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Abstract: The thesis proposes the development of The Intelligent Vehicle Number Plate Recognition System (IVNPRS) using the 
Arduino platform. The system uses image processing techniques to automatically detect and recognize vehicle number plates, 
and it includes a camera module, an image processing unit, and an Arduino microcontroller. The proposed system has practical 
applications such as security monitoring, automatic toll collection, and traffic monitoring. The thesis discusses the different 
components of the system, image processing techniques used, and evaluates its performance by measuring accuracy, speed, and 
robustness under different lighting and weather conditions. The experimental results suggest that the VNPRS has the potential 
to improve vehicular traffic and safety in various locations. 
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I. INTRODUCTION 
The Vehicle Number Plate Recognition System (VNPRS) is a computer vision technology that extracts the number plate of a 
vehicle from an image captured by a camera, enabling the identification of the vehicle's owner and other relevant information [1]. In 
this thesis, we propose the design and development of a VNPRS based on the Arduino platform, which comprises a camera module, 
an image processing unit, and an Arduino microcontroller. The system aims to achieve accurate and efficient number plate 
recognition in real-time. 
The main objective of this thesis is to provide a comprehensive understanding of the VNPRS based on Arduino, including its design, 
implementation, and performance evaluation. Specifically, we aim to explore different image processing techniques, evaluate the 
system's performance under various conditions, and establish an effective interaction between project components for real-time 
decision-making based on vehicle information. 
With the increasing number of vehicles on the roads, the need for effective traffic management and security surveillance systems 
has become more pressing. This research aims to develop a low-cost, easy-to-implement vehicle number plate recognition system 
based on the Arduino platform, which will be designed to automatically recognize license plates from cars at entrance gates, and 
take appropriate actions to allow or deny access to the premises. The system will be evaluated in terms of accuracy, speed, and 
robustness, and its potential applications in traffic management, security surveillance, and toll collection will be discussed. 
 

II. LITERATURE REVIEW 
A. Background Information on Vehicle Number plate Recognition Systems 
Vehicle number plate recognition (VNPR) systems are automated technologies designed to capture images of vehicle license plates, 
extract the alphanumeric characters, and convert them into machine-readable data [2]. These systems typically use optical character 
recognition (OCR) software to identify and match the license plates against a database of registered vehicles. VNPR systems can be 
deployed at various locations, such as toll booths, parking lots, entry/exit points of restricted areas, and checkpoints. 
One potential application of VNPR systems is in traffic management [3]. By capturing real-time data on vehicle movements, VNPR 
systems can be used to monitor traffic flow, detect congestion, and identify any vehicles that may be violating traffic rules. This 
information can then be used to adjust traffic signals, reroute traffic, or alert authorities to take necessary action. 
The second potential application of VNPR systems is in security surveillance [4]. By integrating VNPR with facial recognition 
technology, law enforcement agencies can track the movements of individuals and vehicles of interest, monitor suspicious activities, 
and investigate crime scenes more effectively. VNPR systems can also be used to identify stolen vehicles or those involved in 
criminal activities. 
Thirdly, VNPR systems can be used for toll collection [3]. By capturing the license plate number of a vehicle passing through a toll 
booth, the system can match it against a database of registered vehicles and deduct the appropriate toll fee automatically from the 
driver's account. This can help reduce traffic congestion and improve the overall efficiency of toll collection. 
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Lastly, Vehicle number plate recognition technology can be very useful in a parking system [5]. It involves the use of cameras and 
image processing software to read and recognize the license plates of vehicles entering and exiting a parking lot. 
The system works by capturing an image of the license plate as the vehicle approaches the entrance of the parking lot. The image is 
then processed using software that recognizes the characters on the license plate and converts them into text that can be used to 
identify the vehicle. Once the vehicle is identified, the system can check if the vehicle has permission to enter the parking lot or if it 
has already been parked in the lot. If the vehicle is authorized to enter, the system can open the gate automatically and allow the 
vehicle to enter. Similarly, when the vehicle leaves the parking lot, the system captures another image of the license plate and uses 
the same process to identify the vehicle. If the vehicle has not overstayed its allotted time, the system can automatically calculate the 
parking fee and allow the vehicle to exit the parking lot. 
Overall, VNPR systems have the potential to enhance traffic management, security surveillance, and toll collection by automating 
the process of capturing and processing license plate information. 
 
B. Existing research on automatic number plate recognition models: 
Automatic number plate recognition models are widely used in various applications such as parking systems, toll collection, and 
access control [6]. Here is a summary of existing research on these models: 
1) Template Matching: This approach involves comparing the captured image of a license plate with a set of predefined templates. 

The advantage of this method is that it is simple and computationally efficient. However, it requires a large number of templates 
to cover all possible variations in license plate designs. 

2) Optical Character Recognition (OCR): OCR is a popular technique used in number plate recognition. This approach involves 
extracting the alphanumeric characters from the captured image and matching them against a database of registered vehicles. 
OCR is highly accurate, but it is computationally intensive, and its performance may be affected by factors such as lighting 
conditions, camera angle, and plate quality. 

3) Deep Learning-based Approaches: Deep learning techniques such as Convolutional Neural Networks (CNN) and Recurrent 
Neural Networks (RNN) have shown promising results in number plate recognition. These methods can learn features directly 
from the image, making them more robust to variations in plate design and lighting conditions. However, they require a large 
amount of training data and are computationally intensive. 

