Model of intelligent decision support system situation recognition

The intelligence system, using software and hardware, implements the procedure of situational analysis
through an intelligent decision support system (IDSS).

The developed model of IDSS situation recognition, shown in Fig. 3, has a multi level structure.

The first (preparatory) stage of the work of IDSS situation recognition is the formation of a database
of situations and relevant rules for UAVs.

The database of situations contains a set {A} of situations, each element of which is described by
a vector of features.

The rule base contains a set {F} of rules that define the actions of UAVs (UAV groups) such as:
re-planning of the route, the composition of the group, the required additional payload, points and
objects of monitoring.

Mathematical Modeling and Computing, Vol.9, No. 3, pp. 694-710 (2022)



698 Tymochko O., Trystan A., Matiushchenko O., Shpak N., Dvulit Z.

f> generalization (processing) of data agents

I
reconnaissance

~ -

formation of hypotheses

v

distribution of tasks
v
;Qij? <

determining the actions of the UAV

Fig. 2. Cycle of multi-agent group management system in situation recognition.
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Fig. 3. Scheme of functioning of the intelligent decision support system for situation recognition.
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For a holistic analysis of the received information, the situation recognition system should analyze
not individual elements of information, but information structures to obtain the content of data.

The first level (preparatory) — formation of a base of situations and a base of rules for UAVs. The
database of situations contains a set of situations, each element of which is described by a vector of
features. The rule base contains a set of rules that define the actions of UAVs (UAV groups). These are
re-planning of the route, redistribution of UAV tasks, necessary additional payload, points (sections)
and objects of monitoring in the form of products.

Each element of the situation class can be represented as a point in n-dimensional space. Therefore,
in the second stage, a metric is used to determine the difference between class objects, which determines
the distance between the class element and the obtained data.

To determine the distance between the elements of the vector of signs obtained as a result of
reconnaissance {A,}, and the vector of signs of the base of situations { Ay}, it is advisable to use the
weighted Euclidean distance, which is determined by the formula:

k
i = \| Y wi (55— $nj)° (1)
i=1

where w; — the weight of the sign, proportional to its importance in the structure of determining the
situation;
spj — the value of the element of the feature vector of the situation j; base of situations
sr; — the value of the element of the feature vector ,; obtained in the process of exploration.

The weight of the signs w; is determined by the method of expert assessments. It will identify the
most priority features (which should be noted) in the overall system of situation recognition.

To weed out situations that have common feature vectors, but radically different values, we use
a value o', that is the level of selection of situations. The value ¢’ is calculated as o' = 0.5 * sp;
determined by simulation. If at least one element of the vector of signs of the situation does not satisfy
the condition ¢’ > oy, it is considered impractical to consider it further.

The next step is to determine the degree of similarity between the hypotheses of situations and the
base of situations. The Jacquard coefficient [16] was chosen to determine the degree of similarity of
situation hypotheses, which is determined by the formula:

n . .

Zj:l SkjSrj
n n n *
o1 Skj t 22jo1 S = 21 SkjSrj

Ajak(Skjs Srj) = 5 (2)

The Jacquard factor has a simple implementation and is used to determine the similarity of two
objects. This allows you to rank and form a set of hypotheses of situations in the second stage.

The third level provides the selection of the rules of action of UAVs (groups) from the database of
rules and their synthesis. The synthesis of rules is carried out by combining (generalizing) the rules of
conduct of UAVs. This, due to synergies, will allow to form the priority measures necessary to confirm
or refute the hypotheses.

2.3. The structure of the method of control of a group of unmanned aerial vehicles for search
and destruction of the object

The general structure of the method of control of a group of unmanned aerial vehicles provides for the
implementation of decentralized control and the transition to centralized control through the UAV of
the leader with partial autonomy of each agent (Fig.4).

In this case, the agent sensor information is sent to the leader’s UAV. It uses IDSS to process
materials and issue recommendations on the situation in the mission area.
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Based on the research disclosed in [12,13], the general structure of the control method of a group
of heterogeneous unmanned aerial vehicles was developed (Fig.5).

The input data of the method are:

— type and number of UAVs;

— payload;

— pre-prepared knowledge base: (catalog of enemy objects, catalog of typical situations, catalog of
standard rules of action, local rules of self-organization);

— knowledge base of causal relationships;

— geospatial data of the task area, forbidden zones.

