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Abstract 

Urban areas face significant challenges in managing traffic congestion caused by heavy-load vehicles, 

hindering safe and efficient transportation. This study introduces an innovative method utilizing CCTV 

images and vehicle density analysis to identify trucks and large vans. The system employs the YOLO 

version 8 algorithm with Python, PyTorch, OpenCV, and Deep SORT to detect heavy-load vehicles in 

real-time and offer optimized routes to circumvent traffic jams. Through YOLO algorithms and vehicle 

density analysis, the system strategically directs heavy-load trucks across road networks, reducing 

congestion. Furthermore, the transportation management system improves overall traffic control by 

enforcing penalties for violations and ensuring lane adherence. This inventive approach shows promise 

in enhancing transportation efficiency and alleviating urban traffic congestion. 

 

Keywords: Large trucks causing traffic jams, YOLO algorithm for CCTV-based analysis, optimizing 

routes, and improving urban transportation efficiency 

 

1. Introduction 

Current technology and innovation have surpassed our imagination, yet there remain undiscovered and 

unexplored areas. In today's urban landscape, the increasing presence of heavy-load vehicles such as trucks 

and large vans significantly contributes to traffic congestion. This research introduces an innovative system 

aimed at managing traffic congestion caused by these vehicles. The system utilizes CCTV video analysis and 

advanced computer vision algorithms to detect heavy-load trucks and assess their impact on traffic density. 

Real-time data from strategically placed CCTV cameras across the road network enables the system to operate 

effectively. By analyzing vehicle density, particularly that of heavy-load trucks, the technology identifies 

potential congestion hotspots. It then optimizes routes for heavy-load vehicles to ensure even distribution and 

prevent concentration in lanes prone to traffic bottlenecks. The primary goal of the system is to enhance traffic 

flow and alleviate congestion caused by heavy-load vehicles. By considering the unique spatial requirements 

of these vehicles, the system recommends alternative lanes that offer adequate space and minimize the 

likelihood of traffic jams. This dynamic routing system ensures heavy-load vehicles are efficiently distributed 

across lanes, preventing congestion hotspots. Furthermore, the proposed system promotes sustainability by 

improving fuel efficiency and reducing emissions, thereby contributing to environmental sustainability and 

reduced fuel consumption. These advancements not only address traffic congestion but also align with broader 

goals of sustainable urban mobility. The increase in freight transportation, particularly through heavy-load 

vehicles like trucks and large vans, can be attributed to ongoing trends in urbanization and globalization. 
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Recent statistics indicate a significant global increase in the volume of goods transported by heavy-load 

vehicles, reflecting the growing demand for efficient urban goods movement. This surge in freight 

transportation has heightened challenges associated with heavy-load vehicle congestion. In recent years, urban 

areas have become increasingly interconnected, leading to a rise in the number of heavy-load vehicles 

navigating city streets. While this connectivity has facilitated global trade and commerce, it has also 

exacerbated traffic issues, especially in densely populated urban areas. Consequently, there is a pressing need 

for an effective system to manage the flow of these large vehicles to ensure smooth operations and minimal 

disruption to daily life. Studies consistently identify heavy-load vehicles as major contributors to urban traffic 

congestion. Research indicates that a significant portion of traffic delays and gridlocks can be attributed to 

the presence of these vehicles on roads. Their size and slower acceleration compared to passenger vehicles 

often impede traffic flow, leading to bottlenecks and increased travel times for commuters. This research 

proposes a novel system to address traffic congestion caused by heavy-load vehicles, leveraging CCTV image 

analysis and advanced computer vision algorithms. Real-time data from strategically placed CCTV cameras 

is used to detect heavy-load trucks and assess their impact on traffic density. By analyzing vehicle density, 

especially that of heavy-load trucks, the system identifies potential congestion points. 

 

Vehicle Type 

Size (Length x Width x 

Height) 

Weight 

(Approximate) Spatial Requirements 

Trucks 

25-30 feet x 8-9 feet x 

10-12 feet 

15,000-25,000 

lbs 

Require wider lanes for 

turning and parking. 

Load Trucks 

30-35 feet x 8-10 feet x 

12-14 feet 

25,000-40,000 

lbs 

Larger turning radius and 

parking space. 

Big Vans 

20-25 feet x 7-8 feet x 

9-10 feet 

10,000-15,000 

lbs 

Moderate lane width 

requirement. 

Table 1.1 A summary of the characteristics of heavy-load vehicles, including size, weight, and spatial 

requirements. 

 

2. Literature Review 

Reviewing past research and advancements in traffic management, particularly focusing on solutions for 

heavy-load vehicles, forms the literature review for the proposed heavy-load vehicle traffic congestion system. 

Various scholarly studies highlight the challenges posed by heavy trucks in urban traffic, emphasizing their 

larger spatial requirements and slower acceleration compared to other vehicles (1). Research indicates that 

heavy-load trucks frequently cause delays and congestion on urban roads, significantly impacting traffic flow. 

Effective management of heavy-load vehicle traffic requires innovative approaches tailored to their unique 

characteristics and influence on traffic dynamics. 

