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Abstract Road traffic safety is a critical concern worldwide, with overspeeding being one of the leading causes 
of fatal accidents. Traditional speed detection methods, such as radar guns and induction loop sensors, while 
effective, often require manual operation, are expensive to maintain, and lack scalability. This research proposes 
an automated, cost-effective, and intelligent system that uses computer vision and deep learning techniques to 
detect and report overspeeding vehicles in real time, without the need for physical speed-detection hardware. 
The proposed system employs video surveillance input, such as from closed-circuit cameras or drones, to 

continuously monitor vehicular movement on roadways. Vehicle detection and tracking are performed using 
YOLOv8 (You Only Look Once), a state-of-the-art deep learning model known for its real-time object detection 
accuracy and speed. The system calculates vehicle speed based on positional changes between video frames 
using the calibrated dimensions of the camera view and timestamps. If a vehicle exceeds the predefined speed 
threshold, the system captures the vehicle’s license plate using Optical Character Recognition (OCR) integrated 
with automatic license plate recognition (ALPR) modules. The captured data—speed, timestamp, vehicle image, 
and license plate number—are automatically logged and sent to a centralized reporting system. This data can be 
further relayed to law enforcement or traffic management authorities for action. The system is designed to 

operate 24/7, handle multiple vehicles simultaneously, and work under various lighting and weather conditions. 
Extensive testing was conducted on urban traffic video datasets, and the system demonstrated high accuracy in 
both speed estimation and license plate recognition. The results validate the system’s potential to serve as a non-
intrusive, scalable, and intelligent alternative to traditional speed monitoring methods.This study contributes to 
smart traffic enforcement by offering a practical and automated approach to reducing overspeeding-related 
accidents, thereby improving road safety and compliance. 
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1. INTRODUCTION 

Road traffic safety is a critical aspect of modern transportation systems, with overspeeding identified as 

one of the most common and dangerous traffic violations worldwide. According to the World Health 

Organization (WHO), speeding contributes to nearly one-third of all fatal road accidents. As urban 

populations grow and vehicle density increases, ensuring road safety has become more complex and 

demanding. Traditional speed enforcement mechanisms such as speed guns, radar detectors, and 

induction loop sensors are widely used but present several limitations. These methods often require 

manual operation, are expensive to install and maintain, and are typically limited to fixed locations, 

making them less effective for wide-scale or continuous traffic monitoring. 

 

In response to these limitations, there has been a growing interest in leveraging advancements in 

computer vision and deep learning to create automated, scalable, and cost-effective solutions for traffic 

law enforcement. These technologies have shown significant potential in tasks such as object detection, 

tracking, and pattern recognition, which are crucial for monitoring and analyzing vehicular behavior. 

With the advent of powerful real-time object detection models like YOLO (You Only Look Once) and 

improvements in Optical Character Recognition (OCR) techniques, it is now possible to design systems 
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that can detect vehicles, measure their speed, and recognize license plates with a high degree of 

accuracy—all through video surveillance. 

 

This research aims to develop an automated system that utilizes video input from traffic cameras to detect 

and track vehicles, estimate their speeds, and identify instances of overspeeding. The system uses 

YOLOv8, a state-of-the-art deep learning model for object detection, to identify and follow vehicles in 

real time. By analyzing the change in vehicle position across successive frames and correlating it with 

time stamps and camera calibration data, the system accurately calculates vehicle speeds. If a vehicle is 

found to be exceeding the legal speed limit, its image is captured and processed using OCR for automatic 

license plate recognition (ALPR). The collected data—including vehicle speed, license plate number, 

date, and time—is then stored and can be transmitted to law enforcement agencies or integrated into 

smart traffic management platforms. 

