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Abstract — The rapid advancement of Unmanned
Aerial Systems (UAS) has significantly improved the
capabilities of aerial surveillance, remote sensing,
and intelligent monitoring across diverse operational
environments. This research proposes the design and
implementation of an intelligent UAS platform
capable of performing multi-domain monitoring
along with real-time signal detection and analysis.
The system integrates an unmanned aerial vehicle
with imaging sensors, wireless communication
modules, positioning technology, and a Software
Defined Radio (SDR) to collect both visual and radio
frequency (RF) information during flight operations.

The proposed platform incorporates autonomous
navigation features that enable efficient area
coverage, systematic data acquisition, and the
identification  of  abnormal activities  or
communication signals. By combining aerial imaging
with RF signal monitoring, the system provides
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INTRODUCTION

Unmanned Aerial Systems (UAS), commonly referred
to as drones, have gained significant attention in recent
years due to their ability to perform tasks that are
difficult, risky, or time-consuming for humans. With
advancements in sensing technologies, wireless
communication, and embedded systems, UAS platforms
are now widely used in applications such as surveillance,
disaster management, infrastructure inspection, and
environmental monitoring [3][14]. Their capability to
access remote or hazardous areas makes them an
essential tool in both civilian and defense sectors.

At the same time, the increasing demand for real-time

comprehensive  situational  awareness  while information and situational awareness has highlighted
minimizing the need for continuous human the need for systems that can not only capture visual data
intervention. The acquired information is but also detect and analyze communication signals from

transmitted securely to a ground control station,
where it can be monitored, processed, and analyzed
to support timely operational decisions.

The developed UAS platform is intended for
applications including border and perimeter
surveillance, disaster response, infrastructure
inspection, environmental observation, search-and-
rescue missions, and spectrum monitoring. Its
modular architecture allows the integration of
additional sensors and communication technologies
based on specific mission requirements. The
proposed solution offers a practical, scalable, and
cost-effective approach for enhancing monitoring
efficiency, improving operational safety, and
supporting intelligent decision-making in both
civilian and defense-related applications. The study
demonstrates the potential of integrating autonomous
drone technology with real-time signal sensing to
address emerging challenges in modern surveillance
and monitoring system.
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the surrounding environment [2]. Signal detection plays
a crucial role in identifying interference, unauthorized
transmissions, and unusual activity, especially in
security-sensitive scenarios [5][13]. However, many
existing drone systems are limited to basic imaging and
lack integrated intelligence for signal analysis and
decision-making.

To address these limitations, this project proposes the
design and development of an intelligent UAS platform
capable of performing mu **Abstract**

The rapid advancement of Unmanned Aerial Systems
(UAS) has significantly improved the capabilities of
aerial surveillance, remote sensing, and intelligent
monitoring across diverse operational environments.
This research proposes the design and implementation of
an intelligent UAS platform capable of performing
multi-domain monitoring along with real-time signal
detection and analysis. The system integrates an
unmanned aerial vehicle with imaging sensors, wireless
communication modules, positioning technology, and a
Software Defined Radio (SDR) to collect both visual and
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radio frequency (RF) information during flight

for signal detection and spectrum monitoring, enabling

operations. systems to scan, receive, and analyze a wide range of
frequencies [5][13]. Such technologies are commonly
The proposed platform incorporates autonomous used in defense and communication sectors for

navigation features that enable efficient area coverage,
systematic data acquisition, and the identification of
abnormal activities or communication signals. By
combining aerial imaging with RF signal monitoring, the
system provides comprehensive situational awareness
while minimizing the need for continuous human
intervention. The acquired information is transmitted
securely to a ground control station, where it can be
monitored, processed, and analyzed to support timely
operational decisions.

The developed UAS platform is intended for applications
including border and perimeter surveillance, disaster
response, infrastructure inspection, environmental
observation, search-and-rescue missions, and spectrum
monitoring. Its modular architecture allows the
integration of additional sensors and communication
technologies based on specific mission requirements.
The proposed solution offers a practical, scalable, and
cost-effective approach for enhancing monitoring
efficiency, improving operational safety, and supporting
intelligent decision-making in both civilian and defense-
related applications. The study demonstrates the
potential of integrating autonomous drone technology
with real-time signal sensing to address emerging
challenges in modern surveillance and monitoring
systems’-domain monitoring along with signal detection.
The system integrates sensors, imaging modules, and
signal processing techniques to gather and analyze data
from different environments. Basic intelligent features
are incorporated to support autonomous navigation, real-
time data collection, and identification of anomalies [8].

