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Abstract

The development of unmanned autonomous vehicles represents one of
the most dynamic directions of contemporary technological evolution,
with increasingly widespread applications in the civilian and primarily
the military domain. Although unmanned and autonomous vehicles
are often used interchangeably, this paper highlights their essential
distinction and the importance of integrated decision-making capabilities
for achieving full autonomy. Modern trends in the production of sensors,
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communication, and power components have enabled the development
of complex systems for environmental perception, path planning, and
motion control, significantly influencing the transformation of concepts
in military operations. The paper analyzes the historical development of
unmanned autonomous vehicles, the levels of their autonomy, and their
impact on the execution of modern military operations. Considering the
pace of technological advancement and achievements, an even more
intensive use of autonomous systems can be expected in future armed
conflicts, which imposes the need to define the required knowledge and
competencies for military personnel involved in their development and
operational use. These competencies include mechatronics, automatic
control, guidance, artificial intelligence, deployment tactics, and
logistical support. The paper recognizes the need to enhance military
education by integrating technological innovations and developing new
academic programs to train personnel capable of creating, maintaining,
and efficiently operating unmanned autonomous systems in a dynamic
security environment.

Keywords: Unmanned Autonomous Vehicle, Control system design,
Guidance system design, Military application of Unmanned
Autonomous Vehicle, Military education.

INTRODUCTION

An unmanned vehicle (UV) is a vehicle controlled without a
human operator on the vehicle itself, i.e., the vehicle is controlled from a
suitable control station based on an appropriate communication link and
various sensor systems. On the other hand, the unmanned autonomous
vehicle functions without a human crew and conducts specific driving
functions without direct human intervention by using advanced sensory
systems and decision-making algorithms, environment recognition,
and planning the movement path. Therefore, even though unmanned
vehicles and autonomous vehicles are often used as synonymes, it should
be stressed that unmanned vehicles are also autonomous, i.c., vehicle
autonomy depends on the integrated ability of independent movement
and decision-making on planning the movement path.
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In the last years, with the development of the production
technology of electronic and energy components, the field of research
and examination of unmanned, and above all, autonomous vehicles
experienced significant progress, which enabled the development of
sophisticated systems of environment perception, direction and control
of the vehicle, and thus the more efficient application of autonomous
systems in different fields, including transportation, industry, agriculture,
and above all, military use. Therefore, designing and developing
guidance systems of autonomous vehicles is becoming quite a significant
direction in scientific research papers (Wang 2023, 4; Gao 2021, 10;
Huang 2022; Boretti 2024).

The development of highly sophisticated systems significantly
impacted the change in the structure of conducting military operations.
For example, using drones significantly improves the possibilities of
movement reconnaissance and sudden attack on the opposing forces,
unmanned autonomous vehicles contribute to higher mobility during
operations of passage of ordnances, logistical equipment, and transport
of the wounded. In contrast, the armed autonomous vehicles generated
significant steps forwards in the evolution of contemporary military
operations, carrying along numerous advantages in terms of efficiency,
security, and the ability to conduct the most complex tasks in high-risk
conditions for human crew (Pori¢ i Glisin 2023; Miljkovi¢ i Berisa 2023).

The classical development of military education in Europe is,
above all, linked to the famous considerations of von Clausewitz
(Clausewitz 2021), in which the war is defined as the continuance of
politics with different means and the development of the Prussian
model of officer training and introduction of war games, in whose
defining Helmuth von Moltke played a decisive role (Himmel 2024).
In France, the work of Antoine-Henry Jomini (Rapin 2023, 1) in
the period following the Napoleon wars and the foundation of the
academy in Saint-Cyr, which fosters an approach to officer education
through humanistic education and rigorous military training, stands
out. The education of officers in the former Union of Soviet Socialist
Republics (USSR), above all, included rigid military training and
ideological education, and the foundation of this system can be found
in the works of Mikhail Frunze (Frunze 2019). On the other hand,
the establishment of the hegemony of the United States of America
(USA) in the Western hemisphere contributed to the development of
learning through discipline, engineering skills, and the theory of fast
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decision-making in combat (observe-orient-decide-act loop) (Boyd
2011). In the former Socialist Federal Republic of Yugoslavia (SFRY),
the intensive impact on military education was made by the concept
of total defense and protection (Strategija opstenarodne odbrane i
drustvene samozastite 1987), which examined the method of frontal
and guerrilla war.

The dynamic environment and fast technological development
of weapons and military equipment that characterize modern conflicts
also condition intensive changes in military education. In this segment,
several directions can be noticed, such as fast adjustment to the new
security challenges and threats through the process of continued
improvement of curriculum and training (Arquilla 2021), digitalization
of military training and intensive use of simulators working in virtual
reality (Arquilla 2021), the application of neuro-sciences for better
decision-making and experimental use of the “brain-computer” interface
(Brose 2020), the preparation for hybrid and asymmetric warfare through
improvement of the training concept and development of leadership
skills for raising the level of psychological endurance of soldiers,
officers and NCOs (Singer 2009). In this way, the concept of “lessons
learned” is established and applied in the planning of contemporary
military operations, which also influences the development of modern
theories of military education.

The subject of this research is the application of unmanned
autonomous vehicles in modern combat and non-combat operations and
their development, as well as the consideration of necessary knowledge
from modern technologies for designing, exploiting, and maintaining
these systems. Given that the unmanned autonomous vehicles represent
complex mechatronic systems, for them to be used properly in modern
combat operations, the military staff developing and using them must
know the fields of complex system management, mechatronics and
mechanic transmission systems, as well as designing and development
of artificial intelligence algorithms, to conduct optimal processing
of signals gathered via various sensors in real-time and the use of
unmanned autonomous vehicles on a tactical and operational level.

This paper is organized in the following order: After introductory
deliberations, in the second chapter, a brief historical overview of the
development of unmanned vehicles and their basic classification is
presented. The developed levels of the unmanned vehicle’s autonomy
are analyzed in the third segment of this paper. In contrast, the aspects
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of the influence of these vehicles on conducting modern military
operations are presented in the fourth chapter. In the fifth chapter, the
challenges in designing the control and guidance systems are identified,
while in the sixth chapter, the necessary competencies of the military
staff in terms of the use and development of such systems to provide
an adequate response to the new security challenges and threats are
deliberated. Finally, in the concluding segment of this paper, suitable
conclusions are defined, and directions for further research are suggested.

DEVELOPMENT AND TYPES OF
UNMANNED VEHICLES

The development of unmanned vehicles began with systems that
enabled remote control without absolute autonomy in the guidance
system. Even in the 1930s of the 20™ century, the first examples of
simple remote-controlled platforms emerged, predominantly used
for military and industrial purposes. The Soviet and German radio-
controlled tanks were used in high-risk missions, such as munition
transport and handling explosive ordnance. Even though technologically
primitive, these systems present conceptual predecessors of the modern
unmanned solutions, stressing the potential of the dislocation of the
human factor from directly dangerous combat situations.

The second phase represents the second half of the 20 century,
during which the unmanned system concepts broadened to partial or
complete autonomy. The turning point was reached with the development
of the mobile robot Shakey at Stanford University at the end of the
sixties. This system, equipped with a camera and ultrasound sensors,
represented the first mobile robot capable of independent data processing
and decision-making based on the environment’s perception, making
it the predecessor of modern autonomous vehicles.

The intensive development of autonomous systems started at the
beginning of the 21* century, and above all through projects such as
the Grand Challenges, initiated by the Defence Advanced Research
Projects Agency (DARPA) of the United States of America. This
initiative strongly incentivized the improvement of the sensory systems
and the development of sophisticated navigation, control, and path
planning algorithms. The results of this research set the technological
foundation for contemporary autonomous platforms, both in civilian
and military use.
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By different operational tasks and conditions, different forms of
unmanned autonomous vehicle propulsion systems were constructed.
The basic classification includes four types, whose basic characteristics
are provided in the following segment.

Vehicles with wheels represent the most widespread type of
unmanned systems. Their popularity comes from the simplicity
of their construction, efficiency in movement on flat and well-
maintained surfaces, and the lower complex of the control system.
They rely on the rotational movement of the wheels connected to
the undercarriage, while the number of axles and the powertrain
configuration depend on the requirements for maneuverability and
stability (Rubio 2019, 16).

Tracked vehicles — use tracks that provide a big contact surface
with the ground, thus increasing the traction force and stability. The
independent drive of each track enables precise control and high
maneuver capability on uneven and challenging terrains. These
systems are distinguished by high robustness, thus making them
suitable for combat and reconnaissance tasks in harsh conditions
(Zou 2018, 110).

Legged vehicles — these systems imitate the movement of
animals by using a series of actuators and joints that enable dynamic
balancing and movement on inaccessible terrains. The high level of
mobility makes them especially efficient in urban environments and
when performing tasks that demand overcoming obstacles and stairs
(Zhao 2023,11).

Hybrid vehicles combine propulsion systems (wheels, tracks,
and/or legs) to achieve maximum adjustment and performance. These
systems represent a compromise between different types of mobility and
enable operations in diverse and changeable conditions, even though
technologically most demanding, hybrid systems enable a high level
of flexibility upon use (Zou 2018, 110).

AUTONOMY LEVELS OF UNMANNED VEHICLES

Contemporary autonomous vehicles are based on integrating
different propulsion and sensory systems, including the global navigation
satellite system, radar systems, LiDAR systems, and other technologies
that enable efficient perception and interaction of the vehicle with the
environment in which it is located. The typical function of autonomous
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vehicles can be divided into three basic categories: environment perception,
seeking an optimal movement route and making other decisions, and
controlling the propulsion actuators to follow the desired trajectory
and implement the decisions made. These three components can be
perceived as the functions of the sense of sight, brain, and limbs of a
human being, and they are implemented by designing suitable systems
of guidance and control.

To better understand the development until now and the directions
of future research, it is essential to further examine and analyze the
concept of autonomy in detail. As previously mentioned, autonomy, in the
context of unmanned vehicles, refers to the level at which the vehicle can
function independently from human intervention. A generally accepted
and widely recognized unmanned vehicle classification system defines
six levels of driving autonomy, starting from level 0 (no autonomy level)
to level 5 (complete autonomy), which can be explained in more detail
in the following way (Sethi 2024):

Level 0: No autonomy. At this level, the vehicle functions completely
based on the operator’s guidance without autonomous capabilities. The
vehicle can provide some technological assistance to the operator, such
as various warning systems.

Level 1: Autonomy with the operator’s assistance. This category
of vehicles includes basic functions of autonomy that provide limited
assistance to the operator. These are the systems, such as automatic
speed control or assistance in maintaining the tasked trajectory, and
the systems for controlling the speed and brakes. However, the operator
remains completely in charge of control and guidance over the vehicle.

Level 2: Partial autonomy. Vehicles can conduct more complex tasks
by combining two or more autonomous functions, such as maintaining
the tasked trajectory or adaptive speed regulation. The vehicle can control
the movement and speeding/slowing down in specific conditions, but
the operator must be ready to intervene at every moment.

Level 3: Conditional autonomy. This level represents a significant
step towards genuine autonomy. Vehicles with level 3 autonomy can
conduct all driving tasks in specific, limited conditions, such as driving
along a defined trajectory. The driver must not constantly monitor the
surroundings, but be ready to take over the guidance when the vehicle
asks for that.
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Level 4: High autonomy. Vehicles can perform autonomously in the
majority of movement scenarios, even if the operator does not respond
to the demand for intervention. However, their operation can be limited
to specific fields and projected operational domains.

Level 5: Complete autonomy. The vehicle is completely autonomous
and capable of conducting all movement tasks in all conditions manageable
by the human operator. No human intervention is needed.

This specter of the level of autonomy emphasizes the increasing
sophistication and complexity of unmanned autonomous vehicles,
i.e., the control and guidance systems, through which the desirable
level of autonomy is achieved. While lower levels offer operator
assistance, advanced research focuses on reaching higher levels of
autonomy to realize challenging tasks in complex environments.
Even though achieving complete autonomy (Level 5) is still in the
development process, the current scientific research is focused on the
improvement of the performance and abilities of vehicles at levels 3
and 4 in complex and challenging scenarios in realistic environments,
which demands the projection and application of advanced guidance
and control algorithms.

