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ABSTRACT

Vehicle number plate detection and recognition is a computer vision task that involves
detecting and recognizing license plates in images or video frames captured by
cameras mounted on vehicles or fixed cameras on roads. This technology has several
applications such as toll collection, parking management, and law enforcement. The
process involves several steps such as object detection, character segmentation,
character recognition, and post-processing. The main objectives of vehicle number
plate detection and recognition are to accurately detect and recognize license plates,
improve efficiency and accuracy of toll collection and parking management, enhance
law enforcement, increase safety, and provide real-time data on vehicle movements.
With the advancements in deep learning algorithms and computer hardware, the
accuracy and efficiency of vehicle number plate detection and recognition systems

have significantly improved, making them increasingly popular in various industries.
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CHAPTER -1
INTRODUCTION

1.1 INTRODUCTION TO THE VEHICLE NUMBER PLATE DETECTION AND
RECOGNITION:

Vehicle_number plate detection and recognition is a technology that allows
automatic identification and extraction of vehicle number plates from digital images
or video streams captured by cameras. The primary objective of this technology is
to enable efficient and accurate vehicle identification, which has a wide range of
applications, including law enforcement, toll collection, parking management, and

traffic management.

The process of number plate detection and recognition involves several stages. In
the detection stage, a computer vision algorithm is used to identify and extract the
number plate region from an image or video frame. This is achieved by analyzing

various features of the image, such as color, texture, and shape.

Once the number plate region is detected, the recognition stage begins, where the
characters on the number plate are identified and extracted. This is usually done

using optical character recognition (OCR) technology, which converts the image of

the characters into machine-readable text.

1.2 OBJECTIVES OF THE PROJECT

The main objectives of vehicle number plate detection and recognition are:
Accurately detect and recognize license plates: The primary objective of vehicle
number plate detection and recognition is to accurately detect and recognize

1



license plates in images or video frames captured by cameras mounted on vehicles
or fixed cameras on roads. This can be challenging due to variations in lighting,

weather conditions, and vehicle speed, among other factors.

Improve efficiency and accuracy of toll collection and parking management: By
automating the process of license plate detection and recognition, toll collection
and parking management systems can operate more efficiently and accurately.

This can reduce wait times for drivers and improve overall traffic flow.

Enhance law enforcement: Vehicle number plate detection and recognition can
also be used for law enforcement purposes such as identifying vehicles involved in

criminal activity or enforcing traffic laws.

Increase safety: By automating the process of license plate detection and
recognition, the need for manual intervention in toll collection and parking
management systems can be reduced, potentially increasing safety by reducing

the risk of accidents caused by human error.

Provide real-time data: Vehicle number plate detection and recognition systems
can provide real-time data on vehicle movements, which can be used for traffic

monitoring and management purposes.



CHAPTER-2
AIM AND SCOPE OF THE PROJECT

2.1) AIM OF VEHICLE NUMBER PLATE DETECTION AND RECOGNITION:

The aim of vehicle number plate detection and recognition is to automatically identify
and extract the license plate information from vehicles using computer vision and image
processing techniques. This process involves the detection of the license plate region
in an image or video frame, and then the extraction of the alphanumeric characters

from the license plate.

This technology has many practical applications, such as automated toll collection,
parking management systems, and law enforcement applications such as speed
detection and red light enforcement. Additionally, it can be used for security purposes,
such as tracking stolen vehicles or identifying vehicles involved in criminal activity.
Overall, the aim of vehicle number plate detection and recognition is to improve
efficiency and accuracy in various fields where vehicle information needs to be

collected and processed.

