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ABSTRACT: This project is centered on designing an advanced computer vision system for counting vehicles, 

identifying license plates, and calculating their speeds. The system is based on a sophisticated software framework, 
which incorporates Python 3.x, OpenCV, YOLOv5 for object identification, the SORT algorithm for real-time 

monitoring, and Easy OCR for optical character reading, ultimately combining several modules into a reliable system. 

A YOLOv5 model was proposed, trained on a carefully selected database of labelled pictures, and demonstrated 

excellent accuracy in object detection, pinpointing license plates in diverse situations. The proposed algorithm provides 

consistent vehicle tracking between frames, allowing for ongoing monitoring to be carried out continuously. Easy OCR 

efficiently extracts and interprets license plate characters, delivering consistent data output. Integrating systems 

involves combining all technologies to form a unified entity, which can process video feeds to calculate vehicle counts 

and estimate speeds. The proposed system shows considerable promise for practical traffic monitoring purposes, with 

performance indicators surpassing 90% for licence plate identification and surveillance. This integrated approach acts 

as a valuable asset for traffic analysis and boosts the capabilities of intelligent transportation systems, thereby 

illustrating the potential of merging multiple computer vision techniques for thorough traffic monitoring and analysis. 
 

KEYWORDS: YOLOv5, Vehicle counting, Speed estimation,License plate recognition, SORT algorithm, Easy OCR, 

Object detection, Traffic monitoring, Real-time tracking. 

 

I. INTRODUCTION 

 

Effective traffic monitoring plays a vital role in building and maintaining modern urban centers, where managing 

vehicle movement is essential for ensuring smooth transportation and keeping the public safe. With the number of 

vehicles on the rise, cities are grappling with issues like severe traffic jams, higher accident rates, and 

environmental harm caused by inefficient traffic management. This situation calls for a shift from traditional traffic 

control methods to more advanced, automated, and data-driven approaches. 

 
The aim of this project is to tackle these challenges by employing cutting-edge computer vision techniques and so- 

phisticated neural network designs to develop a fully integrated traffic-monitoring system. This system focuses on three 

key goals: counting vehicles, measuring their speeds, and recognizing license plates. These functions are crucial for 

improving traffic flow, enforcing speed regulations, and enabling automated toll collection and law enforcement. 

 

Conventional traffic monitoring methods, such as manual counting, sensor-based systems, and surveillance cameras, 

often face challenges related to scalability, accuracy, and real- time processing. On the other hand, recent 

breakthroughs in deep learning and computer vision have greatly improved our ability to detect, track, and analyze 

vehicle movements with enhanced precision. This project utilizes important technologies like YOLOv5 for real-time 

object detection, DeepSORT for reliable vehicle tracking across frames, and EasyOCR for accurate license plate 

character recognition. These tools work together seamlessly, even in varying conditions like changing light, fast 
movements, and obstructions, to deliver high-accuracy results. 

 

Moreover, the incorporation of deep learning techniques allows for adaptive learning, meaning the system can enhance 

its accuracy over time as it encounters new data. 

 

http://www.ijirset.com/


 

 |www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                                 Volume 14, Issue 4, April 2025 

                                              |DOI: 10.15680/IJIRSET.2025.1404214| 
 

IJIRSET©2025                                       |     An ISO 9001:2008 Certified Journal   |                                         7266 

A. Limitation and Motivation 

The integrated traffic monitoring system presented in this study, while demonstrating significant advancements in 

vehicle counting, speed estimation, and license plate recognition, faces several limitations that merit consideration. One 

prominent limitation is the system’s performance sensitivity to envi- ronmental variability; adverse weather conditions 

such as heavy rain or snow may impair camera visibility, resulting in decreased accuracy. Additionally, the 

effectiveness of machine learning models like YOLOv5 and Easy OCR hinges on the quality and diversity of the 
training dataset. Limited access to comprehensive, high-quality annotated datasets could inhibit the model’s ability to 

generalize, especially in regions with unique vehicle types or plate formats. Furthermore, real- time processing 

constraints may arise due to factors such as high vehicle density and hardware limitations, impacting the system’s 

ability to maintain optimal performance under challenging urban conditions. 

 

Despite these limitations, the motivation to develop a ro- bust traffic monitoring system remains strong, driven by the 

challenges posed by increasing urbanization. Rapid population growth in cities leads to a surge in vehicle numbers, 

exacer- bating traffic congestion and accident rates. In this context, the need for reliable, real-time data becomes 

paramount for traffic authorities seeking to make informed decisions regarding infrastructure and public safety. The 

integration of advanced technologies such as deep learning and computer vision not only enhances the capabilities of 

traditional monitoring sys- tems but also provides opportunities for pioneering innovative solutions in intelligent 

transportation systems. 
 

