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MODELING OF PROJECT ACTIVITIES FOR UAV MODERNIZATION
TO CONDUCT SWARM DRONE ATTACK MISSIONS

This study addresses the critical issue of modernizing existing unmanned aerial vehicles (UAVs) to enhance
their applicability in the contemporary conditions of hybrid warfare. The research focuses on adapting the
structural design of UAVs through reengineering, enabling their deployment in swarm attack operations
against high-priority enemy targets. Thus, this publication explores the essential measures for planning project
activities related to UAV modernization, aiming to align their capabilities with the operational needs of mili-
tary forces on the battlefield. The primary objective of this study is to develop a comprehensive set of mathe-
matical and simulation models that facilitate the planning of UAV modernization projects. The models are in-
tended to optimize new functions related to control, coordination, and navigation, enabling UAVs to perform
as part of drone swarms in military missions. This research analyzes the existing challenges in reengineering
high-tech systems for evolving operational environments and presents possible UAV reengineering strategies.
A particular emphasis is placed on the component-based approach to designing new UAVs or upgrading exist-
ing ones. The study categorizes UAV components into three types within the architecture of modern high-tech
systems: existing components, components requiring modernization, and newly developed components. The
findings highlight the necessity of balancing the reuse of existing components with the integration of innovative
technologies. While innovative components enhance UAV capabilities, they also increase project duration,
costs, and associated risks — factors that are particularly critical during a state of war. This study also exam-
ines the currently deployed UAV models to assess their suitability for modernization projects. In the initial
stages of UAV modernization, expert assessments from specialists in complex system manufacturing and mili-
tary operations are used to evaluate and rank potential modernization options. These qualitative evaluations,
represented as linguistic variables, were processed using the lexicographic ordering of alternatives to identify
the most reasonable option for implementation. Integrating new components into existing UAV architectures
necessitates optimizing reengineering decisions under constraints such as limited time, budget, and heightened
risks due to national security conditions. To address this, an optimization model based on integer (Boolean)
programming was developed for selecting the most rational UAV component architecture. Additionally, signif-
icant attention is given to structuring the sequence of project activities, estimating the project completion time,
and evaluating the risks associated with UAV modernization. A simulation model was constructed to analyze
the lifecycle of new UAV components or the modernization of existing ones within a specified time scale. The
entire modernization project was also simulated to assess the feasibility and efficiency. Using the agent-based
platform AnyLogic, interactive simulation modeling of the UAV modernization processes was conducted. The
scientific novelty of this research lies in the development of original models that enable comprehensive UAV
analysis for modernization. These models facilitate the selection of new UAV components, assess moderniza-
tion project timelines and risks, and apply simulation modeling to evaluate the sequence of project activities.
The research findings provide a foundation for planning UAV modernization processes to enhance their opera-
tional effectiveness in modern hybrid warfare. By integrating aerial operations with ground-based military ac-
tions, this approach contributes to strengthening national defense capabilities.

Keywords: Modernization of UAVSs; strategies; system analysis; multiple options; component design; lexico-
graphic ordering; mathematical models; simulation modeling; project activities; and multi-criteria optimiza-
tion.

into a unified system enhances operational efficiency,
providing a synergistic effect that is crucial in modern

1. Introduction

During military operations, various types and
models of UAVs are employed to support ground forces
through reconnaissance, target designation, and offen-
sive actions [1]. However, existing military drones lack
the capability to effectively form coordinated
swarms [2]. The integration of different types of drones

hybrid warfare. This integration represents an innova-
tive approach in military conflicts, enabling new strate-
gic advantages [3]. The effectiveness of UAVs signifi-
cantly increases when they operate in swarm formations
or coordinated groups, enabling them to move towards
dispersed enemy targets and execute massive wave-
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based attacks [4]. However, this approach introduces
complexities in managing and coordinating individual
UAVs within a swarm, requiring advanced communica-
tion, decision-making, and control mechanisms. Ad-
dressing these challenges necessitates the development
of new UAV designs capable of swarm formation and
executing combat missions with enhanced control and
coordination functionalities, including artificial intelli-
gence (Al)-based decision-making [5]. Consequently,
the urgent need arises to either develop new-generation
UAVs or modernize existing models, especially under
the constraints of a national state of emergency, to en-
sure their effective deployment on the battlefield.