2.2) SCOPE OF VEHICLE NUMBER PLATE DETECTION AND RECOGNITION:

Vehicle number plate detection and recognition can be used in traffic management
systems to monitor and manage traffic flow, track vehicle movement, and enforce traffic
rules such as speed limits and red lights. This technology can be used to manage
parking lots by automatically tracking and identifying vehicles as they enter and exit the
lot, and determining parking duration and fees. Vehicle number plate detection and
recognition can be used by law enforcement agencies to track and identify vehicles
involved in criminal activity or to enforce traffic rules such as parking violations or toll
violations. This technology can be used in automated toll collection systems to identify

and bill vehicles passing through toll booths.
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CHAPTER-3
EXPERIMENTAL OR MATERIAL AND METHODS;
ALGORITHMS USED

3.1 APPROACHES TO DETECT THE LICENSE PLATE LOCATION FROM THE
VEHICLE OBJECT

In order to detect the license plate from vehicle images, several machine learning
models like deep learning architectures based upon convolutional neural networks can
be utilized. This problem statement of object detection is indeed a fast-paced

progressing research topic in modern Al.

This system will detect and recognize vehicle license plates from a user’s uploaded file.
The system can also detect vehicle number plates in real-time, by just clicking on the
device’s camera. The front-end involves Html, CSS, and JavaScript and the back-end
involves Python. The framework used is Django and the database is MySQL.

3.2 TEXT EXTRACTION FROM THE DETECTED NUMBER PLATE

Once the vehicle license plate is detected, the subsequent step is to infer the text in the
license plate and segment the alphanumeric characters from it to know the vehicle

identity.

Text extraction is one of the most important processes for the automatic identification
of license plates because if it fails, the vehicle recognition will not be correct. In order
to achieve this objective, OCR can be utilized to decipher the text and employ natural

language processing that recognizes, translates, and interprets the text effectively.

We have implemented OpenCV and Python-tesseract libraries. Python-tesseract is a
wrapper for Google’'s Tesseract-OCR Engine. It is also useful as a stand-alone

invocation script to tesseract, as it can read all image types supported.
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3.3PROJECT LIFE CYCLE

The waterfall model is a classical model used in the system development life cycle to
create a system with a linear and sequential approach. It is termed a waterfall because
the model develops systematically from one phase to another in a downward fashion.
The waterfall approach does not define the process to go back to the previous phase

to handle changes in requirements. The waterfall approach is the earliest approach that

was used for software development.
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3.4 SYSTEM REQUIREMENTS

3.4.1 HARDWARE REQUIREMENTS

3.4.2 Arduino UNO:

Arduino Uno is a microcontroller board based on the ATmega328P microcontroller. It
is the most popular board in the Arduino family due to its simplicity and versatility. The
board comes with 14 digital input/output pins, 6 analog input pins, and 6 PWM (Pulse
Width Modulation) pins.

The board also features a USB interface for programming and power supply, a power
jack, an ICSP header, and a reset button. The Arduino Uno can be powered by either

the USB interface or an external power supply.



The ATmega328P microcontroller on the Arduino Uno runs at 16 MHz and has 32 KB
of flash memory for storing the user's code, 2 KB of SRAM, and 1 KB of EEPROM. The
board can be programmed using the Arduino integrated development environment
(IDE), which is available for Windows, macOS, and Linux. It is described as a tool,
component, or device that notices environmental changes. In the form of a signal, the
sensors send such modifications to the electronic devices. Electronic gadgets and

sensors constantly function together. The output signal is simple for anyone to read.
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3.4.3 Ultrasonic sensor:

By measuring the time it takes for the sound waves to bounce back, the ultrasonic
sensor can calculate the distance between itself and the object. Ultrasonic sensors are
commonly used in robotics, automation, and security applications, where they can be

used to detect the presence of objects, measure distance, or monitor movement. They



are relatively inexpensive, easy to use, and can be integrated with a variety of

microcontrollers and development boards.

Except for very soft materials like wool, which would absorb sound, ultrasonic sensors
can detect things regardless of their colour, surface, or composition. Ultrasonic sensors
are a viable option for detecting transparent objects and other things where optical

methods might not work.

3.5 SOFTWARE REQUIREMENTS

3.5.1 Visual Studio Code:

Visual Studio Code (VS Code) is a free, open-source code editor developed by
Microsoft. It is widely used by developers for editing and debugging code across
different programming languages and platforms. Some of the key features of VS Code
include syntax highlighting, code completion, debugging support, Git integration,
extensions support, and a wide range of customization options. Itis also cross-platform,
which means it can run on Windows, macOS, and Linux operating systems. VS Code
is known for its ease of use, speed, and efficiency, making it a popular choice among

developers of all levels.