Moreover, the pursuit of improved traffic management through this project aligns with broader goals of environmental 

sustainability and smart city development. Efficiently manag- ing traffic flow can significantly reduce vehicular 

emissions and promote eco-friendly travel modes, contributing to better air quality and overall urban living standards. 

By providing real-time data to assist law enforcement in enforcing regula- tions, the system enhances public safety and 

fosters commu- nity trust. Ultimately, this study underscores the transformative potential of combining artificial 

intelligence and data analytics in addressing urban transportation challenges, paving the way for smarter, safer, and 

more efficient cities. 

 

B. Problem Statement 

As urban areas continue to experience rapid population growth and an unprecedented increase in vehicle ownership, 
city traffic is increasingly becoming a significant challenge, characterized by congestion, longer travel times, and 

elevated accident rates. Traditional traffic monitoring systems often lack the capability to provide accurate, real-time 

data essential for effective traffic management. These systems struggle to handle diverse and complex urban 

environments, faced with limitations such as insufficient accuracy in vehicle detection, speed estimation, and license 

plate recognition. Furthermore, environmental factors, such as weather variations and occlu- sions caused by other 

vehicles, can severely impact the qualityof data collected, undermining the reliability and effectiveness of traffic 

management strategies. 

 

In addition to these technological challenges, the increasing demand for data-driven decision-making necessitates 

innova- tive solutions that leverage advancements in artificial intelli- gence, particularly in computer vision and 

machine learning. There is a critical need for a traffic monitoring system that can not only provide accurate and real-

time data but also adapt to various environmental conditions and ensure the privacy of individuals. Addressing these 
challenges will empower traffic authorities with the insights needed to optimize traffic flow, enhance public safety, and 

reduce the environmental impact of urban transportation. 

 

The motivation for developing a sophisticated integrated traffic monitoring system is further amplified by the broader 

objectives of creating smart cities. Enhancing urban transport infrastructure through reliable data analytics can 

significantly contribute to sustainability goals, promote eco-friendly travel modes, and improve overall urban quality of 

life. By harness- ing cutting-edge technologies like YOLOv5 and Easy OCR, this research aims to construct an 

innovative framework that effectively addresses the multifaceted problems of urban traffic management, fostering a 

safer and more efficient transporta- tion environment for future urban populations. 

 

The following sections outline the remaining content of this paper.Section II discusses related work, providing an 
overview of prior studies in traffic monitoring and vehicle detection. Section III presents the proposed deep learning-

based ap- proach, detailing the use of YOLOv5 for object detection, DeepSORT for tracking, and OCR for number 

plate recogni- tion. Section IV describes the experimental setup, dataset, and implementation details, along with system 
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performance met- rics. Section V compares the proposed approach with existing methods to highlight improvements in 

accuracy and efficiency. Finally, Section VI concludes the paper and discusses potential future research directions, 

including advancements in model performance and real-world deployment challenges. 

 

II. LITERATURE SURVEY 

 
Existing research on traffic monitoring has explored var- ious approaches, ranging from traditional image processing 

methods to modern deep learning models. Early techniques relied on static background subtraction and feature-based 

tracking and struggled with complex traffic conditions and occlusions. Recent advancements in object detection 

models, such as You Only Look Once (YOLO) [1], have improved detection accuracy and speed, making them ideal 

for real-time applications. 

 

Several studies have demonstrated the potential of YOLO for vehicle detection [2], however, challenges remain in 

achieving reliable performance under varying lighting [3], and weather conditions. Additionally, real-time tracking 

methods like SORT (simple online and real-time tracking) have been adopted to address the issue of object persistence 

across frames [4].  

 

Optical character recognition (OCR) techniques, suchas Tesseract and Easy OCR, have also shown promise for 
extracting license plate information [5]. 

 

Although previous systems have achieved moderate success in individual tasks, few have successfully combined these 

technologies into a unified system capable of counting ve- hicles, estimating speeds, and detecting license plates with 

high accuracy. This project bridges this gap by integrating YOLOv5, SORT, and Easy OCR into a cohesive system, 

outperforming the existing solutions in terms of accuracy and efficiency. 

 

III. PROPOSED METHODOLOGY 

 

The proposed system comprises three primary components: vehicle recognition and tallying, speed measurement, and 

license plate identification. 
A structured workflow, as depicted in the process flow diagram. The outlined methodology includes the following 

steps: 

 

  

Fig. 1. Workflow Process 

 

Object detection and tracking, which utilizes the YOLOv5 model for vehicle detection. The model performed 

consistently well in image detection tasks using a diverse dataset of annotated images, despite changes in the 

conditions. The SORT algorithm was utilized for real-time tracking, assigning distinctive IDs to vehicles, and ensuring 
continuity across frames. 
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YOLOv5 identifies and marks the location of license plates within the frames of a video. Easy OCR accurately extracts 

and decodes characters from identified plates, maintaining high accuracy even in difficult situations like glare or partial 

blockage. 