 

One prevalent research topic is the use of CCTV footage for real-time tracking of heavy-duty vehicles. Studies 

demonstrate the effectiveness of CCTV systems in capturing detailed visual data, enabling analysis of traffic 

patterns and accurate identification of heavy-load trucks (2). Intelligent traffic management systems have 

been developed using CCTV images and vehicle density data to optimize routes for heavy-load vehicles, 

thereby reducing congestion and improving overall traffic flow (3). Literature also discusses the importance 
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of offering alternative routes to heavy-load trucks to avoid traffic hotspots, ensuring a more equitable 

distribution of traffic across the road network and minimizing congestion on specific routes. 

 

Location Time Frame Congestion Level 

Intersection A Morning Rush Hour High 

Highway B Afternoon Moderate 

Downtown Area Evening Rush Hour High 

Bridge C Night Low 

Industrial Zone All day Moderate 

Table 2.1 Identifies the areas prone to heavy-load vehicle congestion based on real-time monitoring and 

analysis. 

The literature review underscores the critical need for innovative solutions to alleviate traffic congestion 

caused by heavy-load vehicles in metropolitan areas. This project aims to contribute to the development of an 

intelligent traffic management system that effectively controls heavy-load vehicle traffic and enhances urban 

mobility by synthesizing findings from previous research. Several other studies have also made significant 

contributions to understanding and managing traffic congestion caused by heavy-load vehicles, 

complementing those highlighted in the literature review (4). 

 

For instance, Smith et al. (2018) explored real-time monitoring of heavy-load truck movements using 

advanced sensor technologies like radar and LiDAR, demonstrating how these systems can optimize traffic 

flow and identify bottleneck areas accurately. Jones and Brown (2019) investigated predictive analytics to 

mitigate congestion caused by heavy-load vehicles, developing models to forecast traffic patterns and pre-

emptively address congestion hotspots (5). Research by Kim et al. (2019) and Garcia et al. focused on 

integrating vehicle-to-infrastructure (V2I) communication technologies with intelligent transportation 

systems (ITS) to enhance efficiency and coordination in heavy-load vehicle traffic operations (6). 

 

Additionally, Chen and Wang (2017) studied dynamic toll pricing systems as a method to manage traffic 

congestion caused by heavy-load vehicles, adjusting toll charges dynamically to incentivize rerouting and 

alleviate congestion on busy routes. These studies collectively highlight diverse approaches to optimizing 

heavy-load vehicle flow and enhancing urban traffic management. 

 

Zhang et al. (2023) explored the application of activity management technology to optimize heavy-load 

vehicle flow, emphasizing the potential of intelligent transportation systems (ITS) features such as adaptive 

signal control, dynamic route optimization, and real-time traffic monitoring to reduce congestion and improve 

overall traffic efficiency (9). They also discussed the importance of regulatory measures in controlling 

congestion caused by heavy-load vehicles, promoting mode shift and reducing single-occupancy vehicle trips 

through lane management strategies and congestion pricing systems (10). 
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The evolution of transportation technology reflects societal demands and economic development, evolving 

from animal-drawn carts to modern transportation systems that continuously adapt to meet growing 

population and economic needs. 

 

3. Proposed Methodology 

3.1. Preprocessing of CCTV Images  

In our proposed approach, preprocessing CCTV images is crucial for achieving accurate detection of 

significant vehicle traffic congestion. We employ advanced preprocessing techniques tailored to address 

various environmental conditions and challenges typical in urban traffic scenarios. These methods encompass 

contrast adjustments to optimize image quality, noise reduction filters to enhance image clarity, and image 

enhancement algorithms to improve visibility in low-light conditions. Additionally, we utilize image 

registration techniques to correct for camera motion and ensure consistent alignment of images across 

consecutive frames. By meticulously preparing CCTV images, we enhance the accuracy and reliability of 

subsequent congestion detection systems, facilitating more effective traffic management interventions. 

 
Fig 3.1 The illustration shows the preliminary phase of detection, where bounding boxes are used to identify 

and outline heavy-load vehicles. 

 

3.2. Implementation of YOLO Algorithm  

Our proposed system is anchored on utilizing the YOLO (You Only Look Once) algorithm for real-time 

detection of heavy vehicle traffic congestion. This algorithm excels in efficiency by processing entire images 

in a single pass, allowing for swift and accurate identification of congestion patterns. We harness the power 

of deep convolutional neural networks (CNNs) that form the foundation of YOLO to train the model using 

diverse datasets that encompass various heavy vehicle scenarios. Through rigorous training, the model 

becomes proficient in recognizing congestion patterns with exceptional precision, enabling proactive traffic 

management interventions. By integrating deep learning with real-time analysis, our system provides traffic 

authorities with timely insights into congestion dynamics. 
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Fig 3.2 Block Diagram of Heavy Vehicle Traffic Congestion Detection System. 

