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ABSTRACT
Vehicle identification plays a crucial role in modern transportation systems, traffic management, law enforcement,

and smart city applications. Automatic Number Plate Recognition (ANPR) systems have gained significant
attention due to their ability to identify vehicles automatically without human intervention. Traditional vehicle
monitoring methods require manual observation and data entry, which are time-consuming and prone to errors.
This paper presents a Smart Vehicle Number Plate Analyzer that utilizes Artificial Intelligence, Computer Vision,
and Optical Character Recognition (OCR) techniques to detect and analyze vehicle registration numbers from
images. The proposed system employs the YOLOVS object detection model for accurate number plate localization
and EasyOCR for extracting textual information from detected plates. The extracted vehicle number is further
analyzed to identify details such as state, district, registration series, vehicle category, OCR confidence score, and
registration information.

The system provides a user-friendly web interface developed using Flask and Bootstrap. Additional functionalities
include image upload, live webcam scanning, search history management, database storage, OCR correction, and
real-time detection visualization. Experimental results demonstrate that the proposed system achieves high
detection accuracy and reliable text extraction under different environmental conditions. The developed solution
can be effectively utilized in smart parking systems, traffic monitoring, toll collection, law enforcement, security
surveillance, and intelligent transportation systems.

KEYWORDS: Vehicle Number Plate Recognition, YOLOvS, EasyOCR, Computer Vision, Artificial
Intelligence, Flask, Smart Transportation, Vehicle Detection, OCR Technology.
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1. INTRODUCTION

The rapid growth of transportation systems and the increasing number of vehicles on roads have created
significant challenges in traffic management, law enforcement, parking control, and vehicle monitoring. Manual
vehicle identification methods are often inefficient, time-consuming, and susceptible to human errors. As a result,
there is a growing demand for intelligent systems capable of automatically identifying and analyzing vehicles in
real time.

Automatic Number Plate Recognition (ANPR) is a technology that uses computer vision and image
processing techniques to detect and recognize vehicle registration numbers from images or video streams. ANPR
systems have become an important component of modern Intelligent Transportation Systems (ITS) and Smart
City infrastructures. These systems enable automated vehicle tracking, traffic regulation, toll collection, parking
management, and security surveillance without requiring human intervention.

Recent advancements in Artificial Intelligence (Al), Deep Learning, and Optical Character Recognition
(OCR) have significantly improved the performance of vehicle recognition systems. Object detection algorithms
such as YOLO (You Only Look Once) can accurately locate vehicle number plates within complex images, while
OCR technologies can extract alphanumeric characters from detected plates with high accuracy.

The Smart Vehicle Number Plate Analyzer proposed in this project combines YOLOVS object detection
and EasyOCR text recognition to create an efficient and reliable vehicle identification system. The system allows
users to upload vehicle images or capture images using a webcam. The detected number plate is processed and
analyzed to extract useful information such as state, district, registration series, vehicle category, and OCR
confidence score. The extracted information is stored in a database for future reference and analysis.

The developed system provides a modern web-based interface built using Flask and Bootstrap. Additional
features such as history management, search functionality, live scanning, OCR correction, and real-time detection
visualization enhance the usability and effectiveness of the application.

Objectives of the Study

1. To develop an intelligent vehicle number plate detection and recognition system.

2. To automatically extract vehicle registration numbers from images using OCR.

3. To identify state, district, registration series, and vehicle category from the extracted number

plate.

4. To provide a user-friendly web interface for vehicle analysis.

5. To maintain a database of scanned vehicle records for future reference.

6. To improve detection accuracy using YOLOvS and EasyOCR technologies.

7. To support smart transportation and traffic monitoring applications.

8. To create a scalable solution that can be integrated into smart city infrastructures
The proposed Smart Vehicle Number Plate Analyzer offers a cost-effective, scalable, and intelligent approach to
vehicle identification and monitoring. By integrating advanced computer vision techniques with a web-based
platform, the system contributes toward the development of efficient transportation management solutions and