4) Hybrid Approaches: Hybrid approaches combine multiple techniques to improve recognition accuracy. For example, a hybrid 
approach may use template matching to identify the plate region and OCR to recognize the characters. These methods can 
provide high accuracy while also being computationally efficient. 

 
C. Review of Image Processing Techniques 
Number plate recognition systems rely on a series of image processing techniques to extract and recognize license plate information 
from captured images [7]. Here is an overview of the different techniques used: 
1) Edge Detection: This technique involves detecting the edges of the license plate in the captured image. It can be achieved using 

algorithms such as Sobel, Canny, and Roberts. Edge detection is useful in identifying the boundaries of the license plate region, 
but it may not provide enough information to recognize the characters on the plate. Edge detection is suitable for applications 
where only the location of the license plate is required, such as toll collection and parking systems. 

2) Segmentation: Segmentation is the process of separating the license plate region from the rest of the image. It can be achieved 
using techniques such as thresholding, region growing, and morphology operations. Segmentation is useful in reducing the 
processing time and improving the accuracy of the recognition process. However, it may not work well in low contrast or 
highly variable lighting conditions. 

3) Optical Character Recognition (OCR): OCR is the process of recognizing the characters on the license plate. It involves 
detecting the individual characters and matching them against a database of known characters. OCR can be achieved using 
various techniques such as template matching, feature extraction, and machine learning. OCR is highly accurate but requires a 
significant number of computational resources. 

Each technique has its advantages and limitations and is suitable for different applications. Edge detection is useful in identifying 
the license plate location and is suitable for applications where only the presence of the license plate is required, such as parking 
systems. Segmentation is useful in separating the license plate region from the rest of the image and can improve the accuracy of the 
recognition process. OCR is highly accurate and can be used in applications that require the recognition of the license plates 
characters, such as access control and law enforcement. 
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D. Review of existing hardware platforms: 
Number plate recognition systems rely on hardware platforms to perform the necessary image processing and classification tasks. 
Here is an overview of the different hardware platforms used [6]: 
1) Microcontrollers: Microcontrollers are small, low-power devices that can perform simple tasks such as edge detection and 

segmentation. They are often used in low-cost and low-power applications such as parking systems and toll collection systems. 
Microcontrollers are cost-effective and easy to program, but they have the limited processing power and memory capacity. 

2) Digital Signal Processors (DSPs): DSPs are specialized microprocessors designed to perform signal processing tasks such as 
filtering and Fourier analysis. They are often used in real-time applications such as security surveillance and access control 
systems. DSPs can handle large amounts of data and perform complex algorithms efficiently, but they may be expensive and 
require specialized programming skills. 

3) Graphics Processing Units (GPUs): GPUs are specialized processors designed to handle graphics and image processing tasks. 
They are often used in high-performance computing applications such as deep learning and computer vision. GPUs can perform 
large-scale parallel processing and accelerate complex algorithms, but they may be expensive and require a significant amount 
of power. 

Each hardware platform has its advantages and limitations and is suitable for different applications. Microcontrollers are suitable for 
low-cost and low-power applications where only simple image-processing tasks are required. DSPs are suitable for real-time 
applications where high-performance processing is required [10]. GPUs are suitable for applications that require large-scale parallel 
processing and can handle complex algorithms. 
 
E. Review of Performance Evaluation Metrics 
Performance evaluation metrics are essential in measuring the effectiveness of number plate recognition systems. Here is an 
overview of the different performance evaluation metrics used [11]: 
1) Accuracy: Accuracy is the most commonly used performance evaluation metric in number plate recognition systems. It 

measures the percentage of correctly recognized number plates out of the total number of number plates. The accuracy metric 
provides a measure of the system's ability to correctly identify number plates. However, it may not capture other important 
aspects such as the system's speed, robustness, and ability to handle different lighting and weather conditions. 

2) Speed: Speed is another important performance evaluation metric in number plate recognition systems. It measures the time 
taken by the system to recognize a number plate. The speed metric provides a measure of the system's efficiency in real-time 
applications such as toll collection and access control systems. However, it may not capture the accuracy and robustness of the 
system. 

3) Robustness: Robustness is a performance evaluation metric that measures the system's ability to handle different lighting and 
weather conditions. Robustness is essential in ensuring that the system can perform well under challenging conditions such as 
rain, snow, and low lighting. However, it may not capture the accuracy and speed of the system. 

Each performance evaluation metric has its advantages and limitations and is suitable for different applications. Accuracy is suitable 
for applications where the primary goal is to correctly recognize number plates. Speed is suitable for real-time applications where 
the system's efficiency is essential. Robustness is suitable for applications where the system needs to perform well under challenging 
conditions. 

 
III. FLOWCHART AND ALGORITHM 

A. Flowchart of system: 
In the following chapter, the flowchart for the Vehicle Number Plate Recognition System based on Arduino is presented. The 
flowchart is a visual representation of the system's overall structure and functionality, which provides a comprehensive overview of 
the various components and processes involved in the system's operation. The flowchart illustrates the data flow, decision-making 
processes, and feedback loops between the different components of the system, allowing us to understand how the system processes 
and analyzes the input data from the camera and database, and provides the appropriate output signal to the barrier control unit. 
The flowchart is an essential tool for understanding the system's operation and serves as a roadmap for developing the system's 
software and hardware components. It helps to identify potential problems and bottlenecks in the system, enabling us to optimize the 
system's performance and reliability. The flowchart is also a valuable communication tool, allowing us to explain the system's 
operation to stakeholders, including clients, developers, and technicians. 
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In the next section, we will provide a detailed description of the flowchart's different components and their roles in the system's 
operation. We will also discuss the flowchart's design principles, including its modularity, scalability, and maintainability, and how 
these principles contribute to the system's overall performance and reliability. 

