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ABSTRACT:

Contemporary urban transportation infrastructure is increasingly exposed to traffic jams, road incidents, and violation of traffic laws. Conventional
surveillance systems that use fixed-point cameras and the human eye prove to be lacking in terms of flexibility, holism, and real-time processing. This
manuscript introduces an artificial intelligence- driven highway surveillance system via a drone approach using the DJI Tello drone and the YOLOv8 object
detection for instant traffic monitoring. The system is capable of detecting and classifying vehicles, detecting traffic lights, identifying possible infractions,
and delivering actionable information to traffic authorities. Through the combination of advanced artificial intelligence with aerial monitoring, this system
hopes to improve road safety, optimize traffic, assist law enforcement, and promote sustainable urban mobility.

Keywords - Surveillance of Highway, YOLOvV8, Monitoring via Drones, Management of Traffic, Al-based Watch, Smart City, UAV, Edge
Computing

INTRODUCTION

With growing cities and increasing vehicle counts, traffic management on highways is confronted with unprecedented challenges. Growing
congestion, unpredictable road accidents, and increased traffic offenses require more effective, responsive, and intelligent surveillance systems.
Conventional surveillance methods like fixed cameras and manual monitoring are usually ineffective owing to their fixed locations and restricted
coverage.

Recent developments in drone technology, coupled with Al-based object detection, provide a viable alternative. Drones offer dynamic aerial
perspectives, while advanced Al architectures such as YOLOVS8 provide fast and accurate detection of vehicles, traffic lights, and possible road
accidents in real time. This work seeks to create a drone-based surveillance system that fills the gap between traditional fixed surveillance systems
and contemporary intelligent systems, enhancing traffic flow and road safety.

BACKGROUND

Urban growth and increasing economic activity have resulted in increased use of vehicles, which puts tremendous pressure on highway
infrastructure. Conventional traffic management systems, while working, tend to lack scalability and flexibility. Traffic authorities thus find it
challenging to detect accidents early, control congestion, and regulate traffic effectively.

Al-driven drones offer a good solution through the provision of flexibility, real-time analysis, and wider coverage monitoring. With computer
vision models such as YOLOVS, these systems can dynamically monitor traffic components, minimize human involvement, and allow for quick
response to traffic incidents.

LITERATURE REVIEW

There have been various studies and technological innovations that have shaped the creation of Al-driven drone-based traffic monitoring systems:

. Redmon et al. (2016) presented the YOLO (You Only Look Once) algorithm, showing real- time object detection ability, which
transformed Al-aided traffic surveillance [1].

. Ren et al. (2017) developed Faster R-CNN, which boosted detection precision but was constrained by computational intensity [2].

. Liu et al. (2016) created SSD (Single Shot MultiBox Detector), which enhanced speed and precision but was hindered by small o bject
detection [3].

. Giusti et al. (2021) investigated drone monitoring in transportation infrastructure, demonstrating the capability of dynamic traffic
monitoring with drones [4].
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. Sahu et al. (2018) compared conventional traffic monitoring constraints and emphasized the application of UAVs in enhancing
surveillance range and efficiency [5].

e  Zhouetal. (2020) discussed the integration of UAVs and Al for real-time traffic anomaly detection, stressing the importance of dynamic
surveillance systems [6].

. Li et al. (2019) studied drone-based accident detection, emphasizing prompt response to incidents [7].

e  Patel etal. (2021) utilized YOLO for vehicle and pedestrian detection in cities [8].

e Almalki et al. (2022) designed multi-UAV coordination systems to improve surveillance coverage and remove blind areas [9].

. Sakaridis et al. (2019) examined vision-based detection during bad weather conditions, and in doing so identified limitations in drone
surveillance [10].

These investigations as a whole form the basis for combining drones and Al-driven object detection with intelligent traffic monitoring systems.

CURRENT TRENDS IN DRONE-BASED TRAFFIC SURVEILLANCE

Modern drone-based traffic surveillance systems are rapidly evolving, incorporating advanced technologies to enhance their intelligence, responsiveness,
and effectiveness. Here are some of the most influential trends shaping the field today:

e  Edge Of Al Processing Of The Model:

Instead of sending all video data to aremote server, drones now process it onboard using edge Al. This significantly reduces the time
it takes to detect incidents or classify vehicles, enabling real-time decision-making—even in areas with limited network connectivity.

e  Multi-UAV Coordination:  .Multiple drones can now work together in coordinated swarms, intelligently dividing their monitoring
zones to cover large areas more efficiently. This technique helps eliminate blind spots and boosts system reliability in dense or complex
road networks.

. loT and Smart City Integration: By integrating with smart city infrastructure—Ilike connected traffic lights, road sensors, and
public transport systems—drone surveillance becomes part of a larger, unified traffic management ecosystem. This synergy improves
real-time data sharing and traffic flow optimization.

. Behavioral Analysis Of The Model: Al algorithms can now assess driver behavior from aerial footage. They can detect patterns of
aggressive driving, frequent lane changes, or distracted driving, which can be flagged for further inspection or real-time alerts to
authorities.

. Emergency Response Systems: Drones equipped with real-time detection capabilities can instantly identify traffic accidents or
breakdowns and notify emergency services. This rapid response can reduce casualties and help restore normal traffic conditions faster.

