TLEP —International Journal of Multidiscipline
(Technology, : , and Psychology)
ISSN: 2488-9342 (Print) | 2488-9334 (Online)

International
Journal of
Multidiscipline

T §iE

Technology Language

P

Psychology

Open Access | Peer-Reviewed | Monthly Publication | Impact factor: 8.497 / 2025

Unmanned Aircraft Systems And Advanced Counter-Drone
Technologies In Border Security

lIkhom Vaitjanovich Khalmirzayev
Associate Professor, Military Security and Defense University of the Republic of Uzbekistan

Abstract

This article examines the role of unmanned aircraft systems (UAS) and counter-drone
technologies in ensuring border security, drawing lessons from the Ukrainian experience. It
addresses the development of UAS, associated threats, rapid technological advances, global
impact, practical applications, the strategic significance of counter-drone systems,
achievements in detection and neutralization, integration of these technologies into security
frameworks, and strategic implications for national border protection.
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The Russia—Ukraine conflict has become a
powerful catalyst for the rapid development
and widespread adoption of modern
technologies, particularly unmanned aircraft
systems (UAS). History demonstrates that
warfare often accelerates technological
progress: just as aviation played a decisive
role during the First World War, unmanned
aerial systems have assumed critical
importance in  contemporary military
operations in Ukraine. The impact of these
technologies on the global security
architecture is expected to be profound in
the long term.

Although numerous experts have discussed
the potential risks posed by unmanned
technologies in recent years, the armed
confrontations on Ukrainian territory have
clearly demonstrated that this technology
has reached a high level of operational
maturity. Today, so-called “kill zones” have
emerged between opposing forces, where
the movement of personnel and armored
vehicles during daylight hours has become
nearly impossible, as they are immediately
subjected to drone attacks.

As the control systems, payload capacities,
and flight endurance of unmanned aircraft
continue to improve, operational tactics for
their employment are being systematically
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developed and refined. The experience
gained and practical knowledge acquired in
this context are highly likely to be rapidly
adopted worldwide, not only by legitimate
state actors but also by illegal and malicious
non-state groups.

In this context, the rapid development of
unmanned aerial systems (UAS) has
significantly increased the importance of
counter-drone technologies aimed at their
prevention and neutralization. This issue is
particularly critical in the domain of state
border protection and regional security.

Recently, substantial scientific  and
technical advancements have been
achieved in drone detection systems,

methods for capturing and neutralizing
drones, and in integrating these
technologies into  existing  security
infrastructures.

These developments have enhanced the
strategic significance of unmanned and
counter-drone technologies in ensuring
border security, making them an integral
component of modern security systems.
The effectiveness of any counter-drone
operation primarily depends on the ability to
accurately detect and identify potential
threats. In recent years, drone detection
systems have advanced considerably in
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this regard. Conventional radar systems,
initially designed for aerial surveillance,
have now been improved to effectively
detect small-sized drones that were
previously difficult to identify. Modern radar
technologies employ advanced algorithms
and multi-frequency operations, enabling
precise differentiation among various aerial
objects.

The integration of optical and infrared
sensors into radar systems further
strengthens detection capabilities,
establishing a multi-layered approach to
airspace monitoring. This technological
synergy allows operators to visually track
drone activity under a wide range of
conditions, including low-light environments
and adverse weather scenarios.

In addition to advancements in radar
technologies, the application of artificial
intelligence (Al) and machine learning has
fundamentally transformed the process of
analyzing drone-related threats. These
technologies enable the real-time
processing of large volumes of data
received from multiple sensors, allowing for
rapid and accurate identification of potential
threats. By learning from previous drone
behaviors and flight trajectories, Al-based
systems significantly enhance their ability to
distinguish  authorized drones from
unmanned platforms that pose security
risks. As a result, situational awareness
among border security personnel s
substantially improved, enabling swift and
effective responses to potential
unauthorized incursions.

Once a drone threat has been detected,
effective neutralization becomes the next
critical phase. In recent years, the
development of countermeasures and
interception technologies has considerably
expanded the capacity to respond to threats
posed by drones. One of the most
significant achievements in counter-drone
technology is the advancement of radio
frequency (RF) jamming systems. These
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systems disrupt communication links
between a drone and its operator, thereby
forcing the unmanned platform to lose
control.

