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Abstract. The article explores the potential of applying machine learning (ML) for 
adaptive trajectory control of unmanned aerial vehicles (UAVs) under uncertainty. 
The concepts of ML algorithms and the classification of UAVs by purpose, size, and 
weight are examined. To analyze control methods, theoretical approaches such as 
ensemble learning, neural networks, and probabilistic models are applied, enabling 
real-time adaptation of flight trajectories. Additionally, mathematical models are 
presented and illustrated with formulas describing the dynamics of interaction 
between the control system, external disturbances, and control inputs. Parameters 
such as system adaptability, trajectory correction accuracy, and stability under 
challenging conditions are studied to assess the accuracy and efficiency of the 
proposed algorithms. The study also investigates the impact of computational power 
limitations on the real-time performance of algorithms. The integration of data from 
various sensors is considered crucial for improving the accuracy and reliability of the 
control system. Special attention is given to the practical application of ML for 
environmental change prediction and flight trajectory optimization. Examples of real-
world ML algorithm implementations include successful developments by Russian 
and foreign companies, demonstrating high levels of autonomy and adaptive control. 
The results show that ML significantly enhances UAV autonomy and safety, ensuring 
reliable trajectory corrections even under uncertain conditions. Further research could 
focus on developing collective control for UAV groups and improving real-time ML 
integration. This would expand UAV functionality, improve efficiency, and reduce 
resource consumption. 
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Аннотация. Исследованы возможности применения машинного 
обучения (МО) для адаптивного управления траекториями беспи-
лотных летательных аппаратов (БПЛА) в условиях неопределен-
ности. Изучены концепции алгоритмов МО и классификация БПЛА 
по назначению, размеру и весу. Для анализа методов управления 
применялись теоретические подходы, такие как ансамблевое обу-
чение, нейронные сети и вероятностные модели, позволяющие 
адаптировать траектории полета в реальном времени. В дополне-
ние к этому представлены математические модели, которые про-
иллюстрированы формулами, описывающими динамику взаимо-
действия системы управления с внешними возмущениями и управ-
ляющими воздействиями. Для оценки точности и эффективности 
предложенных алгоритмов изучены параметры, включающие 
адаптивность системы, точность корректировки маршрутов и 
устойчивость в сложных условиях. Также исследовано влияние 
ограничений вычислительных мощностей на работу алгоритмов 
в реальном времени. Рассмотрена роль интеграции данных с раз-
личных датчиков для повышения точности и надежности си-
стемы управления. Особое внимание уделено практическому при-
менению МО для прогнозирования изменений окружающей среды 
и оптимизации полетных траекторий. Примеры использования 
алгоритмов МО в реальных проектах включают успешные разра-
ботки российских и зарубежных компаний, демонстрирующие 
высокую автономность и адаптивность управления. Результаты 
исследования демонстрируют, что использование МО позволяет 
существенно повысить автономность и безопасность БПЛА, обес-
печивая надежную корректировку маршрутов даже в условиях 
неопределенности. Дальнейшие исследования могут быть направ-
лены на разработку коллективного управления группами БПЛА 
и улучшение интеграции МО в реальном времени. Это позволит 
расширить функциональность БПЛА, повысить их эффективность, 
а также снизить ресурсозатраты. 

Ключевые слова: беспилотные летательные аппараты, дроны, 
траектории полета, алгоритмы машинного обучения 
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Introduction 

Unmanned aerial vehicles (UAVs) are an 
integral part of many areas, including military, 
agriculture, environmental monitoring (EM), and 
logistics. Effective UAV flight control under EM 
uncertainty is one of the key challenges facing 
researchers and engineers. The main challenge is 
the need for real-time trajectory adaptation, which 
requires a high degree of autonomy.  

Machine learning (ML) provides new opportu- 
nities for solving adaptive control problems. ML 
algorithms are able to analyze large amounts of 
data and extract patterns from them, which allows 
predicting changes in EM conditions and adjusting 
the flight trajectory.  

The purpose of this paper is to explore the 
theoretical foundations of ML application for 
adaptive UAV control under EM uncertainty. The 
main principles of ML are considered, and existing 
theoretical approaches and models are analyzed. 

1. Methods 

The study used both empirical and theoretical 
methods of data analysis and processing. The work 
is based on modeling, which allows describing 
the trajectory of objects based on mathematical 
relationships and ML algorithms. The work used 
an experimental method, including simulation 
calculations and testing the proposed algorithms 
on simulated data. 

Among the theoretical research methods, 
analysis and synthesis were used, aimed at syste- 
matizing existing UAV trajectory control models, 
as well as abstraction and analogy, which allow 
identifying general patterns and adapting known 
methods to new conditions. In addition, a classi- 
fication was used to structure approaches to ML in 
this area. 