 

The motivation behind this project is to provide a non-intrusive, intelligent, and scalable solution that 

can be deployed across cities and highways to enforce speed limits more effectively. Unlike traditional 

methods, this approach does not require physical interaction with the road, such as the installation of 

induction loops or sensors. It also enables continuous, 24/7 monitoring, which is essential for urban areas 

experiencing high traffic volumes at all hours. Furthermore, it supports the concept of smart cities by 

integrating with existing infrastructure and digital platforms to enhance real-time decision-making and 

response. 

 

Several challenges must be addressed in developing such a system, including variations in camera angle, 

lighting conditions, weather, occlusions, and the diversity of vehicle types and speeds. The use of robust 

deep learning models and image processing techniques helps mitigate these issues by offering 

adaptability and improved generalization. Additionally, the system is designed to handle multiple 

vehicles simultaneously, making it suitable for crowded urban settings. 

 

In conclusion, this research contributes to the growing field of intelligent transportation systems (ITS) 

by demonstrating the feasibility of a computer vision-based approach to speed monitoring. By 

automating the detection and reporting process, the proposed system not only reduces the burden on 

human enforcement but also increases the accuracy and reliability of speed violation detection. 

Ultimately, it has the potential to significantly enhance road safety, reduce accidents caused by 

overspeeding, and support the development of smarter, safer cities. 

 

2. LITERATURE SURVEY 
The increasing need for intelligent and automated road traffic enforcement systems has spurred 

significant research interest in using computer vision and deep learning to detect and report overspeeding 

vehicles. Traditional methods, such as radar guns, induction loops, and speed cameras, have limitations 

in scalability, cost-efficiency, and real-time adaptability. In response, researchers have explored the 

potential of video-based solutions powered by deep learning algorithms, particularly for vehicle 

detection, speed estimation, and license plate recognition. This literature survey synthesizes key findings 

from recent academic studies that contribute to the development of such intelligent systems, highlighting 

progress, methodologies, and current challenges. 

 

Llorca et al. (2021) in their comprehensive survey on vision-based vehicle speed estimation techniques, 

outline three primary approaches: optical flow-based, object tracking-based, and single-frame 

regression-based methods. They emphasize that object tracking combined with calibrated camera 

parameters yields the most reliable results for speed estimation. Their study concludes that advancements 

in deep learning object detectors like YOLO and Faster R-CNN have significantly improved the accuracy 
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and efficiency of visual traffic monitoring systems, laying the foundation for automated speed 

enforcement applications. 

 

Expanding on this, Hernández Martínez et al. (2021) explored the use of synthetic data from simulators 

such as CARLA to train deep neural networks, including CNN-GRU and 3D-CNN, for vehicle speed 

estimation. This work highlighted the advantages of using simulated data to overcome real-world data 

limitations such as cost, labeling effort, and variability in conditions. Their results demonstrated that 

even with synthetic training, the models could achieve competitive performance when transferred to real-

world video data, suggesting the potential of transfer learning and domain adaptation for traffic 

surveillance tasks. 

 

In a more application-driven context, a study published in MDPI Electronics (2023) presented a real-

time deep learning framework for detecting overspeeding vehicles. Using YOLO-based object detection 

and post-processing algorithms for speed calculation, the authors showcased a system capable of running 

efficiently on low-cost embedded devices such as Raspberry Pi or Jetson Nano. Their model could 

simultaneously detect multiple vehicles, estimate their speed using displacement over time, and issue 

alerts when vehicles exceeded the defined speed threshold. This approach aligns with real-time 

enforcement needs in smart cities and supports scalability across different environments. 

 

Hu et al. (2018) introduced the SINet model (Scale-Insensitive Network), addressing a common 

challenge in vehicle detection: scale variance due to different camera angles and distances. SINet 

employs a multi-branch architecture that improves detection accuracy for vehicles of varying sizes while 

maintaining fast inference times (up to 37 FPS). Such models are crucial for effective overspeeding 

systems that must detect vehicles reliably regardless of position or scale in a video frame. The work 

underscores the importance of robustness in object detection as a prerequisite for downstream tasks like 

speed estimation and license plate recognition. 