enhanced public safety systems.
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2. CONTRIBUTION OF THE PAPER
The major contributions of the proposed Smart Vehicle Number Plate Analyzer are as follows:
1. Developed an automated vehicle number plate recognition system using advanced Computer Vision and
Artificial Intelligence techniques.
2. Integrated YOLOVS object detection model for accurate localization and detection of vehicle number
plates from images.
3. Implemented EasyOCR technology for efficient extraction of alphanumeric characters from detected
vehicle number plates.
4. Designed a web-based application using Flask framework that provides a user-friendly interface for
vehicle analysis and monitoring.
5. Developed a vehicle information analyzer capable of identifying state codes, district information,
registration series, and vehicle categories from recognized number plates.
The proposed system combines object detection, optical character recognition, database management, and web
technologies into a unified platform, making it a reliable and intelligent solution for automated vehicle
identification and analysis
3. LITERATURE REVIEW / RELATED WORK / BACKGROUND STUDY
Automatic Number Plate Recognition (ANPR) systems have been extensively researched over the past decade
due to their growing importance in intelligent transportation systems, smart city applications, and automated
surveillance. Researchers have proposed various methods for vehicle detection, number plate localization,
character segmentation, and text recognition using image processing and artificial intelligence techniques.
Early ANPR systems primarily relied on traditional image processing techniques such as edge detection,
thresholding, morphological operations, and contour analysis for number plate detection. Although these
approaches provided satisfactory results under controlled environments, their performance significantly decreased
under varying lighting conditions, image noise, and complex backgrounds.
With the advancement of machine learning and deep learning technologies, object detection algorithms such as
Faster R-CNN, SSD (Single Shot Detector), and YOLO (You Only Look Once) have been widely adopted for
vehicle and number plate detection tasks. These models demonstrated higher accuracy and faster processing speed
compared to traditional approaches. Among these techniques, YOLO-based models gained significant popularity
due to their real-time detection capabilities and computational efficiency.
Several researchers have integrated Optical Character Recognition (OCR) systems with object detection models
to extract vehicle registration numbers. Tesseract OCR was commonly used in earlier systems; however, recent
studies indicate that EasyOCR and deep learning-based OCR frameworks provide superior performance,
particularly in complex real-world environments where number plates may be partially visible, tilted, blurred, or
captured under poor lighting conditions.
Recent studies have also focused on improving recognition accuracy by combining object detection, image
enhancement, and OCR correction techniques. These integrated approaches have achieved remarkable
improvements in number plate recognition performance and have been successfully applied in toll collection

systems, smart parking management, traffic monitoring, vehicle tracking, and security applications.
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Despite significant progress, challenges still remain in detecting number plates under adverse weather conditions,
low-resolution images, motion blur, and occlusions. Therefore, there is a continuous need for more robust and
intelligent vehicle recognition systems capable of operating accurately in real-world scenarios.

The proposed Smart Vehicle Number Plate Analyzer addresses these challenges by integrating YOLOvVS for
precise number plate detection and EasyOCR for reliable text extraction. The system further enhances usability
through a web-based interface, database integration, search functionality, history management, OCR confidence
estimation, and vehicle information analysis. This combination provides an effective solution for modern
intelligent transportation and vehicle monitoring applications.

Summary of Existing Literature

Author/Technology Method Used Advantages Limitations
Traditional Image Processing || Edge Detection, Thresholding Simple Implementation Low Accuracy
Tesseract OCR Systems OCR-Based Recognition Easy to Deploy Sensitive to Noise
Faster R-CNN Deep Learning Detection High Accuracy Slower Processing
SSD Detector Single Shot Detection Faster Detection Moderate Accuracy
YOLO-Based Systems Real-Time Object Detection High Speed and Accuracy Requires Training Data
EasyOCR-Based Systems Deep Learning OCR Better Text Recognition Computational Cost
Proposed System YOLOVS8 + EasyOCR + Flask || Accurate, Fast, User Friendly || Depends on Image Quality

The literature survey indicates that combining modern object detection algorithms with advanced OCR techniques
provides the most effective solution for vehicle number plate recognition. Therefore, the proposed system adopts
YOLOV8 and EasyOCR technologies to achieve reliable vehicle identification and analysis
4. RESEARCH METHODOLOGY

The proposed Smart Vehicle Number Plate Analyzer follows a systematic methodology that combines
deep learning, computer vision, optical character recognition, and database technologies to perform automatic
vehicle number plate detection and analysis. The overall workflow consists of image acquisition, number plate
detection, text extraction, vehicle information analysis, database storage, and result visualization.
4.1 System Architecture
The proposed system is divided into several functional modules that work together to identify and analyze vehicle
number plates accurately.
Input Image — Number Plate Detection — OCR Processing — Vehicle Information Analysis —