 

3.3.  Implementation of counters  

To enhance our system's capabilities in traffic management, we incorporate density estimation methods 

alongside congestion detection. Integrating these techniques with the YOLO (You Only Look Once) 

algorithm enhances the system's ability to provide nuanced insights into traffic flow dynamics. Density 

estimation is particularly effective for accurately assessing congestion levels by calculating the distribution 

of objects within images or video frames. Moreover, these approaches complement YOLO's object 

identification capabilities by offering insights into traffic density patterns over time. 

By detecting trends and variations in congestion, our system enables more dynamic and adaptive congestion 

management strategies. This capability allows transportation planners and traffic authorities to better 

understand traffic flow dynamics, facilitating proactive measures to alleviate congestion and informed 

decision-making. During integration, density estimation techniques are applied to regions following the 

identification and localization of objects of interest within the image using the YOLO algorithm. 

Furthermore, combining density estimation with YOLO enhances the robustness and reliability of congestion 

identification, especially in challenging scenarios such as congested urban intersections or complex traffic 

environments with overlapping object trajectories. 
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4. Results And Discussions 

4.1. Cutting-Edge Object Detection Framework YOLOv8 

The advanced YOLO version 8 was chosen as the core algorithm for our heavy-load vehicle traffic congestion 

monitoring system due to its renowned status as a state-of-the-art object identification framework. YOLO 

version 8 introduces significant enhancements in model architecture and training methodologies, while 

leveraging the strengths of its predecessors. Its innovative architecture enables rapid and accurate analysis of 

entire videos in a single pass, facilitating the most precise real-time object recognition. 

This system represents a forefront in object identification technology, utilizing YOLO version 8 to effectively 

detect heavy-load trucks across various traffic scenarios and weather conditions. Its robustness and reliability 

make it particularly suitable for urban traffic control systems where timely and accurate vehicle recognition 

is critical. By deploying YOLO Version 8, we demonstrate our commitment to leveraging cutting-edge 

technology for efficient traffic management. This advancement enhances accuracy and real-time processing 

capabilities, thereby revolutionizing the identification and management of congestion caused by heavy-load 

trucks. 

 
Fig 4.1 The output illustrates the real-time analysis of CCTV images, vehicle density data, Traffic 

congestion with timings and showcasing the violation detection. 

Furthermore, integrating density estimation methods with YOLO enhances the system's resilience and 

dependability in challenging situations, such as congested urban intersections or complex traffic environments 

with overlapping object trajectories. 

 

4.2. The Uniqueness of Approach 

The integration of each framework and technology contributes distinct capabilities that define the overall 

approach. YOLO version 8 is complemented by Python-based tools such as PyTorch, OpenCV, and Deep 

SORT, creating a synergistic ecosystem that maximizes the strengths of each component. This comprehensive 

approach enables essential functionalities like thorough traffic analysis, route optimization, and lane 

monitoring, crucial for effective congestion management. 

Moreover, the innovative utilization of YOLO version 8 in our system represents a significant advancement 

in traffic congestion monitoring. While previous iterations of YOLO have been widely adopted, the adoption 
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of the latest version underscores our commitment to leveraging cutting-edge technology and continually 

enhancing system performance. 

 

4.3.  Comparative analysis of Accuracy Rates 

The research evaluates the efficiency of heavy-load vehicle detection primarily based on accuracy rates. 

Through extensive testing and comparative analysis with earlier versions such as YOLO version 5, YOLO 

version 8 has demonstrated superior performance. YOLO version 8 achieves an observed accuracy rate of 

0.62, compared to 0.58 for YOLO version 5, marking a significant improvement. This enhanced accuracy 

significantly enhances the effectiveness of traffic management strategies and reinforces the reliability of our 

system. 

The improved detection capabilities of YOLO version 8 enable more precise identification and monitoring of 

heavy-load vehicles, facilitating better decision-making and more effective congestion-reduction measures. 

This study underscores the originality of our approach, providing a detailed explanation of the algorithm 

employed and highlighting the comparative accuracy rates. These findings underscore the importance of our 

research in advancing the field of heavy-load vehicle traffic congestion detection and management. 

 

5. Conclusion 

The YOLO version 8 algorithm represents a significant technological leap forward in heavy truck traffic 

congestion monitoring systems. By harnessing the advanced capabilities of YOLO version 8, our system 

achieves a remarkable level of accuracy in detecting large-load vehicles such as trucks, heavy-duty trucks, 

and large vans. This heightened precision is crucial for effectively managing traffic congestion, ensuring every 

vehicle is promptly and accurately identified in real-time. 

Moreover, the use of YOLO version 8 streamlines the analysis of CCTV footage and vehicle density data, 

allowing for quick and efficient processing. The substantial increase in accuracy, with our system achieving 

an accuracy rate of 0.62, demonstrates the superiority of YOLO version 8 over earlier architectures like YOLO 

version 5. This improved accuracy is pivotal for enhancing the reliability and efficacy of traffic management 

strategies, including route optimization and lane monitoring. 

Ultimately, our objective is to contribute to the development of safer and more efficient urban transportation 

networks. By prioritizing seamless traffic flow and the safety of all road users, our system aims to set new 

standards in heavy-load vehicle detection and traffic congestion management. 
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