UAV-Reconnaissance j\ /
L ShockUAV T
| .

—Z N

Fk / Leader \/""'. ?
y o
UAV-electronic warfare \/: - f /

Control point

Fig. 4. The structure of centralized management through the UAV-leader.

The direct physical impact on the enemy object requires the approval of the control operator and
the transition to centralized control. The corresponding procedure is provided by blocks 9 and 11
(Fig.5).

In the event of UAV situations and actions that do not require impact on the object, the group
autonomously carries out the flight route to implement certain actions due to the situation (block 10).

Thus, the division of management tasks into two levels is realized:

— higher level, cognitive management functions, performed by the operator (weapons, selection and
priority of the target);

— lower level, UAVs are carried out autonomously (route planning, distribution of tasks, processing
of reconnaissance materials, situation recognition, determination of UAV behavior, route re-planning).

2.4. Information technology of search and discharge planning on the enemy object by a group of
UAVs

The complexity of the application of this method in the management of a group of UAVs requires the
construction of appropriate information technology, which is presented in Fig. 6. The UAV group used
the IDEF0 methodology to describe and formalize the processes of information technology of search
and discharge planning on the enemy object [17].

As part of the process of performing tasks to plan the search and impact on the enemy object by
unmanned aerial vehicles, the incoming flow of information is:

— task (mission) to find and influence the enemy object in a formalized form;

— the type and number of UAVs determined for the mission.
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The tools of information technology are:

— GIS software package;

— complex of meteorological data collection;

— database of technical characteristics of UAVs;
— database of UAV payload characteristics;

— database of enemy objects;

— database of cover objects;

— means of intelligence;

— knowledge base of objects, relations (regularities), constants;
— database of situations;

— base of fuzzy inference rules;

— base of UAV action rules.
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Fig. 6. IDEF0 diagram of planning the search and discharge on the enemy object by a group of UAVs.

Decisions in the IDSS of the control operator of the UAV group are formed as a result of special
procedures of logical derivation of the knowledge base. Knowledge of the knowledge base are presented
in a formalized form of products that contain a description of typical situations in the area of mission
and standard rules of operation of UAVs.

The resulting output stream of information technology is the rules of operation of UAVs in the
current situation.

The first level decomposition diagram is presented in Fig. 7 and shows the processing of information
flows of information technology.

The task area assessment unit provides the system with geospatial data (boundaries of settlements,
roads, restricted areas, objects of critical infrastructure, industrial facilities, hydrographic facilities and
structures, type of terrain and relief) and coordinate data of the mission area. The toolkit of the unit
is a geographic information system, the control mechanism — a method of assessing the area.
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Fig. 7. Processes of information flow processing in information technology of mission execution by unmanned
aerial vehicles.
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The meteorological assessment unit provides control and forecast of meteorological conditions in
the area of the task. The output stream of the block is the data that determines the possibility of the
mission.

The decomposition of the UAV group control unit is shown in Figure 8 and consists of two processes.
The first process is to determine the roles of the group required to perform the task, and the second
— the distribution of roles between the UAVs into the group.
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Fig. 8. Processes of processing information flows of the group control unit.

The output stream of the unit for processing information flows of the group management is the
data of the UAV group, namely: the number of UAVs, payload, role and tasks in the mission.

The route planning unit provides pre-flight preparation — preliminary route planning and re-
planning in the process of performing the task (Fig.9).

The input information flows of the route planning unit are formalized mission data, geospatial data,
output data of the group control unit. Formalized mission data can include tasks to find and defeat
both dynamic and static objects. Therefore, the first block of the process of the route planning unit is
to determine its type — stationary or dynamic.

The solution of the problem of finding a stationary object is considered in detail in [18]. The
method of searching for a stationary object is based on the principle of flight on waypoints, which is
usually solved by heuristic methods.

The tools of the route planning unit are the databases of cover objects, of UAV technical charac-
teristics, of UAV payload characteristics and of enemy objects.