 

The EURASIP Journal on Image and Video Processing featured a 2018 paper that proposed a CNN-

based highway vehicle detection algorithm optimized through feature fusion techniques. The researchers 

demonstrated how combining multiple feature maps from different layers improved the detection of 

small or partially occluded vehicles. Their approach offered high precision in real-world highway footage 

and set the groundwork for integrating vehicle detection with motion tracking algorithms to estimate 

speed without hardware-based sensors. 

 

Wang et al. (2017) proposed "Evolving Boxes," a novel framework that refines vehicle detection by 

generating adaptive bounding boxes through feature evolution. This two-stage process helps in 

improving localization and detection confidence. The framework showed a 9.5% improvement in mean 

average precision over Faster R-CNN on vehicle datasets. The authors highlighted that accurate 

bounding box placement is critical for computing vehicle displacement across frames, which is 

fundamental for speed calculation in video-based systems. 

 

Another relevant study by Ojala et al. (2022) tackled the challenge of motion detection and classification 

in ultra-fast road user detection systems. They introduced a multi-object tracking method capable of 

functioning under varying lighting and traffic conditions. The framework demonstrated that reliable 

vehicle tracking across frames significantly improves motion estimation, which in turn enhances speed 

detection accuracy. Their work also pointed to the importance of high frame rate processing for 

minimizing speed estimation errors. 

 

Wilson and York (2024) explored deep learning algorithms such as Tracktor, DeepSORT, and ByteTrack 

for vehicle detection and tracking in surveillance video streams. Their comparative analysis showed that 
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newer tracking-by-detection frameworks like ByteTrack provided more consistent performance in 

crowded urban scenarios. The study emphasized that reliable tracking is a prerequisite for accurate speed 

estimation, especially in systems designed to function in multi-lane or congested traffic conditions. 

 

In the context of autonomous driving, a review paper published in MDPI Sensors (2024) evaluated 

various semantic segmentation and detection methods for vehicle recognition, such as Mask R-CNN and 

DeepLab. While focused on autonomous vehicles, the reviewed techniques have direct applicability to 

traffic surveillance. The paper advocated for hybrid models that combine segmentation with object 

tracking to enhance detection under challenging conditions like occlusion, low light, or poor weather—

scenarios that a robust overspeeding detection system must handle. 

 

Lastly, Llorca et al. (2021) revisited the topic of vision-based speed estimation with a deeper focus on 

the mathematical models and calibration techniques necessary for accurate real-world deployment. They 

highlighted that precise camera calibration is crucial when computing real-world distances from 2D 

video frames, especially in applications where legal enforcement is involved. The study suggests 

integrating adaptive calibration methods to account for camera displacement, vibrations, and dynamic 

angles in real-world deployments. 

 

Key Themes and Contributions 

Across the surveyed literature, several common themes emerge. First, the adoption of deep learning-

based object detection (e.g., YOLO, Faster R-CNN) has significantly improved the reliability of vehicle 

identification in traffic footage. Accurate detection is the first step in any vision-based speed monitoring 

system, making this a foundational technology. 

 

Second, multi-object tracking plays a critical role in estimating vehicle speed. Systems that rely on 

temporal displacement must track vehicles frame-to-frame with high accuracy. Models like DeepSORT 

and ByteTrack are repeatedly cited for their robustness and real-time performance in tracking multiple 

vehicles simultaneously. 

 

Third, synthetic data and transfer learning are becoming popular strategies to address data scarcity and 

annotation costs. Using simulators such as CARLA, researchers can generate varied traffic scenes for 

model training, which are later adapted to real-world domains using domain adaptation techniques. 

 

Fourth, real-time processing on edge devices is an essential feature of scalable enforcement systems. 

Lightweight models optimized for embedded platforms have shown strong performance, making it 

feasible to deploy intelligent traffic enforcement solutions at a city-wide scale. Fifth, license plate 

recognition using OCR is a critical component in transforming detection into actionable enforcement. 

