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RESUMO

Objective: This study aims to enhance the accuracy and speed of air target prioritization in real-
time through the development and testing of a fuzzy model, thus improving the effectiveness of
automated control systems in military applications.

Methods: The research utilizes fuzzy logic and the Mamdani model to develop a system that
incorporates expert knowledge and defuzzification processes using the center of gravity method.
The methodology includes system analysis, simulation modeling, and a comprehensive review
of fuzzy logic applications in complex control environments.

Results: The model demonstrates the ability to prioritize air targets accurately and quickly,
confirming its effectiveness through simulations in Python. The model's architecture and the
application of fuzzy IF-THEN rules enhance decision-making in air defense control systems.

Conclusions: The study validates the potential of fuzzy logic to improve air target prioritization,
offering substantial benefits in terms of adaptability, precision, and operational efficiency. The
findings support the integration of the model into existing air defense systems to optimize
resource utilization and reduce response times in combat scenarios.

Palavras-chave: Alvo aéreo. Controlo automatizado. Meios de poténcia de fogo. Logica difusa.
Prioridade.

ABSTRACT

Objective: This study aims to enhance the accuracy and speed of air target prioritization in real-
time through the development and testing of a fuzzy model, thus improving the effectiveness of
automated control systems in military applications.

Methods: The research utilizes fuzzy logic and the Mamdani model to develop a system that
incorporates expert knowledge and defuzzification processes using the center of gravity method.
The methodology includes system analysis, simulation modeling, and a comprehensive review
of fuzzy logic applications in complex control environments.

Results: The model demonstrates the ability to prioritize air targets accurately and quickly,
confirming its effectiveness through simulations in Python. The model's architecture and the
application of fuzzy IF-THEN rules enhance decision-making in air defense control systems.

Conclusions: The study validates the potential of fuzzy logic to improve air target prioritization,
offering substantial benefits in terms of adaptability, precision, and operational efficiency. The
findings support the integration of the model into existing air defense systems to optimize
resource utilization and reduce response times in combat scenarios.

Keywords: Air target prioritization. Automated control systems. Fuzzy logic. Mamdani model.
Real-time decision-making.
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1 INTRODUCTION

In today's world of automated technologies, the efficiency of control systems depends on
their ability to adapt to changing conditions and uncertainties in input data (Volkov et al., 2023).

One of the results of the air situation assessment is the prioritization of air targets
involved in strikes against the state's troops and facilities. This process is complex and involves
analyzing the flight parameters of air targets, as well as rapid processing and integration of
various information, which often comes from unreliable and unverified sources. Subsequently,
this information is the combat information used by firepower when selecting air targets for their
timely destruction. Thus, to ensure the required reliability of information, it is important to use
algorithms and models that can provide conclusions based on incomplete or unreliable data
(Lezik et al., 2020).

It is proposed to prioritize air targets using the capabilities of fuzzy logic, which includes
elements such as fuzzy sets and rules, membership functions, as well as inference methods and
defuzzification processes. Using the capabilities of fuzzy logic allows control system users to
use their experience and expertise to apply the necessary fuzzy rules. In addition, the process of
fuzzification helps to smooth out variations in goal prioritization, especially at points where
uncertainty prevails.

The use of fuzzy logic principles in the control of firepower can provide greater
adaptability and accuracy in detecting and destroying air targets. This approach will optimize the
use of firepower, minimize response time delays, and increase the likelihood of successful target
destruction in various combat conditions.

A rule-based fuzzy system has proven effective and is widely used in decision support
systems for threat assessment in air defense applications because it can model human expert
knowledge. However, building such a system is labor-intensive and complex to adapt to changes

in threat behavior in different operational contexts (Tuncer & Cirpan, 2023).
2 LITERATURE REVIEW
The study of this subject area emphasizes the growing importance of fuzzy set theory,

as a fundamental concept within fuzzy logic, to improve the accuracy and efficiency of decision-

making in military applications, especially in complex and uncertain scenarios such as air
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defense and air target engagement.