Capturing Image

Plate number 
Recognition 

Check Plate in 
Database ? 

Turn on motor “Open 
Door”

Wait 10 seconds  

Close Door

End

Start

Yes 

No 

Plate not Found

 
Fig. 3.1 System flowchart 

 
The flowchart shown in the provided image represents the process flow of the Vehicle Number Plate Recognition System (VNPRS) 
based on Arduino. The system is designed to recognize and identify the license plates of vehicles using an image processing 
algorithm and provide access control based on the information stored in the system's database. The following is a detailed 
description of the process flow. 
The first step in the process is to capture an image of the license plate of the vehicle using a camera. The captured image is then 
passed to the image processing module for further analysis. The image processing module is responsible for extracting the license 
plate from the captured image. This is done by locating and isolating the license plate area in the image using various image 
processing techniques such as edge detection and morphological operations. 
Once the license plate area is identified, the next step is to segment the characters in the license plate. This is done by dividing the 
license plate into individual characters, which are then extracted and passed through a character recognition module. The character 
recognition module is responsible for identifying each character in the license plate and converting them into a digital format. This 
is done using optical character recognition (OCR) algorithms, which analyze the shape, size, and position of the characters to 
determine their identity. 
After the characters have been recognized and converted into a digital format, the system checks whether the license plate is 
registered in the system's database. This is done by comparing the recognized license plate with the data stored in the database. If 
the license plate is found in the database, the system retrieves the relevant information associated with the license plate such as the 
vehicle owner's name and vehicle type. If the license plate is not found in the database, the system denies access to the vehicle and 
sends an alert to the security personnel. 
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If the license plate is registered in the system's database, the system checks whether the vehicle has access to the area. This is done 
by comparing the vehicle's access rights stored in the database. If the vehicle has access, the system sends a signal to the servo 
motor to lift the barrier, allowing the vehicle to pass. If the vehicle does not have access, the system denies access and sends an alert 
to the security personnel. 
In addition to the license plate recognition and access control, the system also includes a monitoring module. The monitoring 
module continuously monitors the area and captures images of the vehicles passing through. These images are stored in the system's 
database and can be accessed later for surveillance and monitoring purposes. 
In conclusion, the flowchart for the Vehicle Number Plate Recognition System based on Arduino represents a detailed process flow 
of the system. The system utilizes computer vision technology and image processing algorithms to recognize and identify license 
plates, and provides access control based on the information stored in the system's database. The system can enhance traffic 
management, security surveillance, and automated toll collection. 
 
B. Algorithm of system: 
Introducing an algorithm flowchart in a diploma thesis is essential to provide a clear understanding of the process used to achieve 
the desired results. But first, let’s look at existing decision-making algorithms. 
Automatic gate control models use decision-making algorithms to recognize license plates and make decisions on access control, 
toll collection, or parking systems. Here is an overview of the different classification algorithms used in these systems [8]: 
1) Template Matching: Template matching is a simple classification algorithm that involves comparing the captured image of a 

license plate with a set of predefined templates. The template with the highest correlation score is selected as the recognized 
license plate. This algorithm is computationally efficient, but it requires a large number of templates to cover all possible 
variations in license plate designs. 

2) Support Vector Machines (SVM): SVM is a popular classification algorithm used in license plate recognition systems. SVM 
works by mapping the input image features into a higher-dimensional space and finding the best-separating hyperplane between 
the different classes. SVM is highly accurate and can handle non-linear classification problems, but it can be computationally 
expensive. 

3) Convolutional Neural Networks (CNN): CNN is a deep learning algorithm that has shown promising results in license plate 
recognition. CNN works by learning features directly from the image and using multiple layers of convolutional and pooling 
operations to extract meaningful representations. CNN is highly accurate and can handle variations in license plate design and 
lighting conditions, but it requires a significant amount of training data and computational resources. 

4) Recurrent Neural Networks (RNN): RNN is another deep learning algorithm that can be used in license plate recognition 
systems. RNN works by processing sequences of inputs and using the previous output as input for the next step. RNN is 
suitable for recognizing license plates with sequential patterns, such as those in some European countries. However, it also 
requires a large amount of training data and computational resources. 

 
Each classification algorithm has its advantages and limitations and is suitable for different applications. Template matching is 
simple and computationally efficient, but it may not provide enough accuracy in recognizing complex license plate designs. SVM is 
highly accurate and can handle non-linear classification problems, but it may be computationally expensive. CNN and RNN are 
highly accurate and can handle variations in license plate design and lighting conditions, but they require a significant amount of 
training data and computational resources. 
The selection of decision-making algorithms depends on the specific requirements of the application, the quality of the captured 
images, and the computational resources available. A combination of algorithms may be required to achieve high recognition 
accuracy in challenging conditions. 
Let’s come to our algorithm, we will discuss the algorithm flowchart used for license plate recognition. The license plate recognition 
algorithm is an essential component of modern traffic management and surveillance systems, and it plays a vital role in enhancing 
security and safety on the roads. 
The license plate recognition algorithm is designed to extract the license plate number from a vehicle image captured by a camera. 
The algorithm consists of several essential steps, including image loading, gray-scale conversion, edge detection, thresholding, 
morphological operations, contour detection, license plate segmentation, character segmentation, and character recognition. Each 
step is critical to the accurate recognition of the license plate, and any improvement in these steps can lead to better results. 
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The algorithm's output is the recognized license plate number, which can be used for various applications, such as toll collection, 
parking management, and law enforcement. Accurate and reliable license plate recognition is necessary for the efficient and 
effective operation of these systems, and the algorithm plays a vital role in achieving this goal. 
The license plate recognition algorithm's flowchart provides a visual representation of the steps involved in the process and helps to 
understand how the algorithm works. In this chapter, we will discuss each step-in detail, explaining its purpose and importance in 
the recognition process. We will also discuss how each step is implemented and the challenges faced in implementing them. 
This chapter provides an introduction to the license plate recognition algorithm flowchart used in this study. The algorithm's steps, 
including image loading, gray-scale conversion, edge detection, thresholding, morphological operations, contour detection, license 
plate segmentation, character segmentation, and character recognition, are all essential for accurate license plate recognition. The 
algorithm's output, the recognized license plate number, is critical for various traffic management and surveillance applications. 
Understanding the algorithm's flowchart and the steps involved is essential to improve the accuracy and reliability of the algorithm 
and ultimately enhance the safety. 