Recent developments have enabled the
creation of highly targeted and selective RF
jamming devices. Such systems focus on
specific frequencies while causing minimal
interference  to other communication
networks. This characteristic makes them
particularly suitable for border security
operations, where preserving the integrity of
the civilian radiofrequency environment is of
critical importance.

Counter-drone neutralization methods can
generally be categorized into kinetic and
non-kinetic approaches. Each approach
has distinct advantages and operational
limitations, and the selection of an
appropriate  method depends on the
operational environment, terrain
characteristics, and legal constraints.
Non-Kinetic and Kinetic Counter-Drone
Approaches

Non-kinetic methods refer to neutralization
techniques that do not involve the physical
destruction of a drone but instead aim to
restrict its functional capabilities or disrupt
its control mechanisms. These methods
include:

« Radio frequency interference (RF
jamming): Disruption of the communication
link between the drone and its operator;

e GNSS (GPS) signal interference or
spoofing: Manipulation or misdirection of
the drone’s navigation system;

e Cyber interference techniques:
Unauthorized access to drone control
protocols to force landing or shutdown.
Non-kinetic approaches are particularly
important in border areas, as they allow
threats to be neutralized without causing
damage to infrastructure or posing risks to
civilian safety.

Kinetic methods, by contrast, are designed
to physically destroy drones and are
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typically employed in high-risk situations.
These include:

e Specialized weapons or
systems;

« Drone-capture nets (net guns);

« Directed-energy weapons, including laser
systems.

However, the use of kinetic methods in
border regions requires caution, as falling
drone debris may endanger civilians or
damage critical infrastructure.

Integrated Counter-Drone System Model

In modern border security operations,
counter-drone  systems  should be
organized according to a multi-layered and
integrated model. This model comprises the
following key components:

1. Detection phase: Radar, optical,
infrared, and acoustic sensors combined
with Al-based real-time analysis;

2. Identification ~ and  assessment
phase: Differentiation between authorized
and unauthorized drones and evaluation of
threat levels;

3. Decision-making phase: Automated
or operator-controlled systems that
consider legal and operational criteria;

4. Neutralization phase: Prioritized use
of non-kinetic methods, with kinetic
measures applied when necessary;

5. Monitoring and analysis phase:
Incident recording, forecasting of future
threats, and continuous system
improvement.

This conceptual approach enables early
threat detection, rapid response, and
sustained security in border areas.
Advances in Detection and Al-Based
Analysis

The effectiveness of any counter-drone
operation primarily depends on the
accurate and reliable detection and
identification of potential threats. In recent
years, drone detection systems have
advanced significantly in this area.
Conventional radar systems, previously
used mainly for aerial surveillance, have
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air-defense

been upgraded to effectively detect small-
sized drones that were once difficult to
identify. Modern radar technologies employ
advanced algorithms and multi-frequency
operating principles, allowing for high-
precision discrimination among various
aerial objects.

The integration of optical and infrared
sensors with radar systems further
enhances detection capabilities,
establishing a multi-layered approach to
airspace monitoring. This technological
synergy enables operators to visually track
drone activity under diverse conditions,
including low-light environments and
adverse weather conditions.

In addition to radar advancements, the
application of artificial intelligence (Al) and
machine learning has fundamentally
transformed the analysis of drone threats.
These technologies allow real-time
processing of large volumes of data from
multiple sensors, facilitating rapid and
accurate identification of potential threats.
By learning from previous drone behavior

and flight trajectories, Al systems
significantly improve their ability to
distinguish  authorized drones from

unmanned platforms that pose security
risks. As a result, situational awareness
among border security personnel is greatly
enhanced, enabling timely and effective
responses to potential unauthorized
incursions.

Once a drone threat has been detected, the
next critical phase is its effective
neutralization. In recent years, the
development of countermeasures and
interception technologies has significantly
expanded the capability to respond to
threats posed by drones. One of the most
important advancements in counter-drone
technology is the improvement of radio
frequency (RF) jamming systems. These
systems are designed to identify and disrupt
the communication channels between a
drone and its operator, effectively depriving
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the operator of control over the unmanned
platform.

Recent developments have enabled the
creation of precisely targeted RF jamming
devices with high selectivity. Such systems
can focus on specific frequencies while
causing minimal interference to other
communication networks. This
characteristic makes them particularly
effective for border security applications,
where maintaining the integrity of civilian RF
environments is of critical importance.