The study (Jin et al., 2020) developed a hierarchical bidirectional fuzzy reasoning
mechanism by integrating hierarchical rule structures and forward/backward rule interpolation.
The method proposed in this paper is based on the obtained hierarchical bidirectional fuzzy
interpolation to maintain consistency in sparse fuzzy rule bases. The proposed methodologies
are used to solve various decision support problems, successfully demonstrating their
effectiveness.

The study (Volkov et al., 2022) considers the development of an automated decision
support system using fuzzy networks to assess the air situation during combat preparation and
conduct. Applying fuzzy network principles in fire control systems can provide higher
adaptability and accuracy in detecting and destroying air targets.

To create a rule base used in fuzzy models, study (Kozlov, 2021) proposes a universal
information technology for designing rule bases (RB) by forming optimal consequents for
different types of fuzzy systems (FS) based on ant colony optimization methods (ACO).
Applying the proposed information technology allows for designing an efficient RB with
optimal consequences at low computational costs.

Due to the homogeneity and insufficiency of traditional methods of processing uncertain
information, a new method of parallel processing is proposed in study (Vang et al., 2018). To
obtain a dynamic threat value for working with quantitative indicators, the strong generalization
ability of Back-Propagation is used, while the strong justification ability of the Bayesian
network is used to analyze qualitative indicators to obtain a static threat value. The threat value
is obtained by linearly weighting the two types of threat values. Through case analysis and
forecasting ten batches of targets combined with simulation in Matlab and Genie software, the
method has proven effective. The simulation results show that the comprehensive threat value is
more reliable than that obtained by the traditional method.

The Extreme Learning Machine (ELM) neural network-based threat assessment method
(Xu et al.,, 2022) allows for accurate and rapid target threat assessment during aerial
reconnaissance, ensuring high accuracy and efficiency.

Study (Yu et al., 2019) reviewed the general process and types of threat assessment
methods for air defense using a comparative research method, analyzing the application of fuzzy
theory, neural networks, and genetic fuzzy trees in target threat assessment.

The comparison of air target threats using the multi-criteria decision-making method,

Journal of Management & Technology, vol. 24, n. 3, p. 280-300, 2024



@ Andrii Volkov, Oleksandr Lezik, Serhii Oriehov, Serhii Korsunov, Mykola Oboronov &
IV Oleksii Filippenkov

Revista Gestao & Tecnologia

Saaty Analytic Network Process (ANP), which was proposed in study (Unver & Giirbiiz, 2019),
allows the obtained values to be used for sequencing or prioritizing targets in a military
environment.

To address the problems of data distortion, errors, or even lack of situational information,
study (Wang et al., 2022) proposes a method for assessing threats to air combat targets based on
an enhanced evidence network (EN). First, for selected attribute variables closely related to the
threat assessment of air combat targets and easy to obtain, a method for calculating the
preference function was developed and an evidence network model was constructed. Then, for
incomplete evidence information, a preprocessing and evidence correction method based on data
prediction was proposed, and a method for transforming the structure of evidence beliefs based
on triangular fuzzy ratio conversion was developed. Finally, network reasoning is realized by
continuously merging information. The simulation results show that this method allows for fully
utilizing target attribute information extracted and accurately assessing the threat level of an
enemy fighter with random and incomplete data.

Based on the target detection capabilities of LSS and their threat characteristics in study
(Luo et al., 2021) proposed a threat assessment factor and a threat degree quantification function
according to LSS target characteristics. LSS targets not only have the same threat characteristics
as traditional air targets but also unique characteristics of flexible mobility and dynamic mission
planning.

Therefore, we use the Analytical Hierarchy Process (AHP) and information entropy to
determine the subjective and objective weights of LSS target threat factors and use an
optimization model to combine them to obtain more reliable assessment weights. Finally, the
effectiveness and reliability of the proposed method are verified by experimental modeling.

Traditional threat assessment methods, such as the Analytical Hierarchy Process (AHP),
are usually limited to individual air targets without considering air cluster targets. Additionally,
due to the uncertainty and complexity of the battlefield environment, the data used for threat
assessment is incomplete in many situations, such as interval values and probability values.
Traditional methods cannot handle incomplete information.

