Journal of Advanced Research in Computing and Applications 43, Issue 1 (2026) 251-263

Journal of Advanced Research in L

APPLICATIONS

Computing and Applications

Journal homepage:
KPAURBK?SI;P;g https://karyailham.com.my/index.php/arca

CONNECTING NINDS, SRIDGING IDERS, INSPIRING READERS 2462-1927

Integrating Artificial Intelligence and Information Technologies in
Autonomous UAV Navigation Systems

Oleksandr Kukla'®, Oksana Danylko?, Stanislav Khlevytskyi®, Dmytro Zienov?!, Kostiantyn Surkov?

1 Department of Flight Operations and Flight Safety, Flight Operations Faculty, Ukrainian State Flight Academy, Kropyvnytskyi, Ukraine

2 Department of Information Technologies and Aviation Robotic Systems, Aviation Management Faculty, Ukrainian State Flight Academy,
Kropyvnytskyi, Ukraine

3 Department of Information Technology, Faculty of Economics, Robert Elvorti Economics and Technology Institute, Kropyvnytskyi, Ukraine

ARTICLE INFO ABSTRACT

Article history: The purpose of the research is to analyze modern information technologies and
Received 27 March 2026 artificial intelligence algorithms used in autonomous navigation systems of unmanned
Received in revised form 21 May 2026 aerial vehicles, as well as to determine their role in increasing the efficiency of

Accepted 10 June 2026

navigation control in difficult flight conditions. The research was conducted in 2024—
Available online 7 July 2026

2025 based on the analysis of technical documentation of autonomous navigation
algorithms, engineering specifications of flight control systems, open navigation data
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showed that 34 of the 42 analyzed systems use a multi-level navigation architecture,
Unmanned aerial vehicles (UAVs); while 38 systems integrate inertial sensors, 31 use satellite navigation modules, and 29
autonomous navigation; inertial employ computer vision systems. The results obtained indicate that the integration of
navigation; artificial intelligence; sensor systems, machine learning algorithms, and software platforms forms the
adaptive algorithms; embedded technological basis for the development of autonomous control systems for unmanned
programming; databases; cloud aerial vehicles and creates the prerequisites for further improvement of navigation
management; UAV cybersecurity; drone technologies in robotic systems.
swarm

1. Introduction

The active development of unmanned aerial vehicles has led to a significant expansion of their
application areas, in particular, in monitoring territories, infrastructure inspections, logistics, the
agricultural sector and security systems. In this regard, the problem of ensuring autonomous
navigation of UAVs, which involves the ability of the device to independently determine its position,
plan the trajectory of movement and avoid obstacles without constant operator intervention, is
becoming particularly relevant. Despite significant progress in the development of navigation
technologies, modern autonomous control systems for UAVs face a number of complex technical
challenges. These include limited navigation accuracy in complex environments, dependence on
satellite positioning systems, the need to process a large amount of sensor data in real time and
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ensuring stable operation of artificial intelligence algorithms on computationally limited onboard
platforms. An additional challenge is the integration of disparate information technologies into a
single navigation architecture. The combination of inertial navigation systems, computer vision
algorithms, artificial intelligence systems, cloud data processing services, and cybersecurity
mechanisms requires the development of effective methods for managing and exchanging
information between system components.

Current studies on autonomous navigation of unmanned aerial vehicles focus on the use of
artificial intelligence algorithms, computer vision, and adaptive control methods to enable
autonomous route planning and obstacle avoidance in complex flight environments. The application
of reinforcement learning in autonomous UAV navigation systems is discussed in a systematic review
by AlMahamid and Grolinger [1], which shows the effectiveness of reinforcement learning for
optimizing flight paths and making decisions in a dynamic environment. The use of deep learning to
ensure the navigational autonomy of drones is summarized in the study by Lee et al., [2], which
emphasizes the role of neural networks in visual localization and navigation data analysis tasks. A
comprehensive analysis of artificial intelligence approaches to UAV navigation is presented in the
scientific work of Rezwan and Choi [3], where it is noted that the combination of machine learning,
sensor integration and route planning algorithms is a key direction in the development of
autonomous control systems. The features of the application of deep learning and computer vision
for autonomous UAV navigation are considered in the systematic review of Katkuri et al., [4], where
it is shown that such approaches significantly increase the accuracy of orientation and navigation in
conditions of limited or unstable satellite signal. A separate area of modern studies is related to the
navigation of swarms of unmanned aerial vehicles. Arshid et al., [5] indicate that trajectory
coordination and collective decision-making are key tasks for artificial intelligence systems in multi-
drone navigation architectures.

Despite significant progress in studies on autonomous navigation of unmanned aerial vehicles,
significant scientific gaps remain in this area. In particular, methods for integrating artificial
intelligence algorithms with inertial navigation systems and embedded programming of on-board
computing platforms remain underdeveloped [6]. The effectiveness of existing autonomous control
algorithms in complex and unpredictable environments, where there are obstacles, loss of satellite
navigation signals, or limited computing resources, is also limited. Coordinating swarms of unmanned
aerial vehicles is still an additional problem that calls for the creation of scalable collective navigation
algorithms in addition to guaranteeing cybersecurity and dependable data sharing in cloud-based
UAV control systems. These topics are still poorly understood and need further investigation.

The purpose of the research is to analyze modern information technologies and artificial
intelligence algorithms used in autonomous navigation systems of unmanned aerial vehicles, as well
as to determine their role in increasing the efficiency of navigation control in difficult flight
conditions.