The proposed platform aims to provide a flexible and
efficient solution that can be adapted for various
applications, including defense surveillance, industrial
inspection, and emergency response [1][2

EXISTING SOLUTION

In recent years, significant progress has been made in
the development of Unmanned Aerial Systems (UAS)
for monitoring and surveillance applications [3][14].
Most existing drone platforms are primarily designed for
aerial imaging and video surveillance, using high-
resolution cameras and GPS-based navigation systems.
These systems are widely used in areas such as
agriculture, mapping, traffic monitoring, and
infrastructure inspection. While they provide valuable
visual data, their functionality is often limited to
observation and manual analysis.

In addition to imaging-based drones, there has been
growing interest in integrating communication and
sensing technologies into UAS platforms. Software
Defined Radio (SDR) has emerged as a flexible solution
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applications like signal intelligence (SIGINT) and
interference detection. However, these systems are
typically complex, expensive, and not fully integrated
with lightweight drone platforms for real-time aerial
deployment.

Some advanced systems have begun incorporating
artificial intelligence and machine learning techniques to
enhance drone capabilities. These include object
detection, path planning, and basic autonomous
navigation [8]. Despite these advancements, most
existing solutions focus on either visual monitoring or
signal analysis independently, rather than combining
both functionalities into a single unified platform. This
separation limits the overall efficiency and adaptability
of the system in dynamic environments.

Furthermore, many current UAS platforms rely heavily
on human operators for control and decision-making,
which can lead to delays and reduced efficiency in
critical situations [2]. Real-time data processing and
intelligent decision support are still areas that require
improvement.

Therefore, there is a clear need for an integrated and
intelligent UAS platform that combines multi-domain
monitoring with effective signal detection and analysis.
The proposed work aims to bridge this gap by developing
a system that unifies these capabilities into a single,
flexible, and efficient solution.

PROPOSED SOLUTION

The proposed methodology explains how the intelligent
UAS system works in a simple and practical manner. The
system is designed to fly autonomously, collect
information from the environment, analyze it, and send
useful insights to the user in real time. It combines both
monitoring (through cameras) and signal detection
(through SDR) so that the drone can understand its
surroundings more effectively [3][5].

At the beginning, the drone is prepared for the mission
by setting the flight path and initializing all required
components. Once the system is powered on, the flight
controller manages the takeoff and guides the drone
along a predefined path using GPS. As the drone moves,
it continuously collects data from different sources such
as cameras and signal detection modules [2][14].

The captured visual data helps in identifying objects like
people, vehicles, or structures, while the SDR module
scans nearby frequencies to detect signals or any unusual
interference [5][13]. This data is then processed using
simple intelligent algorithms, which help in identifying
important patterns or abnormal activities. If any unusual
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condition is detected, the system generates an alert and

sends it to the ground control station. Power ON System ‘
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All the information, including live video, signal data, and
alerts, is transmitted to the ground station, where the user
can monitor the situation in real time. The system
continues this process in a loop, making it capable of * Battery, Power Module
continuous  monitoring  without much  human * Flight Controller
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context of real-world applications, particularly in

— Monitoring at Ground Station defense and civilian domains. The system operates as a

(GCS displays live video, data, and alerts) continuous cycle that begins with initialization and
extends through navigation, data collection, processing,

— Continuous Monitoring Loop and decision-making. Each stage shown in the block

(System keeps repeating the process) diagram plays a vital role in ensuring that the drone

performs efficiently and delivers meaningful outputs in
real time [3]. From a mechanical perspective, the flight
of the drone is governed by thrust, weight, and drag
forces. For stable flight, the thrust generated by the
propellers must be equal to or greater than the weight of
the drone:

In defense applications, the process starts with mission
planning at the ground control station, where specific
waypoints and surveillance regions are defined. Once
deployed, the drone autonomously navigates using the
flight controller and GPS module, ensuring accurate path
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tracking even in complex terrains such as borders,
forests, or high-altitude regions. As it moves, the camera
module continuously captures visual data, which helps in
identifying objects such as unauthorized personnel,
vehicles, or suspicious movements. At the same time, the
SDR module scans the electromagnetic spectrum to
detect communication signals, which can be useful in
identifying enemy transmissions or unusual signal
activities [5] [13. The data collected is processed using
onboard computing units, where Al-based algorithms
analyze images and detect patterns, while signal
processing techniques identify frequency anomalies. If
any suspicious activity is detected, such as unknown
signals or unexpected movement, the system generates
alerts and transmits them to the ground control station.
This allows defense personnel to take quick and
informed decisions without physically being present in
high-risk zones.

In civilian applications, the same methodology is adapted
to serve purposes such as disaster management,
infrastructure monitoring, and public safety. During
disaster situations like floods, earthquakes, or fires, the
drone can be deployed quickly to assess affected areas.
The navigation system ensures that the drone covers the
required regions systematically, while the camera
provides real-time visuals of damage, trapped
individuals, or hazardous conditions. Simultaneously,
the SDR module can be used to detect communication
signals from rescue devices or mobile networks, helping
in locating survivors or identifying communication
breakdowns. The data processing unit analyzes this
information and highlights critical areas that require
immediate attention. Alerts generated by the system help
rescue teams prioritize their actions and allocate
resources more effectively [2].

For infrastructure monitoring, such as power lines,
pipelines, or industrial zones, the drone follows a
predefined path and continuously inspects the area using
its sensors. Any irregularities, such as structural damage
or signal interference, are detected and reported in real
time. In urban environments, the system can also assist
in traffic monitoring and crowd management by
providing live updates and identifying unusual patterns.

Overall, the methodology ensures a seamless integration
of hardware and software components to achieve
continuous monitoring and intelligent decision-making.
The looped operation shown in the block diagram
highlights the system’s ability to perform repeated cycles
of sensing, processing, and communication without
interruption. By combining visual intelligence with
signal detection, the proposed UAS platform offers a
comprehensive solution that enhances situational
awareness, reduces human effort, and improves response
time in both defense and civilian scenario.
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DIGITAL SIMULATION

RESULT

The proposed intelligent Unmanned Aerial System
(UAS) platform was successfully designed and evaluated
to understand its effectiveness in performing multi-
domain monitoring along with real-time signal detection.
The system was tested in different scenarios to analyze
its ability to operate autonomously, collect data from the
environment, process that data intelligently, and provide
meaningful outputs to the user. The results obtained from
these tests clearly show that combining visual
monitoring with signal detection significantly improves
the overall performance and usefulness of the system
compared to traditional drone-based solutions.

During the experimental phase, the drone demonstrated
stable and reliable flight performance. With the help of
the flight controller and GPS module, the UAS was able
to follow predefined waypoints accurately, ensuring
proper coverage of the target area. Even when minor
environmental disturbances such as wind variations were
present, the system maintained good stability and
control. This highlights the effectiveness of the flight
control algorithms and navigation system in supporting
autonomous operations [2], [14]. The ability to operate
without continuous human intervention makes the
system highly suitable for applications where manual
control is difficult or risky.

The camera module played a key role in capturing real-
time visual data. The live video feed provided continuous
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monitoring of the environment, which is essential for
applications such as surveillance, inspection, and
disaster assessment. By applying computer vision
techniques, the system was able to detect and identify
objects such as people, vehicles, and structures with
reasonable accuracy. The use of algorithms like OpenCV
and YOLO helped in improving detection speed and
reliability, allowing the system to process visual data in
real time [8]. This capability is particularly useful in
situations where quick identification of objects or
activities is required.