To solve these problems, the study (Gong et al., 2024) proposes a threat assessment
method for cluster targets based on the Dynamic Bayesian Network (DBN) with a cloud model.
Based on the characteristics of air cluster targets, a DBN was built to infer the threat value for

multiple air cluster targets using the Technique for Order of Preference by Similarity to Ideal
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Solution (TOPSIS). Based on this, a cloud model with the ability to express uncertainty is used
to handle incomplete information. Experiments show that the proposed method allows for
assessing the threats of air cluster targets with incomplete information and is more accurate
compared to traditional threat assessment methods.

Study (Han et al., 2019) proposed a TOPSIS method based on the cloud model and
distance entropy for multi-target threat assessment, highlighting the complexity of threat
assessment and the necessity for multifaceted approaches. Similarly, the method based on the
Dynamic Bayesian Network addresses the problem of working with incomplete data in dynamic
combat environments, emphasizing the need for reliable models that can handle such
uncertainties (Wang et al., 2019). Dynamic Threat Assessment Method, which combines DBN
and TOPSIS, presenting a comprehensive strategy for assessing multi-target threats, allows for
the assessment of threat severity and distance, and provides a holistic picture, improving
decision-making in air defense (Gong et al., 2021).

Stochastic dynamic assignment problem to improve air defense combat management
using approximate dynamic programming techniques demonstrates an innovative approach to
handling dynamic and stochastic elements in air defense scenarios (Liles et al., 2022).

Finally, the study of dynamic game strategies for optimal task management in military
operations, provides insights into the application of game theory in air defense and includes
matrix games and graph theory algorithms, emphasizing the potential of strategic optimization
in combat situations (Zhang et al., 2021). Thus, the relevance of this research is driven by the
need to enhance the efficiency of air defense control systems by improving air threat assessment
methods. The aim of this research is to develop and validate fuzzy models to improve the
efficiency of automated control systems by accurately and quickly determining the priority of air
targets in real-time. The primary tasks include developing new approaches for target assessment
and prioritization based on fuzzy systems and verifying the adequacy of the developed model

through simulation.

3 SEARCH METHOD

The object of this research is the prioritization of air targets, the relevance of which has
been confirmed by practical results from the Russian-Ukrainian war during the defense of troops

and critical objects, including objects of Ukraine's energy system. After conducting the analysis,
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it was established that this process is complex and involves analyzing the flight parameters of air
targets, as well as the rapid processing and integration of diverse information, which often
comes from unreliable and unverified sources. This information is subsequently used by fire
control systems to select air targets for timely neutralization.

The subject of this research is the use of fuzzy logic to determine the priority of air
targets. The research included the development of a model structure that encompasses defining
input and output data and the processor's work as a mechanism for mapping the dependencies of
output variables on input variables. It also involved developing a specific fuzzy model for
analyzing and determining the priority of air targets, considering parameters such as distance,
speed, altitude, target type, etc. The use of the systems analysis method allowed the
identification of the most significant flight parameters of targets that can influence the
determination of priority levels. Systems analysis also determined that the assessment rule used
to establish the priority of an air target is based on the minimum membership degree among the
fuzzy sets associated with each input parameter.

In this research, the determination of air target priority was performed using the
capabilities of fuzzy logic, which includes elements such as fuzzy sets and rules, membership
functions, inference methods, and defuzzification processes. The use of fuzzy logic capabilities
allows system users to apply their experience and expert knowledge to formulate necessary
fuzzy rules. Additionally, the fuzzification process helps smooth out variations in priority
determination, especially in areas where uncertainty prevails.

The principles of fuzzy logic in fire control management can ensure greater adaptability
and accuracy in detecting and destroying air targets. This approach will optimize the use of fire
resources, minimize response time delays, and increase the likelihood of successfully
neutralizing targets under various combat conditions.

In the course of the research, a fuzzy model was created, structured to include input data
containing information about the flight parameters of air targets and the fire means designated
for their destruction. Flight parameters of air targets are obtained by processing information
from target detection means (radar stations, observers, acoustic sensors, etc.), which include data
such as target range, speed, altitude, course, and so on.