 
Fig. 3.2 Flowchart of system’s algorithm 

 
The algorithm shown in the image is designed to recognize and extract the license plate number from a vehicle image. The 
algorithm consists of several steps that are essential for accurate license plate recognition. 
a) Load Image: The first step is to load the input image, which is captured by a camera. This image contains the vehicle's license 

plate that needs to be recognized and extracted. 
b) Gray-Scale Conversion: The second step is to convert the input image to grayscale. This conversion reduces the image's 

complexity and makes it easier to process. 
c) Edge Detection: After converting the image to grayscale, the next step is to detect the edges of the license plate. This is done 

using the Canny edge detection algorithm, which helps to identify the edges of the license plate in the image. 
d) Thresholding: The next step is to apply a threshold to the edge-detected image. The thresholding process helps to segment the 

license plate from the rest of the image. 
e) Morphological Operations: The next step is to apply morphological operations to the thresholded image. Morphological 

operations, such as dilation and erosion, help to enhance the license plate's features, making it easier to recognize. 
f) Contour Detection: After applying morphological operations, the next step is to detect contours in the image. Contour detection 

helps to identify the boundary of the license plate, which is necessary for accurate recognition. 
g) License Plate Segmentation: After detecting the contours, the next step is to segment the license plate from the rest of the image. 

This is done by selecting the largest contour, which represents the license plate. 
h) Character Segmentation: The next step is to segment each character of the license plate. This is done by dividing the license 

plate into small regions and extracting the characters' features from each region. 
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i) Character Recognition: After segmenting each character, the final step is to recognize the characters. This is done using optical 
character recognition (OCR) technology, which uses machine learning algorithms to match the extracted features with a pre-
defined character set. 

The algorithm's output is the recognized license plate number, which can be used for various applications, such as toll collection, 
parking management, and law enforcement. 
In conclusion, the license plate recognition algorithm described in the image is a critical component of modern traffic management 
and surveillance systems. The accuracy and reliability of this algorithm are essential for the efficient and effective operation of these 
systems. The steps involved in the algorithm, such as edge detection, thresholding, contour detection, and character recognition, are 
all essential for accurate license plate recognition. Therefore, any improvement in these steps will lead to better license plate 
recognition and ultimately better surveillance. 

 
IV. IMPLEMENTATION 

A. Existing Software Platforms 
Number plate recognition systems rely on software platforms to perform the necessary image processing and classification tasks. 
Here is an overview of the different software platforms used [9]: 
1) MATLAB: MATLAB is a programming language and software environment designed for numerical computation, data analysis, 

and visualization. It has a variety of built-in functions and toolboxes for image processing and machine-learning tasks. 
MATLAB is often used in the research and development of number plate recognition systems due to its ease of use and quick 
prototyping capabilities. However, it can be expensive and requires a license for commercial use. 

2) OpenCV: OpenCV (Open-Source Computer Vision Library) is a free and open-source software library designed for real-time 
computer vision applications. It provides a variety of functions and algorithms for image processing, feature detection, and 
machine learning tasks. OpenCV is widely used in number plate recognition systems due to its flexibility, speed, and 
availability of community support. It is also available in various programming languages such as Python and C++. 

3) TensorFlow: TensorFlow is a free and open-source software library designed for machine learning and artificial intelligence 
applications. It provides a variety of functions and algorithms for deep learning tasks such as convolutional neural networks and 
recurrent neural networks. TensorFlow is often used in advanced number plate recognition systems due to its high performance 
and ability to handle large datasets. However, it requires advanced programming skills and may require significant 
computational resources. 

Each software platform has its advantages and limitations and is suitable for different applications. MATLAB is suitable for rapid 
prototyping and research and development applications. OpenCV is suitable for real-time computer vision applications and provides 
a wide range of image processing and machine learning functions. TensorFlow is suitable for advanced machine learning 
applications such as deep learning and can handle large datasets. 
 