1.1. Motivation

Under conditions of martial law, the development
of projects for the creation or modernization of existing
UAVs is of critical importance, particularly when these
UAVs are expected to perform new functions in combat
operations. Practical experience has demonstrated that
modernizing existing military equipment — such as up-
grading high-explosive aerial bombs and developing
guided bomb units (GBU) — significantly reduces design
time, production preparation, and the transition to mass
production [6]. This, in turn, enhances the combat effec-
tiveness of military forces that extensively deploy
drones for battlefield operations. When planning UAV
modernization initiatives, it is essential to establish, at
the early stages, a new architecture for the unmanned
system based on existing UAV platforms. This upgrad-
ed architecture should enable advanced control and co-
ordination functions, facilitating the deployment of
drone swarms for targeted combat missions [7]. The
integration of new components into UAV structures
requires a comprehensive project reengineering cycle,
which can have a significant impact on the key perfor-
mance indicators of the UAV modernization project [8].
This study addresses the urgent task of modeling project
activities related to UAV modernization while consider-
ing the need to minimize project execution time, costs,
and risks — especially in the context of national security
and emergency conditions.

1.2. State of the Art and problem statement

There are several challenges associated with the
modernization of UAVs to ensure their effective de-
ployment in the context of modern hybrid warfare [9].
While some of these challenges have been partially ad-
dressed, new issues continue to emerge, necessitating
further research to expand UAV capabilities for military
missions. These include swarm formation and coordi-
nated drone group operations, large-scale offensive ac-
tions using UAVs, and wave-based attack strategies.

Addressing these challenges requires dedicated studies
focused on:

1. The innovative nature of the UAV moderniza-
tion project, which involves implementing new control
and coordination functions within a drone swarm using
artificial intelligence [10, 11].

2. The diversity of components integrated into
UAVs for executing advanced control functions, which
increases the complexity of the system architecture [12,
13].

3. Operational constraints affecting UAV perfor-
mance, including size, combat payload, and flight en-
durance [14, 15].

4. The necessity of finding a compromise be-
tween developing new innovative UAV components and
utilizing existing ones, which impacts the success of the
modernization project [16, 17].

5. The presence of time and budget constraints for
executing the UAV modernization project under the
conditions of a national emergency [18, 19].

6. The complexity of assembling a team of spe-
cialists for the successful implementation of the UAV
modernization project [20, 21].

7. Challenges associated with employing modern
technological equipment for mass production of new
UAVs or the modernization of existing ones [22, 23].

8. Supply chain issues related to sourcing compo-
nents for UAV production under the conditions of a
national emergency [24, 25].

This is not an exhaustive list of challenges, as new
issues continue to emerge under the country’s current
state of emergency. This highlights the relevance and
necessity of implementing UAV modernization projects
to enable the execution of new combat missions using
drone swarms.

A review of publications addressing these chal-
lenges has demonstrated the complexity of UAV mod-
ernization tasks under existing national conditions. This
necessitates further research employing various models
for analyzing and planning project activities [26].

This study proposes a possible solution to a subset
of these issues, specifically:

— Justification for developing a modern compo-
nent-based UAV architecture to support new flight co-
ordination and control functions within drone swarms.

— Selection of the optimal modernization option
from a set of existing UAV configurations.

— Development of optimization models to ensure
the efficiency of the UAV modernization project.

— Implementation of simulation modeling of pro-
ject activities over time to evaluate the key performance
indicators of the UAV modernization project.

The study applies a systems analysis approach to
UAV modernization, incorporating both structural and
dynamic aspects of the research.
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Structural analysis is conducted to develop the
UAV architecture using a component-based approach
[27]. This involves evaluating a set of components, in-
cluding both existing and newly developed elements,
which will be integrated into the modernized UAV
model. The search for the optimal modernization option
is performed through lexicographic ordering of alterna-
tives, ensuring a rational selection process. Additional-
ly, optimization of key performance indicators in the
modernization project is achieved using integer (Boole-
an) programming.

These well-established methods have been suc-
cessfully applied across various domains where multiple
alternative solutions exist, and the most suitable option
must be selected.

For dynamic analysis, an advanced simulation
modeling of project activities is employed, utilizing an
agent-based approach. This technique enables interac-
tive control of the simulation within a chosen time scale,
allowing for the detailed investigation of the logical
sequence of project activities involved in UAV modern-
ization.

1.3. Objectives and methodology

A critical contradiction arises between the urgent
need to modernize UAVs within short timeframes —
enabling new innovative functions for swarm flight con-
trol and coordination — and the limitations of existing
models, as well as the lack of new frameworks that fully
support project planning for UAVs with advanced com-
ponents under the country's special operational condi-
tions.

The objective of this research is to develop a com-
prehensive set of mathematical and simulation models
that facilitate UAV modernization planning. These
models aim to support the implementation of new con-
trol, coordination, and navigation functions for deploy-
ment in military drone swarm missions.

In accordance with this objective, the following
key tasks must be addressed:

1. Conduct a system analysis of UAV moderniza-
tion processes for application in modern military opera-
tions.

2. Evaluate a set of alternative UAV configura-
tions to identify the most suitable option for moderniza-
tion.

3. Optimize key performance indicators of the
UAV modernization project, considering the compo-
nent-based architecture of the system.

