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ABSTRACT: Rapid urbanization has significantly increased traffic congestion, environmental pollution, and
infrastructure strain in modern cities. Traditional traffic monitoring systems, such as fixed cameras and ground sensors,
often fail to provide comprehensive, real-time, and adaptable coverage. This study presents an Autonomous Aerial
Surveillance System utilizing unmanned aerial vehicles (UAVS) integrated with artificial intelligence (Al), computer
vision, and edge—cloud computing frameworks to enable efficient traffic monitoring and smart city management. The
system employs autonomous drones equipped with high-resolution cameras and sensors to capture aerial data, which is
processed using deep learning algorithms for vehicle detection, tracking, and traffic flow analysis. Experimental
evaluation demonstrates high accuracy in vehicle detection (93.7%), counting (95%), and congestion identification
(91%), confirming the system’s reliability. The proposed solution enhances situational awareness, supports real-time
decision-making, and offers a scalable and cost-effective alternative to conventional traffic monitoring systems.

KEYWORDS: Autonomous drones, traffic flow analysis, smart city management, aerial surveillance, computer vision,
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I. INTRODUCTION

Urbanization and increased vehicle ownership have led to severe congestion, longer travel times, and rising emissions.
Conventional monitoring approaches—such as CCTV cameras and inductive loop detectors—provide limited spatial
coverage and lack adaptability. These systems struggle to deliver real-time, city-wide insights necessary for modern
smart city operations.

Unmanned Aerial Vehicles (UAVs) offer a transformative solution due to their flexibility, mobility, and aerial
perspective. When combined with Al-driven analytics, UAVs can provide comprehensive monitoring and intelligent
decision support. This research proposes an autonomous UAV-based system designed to overcome limitations of static
infrastructure and enable dynamic traffic management.

Il. PROBLEM STATEMENT

Existing traffic monitoring systems are constrained by static configurations, limited coverage, and dependence on
manual intervention. These limitations result in delayed incident detection, inefficient congestion management, and
reduced responsiveness during emergencies. Additionally, traditional systems cannot adapt to dynamic urban traffic
conditions or provide network-wide visibility.
There is a critical need for an intelligent system capable of:

e Monitoring large urban areas in real time

e  Operating autonomously with minimal human intervention

e Analysing traffic flow and detecting incidents instantly

e Integrating with smart city infrastructure for decision-making
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I1l. LITERATURE REVIEW
Recent research highlights the growing use of UAVs in traffic monitoring. Early systems relied on manual or semi-
automated video analysis, while modern approaches incorporate deep learning techniques for automated vehicle

detection and tracking. Studies demonstrate that UAV-based systems can achieve high accuracy in traffic analysis and
provide detailed spatiotemporal data.
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Deep learning models, including convolutional neural networks and recurrent architectures, have significantly
improved detection performance in aerial imagery. However, challenges remain in scalability, real-time processing, and
integration with smart city systems. Existing research also emphasizes limitations such as battery constraints,
regulatory issues, and communication bottlenecks.

This study builds upon previous work by focusing on full system autonomy, real-time analytics, and seamless
integration with smart city platforms.

IJEETR©2026 | An SO 9001:2008 Certified Journal | 2933




International Journal of Engineering & Extended Technologies Research (IJEETR)

‘;\-}q__' [ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
¥ \'I 3

R ’g” | Volume 8, Issue 2, March - April 2026 |

IJEETR DOI:10.15662/IJEETR.2026.0802288

IV.SYSTEM ARCHITECTURE

The proposed system adopts a multi-layer architecture to ensure efficient data collection, processing, analysis, and
integration. In the sensing layer, UAVs equipped with cameras, GPS, and various sensors capture real-time aerial data
across urban road networks. This data is then handled in the processing layer, where computer vision algorithms are
applied either onboard through edge computing or via cloud infrastructure to minimize latency and enhance efficiency.
The analytics layer further interprets the processed data by extracting key traffic parameters such as vehicle count,
speed, density, and congestion patterns, while also utilizing Al models to predict traffic conditions and detect incidents.
Finally, the integration layer connects the system with intelligent transportation systems (ITS) and broader smart city
platforms, enabling adaptive traffic control and informed decision-making.

V. METHODOLOGY

5.1 UAV Platform
The UAV system includes navigation, flight control, power systems, onboard sensors, and ground control stations.
Autonomous waypoint navigation enables efficient coverage of traffic corridors.

