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Abstract: This paper presents a practical approach to detecting and estimating vehicle speeds in real time using video
image processing techniques. The system utilizes object detection algorithms to identify vehicles in video frames and
calculates their speeds by analyzing motion between consecutive frames. Designed to be both cost-effective and
adaptable, this method provides a scalable solution for traffic monitoring and law enforcement applications. The
backbone of the system lies in feature extraction and motion analysis, which are optimized to handle varying
environmental conditions such as low lighting, adverse weather, and high traffic density. Frames extracted at regular
intervals are preprocesses to enhance quality and reduce computational load, while convolutional neural networks
(CNNs) enable the accurate detection of vehicles through learned spatial and temporal patterns. Speed estimation is
achieved by calculating the displacement of detected vehicles across frames, with calibrations accounting for camera
angles and dimensions. A key innovation of the proposed system is its modular architecture, allowing seamless
integration with smart city ecosystems and IoT-enabled traffic infrastructures. The real-time processing capability of the
system enables instant feedback for traffic regulation and speed enforcement, which can significantly reduce accidents
and ensure road safety.
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INTRODUCTION

Speeding is one of the leading contributors to road accidents, making real-time speed monitoring crucial for improving
safety and managing traffic. While radar- and lidar-based systems have proven effective, they come with significant
costs and can face challenges in difficult conditions. Video-based speed detection offers an affordable and versatile
alternative by using accessible camera technology combined with advanced image processing techniques. This paper
explores a system that leverages these advancements to accurately monitor vehicle speeds in real time, ultimately
supporting safer and more efficient traffic management. Speeding has consistently remained one of the most common
and dangerous factors contributing to road accidents worldwide. Every year, countless lives are lost, and severe injuries
occur due to vehicles exceeding safe speed limits. These incidents not only bring devastating consequences for
individuals and families but also place immense burdens on healthcare systems and infrastructure. Addressing the issue
of speeding has become a critical priority for governments, law enforcement agencies, and communities a like to mitigate
the risks associated with speeding, real-time vehicle speed monitoring has emerged as a vital tool.

METHODOLOGY

Capturing Video Data

The foundation of the system begins with the strategic placement of a stationary camera that oversees traffic on a specific
section of the road. This camera continuously records live footage, creating a steady stream of video data. The location
of the camera is chosen carefully to provide a clear and unobstructed view of the vehicles, ensuring optimal conditions
for subsequent analysis.

Preprocessing the Video Frames

Once the video is recorded, it is broken down into individual frames for detailed analysis. Preprocessing techniques are
applied at this stage to enhance the quality of the frames. This includes reducing noise, improving brightness, and
applying image filters that sharpen visual clarity. By refining the image quality, this step ensures that the data is clean
and suitable for accurate vehicle detection, especially under varying light or weather conditions.

Calculating Speed

The final step involves translating the observed movements of vehicles into real-world speed estimates.
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By measuring the displacement of vehicles in consecutive frames and combining this information with calibration data
(e.g., known distances in the video scene) and the frame rate of the video, the system can determine the speed of each
vehicle with precision. This step is critical for generating actionable data that can be used for traffic monitoring and
safety enforcement. Through this methodology, the system leverages a combination of hardware and cutting-edge
algorithms to deliver accurate, real-time vehicle speed measurements. Its design emphasizes adaptability, making it a
versatile tool for improving road safety and managing traffic more efficiently.

RESULTS AND DISCUSSION

This study introduces an innovative computer vision-based framework for real-time detection and estimation of vehicle
speeds. By leveraging advanced image processing algorithms, our system analyzes video footage of moving vehicles,
precisely identifying their presence and calculating their speeds. The proposed method has been rigorously evaluated
using a dataset derived from real-world traffic scenarios, revealing promising performance in terms of accuracy and
reliability.

RESULTS OVERVIEW

The experimental results demonstrate the high efficiency and precision of the proposed algorithm. The system achieved
an accuracy rate of 66% in detecting vehicles and 78% in estimating their speeds under various conditions, including
high-density traffic and lowvisibility settings. The results were consistent across multiple trials, underscoring the
robustness of the framework.

Strengths of the Approach
Compared to traditional speed estimation techniques such as radar-based or manually operated systems, the computer
vision-based approach offers several distinct advantages:

Cost-Effectiveness
The system requires only standard video cameras and computational resources, making it accessible to a wide range of
users, from law enforcement agencies to city planners.

Scalability
Its ability to handle multiple vehicles simultaneously without compromising accuracy ensures its suitability for urban
and highway traffic management.

Adaptability
The method can be easily integrated into existing intelligent transportation systems (ITS) and tailored to meet specific
regional or regulatory requirements.

Challenges and Limitations

Despite its notable performance, the system is not without limitations. Certain environmental factors, such as poor
lighting or obstructions in the video feed, can impact its accuracy. Future efforts will focus on incorporating additional
machine learning techniques to enhance its resilience in such scenarios. Additionally, privacy concerns regarding the
deployment of videobased traffic surveillance systems must be carefully addressed to ensure compliance with data
protection laws.

Potential Applications

The implications of this research are far-reaching. By providing reliable and real-time data on vehicle speeds, this
technology can significantly improve traffic flow and reduce the likelihood of accidents. Potential use cases include:

1. Traffic Control: Automated monitoring systems are capable of regulating traffic signals in real-time to improve
the flow of vehicles efficiently.

2. Law Enforcement: Speed violations can be detected and penalized with greater efficiency, fostering safer
driving behaviors

3. Intelligent Transportation Systems: The integration of this technology into ITS could pave the way for smart
cities, where traffic management is both proactive and efficient.
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CONCLUSION

This research proposes a video-based speed detection system that is not only innovative but also cost-effective and highly
scalable. It provides an alternative to traditional speed monitoring systems by leveraging widely available camera
technology and advanced image processing techniques. The results indicate that this approach holds great promise for
integration into modern smart traffic management systems. Moving forward, the focus will be on addressing more
complex traffic scenarios and enhancing the system’s reliability under diverse conditions.
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