Database Storage — Result Display
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The user uploads a vehicle image through the web interface. The image is processed using the YOLOVS object
detection model to identify and localize the vehicle number plate. After detecting the plate region, the cropped
image is passed to the EasyOCR engine for character recognition. The extracted registration number is then
analyzed to determine state information, district code, registration series, and vehicle category. Finally, the
analyzed information is stored in a database and displayed to the user through a web interface.
4.2 Image Acquisition
The first stage of the system involves collecting vehicle images. Images may be uploaded manually by users or
captured through a camera device. The uploaded image serves as the input for the detection and recognition
process.
4.3 Number Plate Detection using YOLOVS
YOLOVS (You Only Look Once Version 8) is used as the object detection model in the proposed system. YOLOv8
analyzes the input image and identifies the exact location of the vehicle number plate.
The advantages of YOLOVS include:

= High detection accuracy

=  Real-time processing capability

*  Fast inference speed

=  Efficient object localization

=  Robust performance in complex environments
The detected number plate region is cropped from the original image and passed to the OCR module for text
extraction.
4.4 Optical Character Recognition using EasyOCR
The cropped number plate image is processed using EasyOCR. EasyOCR extracts alphanumeric characters
present on the vehicle registration plate.
The OCR module performs:

*  Character detection

= Character recognition

= Text extraction

*=  Confidence score calculation
The recognized text is cleaned and validated using predefined vehicle registration number patterns.
4.5 Vehicle Information Analysis
After extracting the vehicle number, the system analyzes the registration details. The first two characters of the
registration number are used to identify the state, while the following numeric code is used to determine the district
or Regional Transport Office (RTO).

*  The system extracts:

=  Vehicle Number

= State

= District/RTO

=  Registration Series
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= Vehicle Category

=  OCR Confidence Score

= Detection Status
4.6 Database Management
The analyzed information is stored in an SQLite database. Database storage allows users to maintain historical
records of previously scanned vehicles.

The database stores:

= Vehicle Number

= State

= District

=  Vehicle Category

=  OCR Confidence

* Image Path

= Date and Time of Analysis
This information can later be retrieved through search and history management features.

4.7 Result Visualization

The final stage displays the analyzed vehicle information through a web-based user interface developed
using Flask and Bootstrap. The interface presents vehicle details in a structured format and allows users to view
previous records, search vehicle numbers, and analyze new images.

The proposed methodology provides an efficient and intelligent framework for automatic vehicle number
plate recognition and analysis. By combining modern deep learning algorithms with OCR technology and
database management, the system achieves reliable performance and supports various intelligent transportation
applications.

5. RESULTS AND DISCUSSION

The Smart Vehicle Number Plate Analyzer was successfully developed and tested using various vehicle
images containing number plates from different states and regions. The system was evaluated based on number
plate detection accuracy, text recognition capability, information extraction, and overall system performance.
5.1 Experimental Results
The proposed system successfully detected vehicle number plates from uploaded images and extracted
registration numbers using the EasyOCR engine. The YOLOvS8 model accurately localized the number
plate region, reducing interference from surrounding objects and improving OCR performance.

After extracting the vehicle registration number, the system analyzed the information and identified
details such as state, district, registration series, vehicle category, and OCR confidence score. The
extracted information was displayed through a user-friendly web interface and stored in a database for

future reference.
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Sample Output

Parameter Result

Vehicle Number ||MH34CS0762

State Maharashtra
District Chandrapur
Registration Series CS

Vehicle Category |[Private Vehicle

OCR Confidence 99.99%

Detection Status Successful

Screenshot:

Smart Vehicle Number Plate Analyzer

Upload Vehicle Image

carz.ipg

Analyze Wohicke
oy

Detected Vehicle Image Analysis Result

Faramater Rosult
Vehishke Mumilber MHIACSOTER
Maharashtra

e

Another example:

Parameter Result

Vehicle Number [[RJ14CV0002

State Rajasthan

District Jaipur

Registration Series||CV

Vehicle Category |[Private Vehicle

OCR Confidence [|98.75%

Detection Status ||Successful
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Screenshot:

Smart Vehicle MNumber Plate Analyzer

[ e g

T e

Hrnabyre Waklols
ey

Dotected Yehicle Image Analysis Rosult
Parsameier Peosastt
ehiibe Fusmiler RS CYO0E
bate Hajasthan
Dintrict Islgur

Registratinn Series L=

Wi ks PAnte Do eg

E,._ 11 ‘n‘uuz i Wb b Calegpory Prrbwarter Wielsic b

D Caonfidence

[l e Rien Statias

5.2 System Performance Analysis

The integration of YOLOvS and EasyOCR significantly improved the overall recognition process. YOLOvVS
effectively isolated the number plate region, while EasyOCR accurately extracted alphanumeric characters from
the cropped image. The system demonstrated the following advantages:

=  Fast vehicle number plate detection.

= Accurate OCR-based text recognition.

=  Efficient state and district identification.

»  Easy database storage and retrieval.

=  User-friendly graphical interface.

»  Reliable performance under normal lighting conditions.

The OCR confidence score helped evaluate the reliability of recognized vehicle numbers. Higher confidence
values generally corresponded to correct recognition results.

5.3 Discussion

The experimental results indicate that the proposed system performs effectively for automatic vehicle number
plate recognition and analysis. The combination of deep learning-based object detection and OCR technology
enables accurate extraction of vehicle registration information from images.

The system successfully automates tasks that are traditionally performed manually, reducing processing time and
minimizing human errors. The database management module further enhances usability by maintaining historical
records and supporting search operations.

Although the system performs well in most scenarios, recognition accuracy may decrease when images contain
motion blur, poor illumination, damaged number plates, extreme viewing angles, or low-resolution images. These

challenges can be addressed through advanced image enhancement techniques and larger training datasets.
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Overall, the developed Smart Vehicle Number Plate Analyzer provides a practical, efficient, and scalable solution
for vehicle identification, traffic monitoring, parking management, toll collection, and intelligent transportation
systems.
6. CONCLUSION AND FUTURE SCOPE
6.1 Conclusion
The Smart Vehicle Number Plate Analyzer developed in this project provides an efficient and intelligent solution
for automatic vehicle identification and analysis. The system successfully integrates YOLOvVS8 object detection,
EasyOCR text recognition, Flask web development, and SQLite database management to create a complete
vehicle number plate recognition platform.
The proposed system accurately detects vehicle number plates from uploaded images, extracts registration
numbers, and analyzes relevant information such as state, district, registration series, vehicle category, and OCR
confidence score. The implementation of a user-friendly web interface allows users to easily upload images, view
results, search records, and maintain scan history.
Experimental testing demonstrated that the combination of YOLOvS and EasyOCR significantly improves
number plate recognition performance compared to traditional image processing methods. The system is capable
of reducing manual effort, improving processing speed, and minimizing human errors in vehicle identification
tasks.
Overall, the developed system provides a reliable, scalable, and cost-effective solution that can be applied in
traffic monitoring, parking management, toll collection, security surveillance, and intelligent transportation
systems.
6.2 Future Scope
Although the proposed system achieves satisfactory results, several enhancements can be incorporated in future
versions to improve performance and functionality.
* Integration of live webcam and real-time video stream processing for continuous vehicle monitoring.
= Support for vehicle number plates from multiple countries and regional formats.
= Implementation of advanced OCR correction techniques to improve recognition accuracy under
challenging conditions.
= Integration with official RTO databases and government vehicle registration systems for retrieving
detailed vehicle information.
= Development of mobile and cloud-based versions of the application for remote access and monitoring.
=  Implementation of vehicle tracking and automatic alert generation for stolen or blacklisted vehicles.
=  Enhancement of detection accuracy through larger datasets and custom-trained deep learning models.
= Integration with smart parking systems, automated toll collection systems, and smart city infrastructure.
= Deployment of the system on edge devices and embedded platforms for real-time field applications.
= Development of advanced analytics dashboards for vehicle monitoring, traffic analysis, and
transportation management.
The proposed future improvements will further enhance the capabilities of the Smart Vehicle Number Plate

Analyzer and expand its applicability in modern intelligent transportation and smart city ecosystems.
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