4. Develop a simulation model to analyze, over
time, the sequence of project activities related to UAV
modernization.

The article structure is as follows:

— Section 2 is dedicated to the system analysis of
possible modernization strategies for UAVs.

— Section 3 focuses on the development of a
model for selecting the most rational UAV moderniza-
tion option among existing alternatives, using lexico-
graphic ordering of alternatives.

— Section 4 addresses the optimization of the
UAV component architecture to ensure compliance with
the key performance indicators defined in the moderni-
zation project.

— Section 5 presents the simulation modeling of
project activities related to UAV modernization.

— Section 6 discusses the scientific results and
presents them as a methodology, emphasizing the prac-
tical significance of the conducted research.

— Section 7 concludes the article by summarizing
the findings, outlining prospects for future research, and
exploring the development of an applied information
technology for UAV modernization.

2. System Analysis of the UAV
Modernization Process for Deployment
in Modern Military Missions

The extensive deployment of unmanned aerial sys-
tems in the Land Forces and the State Border Guard
Service enables the formation of a Kill Zone, restricting
enemy movement without incurring losses. The integra-
tion of aerial operations using UAVs with ground-based
military actions significantly reduces personnel casual-
ties and facilitates the elimination of enemy targets be-
fore they reach the frontline. Establishing such an inte-
grated strike system will dramatically enhance the effec-
tiveness of both defensive and offensive operations.
Consequently, UAVs have become a key element of
modern warfare, directly contributing to battlefield suc-
Cess.

However, current UAVs — such as reconnaissance
drones, target designators, and strike drones — lack the
necessary functionality to conduct large-scale swarm
attacks. This limitation stems from the absence of essen-
tial structural features required for the management and
coordination of UAV swarms. As a result, the need aris-
es for developing new UAVs or modernizing existing
ones to achieve these capabilities.

Developing entirely new UAVs involves high
costs, long development cycles, and increased project
risks, making this approach impractical under the con-
straints of a national emergency. An alternative solution
involves the modernization of existing UAVs, which
have already demonstrated their battlefield effective-
ness, are produced serially, and are available in suffi-
cient quantities within the armed forces. The moderniza-
tion of such UAVs focuses on structural enhancements,
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which can be efficiently implemented by leveraging the
component-based architecture of modern UAVS.

When modernizing UAVS, several key factors
must be considered:

1. The emergence of numerous new UAV control
functionalities, including swarm formation, group-based
task execution, and flock-based flight coordination.

2. Adaptation of existing UAV components to
meet the technical requirements of the modernization
project.

3. Full-cycle development of new components
required for the modernization process.

4. Time constraints, necessitating an accelerated
modernization process due to the urgency of the nation-
al security situation.

5. Risk factors associated with project execution,
especially under emergency conditions.

The listed factors must be considered when plan-
ning projects for the modernization of existing UAVS.

A set of possible modernization strategies has been
formulated, taking into account the specific state of the
country:

1. Modernization strategy based on the reengi-
neering of all UAV components.

This approach enables the implementation of new
functionalities by modernizing almost all UAV compo-
nents.

2. Modernization strategy based on identifying
components that do not require upgrades and can be
used in their current form.

In this case, designers focus on components that,
after reengineering, can perform new flight control and
coordination functions.

3. Modernization strategy based on designing
new components that are absent in the UAV without
altering the existing ones.

This strategy allows for the separation of newly
developed components, concentrating efforts on their
creation.

4. Component-based UAV design strategy.

Here, the UAV architecture is formed by repre-
senting functional elements as relatively isolated com-
ponents. These components can be assembled into the
required architecture depending on the UAV’s objec-
tives and mission requirements in military operations.

The presented list of UAV modernization strate-
gies is not exhaustive and may be expanded with new
strategies that emerge under special conditions in the
country.

The methods and models developed in this study
can be applied not only to UAV modernization projects
but also to the upgrading of existing military equipment
and weapon systems. The reengineering of modern mili-
tary technology using a component-based approach will

ensure effective deployment in the context of contempo-
rary hybrid warfare.

Thus, this section provides a system analysis of the
UAV modernization process. The study identifies key
factors influencing modernization projects and presents
possible strategies. Further research in this publication
will focus on employing a modern component-based
approach to UAV modernization, particularly for their
deployment in military missions as drone swarms.

3. Analysis of Alternative UAV Options
for Selecting the Most Suitable Model
for Modernization

Existing UAV models used by the military com-
prise a set of possible alternatives, from which the most
suitable option for the modernization project must be
selected. The selection of the optimal modernization
option from this set is associated with the evaluation of
key performance indicators that reflect the objectives
and tasks of the UAV modernization project.