For a quantitative assessment of the effective- 
ness of the developed methods, statistical methods 
and quantitative analysis were used, allowing to 
identify patterns and evaluate the accuracy of model 
predictions. This approach ensures the reliability 
and objectivity of the conclusions, which makes the 
research results applicable in the adaptive UAV 
control. 

 

2. Results 

2.1. ML Algorithm Concepts 

Machine learning (ML) is a field of artificial 
intelligence (AI) that focuses on developing algo- 
rithms and models that can learn and make 
decisions based on data. Researchers estimate that 
the global ML market will exceed $150 billion in 
2023. 

ML is based on the principles of statistics, 
probability theory, and optimization, which allows 
you to create systems that can improve their per- 
formance with experience. The main difference 
between ML and traditional programming is the 
ability to independently identify patterns and adapt 
to new data without the need for explicit pro- 
gramming. ML is based on several key concepts: 

Supervised learning (SL) on labeled data con- 
taining input and corresponding output values 
(Figure 1). 

 

 
Figure 1. Supervised learning scheme 

S o u r c e: made by A.S. Ermilov, O.A. Saltykova 

 
The external environment provides input data, 

such as information about the current flight con-
ditions and surrounding environment. The infor-
mation is passed to the teacher, who generates the 
desired response of the SL system, for example, the 
optimal trajectory of the UAV [1]. The system takes 
the input data and tries to reproduce the desired 
response. The actual UAV response is then com-
pared with the desired one, and the difference 
between them (error) is used to adjust the ML 
algorithms. In the context of UAV operation, this 
concept uses data about the current flight condi-
tions and surrounding environment to generate and 
adjust the optimal flight trajectory. 

Unsupervised learning (UL) is performed on 
unlabeled data, where the model must independently 
identify hidden structures (Figure 2). 
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Figure 2. Unsupervised learning scheme 
S o u r c e: made by A.S. Ermilov, O.A. Saltykova 

 
The external environment provides stimuli 

that enter the UL system. It analyzes these stimuli, 
identifying structures and patterns in the data 
without predetermined responses [2]. Based on this, 
the system generates a response that affects the 
external environment, creating a new stimulus. 
UL allows the UAV to function effectively in com-
plex and dynamic conditions without the need to 
predetermine all possible scenarios.  

Reinforcement learning (RL) is the agent inter- 
acts with the OS, receiving rewards or penalties for 
its actions (Figure 3). 

 

 
Figure 3. Reinforcement learning scheme 

S o u r c e: made by A.S. Ermilov, O.A. Saltykova 

 
Reward is a numerical value that reflects the 

success or failure of an agent’s actions in a given 
situation. In the RL process, an agent representing 
a UAV control system selects an action (at) based 
on the current state of the environment (st). 

It changes the state of the environment, which 
is recorded [3]. After that, the agent receives rein-
forcement, which is understood as a feedback signal. 
It can be positive (reward) or negative (penalty) 
and depends on how effectively the action is per-
formed.  

The implementation of ML algorithm concepts 
ensures a high degree of adaptation and accuracy 
in UAV control [4]. This allows analyzing and 
processing data in real time, optimizing flight 
trajectories and making autonomous decisions in 

complex and changing conditions. To understand 
the specifics of ML application, it is necessary 
to study the classification of UAVs by their 
capabilities, design features and technological 
characteristics. 

2.2. UAVs and Their Classification 

Unmanned aerial vehicles (UAVs), or drones, 
are aircraft systems that operate without the direct 
participation of a pilot on board. These vehicles 
are controlled remotely by an operator or auto 
nomously using onboard computers and sensors. 
The global UAV market was valued at US$ 37.46 
billion in 2023 and is expected to grow to US$ 
148.19 billion by 2032, with a compound annual 
growth rate of 16.5% from 2024 to 2032. Figure 4 
presents the distribution of UAV applications 
across various industries in 2023 based on current 
market data. 

 

 
Figure 4. Distribution of UAVs 

by industries worldwide in 2023, % 
S o u r c e: made by A.S. Ermilov, O.A. Saltykova 

 
UAVs are classified by purpose into three main 

categories: military, civil and scientific. Military 
drones are used for reconnaissance, surveillance, 
target designation and combat operations. Civil 
drones are used for commercial and private pur-
poses, such as aerial photography, delivery of 
goods and monitoring of agricultural lands. 
Scientific and research drones are designed to 
monitor the environment, study atmospheric pheno-
mena and collect data [5]. 