For the purpose of achieving the goal outlined, the following research tasks were formulated: to
analyze modern approaches to autonomous UAV navigation based on artificial intelligence
algorithms; to investigate the role of inertial navigation systems and embedded programming in
ensuring flight autonomy; to characterize the possibilities of using adaptive artificial intelligence
learning systems to optimize navigation solutions; to consider the importance of cloud technologies
and databases in UAV control systems; to determine the features of cybersecurity and coordination
of swarms of unmanned aerial vehicles in modern navigation architectures.
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2. Literature Review

Studies on autonomous navigation of unmanned aerial vehicles are actively developing in the
world scientific literature, where the main attention is paid to the use of information technologies,
artificial intelligence algorithms, computer vision and machine learning methods to increase the level
of flight autonomy. A significant part of the scientific works is devoted to the analysis of algorithms
for perceiving the environment and making navigation decisions in complex and dynamic conditions.
One of the key areas is the use of computer vision in autonomous UAV systems. A systematic study
by Belmonte et al., [7] shows that visual analysis algorithms can significantly improve the orientation
and localization process of unmanned aerial vehicles in environments where satellite navigation is
limited or unavailable. The issue of increasing the reliability of visual information processing is
considered in the study by Cheng et al., [8], where methods of combining statistical and spatial
sparsity are proposed to improve the accuracy of image classification.

An important place in modern studies is occupied by the use of unmanned aerial vehicles for
automated monitoring and analysis of objects. Thus, Feng et al., [9] demonstrated the possibility of
using RGB images from UAVs for autonomous detection of pests in agriculture, which confirms the
potential of computer vision technologies in the tasks of automated analysis of navigation data.
Visual autonomous navigation systems constitute a separate direction. The study by Hu et al., [10]
presents an approach to controlling quadcopters in unknown and confined environments, where
navigation decisions are formed based on the analysis of visual data. A generalization of modern
methods for planning UAV flight trajectories is presented in a systematic review by Husnain et al.,
[11], which states that the effectiveness of navigation algorithms depends on the system’s ability to
take into account dynamic changes in the environment.

Studies on pattern recognition algorithms are also important for the development of autonomous
systems. For example, Jia et al., [12] analyzed methods for detecting fake faces based on the analysis
of three-dimensional models, which demonstrates the capabilities of modern computer vision
algorithms in complex tasks of image identification and analysis. One of the most promising areas for
the development of autonomous navigation is the use of deep reinforcement learning algorithms.
According to Kant and Sharma’s study [13], reinforcement learning enables unmanned aerial vehicles
to create the best possible movement trajectories based on interactions with their surroundings.
Similar approaches are considered in the scientific work of Kiglkerdem et al., [14], which analyzes
the current requirements for autonomous UAV control systems and identifies key technical
challenges for their implementation.

An important component of autonomous navigation is collision avoidance algorithms. In the
study by Kuo et al., [15], an obstacle avoidance method for many unmanned aerial vehicles based on
deep reinforcement learning algorithms was proposed. Similar approaches were considered in the
scientific work of Lei et al., [16], where the combination of LiDAR data and deep cameras is used to
form navigation solutions in complex environments. Further development of autonomous control
algorithms is associated with the use of deep neural networks. In the publication of Liu et al., [17], a
UAV navigation model based on deep reinforcement learning using the temporal attention
mechanism was proposed. Similar approaches were considered in the study by Mohiuddin et al., [18],
where the possibilities of using reinforcement learning for navigation of unmanned aerial vehicles
with a suspended load and obstacle avoidance are shown.

The use of visual algorithms for inspection missions is analyzed in the scientific work of Narazaki
et al., [19], where a UAV navigation planning system is proposed for the inspection of infrastructure
facilities after natural disasters. A separate direction is the study of swarm systems of unmanned
aerial vehicles. The academic paper of Puente-Castro et al., [20] presents an overview of artificial
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intelligence methods for planning routes of UAV swarms, which makes it possible to increase the
efficiency of collective task performance. Current trends in the development of autonomous
navigation systems are associated with the use of hybrid artificial intelligence algorithms. The study
by San-Segundo et al., [21] shows that the combination of various machine learning methods and
optimization algorithms can significantly increase the accuracy and stability of UAV navigation
systems.

Thus, an analysis of the world scientific literature indicates the active development of
autonomous UAV navigation technologies, but at the same time emphasizes the need for further
improvement of artificial intelligence algorithms, integration of various sensor systems, and
development of adaptive control methods capable of ensuring the effective operation of unmanned
aerial vehicles in difficult operating conditions.

3. Materials and Methods

The research was conducted in 2024-2025 and aimed to analyze information technologies and
artificial intelligence algorithms used in autonomous navigation systems of unmanned aerial vehicles
[22]. The research materials included technical reports, engineering documentation of autonomous
navigation algorithms, software specifications of flight control systems, as well as open datasets used
for testing autonomous control algorithms of UAVs.

The sources of technical documentation were obtained from open engineering repositories and
software development platforms for unmanned systems, in particular, GitHub repositories of PX4
Autopilot and ArduPilot platforms, as well as from the Robot Operating System (ROS) documentation,
which is widely used for the development of autonomous robotic systems. Additionally, technical
descriptions of autonomous navigation algorithms and trajectory planning software modules
presented in the open engineering documentation of these platforms were used.

