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Abstract —
The current air-defence systems are undergoing rapid development

to meet the new challenges of modern air-borne threats—including
UAVs, high-speed aircraft and hypersonic missiles. The defence
systems used now are highly integrated as traditional defence
methods are no longer adequate. These systems rely on several
sensors such as radars, infrared cameras and electronic detectors,
which accurately detect and track targets. Threats are predicted in
real time with the help of advanced algorithms such as filtering and
machine learning.

Long-range, medium-range, and short-range weapons are
employed in a layered defense, which can intercept incoming
threats. For good protection, both kinetic (missiles, guns) and non-
kinetic (jamming, electronic warfare) methods are used. Al
enhances decision-making, threat categorization, and control
systems like PID, fuzzy logic, model predictive control weapon
targeting and interception. Multiple defense units can operate

efficiently over a vast area with network-based coordination.

In general, these systems are becoming more modular, intelligent,
and cost effective, and future development of these systems will
focus on the integration of Al and directed energy weapons, for
greater and more adaptive air defense capabilities.
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I. INTRODUCTION

Civilians and military forces alike have seen a
tremendous evolution in aerial technology such as
Unmanned Aerial Vehicle (UAVs), drones and
autonomous surveillance systems. Apart from
advantages, these technologies also have new
security challenges that demand effective
monitoring and response systems.

The sophistication and availability of aerial threats
continues to grow, and there is a need for an
intelligent system that can detect, track, and
respond to potential threats in real time. Many
traditional defense and surveillance systems rely
on constant human manned monitoring and
decision-making, leading to potential delay in
response and  effectiveness in  dynamic
environments. Increasing complexity of modern
threats has emphasized the need for automation,
real-time data processing and adaptive control
strategies. Intelligent tracking and engagement
systems can help to optimize situational awareness,
speed up response time and minimize the risk of
human failure during key operations. The use of
prototypes has become possible since a few years
ago, thanks to the development of embedded
systems, sensor technologies and automation,
which have made it possible to design prototypes,
compact and affordable, showing the fundamentals
of what constitutes the modern defense system.

These systems integrate a sensing, processing, and
control system to detect targets, determine target
location, and perform actions based on a set of
conditions. These are not only being used for
defence, but also in border security, protection of
critical infrastructure, surveillance and
autonomous robotic platforms. The Multi-Battle
Defender Missile System is suggested to be an
educational and research prototype which will
show how the concept of automatic target detection
and tracking is applied. The project emphasizes the
integration of real-time sensing, intelligent control,
and automated response mechanisms in a holistic
and comprehensive manner.

The project mimics the function of a target
engagement system, giving insight into how new
surveillance and defence systems work.
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Additionally, the project is designed to be scalable
and adaptable, leaving room for further
improvements and upgrades with the incorporation
of new technologies like artificial intelligence and
computer vision, wireless communication systems,
and sensor fusion.

The designed system provides a basis to understand
the architecture of an automated defense system
and also helps in the study of an intelligent
monitoring and control system in modern
engineering applications.

II. LITERATURE REVIEW

With the recent breakthroughs in surveillance and
defense technologies, intelligent systems that can
detect, track and respond to potential threats in
real-time are now becoming a need. Scientists have
been working hard to create automatic tracking
systems that are more accurate, less reliant on the
human factor, and more efficient to improve
operations.

In the article by Wu, Li, and Xue (2025), the
authors covered a detailed review of the target
tracking technologies in UAVs and emphasized the
significance of adaptive tracking algorithms, real-
time localization, and autonomous navigation.
They showed that, in dynamic environments,
intelligent tracking techniques could enhance the
accuracy and reliability of the tracking [1].

Guan et al. (2025) summarized the recent research
advances of multi-object tracking systems and
compared traditional and deep learning-based
methods. The authors mentioned that there was a
significant improvement in the target recognition
and monitoring performance but computational
complexity and real-time implementation was a big
challenge for them [2].

Azam (2024) introduced a dynamic target tracking
model for monitoring systems using unmanned
aerial vehicles (UAVs). The study showed
improved situational awareness and tracking
efficiency, though it did need more advanced
sensing infrastructure and a lot of computational
resources [3].
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Kumar (2024) explored using embedded edge
devices for real-time object detection and tracking.
The results revealed that embedded platforms can be
used to successfully complete tracking tasks and
reduce the power consumption and hardware costs,
making it suitable for intelligent surveillance
applications [4].