UAVs are classified by design into three main 
categories. Multi-rotors (multicopters) are equipped 
with several rotors, providing high maneuver-
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ability and flight stability, which makes them ideal 
for aerial photography and video filming [6]. 
Airplanes have fixed wings, allowing them to fly 
efficiently over long distances at high speed, and 
are used for long-term surveillance and monitoring 

missions. Hybrid devices combine elements of 
multicopters and aircraft, providing high maneu-
verability and the ability to fly long distances. 
Based on size and weight, UAVs can be classified 
into several categories (Table 1). 

 
Table 1 

Classification of UAVs by size and weight 

UAV type Weight Main areas of application 

Micro UAV Up to 250 g Research in limited spaces, observation

Very small UAVs 250 g – 2 kg Aerial photography, light commercial use

Small UAVs 2–25 kg Agricultural monitoring, infrastructure inspections, commercial applications

Medium sized UAVs 25–150 kg 
Military and commercial purposes, long�term surveillance and data collection 
missions

Large UAVs More than 150 kg Large�scale military operations, high�load commercial missions

S o u r c e: made by A.S. Ermilov, O.A. Saltykova 

 
The operation of the UAV includes three main 

phases: 
 Navigation is the process of collecting and 

analyzing information about the environment, which 
is necessary for constructing routes and avoiding 
obstacles [7]. 
 Control includes solving flight problems 

and ensuring the execution of planned routes. 
 Tracking is the assessment of the current 

location of the UAV and adjusting the route as 
necessary. 

The classification of UAVs demonstrates that 
these aviation systems can be effectively used in 

various industries due to their ability to perform a 
wide range of tasks. Adaptive control of the UAV 
trajectory, using ML methods, plays an important 
role in their ability to function effectively at all 
phases of operation. 

2.3. Adaptive Control of the UAV Trajectory 

To ensure autonomous flight in conditions of 
uncertainty of the environment, it is necessary for 
the system to be able to respond to changes and 
adjust the trajectory in real time. Control of UAVs 
in conditions of uncertainty is associated with 
many factors (Table 2).

 
Table 2 

Factors associated with UAV control under uncertainty 

Factor Description Impact on UAV control 

Changing weather conditions  Wind speed and direction, temperature, humidity, 
pressure  

May affect flight stability, require 
trajectory correction 

Presence of obstacles  Static and dynamic obstacles such as buildings, 
trees, birds  

Constant monitoring is required to 
avoid collisions 

OS Dynamics  Changes in landscape, moving objects, other UAVs  Requires flexibility in route planning 
and adaptation 

Communication instability  Communication with the operator is disrupted, 
interference in data transmission channels  

May lead to loss of control and 
management 

Limited computing resources  Insufficient data processing capabilities of onboard 
computers  

Limits the complexity of algorithms 
and their speed of operation 

Low energy reserves  Short flight times, need to conserve energy  Requires route optimization and energy
management 

Data uncertainty  Inaccuracies and errors in data received from sensors Can lead to errors in decision making 
and management 

Route complexity  Includes the need to navigate routes in complex and 
unfamiliar areas  

Requires high precision and reliability 
in planning and execution 

S o u r c e: made by A.S. Ermilov, O.A. Saltykova [8; 9] 
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Effective UAV control requires a system that 
can analyze sensor data and predict potential 
changes. Sensors collect information about wind 
speed, temperature, pressure, and the presence 
of obstacles, and machine learning algorithms 
process this data to adjust the trajectory. The use of 
such technologies allows us to identify complex 
dependencies and predict changes more accurately. 

2.4. Theoretical Approaches to the Application 
of ML for UAV Control 

The main tasks solved by ML in the UAV 
control system are: 
 Pattern recognition: using ML algorithms to

analyze visual data, which helps the UAV to iden-
tify objects and obstacles in the environment [10]. 
 Route optimization: using ML to find the

most efficient and safe flight paths, which mini-
mizes time and energy costs. 
 Threat prediction and prevention: using

ML models to predict potential risks and develop 
strategies to prevent them, ensuring flight safety. 
 Improving interaction with operators:

implementing ML to improve the quality of commu-

nication and coordination between UAVs and their 
operators, which contributes to more effective 
control and monitoring [11]. 

The implementation of ML requires compre-
hensive strategies. Various theoretical approaches 
to the application of ML, such as different learning 
options, neural networks, ensemble learning and 
probabilistic models, play a significant role in the 
development and improvement of UAV control 
technologies (Table 3). 