The method of simulation modeling allowed for the consideration of various factors,
such as the diversity of air targets and the characteristics of their flight parameters, the location

of the fire means, possible attack routes, and risk dynamics. Through simulation modeling, the
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accuracy of the proposed fuzzy model based on the Mamdani model and fuzzy rules was

evaluated.

4 RESULTS

The fundamental architecture of a fuzzy model encompasses several components: fuzzy
logic, fuzzy arithmetic, mathematical programming, graph theory, and data analysis under the
umbrella of fuzzy set theory (Xu et al., 2022). The primary goal of this theory is to introduce the
concept of fuzzy sets, a mathematical concept that extends traditional set theory for more
realistic data processing and system complexity handling.

In conventional terms, a fuzzy set is characterized by a membership function that
determines the degree to which each element belongs to the set. The degree of membership
varies from 0 to 1, where 0 indicates no membership and 1 indicates full membership.

Assume there is a fuzzy set Aon a universal set X. Then, the fuzzy set Acan be
denoted as a set of pairs:
A= { (%, pa (x))x € X }’
where x — element of the universal set X ; p,(x) — membership function of the fuzzy

set A, which defines the degree of membership of element x to the set A.
The membership function p A(x) can take any value in the interval [0,1], reflecting the

fuzziness of the degree to which an element is considered part of the set. This distinguishes
fuzzy sets from traditional sets, where the membership function can only take values 0 or 1,
corresponding to the absence or presence of an element in the set, respectively (Ruiz-Garcia et
al., 2019).

The inference mechanism serves as the “brain” of the system, responsible for processing
input data according to defined rules and methods of fuzzy logic to obtain useful conclusions or
actions. It illustrates how the output variables depend on the input variables in the system. In the
context of a fuzzy model, the input data can be represented by specific numerical values, while
the output data can be either a fuzzy set or a precise numerical value. Instead of relying on an
explicit function, the relationship between the output and input in a fuzzy model is determined
through a set of fuzzy rules. To achieve the goal of this work, it is proposed to consider an

expert fuzzy model variant which enables reasoning using expert experience (Fig. 1).
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Figure 1: Expert Fuzzy Model Option.
Source: Prepared by the authors (2024).

From Figure 1, it is evident that the rule base serves as a repository for fuzzy IF-THEN
production rules. These rules consist of statements written in the language of qualitative
concepts by experts in the process, which is weakly formalized. In the case of a fuzzy model
with “n inputs — one output” each fuzzy rule can be described as follows:

R(k):if X;eAkand X,eAk and ... X, Ak, that Y eBk ,

where  R(k)- k-th rule in the system; X;,X,,...,X, —input variables;
Ak, AKk,...,Ak —fuzzy sets for the corresponding input variables in the k-th rule; Y — output
variables; Bk — fuzzy sets for the original variable in the k-th rule.

Each rule R(kn) associates a specific combination of fuzzy input variable values with a

specific fuzzy output variable value. The rule hypothesis is constructed through the intersection,
performed by the fuzzy AND, of linguistic statements known as antecedents. The rule's conclusion is

derived from the hypothesis using fuzzy inference (IF-THEN). Each rule has a relative importance
a, €[0,1].

The rule base is created by combining all fuzzy rules using the fuzzy OR. These rules
are generated based on expert knowledge or empirical data samples. The rule base is the most

crucial component of any fuzzy model.
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The model parameter set defines the characteristics of membership functions used to
represent linguistic terms of fuzzy variables and rules. These parameters can be set based on
expert assessments or through knowledge extraction from experimental data. The combination
of the rule base and the model parameter set is usually called the knowledge base. The inference
mechanism is responsible for conducting the fuzzy logical inference process, using this
knowledge base and input data, ultimately providing the predicted output value. The
fuzzification interface converts crisp input data into degrees of membership in the corresponding
linguistic terms, while the defuzzification interface converts the fuzzy inference back into a crisp
output value.