Y. Li, (2025) designed an autonomous anti-UAV
system for surveillance and defense. They showed
that automated tracking and response systems are
effective in enhancing threat detection. But for
implementation, a refined communication and
sensing technology was used [5].

It is clear from the reviewed literature that the
current systems offer good target detection and
tracking but are expensive and are based on
complex infrastructures. To this end, the proposed
Multi-Battle Defender Missile System is intended
to be a low cost, modular, compact platform that
will be able to demonstrate real-time target
detection, tracking and response in an educational
and research environment. Summarize previous
work relevant to your study. Present key
contributions, methodologies, and findings from
earlier research. Discuss limitations or gaps in
existing studies that your work aims to fill. Group
similar studies together for clarity, and cite
appropriately.

II1. METHODOLOGY

A Multi-Battle Defender Missile System was
designed by adopting the embedded-system
approach for real-time target detection, tracking,
monitoring and response indication. The technique
is the design of hardware, implementation of
software, arrangement of communication, target
detection, data processing, motor control, and
indicating output. The whole system is continually
active and responds to the target information
gathered from the environment.
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Figure 1. System architecture

A. Hardware Components: The hardware part of
the system is an Arduino UNO, ESP32 module,
ultrasonic sensor, servo motors, DC gear motor,
L298N motor driver, relay module, LED, buzzer,
and power supply unit. The main processing and
controlling unit are the Arduino UNO and the
ESP32 has wireless communication skills. The
ultrasonic sensor is used to detect the target and
measure the distance. The servo motors are used
for pan and tilt movements for the target tracking
and alignment. The DC gear motor is used to move
the platform as needed. The operation of the motors
is controlled by the motor driver L298N while the
indication of the output is controlled by the relay
module. System status and target detection events
are indicated by LEDs and buzzers. The
Environment and Tools for Software Development

[6].

B. Software Tools and Programming
Environment: Arduino Integrated Development
Environment (Arduino IDE) was used for software
development. Embedded C/C++ programming
language was used to develop the control
algorithms and  communication  routines.
Programming, compiling, debugging and
uploading the program to Arduino UNO and
ESP32 modules was done using the Arduino IDE.
During testing, the data from the sensors and
system performance were monitored using serial
communication tools [7].
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C. Input Parameters: During operation, the
system takes in multiple inputs. The target or object
in the sensing range of the ultrasonic sensor is the
main input. The ultrasonic sensor is continuously
measuring the distance between the system and the
target and it will send it to the Arduino UNO. There
are also some other inputs such as power coming
from the battery unit and communication
commands sent via the ESP32 module. The control
system uses these inputs to make decisions and for
tracking activities.

D. Communication Process: The communication
in the system is between the sensing, processing
and control modules. The ultrasonic sensor outputs
ultrasonic  measurement data on  digital
input/output pins of the Arduino UNO. The
received data are sent to the Arduino which
processes them and produces control signals.
Arduino UNO and ESP32 module communicate
with each other wusing serial UART
communication. This enables monitoring, data
transfer and further integration with wireless
control applications. The processed information is
then passed further to the motor driver and relay
modules which executes the processed information
[8,9].

E. Data Processing and Target Detection: The
ultrasonic sensor is always scanning the
environment and detecting a target. The distance
values measured are sent to the Arduino UNO. The
Arduino is decoding these values and working out
if there is a target within the set range. When a
target is detected, the control unit determines how
the target is to be moved and sends commands to
the tracking mechanism [10].

F. Target Tracking and Alignment: Once the
target is detected, the Arduino UNO will give the
control signals to the L298N motor driver. The
motor driver drives the DC gear motor and servo
motor based on the received commands. The servo
motors are used for moving horizontally and
vertically to adjust the tracking mechanism in order
to take the detected target to the correct position.
The tracking process is continually updated as new
data from sensors arrives so that the target can be
monitored in real time [11].
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G. Output Generation: The processing of the
sensor information is successful and the outputs of
the system are produced. Target tracking and
alignment of the motors is achieved using servo
motors in pan and tilt axis. The DC gear motor
provides movement to the platform when
necessary. The relay module turns ON the LED and
buzzer when the target is found and the status of
the system is shown. These outputs give the user
visual and audible information to use to monitor
the system [12].