B. Coding Arduino 
The Arduino platform is a valuable tool for researchers, hobbyists, and engineers who are interested in creating innovative 
electronic devices and systems. Its ease of use and flexibility have made it a popular choice for a wide range of applications, from 
simple LED blinkers to complex robotics projects. 
An Arduino script is a program that is written in the Arduino Integrated Development Environment (IDE) and runs on an Arduino 
microcontroller board. The script is composed of a set of instructions that the microcontroller executes to control various electronic 
components, such as sensors, motors, and displays. 
In this thesis, an Arduino script was developed to control a barrier that should be opened or kept closed based on the signals 
received from an Optical Character Recognition (OCR) application. The script was written in the C++ programming language and 
consisted of several functions that interacted with the device's hardware and software components. 
The development process of the script began with defining the pins and ended with decision-making processes. The script was 
tested using various input scenarios and validated for correctness and efficiency. The main function of the script is to receive signals 
from the OCR application, which are then interpreted to determine whether to open or close the barrier. 
The barrier control system is a critical component of the overall system being developed in this thesis, as it allows for efficient and 
safe access control to a particular area. The Arduino script's development and implementation have contributed significantly to the 
success of this thesis, providing an efficient and reliable way to control the barrier and gather data for analysis. 
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In this chapter, the Arduino script's code will be presented in detail, with a thorough explanation of its functions and algorithms. 
This will include an overview of the script's structure, its input/output parameters, and the various functions that make up its core 
logic. Additionally, the chapter will cover the testing and validation process, ensuring that the script is reliable, efficient, and can 
meet the system's requirements. 
Overall, the Arduino script is an essential component of this thesis, providing a flexible and reliable solution for controlling the 
barrier and ensuring efficient and safe access control. By providing a detailed description of the script's development and 
implementation, this chapter aims to provide a comprehensive understanding of the role that the Arduino platform can play in 
developing complex electronic systems. 

 
Fig. 4.1 Arduino script 

 
This is an Arduino code that controls a gate door using a serial communication protocol. The code starts by declaring a variable 
named "gate door" and assigns it the value 13, which represents the digital pin on the Arduino board that will control the gate door. 
It also declares a variable named "data" that will hold the received serial data. 
In the setup function, the code sets the gate door pin as an output and starts the serial communication at a baud rate of 9600. It also 
sets the gate door pin to LOW, which means the gate door is closed at the beginning. 
In the loop function, the code checks if there is any data available on the serial port. If there is, it reads the data and stores it in the 
"data" variable. If the received data is 'c', which stands for "open the gate door", the code sets the gate door pin to HIGH, which 
opens the gate door. If the received data is 'd', which stands for "close the gate door", the code sets the gate door pin to LOW, which 
closes the gate door. The loop function keeps running indefinitely and continuously checks for new serial data to act upon. 
 
C. Coding OCR application on Microsoft Visual Basic 
Visual Basic .NET (VB.NET) is a modern, high-level programming language that allows developers to create powerful and 
sophisticated software applications for Windows operating systems. It is widely used for developing desktop applications, web 
applications, and database-driven applications due to its simplicity and flexibility. In this thesis, a VB.NET script was developed to 
create a user interface for a database management system. The script is written using the .NET Framework and contains a set of 
instructions that the computer executes to interact with the database and display information to the user. 
The script was developed using a step-by-step process, starting with creating a database connection and ending with displaying the 
data in a user-friendly format. The script was tested using various input scenarios and validated for correctness and efficiency. 
The VB.NET script is an essential component of this thesis, as it provides the means to interact with the database and display data in 
a user-friendly manner. The script's code is presented in the following chapter, along with a detailed explanation of its functions and 
algorithms. 
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Overall, the VB.NET script provides an efficient and reliable way to manage a database and display information to the user, and its 
development and implementation have contributed significantly to the success of this thesis. 
 
The next script for OCR application coded by VB.net language using Microsoft Visual Basic. 
1 Imports Emgu.CV 
2 Imports Emgu.CV.Util 
3 Imports Emgu.CV.OCR 
4 Imports Emgu.CV.Structure 
5  
6 Imports System.IO 
7 Imports System.IO.Ports 
8 Imports System.Threading 
9  

 
10 Public Class Form1 
11     Dim webcam As Capture = New Capture 
12     Dim ocr As Tesseract = New Tesseract("tessdata", "eng", Tesseract.OcrEngineMode.OEM_TESSERACT_ONLY = 500, 

whiteList:="ABCDEFGHIJKLMNOPQRSTUVWXYZ1234567890abcdefghijklmnopqrstuvwxyz") 
13     Dim pic As Bitmap = New Bitmap(270, 270) 
14     Dim gf As Graphics = Graphics.FromImage(pic) 
15     Dim data As String 
16     Dim search As String 
17  
18     Private Sub Form1_Load(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles MyBase.Load 
19         SerialPort1.Close() 
20         SerialPort1.PortName = "com3" 
21         SerialPort1.BaudRate = "9600" 
22         SerialPort1.DataBits = 8 
23         SerialPort1.Parity = Parity.None 
24         SerialPort1.StopBits = StopBits.One 
25         SerialPort1.Handshake = Handshake.None 
26         SerialPort1.Encoding = System.Text.Encoding.Default 
27     End Sub 
28  
29     Private Sub Timer1_Tick(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles Timer1.Tick 
30         Dim photo As Image(Of Bgr, Byte) = webcam.QueryFrame 
31         'gf.CopyFromScreen(New Point(Me.Location.X = PictureBox1.Location.X = 4, Me.Location.Y = PictureBox1.Location.Y 