In the context of prioritizing air targets, the fuzzy model is built such that the input data
includes information about the flight parameters of air targets and the fire means intended to
destroy them. The flight parameters of air targets are obtained by processing information from
target detection means (radar stations, observers, acoustic sensors, etc.), which include data such
as target range, speed, altitude, course, etc.

In turn, data on fire means intended to destroy air targets include information about the
type of means, their location, ammunition availability, hit probability, etc (Volkov et al., 2021).
The relationship between some air target parameters and fire means information is shown in

Figure 2.

Figure 2: Relationship between the flight parameters of air targets and firepower means.
Source: Prepared by the authors (2024).
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To determine the priority of an air target, it is proposed to use a fuzzy model, which is
implemented in the processing unit of a fuzzy expert system (Fig. 3).

Based on the information about the flight parameters of air targets and the data on fire
means, the range of the i-th target to the j-th fire means, the course parameter, the time the i-th
target stays in the strike zone of the j-th fire means, and the target priority for optimal target

allocation are determined.

Data Block Configuration Block
Expert assessments Setting the parameters of the
air target

Combat Experience

Setting indicators that characterize
the parameters of an air target

Processing Unit

Pre-processing of incoming information . .
P g g Setting the Evaluation

Interval for Each Indicator

Blurring Inputs to linguistic Expressions

Constructing a set of fuzzy inference rules in the
form: IF-THEN

Matching a rule that matches a value that
represents language expressions Formation of the final result

Dephasification, prioritization

Figure 3: Structure of the fuzzy system algorithm to prioritize air targets.
Source: Prepared by the authors (2024).

The fuzzy information received at the input is processed by determining the degrees of
membership for the linguistic variables that describe the input data. Precise input values are then
used as parameters for membership functions, assigning these values to linguistic terms involved
in the conditions of each fuzzy logic rule. According to the approach described in (Lezik et al.,
2020) and the standards used in NATO countries, the flight parameters of the target are
classified at different levels. For example, the target flight altitude is divided into very low (up
to 150 m), low (150-1,500 m), medium (1,500-7,600 m), and high (7,600-15,200 m). Similarly,
the target speed is divided into low (up to 102 m/s), low (102-206 m/s), medium (206-308 m/s),
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and high (over 308 m/s). Based on this classification of air target flight parameters, membership
functions are formed, resulting in input data and linguistic expressions for the proposed fuzzy
model.

Subsequently, a set of fuzzy inference rules in the form of IF-THEN operators is
formed by fuzzily converting the input information into linguistic expressions. It should be
noted that shorter distances to the target and lower flight altitudes correspond to an increased
priority of the air target. Thus, the language used to determine the air target's priority level based
on the input information is directly proportional to the speed and inversely proportional to the
distance, altitude, course, and time the target remains in the strike zone. The set of fuzzy
inference rules, which evaluates the input information using the fuzzy AND operator, is created
based on a combination of expert knowledge and the relative importance of each rule o €[0,1],
represented in Table I. According to Table I, each evaluation rule applied to establish the air
target's priority is based on the minimum value of membership degrees among the fuzzy sets

associated with each input parameter.

Table 1
A set of fuzzy output rules in the form of IF-THEN for evaluating input data by the

AND operator based on expert knowledge

% AND

c

] z o w [«5) ..Z‘

= : £ - = £= =

g S| = | £ E | gg| 3ZE g | g
2 = > = S kS ® 5 22w = o

[ < L) N 8_ ?5 g E @ = ©

> = T < » < £ o = 8 % 5

= g, B g B S g 2B N 5 3

K & 2 5 S | o8| EF =

= [ ~ [ =

1 1,0 L L H L M L L H
2 1,0 H H L H H H H L
3 0,8 L M L M M M L M
4 0,5 H L H L L M L M
5 0,5 M L H L L M H H
6 0,1 L H M H H M M L

Source: research data
Then the satisfaction H, for each input parameter, using the Mamdani method, is

calculated as follows:
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Hy = min(uy (x)),

where p, (x) the degree of affiliation, which determines how well the input value
corresponds to the linguistic term | for the rule.