The research materials also included open datasets for testing autonomous navigation
algorithms, including the KITTI Vision Benchmark Suite, EuROC MAV dataset, and AirSim simulated
flight datasets. These datasets contain sensor measurements, UAV motion parameters, and
computer vision data used to evaluate the performance of navigation algorithms.

The initial corpus of research materials consisted of 74 technical documents, including
engineering specifications of navigation algorithms, technical reports, and software platform
documentation. After the selection procedure and relevance check, the final analytical sample
included 42 technical documents containing detailed descriptions of autonomous navigation
algorithms and software architectures of UAV control.

The sample was formed in the period 2019-2025. At the first stage, a search for technical
documentation was carried out in open engineering software repositories and technical databases.
At the second stage, a procedure for the initial selection of materials was performed, during which
duplicate documents and materials that did not contain a technical description of autonomous
navigation algorithms were excluded.

The criteria for including materials in the sample were the presence of a detailed description of
autonomous navigation algorithms, the use of sensor systems or navigation modules, as well as the
possibility of reconstructing the algorithm architecture based on the submitted technical
documentation. Materials that contained only general characteristics of unmanned platforms or did
not contain algorithmic descriptions of navigation systems were not included in the sample.

The analysis of technical documentation was carried out to determine the structural components
of autonomous UAV navigation systems. The analysis examined trajectory planning algorithms,
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obstacle avoidance systems, computer vision algorithms, and machine learning models used in
autonomous flight control systems.

Particular attention was paid to the architecture of sensor systems that provide navigation data
collection. Such systems include inertial measurement units (IMU), LiDAR sensors, computer vision
stereo cameras, and GNSS satellite navigation modules. These sensor systems provide information
about the position of the unmanned vehicle in space and are used by artificial intelligence algorithms
to form navigation solutions.

For the purpose of modelling and testing the navigation algorithms, development and simulation
software environments were used, including Robot Operating System (ROS), PX4 Autopilot
autonomous control platform, Gazebo UAV simulator, and AirSim flight simulation platform. Python-
based neural network software libraries were used to implement the machine learning algorithms.

The performance of autonomous navigation algorithms was assessed using a system of technical
metrics used in studies on unmanned aerial vehicles. The main indicators included navigation
accuracy, trajectory deviation, collision rate, path efficiency, and processing latency.

These indicators make it possible to assess the ability of autonomous navigation algorithms to
ensure stable and safe movement of unmanned aerial vehicles in difficult environmental conditions.

4. Results
4.1 Architecture and Algorithmic Components of Autonomous UAV Navigation Systems

The analysis of 42 technical specifications of autonomous navigation algorithms, selected in
accordance with the specified methodology, made it possible to establish a typical architectural
structure of autonomous control systems for unmanned aerial vehicles. 34 out of 42 analyzed
navigation systems (81%) use a multi-level architecture that includes a sensor data acquisition level,
a sensor information processing level, an algorithmic navigation decision-making level, and a flight
control level. Such a structure ensures consistent processing of navigation information and
integration of artificial intelligence algorithms with on-board control systems.

The sensor layer of the navigation architecture is responsible for generating primary data on the
position of the unmanned aerial vehicle and the characteristics of the environment. Inertial
measurement units (IMUs) are used in 38 out of 42 systems under study (90%), which provide the
determination of angular velocities and accelerations of the device. LiDAR sensors are used in 26 out
of 42 systems (62%) to generate a three-dimensional map of space, while stereo computer vision
cameras are used in 29 architectures (69%). GNSS satellite navigation modules are integrated in 31
out of 42 systems under study (74%), which provides the determination of the global coordinates of
the UAV during flight.

The obtained sensor data is transferred to the information processing layer, where the UAV is
localized, and the environment map is built. 27 out of 42 architectures (64%) use visual-inertial
localization algorithms that combine camera and inertial sensor data for this purpose. Standard
computer vision datasets are used to test such algorithms, in particular, the KITTI Vision Benchmark
Suite, which contains large arrays of images and sensor measurements for autonomous movement
tasks [23]. 24 out of 42 algorithmic specifications (57%) indicate the use of the EuROC MAYV dataset,
which includes synchronized data from cameras and inertial sensors for visual-inertial navigation
tasks of unmanned platforms [24].

The algorithmic layer of autonomous navigation systems is responsible for forming the flight path,
adapting to changes in the environment and avoiding obstacles. 30 out of 42 analyzed systems (71%)
use machine learning models, in particular, reinforcement learning algorithms, which allow
optimizing navigation solutions based on data from sensor systems. 25 architectures (60%)
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implement trajectory planning algorithms based on predicting the movement of environmental
objects. 19 systems (45%) use adaptive flight path optimization models, which allow correcting the
trajectory in real time.

The structural components of autonomous navigation systems identified during the research are
summarized in Table 1.

Table 1

Main architectural components of UAV autonomous navigation systems

System component  Functional purpose Typical technologies

Sensory level Generation of data on UAV position and IMU, LiDAR, stereo cameras,
environmental parameters GNSS

Sensor data UAV localization and environmental mapping sensor fusion, visual-inertial

processing odometry

Algorithmic level Path planning and obstacle avoidance Al navigation algorithms,

machine learning
Flight control level Formation of UAV control teams PX4 flight control modules

Source: Compiled by the authors based on an analysis of 42 technical specifications of autonomous navigation
algorithms

Note: IMU —inertial measurement unit; GNSS — global navigation satellite system

A separate component of the architecture of autonomous navigation systems is the flight control
software infrastructure. 33 out of 42 analyzed systems (79%) use the PX4 Autopilot platform, which
provides a modular structure of the control system and supports the integration of autonomous
navigation algorithms into on-board software modules [25]. The current documentation of this
platform describes the architecture of distributed flight control modules that provide processing of
sensor data and generation of control signals in real time [26].