The control mechanisms of the route planning unit contain:

1. Dijkstra’s algorithm, search of the shortest ways — for definition of probable routes of movement
of dynamic object;

2. method of forecasting the movement of a dynamic object — provides data processing, determines
the probable location of the dynamic object of the enemy;

3. method of determining the weight of the monitoring site;

4. method of UAV flight planning at given points (to search for a stationary object);
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5. UAV flight planning method (for searching for a dynamic object) — provides the distribution of
monitoring sites, taking into account the monitoring time and the weight of the sites.
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Fig. 9. Processes of processing information flows of the route planning unit.

The block of the intelligence process (Fig. 7). The incoming information flow is the route of the UAV
flight. The reconnaissance process is provided by means of reconnaissance — optoelectronic equipment
and means of radio technical reconnaissance. Reconnaissance is regulated by the method of organizing
air reconnaissance. The source information of the unit is air reconnaissance materials.

The block of the process of recognition of situations consists of two processes — recognition of
images of objects and recognition of situations. The decomposition of the block is shown in Fig. 10.
The source information flow is a set of situation hypotheses.

The toolkit of the object recognition unit is the database of enemy objects, the incoming flow of
information — formalized mission data and intelligence materials. The control mechanism of the unit
is a method of recognition using a neural network. The source information flow is a vector of features:
object class, number, location and time of detection.

The block of the process of recognizing situations forms a set of hypotheses of situations, which are
ranked according to the similarity to the situations of the database and the knowledge base of objects,
relations (regularities), constants.

The process of determining the action of UAVs is provided by the method of fuzzy inference, which
operates with many hypotheses of situations (input information flow). The rules of operation of UAVs
are generalized using the intersection of sets of rules, the most probable are determined. The toolkit
of the unit is the base of UAV action rules and the base of fuzzy inference rules.

2.5. Analysis of the results

To determine the effectiveness of the developed method, a comparative table containing the following
control options is given:

— several operators — several UAVs (V1),

— one operator — several UAVs (V2),

— one operator — several UAVs using the multi-agent model (V3).

As a rule, to meet the needs of search and destruction missions, a minimum group composition is
required — four UAVs, due to the roles and payload.

Thus, we will assume that four UAVs are used in control methods.
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Fig.10. Processes of processing information flows of the situation recognition unit.

Table 1. Advantages and disadvantages of management options.

Cognitive load of the operator Autonomy * System response time *
V1 Medium Low (10 — 15%) Low 2 — 3 min.
V2 High Medium (20 — 40%) Medium 1 — 2 min.
V3 Low High (more 60%) High 0.17 — 0.5 min.

* under different conditions of the mission based on the simulation results.

To determine the effectiveness of group management options used indicators: cognitive load, au-
tonomy and response time of the system.

The cognitive load of the operator when managing a group of UAVs means the load of the operator,
which is reduced due to the autonomy of the UAV.

The autonomy of the UAV group is defined as:

Nsu
9
NEzag

Kavt = (3)
where Ngyy — the number of operations performed by the UAV without operator intervention during
the mission; Ny.,y — the total number of operations required to complete the mission.

The reaction time of the system (Tys:.) is determined by the expression:

Tsyst. = Tkom. + Tobrob. =+ Trish. + Tzavd.a (4)

where Tk, — the time of transmission of information to the control operator; Typ.op. — time of
collecting and summarizing information; T;.;5,. — time of decision making; T, ,,4 — time of distribution
of tasks.

The results of the evaluation of control options are presented in Table 1.

Methods are evaluated by qualitative (high, medium, low) and quantitative (percentages and min-
utes) indicators.
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According to these indicators, the control option V3 has a clear advantage over other options for
group management.

The method developed in the work allows to implement the specified control option. To determine
the effectiveness of the method, its evaluation was performed using the known methodology for evalu-
ating staff models [25,26]. The defined technique allows to evaluate the quality of input data, namely
the completeness of their consideration, which affects the overall efficiency of the control system.

To determine the effectiveness of management methods used the indicator of completeness of in-
formation, which is determined by the formula [27]:

k

R= I—Z(ﬁj ), (5)

=1

where k — the number of factors taken into account; a; — weighting factor of the i-th parameter or
factor, in relative units; 3; — the relative average value of the error, which is introduced into the
calculations due to the generalized consideration of parameters and factors in the model by the j-th
method of generalization, j =1,... k.