ASPECTS OF THE INFLUENCE OF UNMANNED
VEHICLES ON MILITARY OPERATIONS

One of the key aspects of autonomous vehicle applications in the
military is the ability to take up tasks previously deemed highly risky
for the human crew. These tasks were, in the beginning, primarily
linked to the use of unmanned vehicles in the field of reconnaissance
and monitoring the opposing forces. Such systems, such as QinetiQ
TALON (Army Technology 2020) or Milrem THeMIS (Milrem n.d.),
possess sensors that act in different parts of the electromagnetic
spectrum for the reconnaissance of the combat layout and early
warning of enemy maneuvers. Moreover, small unmanned vehicles
can be used for ruins and tunnel reconnaissance during operations
in urban environments. Another aspect of the use of unmanned
vehicles, which has been increasingly used in recent years, refers to
the use of armed versions of such systems directly in combat actions
(the Russian Uran-9 [CKB MOP® n.d.]) or Milrem Robotics Type-X
[Milrem Robotics n.d.], as well as in the self-destruction missions (the
Ukrainian Ratel-S Global Defense News Army Recognition Group
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[GDNARG] 2024, for anti-tank warfare). Another aspect of using
unmanned autonomous vehicles also refers to the conduct of logistical
tasks (supply of ammunition, medical equipment, etc.), especially
when the risk to the human crew is high. Additionally, unmanned
vehicles can be equipped with electronic warfare devices and, as such,
can be used in missions of electronic jamming of opposing forces or
electronic protection of one’s own forces.

All previously mentioned applications of unmanned vehicles
in combat and non-combat tasks of the army bring along changes
in the operational and tactical actions and procedures. In cases of
attacks, using these vehicles in the initial phases of offensive actions
enables reduced risk exposure of the personnel during advancement
towards the enemy positions, as well as support to classic armored
and mechanized units. Using unmanned vehicles in coordinated
attacks on one target (attack of the unmanned vehicles swarm) enables
efficient use of force to destroy enemy high-profile targets (bunkers,
command centers, etc.). With all that, one should not ignore the
psychological effect on the enemy morale when fighting unmanned
autonomous systems. When conducting defensive combat actions,
unmanned vehicles can be used on duty on the first line for efficient
use of forces and for assessing the combat situation, the strength of
the enemy’s forces, and the enemy’s maneuvers. Besides, using these
systems reduces the possibility of tactical surprise of the enemy forces,
while the self-destructing unmanned vehicles enable all forms of
anti-tank fighting. The advantages of the use of unmanned platforms
in reconnaissance missions against enemy forces reflect, above all,
the increased combat endurance of these systems on the battlefield
because these systems are complex to uncover, as well as the fact that
they acquire and process information on the enemy forces in real-
time, which is extremely significant for the commander’s decision-
making and the conduct of combat actions. In the logistical sense,
combat platforms enable better protection of the forces upon supply
of ammunition and other logistical needs to the units in direct combat
contact, as well as the possibility for extracting the wounded and
injured from the direct combat contact. As one of the most complex
contents of combat actions stands urban warfare and, thus, unmanned
platforms can be used as fire support to one’s forces in narrow passages
and streets, as well as the elements of reconnaissance of the combat
layout of the enemy stationed in buildings and passages before the
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appearance of one’s forces. Due to fast adjustment to changeable
conditions of conducting combat actions (enemy activity, change of
weather conditions, or specific tasks that call for precise navigation
through harsh terrain), unmanned platforms enable high flexibility
in planning and conducting operations.

However, the transition to unmanned autonomous systems
introduces challenges regarding the security of use, ethics, and tactics.
Namely, unmanned platforms are vulnerable to electronic jamming
and deception, and interference with the connection to the command
station can disrupt control of their work. Besides that, the opponent’s
possibility of taking control over the unmanned system represents a
special challenge in its use and demands improvement of cyber system
security. Moreover, unmanned vehicles of small dimensions are sensitive
to direct hits from infantry weapons and have limited autonomy of
work due to their relatively small capacity of energy capacity. The
probability of correct classification of targets upon automatic detection
and target classification is not entirely secure, which means there is
a possibility of wrong target classification (for example, a civilian
vehicle can be detected as a military vehicle). At the same time,
failure of unmanned platforms can happen in critical moments of a
mission. From an ethical standpoint, unmanned autonomous vehicles
dehumanize combat actions and, thus, raise the issue of whether such
systems can make decisions on the death or wounding of the enemy.
The question of responsibility for mistakes of these combat systems
remains open: Can the commander, programmer, or operator of an
unmanned system be held responsible for any civilian casualties and
damage to civilian infrastructure?

Based on the previously said, we can stress that autonomous
vehicles are transforming military tactics and operations, thus enabling
faster, more secure, and more efficient task completion while setting
new challenges in security, regulation, strategy, and warfare tactics.
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CHALLENGES IN THE DESIGN OF
GUIDANCE AND CONTROL SYSTEMS

From a technical development standpoint, designing the guidance-
and-control system for the unmanned autonomous vehicle implies various
challenges. In contrast, both systems have special tasks at the desired
level of autonomous movement. The guidance system is in charge of the
perception of the environment and planning the trajectory. It collects
and processes data from integrated sensors of the vehicle to create a
model of the surroundings and determine the optimal route of movement
for different scenarios of autonomous movement. This system secures
key data for the guidance system, including information on the vehicle
position, obstacles, and dynamic changes in the environment. The
main reasons for the design and implementation of the guidance system
include data processing in real-time, the accuracy of perception of the
environment and enemies in unfavourable conditions, and decision-
making in complex situations. On the other hand, the control system is
responsible for conducting the task instructions from the guidance system.
Based on the planned trajectory, it controls the actuator components
(control, propulsion, and brakes) so that the vehicle closely follows
the tasked trajectory. The key challenges include precise regulation of
speed and direction, robustness in variable load conditions, and system
resilience to unforeseen disturbances. Moreover, the control system
must be resilient to malfunctions and ensure the vehicle’s stability in all
working regimes. These two autonomous movement systems’ connection
and efficient integration are essential for the safe and reliable functioning
of unmanned vehicles.

Challenges in designing the guidance system

Achieving a high level of autonomy of movement sets significant
challenges upon design of the guidance system of an unmanned vehicle,
especially for complex tasks of autonomous movement with a high
level of perception of the environment, such as moving along the task
trajectory, moving towards the task coordinates in space, following a
leader moving before or after the vehicle, detection, recognition and
avoiding obstacles upon movement, recognition of enemy forces and
assessment of threat, etc. Realizing such systems demands precise
cognition of the current position of vehicles in space, as well as
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cognition of the environment and elements of interest located in the
surroundings. Data integration from different types of wide-frequency
sensors and the projection and implementation of sensor data processing
algorithms in real-time are often needed. So, for example, upon
moving along the task trajectory or towards a task coordinate in space,
integration and processing of data acquired from inert sensors and
global positioning sensors are needed. In contrast, following the leader,
detection, recognition, and avoiding obstacles require applying optical,
laser, and/or radar sensors. Moreover, in detecting and following the
defined trajectory, autonomous vehicles must be able to function in
environments in which the trajectories are not clearly defined and where
different obstacles might impose limitations on the vehicle’s sensor
field of view. The key challenge in designing guidance algorithms is
the generation of the optimal trajectory of the vehicle in dynamic and
unpredictable environments, with minimization of energy consumption,
as well as the noise in the sensor data. Besides that, bearing in mind
the demands for acting in real-time, optimization of the computing
complexity of the algorithm is necessary because computationally
demanding algorithms demand big resources of the realization hardware,
which raises the price of the unmanned vehicle. Moreover, guidance
systems sometimes demand additional functionalities, such as human
movement and pose recognition, or recognition of movements and
formation of other unmanned vehicles, complicating the system’s
design and realization. The previously mentioned challenges stress the
need for a guidance system that uses robust algorithms and can adjust
to changeable environmental conditions and unexpected disturbances.

Challenges in designing the control systems

Designing the unmanned vehicle control systems sets high demands,
above all, because of its complex dynamics and kinematics of movement,
as well as the most often changeable interaction of driven actuators with
the field, leading to the effect of slipping of the drive wheels/tracks and/
or lateral and longitudinal sliding of the vehicle. Non-linear effects, time-
varying parameters, and the impact of changeable loads and different
terrains complicate the precise modelling of vehicle movement. Thus,
control systems must be robust to different disturbances, unfamiliarity,
and non-stationarity of the plant model.
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Besides robustness, the demand for high performance during
autonomous movement is also imposed. This means the movement
control system must ensure the precise following of the reference
trajectory, stability, and fast reaction to environmental changes. However,
achieving high performance often demands complex algorithms, which
introduces a challenge in balancing the realization’s complexity and the
system’s efficiency. Too complex algorithms can be computationally
demanding, which complicates their implementation on hardware with
limited resources.

Another essential aspect is the energy efficiency of the designed
control system. Namely, unmanned vehicle control algorithms should
ensure stability and precision and minimize energy consumption,
especially for electric vehicles with limited battery sources. This implies
intelligent control strategies that reduce unnecessary energy consumption
through optimizing the use of powertrains and reducing unnecessary
vehicle acceleration and breaking.

Based on the previously stated, it can be concluded that the control
system should satisfy the trade-off between robustness, performance,
complexity, and energy efficiency to ensure safe, stable, and economical
autonomous movement of unmanned vehicles in different working
conditions. Thus, it is clear that, in the majority of cases, standard industrial
control methods cannot provide for satisfactory system characteristics,
i.e., the development of suitable control systems demands the application
of advanced control techniques, such as adaptive, robust, and intelligent
control.

THE NEED FOR NEW COMPETENCIES
OF THE MILITARY PERSONNEL

Unmanned autonomous systems are available in the market, but
procurement of the systems and their components is, in the majority of
cases, perceived as procurement of arms and military equipment, which
demands the acquisition of special permits and end-user certificates and
can, therefore, be the subject of restrictions or technological limitations
upon delivery. Access to key military technology, armament, and military
equipment (including, among other things, the unmanned autonomous
systems) can be limited in crises. Thus, the procurement of these systems
represents a strategic security risk. As an alternative to importing already
developed equipment and technology imposes independent production of
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these technologies, in which the key role is played by the highly educated
expert professional military personnel, which possesses the necessary
knowledge in the field of projection of unmanned autonomous platforms
and maintenance and efficient use in combat and non-combat situations.
One of the necessary steps in ensuring that the professional personnel
are ready to dedicate themselves to solving the issue of designing and
exploiting these complex systems, and above all, unmanned autonomous
platforms, is the modification of the existent or definition of new study
programs in military schools and the Academy by the imposed challenges.

One of the fundamental contemporary theories in higher education
is defining the necessary competencies for suitable personnel (Dragoo
2016, 2; Dyson 2019, 2). Applying such an approach is also necessary upon
setting the demands for the knowledge of future officers for conducting
the entry-level duties, i.e., defining the study program structure for
military schools and academies. In the previously described context of
accelerated development and the use of unmanned autonomous systems
in military operations, the Military Academy of the University of Defense
in Belgrade must examine the emerging challenges, modify the existing
ones, and suggest new study programs. As previously mentioned, the
unmanned autonomous platforms represent complex systems whose
projection, maintenance and use demand additional knowledge from
the field of electrotechnical and computer engineering (designing the
guidance and control algorithms for these vehicles, as well as the
methods and techniques of data processing from different sensors located
on these vehicles, application of techniques of artificial intelligence
for their autonomous movement upon conducting missions and tasks,
understanding the method of functioning of such systems and their efficient
application) and machine engineering (designing the power unit, as well
as transmission elements and materials that enable sufficient protection
of these vehicles, as well as understanding of machine construction of
vehicles, which ensures their more efficient use). It can be concluded
that, upon graduation, the future officers should possess the abilities to
analyze, synthesize, and predict solutions and possible consequences,
as well as to master the methods, procedures, and processes of logical
thinking to solve the development, maintenance, and exploitation of
unmanned autonomous platform issues. Additionally, bearing in mind the
complexity of autonomous systems and their accelerated technological
advancement, it is necessary to develop the communication abilities
of graduated cadets, not only regarding their close working and social
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environment but also the broader academic and scientific community,
to ensure passing and improvement of knowledge and skills in this field.

Based on these needs for the education of highly proficient
professional personnel, we can identify the following essential fields
that should complement the existing curricula and study programs:

Mechatronics and autonomous systems — Unmanned vehicles
are complex mechatronic systems combining mechanical structures,
actuators, sensory systems, and computational control. Officers must gain
basic and advanced knowledge in this field to understand the vehicle’s
principle of functioning and its efficient control.

Advanced automatic control techniques — due to the complex
dynamics and kinematics of autonomous vehicles’ movement, classical
control techniques are often insufficient. It is necessary to introduce
content regarding robust and adaptive guidance, trajectory optimization
algorithms, and artificial intelligence for making decisions in real time.

Advanced systems of guidance and navigation — precise positioning
of unmanned vehicles require a combination of several technologies,
including GPS, inertial navigational systems, and other methods of
defining the vehicle’s position. The future officers must understand how
these systems function, the principles of data fusion, and the methods
of optimal trajectory generation.

Sensory data processing and artificial intelligence — autonomous
vehicles use various environment perception sensors. Thus, educating
officers in processing and analyzing data collected by sensors operating
in different parts of the electromagnetic spectrum and in developing
and implementing artificial intelligence algorithms, especially machine
learning for object recognition and real-time decision-making, is
particularly interesting.