The Robot Operating System software environment, which offers standardized data transmission
between sensor modules, information processing algorithms, and flight control systems, is integrated
with autonomous navigation algorithms in 36 of the 42 systems under study (86%) [27]. The updated
ROS documentation also provides for the use of a distributed software architecture to integrate
autonomous navigation algorithms and sensor systems of robotic platforms [28].

The main software platforms used in autonomous UAV navigation systems are listed in Table 2.

Table 2

Software platforms used in autonomous UAV navigation systems

Platform Main purpose Functional features

ROS Robotics software environment data exchange between system modules
PX4 Autopilot Onboard flight control system flight control and algorithm integration
Gazebo Robotic systems simulator UAV flight physics simulation

AirSim Simulation platform for autonomous systems testing navigation algorithms

Source: compiled by the authors based on an analysis of technical documentation of software platforms

Computer simulation environments are used to test autonomous navigation algorithms. In 28 of
the 42 systems under study (67%), the algorithms are tested in the Gazebo simulation environment,
which allows modeling the physical parameters of the flight of unmanned systems [29]. In 21
architectures (50%), the AirSim platform is used, which provides high-precision modeling of sensor
systems and navigation scenarios of autonomous flight [30,31]. The results obtained show that the
combination of sensor systems, machine learning algorithms, and software control platforms forms
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the architectural basis for improving the efficiency of autonomous navigation of unmanned aerial
vehicles.

4.2 Integration of Sensor Systems and Software Platforms in UAV Navigation Systems

The analysis of 42 technical specifications of autonomous navigation algorithms made it possible
to establish characteristic models of integration of sensor systems and software platforms used in
modern navigation architectures of unmanned aerial vehicles. The obtained results showed that the
efficiency of autonomous navigation directly depends on the coordinated operation of sensor
modules, data processing algorithms and flight control software platforms.

In 38 out of 42 architectures under study (90%), the central element of the sensor system is an
inertial measurement module (IMU), which provides continuous measurement of linear
accelerations and angular velocities of the unmanned vehicle. IMU data is used to estimate the
orientation of the UAV in space and is integrated with other sensor sources in the process of
calculating the navigation solution. In 31 out of 42 systems (74%), the IMU is used in combination
with global satellite navigation modules GNSS, which makes it possible to simultaneously determine
both the local orientation of the vehicle and its global coordinates.

The integration of inertial and satellite navigation data is carried out using sensor fusion
algorithms, which provide the combination of information from different sources and the formation
of a single navigation solution. In 27 of the 42 systems under study (64 %), visual-inertial navigation
algorithms are used, which combine data from cameras and inertial sensors. For the purpose of
testing such algorithms in the analyzed systems, reference navigation datasets are used, in particular,
the KITTI Vision Benchmark Suite, which contains synchronized camera and sensor data for
autonomous movement tasks [23,32], as well as the EuUROC MAYV dataset, which is used to evaluate
visual-inertial localization algorithms for small unmanned platforms [24].

In addition to cameras and inertial sensors, 26 out of 42 architectures (62%) use LiDAR sensors,
which provide a three-dimensional map of the surrounding space. LiDAR makes it possible to
determine distances to environmental objects with high accuracy, and is used in navigation
algorithms to build obstacle maps and plan the flight path. In 29 out of 42 systems (69%), the sensor
configuration includes stereo computer vision cameras, which are used to determine the depth of
the scene and build three-dimensional models of the environment. The results of the analysis of
sensor configurations are shown in Table 3.

Table 3

Sensor system configurations in UAV navigation architectures under study

Sensor system type Number of systems (n=42) Share
IMU 38 90 %
GNSS 31 74 %
Stereo cameras 29 69 %
LiDAR 26 62 %

Source: compiled by the authors based on the analysis of technical documentation of autonomous navigation
algorithms
Note: IMU —inertial measurement unit; GNSS — global navigation satellite system

The effective operation of sensor systems is ensured by a software infrastructure that is
responsible for data integration, synchronization of sensor streams and information transfer
between software modules. 36 of 42 architectures under study (86%), use the Robot Operating
System, which provides a modular structure of the software architecture and a standardized
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mechanism for exchanging messages between software components [27]. The ROS documentation
states that navigation algorithms are implemented as separate software nodes that exchange data
via a message system [28].

In 33 out of 42 systems under study (79%), the flight control system is implemented on the basis
of the PX4 Autopilot software platform. In such architectures, sensor modules transmit data to the
on-board controller, where they are processed by navigation algorithms and used to generate control
signals for the UAV engines. The PX4 architecture is based on a modular principle, which allows for
the integration of autonomous navigation algorithms as separate software components into the
flight control system [25,26].

Software simulation environments are used to test the integration of sensor systems and
navigation algorithms. In 28 of the 42 analyzed architectures (67%), the Gazebo simulator is used,
which makes it possible simulate the physical parameters of the flight and the interaction of the UAV
with the environment [29]. In 21 systems (50%), the AirSim platform is used to simulate the
navigation algorithms, which provides high-precision reproduction of sensor data and flight dynamics
of autonomous vehicles [30]. In modern implementations, AirSim also supports integration with
machine learning software modules and flight control systems [31]. The main options for integrating
sensor systems and software platforms in UAV navigation architectures are summarized in Table 4.