Such an approach ensures that the evaluation of each parameter reflects the most
important factor influencing the overall priority assessment. In the evaluation process, the
compliance of each rule, which correlates with the given linguistic terms, requires the
determination of the degree of satisfaction. This degree reflects how well the input parameters
meet the conditions set for each rule, as presented in Table 1. In cases where all the rules in
Table 1 are activated simultaneously, there may be rules that yield the same satisfaction value
H, . For example, rules 1 and 5 generate a goal priority level with the linguistic expression
“High (H)”, rules 3 and 4 generate a priority level with the linguistic expression
“Medium (M )”, and rules 2 and 6 determine the priority level with the linguistic expression
“Low (L)”. Therefore, there arises a need to combine rules that create the same linguistic
expression of priority level using the fuzzy operator ProbOR, according to the formula:

P=9 k(Hk®ak)'

where B, — aggregated priority level for a linguistic term |; © —represents the fuzzy
ProbOR operator used for aggregation; H, —the degree of satisfaction for the k-th rule;
® — denotes the operation of combining the degree of satisfaction with the relative importance of
the rule; a, — the relative importance of the k-th rule.

Then, for the rules given in Table 2, their cumulative affiliation is calculated as follows:

for | =1 (High Priority)

By=(H® 0,)®(H,®0,)®...® (H ® o );

for | =2 (Medium Priority):

Bu=M;®0a,)® (M,®0,)®...® (M, ®ay);

for 1 =3 (Low priority):

BL=(L®0)® (L,®a0)®..0 (L ®q),

where H,,M,, L, — correspond to the degrees of satisfaction of each rule for high,
medium and low levels, respectively; k —the number of rules corresponding to each linguistic level.

To apply the specified formulas, it is necessary to use the degrees of correspondence of

each linguistic term and the relative importance of each rule.
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Then, using these formulas, the aggregated degrees of membership are calculated, which
allows for obtaining an overall assessment for each air target. This process integrates various input
data and assessments into a single output value, reflecting the priority of the targets considering the
established rules and criteria.

The defuzzification process to calculate the target priority value of an air target is proposed
to be carried out using the Center of Gravity (CoG) method, taking into account nput parameters
such as range, speed, altitude, course, and other characteristics that affect the determination of target
priority. This method integrates input fuzzy data to obtain a single crisp numerical value that reflects
the priority of air targets.

To calculate a specific value B ,By , B, it is necessary to combine the corresponding
members and then transform them into a scalar value through reduction to remove indeterminate
components. This results in the final form of the membership function representing a certain level of

priority. Then, the priority value of the air target relative to the fire means can be calculated as

follows
4C6 Z?:l(vz 'Hc(Uz)'Sz)+7Vzrkn=1(djk‘ud (dij)'Wj)
1 1
J Zinzl(uc(uz)'sz)'i' }Vzrknzl(ud (dij )WJ)
where uﬁ"e the calculated priority value for the i-th air target using the center of gravity

method, taking into account the interaction with the j-th fire weapon; v, — the value of the z-th
parameter, which affects the priority (for example, range, speed); HC(UZ) — accessory function for
the z-th parameter; S, —the weight or significance of the z-th parameter; d; — the distance between
the i-th target and the j-th fire weapon; p (d ji) — accessory function, which reflects the degree of
suitability of the j-th fire weapon for destroying the i-th target, taking into account the distance; W;

— the weight or significance of the j-th fire weapon in the context of the ability to destroy the target;
L — a coefficient that regulates the influence of the distance to the firing assets on the overall priority
of the target; n— the number of parameters that affect the priority; m— the number of fire weapons.
For conducting the simulation modeling of the proposed fuzzy model in determining and comparing
priority levels, we will consider the experience of the russian-Ukrainian war and define a scenario
for the engagement of critical infrastructure targets protected by a single fire weapon. This scenario

replicates an air situation with 6 air targets (T;, T,,...,Tg) with variable flight parameters and one fire

weapon ( F;). The flight parameters of the targets during the simulation are presented in Table 2.
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Table 2.