H. Continuous Monitoring and Feedback: The
whole system is in a continuous loop. The
ultrasonic sensor repeatedly measures the distance
to the target, the Arduino processes the data
received from the ultrasonic sensor, and the
distance between the motors and the target is
adjusted according to the movement of the target.
The communication module is continually
communicating information, and the output
devices are giving feedback on how the system is
working. This ongoing monitoring process
provides reliable detection, tracking and system
performance, response time and overall system
performance [13,14].

The proposed methodology is implemented as an
embedded system, which integrates the modules of
sensing, processing, communication, tracking and
output indication, and the results are satisfactory.
The system can continuously monitor and feedback
the target, process the information detected by the
sensor, control the tracking mechanism and send
the corresponding status indication in real-time
[15,16].

IV. RESULTS AND DISCUSSION

The design, implementation and testing of the
proposed Mobile Target Detection and Tracking
System was accomplished successfully with
various operating conditions. Target detection,
data processing, communication, tracking and
indication of status functions were successfully
integrated into an embedded platform. The
experimental results indicated that the ultrasonic
sensor reliably sensed the object within the sensing
range and sent the distance information of the
object to the Arduino UNO for processing.
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Arduino UNO sent correct control signals to the
tracking mechanism according to the received
information from the sensors. Smooth pan and tilt
movements were delivered by the servo motors for
accurate target alignment and reliable platform
movements from the DC gear motors. The
communication between the Arduino UNO and the
ESP32 module was successfully established,
enabling efficient communication and data
exchange. Further, when a target was detected, the
LED and buzzer were properly lit and sounded to
give a good visual and sound indication of target
status.

Figure 2. Mobile Surveillance and Target
Tracking Prototype

A prototype of Mobile Target Detection and
Tracking System (MTTTS) was designed and
verified. The developed prototype comprises of a
mobile platform, target tracking mechanism,
embedded controllers, communication modules
and motor control systems. The experimental
results have shown stable operation of the system,
good target detection performance, tracking
performance and communication performance.
The system was efficient in the processing of the
target movements and it was continuously adjusted
according to the movements indicated by the
sensors. In conclusion, the developed system
successfully showed real-time target detection,
tracking, = communication and  monitoring
© 2026 The . Published by
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capabilities. ~The outcomes confirm the
performance of the proposed design and
demonstrated that satisfactory accuracy and
reliability of the functions of the system were
achievable.

V. CONCLUSION

The design and implementation of the proposed
system, Mobile Target Detection and Tracking
System were successfully accomplished by the
embedded system technology. It is an effective
solution that combines target detection, data
processing, communication, tracking and even
status indication within a single unified platform.
The experiments showed that the ultrasonic sensor
is effective to detect targets and the Arduino UNO
is capable of processing the data and control the
tracking mechanism. The servo motors and DC
gear motors ensured smooth and reliable
movement, whereas the ESP32 module facilitated
effective communication and monitoring.

The servo motors and the DC gear motors ensured
smooth and reliable movement, whereas the ESP32
module ensured effective communication and
monitoring. Additionally, the LED and buzzer
feedback further facilitated system feedback and
real-time operation. In general, the performance of
the system in the process of real-time target
detection and tracking is satisfactory and
successful, which can be seen that the proposed
design is effective. The modular design provides
flexibility and scalability, enabling the system to be
used for educational, research, and surveillance
purposes.

The system can be further enhanced by
incorporating camera-based object detection and
computer vision techniques to further enhance
accuracy and target recognition. Al and machine
learning algorithms can be integrated to enable
autonomous decision making and intelligent
tracking.

For remote monitoring/control, IoT and cloud
connectivity can be included. Further, sensor
fusion techniques can be used to fuse multiple
sensors together to provide a more robust and high-
quality output in cases of complex environments,
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resulting in a more efficient, scalable and
applicable system for advanced real-world
applications.
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