Though not the primary focus of most studies, it remains an integral extension for reporting and 

documenting violations. 

 

3. PROPOSED SYSTEM 

 
The proposed system utilizes cutting-edge computer vision and deep learning techniques, 

particularly object detection using the YOLO algorithm, to automatically detect overspeeding 

vehicles and report violations to law enforcement. This intelligent system is designed to operate 
with minimal manual intervention and is capable of continuous monitoring, making it ideal for 

urban and highway deployment. The key objective is to develop an application-based solution that 

can accurately identify speeding vehicles in real time and notify the concerned authorities by 
capturing and emailing photographic evidence of the offense. 
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The heart of the system is built around YOLOv5 (You Only Look Once version 5), a fast and 

accurate deep learning-based object detection model. YOLOv5 represents a significant 

improvement over its predecessors in terms of speed, accuracy, and architectural design. It is an 

open-source framework known for its real-time object detection capabilities and is widely adopted 
for applications in surveillance, traffic monitoring, and autonomous systems. YOLOv5’s 

architecture is optimized for both inference and training, and it includes features such as mosaic 

data augmentation, auto-learning bounding box anchors, and batch normalization. These 

enhancements make it more robust in detecting objects under various lighting and environmental 

conditions.A major advantage of YOLOv5 is its ability to generalize well across a diverse range of 

object categories. It is trained on an extensive dataset, D5, which includes over 600 object 

categories, making it suitable not only for detecting vehicles but also for identifying different 

vehicle types (cars, trucks, bikes) and even animals. This versatility is crucial in road safety 

applications, where detecting animals on highways can prevent accidents and save lives. In the 

proposed system, any instance of overspeeding—whether by a vehicle or caused due to unexpected 
presence of animals—is captured and automatically flagged. 

Once a speeding vehicle or road hazard is detected, the system captures an image of the incident 

along with relevant data such as speed, time, and vehicle type. This data is then formatted and sent 

via email to higher officials or law enforcement agencies. Automating this reporting process 

reduces the need for human intervention and ensures timely enforcement of traffic rules. It also 

enhances accountability, as each violation is documented with visual proof. The application 

interface is designed to be user-friendly and easily deployable, making the system accessible to 
various stakeholders, including municipal authorities and private traffic management firms. The 

goal is to create a mobile or desktop application that can be set up with existing surveillance 

infrastructure and requires minimal configuration. Once deployed, the app continuously monitors 

live video feeds, applies YOLOv5 for object detection, calculates speed by analyzing the change in 

object positions across frames, and triggers alerts when speed thresholds are exceeded. The 

system’s ability to detect and classify objects accurately is made possible by the deep learning 

models trained on large annotated datasets. The vehicle detection process not only identifies the 

presence of a vehicle but also understands its type, which is essential for context-based speed rules 

(e.g., different limits for heavy trucks and motorcycles). This intelligent classification adds another 
layer of functionality, allowing traffic rules to be enforced more precisely. 

 

Environmental Setup: Visual Studio 

Visual Studio is a powerful and comprehensive Integrated Development Environment (IDE) 

developed by Microsoft. It is widely used by developers to create a variety of software applications, 

including desktop applications, web applications, web services, mobile apps, and even cloud-based 

solutions. Visual Studio supports development using a wide range of Microsoft technologies and 

frameworks such as the Windows API, Windows Forms, Windows Presentation Foundation 

(WPF), Universal Windows Platform (UWP), .NET Core, and Microsoft Silverlight. 

One of the primary strengths of Visual Studio lies in its versatility and integration with the broader 

Microsoft development ecosystem. Developers can use it to write code in multiple languages such 

as C#, C++, Visual Basic, JavaScript, TypeScript, Python, and more. The environment is 

designed to support both native code (executed directly by the operating system) and managed 

code (executed by the .NET runtime), making it highly adaptable for various types of applications 
and systems. 
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At the heart of Visual Studio is its code editor, which is feature-rich and designed to enhance 

developer productivity. The editor supports syntax highlighting, code folding, and IntelliSense—

an intelligent code-completion feature that provides suggestions for variables, functions, classes, 

methods, and more. IntelliSense not only improves coding speed but also reduces syntax errors by 

offering real-time guidance and context-aware suggestions. It supports not only the primary 

programming languages, but also other technologies like XML, CSS, and JavaScript, which are 
crucial when building web applications. 