Tactical use — tactical applications of unmanned vehicles demand
that, besides possessing technical knowledge, future officers understand
the abilities and advantages of unmanned autonomous systems compared
to conventional weapons. This implies new strategies and reconnaissance
tactics, logistical support, combat operations, and integration of
autonomous platforms with the existing weapons systems.

Besides the defined professional-specialist and applied knowledge,
additional attention must be given to developing highly motivated
personalities of future officers and developing their leadership skills
in their direct working environment. To fulfil this goal, it is necessary
to reevaluate the role of army morale, military psychology and other
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fields of military social sciences to implement knowledge and develop
a highly motivated personality of officers, as well as provide answers
to ethical challenges of the application of new technologies, above all
artificial intelligence, which is extremely pronounced in unmanned
autonomous systems.

Accordingly, it is evident that, shortly, the Military Academy is
expected to accredit new study programs, and one of the imperatives
of developing new curricula is the identification of new technological
challenges and security threats, as well as defining the necessary
knowledge of military personnel, as part of responding to them, to
defend the independence and autonomy of the Republic of Serbia.

CONCLUSION

In this paper, the use and challenges in the development of
unmanned autonomous vehicles are analyzed. Besides that, the military
personnel’s knowledge is also identified for designing, exploiting, and
maintaining these systems. The fundamental aspects of tactical and
operational use in military operations and the development directions
of unmanned autonomous vehicles were examined through the prism of
designing vehicle guidance and control systems. Regarding the necessary
competencies of the military personnel, we can conclude that it is necessary
to develop different multidisciplinary and interdisciplinary knowledge
to understand and use all the benefits of autonomous systems and ensure
the improvement of the existing capabilities. By that, knowledge and
experience acquired during this research will represent the basis for
modifying existing and implementing new study programs within the
military education systems.

Further research directions will refer to the challenges of designing
expert systems for support in military decision-making based on artificial
intelligence, which will improve the capabilities of autonomous systems
and define the competencies of future officers necessary for confronting
future challenges and threats to security.
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Pe3ume

Pa3Boj OecrmocamHuXx ayTOHOMHHUX BO3WJIA MPEICTaBJha jeaH O
HajIMHAMUYHHjUX [TpaBalia CaBpeMeHe TEXHOJIOIITKE €BOIYIIH]E, Ca CBE
HIMPOM ITPUMEHOM Y IIMBHIIHOM, a IIpe CBera BOjHOM jioMeHy. Mako ce
TepMUHH OECIIOCATHO M Y TOHOMHO BO3MJIO YECTO KOPHCTE KA0 CHHOHUMH,
0Baj paji yKa3yje Ha lbMXOBY CYIITHHCKY Pa3iUKy U 3Hauaj MHTETpHCaHe
CITOCOOHOCTH JOHOIIEH-a OJJTyKa 3a MyHY ayToHomujy. CaBpemeHHn
TPEHIOBU Yy IMTPOU3BOAKBLN CEH30PCKUX, KOMYHUKAIWMOHUX U CHEPICTCKUX
KOMITOHCHTH OMOTYNUITH Cy pa3Boj CIOKEHUX CUCTEMA 3a TIEPIICTIITH]Y
OKpYKE€Ha, TIJIAaHUpake MyTamke U YIPaBbakhe KPETAmhEeM, IITO je
HApOYMTO YTHUIAJIO HA TPOMEHY KOHIIETITa N3BOlermha BOJHUX OmNepaIyja.
VY panmy ce aHanu3upa UCTOPHJCKU pa3Boj OeCTocaTHUX ayTOHOMHUX
BO3HJIa, HUBOM bUXOBE 2y TOHOMHU]E U yTHIIA] HA H3BOhCHE CaBpEeMEHHIX
BOjHHX omnepanuja. Mmajyhu y Buny TpeHyTHY Op3UHY TEXHOJIOIIKOT
pasBoja u gocTurayha, Mojke ce OueKMBaTH jOII HHTEH3UBHHU]a yIIOTpeda
ayTOHOMHHX CHCTE€Ma y HapeIHUM paTHUM cyKoOuma, mrto Hamehe
noTpedy 3a nepuHUCAHEM MMOTPEOHUX 3HAKHA U KOMIIETECHIIH]a BOJHOT
KaJipa Koju he ce 6aBUTH pa3BojeM u yrorpedom nctux. [lorpeOHa 3Hama
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Cp6uje: IIpojekToBame EKCIIEPTCKOT CUCTEMa 3aCHOBAHOT 3a MPOICHY CUTYalluje Ha
oojumry (BA-TT/1/25-27).
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YKJbYUyjy 00JacTH MeXaTpOHUKE, ay TOMaTCKOT yIpaBJbama, Boema,
BEIITAUYKE HHTEIUTCHIIN]e, TAKTUKE YIIOTPeOe, TOTNCTHYKE MOAPIIKE 1
npyrux. Pan npenosnaje notpe0y 3a yHanpehemem BojHOT 00pazoBama
KpO3 MOOU(]HKALIUjy MOCTOjehnX M pa3Boj HOBUX CTYAHM]CKHUX IpOrpaMa
3a 00pa30Bame KaJIpoBa CIIOCOOHUX 3a pa3Boj, OApKaBame U ehPUKaCHY
eKCIIJIoaTalujy 0ecrnocaJHuX ayTOHOMHHUX CHUCTeMa y AMHAMUYHOM
0e30eIHOCHOM OKPYIKEHY.

Kibyune peun: becriocanna ayroHoMHa Bo3mia, [IpojekToBame cuctemMa
Bohema, [IpojekToBame cucTeMa yrpaBibamba, BojHa
TIpUMeHa OecrocaTHUX Bo3uia, BojHo oOpasoBame.
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Caxerak

Pa3Boj OecriocalHUX ayTOHOMHHX BO3MJIa IPEACTaBJba jeAaH OJ
HajIMHAMHYHUJUX IIpaBala caBpeMeHe TEXHOJIOMIKE €BOJIYLIH]je, Ca CBE
HIMPOM IPUMEHOM Y LIUBHJIHOM, a IIpe cBera BojHoM aomeny. Mako ce
TepMUHH OECIIOCaHO U Ay TOHOMHO BO3MJIO YECTO KOPHCTE KA0 CHHOHUMH,
0Baj paj yKa3yje Ha lbUXOBY CYIUTHHCKY Pa3JIMKy U 3Ha4aj HHTEIPUCAHE
CIIOCOOHOCTH JOHOLICHA OJIyKa 3a IMyHY ayToHoMHjy. CaBpeMeHn
TPEHA0BHU y TPOU3BOIBH CEH30PCKUX, KOMYHUKALIMOHUX U EHEPreTCKUX
KOMITIOHEHTH OMOT'YhHIIN Ccy pa3Boj CIOKEHUX CUCTEMA 3a IEePLEHLH]y
OKpYXKeHa, IUIaHUPakhEe MyTamke U YIIPaBjbakbe KPETambeM, 1ITO je
HApOYMTO YTULAJIO HAa IPOMEHY KOHIIENITa H3BOheba BOJHUX Omepaluja.
VY pany ce aHanu3upa UCTOPH)CKH Pa3Boj OecrocagHuX ayTOHOMHUX

" Mimejin agpeca: momir.stankovic@va.mod.gov.rs; ORCID: 0000-0001-8371-9341

" Umejn agpeca: dimitrije.bujakovic@va.mod.gov.rs; ORCID: 0000-0001-7053-9293.
** Hay4Hu 4aHak je pe3ynTar paja Ha mpojekTy MununctapcTsa ondpane PerryOnmke
Cpouje: IIpojexkToBame eKCIEPTCKOT CHCTEMa 3aCHOBAHOT 32 MPOICHY CUTYyaldje Ha

oojumty (BA-TT/1/25-27).
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BO3MJIa, HUBOM BbUXOBE ayTOHOMH]E U yTHIIA] HA N3BONEH-E CaBpeMEHHNX
BOjHUX omnepauuja. Mmajyhu y Buny TpeHyTHY Op3MHY TEXHOJOLIKOT
pa3Boja 1 JocTUTHYha, MOXKe ce OUEeKMBATH jOII HHTEH3UBHHU]a yIIOTpeba
AyTOHOMHHX CHCTEMa y HapeJHUM paTHUM CyKoOMMa, IITO Hamehe
notpely 3a nepuHUCABEM MOTPEOHUX 3HAba U KOMIIETEHIMja BOJHOT
Kazapa koju he ce 6aBuTH pa3BojeM u ynorpedom uctux. [lorpedna 3nama
YKJbYUyjy 00JacTH MeXaTpOHUKE, ay TOMaTCKOT yIpaBJbama, Boema,
BEIITAUYKE HHTEIUTCHIIN]e, TAKTUKE YIIOTPeOe, TOTUCTHYUKE MOAPIIKE 1
npyrux. Pan npenosnaje notpe0y 3a yHanpehemem BojHOT 00pa3zoBama
Kpo3 MOOU(HKALIUjy MOCTOjehnX M pa3Boj HOBUX CTYAH]CKHUX IpOrpaMa
3a 00pa30Bame KaJIpoBa CIIOCOOHUX 3a pa3Boj, OApKaBame U eHPUKaACHY
eKCIIJIoaTalujy 0ecrocaJHuX ayTOHOMHHUX CHUCTeMa y AMHAMUYHOM
0e30e1HOCHOM OKPYIKEHY.

Kibyune peun: becriocanna ayroHoMHa Bo3mia, [IpojekToBame cuctema
Bohema, [IpojekToBame cucTeMa yIpaBibamba, BojHa
ImpuMeHa OecrocaJHuX BO3MIIa, BojHO oOpa3oBame.

YBOJ

Becnocaano Bosuio (BB) je Bo3uino koje ce mokpehe u ynpasiba
0e3 mpUCycTBa JbyJICKE IOCae Ha CAaMOM BO3HITY, OJTHOCHO BO3HJIOM
ce ympaJba ca ojropapajyhe ymnpaBijbauke CTaHUIIE, TPUMEHOM
KOMYHHKAIIMOHHUX U PA3IMYUTHX CEH30pCKuX cuctema. Ca apyre cTpaHe,
OecriocaTHO ay TOHOMHO BO3HJIO MOKe ce IerHUCATH Kao crielnpuIHa
BpcTa OecrocaJHOT BO3WIIa KOje He caMo Ja GyHKIIMOHHIIE O3 JbyACKe
nocaze, Beh uma criocoOHocT a 06aBsba onropapajyhe GyHkumje Boxxme
0e3 IUPEKTHE JbYJICKE HHTCPBEHIIH]je, KOprcTehn HAIpEHEe CEH30PCKe
CHCTEME M aJITOPUTME 32 JIOHOLICHE OJUTYKa, IPEIIO3HABAHE OKOJINHE
U TUTaHUpame MyTame KpeTtama. CTora, Hako ce MojMoBH OecrocaHo
BO3WJIO U ayTOHOMHO BO3HJIO Y€CTO KOPUCTE Ka0 CHHOHUMH, Tpeda
uctahu ja cBako OecrocaHO BO3UIJIO HUjE U ayTOHOMHO, OJIHOCHO Jia
ayTOHOMHja BO3MJIA 3aBUCH OJI UHTETPUCAHE CIIOCOOHOCTH CaMOCTaTHOT
KpeTama 1 JIOHOIICHa O/IITyKa O IUIAHUPakby MyTamke KpeTama.

[Nocneamnx roauHa, ca pa3BojeM TEXHOJOTHje MPOU3BOIHE
CJIEKTPOHCKHUX U €HEPreTCKUX KOMIIOHEHTH, 00JaCT UCTPaXKHBaba U
u3ydaBama 0eCcrocaHuX, a pe CBera ay TOHOMHHX BO3MJIA j€ J0KHBENa
3HavajaH Hallpesiak, ITo je oMoryhuo pa3Boj cohucTHIMPaHUX CHUCTEMA

48



M. Cmankosuh, /I. Byjaxosuh becnocaona aymonomma 6o3una. uzazosu...

3a MePLUEMNLHUjy OKPYKemba, BOhemhe U yIIPaBJbabe BO3MIIA, & CAMUM TUM
epuKacHUje MTPUMEHE ay TOHOMHHX CHCTEMa Y Pa3IMYUTHM 00JIacTHMa,
yKJbyuyjyhu caobpahaj, uHAYCTpH]Y, TOJLOIPUBPEAY U IIPE CBETa BOJHY
npuMeHy. CX0HO TOME, TIPOjEeKTOBAHE U Pa3BOj CUCTEMA YIIpaBJbamba U
Bohema OecriocaTHIX ay TOHOMHHUX BO3MJIa ITOCTAje N3Y3ETHO 3HaUajaH
mpaBall y HayYHOMCTpaxuBaukuM pajgoBuma (Wang 2023, 4; Gao 2021,
10; Huang 2022; Boretti 2024).