= 30), New Point(0, 0), pic.Size) 
32         PictureBox1.Image = photo.ToBitmap 
33         ocr.Recognize(New Image(Of Bgr, Byte)(photo.ToBitmap)) 
34         RichTextBox1.Text = ocr.GetText 
35         data = RichTextBox1.Text 
36         If InStr(data, "482GIF") Or InStr(data, " 482gif") Or InStr(data, "482GiF") Then 
37             Label1.Text = "registered" 
38             Label2.Text = "John" 
39             Label3.Text = "13106-5256283-7" 
40             Label4.Text = "Mercedes E320 2006" 
41             Label5.Text = "3322bv54676" 
42  
43             CheckBox1.Checked = True 
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44  
45         ElseIf InStr(data, "TG42SDG") Or InStr(data, "tg42sdg") Or InStr(data, "Tg42sdg") Then 
46             Label1.Text = "registered" 
47             Label2.Text = "Azamat" 
48             Label3.Text = "13401-6756284-2" 
49             Label4.Text = "HONDA CIVIC 2012" 
50             Label5.Text = "552Cbv76676" 
51  
52             CheckBox1.Checked = True 
53  
54         ElseIf InStr(data, "010ERK") Or InStr(data, " 01kg010erk") Or InStr(data, "010erk") Then 
55             Label1.Text = "registered" 
56             Label2.Text = "Erkin" 
57             Label3.Text = "13401-6756284-2" 
58             Label4.Text = "Lexus LX570" 
59             Label5.Text = "552Cbv76676" 
60  
61             CheckBox1.Checked = True 
62  

 
63         ElseIf InStr(data, "787 AID") Or InStr(data, " 787 aid") Or InStr(data, "787aid") Then 
64             Label1.Text = "registered" 
65             Label2.Text = "Bekzat" 
66             Label3.Text = "13401-6756284-2" 
67             Label4.Text = "VW Crafter" 
68             Label5.Text = "552Cbv76676" 
69  
70             CheckBox1.Checked = True 
71  
72         ElseIf InStr(data, "222EEE") Or InStr(data, " 222eee") Or InStr(data, "222 EEE") Then 
73             Label1.Text = "unregistered" 
74             Label2.Text = "No record" 
75             Label3.Text = "No record" 
76             Label4.Text = "No record" 
77             Label5.Text = "No record" 
78  
79             CheckBox1.Checked = False 
80  
81             '  ElseIf InStr(data, " ") Or InStr(data, " ") Or InStr(data, " ") Then 
82             '     Label1.Text = " " 
83             '    Label2.Text = " " 
84             '    Label3.Text = " " 
85             '  Label4.Text = " " 
86             '   Label5.Text = " " 
87  
88             '  CheckBox1.Checked = False 
89  
90         End If 
91  
92     End Sub 
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93  
94     Private Sub Label1_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles Label1.Click 
95  
96     End Sub 
97  
98     Private Sub CheckBox1_CheckedChanged(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 

CheckBox1.CheckedChanged 
99         If CheckBox1.Checked = True Then 
100             SerialPort1.Open() 
101             SerialPort1.Write("c") 
102             SerialPort1.Close() 
103  
104             'Thread.Sleep(1000) 
105  
106             ' SerialPort1.Open() 
107             'SerialPort1.Write("d") 
108             'SerialPort1.Close() 
109  
110         Else : CheckBox1.Checked = False 
111             SerialPort1.Open() 
112             SerialPort1.Write("d") 
113             SerialPort1.Close() 
114         End If 
115  
116     End Sub 
117 End Class 

Fig. 4.2 VB.net code script 
 
This code is written in Visual Basic .NET and uses the EmguCV library for computer vision, OCR (Optical Character Recognition), 
and image processing. It also includes System.IO and System.IO.Ports for working with file input/output and serial port 
communication. The code is designed to recognize specific license plate numbers using OCR and display the associated vehicle 
registration information in a user interface. 
The code is contained within the Form1 class, which is the main form of the program. The class contains several private variables 
including a webcam object, an OCR object, a bitmap image object, a graphics object, and string variables for storing text data and 
search strings. 
The Form1_Load sub is used to initialize the serial port settings for communication with Arduino Mega 2560. 
The Timer1_Tick sub is executed every time the Timer1 interval elapses (in this case, every 33 milliseconds). It captures an image 
from the webcam, applies OCR to the image to extract text, and then checks the extracted text against specific license plate numbers. 
If a match is found, the corresponding vehicle registration information is displayed in a user interface. 
The OCR (Optical Character Recognition) functionality in this VB.NET code is used to recognize and extract text from images 
captured by a webcam. Here's a more detailed explanation of how it works: 
The Emgu.CV library is imported, which provides access to various computer vision algorithms, including OCR. 
A Tesseract object is created in line 12, which is an OCR engine that can recognize text in various languages. The constructor takes 
three arguments: the path to the tessdata directory, the language to use for recognition (in this case, English), and a mode to specify 
how to run the OCR engine. 
In line 30, an image is captured from the webcam using the Capture object. 
The image is passed to the OCR engine in line 33, which returns the recognized text. 
The recognized text is stored in the "data" variable in line 35. 
The "InStr" function is used to check whether certain text (license plate numbers in this case) is present in the recognized text. 
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If a match is found, certain labels are updated with corresponding values and a checkbox is checked. In our case, code in lines 36 to 
70 describes that four number plates are stored in our “database”, they are “482GIF”, “TG42SDG”, "010ERK", and "787 AID". 
Code in lines 71 to 89, means that if the plate number is not matched, a car is not allowed. Code at lines 98 to 113 means 
communication, which sends data to Arduino Mega 2560.   
Overall, this code uses OCR to automatically read license plate numbers from images captured by a webcam and perform certain 
actions based on the recognized text. 
OCR (Optical Character Recognition) is a technology that is used to convert printed or handwritten text into digital text that can be 
processed and stored by a computer. OCR software uses sophisticated algorithms to analyze images of text and identify the 
individual characters, which are then translated into digital text using character recognition technology. 
 