Ways to take into account the factors are as follows [21]:

0 — not taken into account

0.43 — taken into account in general
0.67 — accounted for indirectly

1— is taken into account

Bj =

As a result, groups of factors are formed that should be taken into account when performing tasks
to search and influence the enemy object and related to the stages of the mission: mission input, UAV
group formation, launch site selection, route planning, route redevelopment and impact.

The factors of the above groups and their coefficients are shown in Table 2.

According to the results of expert assessments, a scale of advantages of groups of factors and their
elements is formed. As a result, the values of the priority of some factors over others are obtained.

The generalized results of comparison of the methods received by a method of experimental esti-
mation, with use of a method of the analysis of hierarchies [28], are resulted in Fig. 11.

The existing method of distributed control refers to '
the model (V1)’ which provides for the control of a group considlelll'g:;:ltlot:; If:lrc:;)::l\)\l'(l‘::::(;:lgorrmillg
of UAVs by several operators connected by a communi- a mission by a group of UAVs
cation system.

According to the results of the experiment, it was
determined that the developed method of group man-
agement due to the subsystem of group management, 10%
route planning and situation recognition allows to take
into account information for corrective actions during the
mission, which is impossible to operate without automa-
tion. As a result, the total amount of information taken
into account in the developed methodology is about 10%

more compared to the existing system. PO e e S bt oot
Thus, the results shown in Table1 and Figure11 in-  Fijg.11. Completeness of factors of group
dicate the advantage of the developed method of control management methodology.

of the UAV group.
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Table 2. Coefficients of consideration of factors at preparation and carrying out of tasks on search and influence
on object of the enemy by various methods of management of group.

Coefficient Coefficient
Ne Factors that are evaluated Weight W | B* Developed B existing W . g* W .3
methodology methodology
1 Mission area 0.2335 1 1 0.2335 0.2335
2 Mission start time 0.0282 1 1 0.0282 0.0282
3 Object of search and / or destruction of the enemy 0.2148 1 1 0.2148 0.2148
4 UAV readiness 0.0916 1 1 0.0916 0.0916
5 The number of UAVs 0.0105 1 0.43 0.0105 0.0045
6 Payload 0.0243 1 0.43 0.0243 0.0105
7 Specifications 0.0090 0.67 0.67 0.0060 0.0060
8 Areas of activity of enemy sabotage and reconnaissance groups 0.0091 0.67 0.67 0.0061 0.0061
9 No obstacles behind which a dead zone is possible 0.0155 0.43 0.43 0.0067 0.0067
10 Presence of mine fields and barriers 0.0037 0.67 0.67 0.0025 0.0025
11 No obstacles that affect flight safety 0.0075 0.43 0.43 0.0032 0.0032
12 The highest point of the terrain 0.0012 0.67 0.67 0.0008 0.0008
13 Access and access roads 0.0020 0.67 0.67 0.0014 0.0014
14 | Location of enemy objects 0.0077 0.67 0.43 0.0052 0.0033
15 Number of enemy objects 0.0022 0.67 0.43 0.0014 0.0009
16 Type of enemy objects 0.0037 0.67 0.43 0.0025 0.0016
17 Location of starting positions 0.0032 1 1 0.0032 0.0032
18 Location of landing sites (landing) 0.0012 1 1 0.0012 0.0012
19 Open areas 0.0012 0.67 0.43 0.0008 0.0005
20 | Forests 0.0011 0.67 0.43 0.0007 0.0005
21 The presence of corridors of the battle line 0.0050 1 1 0.0050 0.0050
22 Areas of counteraction of air defense means and electronic 0.0112 0.67 0.67 0.0075 0.0075
warfare of the enemy
23 Prohibited areas (airfields. hydroelectric power plants) 0.0064 0.67 0.67 0.0043 0.0043
24 ‘Weather conditions 0.0137 0.67 0.67 0.0092 0.0092
25 Time of day 0.0014 1 1 0.0014 0.0014
26 The number of UAVs in the group 0.0019 1 0 0.0019 0.0000
27 Tactical and technical characteristics of the UAV group 0.0033 1 0 0.0033 0.0000
28 Fortifications 0.0070 0.67 0.43 0.0047 0.0030
29 Air defense equipment. including electronic warfare stations 0.0070 0.67 0.43 0.0047 0.0030
30 Heavy vehicles 0.0749 0.67 0.43 0.0502 0.0322
31 Tank 0.1059 0.67 0.43 0.0709 0.0455
32 Armored personnel carrier \Infantry fighting vehicle 0.0529 0.67 0.43 0.0355 0.0228
33 Tanker 0.0172 0.67 0.43 0.0115 0.0074
34 | Personnel 0.0070 0.67 0.43 0.0047 0.0030