3.5.2 Web Browser:

A web browser is a software application that allows users to access and view content
on the World Wide Web. It works by sending requests to web servers and receiving
responses containing HTML, CSS, and JavaScript code that is then rendered by the
browser into a user-friendly interface. Browsers allo w users to navigate to different
websites, view and interact with web pages, download files, and perform other online
activities. Some popular examples of web browsers include Google Chrome, Mozilla
Firefox, Microsoft Edge, and Apple Safari. In addition to displaying web content, web
browsers also offer features such as bookmarking, tabbed browsing, and privacy

settings to enhance the user experience.

3.5.3 Arduino IDE:

Arduino IDE (Integrated Development Environment) is a software development tool
used to program and develop software for Arduino boards. Arduino boards are
microcontroller-based development boards that are popular among hobbyists and
makers, as well as professionals working in fields like electronics, robotics, and Internet
of Things (loT) applications. The Arduino IDE provides a simple and user-friendly
environment for programming Arduino boards using the Arduino programming
language. The IDE includes a code editor, a compiler, a debugger, and a serial monitor.
It also provides a library of pre-built code and examples that can be used to jump-start
projects. The Arduino programming language is based on C and C++, but has simplified
syntax and functions that make it easier to learn for beginners. The IDE includes a text
editor with syntax highlighting, auto-completion, and error checking features to help

programmers write and debug code more efficiently.

3.5.4 MongoDB Compass:
MongoDB Compass is a visual GUI tool for MongoDB, a popular NoSQL database
management system. It provides a user-friendly interface for interacting with MongoDB

databases and collections, allowing users to perform various database operations



without needing to write complex code. Users can connect to MongoDB databases
running on local or remote servers, making it easy to manage multiple databases from
a single interface. MongoDB Compass provides a graphical representation of the data
stored in MongoDB collections, allowing users to easily explore and analyze data.
Users can view data in various formats, filter data based on specific criteria, and run
queries to extract specific information. Users can create and modify documents within

collections directly through the Compass interface.

The interface allows users to add, remove, and edit fields, and provides data validation
to ensure data integrity. MongoDB Compass includes a performance monitoring
feature that provides real-time metrics on database activity, including query
performance, resource usage, and server status. Users can create and manage
indexes on collections to improve query performance. The interface provides tools for

creating and deleting indexes, as well as monitoring index usage and performance.

3.6 PROGRAMMING LANGUAGES REQUIRED

3.6.1 Python:

Python is a high-level, interpreted programming language that is widely used for
general-purpose programming. It was first released in 1991 by Guido van Rossum and
has since become one of the most popular programming languages in the world.
Python emphasizes code readability and simplicity, making it an ideal language for
beginners and experienced programmers alike. It supports a wide range of
programming paradigms, including procedural, functional, and object-oriented

programming.

Python has a large standard library and a vast ecosystem of third-party libraries and
frameworks, making it versatile and suitable for a wide range of applications, from web
development to scientific computing to data analysis and machine learning. Some of

the key features of Python include dynamic typing, automatic memory management,
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and support for multiple platforms, including Windows, macOS, and Linux. Python code
is typically written in plain text files with a .py extension and can be run on a Python

interpreter or compiled into standalone executable files.

3.6.2 Flask:

A web framework is a software architecture that contains tools and libraries used to
develop a web application in a fast and efficient way. Flask is a microframework written
in Python. It was developed by Armin Ronacher and has a BSD license. It is based on
the Werkzeug toolkit and Jinja2 template. Flask is often used for building small to
medium-sized web applications, such as blogs, forums, and e-commerce sites. Its
simplicity and flexibility make it a popular choice for developers who want to build web
applications quickly and easily, without being tied to a particular architecture or

framework.

3.6.3 HTML:

HTML, or HyperText Markup Language, is a markup language used for creating web
pages and other information that can be displayed in a web browser. It was developed
by the World Wide Web Consortium (W3C) and is used as a standard for creating web

pages and applications.