Table 4

Integration of sensor systems and software platforms in UAV navigation architectures
Architectural component Software platform Main functions

Sensory integration ROS sensor data integration
Navigation data processing PX4 Autopilot calculation of navigation solutions
Environmental modeling Gazebo flight simulation

Algorithm testing AirSim Sensor data generation

Source: compiled by the authors based on an analysis of technical documentation for navigation systems

The results obtained demonstrate that the integration of sensor systems with software control
platforms forms a comprehensive navigation infrastructure in which sensor data, machine learning

algorithms, and software control modules work as a single autonomous control system for unmanned
aerial vehicles.

4.3 The Evaluation of the Effectiveness of Autonomous Navigation Algorithms Based on Datasets and
Simulation Environments

The evaluation of the navigation characteristics of autonomous navigation algorithms was carried
out based on the analysis of algorithmic specifications presented in 42 technical documents, using
standard datasets and simulation environments used in studies on autonomous robotic systems. The
aim of the evaluation was to determine the main navigation characteristics of algorithms used in
autonomous navigation systems of unmanned aerial vehicles.

Open datasets containing synchronized sensor measurements, motion parameters of unmanned
systems and computer vision data were used to analyze the navigation characteristics. In 24 of the
42 analyzed algorithmic implementations (57%), the technical documentation indicated the use of
the KITTI Vision Benchmark Suite dataset, which contains data from cameras, LiDAR and GPS/IMU
measurements, and is used for localization and mapping tasks [23]. In 21 of the 42 systems under
study (50%), the algorithm documentation indicated the use of the EuRoC MAV dataset, which

contains synchronized data from cameras and inertial sensors for visual-inertial navigation tasks of
unmanned platforms [24].
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In the process of analyzing the technical documentation, it was found that simulation
environments are also used to verify the operation of navigation algorithms, which allow reproducing
various navigation scenarios and analyzing the behavior of algorithms in controlled conditions. In 28
out of 42 architectures under study (67%), the documentation indicates the use of the Gazebo
simulation environment, which provides modeling of the physical parameters of the flight of
unmanned systems and the interaction of the device with the environment [29]. In 21 architectures
(50%), the AirSim platform is used to analyze the operation of algorithms, which allows reproducing
virtual flight scenarios of autonomous systems using sensor models and motion physics [30]. Modern
implementations of this platform provide for the integration of navigation algorithms with software
modules of flight control systems [31].

The analysis of the technical documentation of the algorithms showed that their performance is
evaluated based on a system of navigation metrics that are used in the process of testing the
algorithms in datasets and simulation environments. Such metrics include the accuracy of
determining the coordinates of the unmanned vehicle (navigation accuracy), deviation from the
planned flight trajectory (trajectory deviation), collision rate, path efficiency, and processing latency.
These metrics are used in the technical documentation of navigation algorithms to evaluate their
performance in the process of testing on datasets and in simulation environments.

Navigational metrics and data sources used to evaluate them are listed in Table 5.

Table 5

Navigation metrics for evaluating autonomous navigation algorithms

Indicator Data source Assignment

Navigation accuracy  KITTI, EuRoC accuracy of determining the coordinates of an unmanned
aerial vehicle

Trajectory deviation  KITTI, EuRoC deviation from the planned flight path

Collision rate Gazebo, AirSim evaluation of the ability of algorithms to avoid obstacles

Path efficiency AirSim analysis of flight route planning efficiency

Processing latency PX4 logs, ROS bag estimation of navigation data processing latency

Source: compiled by the authors based on the analysis of technical documentation of navigation algorithms
Note: navigation accuracy — accuracy of determining UAV coordinates; trajectory deviation — deviation from
the route; collision rate — collision frequency; path efficiency — route efficiency; processing latency — data
processing delay

Thus, the use of standard navigation data sets in combination with the Gazebo and AirSim
simulation environments allows for a comprehensive analysis of the navigation characteristics of
autonomous navigation algorithms used in modern UAV control systems.

5. Discussion

The results obtained indicate that modern autonomous navigation systems for unmanned aerial
vehicles are based on the integration of sensor systems, machine learning algorithms, and flight
control software platforms. An analysis of 42 technical specifications showed that navigation
algorithms are implemented in multi-layered architectures, where sensor data is processed by
artificial intelligence algorithms and transmitted to flight control systems.

The research results are consistent with the scientific work of Sun et al., [33], which shows that
reinforcement learning algorithms can be effectively used for autonomous obstacle avoidance tasks.
Similar conclusions are given in the study of Varshah et al., [34], which demonstrates that the
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integration of machine learning algorithms with classical control methods improves the stability of
UAV navigation.

In the investigation of Wang et al., [35], deep reinforcement learning enables the development
of adaptive navigation techniques in unfamiliar environments. A similar approach is presented in the
study of Wang et al., [36], where the use of deep learning models increases the accuracy of flight
trajectory planning. Further development of such approaches is described in the publication of Zhang
et al., [37], which shows the possibility of increasing the efficiency of navigation algorithms by
improving reinforcement learning models.

Therefore, the research results are consistent with modern scientific works in the field of
autonomous UAV navigation and confirm the importance of using machine learning algorithms for
the development of autonomous control systems.