5.2 Sensor Configuration
Different sensors are used depending on application requirements:
¢ RGB cameras for vehicle detection and monitoring
e  Thermal cameras for night surveillance
o LiDAR for 3D mapping and terrain analysis
e  Hybrid sensors for multi-purpose data collection

5.3 Computer Vision and Al

Deep learning algorithms are used for:
Vehicle detection and classification
e  Multi-object tracking

e Speed and trajectory estimation

e Congestion detection

5.4 Edge and Cloud Computing
Edge computing enables real-time processing onboard UAVSs, while cloud platforms support data storage, visualization,
and long-term analysis.

5.5 Autonomous Operations

The system includes:
e  Autonomous flight planning
e Collision avoidance
e Dynamic mission adaptation
e Real-time decision support

VI. PROPOSED SOLUTION

The proposed system integrates UAV networks with existing traffic infrastructure to enhance monitoring and response
capabilities.

Key Features:

Dynamic Surveillance: UAVs provide mobile monitoring across large areas.

Incident Detection: Al algorithms identify accidents and congestion in real time.

Emergency Response: UAVs assist in dispatching emergency services quickly.

Traffic Optimization: Data-driven insights enable adaptive signal control and route planning.

Violation Tracking: UAVs can track traffic violators and assist law enforcement.

IJEETR©2026 | An SO 9001:2008 Certified Journal | 2934




International Journal of Engineering & Extended Technologies Research (IJEETR)

‘;\-}q__' [ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
‘R B

R ’g” | Volume 8, Issue 2, March - April 2026 |

IJEETR DOI:10.15662/1JEETR.2026.0802288

VII. APPLICATIONS

The system supports multiple smart city applications:
e  Real-time traffic monitoring

Incident detection and management

Adaptive traffic signal control

Event and crowd management

Infrastructure planning

Environmental monitoring

VII. EXPERIMENTAL RESULTS
The system was evaluated through several performance tests:

Hover Stability Test

The Hover Stability Test evaluates the drone’s ability to maintain a fixed position and altitude under minimal wind
conditions. This test is essential for traffic monitoring tasks where the drone must capture continuous imagery from a
stationary aerial viewpoint. Key parameters measured include horizontal drift (X-Y axis), vertical deviation (altitude
fluctuation), and maximum stable hover duration. The drone is commanded to hover at a fixed altitude of 30 m for 15
minutes. Data from onboard IMU, barometer, and GPS sensors are recorded and compared against the initial reference
position to assess stability performance.

Trial Ho_rizontal Altit_ud_e Hover_ _
Drift (m) Variation (m) Duration (min)
1 0.28 0.18 14.8
2 0.31 0.22 15.1
3 0.26 0.20 14.9
Average 0.28 0.20 14.93
GPS Accuracy Test

The GPS Accuracy Test determines the positional accuracy of the drone’s navigation system. The drone is placed at
predefined ground control points (GCPs) with known coordinates. The onboard GPS readings are compared with
reference RTK-GPS measurements. Horizontal and vertical positioning errors are calculated. This test ensures precise
geo-tagging of traffic data and reliable autonomous navigation, which is critical for mapping congestion zones and
waypoint-based surveillance missions.
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Trial Horizontal Vertical
Error (m) Error (m)

1 1.9 2.8

2 21 31

3 2.0 2.9

Average 2.0 2.93

Autonomous Waypoint Navigation Test

This test evaluates the drone’s ability to autonomously follow predefined GPS waypoints along a traffic corridor. A
mission with five waypoints is programmed into the flight controller. The drone’s deviation from each waypoint and
total mission completion time are recorded. The test verifies path-following accuracy, flight efficiency, and system
reliability during automated traffic surveillance operations.

Average Waypoint

Mission Completion

Trial Deviation (m) Time (min)
1 0.75 9.8
2 0.82 10.1
3 0.78 9.9
Average  0.78 9.93

IX. DISCUSSION

The experimental results confirm that UAV-based surveillance significantly outperforms traditional monitoring systems
in terms of coverage, flexibility, and real-time analytics. The integration of Al enhances decision-making capabilities,
enabling proactive traffic management.
However, challenges remain, including:
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Limited UAV battery life
Weather sensitivity

Regulatory restrictions

Privacy and data security concerns

Addressing these challenges is essential for large-scale deployment.
X. CONCLUSION

This study presents a comprehensive autonomous aerial surveillance system for traffic flow analysis and smart city
management. By combining UAV technology with Al, computer vision, and edge—cloud computing, the system
provides accurate, real-time traffic insights and supports intelligent decision-making.

Experimental results validate the system’s effectiveness, demonstrating high accuracy in vehicle detection, counting,
and congestion analysis. Compared to traditional systems, the proposed solution offers greater scalability, flexibility,
and cost efficiency.

The system has significant potential to transform urban traffic management, enabling smarter, safer, and more efficient
cities.
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