The rapid advancement of unmanned aerial
vehicle (UAV) technologies in recent years
has created new security challenges for
national borders.  The  operational
experience in Ukraine has demonstrated
the high effectiveness of drones for
reconnaissance, surveillance, and strike
purposes. This indicates that UAV
technologies are directly influencing not
only military conflicts but also peacetime
border security systems.

Research findings indicate that the
effectiveness of modern counter-drone
operations relies on the seamless
integration of detection, identification, and
neutralization processes. The application of
radar, optical, and infrared sensors, along
with artificial intelligence and machine
learning technologies, significantly
enhances situational awareness in border
areas. In particular, the prioritized use of
non-kinetic neutralization methods allows
drone threats to be mitigated while
preserving civilian safety.

Thus, unmanned and counter-unmanned
technologies have become an integral
component of modern border security
systems, playing a strategic role in
safeguarding national territorial integrity
and ensuring overall security.

Practical Recommendations (Adapted to
Uzbekistan’s Border Context)

1. Implement a multi-layered detection
system**
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It is necessary to gradually deploy
integrated detection systems in border
areas based on radar, optical, infrared, and
acoustic sensors.

2. Establish Al-based analysis centers**
Artificial intelligence platforms capable of
analyzing drone activity in real time will
enhance the rapid decision-making
capabilities of border security forces.

3. Prioritize non-kinetic counter-drone tools
Utilizing RF jamming and GNSS spoofing
technologies allows threats to be

neutralized without damaging civilian
infrastructure.
4. Personnel training and  skills

development

Specialized training courses and practical
exercises in counter-drone technologies
should be organized for border security
personnel.

5. Improve legal and regulatory framework
National legislation regulating the use of
drones and counter-drone measures should
be updated in line with international best
practices.

6. Strengthen international cooperation
Information exchange and joint exercises
with neighboring countries and international
organizations enhance overall border
security.

7. Development of kinetic interception tools
In recent years, kinetic interception tools
within counter-drone technology have been
significantly improved. These include nets
and specialized projectiles designed to
capture or neutralize drones efficiently,
allowing for rapid and relatively controlled
threat mitigation.

8. Directed energy weapons

Another emerging area is the development
of directed energy systems, particularly
high-power laser technologies, which can
disable drones from a distance while
significantly reducing collateral damage.
These systems provide operators with
precise control over the neutralization
process and offer new solutions for
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managing drone threats in border security
operations.

9. Integration into monitoring systems

The effectiveness of counter-drone
technologies is maximized when integrated
into existing monitoring and security
infrastructures. Recent developments focus
on unified Command and Control (C2)
platforms that allow counter-drone tools to
operate in coordination with other security
systems.

10. Coordinated situational awareness and
response

This integrated approach enables border
security personnel to monitor drone activity
alongside other security measures and
respond rapidly and coherently to potential
threats. Enhanced inter-system
communication allows operators to act
quickly upon drone detection, significantly
reducing the likelihood of unauthorized
incursions.

11. Cloud computing for border security
Cloud technologies facilitate data storage
and exchange between various institutions
responsible for border security. They
enable real-time updates, improve
situational awareness, and allow for
effective responses to drone-related
incidents.

12. Centralized data repository

Creating a centralized database enables
authorities to analyze drone activity trends
and patterns, support evidence-based
decision-making, and develop preventive
measures. Sharing information across
regions and jurisdictions strengthens inter-
agency collaboration and enhances the
overall resilience of the border security
system.

Significant progress has been achieved in
counter-drone technologies over the past
six months, particularly in detection,
capture, neutralization, and integration with
monitoring  infrastructures. As these
technologies continue to develop, they play
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a decisive role in protecting national borders
from unauthorized UAV incursions.
Enhanced detection capabilities, effective
countermeasures, and integrated command
systems allow border security forces to
increase  operational readiness and
maintain safety and stability within national
airspace.

The rapid advancement of UAV
technologies and their integration into
border security systems is expected to
cause significant global impacts. The
ongoing conflict in Ukraine has clearly
demonstrated the increasing capabilities of
these technologies. The effective use of
UAVs and the development of modern
counter-drone systems are essential for
mitigating associated threats.

By advancing such technologies, states can
minimize risks to borders, critical
infrastructure, and sensitive facilities. This
requires strengthening detection systems,
neutralization technologies, and integration
with  existing security infrastructures.
Moreover, successful integration of these
technologies with security systems and
international collaboration opens new
opportunities for ensuring border safety.
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