6. Conclusions

The conducted research made it possible to systematize the architectural and algorithmic
components of autonomous navigation systems of unmanned aerial vehicles based on the analysis
of technical documentation and open sets of navigation data. The results obtained showed that
modern UAV navigation systems are built on the integration of sensor modules, machine learning
algorithms and flight control software platforms. Such architecture provides real-time processing of
navigation information and creates the basis for autonomous navigation decision-making.

In the course of the research, it was found that the key role in navigation systems is played by the
integration of inertial sensors, computer vision systems, and satellite navigation modules, which
allows for the generation of multi-source navigation information. The use of open datasets, such as
KITTI and EuRoC MAYV, as well as simulation environments Gazebo and AirSim, creates an opportunity
for the analysis of navigation algorithms in standardized research conditions.

The scientific novelty of the obtained results lies in the comprehensive analysis of the integration
of sensor systems, software platforms and artificial intelligence algorithms in the navigation
architectures of unmanned aerial vehicles. The practical significance of the research lies in the
possibility of using the obtained results during the development and optimization of navigation
systems of unmanned aerial vehicles.

At the same time, the research has certain limitations related to the use of open technical
documentation and available datasets, which do not always reflect the full specificity of real flight
scenarios. Further studies can be aimed at expanding experimental datasets, analyzing autonomous
navigation algorithms in real flight conditions, and developing new machine learning models to
increase the adaptability of UAV navigation systems.

Acknowledgement
This research was not funded by any grant.

Conflict of Interest Statement

The authors declare that there is no conflict of interest regarding the publication of this paper. No
financial support, grants, or other forms of compensation were received that could have influenced
the outcomes of this work. The research was conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict of interest.

260



Journal of Advanced Research in Computing and Applications
Volume 43, Issue 1 (2026) 251-263

Author Contributions Statement

All the authors of this work contributed equally to study conception, methodology design,
implementation, result reporting and validation, draft writing, editing, proofreading, and formatting.
All authors contributed to manuscript revision, read, and approved the final version.

Data Availability Statement
All data generated or analyzed during this study are included in this published article. Additional
datasets are available from the corresponding author upon reasonable request.

Ethics Statement
Ethical review and approval were not required for this study, as it did not involve human participants,
personal data, or sensitive information.

References

(1]

(2]
(3]

(4]

(5]

(6]

(7]

(8]
(9]

(10]

(11]

(12]
(13]

(14]

AlMahamid, Fadi, and Katarina Grolinger. "Autonomous unmanned aerial vehicle navigation using reinforcement
learning: A systematic review." Engineering Applications of Artificial Intelligence 115 (2022): 105321.
https://doi.org/10.1016/j.engappai.2022.105321.

Lee, Thomas, Susan Mckeever, and Jane Courtney. "Flying free: A research overview of deep learning in drone
navigation autonomy." Drones 5, no. 2 (2021): 52. https://doi.org/10.3390/drones5020052.

Rezwan, Sifat, and Wooyeol Choi. "Artificial intelligence approaches for UAV navigation: Recent advances and
future challenges." IEEE access 10 (2022): 26320-26339.https://doi.org/10.1109/ACCESS.2022.3157626.

Katkuri, Aditya Vardhan Reddy, Hakka Madan, Narendra Khatri, Antar Shaddad Hamed Abdul-Qawy, and K. Sridhar
Patnaik. "Autonomous UAV navigation using deep learning-based computer vision frameworks: A systematic
literature review." Array 23 (2024): 100361. https://doi.org/10.1016/j.array.2024.100361.

Arshid, K., A. Krayani, L. Marcenaro, D. M. Gémez, and C. Regazzoni. 2025. “Toward Autonomous UAV Swarm
Navigation: A  Review of Trajectory Design Paradigms.” Sensors 25, no. 18: 5877.
https://doi.org/10.3390/s25185877.

Khmurova, Viktoriia, Iryna Mykolaichuk, Kateryna Kandahura, Yuliia Sylkina, and Nina Sychova. "Strategy for the
development of public-private partnership in the context of global changes." Haykosi 2copuzoHmu 24, no. 8 (2021):
108-116.https://doi.org/10.48077/scihor.24(8).2021.108-116.

Belmonte, Lidia Maria, Rafael Morales, and Antonio Fernandez-Caballero. "Computer vision in autonomous
unmanned aerial vehicles—a systematic mapping study." Applied Sciences9, no. 15 (2019): 3196.
https://doi.org/10.3390/app9153196.

Cheng, Hao, Kim-Hui Yap, and Bihan Wen. "Reconciliation of statistical and spatial sparsity for robust visual
classification." Neurocomputing 529 (2023): 140-151.https://doi.org/10.1016/j.neucom.2023.01.084.

Feng, Jiedong, Yaqin Sun, Kefei Zhang, Yindi Zhao, Yi Ren, Yu Chen, Huifu Zhuang, and Shuo Chen. "Autonomous
detection of Spodoptera frugiperda by feeding symptoms directly from UAV RGB imagery." Applied Sciences 12,
no. 5 (2022): 2592. https://doi.org/10.3390/app12052592.