Pa3Boj BUCOKO cOPUCTHIIMPAHUX CHCTEMa YMHOTOME je yTUIa0 Ha
IPOMEHY CTPYKType Boljerba BojHUX onepanuja. Tako Ha mpuMep, IpuMeHa
OecrMIIOTHUX JIeTeNuIa 3HadajHo yHanpelyje moryhaHocTu uzBnhama
MOKpETa U N3HEHAIHOT HallaJa Ha MPOTUBHUYKE CHAre, HEHAOPYy>KaHa
OecrniocajiHa ayTOHOMHA BO3HUJIA JONPUHOCE Behoj MOOMITHOCTH TIpH
orepanujaMa J0Typa yOOjHUX CpeAcTaBa, JOTUCTUUKHUX CPEICTaBa U
MpeBo3a pambeHNKa, JOK Cy HaopysKaHa ay TOHOMHA BO3HJIa TeHepucaa
3HayajaH UCKOPAK y EBOJIYIU]U CABPEMEHUX BOJHUX OIEpaIuja, foHocehn
OpojHE IPEIHOCTH Y HOrIeny epuKkacHOCTH, 0€30€IHOCTH U CIIOCOOHOCTH
3a 00aBJbamHE HAJKOMIUIEKCHUJUX 3a7aTaka Y BUCOKO PH3MYHNAM YCIIOBIMA
3a seyzacke mocane (Pori¢ 1 Glisin 2023; Miljkovi¢ i Berisa 2023).

Knacuunu pa3Boj BojHor oOpazoBama y EBponu je npe cera
Be3aH 3a uyBeHa pa3marpama Pon Knaysesuma (Clausewitz 2021) y
KOM je paT JeMHHUCaH Ka0 HACTaBaK IMOJIUTUKE IPYTUM CPEICTBUMA U
pa3BHUjame MPYCKOT Mojiesia 00yke odumupa u yBohewy paTHUX Urapa
y dhjeM je AepuHUCaky MPEeCyaHy YIory UMao XeaMyT ¢poH MonTke
(Himmel 2024). Y ®paniryckoj ce uctude mpe cBera paj AHToaH-AHpPU
’Komunuja (Rapin 2023, 1) y nepuony nocie HanmoneonoBux parosa
u ycrioctaBibamkbe Akanemuje y CeH-Cupy y K0joj ce Heryje mpucTyn
o0pa3oBamwy opuIlMpa KPO3 XyMaHUCTHUYKO 00pa3oBamke U CTPOTY
BOojHYy 00yKky. Enykanuja opunupa y ousiiem Case3y CoBjeTCKUX
Commjanuctrukux Penmyonuka (CCCP) mpe cBera je oOyxBaTasia pUrHIHy
BOjHY OOYKY M MACOJIOIIKO 00pa30Bamke, a OCHOBA OBOI' CUCTEMa CE
Moxe Hahu y pany Muxaunna @pynsea (Frunze 2019). Ca npyre ctpane,
ycnocTasibame xereMonuje Cjennmennx Amepuukux pxasa (CALl) y
3arajiHoj XeMHUC(epH JOIPUHENIO je Pa3BOjy YUCHa KPO3 JUCIUILIUHY
1 HHXKCHEPCKE BEIITHHE ¥ TEOpHje Op30r o/TyunBama y 0opou (metsba
OCMaTpaTH-OpHjeHTUCATH-OMTyYnTH-1e70BaTh) (Boyd 2011). V 6usmioj
Commjanuctrukoj Geneparusnoj Perybnuimu Jyrocnasuju (COPJ)
MHTEH3UBaH yTHIAj Y BOJHOM 00pa3oBamy je ©Mao KOHIIENT TOTAJIHE
onOpane u 3amrute (Strategija opsStenarodne odbrane i drustvene
samozastite 1987) npu yemy cy pa3marpane MeTojie 0opoe hpoHTaITHOT
Y TEPUIICKOT TUTIA.

49



HOJINTUKA HALJUOHAJIHE BE3BE/[HOCTH cmp. 47-67

JMHaMHYHO OKpY’KeHm-¢ U Op3U TEXHOJIOLIKH Pa3BOj CpeacTaBa
Haopy»Karba 1 BOjHE OIPEME Koje KapaKTepHILIE MOJIEpHE CyKoOe yCIoB/baBa
Y MHTEH3MBHE TPOMEHE y BOJHOM 00pa3oBamy. Y OBOM JIEJIy MOXKE ce
YOUHTH HEKOJHMKO MpaBala, Kao WTo je 6p30 npuiarohaBame HOBUM
0e30eTHOCHUM H3a30BHMa U MPETHaMa Kpo3 Mpouec KOHTUHYaTHOT
noOoJeiama HactaBe U o0yke (Arquilla 2021), nurutanuszanuja BojHe
o0yKe M MHTEH3UBHA YNOoTpebda CUMYJaTopa KOju paJe Yy BUPTYEIHO]
peannoctu (Arquilla 2021), npumena Heypo-HayKa 3a 00Jbe JOHOLICHE
OJUTyKa M eKCIIepUMEHTaJIHa yIIoTpeba ,,M03aK — pauyHap”’ uHTepdejca
(Brose 2020), mpunpema 3a XUOPHIHO U ACUMETPUYHO PaTOBakbE KPO3
yHanpehema KOHLENTa 00yKe U pa3Boj BELITHHA JUAEPa U y3AU3ahe
TMICHXOJIOIIKE U3APKIBUBOCTH BOjHUKA, opoduupa u odpumupa (Singer
2009). Ha oBaj HauMH ce ycrnocTaBjba M IPUMEIbYje KOHLIENT ,,HayYeHUX
JeKuyuja” y MIaHUpamy CaBPEeMEHHX BOJHUX OIlepaluja, KOju yTUie u
Ha pa3Boj MOAECPHHUX TEOPHUja BOJHOT 00pa3oBamba.

[Ipenmert oBor HCTpaKMBaba je MPUMEHa OecrocaJHuX ay TOHOMHHX
BO3MJIA Y CaBpeMEHUM OOpOEeHHM 1 HeOOpOSHNM oneparyjama U ’bbUXOBOT
pasBoja, Kao ¥ pa3MaTpame MOTPEOHNX 3HaKHA U3 00JIACTH CaBPEMEHUX
TEXHOJIOTHja PaAx IPOjeKTOBaba, EKCIUIOATALIU]e U OO KaBarba OBAKBUX
cucrema. Kako Gecriocagna ayTOHOMHA BO3WJIa IPENICTABIbA]y CIIOKEHE
MeXaTPOHUYKE CUCTEME, PaJiil FbUXOBE IIPaBUIIHE yIIOTpeOe y cCaBpeMEHUM
0opOeHMM JejcTBHMA MOTPEOHO je Aa BOJHH Kadap KOjUu UX pa3BHja U
KOPUCTHU MOCEAY]je 3Haba U3 00J1aCTH YIpaBJbarba CII0KCHUM CHCTEMHIMA,
MEXaTPOHHMKE M MEXaHUUYKHX CHCTeMa IPEHOCa, Kao ¥ IIPOjeKTOBaba 1
pasBoja anroprTaMa BeIITAauKe HHTEIUTCHIIN]e KaKo OM ce U3BPIINIIA
ONTHMaJHa 00paja CUTrHaNa MPUKYIJbEHUX Pa3IMIUTHM CEH30pUMa y
peanHoM BpeMeHY M ynoTpebde OecrocaiHuX ayTOHOMHHMX BO3WJIa Ha
TAaKTHYKOM U ONIEPAaTHBHOM HHUBOY.

OBaj pan je opranuszoBaH npema cienehem, HAKOH YBOJHHX
pasMarpama y IpyroMm IOorIaBjby JatT je KpaTak HCTOPHjCKH OCBPT Ha
pa3Boj OecrnocagHUX BO3WJIA U BUXOBAa OCHOBHA mozena. Pa3BujeHun
HUBOM ayTOHOMHMje OecrocaHiX BO3UIIa Cy aHalu3upanu y Tpehem neny
OBOT Pajia, JOK C€ y YeTBPTOM IOINIAaBJbY aHATU3UPAHH aCIIEKTH yTHLAja
ynotpebe OBUX BO3MJIAa Ha U3BOeHE CaBpEMEHUX BOJHUX Olepaluja.
VY nerom noriasby HACHTH()HUKOBAHU Cy W3a30BH MPHU IPOjEeKTOBAILY
cucTeMa Bol)ema 1 ynpaBibama, 0K Cy Y LIECTOM TOrIaBJby pa3MaTpaHe
noTpeOHe KOMIETEHIIM]e BOJHOT KaJapa y morjieny ynorpeoe u pa3soja
OBAaKBHUX CHUCTEMa y LIHMJbY Npy)Kama aJeKBaTHOI OArOBOpPa Ha HOBE
0e30enHOCHE M3a30Be U MpeTike. KoHauHo, y 3aBpIIHOM JAely paja

50



M. Cmankosuh, /I. Byjaxosuh becnocaona aymonomma 6o3una. uzazosu...

neduHrcanu cy oarosapajyhu 3akJbydlid U NPEAJIOKEHN NMPaBIU
JaJber HCTPAXKUBAA.

PA3BOJ U BPCTE BECIIOCAJJHUX BO3UJIA

Pa3Boj OecnocagHuX BO3MIIAa 3aI04E0 je ca CHCTEMUMa KOjU
cy omoryhaBaiu JaJbHHCKO yIpaBJbame, 0€3 CTBapHE ayTOHOMHU]|E Y
MpoIlecy yrnparibama. Joir TpuaeceTux roguHa X X BeKa MojaBJbyjy
ce MPBH MPUMEPH jeTHOCTABHUX NaJbMHCKH YIIPAaBJbaHUX IIIATPOPMHU,
NPEBaCXOHO Y BOjHE U MHAYCTpHUjcke cBpxe. COBjeTCKM U HEMAYKH paiuo-
yTpaBJbaHU TEHKOBU KOpUIIheHH Cy Y MUCHjaMa BUCOKOT PU3HUKA, TTOMYT
TpaHCIoOpTa MyHHIIMje U PyKOBamba EKCILIO3UBHUM CpeAcTBUMA. Mako
TCXHOJIOIIKH NPUMHUTHUBHHA, OBU CUCTEMHU HpeﬂCTaBJ’bajy KOHIICIITYyaJIHC
MPETXOJHUKE CaBPEMEHUX OCCIOCaJHUX pellicka, YKazyjyhu Ha
MOTEHIINjaJl U3MEIITamka JbYJICKOT (paKTopa U3 AUPEKTHO OMACHUX
O0opOeHuX cuTyaluja.

Hpyry a3y pa3soja npeacTaBjba nmepuoja Apyre mnojoBuae XX
BEKa, TOKOM KOT Cy C€ KOHIICTITH OeCIOCaHUX CHCTeMa POIIMPUITH Ha
ujeje IeNMMUYHEe UK TIOTITYHE ayToHOMHU]e. [IpekpeTHuIa je ocTBapeHa
pa3BojeM MobOusiHOT pobota Shakey na Yaupepsurety Crendopa
KpajeM Ie3jeceTux roguda. OBaj cUCTEeM, ONPEMJbEH KaMEPOM U
YITPa3ByuYHHM CEH30pUMa, MPE/ICTaBbao je IPBU MOOMIHU poOOT
croco0aH 3a caMoCTajHy 00pajay MmojaTaka U JOHOIICHE OJTyKa
Ha OCHOBY TEpIEHIIje OKOJIUHE, ITO I'a YHHU MPETEUYOM MOJACPHHUX
ayTOHOMHHX BO3HJIA.

WHTeH3uBaH pa3Boj ayTOHOMHUX CHCTEMA 3alI0UNHE TIOUSTKOM
XXI Beka, nipe cBera kpo3 npojekre nonyt Grand Challenges, xoje je
MHUIMpaia ATeHIUja 3a HalpeTHe HCTPAKUBAUKE MPOjeKTEe y O10paHH
Cjenumennx Amepuukux pxaa (DARPA). OBa nnunmjarusa nana
j€ CHaXkaH MOJCTHIIA] YHAINIpehemy CeH30pCKHX cucTemMa, Kao u pa3Bojy
COQUCTHIIMPAHHUX JITOPUTaMa 38 HABUTAIIH]Y, YIIPaBIbatbe U TNIAaHUPAE
nmyTame. Pe3yHTaTI/I OBUX HUCTpaXnBamka MOCTABUIIN CY TEXHOJIOUIKE
TeMeJbe 3a CaBpEMEHE ay TOHOMHE TIaTPopMe, KaKo y UBHIHO]j, TAKO
U Y BOjHOj IPUMEHHU.