Information on the flight parameters of the targets

Target ID Range Height Azimuth Course Speed
to the target, m target, m target,° target,° target, m/s
T 2000 300 25 195 30
T, 1200 230 45 200 50
Ta 800 700 120 300 55
T4 1560 450 10 90 100
Ts 3800 1000 100 200 20
Ts 3200 1200 90 20 70

Source: research data

In the process of conducting simulation modeling, we will evaluate the accuracy of the
proposed fuzzy model based on the Mamdani model and the fuzzy rules presented in Table 2. For
this, we will use the SCIKIT-FUZZY PYTHON library set. The fuzzy rules are established based on
the values of the input information. After determining the fuzzy rules, fuzzy models are created
using SCIKIT-FUZZY PYTHON to determine the priority levels of the targets, as indicated in Table
2. The results of testing this model, considering the target trajectory parameters, are presented in
Figure 4. To evaluate the effectiveness of the proposed fuzzy model, we will create a test model in
the GOOGLE COLAB environment, which provides a platform for executing PYTHON code in the

cloud. The results of the simulation modeling show that target T, demonstrates the highest priority

with a value of 0.712, while target T, has the lowest priority, measured at 0.124.

Prionity value
o
W

T1 T2 T3 LE TS TG
Adr tar get |

Figure 4: Target Threat Level Values in the Air Defense Scenario.
Source: Prepared by the authors (2024).
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The calculated priority values of the targets allow for ordering the targets in descending
priority level, which simplifies the automatic assignment of target data to the fire units.

The developed model is capable of calculating and updating the priority values of
targets during each data update cycle and demonstrates its ability to operate in real-time.
Furthermore, there is potential to integrate this model into existing software products, where

target priority values can be directly displayed on a digital map.

5 DISCUSSION

The proposed fuzzy logic model for prioritizing air targets demonstrates significant
progress in real-time target assessment in air defense systems. Key findings from the simulation
modeling confirm the effectiveness of the Mamdani fuzzy model, which was implemented using
the SCIKIT-FUZZY PYTHON library. The model's ability to accurately evaluate target
priorities based on variable flight parameters demonstrates its potential for integration into
modern air defense management systems.

Modeling results indicate that the model effectively prioritizes targets, assigning the
highest priority to the most threatening target (priority value 0.712) and the lowest priority to the
least threatening target (priority value 0.124). This differentiation allows for a systematic
approach to target engagement, ensuring that the most threatening targets are neutralized first.
This conclusion aligns with previous research emphasizing the importance of accurate threat
assessment for enhancing the efficiency of air defense operations.

The performance of the presented model is comparable to existing methods, such as
those using Bayesian networks and the Analytical Network Process (ANP) for threat
assessment (Wang et al., 2019). However, our fuzzy logic approach offers an advantage in
processing multiple input parameters and expert knowledge through IF-THEN rules, which
traditional methods may not handle as flexibly. Studies have shown that fuzzy logic systems
similar to ours can provide more nuanced and adaptive assessments in complex and dynamic
environments (Beser et al., 2018).

A notable addition to the body of literature is the study by (Jin et al., 2020), which
presented a bidirectional reasoning-based approximation approach for decision support. This
method underscores the importance of incorporating bidirectional reasoning to enhance

decision-making, complementing our fuzzy logic model by potentially providing a more
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comprehensive understanding of threat scenarios.

There is currently a substantial body of research on prioritization through various
methods. For example, R. J. Zhao et al. (2021), aiming to reduce the uncertainty of target threat
assessment results and improve the accurate assessment of targets in complex and changing air
combat environments, proposed a method based on the combination of interval-valued
intuitionistic fuzzy sets (IVIFS), game theory, and evidence reasoning methodology. The study
represents the imprecise and fuzzy information of air targets on the battlefield with IVIFS,
determines the optimal index weight using interval-valued intuitionistic fuzzy entropy and game
theory, and calculates the time series weight using the inverse Poisson distribution method.
Similar approaches were used by J. Feng et al. (2019) and M. lasechko et al. (2021) in their
work, where they proposed an improved generalized intuitionistic fuzzy soft set (GIFSS)
method for dynamic threat assessment of air targets.