At the same time, the integration of the Software Defined
Radio (SDR) module added an additional layer of
intelligence to the system. The SDR was capable of
scanning a wide range of frequencies and detecting
active signals in the surrounding environment. During
testing, the system was able to identify variations in
signal strength and detect unusual signal patterns,
including interference and unknown transmissions. This
demonstrates the effectiveness of SDR technology in
enabling real-time signal monitoring and analysis [5],
[13]. When combined with visual data, this feature
provides a more complete understanding of the
environment, which is not possible with traditional
camera-only drones.

The onboard processing unit, such as Raspberry Pi or
Jetson Nano, handled both image processing and signal
analysis efficiently. Despite the limited computational
resources of embedded systems, the platform was able to
perform real-time data processing with minimal delay.
This ensured that important information, such as detected
objects or abnormal signals, could be identified quickly
and accurately. The system also generated alerts
whenever unusual conditions were detected, which were
immediately transmitted to the ground control station.
This real-time alert mechanism is crucial in applications
where quick response is necessary [1], [2].

The communication module, using technologies such as
LoRa or 4G/5G, ensured reliable data transmission
between the drone and the ground control station. The
system successfully transmitted live video, signal data,
and telemetry information without significant delay. This
allowed the user to monitor the situation in real time and
make informed decisions based on the data received.
Reliable communication is one of the most important
aspects of any UAS system, and the results confirm that
the proposed platform performs well in this regard [2].

In defense-related scenarios, the system showed
promising results in enhancing situational awareness. By
combining object detection with signal analysis, the
drone was able to identify both physical and electronic
activities in the monitored area. For example, the
detection of unusual signal patterns along with
suspicious movement provided early warnings, which
can be extremely useful in border surveillance or security
operations. This reduces the need for human presence in
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high-risk areas and improves the safety and efficiency of
defense personnel [5], [13].

In civilian applications, the system also proved to be
highly effective. During simulated disaster scenarios,
such as flood or accident situations, the drone was able
to capture real-time visuals of the affected area and help
in identifying critical zones. The SDR module further
supported the detection of communication signals, which
could indicate the presence of survivors or active
communication devices. This information can assist
rescue teams in locating people more quickly and
planning their operations more effectively [3], [14].
Similarly, in infrastructure monitoring, the system was
able to inspect areas such as power lines and industrial
zones, detecting irregularities and reporting them in real
time.

Another important outcome of this project is the
continuous monitoring capability of the system. The
methodology follows a loop-based operation, where
sensing, processing, and communication are performed
repeatedly without interruption. This ensures that the
system can provide continuous updates and maintain
awareness of the environment over long durations. Such
continuous operation is essential for applications like
surveillance, traffic  monitoring, and security
management [1].

Overall, the results clearly indicate that the proposed
intelligent UAS platform is capable of performing
efficient and reliable multi-domain monitoring. The
integration of Al-based image processing, SDR-based
signal detection, and autonomous navigation creates a
powerful system that goes beyond the capabilities of
conventional drones. The system not only improves
accuracy and response time but also reduces the
dependency on human operators.

In conclusion, the experimental results validate that the
proposed system provides a practical and effective
solution for modern monitoring challenges. It
successfully demonstrates how combining multiple
technologies into a single platform can enhance
performance and usability across defense, industrial, and
civilian domains. The system shows strong potential for
further development and real-world deployment,
especially with future improvements in processing
power, communication technologies, and Al capabilities.

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)

Page 5



Published by :
https://lwww.ijert.org/
An International Peer-Reviewed Jour nal

Efficiency (%)

(1]

[2]

(31

(4]
(5]
(6]
[7]

(8]
[°]

UAS Components
100
80
60 —
40 [—
20 —
20
0
GPS HD SDR  Processing Commun-
Module Camera  Module Unit cation
Module
REFERENCES

I. Bekmezci, O. K. Sahingoz, and §. Temel, “Flying Ad-Hoc
Networks (FANETS): A survey,” Ad Hoc Networks, vol. 11, no.
3, pp. 1254-1270, May 2013.

Y. Zeng, R. Zhang, and T. J. Lim, “Wireless communications
with unmanned aerial vehicles: Opportunities and challenges,”
IEEE Communications Magazine, vol. 54, no. 5, pp. 36-42, May
2016.