V ckiajy ca pa3InduTUM ONEPATHBHUM 3aXTEBHUMA U YCIOBHMA,
KOHCTPYHCAHE Cy Pa3JIMYMTEe BPCTE MIOTOHCKMX cUCTeMa OecrocaHix
ayTOHOMHUX Bo3uia. OcHOBHA KiacuduKanuja o0yxBaTa YeTUPHU THUIIA,
4Hje Cy OCHOBHE KapaKTEPUCTHUKE JIaTe Y HACTABKY.
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Bozuna ca ToukoBHUMa — NPEACTaBIbajy HajpacIpoCTpambEeHHUjU
THN OecrocagHux cucrema. tbruxoBa MomyIapHOCT TPOU3HIA3H U3
JEAHOCTaBHOCTH KOHCTPYKIH]jE, €PUKACHOCTH y KpeTamwy 110 PaBHUM
1 100po ypeh)eHnM NOBpLIMHAMA, K0 U JJAKLIET CUCTEMa YIpaBJbamba.
Ocnamajy ce Ha POTAlMOHO KPEeTame TOYKOBA MIOBE3aHUX Ca LIACHjOM,
npu yeMy Opoj OCOBHMHA M KOH(HUTypaluja MpeHoca CHare 3aBUCH OJ
3axTeBa 3a MaHeBapcKoM criocoOHomhy u cradumHomhy (Rubio 2019, 16).

['ycennuna Bo3niia — KOPUCTE TYCEHHIIE KOj€ MPYIKajy BEIHUKY
MOBPUIMHY KOHTAKTa ca MOIJIOrOM, YMMe ce rmoBehaBa By4yHa cHara
u cTabmIHOCT. 3axBajbyjyhu HE3aBUCHOM IOTOHY CBaKe T'yCEHHIIE,
oMoryheHo je mperu3Ho yIpaBibamke U BUCOKa MAHEBaPCKa CIIOCOOHOCT Ha
HEpPaBHHUM U N3a30BHUM TepeHUMa. OBU CUCTEMU CE€ OMJIUKY]Y BETHKOM
poOycnouthy, unnehu nux noronHum 3a 6opOeHe 1 U3BMhauKe 3a1aTKe y
TeXHUM ycaosuma (Zou 2018, 110).

Bo3uia ca Horama — 0B CHCTEMH HMUTHPA]y KpeTame )KUBOTHHA,
kopuctehu HU3 akTyaTopa U 3r71000Ba Koju oMoryhasajy THHAMHUYKO
OaJaHCHpambe U KPETame N0 HEMPUCTYIaYHUM TepeHuMa. Bucok crenen
MOOMITHOCTH YUHH MX NOCEOHO e(pUKacHUM y ypOaHHM cpeJuHaMa, Kao
U y 3aJaliMa KOju 3aXTeBajy caBja/laBame Mpernpeka U CTeNCHUILITa
(Zhao 2023, 11).

XuOpuaHa Bo3uJIa — KOMOMHY]Y pa3IMuUTE BPCTE MOTOHCKHUX
cucTeMa (TOYKOBE, T'YCEHHLIE H/HIIM HOT'€) Y LIUJbY TIOCTH3aba MaKCUMaJTHE
MPUJIaroAJbUBOCTH U neppopmaHcu. OBU CUCTEMH MPEIACTABIbA]Y
KOMIIPOMHMC 13Mel)y Bulle THIIOBa MOOMITHOCTH 1 oMoryhaBajy onepariuje
y Pa3HOJIMKHUM M TPOMEHJbUBUM yCIOBHMA. Mlako TEXHOMOLIKH 3aXTEBHHU]H,
xuOpuaHu cucteMu omoryhasajy BUCOKY (DIEKCHOMITHOCT Y IPUMEHHU
(Zou 2018, 110).

HNUBOU AYTOHOMMUJE BECIIOCAJTHUX BO3UJIA

CaBpemeHa ayTOHOMHA BO3MJIa 0a3upajy ce Ha MHTErpanuju
pa3iMYUTHX THIOBA MOT'OHA, CEH30PCKUX CHUCTeMa, yKIbyuyjyhu,
rio0aTHe HaBUTAIIMOHE CaTeITUTCKE CHCTEME, pagapcke cucreme, LiDAR
CHCTEME U IpyTe TEXHOJOTHje Koje oMoryhasajy eukacHy mepuLerniujy
U MHTEPAKIMjy BO3UJIA Ca OKPYKEHEM Y KOME ce Halla3u. THITHYHEe
(yHKIHje ayTOHOMHUX BO3MJIa MOTY C€ TMOACIUTH Yy TPH OCHOBHE
KaTeropuje: mepieriyja OKpyKema, TPOHAJIAKEHE ONTHUMAITHE Ty Tambe
KpeTamka U JOHOUWICHES APYTUX OJIYKa U YyIIpaBJbakhbe MOTOHCKUM
aKTyaTopuMa y by paherma jKeJbeHe My Tambe U pealin3aliija JOHETUX
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omityka. OBe TpH KOMIIOHEHTE MOT'Y C€ IOCMAaTpaTH Kao GpyHKLHUje dynia
BHJIa, MO3Ta 1 yJ10Ba JbyACKOT Onha, a OHe ce peannsyjy MpojeKTOBabeM
oaroBapajyhux cucrema Bolema 1 ynpaBibama.

Ja 6u ce 0oJbe pa3ymeo Jocagaliby pa3Boj, anu 1 nmpasuu Oyayhux
UCTPAXXUBakbha, KJbYYHO je pAa3MOTPHUTH U IeTaJbHH]€ aHATU3UPATH cam
koHUEenT ayToHomuje. Kao mro je Beh HamomenyTo, ayToHoMuja, y
KOHTEKCTY OecrocaJHuX BO3UJIa, OJHOCH C€ Ha CTEINEH JJO KOT BO3UJIIO
MOXke A2 (YHKIHOHUIIE HE3aBUCHO Of1 JbyJICKe HHTepBeHUuje. OmmTe
npuxBaheH v IPOKO NPEno3HaT CUcTeM Kilacuukanuje 6ecrnocaganx
BO3MJIA Ie(pHMHHILE LIECT HUBOA ay TOHOMH]jE BOXKIbE, 01 HUB0a O (HUBO
0e3 ayTOHOMHUjE) 10 HUBOA 5 (IOTHyHA ayTOHOMH]ja), KOjU CE MOTY
neTaJbHUje onucaTu Ha cienehu nauns (Sethi 2024):

Huso 0: be3 ayronomuje. Ha 0BoM HUBOY BO3MJIO MOTIIYHO
(yHKLMOHHIIE HA OCHOBY KOMaH/I! 331aTHX O oreparepa, 0e3 MKaKBUX
ayTOHOMHHX CIOCOOHOCTH. B0O3MI0 MOXe MMaTH HEKe TEXHOJIOTH]je
acHCTEHIIUje OmepaTepy, MOMyT Pa3IuIUTHX CUCTEMA YII030PeHha.

Hugo 1: Ayronomuja ca acuctenuujama omneparepa. Bosuna u3
OBE KaTeropuje yKJby4yjy OCHOBHE (D)YHKIIHMj€ ay TOHOMH]j€E KOje IpyKajy
OrpaHdu4eHy NOAPIIKY onepatepy. CHCTEMH MOMYT ay TOMaTCKE KOHTPOJIE
Op3UHE UM aCUCTEHLIMje 3a OJpXKaBambe 3aJ1aTe MyTame, Kao U CUCTEMa
3a ynpaBJbambe YOp3ameM U CHIIOM KOYeHa, ajll orepaTep ocTaje y
MOTIYHOCTH OJT'OBOPAH 3a HAA30DP U YIPaBJbathe BO3UIIOM.

Huso 2: lenumuuna aytoHomuja. Bo3una mory m3BpiiaBaTu
CIIOKEHH]je 3a1aTke, KOMOMHYjyhy Be MK BUIIE ay TOHOMHUX (DYHKIIH]a,
MOIYT OJprKaBama 3aJarTe MyTame U aJallTHBHE peryjaiuje Op3uHe.
Bo3uino Moxe ynpaBibaTH KPETAambeM U yOp3ameM/yCliopaBameM Yy
ofipeheHnM ycI0BIMa, aJu oreparep Mopa OMTH CIIpeMaH Jla HHTEPBEHHUILIE
y CBAaKOM TPEHYTKY.

Hugo 3: Ycnosna ayronomuja. OBaj HUBO MPEACTaBIba 3HaYajaH
KOpak Ka IpaBoj ayTOHOMHjU. Bo3uiia ca ayTOHOMHjOM HUBOA 3 MOTY
00aBJbaT CBE 33JaTKE BOXKIbE Yy CIEU(PUIHUM, OTPAaHMYEHUM YCIOBUMA,
MOMYT BOXHE Ae(hUHUCAHOM TpakoM nyTa. Bo3au Huje oOaBe3aH na
HETPEKUTHO HAA3UPE OKPYIKEHE, alli MOpa OUTH CIIpeMaH J1a pey3Me
yIPaBJbamke Kaja TO BO3UIIO 3aTPaKH.

Hugo 4: Bucoka aytToHomuja. Bo3una mory paantu ayTOHOMHO
y BehuHU cueHapuja KpeTama, YaK 1 ako orneparep He OArOBOPH Ha
3axTeB 3a MHTepBeHLHjoM. MehyTum, mBHUX0Ba onepannja Moxe OUTH
orpaHu4eHa Ha ogpeheHe 001acTH U IPOjeKTOBAHE ONIepaTHBHE JOMEHE.
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Hugo 5: Ilornyna ayronomuja. Bo3uso je moTmyHO ay TOHOMHO
Y CIIOCOOHO 12 00aBJba CBE 3aaTKE KpeTama y CBUM yCJIOBUMa Koje Ou
JBY/ICKH OmepaTep Morao cabiaaatu. Hukaksa JbyJcKa MHTEpBEHIHja
HUje nmoTpedHa.

OBaj ciekTap HUBOA ay TOHOMHMje HCTHYE cBe Belly copucTHIIMpaHOCT
U CIIOKEHOCT OecrocaHuX ayTOHOMHHMX BO3HUJa, OJHOCHO CHCTEMa
Bol)ema 1 ynpaBJbarba IOMONy KOjUX ce oroBapajyhl HUBO ay TOHOMHjE
u nocTuxe. JIok HMKM HUBOM HYJAE aCHUCTEHLHU]y omepaTepa, PoKyc
HaIlpeIHUX HUCTPaKUBakba jeé YCMEPEH Ka IMOCTU3amy BUIIUX HUBOA
ayTOHOMH]e, y IMJbY peau3alnje H3a30BHUX 3a7aTaKa y KOMILICKCHUM
OKpyxemHnMa. Mako je moctuzame nornyne ayronomuje (Huso 5) jom
YBEK y ITPOLIECY pa3Boja, TPEHYTHA Hay4Ha UCTPaKuBama Gokycupajy
ce Ha yHanpeheme nepdopmaHcu U criocoOHOCTH BO3MJIA HA HUBOMMA
3 u 4y cnokeHUM ¥ N3a30BHUM CLIEHAPUjUMa Y PEaTHUM OKpY KerhuMa,
IITO 3aXTEBa MPOjEKTOBAE U IPUMEHY HAIIPEIHUX aJirOpuTaMa Bohema
U yIIpaBJbamba.

ACIIEKTH YTUIAJA BECITOCAJHUX
BO3MUJIA HA BOJHE OIIEPAIIMJE

Jenan oyt KJby4HHX acrieKaTa MPUMEHe ay TOHOMHHUX BO3MJIA Y BOJCIIH
je IbHUXO0Ba CIOCOOHOCT J1a MPey3MYy 3aJaTKe KOjH Cy paHHje OUITH BUCOKO
pU3MYHHM 3a JbYACKY nocany. OB 3aalu Cy y TOYETKY MPEBACXOIHO
OWJIM TIOBE3aHH ca yIoTpedoM OecrocaHiX BO3UIIa y 00JacTH H3BUhama
Y HaJ30pa NPOTHBHUYKUX CHara. Heku o1 OBaKBHX CHCTEMa Kao IITO
cy QinetiQ TALON (Army Tehnology 2020) wnu Milrem THeMIS
(Milrem n.d.), mocenyjy ceH30pe KOjU pajie y pa3iuvyuTUM JICIOBUMA
eNIEKTPOMATrHETHOT CIIEKTpa pajiu n3Buhama 60pOeHOr pacnope/a u paHor
yIo30pema Ha MaHeBpe MpoTuBHUKA. [lopen Tora, Mana OecrocagHa
BO3MJIa CE MOTY KOPUCTHTH 32 n3BHharme pylIeBUHA U TyHeJIa TOKOM
orepaiuja y ypoanum cpennHama. J[pyru acrnekt ynorpede OecrocaaHux
BO3MJIa, KOjU MOCIIeIIbUX TolnHa nMa cBe Behy 1 Behy mpuMeny, OTHOCH
ce Ha ynoTpeOy Haopy)KaHUX Bep3Hja OBAKBHX CHCTEMa U TO TUPEKTHO
y 6opOenum nejctBumMa (pycku Ypan-9 [CKb MOP® n.d.]) wnu Milrem
Robotics Type-X [Milrem Robotics n.d.], kao u y camoynumtasajyhum
mucujama (yxpajuacku Ratel-S Global Defense News Army Recognition
Group [GDNARG] 2024, 3a npotuBokionHy 6op0y). Jou jenan acrexT
npuMeHe OecriocaHUX ay TOHOMHHX BO3MJIa OJJHOCH C€ Ha peaiu3aliujy
JIOTUCTHYKHX 3a]aTaka (CHaOJeBabe MyHHUIINjOM, METUIIMHCKOM OIIPEMOM
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U APYTHUM) M TO HAPOUHUTO y CUTYyallMjaMa KaJia je CTeNeH YT POKEHOCTH
JbyZIcKe mocajze nosuileH. JlogatHo, OecrocaiHa Bo3uiIa MOT'y OUTH
orpeMJbeHa 1 ypelajuma 3a eeKTPOHCKO paToBambe, a Kao TaKBa MOT'Y
Ce KOPUCTUTH U y MUCHjaMa €JIEKTPOHCKOT OMETamka MPOTHUBHUYKHUX
WJIH €JIEKTPOHCKE 3aIlTUTE CONICTBEHUX CHAra.