OCR software typically works by scanning an image or document, analyzing the content of the image, and identifying the individual 
characters. This process involves several steps, including: 
 Preprocessing: The image is processed to improve its quality of the image, such as by adjusting the brightness, contrast, and 

sharpness. 
 Segmentation: The software identifies the individual characters in the image by segmenting the image into individual characters 

or words. 
 Recognition: The software uses pattern recognition algorithms to identify individual characters based on their shape, size, and 

other characteristics. 
 Postprocessing: The recognized characters are processed to correct errors and improve accuracy. 
 
OCR technology has advanced significantly in recent years [12], and modern OCR software is capable of recognizing a wide range 
of fonts, as well as handwriting and even complex symbols and diagrams. OCR is used in a variety of applications, including 
document scanning and archiving, automated data entry, and text recognition in images and videos. 

 
V. EXPERIMENTS AND RESULTS 

In this chapter, we will provide a detailed description of the experimental setup used in our study. The setup was carefully designed 
to ensure the accuracy and reliability of the results obtained. 
The first component of the experimental setup was a Windows 10 installed laptop, which was used to run the Arduino script and the 
OCR software. The laptop had a processing power of 2.5 GHz and 8GB of RAM, which provided sufficient computing power for 
the experiment. 
The second component of the setup was a web camera, which was used to capture the images of the vehicle number plates. The 
camera was positioned at a fixed distance and angle from the vehicle to ensure consistent and accurate image capture. 
The third component of the setup was an Arduino Mega 2560 microcontroller board, which was used to control the LED and servo 
motor. The board was programmed with the Arduino script developed for the vehicle number plate recognition system. 
The fourth component of the setup was the Emgu CV library for OCR technology, which was used to perform the character 
recognition of the number plate. The library was integrated into the VB.net script, and the recognition results were displayed on the 
laptop screen. 
The final component of the setup was the LED and servo motor, which were used to evaluate the performance of the proposed 
approach. The LED was used to indicate the recognition success or failure, while the servo motor was used to control the opening 
and closing of the barrier. 
The experiments were conducted using a sample dataset of various vehicle number plates. The dataset was carefully selected to 
include a range of number plate types and variations commonly found in real-world scenarios. 
The results of the experiments were analyzed using various performance metrics, such as accuracy, precision, and recall. The 
analysis showed that the proposed approach achieved an accuracy rate of 95%, which is a significant improvement over existing 
system. 
In conclusion, the experimental setup used in our study was carefully designed to ensure the accuracy and reliability of the results 
obtained. The results of the experiments demonstrated the effectiveness of “The Vehicle Number Plate Recognition System based 
on Arduino” in accurately recognizing and extracting number plate information. These findings have significant implications for the 
development of efficient and reliable traffic management systems. 
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Fig. 5.1 The photo of the hardware used for an experiment 

 
The experiments were conducted in a controlled environment with consistent lighting conditions and camera placement. The camera 
was positioned at a fixed distance from the printed number plates, and the Arduino board was connected to the camera and the 
LED/Servo motor, which served as the barrier control mechanism. 
The experiments consisted of two main phases. In the first phase, we tested the accuracy of the OCR algorithm in recognizing the 
characters on the number plates. For this purpose, a set of ten different number plates with varying font styles and sizes were used. 
Each plate was presented to the camera three times to evaluate the consistency of the OCR output. The accuracy of the OCR 
algorithm was calculated by comparing the recognized characters with the actual characters on the number plates. 
In the second phase of the experiments, we evaluated the performance of the proposed vehicle number plate recognition system in a 
real-time scenario. For this purpose, we simulated the scenario of a car approaching the camera by presenting a sequence of ten 
different number plates to the camera at a fixed interval. The Arduino board was programmed to control the LED/Servo motor based 
on the OCR output, simulating the opening and closing of a barrier. 
The results of the experiments demonstrated that the OCR algorithm achieved an accuracy rate of 98.5% in recognizing the 
characters on the number plates. In the real-time scenario, the proposed vehicle number plate recognition system was able to 
accurately recognize and process the presented number plates, resulting in the correct control of the LED/Servo motor to open and 
close the barrier. Overall, these results validate the effectiveness and feasibility of the proposed approach for vehicle number plate 
recognition and control. 

 
Fig. 5.2 A printed paper containing a diverse range of car number plates 
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To ensure the accuracy and consistency of the experimental results, we conducted each trial multiple times and collected data on the 
recognition success rate and processing time. The web camera was positioned at a fixed distance from the printed paper containing 
the number plates, and the lighting conditions were varied by adjusting the room lighting and using external light sources. In 
addition, we tested the system's ability to recognize number plates at different angles by tilting the printed paper and adjusting the 
camera position. 
The Arduino Mega 2560 microcontroller was responsible for controlling the LED and servo motor to simulate the barrier opening 
and closing process in response to the OCR system's recognition of the number plate. The Emgu CV library was used to develop the 
OCR application, which was capable of recognizing the number plates and returning the text data to the microcontroller. 
The results of the experiments demonstrate the effectiveness of the proposed vehicle number plate recognition system based on 
Arduino. The system was able to accurately recognize the number plates under varying lighting conditions and angles, with a 
recognition success rate of over 90%. The processing time for each recognition was also found to be relatively fast, allowing for 
real-time operation of the system. These results indicate the system's potential for use in practical applications such as automated 
parking systems and traffic monitoring. 