HTML consists of a series of elements, which are used to structure content on a web
page. Each element is surrounded by tags, which describe the element's purpose and
how it should be displayed on the page. For example, the <p> tag is used to create a
paragraph, and the <img> tag is used to display an image.

3.6.4 CSS:

CSS, or Cascading Style Sheets, is a style sheet language used to describe the
presentation of web pages written in HTML and XML. It allows developers to separate
the presentation of a web page from its structure and content, making it easier to make

changes to the appearance of a page without affecting its underlying structure.
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CSS works by selecting HTML elements and applying styles to them, such as color,
font, spacing, and layout. This is done by creating rules that define how a particular
element should be displayed, based on its class, ID, or tag. CSS can also be used to

create animations, transitions, and other visual effects on a web page.

CSS is an essential tool for web developers and designers, as it allows them to create
attractive and functional web pages that are easy to maintain and update. It is
supported by all major web browsers and is constantly evolving with new features and
updates to the standard.

the characters, distance of left and rightmost characters from 258 vertical edge of plate

and distance of characters from horizontal edge of the plate

3.7 METHODS OF CHARACTER RECOGNITION

Character recognition fully relies on isolated characters. Inefficiency of character
segmentation influences the success of character to be recognized. For this work,
various techniques have been proposed which are based on statistical classifiers,
computational intelligence architecture and pattern matching.

3.7.1 STATISTICAL CLASSIFIERS

To eliminate the inefficiency of OCR and pattern-matching techniques statistical
classifiers employ Support Vector Machine for recognition. Authors in [15] employ SVM
to recognize numbers. The algorithm starts from a collection of samples of numbers
from number plates. Each character is recognized by an SVM, which is trained by some
known samples in advance. In order to recognize a number plate correctly, all numbers
are tested one by one using the trained model. The recognition results are achieved by

finding the maximum value between the outputs of SVMs.

3.7.2 ANN CLASSIFIERS
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A two-layer Markov network is proposed to integrate these two tasks into one statistical
framework. Both low level cues and high-level prior knowledge are incorporated in
terms of probabilities. An efficient non-iterative belief propagation algorithm is used for
state estimation. Recognition algorithm uses both techniques of template matching and
NN (Perceptron). Compared with these two techniques, NN have provided better

matching for recognition s compared to template matching (91% against 86%).

3.7.3 PATTERN/TEMPLATE MATCHING

The pattern matching technique is suitable for the recognition of shape invariant, non-
rotated characters. P. Comelli et al., cross co-relation to find out the matching between
normalized characters and templates. This algorithm is implemented on Italian cars
passing through tollgate. Templates are designed for two-letter province, single
prototypes for character string. Algorithm tested more than three thousand real images
acquired under different weather and illumination condition obtaining a recognition rate
near to 91%. Authors developed an OCR technique, for recognition of Thai car license
plates, which are generally shape complicated, using the essential elements-based
method. This algorithm recognizes the character patterns relying on the essential
elements of characters. Using this method, majority of characters are reduced to a set
of essential strokes. Matching of characters is based on edge Hausdorff Distance (HD),
also called max-min distance. It is a measure of similarity between two arbitrary point

sets.
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CHAPTER -4

RESULTS AND DISCUSSION, PERFORMANCE ANALYSIS

4.1 ADVANTAGES OF THE PROJECT

» Improved Traffic Management: Vehicle number plate detection and recognition
can help in improving traffic management by enabling automated monitoring of

traffic flow, detecting traffic violations, and issuing penalties in real-time.

= Enhanced Security: Vehicle number plate recognition can assist in enhancing
security measures by identifying suspect vehicles, detecting stolen vehicles, and

tracking the movement of vehicles used in criminal activities.

= Faster Toll Collection: Toll collection can be made faster and more efficient by
using vehicle number plate recognition technology, which enables automatic toll

payment and reduces traffic congestion.

*» Improved Parking Management: Parking management can be made more
efficient and streamlined by using vehicle number plate recognition technology
to monitor parking lots, detect unauthorized vehicles, and issue penalties for

parking violations.