The application of ML theoretical approaches 
to UAV control provides many benefits, such as 
improving the adaptability, accuracy, and efficiency 
of these systems. The use of methods including 
reinforcement learning, neural networks, ensemble 
learning, and probabilistic models allows for the 
creation of more autonomous and robust systems 
that can cope with uncertainty and complex con-
ditions [14]. These approaches not only improve 
the functionality and safety of UAVs, but also open 
up new prospects for their application in various 
fields, from military operations to civil and 
commercial tasks. 

Table 3  
Theoretical approaches to the use of ML for UAV control 

Approach Application Advantages Disadvantages

Neural networks capable 
of nonlinear data processing 

Object recognition, 
image processing 

High accuracy, 
big data capability 

The need for large amounts 
of data for training 

Ensemble learning 
(multiple models) 

Improving classification 
accuracy 

Increased stability High computational costs 

Probabilistic models 
for accounting 
for uncertainty in data 

Forecasting and risk 
assessment, 

data processing 

Accounting for uncertainty,
improved interpretability 

Difficulty in building 
and setting up models 

S o u r c e: made by A.S. Ermilov, O.A. Saltykova from [12; 13] 

3. Results and discussions

3.1. Application of ML for Forecasting 
and Optimization of Mathematical Models 
of UAV Trajectory Control 

One of the main models used to describe the 
UAV flight dynamics is the system of differential 
equations (1): 

x = f (x, u, w, t),  (1) 

where x is the state vector, including the coordi- 
nates, speeds and orientation of the UAV; u is the 

vector of control actions; w is the vector of dis-
turbances, such as wind and turbulence; t is time.  

The function f describes the dynamic behavior 
of the system. Using a system of differential 
equations to describe the UAV flight dynamics 
allows us to accurately model and predict their 
behavior under various conditions, taking into 
account the coordinates, speeds, orientation, control 
actions and external disturbances, such as wind 
and turbulence [15]. 

ML methods, such as neural networks, are 
used to approximate the function f, allowing us to 
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model complex dependencies in the data [16]. For 
example, recurrent neural networks (RNN) can 
model the temporal dynamics of the system using 
formula (2): 

ht = σh (Wh xt + Uh ht−1 + bh); 

yt = σy (Wy ht+by),  (2) 

where ht is hidden state of the network at a given 
time t; xt  — input data at time t; Wh, Wy — weight 
matrices; bh , by — response; σh, σy — activation 
functions such as sigmoid or ReLU. Sigmoid and 
ReLU (Rectified Linear Unit) are activation 
functions used in neural networks to introduce 
nonlinearity into the model. They allow the net-
work to learn and model complex nonlinear 
dependencies in the data. For UAVs, this means 
that ML methods model complex dependencies 
between the data and the temporal dynamics of the 
system [17]. 

Long Short-Term Memory (LSTM) net-
works, owing to built-in mechanisms for forgetting 
and remembering information, are able to retain 
important data for long periods and ignore irrelevant 
ones. This allows them to effectively predict future 
system behavior based on past data, which is 
necessary for adjusting the UAV flight path in 
changing conditions [18]. The networks process 
sequential data, such as weather conditions, and 
help the system adapt to changes in real time. 

The use of ML in UAV trajectory control sig-
nificantly increases their autonomy and efficiency. 
The use of differential equation systems, recurrent 
neural networks and networks with long short-
term memory allows not only to improve control 
accuracy, but also to significantly reduce the risks 
associated with the uncertainty of the OS [19]. 
This opens up new opportunities for the creation 
of highly efficient and safe unmanned systems 
capable of performing complex tasks. 

3.2. Practice in the Application of ML 
for Forecasting and Optimizing UAV Trajectories 

Examples of successful application of ML in 
UAV control can be found among both Russian 
and foreign companies. The Russian company 
Kronstadt specializes in the development and pro-

duction of high-tech solutions in the field of UAVs, 
shipbuilding, robotics and simulators. It offers 
complex control systems for military and civil avi-
ation, maritime transport and other areas. Kronstadt 
actively participates in innovative projects, 
introducing advanced technologies and ensuring 
high reliability and efficiency of its products. The 
share of innovative developments in the manu-
factured products is 90%. 

The American company Northrop Grumman 
uses advanced AI and ML solutions to create 
complex systems that support the execution of 
important tasks in the field of national security. 
These technologies improve the quality of decision-
making, providing faster and more accurate data 
processing at the tactical level [20]. Northrop 
Grumman is implementing AI algorithms for 
vertical takeoff and landing, which allows them to 
be used in expeditionary conditions with minimal 
logistics and maintenance requirements. These 
systems can be quickly deployed and operated by 
a small team, which increases their tactical flexi-
bility and effectiveness in combat conditions. 