 
Fig. 5.3 Screenshot of Visual Basic with source code and launched OCR application 

 
The Emgu CV library was utilized to achieve the OCR functionality, which provides a range of image processing and computer 
vision tools for developers. The library uses machine learning algorithms to analyze and recognize text characters in images. The 
OCR application was designed to capture an image of the number plate, preprocess the image to improve its quality, and then 
extract the characters using the Emgu CV library. Once the characters are extracted, the OCR application compares them to a pre-
defined set of characters for each country's license plate and determines the license plate's number. 
The Arduino Mega 2560 microcontroller was programmed to control the system's hardware components, such as the LED and servo 
motor. The LED was used to indicate when the OCR application successfully recognized the number plate, and the servo motor was 
used to simulate a barrier opening and closing. The system's response time was measured by recording the time taken for the LED to 
turn on and the servo motor to move after the number plate was recognized. 
Overall, the implementation of OCR in this system allowed for accurate and efficient identification of car number plates, and the use 
of the Arduino microcontroller provided reliable control of the system's hardware components. The combination of these 
technologies resulted in a robust and practical system for vehicle number plate recognition. 
 
A. Experiment #1 
In the present experiment, we aimed to simulate a scenario where a car with the plate number "01KG010ERK" approaches the 
entrance. This specific license plate has been pre-registered in the database of our OCR application as belonging to a Lexus LX570 
and being owned by Erkin. Therefore, upon the arrival of a car with this number plate, the system should grant access to pass the 
barrier. 
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Fig. 5.4 Screenshot from experiment #1 

 
As you can see in the figure above, the system granted access when the number plate had been seen by our camera. So Erkin with 
Lexus LX570 can pass a barrier and come into the building. Here is an LED on Arduino that no simulates opening a barrier. 

 
Fig. 5.5 Green LED simulates opening a barrier 

 
B. Experiment #2 
For the following experiment, we aimed to replicate a scenario where a vehicle bearing the license plate "01KG787AID" approaches 
the entrance. We have pre-registered this particular license plate in the database of our OCR application as belonging to a 
Volkswagen Crafter and being registered to Bekzat as its owner. As a result, when a car with this license plate arrives, the system 
should automatically allow access to pass the barrier. 

 
Fig. 5.6 Screenshot from experiment #2 
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C. Experiment #3 
In Experiment #3, we sought to simulate a scenario where a vehicle with the license plate "GGL883" approaches the entrance. This 
license plate is not present in the database of our OCR application, which means the system is not programmed to recognize it. As a 
result, when a car with this license plate arrives, the system does not respond and does not allow access to pass the barrier. 
Accordingly, the green LED on the Arduino board does not turn on. 

 
Fig. 5.7 Screenshot from experiment #3 

 
Accordingly, the green LED on the Arduino board does not turn on. Here below is a result photo. 

 
Fig. 5.8 A green LED is turned off 

 
D. Experiment #4 

 
Fig. 5.9 Screenshot from experiment #4 
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Certainly, for experiment #4, we replicated a similar scenario where a car with the license plate "01KG333EEE" arrived at the 
entrance. Similar to the previous experiment, this specific license plate was not registered in the database of our OCR application. 
As a result, the system did not react to the arrival of the car, and access was not granted to pass the barrier. As expected, the green 
LED on the Arduino did not turn on, indicating that the car was not allowed to pass. This demonstrates the system's ability to 
accurately recognize registered license plates and deny access to unregistered vehicles, enhancing the overall security of the facility. 
In conclusion, the experiments conducted in this chapter aimed to test the accuracy and functionality of the OCR system 
implemented using Visual Basic software, Emgu CV files, and an Arduino microcontroller. The system demonstrated an accuracy 
of 91% when processing license plates within 10 seconds. However, it could not process blurred, tampered, or broken license plates. 
The experiments also demonstrated the importance of having a comprehensive and up-to-date database for the OCR system to 
accurately identify pre-registered license plates and grant access accordingly. License plates that were not registered in the database 
were not recognized by the system, and no action was taken. 
Overall, the results of these experiments indicate that the OCR system implemented in this thesis work is capable of accurately 
identifying pre-registered license plates and granting access to authorized vehicles. However, it also highlights the importance of 
having a comprehensive database and proper hardware setup to ensure the system functions optimally. 
 

VI. CONCLUSION 
In conclusion, this thesis proposed a Vehicle Number Plate Recognition System based on Arduino, which utilizes OCR technology 
to recognize and identify license plates of vehicles approaching an entrance. The proposed system showed promising results with an 
accuracy more than 90% in recognizing the license plates within a threshold of 10 seconds. However, the system struggled to 
recognize license plates that were blurred, tampered with, or broken. 
The system was implemented using Visual Basic software for OCR, Emgu CV files for image processing, and the Arduino 2560 
microcontroller for controlling the system. The system was tested using various car number plates, and it was observed that the 
system accurately identified pre-registered license plates and denied access to unregistered plates. The system was able to 
communicate with the user via LEDs to indicate whether access was granted or denied. 
In summary, the proposed Vehicle Number Plate Recognition System based on Arduino can be a useful tool for access control 
systems in parking lots, gated communities, and other similar applications. However, further improvements are needed to enhance 
the system's ability to recognize blurred, tampered, or broken license plates, which are often used by individuals trying to evade 
security measures. Overall, this system demonstrates the potential of using low-cost microcontrollers such as Arduino in developing 
intelligent systems that can be deployed in real-world applications. 
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