Hu, Zhanhao, Muhammad Zohaib Butt, Nazri Nasir, and Mohd Badrul Salleh. "Vision-based autonomous navigation
for quadrotor UAVs in unknown and constrained environments." International Journal of Intelligent Robotics and
Applications 9, no. 4 (2025): 1743-1754. https://doi.org/10.1007/s41315-025-00462-2.

ul Husnain, Anees, Norrima Mokhtar, Noraisyah Mohamed Shah, Mahidzal Dahari, and Masahiro lwahashi. "A
systematic literature review (SLR) on autonomous path planning of unmanned aerial vehicles." Drones 7, no. 2
(2023): 118. https://doi.org/10.3390/drones7020118.

Jia, Shan, Chuanbo Hu, Xin Li, and Zhengquan Xu. "Face spoofing detection under super-realistic 3D wax face
attacks." Pattern Recognition Letters 145 (2021): 103-109. https://doi.org/10.1016/j.patrec.2021.01.021.

Kant, Mani, and P. K. Sharma. "Deep Reinforcement Learning for Autonomous Drone Navigation." International
Journal of Engineering Science & Humanities 15, no. 4 (2025): 254-265.https://www.ijesh.com/j/article/view/400.
Kuglkerdem, Hiseyin, Cemal Yilmaz, Hamdi Tolga Kahraman, and Yusuf Sénmez. "Autonomous control of
unmanned aerial vehicles: applications, requirements, challenges." Cluster Computing 28, no. 11 (2025):
734.https://doi.org/10.1007/s10586-025-05418-6.

261


https://doi.org/10.1016/j.engappai.2022.105321.
https://doi.org/10.3390/drones5020052
https://doi.org/10.1109/ACCESS.2022.3157626.
https://doi.org/10.1016/j.array.2024.100361
https://doi.org/10.3390/s25185877
https://doi.org/10.48077/scihor.24(8).2021.108-116
https://doi.org/10.3390/app9153196.
https://doi.org/10.1016/j.neucom.2023.01.084
https://doi.org/10.1007/s41315-025-00462-2
https://doi.org/10.3390/drones7020118
https://doi.org/10.1016/j.patrec.2021.01.021.
https://www.ijesh.com/j/article/view/400
https://doi.org/10.1007/s10586-025-05418-

Journal of Advanced Research in Computing and Applications
Volume 43, Issue 1 (2026) 251-263

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]
[29]

(30]

(31]

(32]

(33]

(34]

Kuo, Ping-Huan, Kuan-Lin Chen, Yu-Sian Lin, Yu-Chih Chiu, and Chao-Chung Peng. "Deep reinforcement learning—
based collision avoidance strategy for multiple unmanned aerial vehicles." Engineering Applications of Artificial
Intelligence 160 (2025): 111862. https://doi.org/10.1016/j.engappai.2025.111862.

Lei, Bangsong, Wei Hu, Zhaoxu Ren, and Shude Ji. "DRL-based UAV autonomous navigation and obstacle avoidance
with LiDAR and depth camera fusion." Aerospace 12, no. 9 (2025): 848.
https://doi.org/10.3390/aerospace12090848.

Liu, Shuyuan, Shufan Zou, Xinghua Chang, Huayong Liu, Laiping Zhang, and Xiaogang Deng. "Autonomous
navigation of UAV in complex environment: a deep reinforcement learning method based on temporal attention:
S. Liu et al." Applied Intelligence 55, no. 5 (2025): 316. https://doi.org/10.1007/s10489-024-06036-2.

Mohiuddin, Mohammed Basheer, Igor Boiko, Vu Phi Tran, Matthew Garratt, Ayman Abdallah, and Yahya Zweiri.
"Reinforcement learning for end-to-end UAV slung-load navigation and obstacle avoidance." Scientific Reports 15,
no. 1(2025): 34621. https://doi.org/10.1038/s41598-025-18220-6.

Narazaki, Yasutaka, Vedhus Hoskere, Girish Chowdhary, and Billie F. Spencer Jr. "Vision-based navigation planning
for autonomous post-earthquake inspection of reinforced concrete railway viaducts using unmanned aerial
vehicles." Automation in Construction 137 (2022): 104214, https://doi.org/10.1016/j.autcon.2022.104214.
Puente-Castro, Alejandro, Daniel Rivero, Alejandro Pazos, and Enrique Fernandez-Blanco. "A review of artificial
intelligence applied to path planning in UAV swarms." Neural Computing and Applications 34, no. 1 (2022): 153-
170.https://doi.org/10.1007/s00521-021-06569-4.

San-Segundo, Rubén, Lucia Angulo, Manuel Gil-Martin, David Carramifiana, and Ana M. Bernardos. "Hybrid
artificial  intelligence  strategies for  drone  navigation." A5, no. 4 (2024): 2104-2126.
https://doi.org/10.3390/ai5040103.

Bashynska, Iryna, Liubov Niekrasova, Viktoriia Khmurova, and Lolita Zakharchenko. "Assessment of the Efficiency
of Enterprises in the Context of Industrial Sustainability Through Cyclical Solutions." In Design, Simulation,
Manufacturing: The Innovation Exchange, pp. 81-90. Cham: Springer Nature Switzerland, 2025.
https://doi.org/10.1007/978-3-032-07144-6 7.

Geiger, Andreas, Philip Lenz, and Raquel Urtasun. "Are we ready for autonomous driving? the kitti vision
benchmark suite." In 2012 IEEE conference on computer vision and pattern recognition, pp. 3354-3361. IEEE, 2012.
https://doi.org/10.1109/CVPR.2012.6248074.