The American company General Atomics 
Aeronautical Systems, Inc. (GA-ASI) is one of the 
leading American manufacturers of military UAVs. 
Well-known models produced by this company 
are the MQ-9 Reaper, Gray Eagle and Predator C 
Avenger. These drones are widely used to perform 
reconnaissance tasks, as well as to carry out combat 
missions. ML is used to analyze large amounts of 
data in real time, which improves target recognition 
and decision making [21]. Adaptive control 
provides a high degree of autonomy for drones, 
allowing them to independently adjust their 
actions depending on changing conditions on the 
battlefield. Despite the fact that legal regulation of 
the use of UAVs is becoming more stringent in 
various countries, this direction remains promising. 
Strengthening requirements for flight safety and 
data protection stimulates the development of 
more advanced UAV control technologies, including 
the use of ML. Regulatory changes are aimed at 
ensuring the safe integration of UAVs into national 
airspace, which opens up new opportunities for 
developers and users of these technologies. 
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Conclusion 

The use of ML for adaptive control of UAVs 
in uncertain conditions represents a significant 
step forward in ensuring the accuracy and safety of 
flights. The use of advanced ML algorithms allows 
for the efficient processing and analysis of data in 
real time, which facilitates timely correction of 
trajectories. This is especially important for complex 
missions in various fields, such as military affairs, 
civil and scientific research. The introduction of 
ML technologies opens up new opportunities for 
increasing the autonomy and efficiency of UAVs. 
Despite the tightening of legal regulation, innovative 
developments in the field of ML continue to 
evolve, offering improved algorithms and models 
for data processing and decision-making. Prospects 
for the development of ML in UAVs include the 
creation of more complex systems for collective 
control, which allows for the coordination of 
actions of several UAVs in a single network. This 
facilitates the implementation of complex tasks, 
such as joint survey of territories and synchronized 
response to emergency situations, significantly 
expanding the functionality of UAVs and increasing 
their operational flexibility. 

References 

1. Obukhov AD, Nazarova AO. A control method based 
on computer vision and machine learning technologies for 
adaptive systems. Мechatronics, Automation, Control. 2023; 
24(1):14–23. (In Russ.) https://doi.org/10.17587/mau.24. 
14-23 EDN: YZTOPE 

2. Davletov AR. Modern machine learning methods 
and OCR technology for document processing automation. 
Bulletin of Science. 2023;10(67):677–697. (In Russ.) 
https://doi.org/10.24412/2712-8849-2023-1067-676-698 
EDN: OZQMOC   

3. Andrievsky BR, Popov AM, Mikhailov VA, Popov FA. 
Application of artificial intelligence methods for UAV 
flight control. Aerospace Engineering and Technology. 
2023;1(2):72–107. (In Russ.) EDN: CLGVYM 

4. Alam MM, Moh S. Joint Trajectory Control, Frequency 
Allocation, and Routing for UAV Swarm Networks: 
A Multi-Agent Deep Reinforcement Learning Approach. 
IEEE Transactions on Mobile Computing. 2024;23(12). 
https://doi.org/10.1109/TMC.2024.3403890  

5. Davletov AR. The main difficulties in integrating 
machine learning into commercial operation. Innovation 
& Investment. 2023;(10):335–339. (In Russ.) EDN: UBCPOX 

6. Xiao Y. Machine learning-based design of a linear 
self-resistant attitude control system for UAV string level. 
Applied Mathematics and Nonlinear Sciences. 2024;9(1): 
1–24. https://doi.org/10.2478/amns.2023.2.01320 EDN: 
MTBMZX 

7. Perrusquía A, Guo W, Fraser B, Wei Z. Uncovering 
drone intentions using control physics informed machine 
learning. Communications Engineering. 2024;3(1):1–26. 
https://doi.org/10.21203/rs.3.rs-3127372/v1 

8. Kazakov LN, Kubyshkin EP, Paley DE. Construction 
of an adaptive motion control system optimal information 
exchange scheme for a group of unmanned aerial vehicle. 
Modeling and Analysis of Information Systems. 2023; 
30(1):16–26. (In Russ.) https://doi.org/10.18255/1818-1015-
2023-1-16-26 EDN: TOCUAE 

9. Tomakova RA, Pilist SA, Brezhneva AN, Gorba- 
chev IN, Zaikin YO. Method and algorithm of autonomous 
flight trajectory planning of an unmanned aerial vehicle 
when monitoring the fire situation in order to detect the 
source of ignition early. Proceedings of the Southwest State 
University. Series: Control, Computer Engineering, Infor-
mation Science. Medical Instruments Engineering. 2023; 
13(1):93–110. (In Russ.) https://doi.org/10.21869/2223-
1536-2023-13-1-93-110 EDN: COTWER 