Another notable feature of IntelliSense is its autocomplete capability. Suggestions appear in a 

modeless list box near the cursor, allowing developers to choose from available options without 

breaking their flow. Starting with Visual Studio 2008, this suggestion box can be made temporarily 

semi-transparent, letting users view code that may be partially obstructed by the IntelliSense 

window. This small but significant improvement enhances the user experience, especially when 
working with dense codebases. 

Visual Studio’s debugging tools are among the most robust in the industry. The integrated 

debugger supports both source-level debugging and machine-level debugging, enabling 

developers to trace through code at both the high-level and low-level stages of execution. It can be 

used with applications developed in any supported programming language and works seamlessly 
with both managed and native code environments. 

In addition to standard breakpoints, developers can set conditional breakpoints, watch 

expressions, and inspect call stacks during execution. Visual Studio’s debugger also allows 

attaching to running processes, giving the developer the ability to diagnose and fix issues in live 

applications. If the source code for the process is available, the debugger shows the corresponding 

code while it's being executed. If not, it can display the disassembled binary code, allowing low-
level debugging of even third-party applications or compiled executables. 

The debugger also supports the creation and analysis of memory dumps. When an application 

crashes or exhibits unusual behavior, a memory dump can be generated and later opened in Visual 

Studio to perform post-mortem debugging. This is especially useful for identifying memory leaks, 
unexpected crashes, or unhandled exceptions in production environments. 

Visual Studio is also well-equipped to handle multi-threaded applications, providing dedicated 

windows to observe threads, their state, and their execution path. Developers can analyze and debug 

synchronization issues, race conditions, and thread deadlocks with tools that visualize thread 
interaction and resource usage. 

Another significant feature is the ability to trigger the debugger on external application crashes. 
This means if an application not running within Visual Studio fails, Visual Studio can be configured 

to launch automatically and attach to the crashed process for immediate analysis. This allows for 
rapid diagnostics in real-time scenarios, especially useful during development or testing phases. 

Setting up the Visual Studio environment involves downloading the installer from Microsoft's 

official website and selecting the required workloads, such as ".NET desktop development", 

"ASP.NET and web development", or "Python development", depending on the project 
requirements. Once installed, the IDE offers a fully integrated environment with access to code 

editors, toolboxes, solution explorers, NuGet package managers, terminal integration, and 
version control tools (like Git) all in one platform. 
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                                                  RESULT & DISCUSION 

The implementation of the proposed system involved several stages, including vehicle detection, 

speed estimation, and automatic reporting via email to the appropriate law enforcement authorities. 

The use of the YOLOv5 deep learning model played a pivotal role in enabling real-time object 

detection with high accuracy, while additional logic and processing techniques were used for 
calculating vehicle speed and identifying violations. 

The results demonstrate that the system is capable of accurately detecting vehicles from live video 

feeds under varying environmental conditions such as daylight, low light, and partial occlusions. 

YOLOv5 proved highly effective in detecting and classifying different types of vehicles, including 

cars, trucks, and two-wheelers, thanks to its training on a diverse dataset containing over 600 object 
categories. On an average GPU-equipped system, YOLOv5 achieved detection speeds of 
approximately 30–45 frames per second (FPS), making it suitable for real-time processing. 

To determine vehicle speed, the system calculated the displacement of vehicles across successive 

frames using known frame rates and camera calibration. This method was found to be effective 

when cameras were correctly calibrated and fixed at a known angle and height. When benchmarked 

against real-world traffic video data, the speed estimation had a mean absolute error (MAE) of less 
than ±5 km/h, which is acceptable for initial violation detection purposes. However, accuracy 

degraded when the camera angle was steep or when vehicles moved diagonally across the frame, 
suggesting a need for further improvement in perspective correction algorithms. 