The formation of performance indicators depends
on customer requirements and the specific missions the
UAVs will perform, such as reconnaissance, target des-
ignation, or strike operations. Consider an illustrative
example of UAV modernization for use in offensive
missions. To carry out attacks against enemy targets
using a drone swarm, the following capabilities of the
drones must be considered:

— the drone swarm formation — P;

— targeted flight within the swarm — Q;

— drone groups formation within the swarm — V;

— combat potential —

— size of the impact zone - Z;

— flight time to the target — T.

At the initial stages of the UAV modernization
project, the selection of the most suitable unmanned
aerial vehicle for enhancement will be based on qualita-
tive assessments provided by experts (including UAV
developers, military personnel, etc.). These assessments
will be represented in the form of values of the linguis-
tic variable yi; [4]:

A — very high grade,
B — high grade,

yij =1C~— good grade, 1)
D — satisfactory grade,

— low grade.

where "i" refers to the i-th indicator (P, Q, V, F, Z, T),
and "j" refers to the j-th possible UAV option subject to
modernization.

For example, for indicator F:
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A — very high combat potential,
B — high combat potential,

Yij =1 C— good combat potential, 2
D — satisfactory combat potential,

E — low combat potential.

Next, it is necessary to assess the significance of
individual performance indicators by establishing a pri-
oritized ranking based on expert opinions. Suppose the
experts have formulated the following priority order of
indicators:

PQFZTV (3)

For example, the set of alternative options for par-
ticipation in the UAV modernization project consists of
ten alternatives. A qualitative assessment of the indica-
tors for each option will be conducted, considering the
values of the linguistic variable y;; and using the estab-
lished ranking of indicators (P, Q, F, Z, T, V):
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To prioritize these alternatives, we apply lexico-
graphic ordering, taking into account the qualitative
values of the linguistic variable y;; and the established
priority sequence of performance indicators (P, Q, F, Z,
T, V). Using lexicographic sorting (similar to dictionary
ordering), we obtain the following ranked list:
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The most suitable alternatives for UAV moderni-
zation are positioned at the top of the list. The best op-
tion, based on the lexicographic ordering, is the second
alternative, which is characterized by the following per-
formance indicators:

— high potential for deployment within a swarm
of drones;

— very high capability for coordinated flight
within the swarm;

— high combat potential of the UAV;

— good rating for target area coverage;

— good flight time to target;

— satisfactory capability for forming a swarm
group.

Thus, this section presents an analysis of a set of
existing UAV alternatives that can be considered for the
selection of the most suitable option for the moderniza-
tion project. The evaluation criteria focus on UAV ca-
pabilities relevant to swarm-based attack operations.
To simplify the assessment process, expert evaluations
are expressed using qualitative ratings in the form of
linguistic variables. The final selection of the most ap-
propriate UAV modernization option is carried out us-
ing lexicographic ordering of alternatives, ensuring that
the most critical performance indicators are prioritized.

4. Optimization of Key Performance
Indicators in UAV Modernization
Considering Component-Based
Architecture

The emergence of new UAV capabilities in swarm
flight is closely linked to the further enhancement of
military missions in modern warfare, which heavily
relies on drone deployment. The need to form drone
swarms for wave attacks necessitates the development
of new components and their integration into the exist-
ing UAV architecture. Adopting a component-based
design approach simplifies the UAV modernization pro-
cess, enabling further improvement.

Under a modern component-based approach, the
architecture of a complex system consists of the follow-
ing component types:

— legacy components from previous develop-
ments;

— components requiring adaptation (moderniza-
tion) to meet the technical requirements of the moderni-
zation project;

— new (innovative) components, designed to in-
troduce functionalities absent in existing UAV models.

It is essential to note that new components signifi-
cantly impact the key performance indicators of the
modernization project. The project timeline and cost
increase, and, more importantly, risks emerge in the
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development of new components, affecting the modern-
ization project feasibility. This creates a challenging
trade-off between integrating new components into the
UAV architecture and mitigating the risks associated
with their development.

To address this issue, we propose a formalized ap-
proach to identifying a rational UAV modernization
option, considering possible component configurations.
For this purpose, integer (Boolean) programming will
be employed [28]. We introduce a Boolean variable xi;,
where index i corresponds to a new component intended
to introduce a new UAV function (e.g., UAV swarm
formation), and index j — represents the developer's de-
cision regarding the creation (or modernization) of the
component:

1, if the implementation of a new i-th UAV
function requires the creation of a new
component through the involvement of
j-th developer in the modernization project;

0, if the implementation of a new i-th UAV

function requires adapting an existing
component while involving j-th developer.

()

For planning a UAV modernization project, the
following indicators must be considered:

- time required for project implementation — T;

- project execution risks — R;

- cost of project works related to modernization —
W.