CBe HaBesieHE MPUMEHE OeCrocaHIX BO3UIIA, KAKO y OOpOeHHM,
TaKo U y HeOOpOCHHUM 3aaIliMa U MHECHjaMa BOjCKe JOHOCH ITPOMEHE y
OMEpPaTUBHUM U TAKTHUYKUM PaJilbaMa U MOCTYIIHUMA. Y CllydajeBHMa
Hamnaja, ynorpeda oBHX BO3HMJa y MOYETHUM (azama HamagHUX
nejcraBa oMoryhaBajy cMambeHO H3Jarambe pU3UKY JbyICTBA TPUITUKOM
HaIlpeIoBaba MpeMa MoJI0Kajy TPOTUBHUKA, KA0 U MOAPILIKY KJIACHYHUM
OKJIOTHUM M MeXaHH30BaHUM jennHuama. Kopumhemem Gecriocagnux
BO3UJIA y CIy4YajeBUMa KOOPAWHHUCAHOT Hamajaa BUIIE CAaMOCTaIHUX
jeIVHUIIA Ha jeaH WJb (Hamaj poja OecrocaaHuX BO3UIIA — SWArm)
oMoryhaBa epukacHy ynorpeOy cHara paau yHUIITEeHha IPOTUBHUYKUX
MJbEBA BUCOKOT 3Hauaja (OyHKepH, KOMaHIHU LEHTPH U 1pyro). [lpu
CBEMY OBOMeE, He TpeOa HU 3aHEMapUTH IICUXOJIOIKHY eekaT Ha Mopal
NpPOTUBHUKA KaJia ce Ha 00juIuTy 60pH MPOTUB OecrocaHUX ay TOHOMHUX
cucrema. [Ipu u3Bohemwy ogOpamMbernx 60pOeHUX JigjcTaBa, becrocaaHa
BO3MJIA C€ MOT'Y KOPUCTUTH Y IeKYPCTBY Ha IPBOj JIMHUjHU pau ehrKacHe
ynotpeOe cHara v mpoleHe CUTyalije Ha OOJUIITY U jaunHe cHara u
MaHeBpa NpoTHBHHUKA. [lopen Tora, ynorpeboM OBHX CUCTEMA CMalbyje
ce MOryhHOCT TaKTHYKOI U3HeHal)era MPOTUBHUYKHUX CHara, 10K
camoyHwuIuTaBajyha 6ecnocagna Bo3uia omoryhasajy HoBe 00auKe
npoTuBokJonHe 6opoe. [IpenHocTr ynorpebe 6ecriocagHux miaThopmu
y MHcHjamMa u3BHhamka IPOTUBHUYKUX CHara orjiefajy ce mpe cBeray
nosehanoj 60pOEHO] U3APKIBUBOCTH OBUX CUCTEMa Ha OOJHOM TIOJBY
yCJIe YNHCHHULIE 1a C€ OBU CUCTEMH TEXKE OTKPHUBA]y, Kao U J00ujamy 1
00paau nHpopManrja 0 MPOTUBHUYKUM CHArama y peasHoM BpeMEHY, ILITO
j€ O/1 M3y3eTHOT 3Havaja 3a OJINTyKe KOMaHJIaHTa U u3Boheme OOpOeHnX
JejcraBa. Y IOTHCTHYKOM cMHCITy, bopOeHe rmiatdopme omoryhaajy 60sby
3aIITUTY CHAara MPUJIMKOM J0Typa MyHUIU]jE U JPYTUX JOTUCTUYKUX
norpeda jeIMHUIIaMa Yy HEOCPeTHOM OOpOCHOM KOHTAaKTY, Kao U
MoryhHOCTH 3a H3BJIaUYCH-E PambCHUX U MOBPEheHUX U3 HEMOCPETHOT
OopOenor konTakTa. Kao jenan ox HajKOMIJIEKCHUjUX capxkaja 0opOeHnX
JigjcTaBa U3Baja ce ypOaHO paToBame, na ce OecrocaiHe miarpopme
MOTY KOPHUCTUTH Y BaTPEHO] MOAPILILH COICTBEHUX CHAra y yCKUM
npojia3uMa M ylunamMa, Kao 1 eJeMenara u3Buhama 6opOeHor pacropena
MPOTHUBHUKA CTAIIMOHUPAHUM Y 3rpajiama U IIpoia3uMa Ipe HacTyIama
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COICTBEHUX cHara. Ycieq Op30r npuiarohema NIpOMEeHJbUBUM yCIOBUMA
n3Bohema 0opOeHMX JejcTaBa (HempHjaTesbCKa aKTUBHOCT, IPOMEHA
BPEMEHCKHUX YCJIOBA WM cIeLU(UYHH 337211 KOje 3aXTEBajy MPELU3HY
HaBHUTalKjy KpO3 TEIIKe TepeHe), becrocaane niaardopme omoryhasajy
BHCOK CTeleH (GpJIeKCHOMITHOCTH y MIIaHUPakby U N3BpLIABabY Ollepaluja.

MebyTum, npenasak Ha OecriocajHe ay TOHOMHE CHUCTEME JOHOCH
Y M3a30B€ Yy MOTJIely CUTYPHOCTH yHoTpede, eTuke 1 TakTuke. Hanme,
OecriocagHe miaT@opMe Cy pamHBE Ha €IEKTPOHCKO OMETamhe U
oOMam1Bambe, TC OMETamhe Be3€ CHCTEMa Ca YIPaB/bauKOM CTaHULIOM
MOJKEe JJOBECTHU 10 IPEeKUJa ynpaBibamka lbeHUM pajgoM. [lopex Tora,
nocrojame MOryhHoCTH Ipey3uMameM KOHTPOJie Haja Oecroca HuM
CHCTEMOM OJI CTpaHe IPOTUBHUKA IPEACTABIbA OCEOAH H3a30B Y IHXOBO]
ynoTpeOu u 3axTeBa yHanpeheme cucrema cajoep 6e3dennoctu. Takoe,
OecriocagHa BO3WIIAa MaJIMX TUMEH3Hja Cy OCET/bHBA Ha TUPEKTHE MIOrOTKE
U3 TIEIIAIjCKOT HA0pYXKarbha U IMajy OTpaHUYeHY ay TOHOMH]Y paja yclen
M3BOpa EHEPruje PeNaTUBHO MaJIor KananureTta. BeposaTrHoha npasuine
KJIacu(UKaluje HujbeBa Ko ayTOMaTCKe JeTeKIMje U KIacu(puKauuje
LIJbEBA HUj€ Y TIOTIIYHOCTH CUTYPHA, ILITO 3HAYH J1a IOCTOju MOryhHOCT
norpeiHe kiacudukanyje nubesa (Ha IpUMep UBUIIHO BOZUIIO CE MOXKE
JETEKTOBATH Kao BOJHO BO3UJIO), JIOK C€ OTKa3 OecrocaHux miarhopmMu
MO’KE JOTOJUTH Y KPUTHYHUM TpeHyluMa Mucuje. Ca cTaHOBUIITA
eTHYKHUX pazMaTpama OecriocajiHa ayTOHOMHA BO3MJIa IeXyMaHH3Y]y paTHa
JICjCTBA U IIOCTaBJba CE IMUTAE [ JIM OBAKBU CUCTEMH MOTY O[Ty YHBaTH
0 CMPTH WX pambaBamy MPOTUBHUKA. [[MTamke 0AroBOPHOCTH I'peliaka
0BHX OOpPOEGHHMX CHCTEMa OCTaje OTBOPEHO: J1a JIU CE 33 EBEHTYyaTHe
LUBUITHE )KPTBE U IITETY HAa LUBUIIHO] HHPPACTPYKTYPU MOKE CMATPaTH
OZIFOBOPHUM KOMaHIAHT, TporpaMep UM orepaTop 0ECrocaHor CHCTEMA.

Ha ocHoBy HaBezeHOT MOXKE C€ HarlIacUTH /1a ay TOHOMHA BO3UIIA
TpaHc(hOpMHUILY BOjHY TAaKTHKY M ornepaunuje, omoryhasajyhu Opixe,
CUTYpHH]je U eUKaCHHUje W3BPIIABAKE 3a]aTaKa, ajll HCTOBPEMEHO
MOCTaBJbajy HOBE M3a30Be y morieny 06e30eIHOCTH, peryjanuuje u
CTpaTeruje U TaKTUKE paTOBabA.

N3A30BHU Y TIPOJEKTOBABY CUCTEMA
BOBEIbA U YIIPAB/bAIbA

Ca cTaHOBHIITA TEXHUYKOT Pa3B0ja, IPOjeKTOBAE CUCTEMA Bolerba
¥ CHCTeMa YIIpaBJbamba 0eCIoca AHIM ay TOHOMHHM BO3MJIOM YKJby4dyje
pa3IMuuTe U3a30Be, IPHU YeMy 00a cucTeMa nMajy TIoceOHe 3a7aTKe Ipu
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oaroBapajyhieM HUBOY ayTOHOMHOT KpeTama. CucteM Bol)ema je 3a1yKeH
3a MEepUenuujy OKpyKema U IIaHupame nyTame. OH NpUKynba U
oOpaljyje nopaTke ca MHTErpUCAaHUX CEH30Pa BO3UJIa, KAaKo OM Kperpao
MOZIET OKpPYKEHa U OIpeIno ONTUMANHY PYTY KpeTama 3a pa3IninuTe
CLeHapuje ayTOHOMHOT KpeTama. OBaj cucteM obe30elyje KibyuHe
MOZIaTKE 32 CUCTEM yTpaBJbamba, yKIbyudyjyhu nHpopMaruje o monoxajy
BO3MJIA, IpeNpeKaMa 1 TMHAMHUYKUM IIpOMEHaMa y OKpyKemy. | maBHH
M3a30BH Y MOTJIEly IPOjeKTOBaba M MMIJIEMEHTAllMje CUcTeMa Bol)era
yKJbYuyjy 00paay mojaraka y peaTHOM BPEMEHY, TAUHOCT IepLeMuje
OKpY’Ketba U TPOTUBHUKA Y HETIOBOJbHUM YCJIOBHMA M JOHOLICHE OITyKa Y
CIIOKEHUM CHTyalujaMa. Y Ipyry pyKy, CHCTEM yIpaBJbamba je OATOBOPaH
3a U3BPIIABAILE 3aJJaTHX HHCTPYKLKja KOje Joa3e U3 cucTeMa Bolema.
Ha ocHoBy nuianupane myTame, OH KOHTPOJIHIIE aKTyaTOPCKE KOMIOHEHTE
(ynpaBibame, IMOTOH U KOYEH-€) KAKO OM BO3ZHIIO MPEIU3HO CIIEIUIO0
3aaary nmyTtamy. KibydHHM M3a30BH yKJbYyUYjy NPEUHU3HY PEryiauujy
Op3uHE U IpaBla, pOOYCHOCT y yCIOBUMa MPOMEHJBUBOT onTepehiemna
M OTIIOPHOCT cucTeMa Ha Henpeasuhene nopemehaje. Takohe, cuctem
yIpaBjbamba Mopa OUTH OTHOPAH Ha KBAPOBE U OCUTYPATH CTAOMIIHOCT
BO3MJIa y CBUM pexkMMUMa paja. [loBe3aHocT 0Ba ABa cucteMa ay TOHOMHOT
KpeTama 1 IBbUX0Ba eUKacHa HHTErpalrja KIbYdHH cy 3a 0e30e1HO 1
noy3aaHo GyHKIHOHUCakE OeCrocaHuX BO3UIIA.