3. Conclusion

Considering the trends in the development of unmanned aerial vehicles and the direction of devel-
opment of the Air Force of the Armed Forces of Ukraine, the development of a control system for
heterogeneous unmanned systems is promising and necessary in the context of the Joint Forces opera-
tion. To implement the group control of UAVs, the concept of multi-agent systems is used, the stages
of operation of the control system of the UAV group in the form of a cycle are determined.

A method of controlling unmanned aerial vehicles for search and destruction of an object has been
developed, based on the use of ISPPR and artificial intelligence methods at the stage of collection and
processing of air reconnaissance materials. The model of ISPPR of recognition of situations which has
to be integrated into the UAV control system and technically and programmatically implemented as
an onboard component is developed.

An information technology for controlling unmanned aerial vehicles for searching and destroying
an object has been developed.

The implementation of the developed management method meets modern needs: minimizes the
participation of the operator in missions to search and destroy the object, reduces the cognitive load
and increases the autonomy of UAVs, which increases the combat effectiveness of units.

Prospects for further research are the formation of a comprehensive base of rules of the knowledge
base of ISPPR for missions in various physical environments, as well as the construction of special
software and its testing.
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MeTtoa ynpasniHHsa rpynoto 6e3ninoTHUX NiTanbHUX anapaTis 3 MeTOHo
NOLWYKY i 3HNLEHHS 00'EKTIB 3 BUKOPUCTAHHSAM €/1eMEHTIB LITY4YHOro

IHTe}'IeKTy

Tumouxo O.', Tpucran A.!, Maromenko 0.1, Inax H.2, syt 3.2

L Xapriecoruti nayionarvrut yrwisepcumem BIIC imeni Isana Koowcedyba,
sya. Cymcoxra, 77/79, 61023, Xapxis, Yrpaina
2 Haygonanrvnuti ynisepcumem “JIveiscora noaimerwira”,
eyn. C. Bandepu, 12, 79013, Jlveis, Yxpaina

Y crarTi po3pobsIeHO METOJI, YIPABIIHHS I'PYIOI0 OE3MIOTHUX JITAJILHUX allapaTiB JIjIs
TIOITYKY Ta 3HUIIEHHS 00 €KTiB MpOoTHBHUKA. MeTo 1 mojisirae y po3Ii3HaBaHH] CUTYAIiil Ta
KOPHUI'YBaHHI Jiiif rpynu BiamosizHo 10 Hel. OCHOBOIO METO/ly € BUKOPUCTAHHS IHTEJIEKTY-
AJIBHOI CUCTEMU TiATPUMKN NPUUAHATTS pintersb. MeTo 1 yrpaB/iiHHs TPYIIO0 OE3MiJIOTHIX
JITAJBHUX ATIAPATIB JJIs TOIIYKY Ta 3HUIMNEHHS 00 €KTiB MoOy0BaHUil BiMIOBIIHO IO KOH-
Il MyJIbTUareHTHuX cucreM. Po3pobiieno iHdopMaliiitHy TEXHOJIOTIO MPOIECiB METOLY
VIPaBJHHS TPYIOI0 OE3MIOTHUX JiTAIbHUX anapaTiB 3a metomosiorieio IDEFO.

Knto4oBi cnoBa: cucmema ynpasiints, MYyAbMUAZEHMHG MOOEAD, ULMYUHUT THMeEAeKM,
2pyna 6e3NIAOMHUT AIMAALHUT GNAPAMIG, MOWYK Ma 3HUWEHHA 00°€KMI8, A8MOHOMHA
cucmema, A0KaANDHL NPABUAL CAMOOP2GHIZAULL, PO3NIZHABAGHHA CUMYAUT.

Mathematical Modeling and Computing, Vol.9, No.3, pp.694-710 (2022)