The indicators T, R, and W can be represented us-
ing the Boolean variable xi:

N N N n
Tzzzt'ijxij +zzt"ij(1—xij), (8)

i=1 j=1 i=1 j=1

where tj” — the time required to develop a new i- th
component by the j- th developer;

tj’> — the time required to modernize (adapt) the i-
th component by the j-th developer;

if xj =1, then 1-x;;=0 and the first summation term
is used, which corresponds to the development of a new
component;

if i =0, then 1-x;=1 and the existing component is
modernized using the second summation term;

n; — the number of possible developers for either
creating or modernizing the i-th component;

N — the total number of components that need to
be developed or modernized.

Thus, the value T accounts for both the creation of
new components and the modernization of existing
ones.

Notably, the representation of time (T) is highly
simplified and corresponds to the sequence of project
activities related to the development (or modernization)
of components. In actual design practice, the process of
developing (or modernizing) components may occur in
parallel or in a sequential-parallel manner. However, at
the initial stage of design, the time required for the de-
sign process of new components (or the modernization
of existing ones) can be approximately estimated using
equation (8).

The risks associated with the modernization pro-
ject:

N N N n
R=D g+ D ryd=xy), 9)
i=l j=1 i=l j=1

where 1 — represents the risk of project activities re-

lated to the development of a new component;
r'ij — represents the risk of activities associated with the

modernization of existing components.
The cost of project activities:

N N N n
W=D+ > whd-x;),  (10)

i=1 j=1 i=1 j=1
where w'; — pertains to the development of a new
component;
w"j; — pertains to the modernization of an existing
component.

To solve the optimization problem related to the
development of new components (or the modernization
of existing ones), one of the indicators T, R, W can be
used as the objective function while imposing con-
straints on the others.

For example, if the goal is to minimize project
risks during the UAV modernization process:

N N N
minR, R =er'ijxij +zzr"ij(l_xij)’

i=1 j=1 i=1 j=1
subject to the constraints:

T<T, Tziit'ijxij +2N:it"ij(1—xij), .(12)

i=1 j=1 i=1 j=1

N N N
wW=w’, W:zzw'ijxij +ZZW“ij(1_Xij)v

i=1 j=1 i=1 j=1

(11

(13)
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where T°, W’ — represent the acceptable values for the
time and cost of implementing UAV component mod-
ernization.

To determine a compromise among the indicators
T, R, W, it is necessary to assess the importance of indi-
vidual indicators with the assistance of experts (special-
ists in reengineering). These experts assign weights to
the indicators:

or +og +oyy =1 (14)

To find an optimal balance, a comprehensive indi-

cator should be used:

where T,R,W — are the normalized values of the indi-

cators.
T-T*

T-T*
_ R-R*

- R-R*’
CwW-w*
S wWe—w

R

(16)

w

where T*, R*, W* — the minimal values of the indica-
tors obtained after optimization for individual criteria.

The comprehensive indicator must be mini-
mized:

min Q, Q=07 T+oagR+oy,W. a7

The method for solving an integer (Boolean)
programming problem depends on the dimensionality of
the task [29]:

—for small-scale problems, complete enumera-
tion can be used;

— for large-scale problems, an improved branch-
and-bound method is applicable;

— for very high-dimensional problems, a random
search method is necessary. Although it does not guar-
antee finding the extremum, it can provide improve-
ments in the key performance indicators relative to the
original representations (for example, in percentage
terms).

Thus, in this section, the task of optimizing the
project indicators related to the modernization of UAVs
was addressed using a component-based representation
of the architecture of the new product. The approach
distinguishes between components that need to be new-
ly created and those that require modernization. The
primary project indicators include time, cost, and pro-
ject risks. For the optimization process, the integer
(Boolean) programming method was employed. In order

to search for a compromise among the presented per-
formance indicators, multi-criteria optimization was
employed.

5. Simulation Model for Time-Based
Research of UAV Modernization
Project Activities

The set of project activities for the modernization
of UAVs, aimed at adapting them for contemporary
military missions, depends on the characteristics of the
UAV system’'s component architecture. The ratio be-
tween reusable components with demonstrated opera-
tional demand and newly integrated components re-
quired for executing modern combat functions influ-
ences the time, cost, and risks associated with the mod-
ernization project. The implementation of UAV mod-
ernization project activities is closely tied to the life
cycle of developing a complex high-tech system.

Let us consider the following key stages of the
UAV modernization project.

1. Development of new components or moderniza-
tion of existing ones. This stage includes: Research and
development (R&D), Experimental design work
(EDW), Testing of prototype components (TPC), Pro-
duction preparation (PP), Serial production of new
components (SPC).