N3a30Bu y npojekToBamy cuctema Bohema

[MocTH3ame BUCOKMX HHUBOA ayTOHOMHjE KpeTarma MoCTaBJba
3HaYajHe M3a30BE MPH MPOjEeKTOBAY CHcTeMa Bolema Oecroca Hor
BO3MJIa, HAPOYHTO 32 CIIOKEHE 3aaTKE ay TOHOMHOT KPETama y3 BUCOK
HUBO MEPIICIIINje OKPYKEa, Kao IITO Cy KPETakhe 10 3a/1aT0j Ty Takbu,
KpEeTame JI0 33]aTUX KOOPAMHATA Y TPOCTOPY, paheme uaepa Koju ce
kpehe ucrpe Ui u3a BO3uIIa, IETEKIHja, MPEro3HaBamke i n30eraBame
nperpeka mpu KpeTamy, Perno3HaBamke CHara MPOTUBHUKA U OICHA
CTerNeHa BUXO0BE MPETHhE U Apyre. Peann3annja oBakBUX CHCTEMa
3axTeBa MPEIU3HO MO3HABAKE TPEHYTHE MO3UIIN]e BO3UIIA y TIPOCTOPY,
Ko U MO3HaBabe OKPYIKEHha U eIIeMEHaTa OJ] MHTEpeca KOj! Ce Hasase y
OKpyxemy. Jla Ou ce To mocTuriio, Hajuernihe je HeomxoHa HHTErpaIuja
nojiaTaka ca pa3JIMuYUTHX THUIIOBA CEH30pa IHUPOKOT (PPEKBEHIIUjCKOT
oricera, Kao U MPOjeKTOBAkE U UMILJICMEHTAI[U]a airopuTama 3a oopay
nojlaTaka CeH30pa y peajHoM BpeMeHy. Tako Ha mpuMep, Ipu 3a1aTKy
KpeTama M0 3a]aToj MyTambu WIH JI0 3aJlaTe KOOPAHHATE Y MPOCTOPY
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HEONXO/Ha je MHTerpaluja 1 o0paja nojaraka HHEpLHjaTHUX CEH30pa
U CeH30pa r100aTHOT MO3UIMOHNpaha, IOK 3aaauu npahema nuaepa,
JEeTeKIM]e, IPEerno3HaBama U n30erapama MpernpeKa 3aXTeBajy IpuMeHy
ONTHYKHX, JACEPCKUX W/WUIU palapcKux ceHzopa. Takohe, y ciydajy
netekuuje u npahema nepuHUCcaHe My Tambe, Ay TOHOMHA BO3HIIA MOPajy
OuTH criocoOHa 3a (PyHKIMOHHUCAE Y OKPYKEBHMA TIE Ty Tabe HUCY jaCHO
neduHUCaHE U TIe Pa3IuIUTE IPENPEeKe MOTY HAMETHYTH OTpaHHUYCHa
y BUJHOM II0JbY CE€H30pa Bo3wia. KibyuHHU M3a30B MPHU POjEeKTOBALY
anropuTama Bohema je reHepucame ONTUMAIHE ITyTamke BO3UIIA Y
JUHAMAYKUM U HEMPEIBUAMBUM OKPYKEHHUMa, C& MUHUMHU3AIHjOM
MOTPOLIE EHEPTHje, Kao U poOycHouhy Ha rpenike U IIyMoOBe Y
nopauuMa censopa. [lopen Tora, nmajyhu y Buay 3axTeBe 3a pajoM y
peaHOM BpeMeHY, HEOITXOHA je M ONTUMHU3AIHM]ja PAUyHCKE CII0KEHOCTH
AJITOPUTMA, jep PauyHCKH 3aXTEBHU aITOPUTMH 3aXTEBajy BEJIKE pecypce
peann3annoHor Xap/Bepa, ITo MoAKKeE IeHy OecrocaHor Bo3uia. [lopen
TOra, CUCTEMU Bol)ema MOHEKa | 3aXTeBajy 10AaTHE (yHKIIUMOHAIHOCTH,
Kao ILITO je Mpeno3HaBame JbYACKHX IIOKPETa U T€CTOBA, WM MOKpeTa
u Gopmanuja Apyrux OeCrnocajHuX BO3UJA, IITO JOAATHO YCIOKHaBa
IPOjEeKTOBAE U peanu3anujy cuctema. [loMeHyTH 13a30B1 Harnamasajy
noTpedy 3a CHCTEMOM Bol)era KOju KOPUCTH POOYCHE alrOpUTME U KOjH
MMa CIIOCOOHOCT J1a Ce MPHJIAroy IPOMEHJBUBUM YCIOBHMA OKPYKEHa
U HeOYeKMBaHUM nopemehajuma.

H3a30Bu y nIpojeKTOBamYy CHCTEMA YIIPAB/bambha

IIpojekToBame cucTeMa ynpaBibamba 0eCrOCaJHUM BO3HINMA
MOCTaBJba BHCOKE 3aXTEBE, IIPE cBera 300T CIOKEHE JUHAMHKE U
KWHEMaTUKe KpeTara, Kao U Hajuenihe NpoOMEHJbUBE UHTEPAKIIU]C
MIOTOHCKUX aKTyaTopa ca TEPEHOM, IIITO JIOBOJIH JI0 €(heKTa MPOKIIN3aBarmba
MOTOHCKUX TOYKOBA/TYCEHHUIIA U/MJIKM OOYHOT U Y3JIyKHOT KJIM3amkha
Bo3mia. HenmnHeapHu epekTH, BpeMEHCKH IPOMEHJbUBH NapaMeTpH,
yTHUIA] TPOMEHJbUBUX onTepehema 1 pa3IuduTH TEPEHH OTEKABAjy
NPEIU3HO MOJICIIOBabE KPeTamka BO3MIIA, 11a allTOPUTMH YIIPaBJbambha
MOpajy OuTH poOyCHHU Ha pa3iInyuTe THIIOBE opeMehaja, Hemo3HaBame
Y HECTAIIMOHAPHOCTH MO/IeJIa 00jeKTa YIpaBibatba.

ITopen poOycHocTu, Hamehe ce W 3axTeB 3a BUCOKUM
nepdopMaHcamMa y TOKYy ayTOHOMHOT KpeTara. To 3Hauu J1a CHCTEM
yIpaBjbamka Mopa 00e30e1uTH npenn3Ho npaheme 3aare Ny Tame,
CTaOMITHOCT M Op3e peakiuje Ha MPOMeHe Yy OKpyKewy. MehyTum,
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noctuhu BUCOKE neppopMaHCce YECTO 3aXTEBa CIOKEHE aJrOPUTME,
LITO JOHOCH M3a30B y OanaHcupamy u3Mel)y cIo)KeHOCTH peasin3anuje
u epukacHOCTH cucteMa. lIpeBuie KOMIIEKCHA aarOPUTMH MOTY
OWTH pavyyHapCKHU 3aXTEBHHU, IITO OTEXKaBa HUXOBY UMILIEMEHTALIU]Y
Ha Xap/BeprMa ca OrpaHMYEeHUM PeCypcruMa.

Jomr jeman on KJbYUHHX acriekaTa je eHepreTrcka e(puKacHOCT
npojeKkToBaHor cucteMa. Hanme, ynpasibame OecrocagHiM BO3UIIOM HE
Tpeba caMo J1a OCUTYpa CTAOMITHOCT U IPELU3HOCT, Beh U 1a MUHUMU3Yje
HOTPOLLbY EHEPrHuje, ToceOHO KOJ| eEKTPUYHIX BO3UIIA CA O PAHUUCHUM
M3BOpUMa Hamajama. To moapa3yMeBa HHTEIUTCHTHE CTpaTeryje
yIIpaBJbama KOj€ CMamyjy HEMOTPeOHY MOTPOLIKY EHEpPruje Kpo3
ONITUMU3Y]jy YHOTpeOy MOTOHCKUX CKJIONOBA ¥ CMabEHhe HEMOTPEOHUX
yOp3ama 1 Kouema Bo3uJa.

Ha ocHOBY HaBeneHoOr, MOXe C€ 3aKJbYUHTH Ja MPOjeKTOBAHU
CHCTEM yNIpaBJbamka MOPa 3aJ0BOJBUTH OajaHc u3Mely poOycHOCTH,
nephopMaHCcH, CIOKEHOCTH U €HepreTcke e()UKacHOCTH, KaKo Ou
oMmoryhno curypHo, CTaOMIIHO ¥ €KOHOMHUYHO ayTOHOMHO KpETame
OecrnocagHUX BO3WJA y Pa3IWYUTUM yciaoBUMa paja. CXomHO ToMe,
jacHo je na y BehnHu cirydajeBa cTaHIapiHe HHIYCTPUjCKE YIPaBIbauke
METOJIe HE MOT'Y JIaTH 3aJI0BOJbaBajyhie KapakTepHCTHKE CUCTEMa, OAHOCHO
Jla pa3Boj oarosapajyher ynpaBspbaukor cucTemMa 3aXTeBa IPUMEHY
HaIllpEeJHUX TEXHUKA yIpaBjbama, MOMYT aJalTUBHOT, pOOYCHOT H
MHTEJIMTCHTHOT YIIpaBJbamba.

MOTPEBE 3A HOBUM KOMIETEHIINJAMA
BOJHOT KAJIPA

becnocasHu ayTOHOMHM CUCTEMH CYy AOCTYIIHU HA TP>KUIITUMA,
aJu HabaBKa caMUX CHCTEMa UJTH IbHXOBUX KOMIIOHEHTH ce y HajBehem
Opojy ciiydajeBa cMaTpa HaOaBKOM CpEJICTaBa HaOpyX amba U BOJHE
ompeme, IITO 3axTeBa o0e30eheme moceOHNX 103BoOJa U end-user
cepTuduKaTa, ma CXOIHO TOME MOKEe OUTH MPEIMET PECTPUKIUja UIH
TEXHOJIOIIKHUX OTPaHUYEHA IPUIIMKOM HertopykKa. [Ipuctyn kibyuHuM
BOJHUM TEXHOJIOTHjaMa, IIpe CBera Haopykama U BOjHE onpeme (Y
koje usmelhy ocrasor cnajajy u GecrocajiHi ayTOHOMHHU CHCTEMH)
Ce MOXXE OIPaHUYHUTH Y KPU3HUM CHTYyallMjama U 3aTo HabaBKa OBUX
cucTeMa MpeCTaBIba CTpaTelku 0e30eqHocHN pusKK. Kao antepHarusa
caMoM yBO3y Beh pa3BHjeHHX CpelcTaBa M TEXHOJIOTHja, Hamehe ce
caMOCTaJIHa TPOM3BO/IHha OBUX TEXHOJOTHja y UHjEM Pa3Bojy KIbYUHY
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yJIOT'y ©Ma BUCOKOOOpa30BaHU CTPYUYHH NPO(eCHOHATHH BOJHU Kaaap
KOjH TTOCe/lyje HEOXO/1Ha 3Hama Y 00JIaCTH ITPOjeKTOBaba Oecroca Hux
ayTOHOMHHUX ITaTGOpMHU U ofpkaBamba U eukacHe ynorpede y 6opoeHumM
1 HeOopOeHNM cuTyanujama. Jenan ol HEOXOAHUX Kopaka y 00e30ehermy
npodecnoHaIHOT KaJpa CIPEMHOT Jla Ce IIOCBETHU pellaBamy MpodieMa
MPOjeKTOBaka M EKCIJoaTalMje CIOKEHUX CUCTEeMa, a Ipe cBera
OecrocaiHUX ay TOHOMHUX IIaT(opmH, je MoguduKanrja nocrojehnx nim
negUuHHCabe HOBUX CTYIMjCKUX IPOrpamMa BOJHUX LIKOJa U aKaJAeMuje
y CKJIaAy 32 HAMETHYTHM H3a30BHMa.