M. Hassanalian and A. Abdelkefi, “Classifications, applications,
and design challenges of drones: A review,” Progress in
Aerospace Sciences, vol. 91, pp. 99-131, 2017.

K. P. Valavanis and G. J. Vachtsevanos, Handbook of Unmanned
Aerial Vehicles, Springer, 2015.

R. W. Beard and T. W. McLain, Small Unmanned Aircraft:
Theory and Practice, Princeton University Press, 2012.

J. Mitola, “The software radio architecture,” IEEE
Communications Magazine, vol. 33, no. 5, pp. 26-38, May 1995.
S. Haykin, “Cognitive radio: Brain-empowered wireless
communications,” IEEE Journal on Selected Areas in
Communications, vol. 23, no. 2, pp. 201-220, Feb. 2005.

T. S. Rappaport, Wireless Communications: Principles and
Practice, 2nd ed. Pearson, 2002.

A. Goldsmith, Wireless Communications, Cambridge University
Press, 2005.

[10] J. G. Proakis and M. Salehi, Digital Communications, 5th ed.

[11]
[12]
[13]
[14]

[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]

McGraw-Hill, 2008.

M. Skolnik, Introduction to Radar Systems, 3rd ed. McGraw-Hill,
2001.

M. Richards, J. Scheer, and W. Holm, Principles of Modern
Radar: Basic Principles, SciTech Publishing, 2010.

R. C. Gonzalez and R. E. Woods, Digital Image Processing, 4th
ed. Pearson, 2018.

D. A. Forsyth and J. Ponce, Computer Vision: A Modern
Approach, 2nd ed. Pearson, 2012.

J. Redmon, S. Divvala, R. Girshick, and A. Farhadi, “You Only
Look Once: Unified, real-time object detection,” in Proc. IEEE
Conf. Computer Vision and Pattern Recognition (CVPR), 2016.

OpenCV, “Open Source Computer Vision Library,” [Online].
Available: https://opencv.org

PX4 Development Team, “PX4 Autopilot User Guide,” [Online].
Available: https://px4.io

ArduPilot Development Team, “ArduPilot Documentation,”
[Online]. Available: https://ardupilot.org

GNU Radio Project, “GNU Radio Documentation,” [Online].
Available: https://www.gnuradio.org

Ettus Research, “USRP Hardware Driver and SDR Platform,”
[Online]. Available: https://www.ettus.com

Raspberry Pi Foundation, ‘“Raspberry Pi Documentation,”
[Online]. Available: https://www.raspberrypi.org

NVIDIA, “Jetson Nano Developer Kit,” [Online]. Available:
https://developer.nvidia.com

B. Razavi, Fundamentals of Microelectronics, 2nd ed. Wiley,
2014.

A. S. Sedra and K. C. Smith, Microelectronic Circuits, 7th ed.
Oxford University Press, 2014.

IJERTV 1515070193

International Journal of Engineering Research & Technology (IJERT)
I SSN: 2278-0181
Vol. 15 Issue 07, July - 2026

[25] J. W. Nilsson and S. Riedel, Electric Circuits, 10th ed. Pearson,
2015.

[26] D. Halliday, R. Resnick, and J. Walker, Fundamentals of Physics,
10th ed. Wiley, 2013.

[27] J. D. Anderson, Fundamentals of Aerodynamics, 5th ed.
McGraw-Hill, 2010.

[28] S. F. Hoerner, Fluid-Dynamic Lift, Hoerner Fluid Dynamics,
1985.

[29] M. Keennon, K. Klingebiel, and H. Won, “Development of the
Black Widow Micro Air Vehicle,” in Proc. AIAA Conference,
2002.

[30] A. Ollero and I. Maza, “Multiple heterogeneous unmanned aerial
vehicles,” Springer Tracts in Advanced Robotics, vol. 37, 2007.

[31] Federal Aviation Administration (FAA), “Unmanned Aircraft
Systems Regulations,” [Online]. Available: https://www.faa.gov

[32] International Telecommunication Union (ITU), “Radio
Regulations,” [Online]. Available: https://www.itu.int

[33] IEEE Standards Association, “IEEE Standard for UAV
Communications,” IEEE Std 802.11, 2020.

Page 6

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