 

A real-time video processing framework is built with a Python-based system integration approach that combines these 

components. OpenCV manages video input and preliminary processing, while data pipelines oversee the organization 
of detection, tracking, and OCR operations. 

 

A. Object Detection and Tracking 

You Only Look Once version 5 (YOLOv5) is a cutting-edge deep learning model specifically designed for real-time 

objectdetection. In this system, YOLOv5 is trained on a meticulously selected dataset of annotated images to identify 

vehicles within video frames. The model identifies vehicles by assigning them to specific categories, including ”car,” 

”truck,” and ”bus,” through the process of detecting bounding boxes. YOLOv5 offers real-time processing capabilities, 

which are essential for handling video streams in a timely manner. The YOLO detection formula involves several 

crucial steps, which are outlined below. Let the input image (or frame) be represented as 

 

x ∈ RH×W ×C (1) 
 

• The variables H, W, and C represent the height, width, and number of channels (typically RGB) of an image, 

in Eq 1. H denotes the height of the image, W denotes the width of the image, and , C denotes the number of channels 

(RGB in most cases) in Eq 1. 

For each detected vehicle, the YOLOv5 model predicts a bounding box along with an associated confidence score, 

which is represented as 

 

B = {x, y, w, h, c} (2) 

 

The coordinates for the center of the bounding box are x and y, while its width and height are represented by w and 

h, respectively, with a confidence score of c indicating the likelihood that the box contains a vehicle in Eq 2. 

 
where: 

• x,y = center coordinates of the bounding box, 

• w,h = width and height of the bounding box, 

• c = confidence score (probability that the bounding box contains a vehicle). 

 

The predicted class label for each bounding box is deter- mined from the classes in the model’s trained dataset, which 

includes examples such as cars, buses, and trucks. The class label y for each bounding box is predicted from the classes 

available in the model’s trained dataset (e.g., cars, buses, and trucks). 

 

Vehicle tracking via sort algorithm : Let’s dive into the world of vehicle tracking! The Simple Online and Realtime 

Tracker (SORT) is a nifty algorithm designed to keep tabs on vehicles as they zip across video frames. What makes 
SORT stand out is its efficiency and lightweight nature; it cleverly links detected objects from one frame to the next 

using a Kalman filter for predicting motion and the Hungarian algorithm for pairing data. This means you get precise 

vehicle tracking without bogging down your system, making it perfect for real-time use. 

 

So, how does it work? The algorithm connects the detection results from each frame to vehicles that have already been 

tracked, giving each one a unique ID. The Kalman filter steps in to forecast where a vehicle is likely to be next based 

on its past movements, while the Hungarian algorithm ensures that newly spotted vehicles are matched with those 

already being tracked. This minimizes the chances of ID switches and keeps the tracking consistent. 

 

http://www.ijirset.com/


 

 |www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                                 Volume 14, Issue 4, April 2025 

                                              |DOI: 10.15680/IJIRSET.2025.1404214| 
 

IJIRSET©2025                                       |     An ISO 9001:2008 Certified Journal   |                                         7269 

 
 

Fig. 2. vehicle detection and tracking 

 

One of the coolest features of SORT is its knack for dealing with occlusions and short-term disappearances. It can 

maintain predictions even if a vehicle goes off the radar for a bit. However, it does have its limitations; the original 

SORT can struggle with long-term occlusions and frequent identity changes, especially in heavy traffic. To tackle these 

challenges, an enhanced version called DeepSORT comes into play, using deep learning to improve the accuracy of 

associations by factoring in appearance features alongside motion cues. 

By combining the SORT algorithm with YOLO-based ve- 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig. 3. speed estimation 

 

units (meters or kilometers). Let p where is the scale factor (in metres per pixel). The formula 

hicle detection, the system ensures quick and dependable vehicle tracking in real-world traffic situations. This real-time 
tracking is crucial for various applications, including analyzing traffic flow, estimating speeds, and supporting 

automated law enforcement efforts. 

 

where: 

  
                                                                                                                      (5) 
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B. Speed Estimation 

Displacement of vehicles was calculated across successive frames, taking into account the time elapsed between frames 

to estimate speed. 

The speed was calculated using a series of steps that are as follows: The displacement of a vehicle is calculated by 

finding the distance in the frame between the center points of its bounding boxes in two consecutive frames. 

Vehicle Displacement:The displacement ∆d of a vehicle in 
the frame is computed by determining the distance between the center of the vehicle’s bounding boxes in two 

successive frames. 