10. Sembiring J, Sasongko RA, Bastian EI, Raditya BA, 
Limansubroto RE. A Deep Learning Approach for Trajectory 
Control of Tilt-Rotor UAV. Aerospace. 2024;11(1):96. https:// 
doi.org/10.3390/aerospace11010096 EDN: CDJAEF 

11. Tang J, Xie N, Li K, Liang Ya, Chen X. Trajectory 
Tracking Control for Fixed-Wing UAV Based on DDPG. 
Journal of Aerospace Engineering. 2024;37(3):04024012. 
https://doi.org/10.1061/JAEEEZ.ASENG-528 EDN: JHDCBC 

12. Kulida EL, Lebedev VG. Problems in the application 
of machine learning methods in aviation. Management of 
the Development of Large-Scale Systems (MLSD’2023). 
Proceedings of the XVI International Conference, Moscow, 
September 26–28, 2023. Moscow: V.A. Trapeznikov Institute 
of Management Problems of the Russian Academy of 
Sciences, 2023;1315–1321. (In Russ.) https://doi.org/ 
10.25728/mlsd.2023.1315 EDN: RHPWHH 

13. Malygin DS. Microservice architecture in cloud 
systems: risks and application opportunities in 2024–2030. 
Modeling, optimization and information technology. 2024; 
12(2):29. (In Russ.) https://doi.org/10.26102/2310-6018/ 
2024.45.2.029 EDN: JGOZIT 

14. Han X, Zhao X, Xu X, Mei C, Xing W, Wang X. 
Trajectory tracking control for underactuated autonomous 
vehicles via adaptive dynamic programming. Journal of 
the Franklin Institute. 2024;361(1):474–488. https://doi. 
org/10.1016/j.jfranklin.2023.12.003 EDN: HEEQAV 

15. Fagundes-Junior LA, de Carvalho KB, Ferreira RS, 
Brandão AS. Machine Learning for Unmanned Aerial 
Vehicles Navigation: An Overview. SN Computer Science. 
2024;5(2):1–26. https://doi.org/10.1007/s42979-023-02592-5 
EDN: MXAHWC 

https://doi.org/10.17587/mau.24.14-23
https://doi.org/10.25728/mlsd.2023.1315
https://doi.org/10.26102/2310-6018/2024.45.2.029
ttps://doi.org/10.1016/j.jfranklin.2023.12.003


Ермилов А.С., Салтыкова О.А. Вестник РУДН. Серия: Инженерные исследования. 2025. Т. 26. № 1. С. 7–16 
 

 

15 

16. Lezhankin BV, Erokhin VV, Malisov NP. Control 
of the flight path of an unmanned aerial vehicle with 
different configurations of navigation information sources. 
Crede Experto: Transport, Society, Education, Language. 
2024;(1):113–127. (In Russ.) https://doi.org/10.51955/2312-
1327_2024_1_113 EDN: NSRDTA 

17. Haque E, Hasan K, Ahmed I, Alam MS, Islam T. 
Towards an Interpretable AI Framework for Advanced 
Classification of Unmanned Aerial Vehicles (UAVs). 2024 
IEEE 21st Consumer Communications & Networking 
Conference (CCNC). IEEE, 2024. p. 644–645. https://doi. 
org/10.1109/CCNC51664.2024.10454862 

18. Castro GGR, Berger GS, Cantieri A, Teixeira MAS, 
Lima J, Pereira AI, Pinto MF. Adaptive path planning for 
fusing rapidly exploring random trees and deep reinforce-
ment learning in an agriculture dynamic environment 
UAVs. Agriculture. 2023;13(2):354. https://doi.org/10.3390/ 
agriculture13020354 EDN: KEROLZ 

19. Artemov A. Programming languages in data engi-
neering: overview, trends and practical application. 
Innovation Science. 2023;10–2:9–13. EDN: LLGVKL 

20. Artyomov AA. Datacontract in analytical systems: 
basic principles, practical benefits and implementation 
methods. Bulletin of Science. 2023;12(69):800–812. (In Russ.) 
EDN: HUTTTS  

21. Sahani SK, Sah AK, Jha A, Sahani K. Analytical 
Frameworks: Differential Equations in Aerospace Engi-
neering. ALSYSTECH Journal of Education Technology. 
2024;2(1):13–30. https://doi.org/10.58578/alsystech.v2i1. 
2267 EDN: NWEDOP 

Список литературы 

1. Обухов А.Д., Назарова А.О. Метод управления 
на основе технологий компьютерного зрения и ма-
шинного обучения для адаптивных систем // Мехатро-
ника, автоматизация, управление. 2023. Т. 24. № 1. 
С. 14–23. https://doi.org/10.17587/mau.24.14-23 EDN: 
YZTOPE  