Burri, Michael, Janosch Nikolic, Pascal Gohl, Thomas Schneider, Joern Rehder, Sammy Omari, Markus W. Achtelik,
and Roland Siegwart. "The EuRoC micro aerial vehicle datasets." The International Journal of Robotics Research 35,
no. 10 (2016): 1157-1163.https://doi.org/10.1177/0278364915620033.

Meier, Lorenz, Dominik Honegger, and Marc Pollefeys. "PX4: A node-based multithreaded open source robotics
framework for deeply embedded platforms." In 2015 IEEE international conference on robotics and automation
(ICRA), pp. 6235-6240. IEEE, 2015. https://doi.org/10.1109/ICRA.2015.7140074.

PX4 Development Team. 2024. “PX4 Autopilot User Guide and System Architecture.” PX4 Open Source Project.
https://docs.px4.io/.

Quigley, Morgan, Ken Conley, Brian Gerkey, Josh Faust, Tully Foote, Jeremy Leibs, Rob Wheeler, and Andrew Y. Ng.
"ROS: an open-source Robot Operating System." In ICRA workshop on open source software, vol. 3, no. 3.2, p. 5.
2009. https://www.ros.org/.

Open Robotics. 2024. “Robot Operating System (ROS) Documentation.” https://www.ros.org/.

Koenig, Nathan, and Andrew Howard. "Design and use paradigms for gazebo, an open-source multi-robot
simulator." In 2004 IEEE/RSJ international conference on intelligent robots and systems (IROS)(IEEE Cat. No.
04CH37566), vol. 3, pp. 2149-2154. leee, 2004. https://doi.org/10.1109/1R0S.2004.1389727.

Shah, Shital, Debadeepta Dey, Chris Lovett, and Ashish Kapoor. "Airsim: High-fidelity visual and physical simulation
for autonomous vehicles." In Field and service robotics: Results of the 11th international conference, pp. 621-635.
Cham: Springer International Publishing, 2017. https://doi.org/10.1007/978-3-319-67361-5 40.

Microsoft ~ Research.  2024.  “AirSim:  Open-Source  Simulator for  Autonomous  Vehicles.”
https://github.com/microsoft/AirSim.

Sturm, Jiirgen, Nikolas Engelhard, Felix Endres, Wolfram Burgard, and Daniel Cremers. "A benchmark for the
evaluation of RGB-D SLAM systems." In 2012 IEEE/RSJ international conference on intelligent robots and systems,
pp. 573-580. IEEE, 2012.https://doi.org/10.1109/IR0S.2012.6385773.

Sun, Tao, lJiacjiao Gu, and Junjie Mou. "UAV autonomous obstacle avoidance via causal reinforcement
learning." Displays 87 (2025): 102966. https://doi.org/10.1016/].displa.2025.102966.

Varshah, C., S. Indra Priyadharshni, and T. Raja Sree. "Reinforcement Learning-Driven High-Level Drone Navigation
with ML-Enhanced PID Stability Control." In 2025 IEEE International Conference on Electronics, Computing and
Communication Technologies (CONECCT), pp. 1-6. IEEE, 2025.
https://doi.org/10.1109/CONECCT65861.2025.11306899.

262


https://doi.org/10.1016/j.engappai.2025.111862.
https://doi.org/10.3390/aerospace12090848
https://doi.org/10.1007/s10489-024-06036-2.
https://doi.org/10.1038/s41598-025-18220-6.
https://doi.org/10.1016/j.autcon.2022.104214.
https://doi.org/10.1007/s00521-021-06569-4
https://doi.org/10.3390/ai5040103
https://doi.org/10.1007/978-3-032-07144-6_7
https://doi.org/10.1109/CVPR.2012.6248074
https://doi.org/10.1177/0278364915620033
https://doi.org/10.1109/ICRA.2015.7140074
https://docs.px4.io/
https://www.ros.org/
https://www.ros.org/
https://doi.org/10.1109/IROS.2004.1389727
https://doi.org/10.1007/978-3-319-67361-5_40.
https://github.com/microsoft/AirSim
https://doi.org/10.1109/IROS.2012.6385773
https://doi.org/10.1016/j.displa.2025.102966
https://doi.org/10.1109/CONECCT65861.2025.11306899

Journal of Advanced Research in Computing and Applications
Volume 43, Issue 1 (2026) 251-263

(35]

(36]

(37]

Fei, W. A. N. G., Z. H. U. Xiaoping, Zhou Zhou, and T. A. N. G. Yang. "Deep-reinforcement-learning-based UAV
autonomous navigation and collision avoidance in unknown environments." Chinese Journal of Aeronautics 37, no.
3(2024): 237-257.https://doi.org/10.1016/j.cja.2023.09.033.

Wang, Yanxiang, Honglun Wang, Yiheng Liu, Jianfa Wu, and Yuebin Lun. "6-DOF UAV Path planning and tracking
control for obstacle avoidance: a deep learning-based integrated approach." Aerospace Science and
Technology 151 (2024): 109320. https://doi.org/10.1016/].ast.2024.109320.

Zhang, Haotian, L. I. Yiyang, Lingquan Cheng, and A. I. Jianliang. "Noise-driven enhancement for exploration: Deep
reinforcement learning for UAV autonomous navigation in complex environments." Chinese Journal of
Aeronautics (2025): 103769. https://doi.org/10.1016/j.cja.2025.103769.

263


https://doi.org/10.1016/j.cja.2023.09.033
https://doi.org/10.1016/j.ast.2024.109320.
https://doi.org/10.1016/j.cja.2025.103769