2. Integration of new components into the existing
UAV architecture (I1C).

3. Creation of UAV prototypes with the updated
architecture (CUP).

4. Testing of the modernized UAV system (TMS).

5. Production preparation (technical and techno-
logical) (PP).

6. Serial production of the modernized UAV (SP).

The above-listed project activities can be carried
out sequentially or in a mixed sequential-parallel man-
ner, making analytical modeling approaches challeng-
ing. Therefore, simulation modeling was employed to
represent project activities within a given time frame.
The AnylLogic agent-based simulation platform was
used for this purpose. The developed simulation model
includes a set of agents reflecting the UAV moderniza-
tion life cycle:

1. Component architecture formation agent (CAF)
for the UAV complex.

2. R&D modeling agent for new (or modernized)
components.

3. EDW modeling agent for new (or modernized)
components.

4. TPC modeling agent for new (or modernized)
components.

5. CPP modeling agent for component production
preparation.
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6. SPC modeling agent for the serial production of
new (or modernized) components.

7. 1C modeling agent for the integration of compo-
nents into the new UAV architecture.

8. CUP agent for the development of UAV proto-
types.

9. TMS agent for testing the modernized UAV.

10. PP agent for UAV production preparation.

11. SP agent for the serial production of the mod-
ernized UAV.

12. Project timeline initialization (PTI) agent
(2-112).

13. "Interactive Management" agent.

14. "Simulation Results" agent.

15. "Threat" agent. This agent simulates potential
threats (e.g., military threats) that may lead to project
delays, affecting the overall UAV modernization time-
line.

The structure of the agent-based model is illustrat-
ed in Figure 1.

12.
Project activities PTI Project activities
related to the UAV Agent related to the UAV

system

components
A

2.R&D 7.
Agent | 1. CAF IC
: g <
—> Agent Agent
A
3. 8.

—»| EDW ¥ > cuP |«
Agent 13. Agent
"Interactive
— Management” —

4 Agent 9.

_»| TPC | —>| TMs <
Agent agent
A\ 4

. 10.
5. 14. “Simula-
" 1 PP |€
—» CPP [®1 | {ion Results Agent
Agent Agent
11.
6. l > sp [
| SPC e . . Agent
Agent 15. "Threat
Agent

Fig. 1. Structure of the agent based simulation model

As a result of modeling the project activities relat-
ed to the modernization of UAVs for their use in mod-
ern military missions, the following output data were
obtained:

— the duration of the UAV modernization project;

— the timelines for individual project activities
(2-11);

— the duration of project activities related to the
development of new components (or the modernization
of existing ones);

— the start time for integrating components into
the UAV architecture;

— the initiation timeline for serial production of
the modernized UAV;

— the ratio of actual to planned project comple-
tion timelines for UAV modernization (expressed as a
percentage);

— the increase in project duration due to the im-
pact of threats (both in absolute time and percentage
terms).

Thus, this section presents the modeling of key
project activities, including the development of individ-
ual components (or the modernization of existing ones),
as well as activities associated with component integra-
tion into a new UAV architecture, production prepara-
tion, and serial manufacturing of modernized UAVS. To
analyze the sequence of project activities within a given
time scale, a simulation modeling method was em-
ployed by developing a multi-agent model on the
AnyLogic platform. The model accounts for potential
threat-related actions that may impact the overall time-
line of the UAV modernization project.

6. Discussion

A systemic representation of the UAV moderniza-
tion process has been developed to enhance its applica-
tion in modern military missions. This is achieved by
implementing new functionalities in control, coordina-
tion, and flight navigation to enable drone swarm for-
mation and large-scale wave attacks on enemy targets.
Various strategies for upgrading high-tech systems have
been analyzed.

A modern component-based approach has been
applied to UAV architecture development, distinguish-
ing between reusable components and those that need to
be newly developed or upgraded. The efficiency of the
UAV modernization process using this approach has
been evaluated. A set of potential UAV configurations
has been identified and analyzed for modernization,
considering the technical requirements of the project.

At the initial project stage, expert qualitative as-
sessments and lexicographic ordering of alternative op-
tions are employed to select the most suitable existing
UAYV for modernization. Optimization of time, cost, and
risk indicators for selecting UAV components — either
newly developed or upgraded — has been conducted
using integer (Boolean) programming. Additionally, a
time-sequenced simulation of project activities has been
carried out to evaluate the temporal characteristics of



Mooentoeannsn ma yugposizayin

89

the UAV modernization project using a developed mul-
ti-agent simulation model.

The following research methodology is proposed:

1. Systemic analysis of the UAV modernization
process to ensure effective deployment in hybrid war-
fare military missions.

2. Application of a modern component-based ap-
proach to UAV modernization.

3. Selection of the most suitable existing UAV for
integration into the modernization project.

4. Optimization of time, cost, and risk factors in
the UAV modernization project.

5. Time-sequenced modeling of sequential-
parallel project activities for UAV modernization.

The necessity of modernizing existing UAVs for
effective use in contemporary warfare underscores the
relevance of this approach.

A comprehensive set of models has been devel-
oped to facilitate the planning of UAV modernization
projects, focusing on the further integration of air and
ground combat operations. This confirms the timeliness
and effectiveness of the proposed approach in strength-
ening national defense capabilities by leveraging inno-
vative military technologies, particularly UAV swarms.