Firstly, the threat assessment index is reasonably determined by analyzing the typical
characteristics of air targets. Secondly, after obtaining GIFSS at different times, the index
weight is determined using intuitionistic fuzzy entropy and relative entropy theory. The inverse
Poisson distribution method is then used to determine the time series weight, and a time-
weighted GIFSS is obtained. Finally, the threat assessment of five air targets is carried out using
improved GIFSS (I-GIFSS) methods, and their comparison proves the validity and advantage of
the proposed method.

VY. Gao et al. (2020) developed a target threat assessment method based on triadic
decisions in an intuitionistic fuzzy multi-attribute decision-making environment. The key
components include the conditional probability of each target evaluated by intuitionistic fuzzy
TOPSIS and the decision thresholds of each target constructed using intuitionistic fuzzy
evaluation values. Results from two numerical examples indicate that the proposed method
effectively handles dynamic uncertain situation information, transforming traditional two-sided
decision ranking results into objective triadic decision classification results, and can flexibly
reflect situation information acquisition by setting the risk avoidance coefficient.

To overcome the shortcomings of traditional threat assessment methods, such as one-
sidedness, subjectivity, and low accuracy, L. Yue et al. (2019) proposed a new air target threat
assessment method based on a gray neural network model (GNNM) optimized by an improved
moth-flame optimization algorithm (IMFO). The model fully combines the excellent

optimization performance of IMFO with the strong learning performance of GNNM.
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Additionally, V. Koval et al. (2023) proposed a classification of air threats for warning,
recognition, and alert systems, prioritizing threats based on predicted losses. Their findings align
with our approach, emphasizing the importance of parameters such as minimum engagement
range and maximum flight speed in determining threat priority.

The real-time operational capabilities of the presented model are crucial for modern air
defense systems, which require quick and reliable target assessments to respond to rapidly
evolving threats. The model's ability to dynamically update priority values ensures continuous
optimization of defense strategies necessary for effective air defense management. This feature
aligns with the findings of recent studies, highlighting the need for adaptive and responsive
systems in air defense scenarios (Tuncer & Cirpan, 2023).

One of the most promising aspects of the developed model is its potential integration
into existing tactical software modules. By displaying target priority values directly on digital
maps, operators can make informed decisions quickly, enhancing situational awareness and
decision-making efficiency. This integration potential was confirmed by previous research on
decision support systems in air defense (Volkov et al., 2020).

Future research should focus on refining the model by incorporating additional
parameters, such as electronic countermeasures and environmental factors that may affect target
prioritization. Extending the model to account for joint engagement scenarios involving multiple
air defense units could significantly enhance its applicability. Collaboration with defense
technology developers can facilitate the practical implementation and testing of the model under
real-world conditions.

In conclusion, the developed fuzzy logic model represents a significant advancement in
the field of air defense. Its ability to accurately determine target priorities in real-time, combined
with its integration potential, makes it a valuable tool for enhancing the efficiency and
effectiveness of air defense operations. Recent research contributions further underscore the
need for adaptive, reliable, and multifaceted approaches in threat assessment and decision

support systems.

6 CONCLUSION

This work represents an innovative approach to determining the priority level of air
targets using fuzzy logic and technical terminology. The application of the Mamdani model

enabled effective processing of multiple input data to determine a single output value - the
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priority level. The foundation of this method lies in fuzzy logic inference rules IF-THEN, which
take into account expert knowledge through the use of the AND operator. The defuzzification
process, conducted using the limited center of gravity method, in conjunction with fuzzy rules,
determined the final priority value of the target.

The effectiveness of the model was validated through simulations in PYTHON on
various target trajectories. The results demonstrated that the model is capable of promptly
assessing the priority level of each target, making it highly promising for integration into tactical
software modules for real-time control and management of air defense systems.

Overall, the developed fuzzy model represents a significant advancement in the
development of automated control systems for military applications. It provides flexibility,
speed, and precision in decision-making, crucial in dynamic and unpredictable conditions of the

modern battlefield.
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