2. Давлетов А.Р. Современные методы машинного 
обучения и технология OCR для автоматизации обра-
ботки документов // Вестник науки. 2023. № 10 (67). 
C. 677–697. https://doi.org/10.24412/2712-8849-2023-1067-
676-698 EDN: OZQMOC   

3. Андриевский Б.Р., Попов А.М., Михайлов В.А., 
Попов Ф.А. Применение методов искусственного ин-
теллекта для управления полетом беспилотных лета-
тельных аппаратов // Аэрокосмическая техника и тех-
нологии. 2023. Т. 1. № 2. С. 72–107. EDN: CLGVYM 

4. Alam M.M., Moh S. Joint Trajectory Control, Fre-
quency Allocation, and Routing for UAV Swarm Networks: 
A Multi-Agent Deep Reinforcement Learning Approach // 
IEEE Transactions on Mobile Computing. 2024. Vol. 23. 
No. 12. https://doi.org/10.1109/TMC.2024.3403890  

5. Давлетов А.Р. Главные трудности при интегра-
ции машинного обучения в коммерческую эксплуата-
цию // Инновации и инвестиции. 2023. № 10. С. 335–
339. EDN: UBCPOX 

6. Xiao Y. Machine learning-based design of a linear 
self-resistant attitude control system for UAV string 
level // Applied Mathematics and Nonlinear Sciences. 2024. 
Vol. 9. Issue 1. Р. 1–24. https://doi.org/10.2478/amns.2023. 
2.01320 EDN: MTBMZX  

7. Perrusquía A., Guo W., Fraser B., Wei Z. Uncover-
ing drone intentions using control physics informed 
machine learning // Communications Engineering. 2024. 
Vol. 3. Issue 1. Р. 1–26. https://doi.org/10.21203/rs.3.rs-
3127372/v1  

8. Казаков Л.Н., Кубышкин Е.П., Палей Д.Э. По-
строение оптимальной схемы информационного об-
мена системы адаптивного управления движением 
группы беспилотных летательных аппаратов // Моде-
лирование и анализ информационных систем. 2023. 
Т. 30. № 1. С. 16–26. https://doi.org/10.18255/1818-1015-
2023-1-16-26 EDN: TOCUAE 

9. Томакова Р.А., Филист С.А., Брежнева А.Н., Гор-
бачев И.Н., Заикин Я.О. Метод и алгоритм автономного 
планирования траектории полета беспилотного лета-
тельного аппарата при мониторинге пожарной обста-
новки в целях раннего обнаружения источника возго-
рания // Известия Юго-Западного государственного 
университета. Серия: Управление, вычислительная 
техника, информатика. Медицинское приборостроение. 
2023. Т. 13. № 1. С. 93–110. https://doi.org/10.21869/2223-
1536-2023-13-1-93-110 EDN: COTWER 

10. Sembiring J., Sasongko R.A., Bastian E.I., Radi- 
tya B.A., Limansubroto R.E. A Deep Learning Approach 
for Trajectory Control of Tilt-Rotor UAV // Aerospace. 
2024. Vol. 11. No 1. P. 96. https://doi.org/10.3390/aerospace 
11010096 EDN: CDJAEF 

11. Tang J., Xie N., Li K., Liang Ya., Chen X. Trajectory 
Tracking Control for Fixed-Wing UAV Based on DDPG // 
Journal of Aerospace Engineering. 2024. Vol. 37. Issue 3. 
Article no. 04024012. https://doi.org/10.1061/JAEEEZ. 
ASENG-528 EDN: JHDCBC 

12. Кулида Е.Л., Лебедев В.Г. Проблемы при при-
менении методов машинного обучения в авиации // 
Управление развитием крупномасштабных систем 
(MLSD’2023) : труды XVI Международной конфе-
ренции, Москва, 26–28 сентября 2023 года. Москва : 
Институт проблем управления им. В.А. Трапезникова 
РАН, 2023. С. 1315–1321. https://doi.org/10.25728/mlsd. 
2023.1315 EDN: RHPWHH 

13. Малыгин Д.С. Микросервисная архитектура в 
облачных системах: риски и возможности применения 
в 2024–2030 гг. // Моделирование, оптимизация и ин-
формационные технологии. 2024. Т. 12. № 2. С. 29. https:// 
doi.org/10.26102/2310-6018/2024.45.2.029 EDN: JGOZIT 

https://doi.org/10.25728/mlsd.2023.1315
https://doi.org/10.1109/CCNC51664.2024.10454862
https://doi.org/10.3390/agriculture13020354
https://doi.org/10.58578/alsystech.v2i1.2267