METHODOLOGY
System Design and Implementation

The smart surveillance system is built around the DJI Tello drone, a compact and cost-effective UAV capable of streaming 720p video. Its portability
makes it ideal for urban and highway scenarios, where fixed cameras often miss critical angles or areas.
At the heart of the system is YOLOVS, a cutting- edge deep learning model known for its real-time object detection capabilities. It has been trained
to accurately identify vehicles, traffic lights, and detect traffic violations from aerial footage. This ensures quick and precise monitoring of high-
speed traffic environments.
The software side is powered by a blend of robust tools:

. Flask serves as the web framework, handling data flow between the drone, Al, and user interface.

. OpenCV isused to extract and prepare individual video frames from the live feed.

. PyTorch runs the YOLOvV8 model, allowing for efficient processing and real-time inference.
Once video is captured, frames are extracted and analyzed to identify objects. Detected elements are tagged with bounding boxes and classification
labels. The system then analyzes these results to determine traffic density, flag congestion hotspots, and detect any abnormal behavior, such as
vehicles violating signals or entering restricted zones.
All of this is visualized on a user-friendly web dashboard, offering live footage with overlays, traffic metrics, and automatic alerts. This interface
empowers traffic control teams to respond to incidents quickly, reduce congestion, and improve safety across monitored zones.
What makes the system truly powerful is its adaptability.Unlike traditional surveillance setups that rely on static infrastru cture, this drone-based
approach provides flexible, scalable, and mobile monitoring, making it a valuable asset for modern smart cities.

Real-time Features
e Vehicle counting and classification.

e  Traffic light recognition.
e Alert generation for traffic authorities.
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CHALLENGES AND LIMITATIONS

While the proposed drone-based surveillance system brings innovation and flexibility to traffic monitoring, it also faces a few practical and technical
challenges:

1.1 Weather Sensitivity:

Drones like the DJI Tello are lightweight and can be significantly affected by weather conditions such as strong winds, rain, or fog. These elements
reduce both flight stability and visibility, impacting video quality and detection accuracy.

1.2 ShortFlight Duration:

The Tello drone has a limited battery life, typically lasting under 15 minutes per flight. This restricts the monitoring duration and requires frequent
recharging or battery swaps, which could interrupt continuous surveillance.

1.3 Privacy and Legal Concerns:
Since the system involves live aerial monitoring of public roads, it raises privacy issues. Ensuring that data collection complies with legal
standards and respects citizens’ rights is critical for ethical deployment.

1.4 Computational Load:

Real-time video processing and Al inference require considerable computing resources. Although efficient, YOLOVS8 still demands
substantial processing power, especially for continuous monitoring across high-traffic areas.

1.5 Regulatory Restrictions:

Drone operations, especially in urban or highway environments, are tightly regulated. There are often airspace restrictions, licensing
requirements, and no-fly zones that limit when and where UAVs can be deployed safely and legally.

FUTURE TRENDS AND UPGRADES

To enhance the efficiency, scalability, and intelligence of drone-based surveillance systems, several emerging technologies are on the horizon. These
innovations aim to address current limitations while unlocking new capabilities:

. 5G Connectivity To The Model: Integrating 5G networks will drastically reduce communication latency between drones, servers, and
dashboards. This ultra-fast, reliable connection will support real-time video streaming, Al processing, and faster alert generation, even in high-
traffic urban zones.

. Al-Driven Predictive Analytics: By analysing historical traffic data and patterns, Al can forecast congestion before it happens. This
allows authorities to proactively manage traffic flow and optimize routes, moving from reactive monitoring to intelligent prevention.

. Next-Generation Drone Designs: Future drones may be powered by solar energy or feature hybrid power systems, significantly extending
their flight time. These upgrades would enable long-duration surveillance missions without frequent battery changes, improving coverage and
operational efficiency.

e V2X(Vehicle-to-Everything) Communication: With V2X integration, drones can communicate directly with smart vehicles, traffic lights, and
infrastructure. This creates a connected ecosystem where drones not only observe but also exchange data, helping vehicles make safer and
smarter driving decisions.

. EdgeComputing: Instead of relying on remote servers, edge computing allows drones to process data onboard. This reduces latency, minimizes
network load, and ensures that critical decisions (like detecting an accident) happen instantly—even if connectivity is lost.
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SUSTAINABLE DEVELOPMENT GOALS (SDG) ALIGNMENT

The system is aligned with anumber of UN SDGs:
. SDG 3: Improves road safety and lowers accident rates.
. SDG 9: Facilitates innovation in traffic infrastructure.
. SDG 11: Encourages sustainable urban mobility.
. SDG 13: Aids in the reduction of emissions by alleviating traffic congestion.
. SDG 16: Enhances law enforcement efficiency on highways.
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CONCLUSION AND FUTURE SCOPE

This paper introduces an Al-powered drone surveillance system based on YOLOV8 for smart highway monitoring. The system upgrades traditional
traffic surveillance with adaptive coverage, real-time analysis, and actionable insights for traffic management authorities. Future enhancements
will target higher detection accuracy under adverse conditions, the integration of predictive analytics, the use of multi-drone fleets, and privacy-
preserving techniques.
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