Future research will focus on refining applied in-
formation technology for UAV modernization model-
ing, utilizing the component-based approach to ensure
the successful execution of modernization projects.

7. Conclusions

The conducted research enables the planning of
measures and actions for the modernization of existing
UAV for use in contemporary military missions, specif-
ically:

— selecting an appropriate modernization strategy
under the conditions of a special state in the country;

— justifying the selection of an existing UAV for
its integration into the modernization project;

— optimizing the time, costs, and risks associated
with the modernization project, considering the necessi-
ty of developing new or upgrading existing UAV com-
ponents;

— analyzing the execution of the UAV moderni-
zation project through the application of simulation
modeling of project activities.

The scientific novelty of the research lies in the
development of original and innovative models that
facilitate: the analysis of existing UAVs for their further
modernization, the justification of selecting new com-
ponents within the component-based architecture of the
system, the assessment of time and risks associated with
the implementation of the UAV modernization project
under special state conditions through the simulation
modeling of project activity sequences.

Thus, the main contribution of this research is as
follows: the proposed set of models provides a scientifi-
cally grounded approach to UAV modernization pro-
jects, ensuring their applicability in modern military
missions. It enables the selection of an optimal modern-
ization strategy while accounting for time, costs, and
risks in conditions of a special state.

This, in turn, enhances the effectiveness of UAV
deployment in military operations and facilitates the
further integration of ground and aerial combat actions,
ultimately contributing to the strengthening of national
defense capabilities.

Contribution of authors: system analysis of the
UAV modernization process — Oleg Fedorovych; de-
velopment of models for optimizing project activities —
Leonid Malieiev; simulation modeling of the moderni-
zation project — Oleksii Hubka; agent-based modeling
of logistics actions for UAV modernization — Andrei
Popov.
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MOJIEJIOBAHHSA MPOEKTHHUX Ui OO MOJEPHIZALL BILIA
JIUISI TIPOBEJIEHHSI ATAKYIOUHMX MICIii POEM JIPOHIB