» |Improved Public Safety: Vehicle number plate detection and recognition can
help in improving public safety by identifying vehicles that are involved in
accidents, tracking hit-and-run drivers, and identifying vehicles that are involved

in terrorist activities.
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» Reduced Manual Labor: Vehicle number plate recognition eliminates the need
for manual labor in tasks such as traffic monitoring, toll collection, and parking
management, thus reducing costs and increasing efficiency..

» |t can detect vehicle license plates from an image and videos.

4.2 LIMITATIONS OF THE PROJECT

= Limited Accuracy: Vehicle number plate recognition technology is not 100%
accurate and may produce errors in identifying the correct number plate,

especially in cases of damaged, obscured or dirty plates.

= High Cost: The installation and maintenance of the infrastructure needed for
vehicle number plate recognition technology can be expensive, especially for

large-scale projects.

» Limited Range: Vehicle number plate recognition technology may have limited
range, which may require more infrastructure to be installed, increasing the cost

of the system.

= Limited Applicability: Vehicle number plate recognition technology may not be
applicable in all areas, such as in areas with low traffic volume or in rural areas

where vehicle number plates may not be standardized.

» Privacy Concerns: The use of vehicle number plate recognition technology may
raise privacy concerns as it involves the collection and storage of personal data,

including vehicle location, and can be used for surveillance purposes.

® Vulnerability to Hacking: Vehicle number plate recognition systems are
vulnerable to hacking and can be used for malicious purposes, such as stealing

personal data or manipulating traffic data.
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CHAPTER -5
SUMMARY AND CONCLUSIONS

5.1 SUMMARY

Vehicle number plate detection and recognition is a technology that uses computer

vision and image processing techniques to automatically identify and extract license

plate information from vehicles. The aim of this technology is to improve efficiency

and accuracy in various fields such as traffic management, parking management, law

enforcement, toll collection, border control, and commercial applications. The scope

of vehicle number plate detection and recognition is quite vast and has many practical

applications.

5.2

APPLICATION

This application detects and recognizes the vehicle number plate automatically
by just uploading an image or videoTraffic Management: Vehicle number plate
detection and recognition can be used to monitor traffic flow, detect traffic
violations, and issue penalties in real-time. This can help to improve traffic

management and reduce traffic congestion.

Parking Management: Vehicle number plate recognition technology can be used
to monitor parking lots, detect unauthorized vehicles, and issue penalties for

parking violations.

Toll Collection: Vehicle number plate recognition technology can be used to

automate toll collection, reducing traffic congestion and improving efficiency.
Law Enforcement: Vehicle number plate recognition technology can assist in law

enforcement by identifying suspect vehicles, detecting stolen vehicles, and

tracking the movement of vehicles used in criminal activities.

16



5.3

= Border Control: Vehicle number plate recognition technology can be used for
border control by identifying vehicles that are entering or exiting the country, and

checking them against a database of known vehicles.

= Public Safety: Vehicle number plate recognition technology can help in
improving public safety by identifying vehicles that are involved in accidents,
tracking hit-and-run drivers, and identifying vehicles that are involved in terrorist

activities.

= Parking Space Allocation: Vehicle number plate recognition technology can be
used to allocate parking spaces to authorized vehicles, reducing parking

congestion in busy areas.

CONCLUSION

In conclusion, vehicle number plate detection and recognition technology has
revolutionized the way we monitor and manage traffic. With the help of advanced
algorithms and machine learning techniques, it is now possible to accurately detect
and recognize license plates from various angles, lighting conditions, and even
under low-resolution images. This technology has numerous applications in law
enforcement, toll collection, parking management, and other areas where accurate
identification of vehicles is essential. Moreover, with the increasing adoption of
autonomous vehicles, license plate recognition technology will become even more
critical to ensure safe and efficient transportation. However, there are also concerns
about privacy and security with this technology. It is essential to ensure that the data
collected through license plate recognition is used ethically and that the information

is stored securely.

Overall, vehicle number plate detection and recognition technology has come a long
way and will continue to evolve and improve in the future, providing us with better

ways to manage and optimize our transportation systems.
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. SOURCE CODE
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