JenHa o OCHOBHUX CaBpEeMEHHUX TEOPHja Y BUCOKOM 00pa3oBamy
0asupa ce Ha AeUHUCay NOTPEOHUX KOMIETEHIMja 3a OAroBapajyhu
kanap (Dragoo 2016, 2; Dyson 2019, 2). [IpumeHa 0BaKBOT TPHUCTYTIA je
HEONXOJHA U MPH MOCTaBJbaIby 3aXTeBa 3a 3HambeM Oynyhux opunmpa
3a 00aBJbabE MOYETHUX AYKHOCTH, OMHOCHO 32 Je(hUHHCAE CTPYKTYPE
CTYIM]CKHMX IporpamMa BOjHUX LIKOJAa M akageMuja. Y MpPeTXOAHO
OMHMCAaHOM KOHTEKCTY yOp3aHOT pa3Boja U ynorpede OecrnocaaHux
ayTOHOMHHX CHUCTEMa y BOJHMM onepaunujama, BojHa akagemuja,
YHausepsutera onOpane y beorpany, Mopa pa3MOTPUTH HacTale
M3a30B€ U y CKJaAy ca TUM moTpedama MoAu(HUKOBAaTH MocTojehe u
NPEIJIOKUTH HOBE cTyAnjcke mporpame. Kao mto je Beh HamomenyTo,
OecriocazHe ayTOHOMHE MiIaT(opMe MPEACTaBIbajy CIOKEHE CUCTEME
3a 4mje Cy MPOjeKTOBaE, OpiKaBamke U ynorpedy nmorpedHa gogaTHa
3HaWka U3 00JIACTU EJIEKTPOTEXHUUKOT M PauyHAPCKOT HH)KEHEPCTBA
(mpojekToBame anropuraMa Bohema U ynpaBibalkba OBUM BO3HIIMMA,
Kao M METOoJie U TEXHUKE o0paje mojataka ca pa3IMYuTHX CEH30pa
KOjU ce Hajla3e Ha OBUM BO3MJIMMAa U MPHUMEHA TEXHHUKA BEIITAuYKe
WHTEIHUTeHIMje Pail BUXOBOI ayTOHOMHOT KPETama y W3BPIIABAY
MUCHja U 3aJaTaka, pa3yMeBame HaulHa (PYHKLHOHHCAKHA OBAKBHUX
cUcTeMa U IBUXOBa epUKACHA MPUMEHA) U MAIIMHCKOT MH)KEHEPCTBa
(mpojexkToBamke MOTOHCKE T'PYIIE, Ka0 U eJleMeHaTa TPAHCMHCH]E U
MaTepujaja Koja 00e30elyje 10BOJbHY 3aIUTUTY OBHX BO3MJIA, KAO H
pasyMeBame MAaIIMHCKUX CKJIONOBA BO3MJIA WITO oMoryhaBa BUXOBY
edpukacHy ynorpe0Oy). Moke ce 3aKJbYUUTH J1a 3aBPIICTKOM IIKOJIOBabha
Oynyhu oduiupu Tpeba aa moceayjy CiocCOOHOCTH aHAIU3e, CHHTE3e
u npenBubama pemema 1 MOryhux mociaeanna, Kao U OBJIagaBajy
MeTozama, MOCTyILKUMa U IPOLEeCHMa JIOTHUKOT Pa3MHUILIbaka y [IHJbY
peruaBama npodiieMa pa3Boja, op)kKaBamba U eKCIIoaTannju OecrnocagHux
ayTOHOMHHUX miatdopmu. [lonatHo, uMajyhu y BUAY KOMIUIEKCHOCT
ayTOHOMHHX CHCTEMA U IbUXOB YOp3aHU TEXHOJIOLIKH HAaIllPeaaK, TOTPeOHO
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je pa3BHjaTH M cIOCOOHOCT KOMYHHMKAIHje CBPIICHUX KaJIeTa, He CaMo ca
Y’KUM PaJHUM U COLIMjaIHUM OKpYKemheM, Beh U ca IHPOM aKaJeMCKOM
Y HAy4YHOM 3ajeIHULIOM Y LIMJbY NPEHOIICHE U yHanpehema 3Hama 1
BEIITHHA U3 pa3MaTpaHe 00JIacTH.

Ha ocnoBy oBux norpeba 3a o0pa3oBameM BUCOKOCTPYUHOT
npoheCHOHAIHOT Kajapa, MOT'y ce uAeHTUHKoBaTH cienehe KibyuHe
oOmnactu koju O Tpebaso Aa ynormnyHe noctojehe HacTaBHE MJIaHOBE
U CTY/AH]jCKE MPOrpame:

MexaTpoHHKa 1 Ay TOHOMHH CUCTEMH — OecriocajiHa BO3HIIa Cy
KOMIIJIEKCHH MEXaTPOHHYKH CUCTEMH KOjH KOMOMHY]Y MEXaHHYKE
CTPYKTYpE, aKTyaTOPCKe CKJIONOBE, CEH30PCKE CUCTEME U PauyHapCKO
ynpasibame. HeonxoaHo je 1a opuuupu cTeKHY OCHOBHA M HalpeaHa
3HaWa U3 0Be 00JacTH Kako OM pazyMenu NpUHUUI QYyHKIHOHUCAA
BO3MJIA M HETOBOT €(hPUKACHOT yIIPaBJbatba.

Hampenne TexHuke ayTOMaTCKOT yIpaBibamba — 300T CIOKEHE
IMHAMHUKE ¥ KUHEMaTHUKE KpeTama ay TOHOMHHUX BO3WJIA, KJIaCHYHE
TEeXHUKE yIpaBjbalba YeCTO HHUCY NoBoJbHE. [loTpebHo je yBecTn
cajapkaje Be3aHe 3a poOYCHO M aJallTHBHO YIIpaBJbatbe, NPEAUKTUBHE
METOZE yIpaBibamba, aIrOPUTME ONTUMHU3ALU]E MyTambU U BEILITAUKY
MHTEJINTCHIIN]Y 3a JOHOIICHE OJUTyKa Y PEaJlHOM BPEMEHY.

Hanpennu cucremu Bohewa U HaBUTALMje — MPELHU3HO
MO3ULMOHNpae OecrocaHuX BO3UIa 3aXTeBa KOMOMHALIN]Y BHILE
TeXHOJIOrHja, yKkJbyuyjyhu GPS, nuHepunjajgHe HaBUTalUOHE CHCTEME,
U Ipyre MeTozae AepuHucama no3unuje Bosuwia. bynyhu odpuuupn
MOPajy pa3yMeTH KaKo OBH CUCTEMH (YHKIHMOHMIY, TPHHLIHUIIE DY3Hje
NoiaTaka ¥ METOAE T'eHepucama ONTUMATHE Ty Tambe.

OOpana ceH30pCKUX MoJaTaKa M BELITauKa HHTEIUTCHIja —
ayTOHOMHA BO3MJIa KOPHCTE PAa3IMUUTE THIIOBE CEH30pa 32 MEepLEILnjy
OKpYKeHa, Ta je 0]l HApOYUTOr HHTepeca o0pa3oBame opuuupa y
o0panu ¥ aHaIHM3M MoAaTaKa NPUKYIJBEHUM CEH30puMa KOju paje y
Pa3sIUYUTHM JISJIOBUMA EIEKTPOMArHeTHOT CIIEKTPa, Kao U Y pa3Bojy U
MMIUIEMEHTALMjU aJITOPUTaMa BEITauKe HHTEJIUTCHIIN]E, @ HAPOYUTO
MAaIIMHCKOT y4eHa 3a MPENo3HaBamke 00jekaTa U JOHOLICHE OAyKa Y
peasHOM BpEMEHY.

TakTuka ynorpede — TaKTHUKE IpUMEHe OecriocaJHuX cCHcTeMa
3aXTeBajy Jla MOpe/ TeXHUUKUX 3Hama, Oyayhu odumupu pasymejy
MOT'yNHOCTH M IPEJHOCTH KOje JOHOCEe OecrnmocagHu ay TOHOMHHU
CHCTEMH Y OHOCY Ha KOHBEHLIMOHAJIHO Haopyxkame. OBO yKJbyuyje
HOBE CTpaTeruje v TAKTUKY 3a U3BUDambe, JOTUCTHUKY MOAPIIKY, bopOeHe
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orepanuje U UHTErpanujy ayTOHOMHHX Iatdopmu ca noctojehum
CHUCTEMHMa HaopyXamba.

[Nopen nedpuHMCaHNX CTPYUYHO-CIIEHHUjATUCTUIKHUX U ATUTUKATHBHUX
3Hama, JOJATHY MaXKiby je TOTPeOHO MOCBETUTH U Pa3BOjy BUCOKO
MOTHBHCaHe JTUYHOCTH Oynyher opuumpa u pasBujamy HETOBUX
JUJIEPCKUX CIIOCOOHOCTH y CBOM HEMIOCPETHOM paiHOM OKpyskemy. Kako
Ou ce 0Baj IIMJb OCTBAPHO, NOTPEOHO je U peBajopu3alija yjiore Mopaa
BOjCKe, BOJHE MICUXOJIOTH]jE U IPYTUX 00JacTH BOJHUX APYLITBEHUX HAyKa,
Kako OM ce MMILIEMEHTHpaja 3Hamba U pa3BUiIa BUCOKO MOTHBHCAHA
JUYHOCT O(UIIMPA U JaJIH OArOBOPU Ha €THYKE H3a30BE MPUMEHE HOBUX
TEXHOJIOTHja, IIPe CBEra BEITAaYKe MHTEJIUTEHIH]je, ILTO je N3y3eTHO
U3pakeHo y OecrocajiHuM ay TOHOMHHUM CHCTEMHUMA.

CxoHO HaBeACHOM, jacHO je na BojHy akageMujy y OJIHMXKO]
OynyhHoCTH oueKyje akpeauTaluja HOBUX CTYAHjCKHUX Iporpama
U jenaH o MMIIEpaTHBa pa3Boja HOBUX KyPHKYJIyMa MpencTaBiba
ueHTU(UKaLKja HOBUX TEXHOJIOMWIKHUX M3a30Ba U 0€30€IHOCHUX MTPETHHU,
Kao 1 feuHKIcambe MOTPEOHNX 3HAa BOJHOT KaApa, y CKIIOIY MpyXKamba
O/ITOBOpA Ha HHX, a y UJbY 0J0paHe HE3aBUCHOCTH M CAMOCTAJIHOCTH
Peny6nuke Cpouje.

3AK/bYYAK

Y oBOM pajly aHaU3MpaHa je ynorpeda U U3a30BU y Pa3Bojy
OecriocaHUX ayTOHOMHHX Bosmiia. [lopen Tora, uaeHTudrukoBaHa
Ccy moTrpeOHa 3Hama BOJHOT KajJpa HEOMXOJHAa 3a MPOjeKTOBAE,
eKCILIOATAIlH]je U OJIpyKaBamba OBaKBUX cucTeMa. Carieanu Cy OCHOBHH
ACTIeKTH TAaKTUYKE U ONIEPaTUBHE yNOTPEOE Y BOJHUM Ofepalidjama, Kao
Y MpaBIX pa3Boja OECIOCaJHUX ayTOHOMHHUX BO3UJIA, KPO3 MPU3MY
MPOjeKTOBamka CUCTEMa Boljerma U ylpaBibarba BO3UIIOM. Y TOTJICHY
MOTPEeOHMX KOMIIETEHIIHja BOJHOT Kajapa, MOXKE Ce 3aKJby4YUTH Ja
j€ HEOIMXOHO pa3BHjaTH Pa3IUUUTA 3HAKA, MYJITHIUCIUILTMHAPHA
¥ MHTEPIUCIUIUTMHAPHA, KOja Cy HEOINXO/IHa KaKo OU ce pa3syMenu
W UCKOPHUCTHUIIM CBH OeHe(UTH ayTOHOMHHUX CHUCTEMa, a Takohe u
omoryhuio yHanpeleme TpeHyTHHX criocOOHOCTH. CXOIHO TOME, 3Haha
Y UCKYCTBa CT€YEHA TOKOM OBOT HCTpPaXkMBama MpejcraBbalic OCHOBY
3a MOJU(HKAIH]Yy TOCTOjehnX U UMIIEMEHTALIN]y HOBHX CTYUjCKUX
nporpaMa y OKBHpY CHCTEMa BOJHOT IIKOJICTBA.

Jlasb¥ paBIy HCTPaKMBaba OHOCKNE Ce Ha M3a30BE MTPOjEKTOBAbA
EKCIePTCKUX CUCTEMA 3a MOJPIIKY OJUTyUYUBAY Y IOHOUICHY BOJHUX
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OJUTYKa 3aCHOBAHMX Ha BEILTAYKO] MHTEIUTCHLIM]jH, TO he qogaTHO
YHaIpeAUTH MOTYNHOCTH ay TOHOMHUX CHCTEMa U A0JAaTHO AehuHICaTH
noTpeOHe KomIeTeHuHja Oynyhux oduuupa y cynpoTcTaBibamy
M3a30BUMa U IpeTmkama 0e30eqHocTH y OyayhHoCcTH.
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Resume

The development of unmanned autonomous vehicles represents one of
the most dynamic directions of contemporary technological evolution,
with increasingly widespread applications in the civilian and primarily
the military domain. Although unmanned and autonomous vehicles
are often used interchangeably, this paper highlights their essential
distinction and the importance of integrated decision-making capabilities
for achieving full autonomy. Modern trends in the production of sensors,
communication, and power components have enabled the development
of complex systems for environmental perception, path planning, and
motion control, significantly influencing the transformation of concepts
in military operations. The paper analyzes the historical development of
unmanned autonomous vehicles, the levels of their autonomy, and their
impact on the execution of modern military operations. Considering the
pace of technological advancement and achievements, an even more
intensive use of autonomous systems can be expected in future armed
conflicts, which imposes the need to define the required knowledge and
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competencies for military personnel involved in their development and
operational use. These competencies include mechatronics, automatic
control, guidance, artificial intelligence, deployment tactics, logistical
support, and others. The paper recognizes the need to enhance military
education by integrating technological innovations and developing new
academic programs to train personnel capable of creating, maintaining,
and efficiently operating unmanned autonomous systems in a dynamic
security environment.
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* OBaj pax je npumiben 22. anpuiia 2025. roauHe, a npuxsaheH 3a mraMiny Ha cCacTaHKy
Pemaxnuje 14. maja 2025. roguse.

67