Ermilov A.S., Saltykova O.A. RUDN Journal of Engineering Research. 2025;26(1):7–16 
 

 

16 

14. Han X., Zhao X., Xu X., Mei C., Xing W., Wang X. 
Trajectory tracking control for underactuated autonomous 
vehicles via adaptive dynamic programming // Journal of 
the Franklin Institute. 2024. Vol. 361. No 1. P. 474–488. 
https://doi.org/10.1016/j.jfranklin.2023.12.003 EDN: HEEQAV 

15. Fagundes-Junior L.A., de Carvalho K.B., Fer- 
reira R.S., Brandão A.S. Machine Learning for Unmanned 
Aerial Vehicles Navigation: An Overview // SN Computer 
Science. 2024. Vol. 5. No. 2. P. 1–26. https://doi.org/10.1007/ 
s42979-023-02592-5 EDN: MXAHWC 

16. Лежанкин Б.В., Ерохин В.В., Малисов Н.П. Управ-
ление траекторией полета беспилотного летательного 
аппарата при различной конфигурации источников 
навигационной информации // Crede Experto: транс-
порт, общество, образование, язык. 2024. № 1. С. 113–
127. https://doi.org/10.51955/2312-1327_2024_1_113 EDN: 
NSRDTA 

17. Haque E., Hasan K., Ahmed I., Alam M.S., Islam T. 
Towards an Interpretable AI Framework for Advanced 
Classification of Unmanned Aerial Vehicles (UAVs) // 
2024 IEEE 21st Consumer Communications & Networking 

Conference (CCNC). IEEE, 2024. P. 644–645. https://doi.org/ 
10.1109/CCNC51664.2024.10454862  

18. Castro G.G.R., Berger G.S., Teixeira M.A.S., Cant- 
ieri A., Lima J., Pereira A.I., Pinto M.F. Adaptive path 
planning for fusing rapidly exploring random trees and 
deep reinforcement learning in an agriculture dynamic 
environment UAVs // Agriculture. 2023. Vol. 13. No. 2. 
P. 354. https://doi.org/10.3390/agriculture13020354 EDN: 
KEROLZ 

19. Artemov A. Programming languages in data engi- 
neering: overview, trends and practical application // 
Innovation Science. 2023;10-2:9–13. EDN: LLGVKL 

20. Артемов А.А. Data contract в аналитических 
системах: основные принципы, практическая польза 
и методы реализации // Вестник науки. 2023. № 12 (69). 
С. 800–812. EDN: HUTTTS 

21. Sahani S.K., Sah A.K., Jha A., Sahani K. Analy- 
tical Frameworks: Differential Equations in Aerospace 
Engineering // ALSYSTECH Journal of Education Tech- 
nology. 2024. Vol. 2. No. 1. P. 13–30. https://doi.org/ 
10.58578/alsystech.v2i1.2267 EDN: NWEDOP 

About the authors 

Alexander S. Ermilov, Postgraduate student of the Department of Mechanics and Control Processes, Academy of 
Engineering, RUDN University, 6 Miklukho-Maklaya St, Moscow, 117198, Russian Federation; eLIBRARY SPIN-code: 
8696-5057, ORCID: 0009-0007-4549-172X; e-mail: eemilov-sasha@yandex.ru 
Olga A. Saltykova, PhD in Physical and Mathematical Sciences, Associate Professor of the Department of Mechanics 
and Control Processes, Academy of Engineering, RUDN University, 6 Miklukho-Maklaya St, Moscow, 117198, Russian 
Federation; eLIBRARI SPIN-code: 3969-6707; ORCID: 0000-0002-3880-6662; e-mail: saltykova-oa@rudn.ru 

Сведения об авторах 

Ермилов Александр Сергеевич, аспирант кафедры механики и процессов управления, инженерная академия, 
Российский университет дружбы народов, Российская Федерация, 117198, г. Москва, ул. Миклухо-Маклая, д. 6; 
eLIBRARY SPIN-код: 8696-5057, ORCID: 0009-0007-4549-172X; e-mail: eemilov-sasha@yandex.ru  
Салтыкова Ольга Александровна, кандидат физико-математических наук, доцент кафедры механики и процессов 
управления, инженерная академия, Российский университет дружбы народов, Российская Федерация, 117198, 
г. Москва, ул. Миклухо-Маклая, д. 6; eLIBRARY SPIN-код: 3969-6707, ORCID: 0000-0002-3880-6662; e-mail: 
saltykova-oa@rudn.ru  

https://doi.org/10.58578/alsystech.v2i1.2267
https://doi.org/10.1109/CCNC51664.2024.10454862