Let the positions of the bounding box centers at Frames t1 and t2 are (x1,y1) and (x2,y2), respectively. 

The displacement is given by 

where 

 

  (3) 
 

•  (x1, y1) and (x2, y2) are the coordinates of the the center of the vehicle in frames t1 and t2 in Eq 3. 

Frame Rate: The frame rate of the video f (in frames per second) is used to estimate the time interval ∆t between 

the 

v = vehicle speed in meters per second (m/s), 

• ∆d = displacement in pixels, 

• p = scale factor (meters per pixel), 

• ∆t = time interval between frames. 

 

C. Number Plate Detection 

License plate detection is performed as a specialized task within the YOLOv5 object detection model. The model is 

fine-tuned on a dataset containing images of vehicles with annotated license plates, allowing it to detect and localize the 
plates in real time. 

Detection Output: For each vehicle detected, YOLOv5 predicts a bounding box for the license plate: 

License Plate Recognition Using EasyOCR: After detect- ing the license plates, EasyOCR is used for optical 

character recognition (OCR) to extract the characters on plates. The OCR process involves the following steps: 

Input Image: A cropped region from the video frame containing the detected license plate is passed to the OCR 

engine. 

OCR Process: EasyOCR processes the image and outputs the decoded string S representing the license plate number. 

The recognition accuracy depends on factors such as image quality, lighting, and plate orientation. The system will 

detect 

two frames: 

1 
∆t = f   (4) 

the data and store it in a folder format 

 

IV. RESULT AND DISCUSSION 

 

Speed Calculation: The speed v of the vehicle is computed by converting the displacement from pix- els to real-

world 

The integrated system was evaluated using a dataset com- prising urban traffic videos covering various conditions 

such As 
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Fig. 4. number plate detection 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

                   Fig. 5. User Interface                                                               Fig. 6. Detected Plates 

 

diverse lighting environments, varying vehicle densities, and occlusions. The system performance was assessed across 
three primary functionalities: vehicle detection and counting, speed estimation, and license plate detection and 

recognition. 

A. Overall System Performance 

The integrated system demonstrated a strong performance across all modules, with key metrics highlighting its 

effective- ness. 

• Vehicle Counting Accuracy: Achieved a detection and counting accuracy of 94.2%, even in dense traffic. 

• Speed Estimation Accuracy: The average error margin was maintained at ±5% of the ground truth measure- 

ments 

 

B. License Plate Detection and Recognition: Achieved an accuracy of 91.3%, ensuring reli- Able Data Extraction 

under Varying Conditions.Detailed Module Performance 
 

• Vehicle Detection and Counting: By leveraging YOLOv5, the system achieved a high detection accuracy 

under various lighting conditions (day and night) and dense traffic scenarios. The SORT algorithm ensures the 

seamless tracking of vehicles across frames, enabling ac- curate counting and continuous monitoring. 

Performance Metric: Detection accuracy of 94.2%. 

• Speed Estimation:The system employs frame-to-frame displacement analysis combined with calibrated scaling 

factors to estimate the speeds in real-world units. This method proved effective across multiple vehicle cate- 
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gories, maintaining a consistent error margin of ±5%. 

• License Plate Detection and Recognition:Using YOLOv5 for plate localization and EasyOCR for optical 

character recognition (OCR), the system accurately iden- tified and decoded license plates, even in cases 

involving glare, motion blur, or occlusions. Performance Metric: Recognition accuracy of 91.3%. 

 

V. CONCLUSION 
 

The proposed system represents a significant advancement in traffic monitoring by integrating cutting-edge computer- 

vision techniques for real-time vehicle counting, speed es- timation, and license plate detection. By leveraging well- 

established algorithms and state-of-the-art deep learning mod- els, the system achieves high performance and reliability 

in challenging scenarios such as varying lighting conditions, high vehicle densities, and occlusions. The combination 

of YOLOv5 for precise object detection, SORT for real-time and consistent vehicle tracking, and EasyOCR for 

accurate optical character recognition, ensures a comprehensive and scalable solution. These modules work cohesively 

to address the key challenges in traffic management, including data accuracy, system scalability, and real-time 

performance. 

 

This system is not only robust but also versatile, mak- ing it applicable to various use cases, such as traffic 

flow optimization, law enforcement, and intelligent transportation systems. The high accuracy rates achieved across 
all metrics, including license plate detection (91.3%) and vehicle tracking (93.8%), underscored the potential of the 

system for real-world deployment. Additionally, the ±5% error margin in speed estimation further highlights its 

precision and practical utility. Future work could explore the integration of additional functionalities such as 

vehicle classification by type, detec- tion of traffic violations, and predictive traffic flow analytics. Enhancing the 

system with cloud-based deployment and edge- computing capabilities could further improve scalability and 

performance in large-scale implementations. 
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