When a vehicle was identified as exceeding the speed threshold (customizable per road or zone), 

the system successfully captured an image of the vehicle and extracted its license plate using 

Optical Character Recognition (OCR). The Tesseract OCR engine was integrated for license plate 
recognition, and it performed reliably under ideal conditions. The license plate recognition accuracy 

was about 90% in daytime with clear visibility, but it dropped to around 75% in poor lighting or 

when plates were dirty or partially obscured. Integrating additional image pre-processing 

techniques, such as contrast enhancement and motion deblurring, may help mitigate this limitation 
in future versions. 

Once the overspeeding violation was confirmed, the system automatically composed an email 
containing relevant details such as time of violation, speed, and license plate number, along with 

an attached image of the violating vehicle. This automated notification feature significantly reduces 

the need for manual intervention and can speed up the enforcement process. Testing of the email 

delivery module showed consistent success in sending alerts to predefined addresses with minimal 
latency (typically under 10 seconds from violation to report delivery). 

One of the key achievements of the system is its ability to function continuously without human 

oversight. The lightweight model, optimized with YOLOv5s (the small version of YOLOv5), 

ensured that the application could run effectively even on mid-range systems with limited 

processing power. This makes the system viable for wide-scale deployment using standard 
surveillance infrastructure, such as roadside CCTV cameras or traffic pole-mounted cameras. 

In terms of robustness, the system performed well in diverse environments, though there are still 
some limitations. For instance, during high-traffic density situations, overlapping vehicles could 

occasionally result in missed detections or incorrect speed assignments. Similarly, the accuracy of 

speed detection was affected when vehicles made sudden turns or lane changes during motion 
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tracking. Enhancing the tracking algorithm with techniques like Kalman Filters or DeepSORT 
could help address this issue. 

 

 
 

CONCLUSION 

This project presents an innovative and automated approach to detecting overspeeding vehicles and 

the presence of animals on roads using computer vision and deep learning techniques, specifically 

leveraging the YOLO (You Only Look Once) object detection algorithm. The core idea behind the 

system is to enhance road safety and reduce traffic accidents by enabling real-time monitoring and 

alert mechanisms without relying on traditional hardware setups such as sensors, radars, or 

Arduino-based systems. In the proposed setup, a high-quality camera is used to capture video 
footage of road activity. The system processes this video feed to detect vehicles and animals using 

the YOLOv5 model. One of the key features of the system is its flexibility—users can define a 

custom threshold speed in the code. When a vehicle is detected traveling above this speed, the 

system automatically identifies it as a violation. Simultaneously, if an animal is detected on the 

road, which could lead to a potential accident, the system recognizes this as a critical event. Once 

either an overspeeding vehicle or an animal is detected, the system takes a snapshot of the incident 

and immediately sends an alert via email to law enforcement or relevant authorities. This real-time 

notification ensures that appropriate action can be taken swiftly, such as dispatching a patrol team, 

issuing a traffic violation notice, or initiating preventative measures. The standout feature of this 

system is its completely automated nature—it requires no manual supervision or human 

intervention during the detection and alerting process. It solely depends on computer vision 

algorithms and deep learning for operation, ensuring consistent and unbiased monitoring 24/7. The 
use of a high-definition camera ensures high precision and accuracy, especially in distinguishing 

between different object classes such as cars, bikes, trucks, and animals. This system, as supported 
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by literature and surveys, stands out as one of the most current and effective methods for intelligent 

traffic monitoring. By detecting violations and sending alerts in real time, it holds the potential to 

significantly reduce road accidents, protect wildlife, and enhance the efficiency of law enforcement 
operations, marking a vital step toward smarter and safer transportation systems. 
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