0. €. ®eooposuu, JI. B. Manees, O. C. I'yoxa, A. B. Ilonoe

dopMmyeThCs Ta BUPILIYETHCS aKTyalbHa 3aJa4a JIOCIipKeHHs] MoaepHizanii icaytounx BITJIA mist ix Bukopu-
CTaHHS B Cy4aCHHX YMOBax riOpuaHOI BiiiHH. J[OCHiPKEHHS, SIKe MPOBOIUTHLCS, CIIPSIMOBAHE HA aJaNTalliio ICHY0-
4ol cTpyktypu BIUIA, nuisxoM peiHXHHIpUHTY, 1UIsi 3a0€3MeUeHHs] MOXIIMBOCTEH MpoBeeHHs 00itoBuX 1iit B (o-
pMi poioBHX aTak 3a aKTyallbHUMH LUIAMHU MPOTUBHKUKA. TOMy, aKTyajbHA TeMa 3alpOIOHOBAHOI MyOImiKailii, B SKii
JOCIIDKYIOThCS. HEOOXiHI 3aXOJM IIONO IUIAHYBaHHS MPOEKTHUX i, MOB’SI3aHUX 3 MOJCPHI3ALIEI0 1ICHYIOUUX
BIUTA Ta ix HaOnmkeHHs 10 MOTped BiiCHKOBUX HA moji 6oro. MeToro myOuiKallii € CTBOPEHHS] KOMILIEKCY Mate-
MaTHYHMX Ta IMITAaLiiiHOI MOJEeIel, 3a TOIIOMOIOK SIKUX MOYHA TUIAHYBATH TPOCKT mopepuizanii BITIA 3a Harpsi-
MKOM BHUKOHAHHS HOBHX (I)yHKI.[lI/I ynpaBmHHﬂ Koop;u/mauu Ta HaBirami, o BUKOPHCTAHHS Y BIICBKOBUX MICIsIX
poro nponiB. IIpoanasnizoBaHi icHyro4l Ipo0IeMH PEIHKHHIPUHTY BUCOKOTEXHOJIOTIYHIX BHUPOOIB I BUKOPUCTAH-
HS B yMOBaxX 3aCTOCYBaHHS, sKi 3MiHIOIOTECS. [Ipencrasieni moxiuBi crparerii peimkunipunary BIIJIA. OcobnuBa
yBara NpUAUTIETHCS KOMIIOHEHTHOMY MIIXOMy JUIsl CTBOPEHHS HOBHX, abo mozepHisalii icayrounx BITJIA. Bino-
KPEMITIOIOTHCSI MOYKJIMBI THITH KOMIIOHEHT, SIKi BXOIATH 0 apXITEeKTYpH Cy4aCHOTO BUCOKOTEXHOJIOTIYHOTO BHPOOY
(icHyroUui KOMITOHEHTH, KOMIIOHEHTH, SIKi HEOOXiTHO MOJEpHI3yBaTH, HOBI KOMIIOHEHTH). 3pOOJICHO BHCHOBOK IIPO
HEOOXIJHICTH MOUTYKY KOMIIPOMICY MiXK ICHYFOUHMH KOMITOHEHTaMH, SIKi TOBTOPHO BUKOPUCTOBYIOTHCS, T HOBIMH
(iHHOBALIMHUMI) KOMIIOHEHTaMH. |HHOBaMiiHI KOMIIOHEHTH MPHU3BOIATH 0 30UIBIIEHHS Yacy, BUTPAT Ta PH3HUKIB
MPOEKTY MOJepHi3alii, o HeoOXiAHO BPaXxOBYBATH B TEPioJ] BOEHHOTO CTaHY KpaiHW. AHANI3YyIOTbCSA ICHYROUi
BIUTA nans BUKOpHCTaHHS B IPOEKTax MojepHizamii. Ha modaTtkoBux eramax mpoekty monepHizamii BIUIA, mus
BHOOpPY HAMKPAIIOro BapiaHTy cepel MOXKINBUX, BHKOPHUCTOBYIOTHCS SIKICHI OIIHKH eKcriepTiB ((axiBIiliB BUpoOHH-
[TBa CKIIAJHUX BUPOOIB, BICHKOBHX) V (OPMi SAKiCHUX 3HAUEHH JIHTBICTHYHOI 3MIHHOI. 32 JOIIOMOT OO JIEKCHKOT-
padivHOrO BHOPSAIKOBYBAaHHS BapiaHTiB ()OPMYETHCS palliOHAIBHUM BapiaHT Ui y4acTi B MPOEKTI MOJEpHi3allii.
BrijeHHS HOBMX KOMITOHEHT B icHYyIOUY apxXitekTypy BITJIA moTpebye mommyky onTHMaibHHUX PIlIeHb M0N0 PEiH-
KUHIPUHTY B YMOBaX CKOPOYECHHS Yacy, BUTPAT Ta PU3HKIB OCOOIUBOro cTaHy KpaiHu. CTBOPIOETHCS ONMTHMI3AMiii-
Ha MOZETH I BUOOPY paiioHaIhHOI KOMITOHEHTHOI apxiTekTypu BITJIA 3 BUKOpHCTaHHSAM IinoducensHoro (Oyse-
BOT0) IIporpaMyBaHHA. Bennka yBara mpUAINSE€THCS TOCTIIKEHHIO ITOCIITOBHOCTI MPOEKTHUX Mil MIOAO0 MOAEPHi-
3amii BITJIA, st OIiHKM 9acy BUKOHAHHS MPOEKTY Ta PU3UKIB Horo peamizarii. CTBopeHa iMiTamiiiHa MOIETb IS
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aHaJizy, y 3aJaHOMy MaciTabi gacy, )KAUTTEBOTO IMKIY CTBOPEHHS! HOBHUX (200 MopepHi3alii iCHyl0YHX) KOMIIO-
HEHT, a TAaKOXK MPOEKTY MOJEpHi3alii y miiomy. 3a TOMOMOTOr areHTHoI miatdgopmu Any LOgQiC mpoBomuThCs iH-
TEpaKTHBHE MOJEIIOBAHHS MPOEKTHHUX Jiil mono mozaepHizamii BIIJIA. HaykoBa HOBH3HA JOCIIIKEHHS T10B’s3aHa
31 CTBOPEHHSIM OPUTIHAIBHHUX Ta HOBUX MOJIENIEH, sIKi JO3BOJIATH NpoaHaiizyBaty icHytodi BIUJIA st ix momambmroi
MoOJIepHi3aii, 00TpyHTyBaTH BUOip HOBHX KOMIIOHEHT B apXiTeKTypi BUpOOY, MPOBECTU OLIHKY Yacy, PU3UKIB pea-
mizanii npoekty momepHizamii BITJIA B ymMoBax 0coONHMBOrO CTaHy KpaiHH, IUITXOM IMITAI[IfHOTO MOJICITIOBaHHS
TIOCITIJIOBHOCTI TPOEKTHUX Hid. Pe3ynmpTaTé HOCHiIKEHHS JOIIIFHO BUKOPHCTOBYBAaTH NPH IUIAHYBaHHI IPOIECY
MonepHizaii icayrounx BITJIA mis HaOMMKEeHHS 1X MOKITMBOCTEH IO BUMOT Cy4acHOI TiOpUIHOI BiHH, Jie TIOTPiO-
HO IHTETPYBATH Jii B MOBITPi 3 isMHU BIHICBKOBUX Ha IOJIi OO0, IO 3a0€3MCUUTh IMiJBUICHHS 000POHO3aTHOCTI
KpaiHu.
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